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ABSTRACT

An intermediate to an important compound terrarubein -
( XIV ) was prepared. Methyl cyclohex-E-ene—l-one-ﬁ—oar—
boxylate ( XLI ) was synthesized from 3,5-dihydroxybenzoic
acid through high pressure hydrogehation, methylation4with
‘diazomethane:and sodium borohydride reduction; The ethylene

acetal of 2-methoxy-6-(3-hydroxypropyl)-benzaldehyde ( LXVI )

} was synthesized from 1 7-d1hydroxynaphthalene ( LVIT )
“hthrough the follow1ng sequence°’methylatlon w1th-d1methyl C
sulfate, followed by dissolving metal reductlon, acid |
hydrolysis, acetylation, ozonolysis, methylation with
diazomethane, acetal formation and 11th1um alumlnum hydrlde phE
etreductlon. Attempts to convert the correspondlng alcohol -
Vh( LXVI ) to the olefin ( LXVIIT ) by pyrolyzlng the corres—
e%;pondlng acetate, benzoate and tosylate were unsuccessful.

'gﬁ*However ‘the indene (/'LXXV ) was prepared from the ester

ZGLXIV ) by Dleckmann condensatlon.‘ The blcycllcfcompound

| ( XLV ), the aromatlc ring of which is similar to that of
'_terrarubeln ( XIV ), a distant relative of tetracycllne,
was synthe31zed from the condensation of the 1soxazole

- ( XLII ) and the cyclohexenone ( XLI ) with sodlum

j‘hydrlde in anhydrous tetrahydrofuran followed by

- methylation with dlazomethane. The conversion of,thef"




tetralone ( XLV ) to terrarubein ( XIV ) will be studied

other students.
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MeCormick found a family of tetracyclines which have

INTRODUCTION

Tetracyclines are pale yellow crystalline solid with

antibiotic activity. They are produced from various

strains of Streptomyces and have a tetracyclic skeleton

- of the general structure as shown in Scheme 1. Exaﬁples are:

f

Aureomyein I RH Ry=Cl
Terramycin II R=0H R1=H
Tetracycline II11" R5R1=H

7-bromotetracycline IV  R=H 'R1=Br

The first tetracycline, aureomycin ( I ) ( chloro-

~tetracycline ), was isolated in 1948 by Duggarl. It

was obtained from Streptomyces aureofaciens. Strepto-—

.myces is a common inhabitant of soil from which anti-

biotics, notably streptomycin, aureomycin, terramycin

and neomycin, are obtined. In 1950, Finlay2 prepared

terramycin ( IT ) from fermentation of Streptomyces
rimosus. Tetracycline ( III ) was obtained from hydro-

genolysis of chlorotetracycline in 19535; In 1957, -
N

~

no methyl group attached to the C-6 position, e.g. de-
methylchlorotetracycline ( V ). ‘
Tetracyclines are Widely used in c¢linical practice.

Similar to Penicillin, tetracycline is effective against
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- both gram-positive and gram-negative bacteria5. It
'1s also active against rickettsiae and viruses such

: S . as members of lymphogranulomaB. Tetraéjclines act
’ 'principally by interfering with the normal protein 

synthesis of the microorganism.

Due to the wide application of tetracycline in

- medicine, extensive research has been performed in

the past}tWenty years. The main research in tetra-
cycline chemistry is divided into three branches.
(a) ISoiation and determination of stfuctures of new
tetracyclines. . | § 
(b) Degradative studies of naturally occdrring tetra-
éyclines and studies of their antibiotid‘activity.
v(c) Total synthesis of tetracycline or its biolqgicélf
ly active derivatives. | »
The first tetracycline whose structuré wés complete-

1y elucidated was terramycin ( II ), reported by Woodward

et §l7’8 in‘l952.and 1953. This structural assignment
 was furthur substantiated by x-ray studyg. The biological

conversion of 1,5,10,11,l2—pentahydroxynaphtha¢enéeZ-éar-
10

boxamide ( VII ) %o the antibiotic illustrates the close

relation of tetracycline to naphthacenelo.
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The antibiotic activity of tetracycline depends
on the structure and stereochemical features of ( VI ).
Variations other than in the stereochemistry of Rl’

R2, RB’ R4, cause a decrease or complete elimination

of the biological activity l. ,

Epimerisation at positions 4 and 5a results in com-
plete loss of activity while inversion at C-6 affects the
biological activity élightly. It was also shown that the
carboxamide substituent at the C-2 position is also essen-
: ﬁial} Replacement of the carboxamide by cyanide or acetoxy
group reduces the activity g;eatly. Removal of 12as hydroxy
group also removes the bioloéical activity 12.

Fermentation of a non-chlorinating mutant of Strepto-

" myces aureofa01ens produces 7-chloro—6-— demethvltetracvcllne

( IX ) from a substituted pretetramid ( VIII ). DPrete-

tramid ( X ) was also converted to 6-demethyltetracycline

( X1 ) by using non—chlorinating mutants of Streptomyces

aureofaciénslo. Similarly, both“6-methyl-pretetramid’

( XIT ) and terrarubein ( XIV ) gave the corresponding
tetracyclines. However, it seems pretetramid is a better
precusor than terrarubein because the latter ga?e a lower

yield of tetracycline than the formerlo.







—

SCHEME 2. Synthesis of pretetramid ( X ).

Pretetramia ( X )




10

that pretetramid is obtained by fusing

_ It was reported
’ 'jf3-hydroxyphtha1ic anhydride ( XV ) and 1,3-dihydroxy-5,8-
'ﬂdimethoxynaphthalene-2—cafboxamide ( XVI ) in the presence
'6f aluminum chloride and sodium chloride. The product was
~converted to pretetramid by refluxing with phenol in the
 presence of hydriodic acid and potassium hypophosphite.
-(ASchemei2')
Muxfeldt et al 13 synthesized dedlmethvlamlno-enhydro—'
“.éaureomy01n ( XVII ) by qtepw1qe fuqlon of rlngq D C 'B. |
   :and A. | | | |
b ' Thp Jn1T191 sten 1nvn]vod a QTnhhp nonﬁpnoa+wnn.nf

QB—methoxv-acetophenone and dlethvlqu001nate. Catalytlc

.thydrogenation followed by chlorination, dealkylatlon and

“cyclization gave trans-3~carboethoxy—4-methyl—S—chlbro-

'” _8-methoxy-l—tetralone ( XVIII ) which was subsecuently

- converted to ( XIX ). Fusion with malonlc ester ﬂrd cy—
' 61ization in the presence of sodlum hydrlde gave’ the teura—

”‘cvcllc skeleton ( XX ) which was later converted to the

~

" desired product ( XVIT ) ( Scheme 3 )

ther similar methods are shown in BoOthe' 14 syn— -

',the31q of (%)~ dpalmethylam1no—12a~deoxy-6 demethvlanhvaro-'

15

chlorotetracycline ( XXI ), Shemyakin's™ synthesis of

' : vt 16
12z2-deoxy=5a,6-anhydrotetracycline ( XXII ) and Woodword s




3 + diethyl __
siiccinate

o XX XIX

5 N§CH3)2
: _~OH

YXXIIT



R

synthesié of dl-6-demethyl-6-deoxytetracycline ( XXIII ),
all'df which consisted of a stepwise fusion of rings C to.
Dvand then B and A .

In Muxfeldt'sl7

synthesis of d1f6”deoxy—6—demethyl-
tetracycline ( XXIV ), the tetralone (_XXV ) was also

used. .Instead of a stepWise fusion of the tetralone

( XXV ) to the B ring, ( XXV ) was converted to the

aidehyde—ketal ( XXVI ), which was condensed with hippuric

acid in acetic anhydride and lead tetraacetate to give

( XXVII ). A tetracyclic compound ( XXVIII ) was obtained

in one step by condensing ( XXVII ) with methyl-N-t-butyl-

f3—oxoglutaramate ( XXIX ) in the presence of sodium hydride.

( Scheme 4 ).

In the synthesis of 6-deoxy-6-epitetracycline ( XXX )18,

a tetralore derivative ( XXXI ) was also used. Reaction

‘with malonic acid-dimethylester lengthened the side chain

"at the centre corresponding to C-4a in tetracycline, which

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

‘compound was cyclised in anisole in the presence of sodium

hydride to give the C ring and therefore the tetracyclic

product ( XXXIII ). ( Scheme 5 ).
19

A Diels-Alder condensation was used by Muxfeldt as

the initial reaction in the synthesis of terramyein ( II ).




-

635?\\jf/Ngwr//\\ﬂ/ygc(CH3)3
| o o0 -0-

XXIX & -

SCHENE 4. Synthesis'of g;rG—deoxy—6-démethyltetracycline
(XXIV).
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A Juélone acefate and l-acetoxybutadiene were condensed
to form ( XXXIV ) which was converted to the aldehyde ( XXXV )
and qubqecuentlv to ( XXXVI ) bv ozonoly51s, ﬂVdrOqulq and
cleavage with aqueous sodium carbonate. ( XXXVI ) was reacted
with thiazolone ( XXXVIT )jand then methyl-3-~oxoglutaramste
( XXXVIII ) to give ( XXXIX ). Acid hydrolysis of ( XXXIX )
followed by hvdroxvlatlon 1n basic medlum with molecular
oxygen gave the uetracycllc skeleton ( XL Yo ( Scheme 6 ).

. Although some natural tetracycllneo and a few compounds
with naphthaoenio gskeleton have been synthesizod, terra-
rubein ( XIV ) has not been synthesized. Iﬁ is our aim to
synthesize this compound. From a synthetic viewpoint, the
high concentration of functional groups on ring A of terra-
| rubein has ma@e it the most difficult part of the whole mole-
cule to prepare. Since ring A in terrarubein is aroﬁatic, the
odifficulty in synthesizing the ring A of tetracycliﬁe is
less. Therefore, instead of constructing the B, C and D
ring first, as in the synthesés of ‘terramycin or 6—deoxy-
6-demethyltetracycline, it may be preferable in this case to
build up the ring A first snd then link it to B, G, D rings
of terrarubein. Thus our first stage is the construction of
the A ring of terrarubein, with suitable functional éroups
that with furthur development might lead to the synthesis

of terrarubein.




XXKVIT o C XKRVIIT

0

| SOHSEE 6. Synthesis of berramyein(ID).

*
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DISCUSSION AND RESULTS

The construction of the A ring and B ring of
Terrarubein was accomplished by condensing methyl
cyclohgx—2—ene—1—one—5—carboxylate ( XILT ) and 3-
carboethoxy-4-carbomethoxy-5-( carbomethoxymethylene )-
isoxazole ( XLII ) together, under nitrogen and
anhydrous conditions. Sodium'hydride was used as the
baée to convert the isoxazole ( XLII ) into the corres-
ponding anion which condensed with the cyclohexenone
( XLI ) to give ( XLIII ) as shown in (Scheme 7). This
unstable intermediate ( XLIII ) was oxidized by refluxing
in methanol and decomposed to B,S—dicarbomefhoxy—6,8-
dihydroxy-7-cyano-l-tetralone ( XLIV ) which was then
methylated with diazomethane to the tetralone ( XLV ).

_( infrared spectrum no. 1; nuclear magnetic resonénce
spectrum no. 1; mass spectrum no. l/).

The cyclohexenone ( XLI ) was prepared according to
the schemne outlined_iﬁ ( Scheme 8 ). The reduction of\v
. 2,5-dihydroxybenzoic acid ( XLVI ) was carried out in
aqueous basic solution to give the corresponding dikeﬁpacid
( XILVII ) using palladium/charcoal as the catelyst"instead
of W-1 Raney nickel as described by Van Tamelengo.

( i. r. no. 2 ). The melting point reported was

178.5—1800. The tautomer ( XLVIII ) of the diketoacid
( XLVII ) was methylated and then reduced with sodium




COOH  COOH COOH COOCH3
0 07 f: ¥0 f: ,‘OH 0 %/' ~” e,
XLVI XLVII . . XLVIII : XLIX
| - ' l CPOCH;

SCHEME 8. Synthes:.s of methyl cyclohex—
C 2= ene-l—one—S-—carboxylate : , -
( XLI ).

OO0CH

SCHEM: 9, Reduction of (XLIX).
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borohydride and on acidification gave the cyclohexenone
( XLIﬁ) as shown in ( Scheme 9 ). ( i.r.no, 4; n.m.r.
no. 3 ),

| The synthesis of the isoxazole ( XLIT ) is outlined

in ( Scheme 10 ). The isoxazole ( XLII ) was prepared

from the cohdensation of dimethylacetohé_dicarbbxylate

( T ) and ethylchlorooximinoacetate ( LI ), the latter
being obtained from the reaction. of giydine ethyl ester

hydrochloride ( LII ) with nitrous acid>'. The dimethyl-

acétone dicarboxylate ( I ) was converfed to its anion
with sodium hydride as the base and aﬁhydrous benzene

as the solvent, The anion was cpndensed with the‘pxime
( LI ) to form the intermediate ( LIIT ). Dehydration

of the intermediate with p-toluenesulfonic acid mono-

hydrate gave the isoxazole ( XLII ). ( i.r. no. 6;

_n.m.r; no. 5 ).

Since the condensation of the’isoxaque ( XLII )
and the cyclohexenone ( XLI ) goes fairly smoothly , it
may be possible to condense the isoxazoie ( XLII ) with
a tricyclic system like ( LIV-). This would lead direct-
ly to the tetracyciic system similar to_terrarubein ( XIV )
or, if one could stpp the oxidation process that leads
from ( LV ) to ( LVI ), the formstion of the pentacyclic

system ( .LV. ). Such a system could eventually lzad %o
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- HNO, . IJ ‘ '
. T Y
c1 NH CH OEt o - NoEt

/;000h3 . o COOCH3

S\ : NaH, gH <
0 7 0 + g

o na” ¢
QOC;H3 . _ vOOCH3 :
L | j/ - Lx
o COOCH3
vCOOCHB
PTA,
<-_‘__________._-——1
-HZO HCOOC"
CO_C_H3 l . / \0
, 00Et COOEt H
XLII _ LITI

SCHEME 10. ©Preparation of the isoxazole ( XLII ).




SCHEME 11.

17.

C{OOCH 3 ~ COOCH

, LVI :
Synthesis of the hydroanthracene'system ( LIV ).




the synthesis of terrarubein or tetracyclines respective-

ly. ( Scheme 11 ). With this idea in mind, we worked
on the synthesis of the hydroanthracene ( LIV ).
The starting material, 1l,7-dihydroxynaphthalene

( LVII ) was methylated in the presence of dimethyl

sulfate and potassium hydroxide to give 1,7-dimethoxy- ‘_/”»"

naphthalene ( LVIII ). ( i.r. no. 7: n.m.r. no. 6 ).
( Scheme 12 ). ( LVIII ) was then converted to the enol
ether, 1,4-dihydro-3,5-dimethoxynaphthalene ( LIX )

by dissolving metal reductlon under n1trogen2l. The

i
1
I

.
3
i

enol ether ( LIX ) was extremely unstable 1n_base*and was

| readlly ox1dlzed back o ( ILVIIT b) onrstandlng for

one hour at room temperature. Therefore it was imme-
_: diately converted to the ketone,Z8—methoxy—2—uptralone
( LX ) by a01d1flcat10n w1th concentrated hydrochlorlcfggqﬁqu

f a01d w1th methano] as the “olvent ( i.r. no. 8; 

n m.r. no. 7 ). 8-methoxv-2 tetralone ( LX ) was conA

Everted to the enol acetate, 1,2- dthdr°"3"a°et°XV-5* -

5 fnethoxy—naphthalene ( IXI ) by reflux1ng under nltro—_if

gen in acptlc anhydride Qnd pvrldlne.. The enollzatlon

'Foocurs‘preferentlally at 1,2 rather than 2,5 position

as a result of increased stablization through conjuga-

tion. This fact is shown by ( i.r. no. 9 and n.m.r. no. 8).
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Ozonolysis of the enol acetate ( LXI ) gave the
ozonide, which upon reduction by zinc dust in methanol

produced a zinc salt of the acid ( IXII ). This salt

was then decomposed to zinc sulfide and 3-(2-formyl-
3-methoxyphenyl)-propanoic acid ( IXIII ) by hydrogen
sulfide. ( i.re no. 10; n.m.r. no. 9 ). No carboxylic
acid proton waé observed in the low field region of thev

nuclear magnetic resonance spectrum probably due to

impurities exchanging with the acidic proton. However,
methylation;of ( IXIII ) with diazomethane produced the

ester, methyl=-3~(2-formyl-3-methoxyphenyl)-propanoate

( IXIV ), ( i.r. no. 11; n.m.r. no. 10 ). thus showing

the presence‘Of a carboxylic acid functional grbup in ( IXIII ).

The acetal of the ester ( IXIV ) was obtained smoothly

by refluxing the ester in a mixthre'of,ethyleneglycol and
‘benzene with a trace of p-toluenesulfonic acid as a catalyst.
( i.r. no. 12; nem.r. no. 11 ). The acetal ( ILXV ) thus

formed was reduced with lithium alumlnum hydrlde in -

5ﬁ3fanhydrous ‘ether to glve the etpylene acetal of 2-(“

| 6-(9~hydroxypropyl)—benzaldehyde ( LXVI~). ( i.r. ﬁ6;'13;':”
n.m.r. no. 12 ). ( LXVI ) was purified by thin iayer
fchromatography on alumlna plate ( t. l c.‘): The acldlty

*Iﬁof the ‘silica gel ordlnarlly used was’ sufflclent to hydrolyse

/




IXVI

SCHEME T2. Synthesis of 2-methoxy-6-(3-
hydroxy ropyl)—benzaldehyde
( IXVI ’
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the acetal vack to the aldehyde.'lThe acetal is also un-
stable towards moisture in air and was stored under

anhydrous condition. , e i

The alcohol ( LXVI ) was converted %o the acetote
( LhVII ) by reflux1ng in acetic anhydride and pyridine.
Pyrolysis of the acetate ( LXVII ) did not give‘the olefin,
2-methoxy—6~(2 :prOpenyl)—benzaldehyde ( LXVIII ), as

shown in ( Scheme 13 ), Pyrolysis of the corresponding

toeylate and benzoate were aleo unsuce ssful. _

o An alternatlve approach +o the olefln ( LXVIII )

is a Hoffman elimination of the quaternary salt ( LXXIII ),

prerared ss follows, The alenhol ( IXVT ) was ‘i"m::aloﬂ wi 'rh
thlonvl chloride to glve 2—mefhoxy-6 (3 —chloropropyl)-ﬁ
benzaldehyde ( LXIX ). ( Scheme 14 ) The acetal func-
tlonal group is hydrolysed to the aldehyde due to’ a01d1ty

‘;fof the hydrochlorlc acid liberated. Since the aldehyde

s unstable in strong base, ( LXIX ) was converted back

f%o the ncetal ( IXX ) by the ueual method of. acetal

s

:ﬁﬁormaulon. It was then heated with dimethyl amlne in ‘a
. sealed tube at 70°C to form the amine salt ( LXXI ) Upon |

paeelng throuyh a baele alumina column the amlne salt

( ILXXI ) gave the tertlary amine ( LXYII ) whlchvwas reacted
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~q g
.......
QHQ ~
CH,O0H * 1XVII Gﬁj IXVIII
| - H

SCHEME 13. Pyrolysis of the acetate ( ILXVII ).

\ .

YCHBO'

oHy0 d )

—x—>

4 -
CH2N(CH3)3I

LXXIII

LXXIV

' hSCHEME 14, Yimination of tertiary amine in the
ouaternary salt ( LXXIII ).
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with methyl iodide %o give the quaternary salt ( LXXIII ).
No reaction occurred when elimination in base was attemp—

ted. ( Scheme 14 ). Heating the chloride ( IXIX ) with

'triethylamiﬁé in a sealed - tube or refluxing the former
- with potaq sium tertlary butox1de 1n tertlary outunol did

Q;'not glve the de91red product ( LXXIV ). ( Scheme 15 Yo e

Flnallv, a Dleckmann cvcllzatlon of the ester ( LXIV )

f}fto the 1ndene ( LXXV ) was accompllqhed by qodium'hydrla

L%

.:;jln anhydrouq tetrahydrofuran, It was expected that ox1—
" gative cleavage of the double bond in the indene (,LXKV')
wq_would lead to the formetion of ( LXXVI ). ( Scheme 16 ).

" With the formation of ( LXXVI ), a diester ( IXXVIII )

can be obtalned ea511y by oxidation of the aldehyde func-

tional group in ( LXYXVI ), followed by methylatlon.
. ( scheme 17°). Condensation of the diester ( LXXVIII )
‘and the cyclohexenone ( XLI‘) with sodium hydride in

:J;ahhydrousttetrahydrofuran will give the tricyplichQmpound

( LXXIX ), convertable to the hydroanthracene system ( IXXX ).

More material will be recuired to carry on the experiment

‘on the formation of ( LXXVI ).

7

/




ILXIX - - O LXXIV

SCHEME 15. Elimination in the acetal ( LXIX ).

| OO
@4000? ‘
CO0CH, \\v//coo

IXIV ' XXV LXXVI

S

SCHEME 16. Dieckman éyclizatiéh of the ester ( IXIV ).

/

CH;0 0 o .
3 U, CHBOV
| OOH
N\H ‘ v
— —
“~_~CO0H | COOH
LXXVI LXXVII 0 IXVIII
O0CH, ' _ -
| | __C00CH, o |
' OCH; - o
OCH %_LXXVIII | Ié .

3 ;///
ClOOCH3 COOCH3 -ﬁ
T OO‘

Hy | . OCH, OH 0
- LXXIX | LXXX

SCHEME 17. Synthesis of the hydroanthracene system ( LXXX ).

i



At this stage, it is evident that two different

- zpproaches may lead to the construction of terrarubein
(,XIV ). The first starts with the conversion of the
fetralone ( XLV ) to the corresponding diacid ( IXXXI ), .

.{ Scheme 18 ), which on treatment with thionyl chlqride
followed by sodium aiide would undergo a Séhmidé rearrange-
ment to The diamine ( IXXXII ). Eliminetion of ammonia

from the diamine ( LXXXII ) followed by isomeriation
should lead to the naphthslene ( LXXXIII ). Amide

formation followed by condensation with 3-hydroxyphthalio

()
ct

Adaam Arr AT S s st o mm A T~ I\
CUTCCYyCLlT CULLLCHC Dddsdng i

anhydride chould give th
which can e converted to terrarubein.

The alternative apprOﬂch is the condensation of
( XLV ) with 2-methoxybenzoyl chloride ( IXXXV ) leading
to the formation of'( LXXXVI ) which on an intramolecular
| Friedel~Craft should give ( LX {XVII ). Schmidt reaction

‘on the corresponding azide followed by acid hydrolysis would

‘give the tefracyclic ouinone ( LXXXVIII_). ( Scheme 19 ).

-
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COOCH

ILXXXTT l

NFz

LXXXTIV ' LXXXIII

SCHEME 18. Synthesis of terrarubein ( XIV ).

GOOCH,
COOCH, [ '

LXEVTIT ' 3 LXXXVI 3

scneme 19, Synthesis of tetracyclic cuinone ( IXXXVIIT ).

)
i
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EXPERIMENTAL

All infrared spectra were taken with a Perkin Elmer
700 infrared spectrophotometer using methylene chloride
as solvent or as otherwise specified. Nuclear magnetic

resonance spectra were taken with a Varian model A 56/60

60 Mc machine using deuterated chloroform as the solvent
and tetramethylsilane as the internal standard. Chemiesl

shifts are inT units.

(1) Condensation of cyclohexenone ( XLTI ) and isoxazole .

( XLII ).

Anhydrous tetfahydrofura“ was distilled directly
into a 50 ml. round bottom flask in which the isoxazole
( XLII ) ( 630 mg. ) was placed. A 50:50 mixture of sodium
hydride in mineral oil ( 170 mg. ) was added.and the |
reaction mixture was refluxed for one hour. The cyélohex—

“enone ( XLI ) ( 364 mg. ) dissolved in anhydrous tetra-—

hydrofuran was added to the réaction mixture and reflux-—
ing was continued for two days. The tetrahydrofuran was

then removed by distillation. Ether and 2% sodium hydfb—

xide was added and the mixture was stirred for one hour,
The acueous laver was then washed with ethér, acidified
with concentrated hydrochloric acid, and extracted four

times with chloroform. The brown liocuid obtained after
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v'evapofétion'of the chloroform was dissolved in methanbl

and refluxed for one hour. The solvent was then evapo-—
rated to give a s0lid which was then added to a diazo-
methane ether solution and allowed to stand overnight.

" The residue obtained upon evaporafioh of the ether was
purified by t.l.c. on silica gel developed with 5% wmethanol
‘in chloroform. 170 mg. ( 25% ) of the tetralone ( XLV ) was
obtained as a pale yellow solid after recrystallization from
ether/hexane. m.p. 100-102°C.

Infrared spectrum no. 1. ) 2850 cm-l(—OCH3),

max
2250 em™T(~CN). 1730 en™(~C00CH, ), 1690 cm“l(-ﬁ-c=c).

| Nuclear magnetic resonance épeétrum no. 1. 6.25(s,
3H,—COOCH3), 6.05(s, 3H, —COOCH3), 6(s, 3H, —OCH3), 5.85
(s, 3H, -0CHy), 7(m, 5H). i

Mass spectrum no. 1,

(2) Reduction of 3,5-dihydroxybenzoic acid ( XILVI )ﬂ
Palladium on charcoal ( 5% Yy ( 2.5 g. ) was gddéa

to 3,5-dihydroxybenzoic acid ( 10 g. ), ( m.p. 236-238°% ),

and dissblved in a solution of sodium hydroxide ( 5.8 g. )

‘in disfilled water ('20 ml, ). The hydrogenation,was

éarried out in a Parf nigh pressure reactor at llSOC and

1200 p.s.i. for nine to ten hours. The oétalyst was then

filtered through a scintered glass funnel and washed with




e

20 ml., of water. The pale green solution was cooled in

‘an ice bath and acidified with about 12 ml. of con-

centratedAhydrochloric acid., The acidified solution
was‘allowed to stand overnight for crystallization,

The résultant yellow crystals of 5-carboxy-3-~hydroxy-2-

- ecyclohexen-l-one ( XLVIII-)’were filtered off and recry-

stallized from methénol and water.’ The total yield was
4.8 g. ( 48% ). m.p. 174-178%C.

- Infrared spectrum no. 2.9 m 1720 cmfl(—COOH )y

ax

'1595 cm—l(—g—C=C-OH).

“(3) Methylation'of 5-carboxy-3~hydroxy-2—-cyclohexen-l-one

29. ~

( XLVIII ).

5—~carboxy-3-hydroxy-2-cyclohexen~l-one ( XLVIII.)
( 2 g. ) was SUSpénded in 10 ml. of chloroform. Freshly
distilled diazomethane was added dropWise until nitrogen
evolution ceased, The solveht was evaporated under re-
duced pressure to dryness. A guantitative yleld of
5-carbomethoxy—-3-methoxy—-2-cyclohexen—l-one ( ¥LIX ) was

obtained as a yellow solid. m.p. 72-75°¢C.

L -1
Infrared spectrum no. 3. . 1730 em ~( ~COOCH ),
ol

1660 cm~ HCO-C=C-C=0 ).

3

Nuclear magnetic resonance spectrum no. 2. 4.62(sS,

1H, C2H),_6.25(S, 6H, COOCH OCHB), 7.4(m, 5H).

37
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(4) Sodium borohydride reduction of methyl cvecohex—2-

ene-l-one-5-carboxylate-enol ether ( XLIX ).

A mixture of the ester ( XLIX ) ( 1.0 g. } and sodium
'‘borohydride ( 1.06 g. ) were dissolved in 65 ml. of iso-
propyl alcohol and 26 ml; of methanol. Thisimixture was
- stirred at ice %emperature for 50 minutes. 20 ml. of water
was added to the mixture to destroy the excess sodium bofo—
hydride. Concentfated hydrochloric acid was added until
the éolution was acid to litmus. The organic qol?ent
was evaporated as much as possible and the solution was
extracted with chloroform. The chloroform extract was dried
with anhydrous sodium sulphate and evaporated unaer reduced
pressure. The crude product ( 0.85 g. ) was ﬁurified By
t.l.c. on silica gel using'Z% methanbl,in‘othroform as
the'deVPloping solvent.  The desired cyclohexénone ( XLI )
was obtaihed as a yellow oil and Weighed ( 0.25 g. ) ( 29% ). .
), 1680

Infrar@d qppctrum no. 4 V 1730 cm—l(—COOCH

max 7

3.

L e- 0-C=0). ;
Nuclear magnetic resonance'spectrﬁm no. 3.'7.4(&, 53),

6 24(8 3H, =COOCH, ), 4(m, 1H, C H), 3 OS(m, lH c H)

Mass qpectrum no. 2.
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(5) Prevaration of ethylchlorooximinoacetzate ( LI ).

Glycine ethyl ester hydrochloride ( LII ) ( 600 g.)
dissolved in 800 ml. of water, was placed in a five litre
three-necked round bottom flask equipped with a thermome-

ter, an overhead stirrer and a one litre separaitory fun-—

nel. The solution was cooled %o SOC in a dry ice vath. B
Concentraﬁed hydrochloric acid ( 360 ml. ) was added in
‘one portion to the reaction mixture during which the
temperatﬁre was kept below —SOC. Sodium nitrite ( 300 g. )
dissolved in 435 ml. onWater was then added slowly so.
that the temperature of the mixture remained below 0°C.
Addition of 360 ml. of Qéncentrated hydrochloric acid

‘and 300 g. of sodium nitrite was repeated once again

as above., The mixture was stirred for twenty minutes

at a temperature below 0°. & white solid and a.gréeh

solution resulted. The cake was then filtered off, and

~ dissolved in warm chloroform. The chloroform layer was
separated from the acueous layer, dried with anhydrous
sodium sulphate and evaporated to dryness. An o0il which

solidified ouickly was obtained. Tnhe aoueous layer was

extracted with chloroform. The chloroform extract,
dried with axhydrous sodium sulfate was evaporated to

dryness. A total yield of 321 g. of ethylchlorooximino-—




o eH, -CH,-), 8.6(%, 3H, CHy), 0 (s, lH, -OH).

were back weshrd with benzene. The beonzene

acetate ( LI ) was obtained by reprecipitating the com-
. . , " ' o}
bined fractions from benzene and hexane. m.v. 75-=787C.

Infrared spectrum no. 5.V 3500 cm—l(—OH),

| max
1730 cm-l(—COOEt,d,B unsaturated).

Nuclear magnetic resonance spectrum no. 4. 5.6(m,

“*(6) Prevarsgtion of isoxazole ( XLITI ).

Dimethylacetone dicarboxylate ( L ) ( 174 g. ) dis-

"solved in‘ three litre of benzene was placed in a Ffive
“litre three-necked round bottom flask ecuipped with an
-~ overhead stirrer, a heating mantle, a Dean-Starke water =

“:separator and a condenser. Sodium hydride/oi¥ (_48sg; )

‘was added over twenty minutes to the benzene solution

’

" .and the mixture was stirred for an additionalitWehty_ ,

“minutes. Ethylchlorookiminoacetate ( LI ) ( 140 g. ) was

added over fifteen minutes. The reaction mixture was

stirred for three hours at room temperature., p-Toluene-

‘sulfonic monohydrate was then added and the reaction mix-—

ture .was refluxed for five and a half hours and then allow-
€& to cool overnisht., The reaction mixture wao extrocted

hiree times with water ( 500 ml. ) and the water extractc

n
O
-
<
-t
H.
O
het
2
J
AD
8]
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combined and evaporated to dryness. The oily residue

obtained consisted of two layers: the lower layer was

- vacuum distilled to give 60 g, of the desired product

( IXII ) as a yellow iiquid.

Infrared spectrum no._6.3) 2950 cm—l( C-H, al-

"kane ), 1740 cm-l( Vster, qaturated ) e

Nuclear magnetic resonance spectrum no. 5. 8. 6(t
3H, CH3), 6.25(5,.3H, COOCH3), 6.15(s, 3H, COOCH;)
5.8(s, 2H, CH2), 5.54(m, 2H, CH2>‘

‘(7) Methylation of 1,7-dihydroxynaphthalene ( LVII ).

1,7 dlhvdroxynapntnalenp ( LVII ) ( 100 & ) was
dlssolved in a qolutlon of potass1um hvdrox1de ( 140 g. )
in water ( 2500 ml. ). The solutlon was plaﬂed in a
5000 ml. three-necked found bottom flask equlpped with
an overhead stirrer and a separatory funnel., After 230
ml. of dlmpthvl sulphate was added dropwise from the
separatorv Funnel the reaction mlxture was cooled to
below 20° C._ The mixture was then stirred overnight at
room temperature., The temperéture of the resulting
solution was raised to 50-60° and potassium hydroxide
was added until the solution was basic. It was then

extracted with chloroform. The extract was washed once
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with water, twiée with dilute hydrochloric acid and
-thén_with wéter again until the washings were neutral.
The organic solvent was evaporated undervreduced pressure.
The crude product was purified by vacuum distillation,
giving 92 g. of 1,7-dimethoxynaphthalene ( LViII ) és
& yellow liovid, b.p..123°C ( 15 mm ), 0o’ 1.6187.

" Infrared spectrum no. 7’ﬂzn 2850 ém-l( —OCH?),
1 1

ax

1580 em™Y, 1600 om™t, 1620 em™Y( ¢-C multiple bond ).
Nuclear magnetic resonance spectrum no. 6. 6.1(s,

6H, -0CH,), 2.8(m, 6H, ar).

(8) Reduction of 1,7-dimethoxynaphthalene ( IVIII ).

'1,7-dimethoxynaphthalene ( LVIII )( 10 g.) in 56
ml. of isopropyl'alcbhol was placed in a 100 ml. round‘}
. bottom thréé—necked flask equippeé wifh a large conden;
ser and‘calcium.chloride drying tﬁbeQ ‘Sodium_metal
( 7.2 g. ), freshly cut into small pieces, was added.
The sodium started to dissolve when the temperature of
the solution was raised slightly. The reactant was cooled
vnder nitrogen and as much alcohol as possible was évapo-
. rated under redﬁced pressure. A small amount of water
was added and the solution was extracted with ether.

Aftef evaporating the ether under reduced pressure, the
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product thus obtained was dissolved in 20 ml. of

,methaﬁol énd 5 drops of concentrated hydrochloric

acid. The mixture was stirred for half'ah hour and
then the solvent was evaporated. The ketone ( LX )

thus obtained was purified by recrystallization from

- petroleum ether to give 8.0 g.( 84% ) of pale yellow

crystals, MePo 50-51°¢.

‘ vInfrared'spectrumvno. 8 Y max 2850 cm—l(—OCHS),
1720 cm-l( ketone ), l580_cmfl( C-C multiple bond,

aromatic).

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

2H, CZH), 7(%, 2H, ClH), 6.5(s, 2H, C4H), 6.2(s, 3H,

'OCH3), 3.2(m, 3H, ar).

(9) Pormation of enol acetate ( LXI ) from ketone ( ILX ).

The ketone ( IX ) (26 g. ) was dissolved in acetic

~enhydride ( 500 ml. ) and pyridine ( 18 ml., ) in a round

" bottom flask ecuipped with a large condenser and a

dryerite drying tube. The mixture was refluxed for 72
hours under a nitrogen atmosphere. The solvent was
evaporated under reduced pressure. The brown and viscous

crude material was subjected to vacuum distillation

giving 23.3 g. ( 73% ) of pure enol scetate ( IXI )

as a pale yellow liguid, b.p. 80-«110O ( 0.02 mm ).
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Infrared spectrum no. 9. mas 2580 e~ ( ~0CHy ),

1750 om™1( -OAc ), 1660 cm™+( -C=C- ), 1580 cm™t( -C=C-,

:f{i aromatic ).

Nuclear magnetic resonance spectrum no. 8. %.15 (m,
3H, ar), 3.5(s, 1H, C,H), 6.3(s, BH,'OCHB), 7.35(m, 4H,

C,H, C,H).

1

-~'(lO) Ozonoiysis of the enol acetate ( IXT ).

 Enol acetate ( IXI ) ( 13 g7 ) was dissolved in

0100 mi. of dlstllled hexane in a 250 ml. round bottom: f'”

. flask 1mmersed in an ice bath. Ozone was bubbled 1nto ¢ o

ﬁ-the flask . for 6 hours. The ozonlde Wthh resulted

.f5_appeared as white gummy solid. After the reactlon was“

- complete, nltrogen was flushed in through the reactlonf
mixture Lo remove excess Ozone. - The solvent was evaporated
under reduced pressure. The ozonide waS'dissolved in‘
methanol and zinc dust ( 3.0 g. ).was added to reduce '

the ozdnide,. The mixture was stirred at room temperature
for half an hour. The zinc dust was filtered off and

' the solvent was evaporated to give the acid ( LXIII- ) in

. the form of a zinc salt ( LXII ). The zinc salt was
‘,di3361ved in 30 ml. of chloroform and 20'ml. of water.
Hydrogen sulfide was bubbled into the chloroform solu-

tion to give a pale yellow milky precipitate of zinc




sulfide. The mixture was filtered and the chloroform

layer was sepvarated from the agueous layer; the latter
was furthur extracted with an asdditional 30 ml. of
‘chloroform. The combined chloroform extracts were,driéd

with anhydrous sodium sulphate and evaporated under re-~ __. -

duced pressure. The acid ( LXIII ) ( 4.2 g. ) ( 34% )

was obtained as a pale yellow solid; which was recry-
stallized from chlioroform and methanol, m.p. 142.5—1449.

-1 '

Infrared spectrum no..lO.7XmaX 1705 cm (-COOH )y

‘*;%E*168O“°m—lKﬁGHQ,)j 1590\0m:;«%nd*l55939mi%§

Nuclear magnetic resonance spectrum no.

1H, -CHO ), 2.95(m, 3H, ar), 6.2(s, 3H, -0CH;), 7.05(m,
Wy, . e |

'5L-Calculated; 63.46 5.76

. Pound: 63.39 5.82

i“(ll) Methylation of 3—(2-formyl-3-methoxyphenyl)-

provanoic acid ( ILXIII ).

The acid ( LXIII ) was dissolved in a small amount
of chloroform, Diazomethane was added dropwise until

nitrogen evolution ceased. The solvent was evaporated
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A

-»k | under reduced pressure; A quantitative yield of the
ester ( IXIV ) was dbtained as_anbrowhish'Yellow‘liquid.
, " Infrared spectrum no. ll.)7maX 1730 cm_l(~COOCH3),

1680 cm_l(-CHO )y 1590-cm—land 1580 cm_l( aromatic).

‘Nuclear magnetic resonance spectrum no. 10. -0.63

(s, 1H, -CHO), 2.9(m, 3H, ar), 6.15(s, 3H, -OCH;),

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

(12) Acetal formation of the ester ( ILXIV ).

A mixture of benzene ( 50 ml. ), p-toluenesulfonic
acid ( 100.mg. ) and~éthylene glycol ( 3 g. )'were re—

fluxed for one hour in a 100 ml., round bottom flask

-équipped with a Dean-Starke water separator, a conden-
ser and a dryerite drying tube. The ester ( ILXIV ) was
added and refluxing was continued for five to six hours

under nitrogen., The solution was then transferred to

a separatory funnel and washed once with sodium carbo-
" nate solution and three times with water. The benzene
solution was dried with anhydrous sodium sulphate and

evaporated to dryness. 1 g. ( 91% ) of the acetal

( IXV ) was obtained.
Infrared spectrum no. 12. ) max L7130 cm_l(—COOCHB)r

-CH,-0-

-1
960 cm™ ™ (=0~CH,~CH,=0-).




"Nuclear magnetic resonance spectrum no. 1l.

3(m, 3H, ar), 3.7(s, 1H, 0,CH), 6(m, 4H, CH,~CH,),
 6.3(s,. 3H, ~0CH,), 6.4(s, 3H, -COOCHy), 7.15(m, 4H).

(13) Lithium aluminum hydride reduction of the acetal

( IXV ). ﬁ : '

Thé acetal ( IXV ) ('1.9 g ) Waé placed in a'iOO
ml. three-necked round bottom flask equipped with a
dropping funnel , a condenser andva dryiﬁg tube;
Lifhium aluminum hydride ( 800 mg, ) in dry'ether was
added slowly through the dropping funmnel. The mixture
was refluxed for one and a half hours under a nitrogen
atmdsphere.‘ Excess lithium aluminum hydride was decom-
posed.with water. The solution was extracted with ether.
The reéidue was furthur extracted with hot tetrahydfo-
furan to recover any trapped organic material. The com-
'>bined extracts, dried with anhydrous sodium sulphate and
evaporated to dryness, gave 1.31 g. of crude alcohol
( LXVI ). The alcohol chromatographed on alumina plates
and deveioped with 5% methanol in chloroform gave 1 gnm.

( 58% ) of the alcohol ( ILXVI ) as a brown liguid.

1 3450 em™t

Infrared spectrum no. 13.V s 3600 cm

m
( -0H ), 1590 cm—l( aromatic ), 960 ém—l( acetal ).
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Nuclear magnetic resonance spectrum no. 12,

- 3.15(m, 23H, ar), 3.75(s, 1H, OZCH), 6.1(m, 4H, -OCHZCHzo—),

6.4(s, 3H, -OCH;), 6.7(m, 3H), 7.25(%, 2H, ~CHp=), 8.3(m,

.2H, -CH2—);

(14) Acetylation of the alcohol ( IXVI ). -

The alcohol ( 1XvI ) ( 102 mg, ) was dissolved in
pyridine ( 0.2 ml., ) in a 10 ml. round bottom flask.

Acetic.anhydride ( 1.15 ml. ) was sdded and the mixture

was refluxed overnight under nitrogen. The solvent was

removed and the crude product was purified by t.l.c. on

silica gel aqlng 1% methanol in chloroform as the deve-

 1op1ng solvent. lOO mg. ( 98, 9% ) of the acptate

- ( LXVII.) was obtaihéd

Infrared qpectrum no. 14. v e 1730 cm_l(;OAC"),

1590 cm ( aromatic ), 960 cm ( acetal ).

" (15) Formation of the chloride ( IXIX ) from the alcohol

( LXVI )

The alcohol ( IXvI ) ( 1.4 g- ) was refluxed with
30 ml. of thionyl chloride for four and a half hours
under a2 nitrogen atmosphere. The solvent was evaporated

under reduced pressure. The crude product was purified
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e

by t.l.c on silica gel using chloroform as thé'develop—
ping solvent. 1 g. ( 80.0% ) of the chloride ( LXIX )
was'bbtained. |

‘Infraredbspectrum.no. 15'))max 1590 ém’l( aromatic ),
1680 cm™T( aldehyde ). ' |

- (16) Formation of the acetal ( TXX ) from the chloride

( ILXIX. )
Ethylene glycol ( 4 g. ) and p-toluene sulfonic
acid ( 50 mg. ) in 50 ml. of benzene were refluxed for

one hour in 100 ml. round Bottom Tlask ecuipped with a

- Dean-Starke water separator and a pondenser,with a dry-—

ing tube. The chloride ( IXIX ) ( 1 g. ) was added

- and the requltlng solution refluxed ovnrnlght The

excess p«tolupnequlfonlc acid was removed by washln

with sodium carbonate solutlon. The benzene solution
was then washed w1th water and dried with anhydrous
sodium sulphate.. Evaporation ylelded 0.9 g. ( 74% )
of the acefal~(_LXX ) as & brown liguid.. |

Infrared spectrum no. 16.)’max 1580 cm“l( aromatic ),

 960 cm-l( acetal ).
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(17) Formation of the tertiary amine ( IXXII ).

The acetal ( IXX ) ( 56 mg. ) was put into a thick-

walled glass~tube immersed in liouid nitrogen. Excess
'dimethyl amine was added and the tube was then sealed
- and heated at 7O C overnight. The resulting product

was dlqsolved in chloroform and paqsed through a basic

alumina column. The tertlary amine was thus obtained as

a brown liguid. 33.6 mg ( 56% ) was obtained.
' CH
Infrared spectrum no. 17.Y max 2800 cm ( _N<CH3 )

_1580 cm ( aromatiec ), 960 cm~ ( acetalA).

(18) Formation of the guaternary salt of amine ( LXXIII ).
The tertiary amine ( LXXII ) ( 33.6 mg. ) was placed
in 2 10 ml. round bottom flask’along with 1 ml., of methyl

iodide. The mixture was stirred for five minutes at room

temperature. Excess methyl iodide was evaporated and the

‘yellow residue was dissolved in chloroform and washed

through a basic alumina column to give ( LXXIII ). 42 mg.
(50% ) was obtained as yellow crystals.

Infrared spectrum no. 18.Y EEiOl 2700 cm~ ( salt ).
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(19) Dieckmann condensation of the ester ( IXIV ).

‘Absolute methanol was distilled directly into a 100
ml. flask containing 100 mg. of sodium metal. Absolute
_methanoi was also distilled into a 50 ml. flask contain-
ing the ester ( TXIV ) ( 651 mg. ). The soiution was

~kept out of contact with atmospheric moisture by sealing

the flask immediately with a rubber cap. The solution of—"

the ester ('LXIV ) in absolute methanol was transferred
by a syringe into the 100 ml. flask’containing the sodium
methoxide. Thé mixture was refluxed 6vernight under
énhydrous conditions. The solution was then cooled in.
icé.and scidified with concentrated hydrochloric acid.
The methanol was evaporated off under reduced pressure
and 15 ml, of water was added. The aqueqﬁs solution was
extracted with benzene and the benzene extract was dried
with anhydrous sodium sulphate. The crude product,
~- obtained on evapbratibn of’thevbenzené, was purified'by
preparative t.i.c; on silica gel and developed with 2%
methanol in chloroform. 265 hg.'( 44.2% ) of the con-
densation product ( ILXXV ) was thus obtained as thte
crystals, m.p. 52—5400. | ,
Infrared spectrum no. 19.'V 1700 bm—l(—COOCHS),

max
1650 cm—l(-C=C—), 1600 cm™tand 1580 cm-l( aromatic ).




2,8(m, 4H, aromatic and.-C,

44‘0

.

Nuclear magnetic resonance spectrum no. 13.

H), 6.25(s, 3H, -OCH,), 6.3(s, 3H

2
-CO00CH;), 6.5(d, 2H, ~CH,-).
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