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ABSTRACT

An intermed.iate to an important compound. terrarubein
(. XfV ) was prepared.; Methyl cyclohex-Z-ene-1-one-5-câx-

borrylate ( xrr ) was s¡rc.thesÍzed. from Vr5-drbyd.rorybenzoíc
acid. through high pressure hyd.rogenation, methylation with
d.iazomethane and. sod-ium boroh.yd.rid.e red.uctÍon. The ethylene
acetal of 2-netho>çy-6-(þhydror,ctrpropyl)-benzald.ehyd.e ( r,)ffr )
v¡as sy:ethesized. from lrf-d.ihyd.rox¡m.aphthalene ( f,Vff- )

'.:].1i'ji:'l''.:.','.,''':,,,:''':,.'.;',',;;:',.'.'ührough the following sequence :' nethylation withiid.tnethyl-

sulfate, fo1Iowed. by d-issolving rnetaL red.uction, aci¡d.

hydrolysis, ace-tylation, gzonolysis, methylation with
d.iazomethane, acetal formation and. 1íthiun aluminum hyd.rid.e

, .' ,.'ì,; . ,..... .,.r: ,..l , .t.' .

red.uctÍon. Attempts to convert the comespond.ing alcohol
.

(, l,trvl ) to the olefin ( txrurr ) by pyrolyzing the corrês-
.l
pönd.ing acetate, benzoate and. tosylate were unsuccessful.
Ho,wever, ,,a ind.ene (. lÐrv ) was prepared. from the: .ester''.
('.'lxlv ),tby Dieckmann cond-ensatj.on. the ti"yclticiic'orpor.r.lrd.

'f 
ït""u 

) , 
'tb" aromatic ring of which is si-nilar to ln"t ofi"'''

temarubein ( xrv ) , a d.istant relative of tetracycriae ?

was s¡rnthesized. from the cond.ensation of the Ísoxazole
(xr,rr)and.'thecycJ-ohexenon'e(XLI),withsodiun

hyd.rid.e ia anhyd.rous tetrahyd.¡ofuran followed. by

nethylation with d.iazomethane. [he conversion of the



ii

tetralone ( XI,V

other stud.ents.

) to temarubein ( XfV ) will be stud.íed.

i1:ìi
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INTRODUCTION

Tetracyclines are pale ye1low crystalline solid. with
antibiotic activity, They are prod.uced. from various
strains of streptomyces and, have a tetracyclic.skeleton
of the general structure as shown in sche¡oe 1. Examples are:
Aureomycin

Temanycin

Tetracycline

+ R=H Rl=Cl

ïI R=OH *r_="

IïI' R=Rl=H

/-bronotetracycline IV R=H R1=8"

The first tetracycline, aureomycin ( I ) ( chloro-
tetracycline ), was isolated. in 1948 by Dugg""I. It.
was obtained. from streptomyces aureofacíens. streptq'r--

. myces i-s a common inhabiüant of soil from whi-ch anti-
biotics, notably streptonycin, aureomycÍn, temanycin
and- neonycin, are obtined.. rn rg5o, Finlay2 prepared.

terramycin ( II ) from fermentation of Streptomyces

rimosus. Tetracycrine ( rrr ) was obtained. from hyd.ro-

genolysis of chlorotetracycline ín I9j77. Tn ir9||?,

Hccormick4 for.¡nd. a famiry of tetracycrines which have 
\

no nethyl group attached. to the C-6 positionr e.g. de-
nethylchlorotetracycline ( V ).

Tetracycrines are wiaety used. in cIÍni-cal practice.
sinilar to Penj-ci1lin, üetracycline j-s effective against



2.

I

l

both gram-positive and. gram-negative bacteria5. It
1s also aetive against rickettsi-ae and- viruses such

as members of lymphogra:ruloma5. [etracyclines aet 
l'"'1
,it,-.

principally by interfering with the normal protein
s¡mthesis of the microorganisn 

:.

Due to the wid.e applÍcation of tetracycline in ,,',.:,. , :::'
med.icine, extensive research has been performed_ in 

i:..r:
i 
ttt-.''

the past twenty years. The main research in tetra- i' :

cycline chemistry Ís d.ivid.ed. j_nto three branches.

(a) rsolation and- d.etermination of structures of new
ìfetracyclines. 
i

(b) Degrad.ative stud.ies of naturally occuming tetra- 
i

t.

cyclines and. stud.ies of their antibiotic activity.
(c) Total s¡mthesis of tetracycline or its biological-

ly active d.erivatlves.

The first tetracyclíne whose structure was complete-
,':,,.,

ly elucld.ated. was terranycin ( rr ), reported by wood-ward. ,, ,

,D.t '.::"

was furthur substantiated. by x-ray stud.yg. The biological
conversion of I,7 )Io, 11, 12-pentahyd.ro>qrnaphthacene-2-car-

':: :boxamid.e ( vrr ) to the antibioti"lO Ílrustrates the close ¡i'
.

relation of üetracycline to naphthacenelo.

!:r:s:!i



t.

The antibiotic activity of tetracycline d"epend.s
:.; :.t,: .

on the structure and. stereochemical features of ( VI ) . rr',.,':'i.:,

Variations other than in the stereochemistry of RI,
R2, R1, R4, cause a d.ecrease or complete elinination
of the biologicai àctivityll. 

;i 
,,,,.,

Epr-mer:.sation at positions 4 and. 5a results in com- "r '

: 1r ';

plete loss of activit.y while inversion at C-6 affects the liiii"

biological aetivit.y slightl.y. ft rvas also show-n that the

carboxar,licle substituent at the c-2 position is also essen-

tia.I. Replacement of the carboxamide b.y c.yanide or acetox.y

€iroup reclu.ees the activit.y greatl.y. Removal of T2a li.ydroxy

group also removes the Uiofogical. activity L2 
"

Fermentation of a non-chlorinatinng mutant of Êtrepto- .

m.y c e s arlre o f a c i en s prod u c e s ?-chlo ro-6-d. eme th.yli etr-a.ey clin e

( IX ) from a sr¡bstitu.ted. pretetrarnid ( Vfff ). prete- ,1,,,,,
j; '; 

1:; ;:- ;

tramid ( X ) was also converted- to 6-demeth.yltetrac.ycll:re i..,.,,,,
. l¡...:.:.::.-::

( XI ) b.V using non-chlorinating mutants of Streptoml¡ces :':,':::::'

1ôau.reofaci ens*" . Similarl.y , both "6-methyl-pretetramid
'( Xff ) and terrarubein ( XfV ) gave the correspondiie

tetrac.yclines. Holvever, it seems pretetrarnid'is a better iii,:r,'ì,

precuSorthanterrarubeinbecausethe1ettergavea1olver

yield. of tetracycline than the fo"*e"lO.
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',', Iü Ì{as reporte¿Io th"t pretetranid- is obtained. by fusing
,'J-hydro>c¡rphthalic anhyd_rid.e ( XV ) an¿ 1,J-d.ihyd.rory_!,8_

: d.inethoxynaphthaLene-2-carboxamid_e ( xvr ) in tne presence

of al-uminum chlorid-e and. sod_ium chl_orid.e. The prod.uct rvas

colr.verted. to pretetramid. by refluxing with phenol in the
presence of hyd.riod.ic acid. and" potassium hypophosphite.

\( Scheme 2 ).
i\{uxfe'ldt "t rt13 synthesized d.edimeth.r¡Iamino-a.nhydro-

:aureon.ycin ( XI/II ) b.V stepwise fusion of rings D, C, B

a.nd. A.
'. 

.1,.
, t:. , The jn j.tia'l step inr¡ol.rreri a $f,¡hhä eonrlerrsrtir,.t". ot 

. -, 'l
'.1-' -. i' :., .'

.,3-met,hox.y-acetophenone and. diethylsuccinate. Catal.ytic .,,

".'r 
h.ydrogenation foll.owed b.y chlorinatioa, cleal.k.ylation a.r:d.

c'}'cIizetiongaVetrar¡s-3-.carboethox.y-4-meth.y1-5-ch1oro-

B-rnethox.y-l-tetralone ( XT¡III ) vlhich v¡a.s subseouentl.lr

converted. to ( XfX ). Fusion with malonic ester al:d cy-

cliza.tion in the presence of sod.i-um h.ydride gave the te-üra-

cyclic skeleton ( XX ) ruhich v¡as later converted to the

d.esired product ( XI/II ). ( Seherne j ) . \

Other similer methods ere shorn¡n in Boothe,*I4 syn-
:

, thesi s of (1)-ded j-rnethylamino-12a-d eox.y-6-d emethylanhyd.ro-

chloroi;etrac.ycline ( l{XI ), Shem.yatcir,,"l5 s.ynthesj-s of

12e-cleox.ir-!a,6-anh.ydro'betr;¡ cycline ( ;çXf f ) and \Yoodwr.l'd 
t 

"16
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synthesís of d1-6-denethyl-6-d.eox:¡tetracyeline ( XXf f f ),

alL of vrhicÌr consisted of a stepwlse fusion of rings C to

D and. then B and. A

In Muxfeld.t' sU s.ynthesis of d1-6-deoxy-6-dernethyl-

tetrac:/eline ( XXIV ), the tetralone ( XXI/ ) was also

used. .fnstead of a stepvrise fusion of the tetralone

( XXt/ ) to the B ring, ( Xlry ) was converted to the

ald.ehyde-ketal ( Xfr¡f ), which was eondensed vrith hippuric

aci-d in acetic anhydride and ]ead tetraacetate to give

( XXVf f ). A tetraeyclic eompound ( XXfrlll ) was o'otaineá

in one sten b.y cond-ensing ( xr¡rr ) with methyl-N-t-butyl-

3-oxoglutaramate ( XX]X ) itt the presence of sodium hydride.

( Scheme 4 ).
In the synthesis of 6-deoxy-6-epitetracycline ( xxx )lB,

a tetralone derivative ( XfXf ) was also used.. Reaction

with malonic aeid-dimethylester lengthened the sid.e chain

at the centre corresponding to C-4a in tetraeycline, whieh

was cyclised to forrn the A ring in ( XXXII ). The latter

compoultd. was cycllsed in anisole in the presence of sodj-um

.h.ydride to give the C ring and. therefore the tetra'c¡¡elic

produet ( xxxrrï ). ( Scheme 5 ).
A lliels-Alder condensation t,ras used. þr¡ t{uxfetO.tl9 as

the initial reaction in the s.ynthesis of terramycln ( ff ).

8.

i

-:. .
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Juglone a.cetate anrl l-acetox.ybr;taoiene !'Jere cond ensed

t9 form ( XXXIV ) which r¡¡as converted to the ald.eh.fde ( XXXV )

arrd -subseouently to ( XXx'..ff ¡ b.y ozonol.ysis, h.ydrol.ysis arrd

cleavage v¡ith aou.eous sodium ca.rbonate. ( X;ü|VI ) v,ras reacted

with thiazolone ( XXXIIII ):and then methyl-3-oxcßlute;ane.te

( xxxvrrr ) to give ( xxxrx ). Acid hydrol-ysis of (uxrx )

follolved by h.yd.roxyla.tion in baeric medium v¡ith molecula.r

oxygen gave the tetrac.yqlic slceleton ( Xf, ). ( Scheme 6 ).

- Although some natural tetra.cyclines and à few comporind.s

vrith naphthae.enie skeleton ha,ve -peeir synthesized¡ terra-

rubej-n ( XIV ) fras not been synthesized.. It is orr-r aim to

s¡rnthesj-ze this compound.. From a synthetic viewpoint, the

high concentration of functional- groups on ri-ng A of terra-
rubein has mad.e it the most d.ifficult part of the whole mole-

cule to prepare. Sj-nce ring 4 in terrarubein is aromatic, the

d.ifficulty in s¡mthesizing the ring A of tetracycline is

less. Therefore, instead. of constructing the Br C and' D

ring firstr âs in the syntnesås of terramycin or 6-d.eo>ry-

6-d.enethyltetracycline, i-t may be pref erable in this case to

build- up the ring A first and. then link it to B, C, D rings

of teæarubein. Thus our fi-rst stage is bhe constrücti-on of

the A ring of temarubein, with suitable functional groups

that with furthur d.evelopment night Lead. to the s¡mthesj-s

of temarubein.

i:.4,i ,,::

Ë:,:...ii{

,ì ;
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DISCUSSTON AND RESULTS

The construction of the A ring and. B ring of
temarubein was accomplished. by cond.ensing methyl

cyclohex-2-ene-1-one-5-carboxylate ( XLI ) and. j-
carb o ethory-4-carb onethoxy-5- ( c arb omethoryne thylene ) -
isoxazole ( Xfff ) together, und.er nitrogen and_

anhyd.rous cond.Ítions. sod.il¡m Lyd.rid.e was used. as the

base to convert the isoxazole ( xr,rr ) into the corres-
pond.ing enj-on which cond.ensed. with the cycrohexenone

( xtI ) t.o give ( XTIII ) as shown in (Schene D. This
unstable intermed.iate ( xr,rrr ) was oxid.ized. by refluxing
i-n ¡oethanol and. d.ecomposed. to 7 r5-dkca¡o*uinoxy-6rB-
d.ihyd.rory-7-eyano-1-tetralone ( Xf,fV ) which was then
nethylated. with d.j-azomethane to the tetralone ( Xf,V ).
( infrared- spectrum no. 1; nuclear magnetic xesonance

spectrum no. 1; mass spectrum no. 1 .) .
The cyclohexenone ( Xf,f ) was prepared. accord.ing to

the scheme outlined. in ( scheme B ). rhe red"ucüion of

.7 rr-dlhyd.rorybenzoic acid. ( XT,VI ) was carried. out in -

aqueous basic solution to give the correspond.ing d.iketoacid.
( xr,vrr ) using pal1ad.i',¿m/c]r.arcoal as the catelyst instead.

of \,i-1 Raney aickel as d.escribed by Van Tan"Ieo2o.
( i. r. u.o. 2 ) . The melting point reported. was

178-5-fBOo. The tautomer ( xrvrrr ) of 14" d-iketoacid.
( xf,vrr ) was rnethyÌated. and. then red-uced. with sod.iu.n
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borohydiide and on acidÍfication pça.\¡e the cyelohexenone

( XtI ) as shown in ( Scheme 9 ). ( i.r.no. 4; rr.m.r.

r1o.. 3 ).
The s.ynthesis of tire isoxazole ( XLII ) i" ou.tlineo

in ( Scheme lO ). The isoxazole ( Xfrff ) '¡,/as prep¿,.red

from the condensati-on of dimeth.yl-a.cetone dÍcarbòxylaie

( t ) and eth.ylchlorooximinoa.cetate ( LI ), the latter
being obtained from the reactlon of gl.ycine eth.yl ester

hydrochlor:ide ( fff ) with nítrou.s aeid2f . The dimeth..yl.-
:

acetone d-icarboxylate ( t ) vuas conr¡erted to its anion

with sodirrm hydrÍde as the base and. anhydrous benzene

as the solvent. The a.nion !ïas con<lensed rvith tire oxime

( tI ) to for¡r the intermediate ( f,fff ). Deh.ydratj.on

of the intermed-iate l.¡ith p-toluenesulfonic acid. rnono-

hydra.ie geve the isoxazole ( Xfff ). ( i.r. tro. 6;

n.m. r. no. 5 ),
Since the eondensation of ihe isoxazole ( Xf-,ff )

and the cyclohexenone ( Xff ) goes fairl.y smoothly , it

ma.y be possible to condense the isoxazol-e ( Xf,ff ) with

a tric.yclic s.ystem tike ( IIV ), This would lead direct-

J.y to the tetra.c.yclic s.ystem similar to terrarubeilr ( XfV

orr if one could stop the oxidation process tha.t ]eads

fron ( fr¡ ) to ( i.,Vf ), the formetion of the penta.c,¡clie

s.ystem ( f-,V ). Su.ch a systern could. eventuall.F lead to

{

i.,:,
i::

:1.:i ,
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the s.}'nthesis of terrarubein or tetrac.yclÍnes respective-

1.y. ( Scheme 11 ). V/ith this ldea j.n mind., !r/e lvorked

on the s.ynthesis of the h.yd.roa.nthracene ( ffV ).
The starting material, 1r?-¿ihyd.rox.ynaphthalene

( LVIf ) was me-bir.ylated. in the presenee of dírneth.yl

sulfate and potassium h.ydroxÍde to give tr?-dimethox.y-

naphthalene ( T,1¡III ). ( i. r. no. 7 z n.flr. r. no. 6 ) .

a*( ¡cheme 12 ). ( LVTII ) was then converted to the enol

ether, t, 4-dih.yd ro-3 r 5-dimeihoxynaphthalene' ( lfx )

b.y dissolving metal reduction und.er nitro6çen2L. The

enol ether ( f.lfX ) was extremely g-ns,taþle ip base end- was
r'1" 'i' ' t - 

:,. ,.r..... . .., ..,....,.' .

, read.ily oxidized. back to ( f,Vfff ) on stand-ing for' 'r" ' :

one hou.r at room temperature. Therefore it v¡a.s imrne-

d.ia.te1.yconr¡er-bed.iothejketone'B-methoxy-2-îetra,1one

( f,X ) b.V acidification with conce4trated h.yd.rochl,oríc ',r r. ,'.'''. .'' ' '.:. ;:. ''.., : , ; : ., ;.- r'.r..i, .. l,

acid.withmethano]astheso1vent.(i.r.'n.o.B;
\ô-\.ji.....IIl.I.]1o.7).B-methoxy_2.tetra}one(rx)lvasjcon-

i: 
' 

.. q

'r '. verted. to the eno]. acetate, Ir2-d.ihydro-l-acetox.y-5- , 
l.i,

¡nethoxy-naphthalene ( tXI ) b.y refluxing under nitro- -

.B"t in acetic a.nh.yd.rid.e and p.yridine.- The e,nolization,:,-.' iii
i'.

'occurspreferentia11yat1,2ratlrerthan2,}position
as a resuLt of increased. stablization through conjuga-

tion. This fact is shown by ( i.r. no.9 änd n.Ít.x. l1o. B). l
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Ozonolysis of the enol acetate ( f,Xf ) gave the

ozonid.e, which upon red"uction by zínc d-ust in ¡oethanol

,: 
rod.uced- a zínc salt of the acid. ( LXII ). This salt

.' 
was then flesemposed. to zj-nc sulfid.e and. 1-(2-tornyl-
|-nethoxyphenyÌ)-propanoic acid- ( f,Xfff ) by hyd.rogen

suIfid.e. ( i.r" no. 10; n.Ít.r. u.o" 9 ). No carboxylic
,lrj .

,,, acid. proton was observed- in the low field- region of the

,:i clear magnetic resonance spectnrm probably d.ue to
.1

i inpurities exchanging with the acid.ic proton. However,

nethylation, of ( LXIII ) with d.iazomethane prod.uced. the

e s t er, ne thyl -, - (2-f orny l--J -me thoxyphenyl ) -propan o at e
,

( r,xrv ), ( i.r. rro. Ili n.rtr.r. no. 10 ). thus showing 
i

the presence of a carborylic acid. fr.¡-actj-onal group in ( IXIII ),
The acetal of the ester ( IXTV ) was obtained. smoothly

by refluxing the ester ia a mixture of ethyleneglycol and. l

t.

benzene with a trace of p-toluenesulfonic acid. as a catalyst.
( i.r. tlo. L2; n.m.rr rlo. 1l ). The acetat ( frff ) tnus 

¡,.,,¡:'.i.

formed- was red.uced. with lithiun aluminum hyd.rid.e in
: ' åiùydrous :ether to give tUe êtþyleneiaöetaL ot''e-*å'tlu*t

: 
t' 

" 

:::j '

6-(J-bvd.rox¡4>ropyl)-benzaLd.ehyd.e ( rxVf'). ( i.r. rLo. L7;
t i.

D..rr.r. tlo. 12 ). ( fXVf ) was pr¿rified. by thin layer
.!:1

' ' i"''' '1.tchro¡natography: on alumina plate ( t.1,.,c. ).- The acid.ity ,.,,, ",:'-!.,:',.',¡,.'¡
i..

' : ',, " ,';ìõf the'silica'ge1"''o"id.io""j.l,yius d. wasîisüffic'íeft toihyd.rolyse ''
I
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:

the acetal back to the ald.ehyd-e. The acetal is arso un-
stable toward.s moisture in air and wás stored. und-er

anhydrous cond.ition.

The alcohol ( r,xvr ) rras converted. to the acetz.te

( TXVII ) b.V reffuxing in acetic anhyd.ri.de and. p.yriclj-ne.

P.vrol.ysis of the acetate ( rxvrr ) aia not give the orefln,
2-raethox.y-6-(2 ìn"on"r.yl)-benzald ehycle ( lXrrtlt ), as

shown in ( scheme 13 ). pyrorysis of the correspondir,g

tos.ylate and benzoate u/ere also unsuccessful.
'I i 

t- 
' 

:

Ana1ternativeapBroachto.the,..o1efin.(r,xvrrr)
is a Hoffman elimÍnation of tlre q¡uater:rar:/ salt ( rxxrrr ),
prena¡erl- âs f oll-l orn,s. T-he al-enhol. / lXt¡f ) .as -lreated ,¡¡i ih
thion.yl chloride to give 2-inethox.y-6-(.3 -chloropropyl)-

:,'-
benzald-ehyd.e ( rxrx ). ( schene 14 ) " The acetar func-
rr-onar group is hyd.rolysed. to the ard.ehyd.e d_ue to acid.ity

',,of the hyd.rochl-ori.c acid. liberated.. since the ald.ehyd.e
.Ì I.

'is unstable in strong base, ( rxrx )' was converte¿ uaca,
-i I ----- \ - 

tr

,.r$o ihe *ceta.r ( rxx ) b.v the r-:sual method of ace.tal . i....; ,'f:ormation. rt was then heated wíth dimeth.yl amine i' n'
.

sealed tube 'at 700c to f orrn the amine salt ( trJï ). upon
'passing through a basic alumi-na column, the amine salt':

( txxr ) gave the tertia.r.1, amine ( ,r,4xrr: ) which r,¡as reacted.

il

Èil: i.:: ,:,:il:ì
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- \ with meth.yl iooicle to gíve the quat er:na.,.ltr salt ( TXXIII ).

i No reaciion occumed. v/hen elimination in bas'e rras atternp- ,,,.',t'. '::t':)

ted. ( Scheme 14 ). Iieating the chlorid,e ( f,XfX ) rvith

trieth.ylamine in a sealed tube or refl-uxing the former
't 

,i nr-th potássium tertiar.y butoxid.e in tertiar.r¡ butanol d.id. :;,;.,:,;;

.: - 
: :t. ..

,t\not girre thq desired. product ( f,XXfV ). ( Scheme 15 ). ")-.
i\ ,ì - i,r..,.-. : . Ì;r.:-^ìì.-Finall.y, a Dieckmann cycLization of the ester ( lXfV ) .':':

'r . -\-..-\
'to the indene ( l,XXt¡ ) vras accomplished. by sod.ium hyd.rioe

u
, in anh.ydrous t'etrah.ydrofuran, I.t rva.s expected. that oxi-

Iì

. .l r :.
:... ' ;'; ¡ would ]ead to the forma.i;ion of ( f,XXVf '). (,Scneme i6 ). 

l

vúith the formation of ( IXXVI ), a diester ( I,XXVIII )

' can be obtained easil.y b.y oxidation. of the aldehyd.e func-

tional gror.lp in ( IXXI/I ), follor¿ed. b.y meth.ylation.

( Scheme I?t ). condensation of the áiester ( r,xxvrff ) ',,,,,,,;

, +,r + \ -. !r- ^ -ì l ----- l^ ---l --: i -. i ^- ::and the cyclohexenone ( XtI ) with sodiun h.ydrid.e in .,,,.,.i,
-: : .:

--:....-.

.' ,',, . anhydrous tetrah.ydrofuran rn¡iIl give the tric.yclic compound.

( f,XXfX ) , convertable to the h.yd.roanthracene s.y"stem ( LXXK ).
Ilore naterial r¡¡ill- be reouired to carr.y on the experiment

' -ì""on the formation of ( lnryI ). i'1: :

I
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At this Gta.ße, it is er,'idLnt tha.t tr¡¡o ciifferent

epproachesì ma.y }ead to the construction of ierra.rubein

( XIV ). The first starts r,^¡Í-bl.r tirt: con'''¡ersÍon of the

tetralone ( Xlft ) to the corresponcling diacicl ( TXXXI ),
( Scheme IB ), which on trea"ument r¡¡ith thÍon.yl chloride

l

f ollorved b.y sod-iurn az:ì.e woul-d unclergo a Schmidt rea.rrertge-
::

rnent to the d.iami-ne ( f"fXXff ). Elimination of arnnonia ii

from the diamine ( IXIIXII ) fol-Ion'ed b.y isornerj-a.tion

shoulcl. lead to the naphtha:.lene ( f,X;.lXf II ). Amid.e

fornatlon follow'ed b.y cond-ensation r¡¡ith l-h.yd.rox.yplr.'uhalic

-*!.ttÂ-i r:la ^ì.'arr-l À æ.itra *ì^a {-a'l-.^^^rrn'l i a ^...i f i.'¡r-r-¡rt¡ \q-LrL.'l u¿ ¿uç ¡-,:¡vu:s ¿:l¿ V ., ua¡w vv r,¡ øv,y 
.V 

v.¡J¡wi¡v \ J)l\¿\i\i- ¿ I

r¡¡hich ee.n'oe converted to terrarubein.

The altemative approa;ch is the concrensation of

( Xf,V ) with 2-methoxybenzoyl chlorid.e ( LXXF/ ) 1eao.in6;

to the formation of ( f.,XXl¡¡f ) which on an intramolecr:Ìar ,,.^,.

Fried.el-Craft should give ( fnrXVif ). Schmidi reaction

on the corresponcling azid.e follo+ved b.y acicL h./drolysis v¡ould

gir-e the tetrac.yclic ouinone ( LXXXVIII ). ( Scheme 19 ).
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EXPERÏ},{ENTAI

Al.f infrareC specira were taken v¡ith a Perkin El;l.er

700 infra.red. spectrophotometer using neth.ylene chloride
as solvent or as otherwise specified, Nucl-ear magnetic

resonance spectra rvere taken with a varian rnod.er A 56/6o

60 t{c machine using d.eutera,ted ch}oroforrn as the solvent
and. tetrameth.ylsilarae as the inter:ral standard,. chemÍea]-

shifts are inTunits.

(r) Qq¡r{e.nsation of cycl-ohexenone ( xr,r ) and isoxazole
( xr.,rr ).
Anhyd rorr s tetra.hyd.rofr-lra-n wa.s di stil-led d-i-z'eetl-.,¡

into a 5O ml, round. bottom flask in which the isoxazole

( Xf,ff ) ( 630 rng. ) vras pì.aced.. A 50:50 mj-xture of sodium

hyclri<ì.e in mineral oil ( 17O mg. ) was ad.d ed and. the

reaction mixture !",,as refluxed for one'hour. The c.yclohex-

enone ( Xf,f ) ( 364 mg. ) dissolved 1n anh.yd.ror;s tetra-
h.yd.rofuran was added. to the reaction mixture and. refluy,-
ing rvas contÍnued. for tvro d.ays. The tetrah.ydrofuran was

then rernoved b.y distillation. Ether and d:/" sodium h.ydrà-

xide was added and the mixture'¡ras stirred for one hour.

The aqueous 1a:/er wa.s.then y¿ashed, rvith ether, acid.ified
v¡ith concentra.ted, h.yclrochloric acid, and extracted four
times y;ith ctrloroform. 'Ihe brovn: l-iouid obta,Íned a.fter
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\ evaporation of ihe chl-oroform was dissol''¡ed in methanol

an. refluxe. for one hor-¡r. The sorrrent u/es then evapo_ 
¡,.¡,.,r¡

rated'togir'easo1id.whichwasthenad'c1ed'toað'iazo-

methane ether sol-ution and allowed to stand. overnight.

The resid.ue obtained u.pon eva'poration of tÌre ether v¿as 
¡i;.11,i¡purified by t.1.c. on silica gel developed with 5% aetb,¡nol ,,,.,'',,'

' in chloroform. 1/O mg, ( 25% ) of the tetralone ( Xf,V ) was i,.i,i:ìr.
:¡,::.,: 

: ::ì,

obtained. as a pale yel1ow solj-d- after recrystallization from

ether/hexane. m.p. 1OO-10 zoT "

^n'l\)t\rnfrared. spectrum no. I. l) *^.. zBl,O .*-1(-ocH_. r max Év rv v¡¡r ¡-vvrr3 / t
'ì

22io "*-1(-ctl). t73o "n-1(-coocnr), l-690 
"*-1(-ç-c=c¡.-0

Nuclear ma¡g.retic resonance spectrum no. I. 6.ZJ(s,

3H,-COOCH3)' 6.05(s, JH' -COOCH3)' 6("' 3H' -0CH3)' 5.85 ,

(s, 3H, -oCH3 ), 7 (n, 5H).

L{ass spectrun no. I"

(2) Reduction of 3,5-rìihydrox.l'þs¡ zoíc acid ( Xttrl ).
Pallad.ium on charcoal ( 5% ) ( 2.5 g. ) was a¿¿eA

Þ

to 3,5-dihydroxybenzoic acid ( IO g. ), ( m.p.236-z3BoC ),
:

and dissolved in a solution of sodium h.ydroxlde ( 5.8 g. ) :.i.:,,i...;:

in distirlecl v¿ater ( 20 mr. ). The hydrogenation vres 
i:i:ì:r'i;.Ì.

caruiecl out in a Parr high pressure reacto:- at l-15oC and

1200 þ. $. i. f or nine 'r,o ten houri;. The cctal¡¡st ,."rÍr.s ihen l

filtered through a scinterecl grass funneÌ a.nd r,.¡ashed l';ith
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20 m1 .' orf water. The pa1-e green solution was cool-ed in

an i.ce bath and acidified with aboui 12 mI. of con-

centrated- h.ydrochlorie aeid. The acidified solution

was allowed to stand overnight for cr'y5trt1l-izati-on'

The resultant .yellovr crysta.ls of 5-carbox.y-3-hydroxy-2-

cyelohexen-l-one ( Xlrrfff ) were fi).tered off and recr.y-

stallized from methanol and water. The total yield. was

4.8 €1. ( qA/" ). Ír..P. l?4-l?Boc.

. rnfrared. spectrum no. ,,ì *r* r72o "*-l(-coolt ),
-tL595 cm--(-ç-c=c-oH).

0

( l) I\[eth.y1a.tion of 5-carboxy-3-h.yclroxy-Z-cyclohexen-l-one\rt

( xr,vrrr ).
5-carboxy-3-hydroxy-2-cyclohexen-1-one ( XLVIII )

( 2 éÌ. ) was suspended in 1O ml. of chloroform. Freshly

distilled dlazpmethane was added dropn'ise until nitrogen

errolution Ceased.. The sOlvent r,o¡a.s er¡aporated. und.er re-

d.u.ced pressure to d.r.yness. A qr-¡a:rtitative .yieJ.d of

5-carbomethoxy-l-methoxy-2-e1¡clohexen-I-one ( XlfX ) \lias

obtained as a yellow solid. rll.p. '12-750C.

rnfrared. spectrum no. 3 . Ð rr,u* r?30 "*-1( -cooctt, ),

1660 "*-1 ( .Hco-c=c-c=,0 )..J
lTuclear tnagnetic resone.nce spectrum no. 2. 4.62 ( St

lH, CzH) , 6.25(Ç, 6H, cOOcH3, OCHj), 7.4(rt, 5H).

l r.:: r'
¡t, l:.:
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(4) Sodiu¡a borohyd-rid.e red-uction of methyl c¡rcohex-2-

ene-1-one-!-carboxylate-enol ether ( XffX ).
A nixture of the ester ( Xf,fX ) ( 1.0 g. ) and sodium

'boroh.yclrj.de ( 1,06 €i. ) were dissolved in 65 m}. of iso-
prop.yl alcohol and 26 mL. of methanol-. This mj-xture v¿as

stirued. at ice i"np""rture for 50 minutes. 20 mI. of water

was add.ed, to the mixture to destro.y the excess sodium boro-
l

hydrid.e. Concentraied. h.ydrochloric acid vtas a.dded. until
the solution vvas acid. to J.itmus. The organic soir¡ent

was evapora.ted as much as possitrle and. the solution v¿as

extractecl tvith chloroform. The chloroform extraci was d.rlecl.

with anh.yd.rous sod.ium sulphate and. erraporated. under reou.ced

pressure. The crude product ( 0.85 g. ) was purified. by

t.1.c. on silica gel u.sing 2/" methanol. in chloroform a.s

the developing soh'ent. the desired cyclohexenone ( XLI )

was obta.lned as a.yellow oil and. weighed ( O.25 g. ) ( 29f" ).
nfrared spectrum no. 4.1 

^^* 
1730 .*-f(-co0cH3), 1680

rl'r. . .. ,,: , .....1 ." ,,..rriil j.i:.jj.i-,.r_,,.:...t 
-¡,cm--(-ç=g-ç=g),

Nucl.ea.r rna.rca"retic resona.nce spectrum no. 3. 7.4(m, 5It),

6.24(S, 3H, -COOCH3)' 4(ml .lH, CeH),' 3.05(rn, IH1, C3H).
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( 5 ) Preparati on of etht¡l-chl-orooxi.rn j-noa.c eiz.t,e ( tI ) .

GI.ycine ethyl ester h.\'drochior:"de ( LII ) ( 600 g. )

dissoh'ed. in 800 mI. of v.¡ater, \¡/a-s placecl i-n a fíve liir.e
three-necked. round. bottom flasl< equipned '¡rith a thermone-

ter, en overhea.d stirrer and a one litre separaior.y fun-

nel. The solution v¡as cooled. to 5oC in a d"r.y i-ce bath. 
.

Concentra.ted hyclrochloric a.cid ( 360 nl.. ) vras adcled in

one portiòn to the rea,ction rnixture durin,g which the

temperature \,ïp-s ]<ept belou¡ -5oC. Sodium nitrite ( 3OO g. )

dissolved in 435 ml. of water was then acldecL slowl.y so

that the tempera-ture of the mixture remained. belov," OoC.

Addition of 360 rnl. of concentra,ted h.yd.rochloric acicl

and 3OO €!. of sodium nitrite lvas repeated. once again

as above. The mixture wes stirred for twent.y minutes

at a temperature belov.¡ OoC. A whit.e solid a::d- e. green

solution resulted.. The calce \¡,ias then filtered off , and.

dissolved. in wa.rm.chloroform" The chl-oroform layer v\¡as

separated. frorn the aoueous }ayer, d.ried. rvith anh.ydrous

sodium sulphate and erraporated to d.r.yness. Atl oil. rvhich

solidifiecl ouickllr was otrtained. The u.ol-,aous la.yer vra.s

extra.ctecl urith chloroforn. The chloroform extract ,

um suiiate was evaporated. todrierl r^:i'ûìr arhycLrous sorli

Cr;¡ne:;s. A total l¡ield of 'l¡21. g, of ethi'|ç¡loroo>linino-



1)

e.ceta.te ( iI ) rvas obia.ineC by reprecipÍtating the com-

bined fractions from berrzene and hexa.ne. n.o. 75-7BoC.

Infrared spectrum no. 5. f ,".* l,5OO "*-I(-OH),
17lO "*-1(-coolt ,d, ß unsaturated ) .

¡uclear magnetic resona.nce spectrum no. 4. j.6(m,

2H, -CH2-), 8.6(t, JH, CH3), O (s, IH, -OH),

(6) !¡qqara.iio¡'l of isoxazole ( Xf,f f ).
Dimeth.ylacetone d-icarbox.ylate ( L ) ( L74 €ç. ) ais-

sol-ved in,:three litre of benzene rras pla-cecL in a five
litre 'ühree-neclced. round. bottom fl-aslc ecuipped. wj-th an

overhea.d stirrer, a heating nantle, a. Ðean-St¡.rlce waier

sepa.rator ancl a condenser. Sodium hi'dride/oil ( 48 ,g. )

\¡,râs ad-d-ed. oveï: twenty'minutes to the benzene s.olr:tion

ancl the mixture was' stirred for an addjtional tvrehty-

ninutes. Eth.ylchlorooximinoacete.te ( tI ) ( 140 e9. ) vras

add.ed over fifteen minutes. The reaction mixture was

stirred for three hours at room t'emperature: P-Tolue:'e-

sulfonic nonohyclrate was then add.ed, ancl the reaction mix-

ture .u¡as refluxed. for five and a half hours ano ihen allor,';-

ed' to cool or¡erni ,'ht The rea.ctíon ni>rture rïf.: extr: cted

'r;ììï'ce ti,'nes r','ith v;ater ( 5OO ¡nf. ) a.nct t\" r';ater rxtr:;.ctc

r"i eï'e ba.ck .va.shi ci. l'¡itìr I>enzel'te. Tì:e bnnzene s;olr.,¡tiolrs i.,'Ðrc

:.:: .:.: l-::
'i-i-:.ir:j1:1

t':t:- i-..-

::j I
' 
jii

¡:.1Ìi;:1,::iair.r :.--.:
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- \ conbinêd. and evaporated to dr¡¡ness. The oil.y residue

obtained consi-sted of t,¡¡o la.yers; the Iov,'er la.yer was

vaeuum distilled. to give 60 g. of Ì;he desireo product

( I,XII ) as a .yeliow tiquj.d.

Infrared. spectrum no. 6. )*"* 2g5O "r-l( C-H, aL-

kane ), L740 "*-1( ester, saturated. ).
Nuclear magiretic resonance sriectrum rro. 5. Br 6(t,

3TI, cH3), 6.25(s, 3H, co0tH3), 6.1!(s, 3H, cO0cH3),

5.8(s, 2H, CH2) ' 5.54(m' 2H' CH2).

(7 ) l/leth.yla.ti on of 1, ?-d ihyd roxina.:¡hthalene ( IVII ) . .

,7-dih.yclrox.ynaphtiratene ( i-,Vff ) ( 100 €t. ) was

dissolved in a sol-ution of potassium hyd.roxide ( 140 g. )

in water ( 2500 ml. ). The solu.tion v/as placed in a

5000 mI. three-necked round botton flask eouipped wi-th

an overhead stirrer and a separatory funnel. Á.fter 230

ml-. of d.imethyl su.lphate was a.dded. dropvri-se from the

separatory funnel, the reaetion mixture was eooled to

below 2OoC. The mixture was then stirred overnight at

roorn temperature. The tempera.ture of the resulting

solution was raised to 50-600 and potassirrm h.ydroxid-e

was added. until the soluticn u,'as basic. It was then

extracted with chloroform, The extract was washed once
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with lvater, tttice with dilute hydrochlorie acid and

then r¡¡ith rn¡ater again until the washings were neutral.

The organic solvent yì¡as eva.porated. under reduced pressure.

The crude proC-uct v,,as purified by l¡acuum distillation,

giving p2 g. of 1r?-dimethox.ynaphthalene ( r,vfff ) as

a ye]-low liouid-, b.p..l23oc ( L5 mm ), "35 1.6187.

fnfrared spectrum nq. 7 . ! 
^'* 

2B5o "t-1( -0cH3 ) ,

-'r -l --t15BO cm-', 1600 cm-- , L62o cm--( C-C multiple bond. ).

Nuelear magïetie resonance spectrum no. 6. 6.1(s,

6H, -oCH3)r 2.8(m, 6H, ar)..

(S ) Red,uction of 1, L-diqetLox .

lr7-dimethoxynaphthalene ( r.,vf rf ) ( 10 g. ) in 56

r-01. of isopropyl alcoho} was placed in a 100 ml-. round

bottom three-necked flask equipped. with a large conden-

ser ancl calcium chloriC.e d-ryi-ng tube. Sod-ium metal

( 7.2 g. ), freshl.y eut into small pieces, \Í/as added.

The soilium starteil to dissolve when the temperature of

the solution was ra.ised slightly. The reactant was cooled-

under nitrogen and as much al-cohol es possible was evapo-

ra.ted. under reduced pressure. A small- amount of water

was adcled. and- the solution \Ã/as extracted with ether.

After evaporating the ether under red.uced pressure, the



3r.
\¡- product thus obt¡iined. l'ras dissolved in 20 mI. of

. .t-

-' \ methaáol and. 5 drops of concentrated hydrochloric

acid. The mixture was stirred for half an hour and

.. then the solvent r¡¡as evapoiated. The ketone ( LX )

thus obta.ined vras purlfied by recr.ysia.liization from

grystaJ-s , il. Þ. 5O-51-oc.

Tnfrared speetrum no. B t max 2B5o "*-f(-ocH3),
1 'l

L72o cm-'( ketone ), I5B0 cm--( c-c mu].tiple bond-,

a.romatic ) .

Nuclear magnetic resonance spectrum no. 7. 7.5 (m,

2H, CzH), 7(t, 2H, 0rH), 6.5(s, 2H, C¿H), 6.2(s, 3H,

ocH3) , ].2(n, 3H, ar).

(9) ¡'oq4la;t ).

i..,,. :..:;,,
::.,ì a:::ii

!-ri-:;:"

. :,' _

i

The ketone ( tX ) (26 €i. ) was dissolved in acetic 
,,,.,
l:.:l::;.-i r'1.:'

a,nh.r¡d.ride ( 500 ml. ) and. p.yridine ( 18 mI. ) in a round iìt ,

bottom fle.sk eouípped with a. large cond enser and a' , . ii'.tt't,ti.:
d.ryerÍted.ryingtube.Themixturewasref1uxed.for72

hours und.er a n|trorgen atnrosptrere. The soþ'ent \nlas

evAporated. Und.er red,uCed. pressure. The brOv,'n and ViSCOu= ,,,,,1,,,
lijì.i:r:;:.t:,1

crude material rvas su.bjected to vacuum d.istillation
giving 23.3 E. ( 73/" ) of Ër-:re enol eceta,'te ( f'xf )

as a pale ¡¡el.lorv liouicl, b.p. BO-11-OO ( O.o2 rnm ).

'.:.- 1ì.:
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InfrareC spectrum

L?ro "r-1( -oac ), 1660

aromatic ).
Nuclear magnetic resonance spectrum no. 8. 1.L5 (ra,

1H, ar), j.5(s, lH, C+H) ,, 6.1(s, 7H, OQHT), 7.15@, 4H,

clH ' czli.) .

(10) Ozonol-vsis of the enol acetate ( fXf ).
Enol acetate ( f,Xf ) ( Lt g. ) was d.j.ssolved. in

1OO nI. of d.istllled- hexane in a 25O mL rou:Ld- bottom

f1askimmersed.inanicebath.OzonewasbubbIed'.into
the ftask f or 6 hours " The ozoni-d-e whieh resulted- ' '

., 1

appeared. as v¡hite gumny solid-" After the reactÍqn was l''

complete, nitrogen was flushed. in througb. the reaction

mixture to remove excess ozone. [he Solvent lias eVapOrated-

und-er red.uced. pressure. The ozonide was d.issolved" in

nethanol and. zinc d.ust ( t.O g" ) was ad.d.ed-'to red.uce

the ozonj-d.e. The mixture was stirred. at room temperature

for half an hour. The zin:c d.ust was filtered- off and-

the solvent was evaporated. to give the acid- ( fXfff ) irr

the form of a zirrc salt ( tXIÏ ). [he zlrrrc salt t^¡as

d.issolved. in 10 mI,.of chloroform and. 20 m1" of water

Hyd.rogen sulfid-e was bubbled. into the chloroform solu-

tion to give a pale yelIow nilky precipitate of zinc

no. 9. trax 25Bo ca-](

"*-r( -c=c- ), tSBo

-ocíl ) '
-I ,Cm \ -U=U-r
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sulfide. The mixture was filtered axrd the chloroform

la.yer lvas senarated from the aoueous layer; the latter
lvas fr¡rthl¡r extractecl. with an additional- .J0 rn]-. of

chloroform. The combined chloroform extracts rvere dried.

with anhyd.rous sod.j-um sulphate and. evaporated und,er re- 
--'

duced. pressure. The acid. ( TXIIT ) ( 4.2 €î. ) ( 34/" )

rv?s obtained as a pale .yellow so1id., v,rhich was recr.y-

stallized, from chloroform and methanol, n.Þ. L42.5-I44o.

Infrared spectrum no. 10.ì) ,n"* 1705 cm-I(-cooH ),

"r-1 a,nd 1580 cm-t {';'r=r- , ,a.roma i i c ) ,

Nuclear nragretic 
"""iorrrr."" =oi"t'r".,*"rr'o. gti.:' 

.''' 
,1; 

t' .'

IH, -CHO ), 2,95(mr 3H, ar)r 6.2(s, 3H, -0CH3), 7.05(m,

4lI ).
Anal.1'sÍs: C H'

I

Calculated-: 63. 46 5.'76

Found : 63. 39 5 .Bz

(11)

prope.noic acid ( I,Xlll ). .::r;, :-
r::,iil:,.ì

The acid. ( f,xfff ) was

of chlorofonn. Dia.zomethane

nitrogen evolution ceased.

dissolved in a small amount

wì'ls acld.ed. d.ropl.ri-s;e untiJ.

The sol-vent vias evaporateo

l{ethvlation of
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\

j

under ieduced pressu.re. A quantitatir¡e yield of the

ester ( IJ(ïV ) was obtained as a bronnish yel1o1i1' lisriid.
ïnfrared spectrum no. 1l.i *"* 1?30 

"*-1(-cOocH3),t
1680 "*-l(-CHO ), 1590 cnr-land. 15Bo "rn-l( arornatic).

Nuclear magnetic resonànce spectrurn no. lO. -0.63
(=, lH, -CH0), 2.9(m, 3H, ar), 6.1!(s, 3H, -OCH3),

6.4(s, 3H, -CoOcH3), 7.1(m, 4Ii).

(12 ) Acetal formation of the ester ( lXfV ).
A mixture of benzene ( ¡O m}. ), p-toluenesul-ionic

acid ( l00.rng. ) alrd ethylene gl},col ( ¡ €f. ) nere re-

fluxed- for one hour in a lOO ml-. rouqd boiton fla.sic

ecuipped. r,.;ith a Dean-Starke water separator, â conclen-

ser and a clr.yeri-te d,rying tube. The ester ( f,XfV ) r,vas

addecl and refluxj-ng v'ras continued for fj.ve to six hours

unde:: nitrogen. The solution 14'es then transferred to

a separator.y funnel and u¡ashed. once i'¡ith sodium carbo-

nate solr¿tion and three times r''¡i-th water. The benzene

sol-ution rvas d.ried r,vith .anh.ydrorrs sodiu:n sulphate a.nd

evaporated to dryness, 1 .€ç. ( aV¡ ) of the aceta.l

( f,xV ) rvas obtained.

rnfrared spectrurn no. f2. t max 1730 
"*-1(-COOCH3),

1

960 cm--(-o-cH2-CH2-o-) 
"

: ,'.'' ''.:. '
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. Nuclear magnetic resonance spectnrm no. 11.

3(n, 3H, ar) r 3. ?(s, IH, O2CH), 6(m, 4H, C/HZ-CH2),

6.3(sr 3H, -ocH3), 6.4(sr 3H, -c0ocHl)' 7.15(m,4H)-

(13 ) Lithiun aluminum h.ydride red'uction of the acetal

( 1.9 g. ) was Placed in a 100

.--:: ::

The acetal ( f,XV )

ml. thnee-necked round. bottom flask gquipped with a

clropping funnel , a condenser and a dr.ying tube.

Lithium aluminum hydride ( BOO mg. ) in dry ether was

aclded slowl.y through the dropping funnel. The mixture

r¡ras refl-u-xed for one and a half hours uncLer a nitrogen

atmosphere. Exces*s lithium al-uminum hyd.rid,e was decom-

posed- with water. The sol-ution was extracted. with ether.

The residue was furthu.r extracted with hot tetrah.ydro-

furan to reeover any trapped. organic materíaL. The com-

binecl extracts, dried with anh.ydrous sodium sulphate and"

evaporated. to dr.yness, gave 1.31 S. of crude alcohol

( f,XVf ). The alcohol ehromatographed. on alumina plates

anil developed, with 5/" methanol in chloroforrn Save I €fm'

( 5B/" ) of the alcohol ( lrr¡l ) as a brou'm liquid

ïnfrared spectrum no. 13. t max 3600 cfl-I, 3450 "t-1
( -otl ), 1590 "*-1( aromatic ), 960 "*-1( a.cetal ).

i-ì:i,:Ì:¡

t':::
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fnfra.red- sPectrum no. 14' t
-t

LSgo "*-1( aromatic ), 960 cm-l(

40.

Nuelear nagnetic resonance spectrr'rm no' L2'

3.15(m, -ìH, ar)¡ 3.':.5(s, lH' 02CH)' 6.1(m, 4H, -gCH2CH2O-)

6.4(s, 3H, -OCH3), 6.7(nr 3i{), 7.25(tr 2H, -CH2-)r 8'3(m,

2H, -CH2-).

(14) Acetvlltion of t4e alcohol ( IXVI ).

The alcohol ( f,XVf ) ( 102 mg. ) ivas dissolved in

p.yridine ( 0.2 m]. ) in a. 1O m1. r'ound botton fl-ask.

Acetic anh¡rfl¡i¿* ( 1.15 mf. ) vras ac.ded. a.nd the mixture

was refluxed. overnight u-nder nitrogen. The solvent lYas

removed- and the crude product v,/as purified b.y t.1.c. on

silica ge} using l/" methanol in chl-oroform as the deve-'

lpping soJvent. ].OO mg. ( 98,9/" ) of the a'eeta't'e

( f,XVf f ) was obtaíned.

r73o "*-1(-onc"),max

acetal ).

(r5 ) of the chl-orid e ( txil( frorn the al-cohol

The alcohol ( rxtll ) ( L.4 g. ) vias ref luxed r¡ith

3O ml. of thion:rl chl-oride for fou.r and a half hours

under a nitrogen atmosphere. The sol-vent wa.s evapora'ted

under red.uced pï'eSSure. The Crude product vr3.s purified'
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i
/

by t.1. e on silica ge1 using ehloncform es the develop-

ping solvent. I g. ( BO.OI, ) of the chloride ( f,XfX )

was obtai-ned.

rnfrared. spectrum no. L5. y'*r* 1590 "*-I( aromatic ),
-'t

1680 cm-'( al-d.ehyd.e ).

(ro¡ Formation of the aeetal IXX from the chloride

- Eth.ylene gt.ycol ( q g. ) and p-tolu.ene sulfonie

acíct ( 50 mg. ) in 50 ml-. of benzene were refluxed for

one hour in 100 mI. round botiom flask eouipped u¡ith a

Dean-Starke water separator and. a condenser with a dr.y-

ing tube. The chloricle ( f,XfX ) ( I g' ) rras ad.ded

and the resulting solution refluxed. overrright. The

excess p-toluenesulfonic acid was remotred by washing

with sodium earbonate solution. The benzene solution

was then washed with u¡ater and dried with anhydrous

sodium su.lphate. Evaporation .yielded 0.9 g. ( 74% )

of the acetal ( f,XX ) t= a brotn¡n liquiil.
I

fnfrared. spectrum no. 16. V *"* 1580 cm-'( aromatic ),
1

960 em--( acetal ).

(flutiivenç

O+ t*¡':e':C'*A
+'.q...."".'"".."*

¿r'an.¡.l.Jirì
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(17) Fornatiôn of the tertiary amine ( IXXII )-.

Ttre acetal ( fXX ) ( ¡O rrg., ) vras nut into a thick-

wall-ed gta.ss tube immersed. in }iouid nitrogen. Excess

dimethyl amine was add-ed and the tube ,¡¡as then sealed-

and heated. at ?OoC overrright. The resulting prgCuct 
:

v/as dissolved in chloroform and- passed thror:gh a basic

alumina column. The tertiar.ir amj-ne r¡.,as thus obtained as 
..-.-

a brov,¡n l-iquid. 33.6 mg ( feí" ) vras obta.ined.
,cH-

rnfrared- spectrum no. 17. V *r* 2Bo0 "r-r( -t(;;;: ),
'ì'ìJ

15Bg cm-'( arornatic ), 960 cm--( acetal ).

(18) Formation of the ouaternary salt of amine ( f,XXfff ).

The tertiar.y amine ( f,xxff ) ( 3-3.6 rng. ) vras placed

in a 10 ml. round bottom flask along with 1 ml-. of methyl

íod.ide. The mixture I¡/as stirred. for five minutes at room

temperature. Excess rneth.yl iodide \r',,tas evapora.ted a.nd. the

.yeI}ow resi-tlue rvas dissolved in chloroform and we"shed

through a basic alu-mina column to give ( f,XXf f f ). 42 m8.

(5O/" ) was obtained as .yellow'er.ystals.

rnf rared spectrum no. 18. ì il;*"t 27oo "*-I ( sal-t ) .

/ t.:::
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(Ie )

Absolu,te methanol v¿as distilled directl.y into a 100

ml. fla.sk containing 100 mg. of sod.ium metal. Absolute

methanol was al-so distilled into a 50 ml. flask contain-

ing the ester ( r,xrv ) ( 651 mg. ). The solution rvas

kept out of eontaet with atmospheric moisture b.y sealing

the flask imqrediately with a rtrbber eep. f¡re sohrtion of---

the ester ( f,XfV ) in absolute methanol was transfemed'

by a syri.nge into the 100 mI. flask contai-ning the sodium

methoxide. The mj-xture was refluxed' overrrig6X under

anhydrous cond-itions. The.solution was then cooled in

ice a¡rd acirlifíeci lvi'r;h concentraieci Ìi.-vdrocÌil-oric acic1.

The methanol u¡a.s eva'oorated off under reduced- pressure

and. L5 ml. of water was add-ed. The aqueous solution was

extracted with benzene and. the benzene extract was d-ried'

with anhydrous sodium sulphate. The crude prod-uct,

obtained,on evaporation of 'the benzener was purifled- b.y

preparative t.1.c. on siliea ge1 and developed- with 2./"

methanol in chloroform. 265 mg,. ( 4q.Z/, ) of the con-

clensation product ( f,XXV ) was thu.s obtained as white

cr.ystals, mn p. 52-54oC.
't

Infrared. spectrum no. 19. V *r* 17oo cm-'(-COOCH3) t

1650 "*-l(-c=c-), 1600 cm-land 15Bo "*-1( aromatic ).

_-r/

i. ..:..- ,. , . t:

iltù.t*
ir:':-:: 

i :''

Dieclcmann cond-ensation of the ester ( IXIV ).
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t

Nuel-ear ma.g1Tetic resonanee spectrrrm no. 13.

2.8(m , 4H, aromatic and --CzH), 6.25 (=, 3tT, -0CH3), 6.3(s, 3H

-coocH3 ) ' 6.5 (d, 2H, -CHz-) .
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1::1: ::":::

o\
-l



roæ
Iqþ
I

t!o
I

t00

I
!o

,!

:: 
-: r:i

ii',.

;.ì.:':ri'
. :-., ::

i:.

..'1;r' i'
l;r ,-
.',.', ì.i.:
i;i,:a ii.

{'ir '

Ir .,... 
,I --.Ì"Èa '.'- r:

l.: .ì,

I i',¿ \::"

.'(](l

.il'\
\

FIGURE 24. Nuelear magnetie resonance s'prctrum no. 5. Isox¿rzole ( Xfrff ).

, ,i'r:;

.,1i:ì'rl:.(
:ùi

t ìi'li
::l,i\
:,.rti

l:ì,r¡

{.iìj

iìt
:rli:
llìiì''li'

1;iÌ:;]:
:.i{,

iÍ
' l;J

iiill

i$ì
,.J.i

i;;¡ì

::jÍì

- li;l

.:.;i
';i;:i
):t)
:dq-lit

r1i

::ilì
iË
:iii
ii!
ìi!-l
.]1i

rtê

-lri

:1!
'l:\r!"!
;i¡l

;,\Ìi

tä

i4rì

ili
,1:l

ffi

$i
ít'),.r:l

'ili;i:i
iili
['.i)
r!:l

r:l:
tlaì,Il

Ìi,i¡

ri
-{rì

$
*à

ui
Iiìì

i;i
ir;
rìi

ii¡

. 'i;iìtr

+

\

' o't
co



ii
llrl

il
lr

li

FIGURE 25. Nuclear magnetic resonanee

T

>-x>
ö cPs

spectrum no. 6. lr?l-9t-tethoxynaphthalene( r,vrrr )'

¡

i

i

Or
\o
a



FIGURE 26, Nuclear magneti t; resonance' B-methoxy-2-tetralone ( LX
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I frcUnn 30. Nuclear magretic resonance// from the ester ( LXIV ).
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spectrum no. 11. The acetal- ( f-,Xt¡ )
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i¡Il'lìlltirl 31.. Nuclear magnetic resonance spectrum no.. Ì2" 2-methox¡r*6-(J-hyctroxypropyl)-benzaldehycle ( f,XVf ).
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FIGIIRE 32. Nuclear magnetic resonance spectrum no. 13. Z-åar¡omethox.y-4-
methox.y_ind ene (
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