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Part A

The claisen rearrangement on anthraquinone systems
was studied by the pyroÌysis of the al1yr ethers of
1-hydroxy anthraquinone (rx) , 2-hyd.roxy anthraquinone (xvrrr 1 ,
1'Z-dihyd.roxy anthraquinone (XfX), 1,4-dihydroxy anthraquinone
(Xfv), and Z, 6-dihydroxy anthraquinone (xXr ) in o_xylene.
The main products of the rearrangement were isolated and
identified. The presence of a catalytic amount of benzyr-
amine showed a positive and a superior catarytic effect in
the course of the rearrangement, some interesting obser-
vati-ons were made lvith respect to the position of the
0-a11y1 group on thé ring(s) a.s a rearranging group or as a
substituent. rn 1-a11y1 and. r,4-diaJ_1y1 anthraquinone
ethers the 0-ar1y1 group rearranged taking a normal course
for the rearrangement while it remained stabre in 2-arryl
and 216-diallyl anthraquinone ethers under our usual condition
of pyrolysis and gave a mixture of unid.entified products
when subjected to prolonged heating at higher temperatures.
Tn 1r2-dia11y1 anthraquinone ether the 0-a1ly1 group on c_Z
was lost while the o-alryl group on c-1 showed. ortho re-
arrangement" rn case of 1r1+-dia11y1 anthraquinone ether,
2-propenyl quini zarin (XVff ) and Z rJ_díatlyt, quinizarin (XVfa)
were isolated as the final products v,¡hile the partially
rearrafiged. ether (xv) was isolated as an intermed.iate product"

-l_L -
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In generalu the hydrolysis of the 0-a11yl group was observed

as a side reaction in rearranging systems duríng pyrolysis,

The observati-ons can be explained postulating varyi-ng

electronic interactions between the 0-a11y1 group and the

rings e

-l_ 1l- -

PART B

I'{ethyJ-viny1-earbinol was condensed v¡ith chloroacetyl

chloride to give sec-butenyl chloroacetate (XXXff) which was

further condensed with the sodium salt of dieth¡rl malonate

to give oþmethylene sec-butenyloxycarbonyldiethyl malonate

(XXXIfl). Ozonolysis of XXXIII affordecl oÇ-methyl-ene 1-formyl-

ethoxydiethyl malonate (xxXrv)-whích did not cyclize to 4r4-

diethoxy-5-hydroxy-6-methyl-2-pyranone (XXXV) " The catalytic
hyrlrogenation of the aldehyde XXXIY gave oGmethylenehydroxy-

isopropyloxycarbonyldiethyl malonate (XXXVI)" The al-cohol

XXXVI was reacted rvith thionyl chloride to give /-methylene-

chloroisopropyloxycarbonyldiethyl malonate (XXXVIf ) which

again did noi cyclize to 4r4-diethoxy-6-methyl-2-pyranone

(xxxvlll ) "

2rJ-Dichloro-1-propene was condensed with the sodium

salt of diethyl malonate (XXXTX) to give &-(z-chloro-1-
propenyf )Aietfryl mal-onate (Xr,)" The sodium salt of XL was

eond.ensed with bromo ethylacetate to give ôÊethoxycarbonyls"{-

(z-chloro-1-propenyl)¿ietrryt succinate (xlr ) v¡hich on

hydrolysis did not yield the lactones XlIf and XLIII but a

mixture of keto acidsu

2r)-Díehloro-1-propene was condensed with the sodium



salt of diethyl malonate to give ñú-ai(2-chloro-L-propenyl)-
diethyl malonate (Xf,fv) rvhich on acid hydrolysis afforded

3-methylcyclohex-2-ene-l-one-5-carboxylic acid (Xf,V¡ " The

methyl ester XLVITï of the acid XLV on oxidative cleavage

of the double bond with potassium permanganate/sodium meta-

periodate gave 2-carbomethoxy-&-keto pentanoic acj-d (f-,1) 
"

The keto aeid l,T has the potential for exploitation to give
l. - /+r'+- I+-deoxyoaunosamr-ne (!vr-1 / o

:av-
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A thermally induced rearrangement of a vinyl-allyl
ether I to the corresponding homoallylic carbonyl compound II
(nq"1) was first observed by Claisen in I|LZL" Since then,

the rearrangements'of vinyl and. aryl alIy1ic ethers have

been extensively studied and erploited for their sy:'rthetic

value o

The Claisen rearrangement is classified as an example

of a (313) sig¡natropic migration2'3o In aromatic systems (Scheme 1)

(3 13) sígrnatropic migrations encompass ortho as well as 'para

'Claisen rearrangements of which the latter is a combinati-on

of Claisen and Cope rearrangements operatì-ng in successiono

(The Cope rearrang"*"r'rt4is ,. carbon analog of the Cl-aisen

-1_-

PART A

rNTRopucTLoN

rearrangement Eq,2 )It _,'to{
I

Although the overall mechanistic picture of the

Claisen reamangement as a cyclic process involving símulta-

neous bond-making and -breaking processes accompani-ed by

relocation of the unsaturated. bonCs was specifically descri-

bed by Claisen as early as 19255¡ a detailed rinderstanding

of these reaetions has developed only sinee about L95O"

Experimentally, the problems posed by the"no-mechanism"

nature of the Claisen rearrangements has been attacffied using

\¿-Y

{¿
IT

\/

(Eq. 1 )

(Eq. 2)



labeting techniques¡ stereochemícal probesu kinetic analysís,

inter- ar:.d intra-molecular "crossing" eirperiments, and in the

aromatic Claisen rearrangements¡ by the detection and direct

stud.y of the dienone j-ntermed.iates6-19" Theoretical interpre-
tations of the rearrangements based. on a variety of molecular

orbital approaches. have been advanced?o-zu, and calculations

of activation parameters and transiti-on-state geometries for
some examples of the Cope rearrangement have been carried.

-2-

out25-27 '
The normal course of Claisen and Cope rearrangements

can be illustrated with the examples from the aromatic

categories (Scheme 1)" In an allyl aryl ether, the first
cyclic rearrarrgement occurs with bonding of the Y-carbon

atom of the allylic portion at the ortho carbon atom of the

ring to generate an orthod.ienone, A, in which the rnigrating

allyl group has undergone a s'i;ructural inversion' If the

ortho substituent¡ Rr is hydrogêt'lr rapid enolization may

occur at that stage, leading to an ortho al1yl phenol (ortho

rearrangement), Alternativelyr realignment of the ortho al1y1

group may take placer positioning the terminal unsaturated

bond opposite the para carbon of the ringo

(Seheme 1 )

R=H
_R

nlri



'i . -_

A second cyclic reorganization (now a Cope rearrange-

ment) leads to the paradienoneu Be Once moreu inversion of

structure in the migrating group occurs so that tl" original

strueture of the allyl side chain is restoredo When the para

substituente R', i-s hydrogenu rapid enolizati-on follows with

the formatj-on of a para-substituted phenol (para reamange-

ment), The ortho rearrangement, then, is accomplished by a

Claisen rearrangement of an aI1yl aryl ether, whereas the

para rearrangement is, aS said. before, a sequence of 1¡¡¡o r'ê-

arrangements¡ a Claisen and a Cope" The invariable structural

inversj.on in the ortho reamangement and. structural retentj-on

in the para rearrangement have been amply verified as have

the strict intramolecularity of the rearrangementsn the

intervention of the dienone intermedj-ates, and the complete

reversibility of the processes when the final enolization

step is prohi¡it"alo'18.
Kinetic studies show the rearrangements of both

aromaticlï'28-33 and alipnaticl8 '34'50 systems to be unimole-

cular processes with activation enthalpies¡ entropS-es, and

volumes in harmony with a concerted cyclic process having a

highly ordered transition-state geometry"

For suprafacial-suprafacial (313) sigrnatropic process-

es exemplified by the vast majority of Claisen and Cope re-

arrangements¡ two possible geometries have been considered

for the cyclic transition state¡ the four-centered or chair-

likeo C, and the six-centered or boatlike arrangement¡ Do

For molecules which can readily adopt either arrangement,

the chairlike geornetryu Cu is strongly favouredo l'loreoverr

-3-



D
. X=0or-C-

of two alternative chairlike arrangements' that one which

minimizes 1 rl-pseudo-diaxial interactions is preferyedoo

It Ref " B-10 ,t7 tIB rSt.

-4-

It has been illustrated by the stereoselectivi-ty shovm in

the aliphatic Claisen rearrangement of the isomerie crotyl-

propenyl ethers5to, The rearcangement of the trans, cis

"in"" IIT, for example, proceeds through a chairlike tran-

sition state to produce the erythro isomer IV with a free

energy of activation advantage of about 3 keaL/mole over

that of the boat-like transition state (Scheme 2),

f 
'N']

L"ã"_l
Boat-like

transition state

l["'
tr

"\

CHO
H | lafî"\i/"3

ì

-+l*ô.,',

]V
Erythro (97%)

Chair-1ike ¿
ansi-tion state

CHOH\jlH

.t
cH3 \'

H

Threo (J/")

(Scheme z)



Some of the general observations made in the aromatic

Claisen rearrangements will be summerized. in the following
paragraphs that can be compared and contrasted with our ow'rl

observations made on anthraquinone systemso

It has been observed that the rearrangements of al1yl
aryl ethers are often accompallied by competitive ortho and

para migrations52-55, the occurrence of abnormal rearrange-

ments leading to structurall'6'Lo and geom.tric56'57'58 iso-
merization in the migrating group, double-bond shifts and

coumaran formationl, out-of-ring migrationsl, and occasional=

fy, the formation of stable dienones59 ana the incursion of
Áoretro-Claisen rearrangements"". To some extentr these processes

can be controlled-by a proper choice of solvent and re-

amangement conditions 
"

Detailed exarninations of systems in which both ortho

and para positions are open have shown that rearrangements

to these positions can be competit iu.52-55 urra that mi-xed

products are formed much more commonly than had been appre-
1

ciated in earlier investigations*. It has been demonstrated

that the ortho/para ratio is conditioned by the bulk of the

substituents in the migrating altyl groupsz-55, the number,

size and. location of the other ring substitu"rrt"52, and. the

-5-

solvent5z-55.

The abnormal rearrangement leading to structurall'6'to
and geom"t"ic56-58 isomerization in the migrating allyl
group is commonly observed to accompany the ortho rearrange-

ment of ethers bearj-ng Y-alkyl substituents on the a1ly1

groupo



Aecompanying both normal and abnormal produets in the

ortho rearrarÌgement, isomeric prcpenyl phenol-s and coumaralûS

resulting from ring closure have been observed as by-products

arising from the initially formed ortho-aIlylic phenolsl,

The extent of these secondary reactions have been found to

depend on the experimental cond.itj-ons employed and the

nature of the solvent, In the analysis of the products of

p-methylaIlyl phenyl ether0/I)it has been dernonstrated that

the formation of coumaran YII is promoted by phenols and

primar.y arorratic amine=61, v¡hereas isomerization of the

double bond into conjugation with the aromatic ring is spe-

cially facilitated by primary aromatic amines. Tertiary

aromatic amineso on the other hand minimize these secondary

-6-

fêâCTaOIlS o

oÍ\¿lÅ''
D"2*

VI

The el-ecironic nature of ring substj-tuents has been

found. to have only roinor effects on the ease of reamange-

ment of aIlyI aryl .thers18, and no discernible pattern has

been derived that suggests a consistent directiv'e influence

on the part of a given substituento

It has ¡l so been d.emonstrated that rearrangements to

the ortho and para positions are reversible processes and a

prolonged heating ultimately lead.s .to a thermod¡rnamically

controil-ed. reaction mi-xtt*"52 "

^arvña

OHOH)

Aa/ 
',\ñ'cu,nÇc':V òrr"V ån, *\¿

VT]



The effect of polarity of the solvent on the rates of

some ortho-Claisen rearrangements has been exami-ned in

several studies62-61Þ. vtith the exception of hydroxylic and

phenolic med.j-ao the rate enhancement with increasing polari-

ty has been found to be modesto Such results accord with the

low polarity of the transition state in these concerted intra-

molecular processeso However¡ the rate accelaration observed

for the rearrangement of a1ly1 p-tollyl ether on changing

the solvent from a non polar hydrocarbon to an aqueous alco-

holic or -phenolic system is quite appreci-abler ranging from

35- to 1o0-fo1¿62" This effect is the manj-festation of a

super imposed acid catalysed process induced by the hydrogen

bonding capacity of the hyd,roxylic solvent and the basic

nature of the ether-oxygen. It has been further substantiated

by acid catalysed rearrangement of a11y1-ary1 ethers in tri-

fl-uoroacetic acia65 rvhere the kinetic d.ata led to the conclu-

sion that the mechanism of the rearrangement i-nvolves a

highly polar transiti-on state (Seheme 3)"

-7-

{v
0 + cF^coOH)

The base catalysed rearrangement of monoallyl ether

catechol involves suecessive sigmatropic rearrangernents

give prod.ucts that d.iffer from those obtained by

of

to

d* üì

+/\Z
Hg

íl + cr?coo-
\¿r

(Scheme 3)



sigmatropic rearrangements under normal Claisen conditio n66 "

The j-nvolvement of phenolate anion has been observed in the

mechanism of these rearran$êÍÌêûtsc

The use of transiticn metal catalysts has been
A.t AA

reported. on COpe and Claisen rearrangements"r t"". In one of

the recent investigatíons the catalytic effect of TiC14 on

the Claisen rearrangement of aIIyl-aryl ethers has been
/

d.emonstrated69 
"

The ctaisen reaffangement on 1r4-dihyd.roxy anthraqui-

none system drew interest in this laboratory due, mai-nlyt

to its synthetic value that could lead to the tetracyclic

-B-

skeleton of an antibiotic Daunomycinone (XXVI)" Sincer the desired.

tetracyclic system requires several steps of synthesis, the Claisen

rearraf,lgement of diallyt quinizar:.n(XIV)was thought to be an

easy route to ring expansion for the s¡n, thesis of Daunomyci-

none (XXVIJ" Although certain limitations were placed on this

synthetic approach, nevertheless, the study of the Claisen

rearrangement on quini zarin prompted further investigations

on similar systems which ted to this series of studies"

XIV

cH3o

XXV]



The following ethers were p¡molysed in o-xylene with

and without a catalytic amount of benzylamine. i¡fherever

necessary, the progress of a reaction was monitored. by t"1"co

The pyrolysis of 1-allyl anthraquinone ether (fX) t

The reacti-on mi-xture containj-ng benzylamine showed a rapid

disappearance of the starting material and appearance of two

new compounds on the toloco microplatesn After the complete

disappearance of the starting material from the catalysed

reaction mixture (between 2 and. 3 hours) tfre components of
the reaction product were separated by toloc. The major band

(nigner R, value) was eluted to give are orange-yellow powder

which was spectroscopically identified as Z-aILyL, l-hydroxy

anthraquinone(xa)(sctreme 4' )" The infra red (i"r" ) spectrum

(fig" II) showed a free and a hydrogen-bonded (chel-ated)

carbonyl absorption of the quinone at t6?O and, 1Ø5 
"*î1

respectively, The mass spectrum showed the molecular ion of

264" The n,flroro spectrum (nig" XXVIIIa) confirmed the migra-

tion of the al1yl group from the oxygen to the ring" The

doublet of tríplets centered at 6= 4.10due to the nethylsns
protons of the allyt group directly bonded to the oxygen in I)(

(nom.ro Fig" XXVI) showed. a large up-fie1d chemical shift
after the rearrangement and was relocated centered. at 6= 3,50

(with d.ue consideration to the structural inversion in the

¡¡ì.grating a11yl group which leaves the methylene groups near-

est to the ring indistinguishable ) " The up-field chemical

shift of the rest of the protons in the relocated al1yl group

was also appreciable" A ehelated phenolic proton was l-ocated

RESULTS AND DTSCUSSION

-9-
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down-field at = L2"90"

concerning the position of the migrated ally1 Sroup

on the ring, a close scrutiny of the aromatic region in the

ï1o rïro ro spectra of several anthraquinone SyStemS (figs. XXVIIT

XXXA&b, XXXII, XXXIII, XXXV, XXXVI, XXXVIT, XXXVTII ANd

XXXIX) indicated consistently that a proton ortho to 0-H,

O-al1y1 or O-methyl groups could be singled out, specially

if bond.ed to C-2 or its equivalent positions in anthraquinone'

because of a relatively large up-fietd. chemical shift of

O.06 to O,OB ppm. depending on the number of oxy=functional

group(s) on the ring. NormalÌy, the protons of an unsubsti-

tuted abthraquinone (VIII ) appear as two slrmmetrîical mul-ti-

plets centered at 6= ?"gO and 5= 8.60 each assigned to a

group of four equivalent protons" The protons at C-Lr4tJUB

are assigned d,own-field -bo the protons et C-2r3r6e7 " The

¡e ilt.r. spectrum of the rearranged prod.uct (tnig" XXVIII)

showed absence of any doublet between á= ?,IO and 7 "þ0 with

an ortho coupling of approximately 9Hz" (usually observed)

and. hence led, to the conclusion ihat the migration of the

ally1 group was exclusively to the ortho position'

usually, the double-bond. migration in the sid.e chain

was not observed when the reaction mi-xture was refluxed over

a minimum period for the complete disappearance of the

starting material, but on one occasion v¡hen a catalyserl

4,1

Note: In the analysis of the n.ÍÌ.I.. spectra in this
series of studies, the methylene dou.blet (or doublet of
triplets) will refer to the protons of the rnethylene group
eitñer. bonded to the oxygen or to the ring directly,



reactj-on mixture was left refluxing over night the rearran-

ged product showed. an extensj-ve double-bond migration' the

bond-isomers could. not be separated- by tol"co or re.crystall-

ization" However, the ¡follloïo spectrum (FiS" XXIX) indicated'

thepresenceofamixtureofbond'-isomersoThedoub1etat
8= 2 could be assigned. to the methyl protons in the side

chain xI&xII coupled with the nearest proton and deshielded

by the conjugated. double bond, the splitting in the 0-methyl

peak at 6= 4 could be attributed. to the presence of two t¡rpes

of 0-methyl groups in the mixture a¡d the down-field pealc

may be assigned to the components with the double bond of

the side chaj-n conjugated with the ring system xI&xII.

(ffre rearranged product was methylated to increase its solu-

bility in CDCI, for n. m. ro spectrum determination' )

The minor band- (lower R, value ) on elution gave a

greeni-sh-yellow power. The spectral d.ata of the compound

were id.entieal to those of an authentj-c sample of 1-hydroxy

anthraquinone Xa (figs. III and XXXa)

The uncatalysed reaction mixture even after 4 days of

continuous refluxing showed some starting material-" the

components of the reacti-on produet were separated by tolocn

This time the major band (lower R, v'alue) was identified as

XIIIa and the minor barrd (frigtrer R" value ) as the reamanged

prod.uct Xa.

Regarding the catalytic effect of loenzylamine on the

rearrangement, a rapid abstraction of the proton from the

siteoftherearrangementontheringbythebasernayhelp
erpedite the enolization of the orthodienone intermediate

(Scherne 4) 
"

-I2-



The pyrotysis of 1,4-dia11y1 anthraquinone ether(XfV)r

The reaction mixture containing benzylamine showed a rapid

disappearance of the starting material and appearance of

several spots on the t"loC" rni-croplateso The starting mate-

rial disappeared. completely between 2 and- 3 hours. A regul ar

monitoring of the rearrangement at short intervals showed an

appearance and a grad.ual disappearance of a bright orange

spot someivhere mid-way betr¡¡een the starting material (lowest

R, value) and the highest spot" rlllith a complete disappearance

of the starting material the mid-way spot disappeared almost

completely" The components of the end prod'uct were separated

by toloc" The major band. (frigtrest R, vatue) on elution and

subsequent recrystallization gave a bright red crystalline

compound which was identífied as 2rJ-dia]lyl quinizatin XVIa

(Scheme 5)" The mass spectrum of the compound showed the

molecular ion of 320" The iuro spectrum (nig" VI) showed' one

carbonyl absorption at tØ5 "*-1 corresponding to the chel-a;

ted carbonyl groups of the quinone and the aromatj-c (C=C)

absorption at L59O "*-1" The compound' XVIa was methylated to

increase its solubility in cDc13" The oolllcl' o spectrum of the

methylated produet (nig" XXXIV) showeC the methylene d.oublet

of triplets centered at 6= 3"(gindicating the migration of

the aIlyl group from the oxygen to the ring (comparing with

the noÍl,ro spectrum of the starting material Fig" XXXII)"

The peak at 6= 3"99was assigned- to O-methyl groupso The aro-

matic regioll showed a very symmetrical featureo The protons

at C-5 and C-B appeared as a multiplet centered at 6= 8"20

and the multiplet centered. at 6= ?"?OcouLd be assigned' to

-tJ-
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The protons at C-6 and, C-1,

Elemental arialysis:

The second band from the top was eluted to give a red

porvdern The spectroscopic analysis of the compound. establi-
shed. its ioentity as 2-propenyl quinizarin (Xvf r). The mass

spectrum showed tTre molecular ion of 280" The ioro spectz'um

(nig" VTI) showed a single absorptiorr corresponding to the

chelated carbonyl groups of the quinone" The rr¡n¡rc spectrum

(Fig" XXXV) confirmed the migratíon of the a1lyl group along

with the migration of the double bond. in the side chaino The

absorption due to the methyl protons in the side chain appe-

ared centered at 6=1.B. The vinyl protons were located between

6- 6"4 and 6.9" The single peak in the aromatic region at

6- 7.3 could. well be attributed to the lone proton bonded to

the ring" Two chelated phenolic protons appeared separately

at 8= )2,? and. I3.t+.

Interesting enough, this was the only instance of
double-bond migrati-on in the migrated allyl group und.er our

normal- condition of p¡rrolysi-s,

The third band (purple colour) from the top on elution

gave a small amount of an amorphous powder which coul-d. not

be characteri-zed 
"

In another e>qoeriment when nearly B0% of the starting

material had d.isappeared (in approximately 30 minutes) tfre

pyrolysis was stopped. and the products were separated by

tol"co The bright orange band. appearing mid-way betvreen the

Calculated for CrOH15O4r Cr 75; Hr5.

Found:

4r'

C, 74.83; Hu 5"19,



starting material (lowest R, value) and the top band on

elution gave a dark orange crystalline compound which was

identified as partially rearranged. ether XVo The mass spect-

rum showed the rnolecular ion of 320, The i'r" spectrum (Fig'

V) showed a free and. a chelated. carbonyl absorption at t66O
-l

and. t63O "*-t 
(quinone) respectively, The absorptions at

L595 anô, L22O "*-1 could be assigned. to the aromatic (C=C)

and C-O stretching frequency of the ether respectively" The

tlerrr"ro spectrum (fig" XXXIII) showed tt¡,ro methylene doublets

(not further resolve¿ due to compactness of the spectrum)

centered. at 6= 3"4oand 4,6ocorrespond'ing to the migrated and

unmigrated a1lyl groups respectivelyo The lone peak in the

aromatic region at 6 = ? "lOcould. be attríbuted to the lone

proton bonded to the ringo The rest of the allylic features

corresponding to both, the migrated anrl unmigrated a1lyl

groups were located. bet¡een 6= 4"90and 6"40" A chelated phen-

olic proton could be traced' at 6= I3'3o'

At this stage it is reasonabl-e to presume that both

the end products XVIand XVII are formed' mainly through the

intermed.iate product xv as a result of further migration of

the unrearranged. a11yl group to the ring or its hydrolysis

at an elevated temperature respectively (scheme 5i"

fn one of the pyrolyses a catalysed reaction mixture

was left refluxing over night but the isolated' end product

correspond.ing to the molecular ion 320 was d'etected solely

as XVIa bY its l1e lllcro sPectrum"

Basingtheobservationsmad.einthepyrolysisof
1-a1lyl (fX) ana 1,ll-d.ialf'f (XfV) anthraquinone ethers ' a1-bhough

the observations may not be substantial enough to be

-1,6-



conclusi-ve, it is worth mentioning that the presence of one

al1y1 group on the ring seems to be more susceptible to

undergo d.ouble-bond migration

The uncatalysed reaction was stopped after four days

of ,continuous refluxi-ng" A substantia] amount of the starting

material was traced in the reaction mixture by t"l-"c" The

main reaction product was identified as XVIa"

No quinizarin eould be isolated from either the cata-

lysed. or the uncatalysed reaction mixtures and hence a simu-

ltaneous hydrolysis of both the ally1 groups must be a very

slow process, if it occurs at al-1.

The pyrolysis of 2-a11yl anthraquinone ether (Xvfff)

This ether was al-so p¡polysed under similar conCitions as

before" Both the reaction mixtures ie. with and withou'b

benzytamine failed to show any sign of the rearrangement

over a period of 24 to J0 hours" At the end of the pyroly'sis

the starting material was recovered almost completely"

A sequence of pyrolyses was carried out under more

rigorous cond.itions in a higher boiling sol-vent !r204-tri-

methylbenzene by sealing the reaction mixture in a bomb that

raised the temperature of pyrolysis up to z!t+o1, At higher

temperatures the eoncentration of benzylamine was also incr-

eased. gradually but a regular monitoring of the pyrolyses

failed. to indicate any sign of the rearrangement and a prol-

onged heating seemed to cause an excessive decomposition of

the ether as no identifiable product could be isolated from

the reaction mi-xture u

-1"7 -



Since, the starting materj-al was recovered. almost cornpletely

after refluxing the ether in o-xylene for 30 hours, it appe-

ars that the 0-a11y1 group at C-2 is stable to hydrolysis

toou which was observed in the catalysed and, uncatalysed

pyrolysis of 1-a11y1 (fX) ana 1,4-dialfyf (XfV)anthraqu-i-none

ethers to a considerable extento

These observations were further substantiated by

pyrolysing the following ethers:

The pyrolysis of 1r2-diaI1yl anthraquinone ether(XfX):

A rapid. disappearance of the starting material was observed'

from the catalysed reaction mixture and two major prod'ucts

were spotted on the toloCo microplateso The products were

separated by tol.co The major t¡and (higher R, value) on elu-

tion gave an orange yellow powd.er" The mass spectrum of the

compound showed ihe molecular j-on of 264" The ioro spectrum

showed all the significant absorptions id.entical to the ones

observed. in the ior. spectrum of 2-a11y1r1-hydroxy anthra-

quinone(Xa) The nom,r, spectrum (l'ig" XXVIIIb) confirmed the

a1}yl group on the ring" The d.oublet due to the methylene

protons (not further resolved) was located centered at 6=3'50

which was the same as observed, in the rlolllofo spectrum of xa

(¡'ig" XXVIII). The chelated phenolic proton was located at

6- !2,g1,Again, a close scrutiny of Several noülore Spectra

led to the conclusion that lhe methylene-doublet of the

migrated al1yl group shows a considerable change in chemical

shíft dependíng on the number and the type of the substitu-

ents on the ring (nigs" xxvIII, XXXI' XXXITI and XXXIV)"

0n the basis of the spectral observati-ons it does not seem

-18-



unreasonabl-e to characterize the product as 2-a11yl, l-hydroxy-
anthraquinone (Xaþ However, a smal-l- doublet at 6= 2 gives

some indication of a partial d.oubre-bond migration and. that
could cause some discrepancies in the features of the aro-
matic regiono

The minor band (lower R' value ) on el-ution gave a
yellow powdero The compound was characterized from its spec-

-19-

tral data as 2-altylrl-hydroxy anthraquinone etrrer (xx) The

mass spectrum showed the mol-ecular ion of 280" The i"ro
spectrum (Fig. x) showed a free and a ehelated carbonyl abs-

orption at t6?o and t64o "*-1 
(quinone) respectively"

However, the chelated carbonyl absorption had shifted sligh-
t1y towards higher frequency compared to ioro spectral data

of the simil-ar systems (¡'igs. II, V, VI eteo )o This shift
may be attributed to the presence of an oxy-functional group

at c-2 which could minimize the extent of hydrogen bonding

with the nearest carbonyl groupe

The main confirmation of the structure came from the

Tl.ornoro spectrum of the eompound (nig, XXXVIII)" The allyl
group appeared to be bonded to the oxygen and not to the

ring" The methylene doublet which undergoes a large up-fíeld
chemical shift after the rearrangement úas found centered at
6= 4.BOas in 1r2-dia1Ìy1 anthraquinone ether (rig, XXXVII)"

The doublet centered. at 6= ?"2owith a coupling constant of
approximately )Hz" could be assigned to the hydrogen ortho

to the O-allyl groupo The chelated phenolic proton was

located at 6= 13,

In the uneatalysed pyrolysis the rate of disappeararice
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of the starting material lvas very slowu After 3 days of
continuous refluxing the reaction mixture was separated by

tol.co whi-ch gave a substantial amount of the starting material

and. the compounds Xa and XX as the minor and. the major

products re spectively"

From the observations it was concluded that the

0-a11y1 group at C-1 either rearranges with the migration of

the aJ.lyl group to Ç-2 in which case the 0-al1y1 group at

C-2 is 1ost, or is hydrolysed at a higher temperature while

the 0-a11y1 group at C-2 remains unaffected.

Since both the catalysed as well as uncatalysed

pyrolyses gave Xa, a mechanism has been proposed to account

for the observation (Scheme 6), The proposed mechanism could

not be substantiated experimentaÌly and is therefore

speculative. The elusive character of acrolein under the

condition of pyrolysis can very lvell be appreciated" The

attempts to trap acrolein were unsuccessful"

The pyrolysis of 2,6-dial-1yt anthraquinone ether (xxr),

This ether was p¡rrolysed. using o-xylene and I13r4-trimethyl-

benzene as solvents" Benzylamine was added in increasing

concentrations, The temperature of pyrolysis was realibed up

-2L-

to 2L5oC when the pyrolysis was done in trimethylbenzene as

a solvent in a s,saled bomb. The observati-ons were duplicated

as in the pyrolysis of 2-a11¡r1 anthraquinone ether (Xvrrr)"

0n the basis of the observations made it was concluded

that the 0-a11y1 group is unusually stable at C-2 not only

with respect to the rearrangement but al-so to the hydrolysis

at higher temperatures which rvas observed as a side reaction
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when the O-allyl group was at C-l or its equivalent positíon"

The mechanism proposed (scheme 7) to account for the

faeility of migration of the allyl group from the oxygen at

C-1 (or its equivalent position ie" C-4) to the ring is based

on the presumption that an electronic charge eoncentrati-on

on the earbon ortho to the O-allyl group is affected by a

lone pair of electrons on the oxygen v¡hich in turn initiates

the migration of the allyt group by attacking the end carbon

of the double bond" The electronic charge concentration is

d.issipated. essentially through its conjugation with the

quinone system but to a lesser extent than if the O-a]ly1

group is at C-2 (or its equivalent position ip" C-6)"

T,astÌ¡ru the use of N¡N-dimethylaniJ.ine as a solvent

gave inferior results in rearranging systems, whereas TiC14

as a catalyst in o-xylene caused an excessive decomposition

of the ethers" under all circumstances tried, the 0-a11y1

group on C-2 (or C-6) taile¿ to rearrangeo

Before concluding this series it is r^¡orth mentioning

that information on the s¡mthesis of 2-hydroxy anthra-

quinone (XXfV) is scanty. A two-step s¡rnthesis of the compound

was <ìevised. in this laboratofYu although the yield was low

(Scheme B)"

Phthalic anhydride was condensed with anisole in the

presence of al-urninium trichloride using dichloroethane as a

solvent to give a mixture of ketoacids xxII and. xxTII in Bo/"

yieldo The mass spectrum showed the molecular ion o f 256 and'

the norïìoro spectrum (f ig" XL) ind.ieated the presence of XXII

and XXIII" The lnixture of keto,acid.s without separation was

-24-
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stirred in concentrated. sulphuric aeid at 16OoC for 24 hours

to give a mixture of l-hydroxy (Xf f f) and 2-hydroxy (XilV)

anthraquinones in 3"O% yield. The mass spectrum of the mixture

of the hyd,roxy anthraquinones showed. the molecular i-on of

224, The i,r' spectrum shov*ed carbonyl absorptions at 7680

and t66O "*-1 ind.icating cyclization of the keto. acicls 
"

However, hyd.rofluoric acid and pol¡rphosphoric acid could not

affect cyclizationo The add.ition of aluminium trichlorid.e to

a fused stirri-ng mixture of phthalic a¡hydride and a:risole

with the expectation to affect acylation and subsequent

cyclization of the keto'acids in one step resulted in a

massive for¡aation of a by-product drastica'lly reducing the

yield of the keto acids, but no cyclized product could be

j-solatedo For our purpose the mixture of hydroxy a:rthraqui-

nones XIII and XXIV BIas reacted rvi-th allyJ- bromide and' the

coryesponding ally1 ethers were separated by toloco The

upper band vuas characterized as Z-aLLyL anthraquinone ether

(XVf ff) and lower band. as 1-a11y1 anthraquinone etfrer (IXI

In eonclu-sion, the claisen rearrangeilent studied on

anthraquinone systems in this laboratory is not exhaustive

and elaborated, The effect of various t¡rpes of substituents

torvard.s the migration of the allyl group, specially, with

respect to the facility and fail-ure encountered from certain

positions of the ring(s) is essential to corroborate the

explanation given in terms of electronic charge eoncentra.tion

and. its d.issipatj-on over the trvo rings"

A further investigation into catalysts and

abnormalities of rearrangements conce¡ning anthraquinone

systems will make an interesting subject for future studies"
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Daunomycin (XXv) is a cytotoxic antibiotic who.se anti-

tumor activity has been stud.iedTo" The compound consists of

an aglyconeu daunomycinoneTl lxxvr) and. a sugar dauno"u.*irr"Z2

(XXvf fI The sugar has been shown to be 3-ami-no-? 13 r6-trideoxy-

L-lyxo-hexose.

L-Daunosamine has been s¡rnthesized by Goodman and co-

*o"k"*=73 and the N-acy1 derivatj-ves have been prepared by

Baer et air?4.and by Riehu.rd=orr?5, all starting from natural

sugars. A stereospecific synthesis of dl-triacetyldaunosamine

has recently been accomplished in this laboratory in several

steps using a substituted oxazole XXVIII as a starting

materiaL?6.

PART B

INTRODUC.iION

o
rr H3o

cH3

HO

o \-/
ÏI

XXV

ìt

"2
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Ihis part of the work was mainly cevoted to exploring

shorter and easier routes to the aminosugar daunosamine (XXVff)

and. its deoxygenated derivative Þ-d.eoxydaunosamine (f,Vf Ð"

It is being speculated that replacing daunosami-ne (XXVff) UV

4-d.eoxyd.aunosamine (f,Vf f) could rninimize some toxic side effects

\J11

H¡r2

of daunonlicin (XXVI

XXYIII
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Although several earlj-er attempts to cycliøe xxx to

give XXXï had. faiteATT (Scheme g), an effort was mad'e once

again to affect cyclization using methoxide base in methanol-

but no positive indication of the expected product was found and

the results of previous attempts were d'uplicated" Howevert

a better yield of the aldehyde XXX was obtained when the

ozonolysis of xxIX was done in methanol follorved by the red-

uction of the correspond.ing hydroperoxj-d.e by dimethyl

- ...78Stll-DflaQê' o

This proieet came to an end when one of the key star-

ting materiafs p-nropiolactone could not be obtained

commercially"

Working on a similar approach (Scheme 10), the coÎlpo-

und xxxIV was synthesized in four steps" It was expected'

that the aldehyde xxxÏV would. cyclize to give the substitu-

ted. sj-x-membered lactone XXXV which would be further explo-

ited. to get d.aunosamine.(XXVII ) "

The scheme 1-0 lvas followed' as:

Methylvinyl-carbinol lvas cond.ensed rvith chloroacetyl chloride

to give sec-butenyl chloroacetate (XXXff) in a quantitative

yie1d" The mass spectrum showed the molecular ion of 148"

In the ¡.eï¡orn spectrum a doublet centered. at $= L.55 d'ue to

methyl protons, a single absorp-bion at [= 4. 10due to methy-

lene protons (deshielded by the halogen and the ester group)

and.thevinyland.allylprotonsappearingaSmultiplets
between ó= 5"10and 6'30(deshield'ed' by the d'oubl-e bond and

the oxygen) were all consistent with the expected. structureo

RESULTS AND DISCUSSION
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The inrn spectrum (¡'iS" XII) showed

tion at L?45 "*-1 
(shifted towards

d'-natogen) "

malonate in dry t"hufo in the presence of sodium hydride to

give d-methylene sec-butenyloxycarbonyldiethyl malonate (XXXfff )

in a quantitative yield. as a golden yellow liquid' Diethyl

malonate being used. in slight excess was removed under

vâCultflt. The product XXXIII was mainly characterized by its

tloÍt¡ro spectrum (nig" XLII)" The O-ethyl groups could be

seen as a quartet and a triplet centered' at E= 4,ãOand t"25

respectively" The doublet of allylic methyl protons appeared

overlapping the triplet of the Q-ethy} groups" A doublet due

to the saturated methylene protons centered at d= 2"75,

a triplet attributed to the lone proton on d-C and the mult-

iplet between $= J and.6.2oassigned to the al1y] and vinyl

protons ind.icated the expected structure" The i'ro spectrum

(nig. XIII) showed an ester-carbonyl absorption at l?Jo 
"*-1o

In the next step the alkene xxxIII was converted to

the aldehyde xxxlv by ozonolysis in B5/" yield which was

characterized mainly by its rr.ïïr.rr spectrum (nig" XLIII).

The allytic methyl protons separated as a doublet centered

at 6= t,jO(a sl:Lght d.eshielding by aldehyde C=0)" The other

features of the ester xxxIII remaining unaffected' the com-

plex vinyl-al1yl multiplet disappeared instead a quartet

centered at 6= J appeared which coul-d' be attributed to the

methine proton" A low-field proton at 6= g"3}ind'icated the

formation of the aldehyde" However, the absence of a visible

The chLoro ester xxxIl was cond.ensed with diethyl

a-l'ì. ester carbonYl absor,o-

higher frequencY due to



eoupling between the aldehyde proton and the methine proton

is not anonal-ouso It has been observed.T9 that because of a

stable conformation, the coupling constants of -substituted

ald.ehydes commonly fal1 below Z{zo and the coupling may not

be apparent"

(tfre traces of impuriti-es are visible in the nerroro

spectrum but no attempts were made to purify the aldehyde

by distillation or chromatography as such attempts had led

to the decomposition of a similar aldehydeTT,)

The i"ro spectrum of the aldehy¿e (f ig. XIi/) ¿i¿ not

show any appreciab-!-e change and the features remained.

dominated by the ester groups.

An attempt was made to cyclize the aldehyde xxxlv in

dry t,h.f " (tetrahyd.rofuran) in the presence of sodium

hydride but the expected l-actone XXXV could not be isolated 
'

atthough an intermolecular condensation of carbanion and

aldehyde had been executed in this laborato"y8oo No further

attempt was made at this stage tolards cyclizatiørbut it was

decided to convert the aldehyd.e XXXIV to the chlorid.e XXXVII

expecting that a hatogen being a better leaving species the

cycli zation would. be effective and the resulting ]actone

XXXVIII (Scheme 11) v¡ou1d. be exploited to get 4-deoxy-

daunosamine (lvrrl 
"

The ald.ehyde xxxIV was hydrogenated in ethyl acetate

in the presence of Ad.ams catalyst and the corresponding alcohol

XXXVï was isolated in essentially quantitative yieldo Again,

the formation of the compound XXXVT v¡as confj-rmed by its

rrornsro spectru-n, (pig" XLIV), The aldehyde proton at = 9,30
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disappeared. and. a broad hump centered. at d= ? showed up"
'(tfre positíon of the hump seemed. to depend on the purity and

the concentration of the sample" The shape and the.nature of

the absorption was strongly indicative of a fast exchanging

proton characteristic of alcoholso )

The doublet d.ue to the methylene protons nearest to the

hydroxyl group seemed to be overlapping the triplet centered

at 6= 3.8Q. The doubl-et due to the allylic methyl protons

disappeared in the triplet of the O-ethyl groups between 6=

1.10and 1"4Q The rest of the features of the aldehyde XXXIV

remained unaltered except for a smal-l- absorption at E= 2

which could not be accounted for, and a broadening in signals

observed in general" The ior. spectrum (nig" XV) showed a

srnall broad absorption at 35OO "*-1 d.ue to the hydroxyl

groupo

-33-

The crude al-cohol rvas reacted v¡ith thionyl chloride

and the final product XXXVIÏ was purified. by toloc" (yield

BO%)o The prod.uct XXXVII was characterized prirnarily by its

Ítorïtoro spectrurn (¡'ig" XtV); The low-field broad absorption

due to the fast exchanging hydroxyl pro'ton disappeared and a

doublet centereC at 6= 3.íoattributed to the methylene

protons nearest to the halogen separated from the triplet

of the lone hy.å-r'ogen due to -an up-field -shift caused by -bhe--

halogen. The i"r'. spectrum (¡'ig. XVI) recorded the only

noticiable change which was the di-sappearance of the broad

absorption at 35OO "*-1 
corresponding to the hydroxyl group'

Some unerpected splittings were observed in certain



regions of the nollroro spectrum and it was speculated that

the crowding at the carbon bearing the halogen might cause

hindrance in the free rotation in the areas bearing larger

substituents.

The mass spectrum failed to show the molecular ion or

any large identifiable fragments"

Relying on the identification of the compound. XXXVII

by its rtolnoro spectrum only, the attempts were made to affect'

the cyclization in refluxing dry t.h.fo, dioxane and d.ill.fo

as solvents in the presence of sodium hydride but without

SUCCêSS O

Failing in two Successive attempts to affect reverse

cycli zation to get a lactone, the attention was switched over

to more conventional systems that are known to form lactones

as a result of an intramolecular cyclizatj-on u¡hen the

functional groups are favourably dísposedo

Tire scheme !2 was followed as:

2 r3-d.ichloro-1-propene was condensed with diethyl malonate

(XXXfX) to give ct-(2-chloro-1-propenyl)d,iethyl malonate (Xl) in

60/, yield-. fn the nrnror¡ spectrum (fig. XLVI) the O-ethyl

groups shorved. up as a triplet and a quartet centered. at 6= !.30

and ll,2 respectively. The saturated methylene protons appea-

red. as a doublet centered at f,= Z.ÇJ and- the unsubstituted

Ìone proton of oiethyl malonate formed a triplet centered at

6= 3,?5" The vinyl protons could be distinguished at ó= 5,)o

with splittings due to aIlyIic coupl ing" The features in the

iof " spectrum (r'ig" xvII) appeared to be mainly due to the

diethyl mal-onate-moity except for an absorption at L64O "*-1

-34-
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which could be attributed to the double bond .(C=C ) " The

ester-carbonyl absorbed at L73o 
"*-1o

The mono substituted diethyl malonate XL was condensed

with eth¡r] brornoacetate to give d-ethoxycarbonyl-oÈ(2-chloro-

1-propenyt)aiethylsuecinate (XLI) in a quantitative yield"

Again, the i.r" spectrum (FiS. XVIII) ¿i¿ not record any

appreciable changes in the features except that the relative

intensity of C=C absorption decreased and the intensity of

absorption at L}OO "*-1 due to ester (C-O) increasedo

The norrloro spectrum (fig" XLVTI) characterized the compoundo

The triplet centered at d= 3,L5 d.isappeared and two separate

absorptions at t= 3"lJ and 3'3)could be assigned to the

a11yIic protons and. the methylene protons nearest to the

ester groups respecti-vely" The splittings in the triplet and

the quartet sholed slight inequi-valence in the tv¡o types of

O-ethyl groups" The vinyl protons shifted slightly down-fietd

and appeared. as tr¡¡o separated absorptions at 6= 5"10and' 5,1+þ

showi-ng some splittings of the order of allylic and geminal

couplings" A pronounced di.fference in the chemical shifts

of the tv¡o vinyl protons signifies an appreciable change in

the chemical environment of the distant protons after the

second. substitution cn diethyl malonate.

The next step was the hydrolysis of the vinyl chloride

to methyl keton-e and the esters to carboxyl groups. It was

expected that tlie vinyl chloride and the esters after respe-

ctj-ve Lrydrolyses woul-d give five and sj-x-membered substitu-

ted lactones XLI:I and XT,III respectively under the conditions

of hydrolysis' ll mild approach to hydrolyse the

- )o-



vinyl chlorid.e by stírring in a mixture of glacial acetic

acid and concentrated. hydrochloric acid saturated with hydro*

chloric acid gas at room temperature was futileo However,

under vigorous conditions like refluxin1 in 4O% sulphuric

acid the vi-nyl chloride was hydrolysedbut the cyclization

remained unaffected-o In the nomorîo spectrum the crude product

appeared to be a mixture of polycarboxyl-ic keto acids"

At this stage the approach was modífied to get a

system XLV (Scheme Ð) that rvould. serve as a key intermedí-

ate to 4-deoxydaunosamine (r,vrr).

The scheme 13 was folloled as:

2rl-dichloro-1-propene was condensed with diethyl malonate

to gived,cÊOi (2-chloro-1-propenyl )aietfryf malonate (XflfV) in

quantitative yie}d, The slightly coloured compound forms

needle shaped crystals at lo¡er temperatures and' was easily

eharacterized by its rrornoro spectrum (nig" XLVIII)" Apart

from the features due to O-ethyl groups' a single absorption

at [= l"2Od.ue to saturated. methylene protons and an absorp-

tion at f= 5"I+eassigned to' the vinyl protons were consistent

with the er-oected structürêo The ioro spectrum (nig" XIX)

showed a strong relative absorption at t6)5 "*-1 due to C=Co

In the f-irst attempt it was decided to hydrolyse the

ester groups in an aqueous base expecting that the base

would not affect the hydrolysis of the vinyl chloride"

Howevers r€fluxing XLIV in 4O/" aqueous potassium hydroxide

gave meta-toluic acid (Xf,Vf) which could- be sublirned out of

the reaction mixture" The combined spectral data read'ily

identified the acid. xLvI" The mass spectrum showed the
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molecular ion of IJ6, The ioro and noÍlor, spêctra were

identical to the standard spectra of the compound XLVI

available in the literature (Í"r" spectrum Fig. XXIr ILoTIlor¡

spectrum Fig" L) 
"

A positive identification of meta-tol-uic acid led to
the conclusion that the condition of hydrolysis was too

drastic and it could be modified to give the desíred'keto

acid XLV in one stepo In subsequent attempts the compound

XI:IV was hydrolysed, at higher temperatures in 30% sulphuric

aeid., concentrated hydrobromic acid and in a mixture of

glacial acetic acid and concentrated hydrochloric acid satu-

rated with hydrochloric acid gas to give XLV in good yieÌd.s"

It was observed that the hydrolysi-s was sl-ow in sulphuric

and hydrochloric acids but the hydrotysis in hydrobromic

acid. increased the formation of a by-product which could not

be identified, The aromatization was another sid.e reaction

which occured u¡hen the reaction mixture was not }cept under

nitrogen. The compound XI-,VII was isolated with -bhe keto

es'ber XL'''III after the methylation of the crude acid XLV.

The acid was first isolated as a by-prcduct d.uring

the preparation of benzo(c)phenanthrenes through an initiaL

condensation of beta-methallylsuccinic anhydride XLIX and

benzene in the presence of aluminj-um trichloriae8l. The by-

product could not be identified immediately but lvas later

characterized as 3-methyteyclohex-2-ene-L-one -J'carboxylic

acid XLV" The formation of the acid XLV was explained as a

resul-t of intranolecular acylation (Scheme 1þ) " The authors

Iaid an emphasis on the importance crf XLV as a desirable
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intermediate in the total s¡mthesis of steroids"

In this l-aboratory the acid XLV was characterized

spectroscopically" The'mass speetrum shovred the mo].ecuIar

ion of L56" The i-"ru spectrum (r:-g" XX) shovred absorptions

at 1,?rc ß?o "*-1 for the carboxyl and the conjugated. C=O

respectively" The conjugated double bond appeared as a

shoulder at f64O "*-1 and. a broad absorption extending over

the range 3000-2500 "*-1 was taken d.ue to the carboxylic

OH (bonded). The n¡Í]cr" spectrum (¡'iS. XLIX) vias in agreement

with the structureo The methyl protons appeared. at t= 2

(deshiel-ded by the conjugated doubte bond)" The doubl-et

centered at 6= 2o6Ocou1d. be assigned to the protons at C-3

and C-6 and a pentet centered. at 6= 3 to the lone proton at

c-5, The lone proton at c-2 appeared at d= 6 a¡d the carboxyl

proton at 6= !I,60"
After the structural verification of the acid xIJv,

attention was focused on an oxidative cleavage of the

conjugated- double bond. (C=C) which would. give a model system

l,I leading to the desired iactone LVT " I,rlorking on the methyl

ester XLVIII (i.r'. spectrurn-Fig" XXIII¡ Ilrlllor. spectrum

Fig" LII)r trvo succesive attempts of ozonolysis (Scheme ß)
failed to give the expected glyoxal L which on further oxi-

dative cleavage by sodium metaperiodate v¡ould give LI"

Hov¡ever, the cleavage of the double bond v¿as executed Succe-

ssfully by potassium permanganate/sodium rnetaperiodate in one

step to give LL The compognd LI was readily identified

spec-broscopicall-y" The i" ro spectrum (pig. XXIV) shorved a

complete disappearance of the-conjugateC lcetone at t6?O "*-1

-41"-



instead a broad, carbon¡rf absorption wiih a point at LTL} 
"*-1

(ketone and carboxyl, C=0) and a shoulder at L?35 "*-1
(ester, C=0) along with a broad absorption with sub-maxima

I
at 25AO cm-' gave a good indication of LI" The netror.

spectrurn (nig" LIII) showed al-l the e>qpected features" The

methyl proton appeared at 6= 2"2o (deshielded. by ketone), the

doublets centered at [= Z"Tcand 2.g}could be attributed to

the methylene protons nearest to the ketone and the carboxyl

groups respectively" A broad and splitting triplet centered

at 6=J,2could be assigned to the l-one proton nearest to the

ester group" The protons of O-methyl appeared at 6= 3,?oand,

the carboxyl proton at [= 10"30

At this stage it was decided to eonvert XLV to the

correspond.ing amide LITI which by Hoffman rearrangement

woul-d introduce an amino group at the desired position at a

suitable stage (Scheme t3) 
"

The acid XLV was reacted with thionyl chloride and

the corresponding acid chlorid.e LII (i"r" spectrum Fig" XXV)

r¡tas reacted with aqueous ammonia which caused an excessive

pol¡rmerization even at 1ow temperatures. As an alternative

the keto ester LI was stirred with aqueous ammonia with inier-

mittent warming of the reaction mixture for three days v¡ith the

intention to drive the reaction to completion' Although the

trorluro spectrurn of the crude product shorved a complete dis-

appearance of thre O-methyl peak, it coul-d not be positively

characterized as the desireC amide LIV"

-42-
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for further
Wâ[s

steps (Scheme 15),
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All infrared (i.r" ) spectre were recorded. on a Perkin-

Elmer model |tO iur. spectrometer using liquid cells and

methylene chlorid.e solutions of samples. The nuclear rnagnetic

resonance (n"m"r" ) spectra were recorded on a Varian l'-56/6o I
l/lllz spectrometer using cDcr3 as solvent and. tetramethyl-
silane as internal standard. Chemical shifts are given in

delta (S) units.and. the coupling constant,J, in Hertz (Hz)"

The mass spectra were recorded on a Finnigan model LOL| mass

spectrometer. The melting points (m.p. ) were obtained on a

Fisher-John melting point apparatus and are uncorrected"

Thin layer chromatography (t"loc. ) was done on Camag brand

silica gel, Glass plates with a 1 mmo coating of absorbent

were used for t"1"co separatiorlso Dro Daessele of Montreal

performed the microanalysis"

PART A
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EXPERIMENTAL

(1) Preparation of 2-ally1 anthraquinone etLer(XVII

Phthalic anhyd.rid.e (9g" r0.96 mole) and anisoJe (B'2 mln ¡

O07 mole) were dissolved in dichloroethane (eOO m1") in a

J00 ml" flask equipped. with a magnetic stirrer and a reflux

cond.enser with a drying tube on top. To the stiruing

solution at 5OoCl was added freshly sublimed. aluminum tri--

chlorid.e (10 g" ) sIowly and carefully with the minimum expo-

sure to the moisture over a period of 10 minutes and the

temperature was raised to B0oq" After 32 hours of stirring

the reaction mi::ture was cooled and acid.ified with 51,

hydrochloric aei-d to destroy aluminium trichlorideo



The organic J-ayer was separated and extracted with a saturat-
ed aqueous solution of sodium carbonate" the aqueous extract
was acidified and finally extracted with ethyl acetate

After removing the solvent under reduced pressure a solid
--inixture of keto acidsXXII anci XXIII was isolated (LZg",

0"05 mole)"

The mi-xture of keto acids XXII and XTIII was digested

in twice its weight of concentrated sulphuric acid in a

closed. bomb, After stirring the solution at 1600 C for 24

hours the reaeti-on mixture was cooled down and extracted

with chloroform several times" The chloroform extracts were

combined and washed with sodium bicarbonate sol-ution to

remove traces of acid. Evaporation of chloroform after dry-

i-ng over magnesium sulphate l-eft a greenish yellow solid (a

mixture of l-hydroxy and 2-hyd,roxy anthraquinones) v¡hich was

reacted with allyl bromide as outlined in the subsequent

step and the aI1y1 ethers vrere separated by tuloco using

benzene as a solvent" The upper band on elution gave a light
yellow solid (yield 4%) (minor product) 

"

Mass spectrum I'iI*/e = 264 (r¡oLecu.lar ion)'
Infrared spectrum (nig. VIII): absorptions "*-1 at 1680

(quinone C=O)¡ 1600 (aromatic C=C)"

Nornoro spectrum (nig" XXXVT- ): absorptions between 4.60and 6,40

(allyl group); at 7.20 (tv¡o doublets, lH, aroma-bj-c); multi-
plets beyond ?,20 (all aromatic)"

A general preparations of allyl ethers:

-45-

The follov¡ing allyl ethers were

6-8 moles excessi of a'llyl bromide with

prepared by stirring
the corresponding



hydroxy anthraqui-nones dissolved in dry d"ulo f o .In each case

the reaction was carried out in a flask equipped with a mag-

netic stirrer and a reflux condenser with a drying. tube on

top" Approximately 10 moles excess of finely ground.

potassium carbonate rvas added to each reaction mixture to

catalyse the reactio::" The addition of potassi-um carbonate

d.eveloped. a dark purple col-our in each case which gradually

faded with the progress of the reaction and eventually the

reaction mixtures turned yellow to orange in colouro A com-

plete disappearance of purple colour (between 2 and 3 hours

at ?OoC) was taken as an indication of complete reacti-on.

The reaction mixtures were diluted with water and the produ-

cts rvere ext:'acted in chloroform followed by a thorough

washing of the chloroform extract with water to remove doûlofo

The subsequ-ent drying over magnesium sulphate and evaporation

of chloroform left solid. a1lyl ethers which were recrystall-

ized from a mixture of chloroform and ether"

,Q) L-All-yl- anthraqu.rnone ether (tx)t

-46-

The ether on recrystallization gave a flaky yellow

so1id,

Mass spectrumz l¡t+/e = 264 (molecular ion)'

rnfrared spectrum (Fig. Ï): absorptions ("*-1) at

(quinone C=0) ¡ .L590 (aromatic C=C).

N orno re spectrum (fig. XXVII ) : absorptions betv¡een

6,60(allyl group); ?"3o(a doublet of doublets, 1H'

multiplets beyond ?.3)(aromatic)"

ß) 1,4-Diallyl- anthraquinone ether (XIi¡):

The ether on recrystallization gave an orange

167o

l+,20and

aromatic ) ;



crystalline solid"
l,,1ass spectrum: TrI+,/e = 320 (molecular ion).
rnfrared. spectrum (Fig" ïV): absorptions ("*-1) at
(quinone C=C); 1580 (aromatic).

N"rTr" ro spectrum (nig. XXXII ) : absorptions between

6 
" 5O(a11y1 group ) ; 7 "350(aromatic, 2H) t multiplets

7 .30,(aromatic ) "

ltn

The ether on recrystallization
lline solid of fine struetureo

l,{ass spectrum: f,¡I+/e = 320 (mol-ecular ion).
f nfrared spectru.m (fig, IX): absorptions ("*-1) at 1'6?o

(quinone C=0) t L59O (aromatic C=C),

Nrrnoro spectrum (nig, XXXVI] ): absorptions between l+.4 and

6 "6o(aIIyl- group) ; ?,30(doublet, lH, aromatic ) ; multiplets

beyond 7 "3O(aromatic) "

(5) 2,6-Dia1lyl anthraquinone ether

The ether on recrystallization gave a flaky yellow

solid.
Mass spectrurn; tit+/e = 320 (molecular ion)"

fnfrared spectrum (Fig, XI): absorptions ("*-1) at 16?0

(quinone C=0) t t59o (arornatic C=C)"

L67o

XTX):

4 
" 

6o and.

beyond

gave a yellow crysta-

Nnrnoro spectrum (fig. XXXIX): absorptions between 4,60and

6,4o (al.lyl group); ?.20 (a doubl-et of d.oublets, 2H, aromatic at

C-3 and C-?); ?.?O(doublet, 2H, aromatic at C-4 and C-B)"

All- the eihers that showed rearrangement were pyroly-

serl in z ?,1 mI" flask f.it-bed with a condenser having a*J

ni-brogen balloon on toq 400 mg" of an ether was di-ssolved in

E4ù



2-4 ml-o of o-xylene and 0n5 mI" of benzylamine was added. to

the solution. The heating was done either by an oil bath. or

an el-ectric mantle" A pyrolysis was stopped at a d-esired

stage and the products were separated by to1"c" after remo-

ving most of the sol-vent und.er vâcuutrto Norma11y, the use of

benzene as a solrrent gave a fairly good sepai:atj-on of the

components in tof oC. The bands were eluted. with chloroform/

methanol.
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(6) rhe

Products:

(å') 2rAl1yl-, 1-hydroxy anthraquinone (xa) yield 4o%t

rnopr LU+-LL6o C.

is of L-a11vl- anth

Products:

(i) 2-A1ly1, 4-a11y1oxy, L-hydroxy anthraquinone (XV)

maximum yietd 2O/"; m"p" 67-6goeo

(ii) 2,3-Ðia11y1 quinizari:n(xvra¡ naximum yield 25%t

ITInpo LIS_IL?oCo

(iii) 2-Propeny1 quinizarin (xvrr) i:raximum yield 2o%"

(B) The pyrolysis of 1r2-dia[yl anthraquinone ether (XIX)

Products:

(i) 2-411y1, l-hydroxy anthraquinone (xa) yield 3o/""

(ii) 2-411y1, l-hydroxy anthraquinone ether¿ yieJ-d 5%'

A general procedure of methylati-ng hy*droxy anthraquinones:

The follorving hydroxy anthraquinones were methylated

by the same procedure as outtined. in the general preparation

of allyl ethers, Ii'iethyl iodide was used as a methylating

(ii) 1-Hydroxy anthraqui-none (xrrru.¡ yield Io%"

The pyrolysis of 7

uanone

þ-oiatt

ther (I

I anthra u!lrv e ether IV):



reagent, Normally, 1,J moles excess 3f methyl ioCide

10 moles excess of finely ground potassium carbonate

brought about the complete methylation between 1-2.hours

at 35oC" The yield.s were essentially quantitative"

e) 2-411y1, 1-hydroxy anthraquinone (xa) was methylated to

2-aLLyLo 1-methory anthraquinone (xOl

Non,r" spectrum (l'ig" XXXI).

Irn-+Y-

(10) A mixture of 2-a11y1, l-hydroxy anthraquinone(Xa)and

2-propenyl, l-hydroxy anthraquinone (Xta and. XIIa) was

methylated to the corresponding mixture of methyl ethers

Xb, XIb and XIIb respectively.

N orrrn r. spectrum (fig" XXf X) 
"

(11) 2,3-Diall-yl quinizari.n(Xvt was methylated. to the

corresponding di methoxy compound XVIb"

N.Ítorn spectrum (Fig" XXXrv).

(LÐ 1-Formvleth.¡l 3-nitropro'pionate (XX*

The compo-Ltnd was prepared from nitro ester XXIX

follorving the same procedure as outlíned. in the preparation

of the ald.ehy'd.e XXXIV from the alkene XXXIII'

( 13) åec-butenyl ctrl-oroacetate EXXII\

chloroacetyl chloride (5 ml" r 0"061 mole) was taken

in 20 ml" of dr¡r benzene in a J0 m1" fl-ask and the flask was

immersed in an ice batho To the stirring solution was ad'ded

methylvinyl alcohol (5"5 mlo¡ 0,065 mole) slowly" The ice bath

was removed and the reaction mixture was alloived 'bo warm up

to the room temr;erature over a period of one hour" Benzene

was flash evaporated. carefully" The brcwn liquid resj-due

PART B



The benzene was flash evaporated carefully" The brolrn liquid
residue (8"50 g.¡0,059 mole, 9B/,) was found to be satisfac-
torily pure comPound XXXII. .

Infrared spectrum (nig" XIT)o NoÍloro spectrum (nig" XLï)"

( 14\-4:U,gghy1ene sec-iru.-ben¡¡loxycar.oogvldiethl¡f malonate (XXXIII ):
To a solution of diethyl malonate (10 nù" rOo07 mole)

and dry tnhofn (25 nA,) in J0 mI. flask was added sodium

hydride (3.40_-9. of 50% suspension in oil-, 0"07 mole) washed

with dry benzene, over a period of 10 minutes" To the stirring
solution was added. chloro ester XXXII (8.50 80, O"O5g mol-e)

dropwise over a period of 20 minu-bes and the reaction mixture

was immersed in a water bath at 6ooCn The stirring was

continued for 2 hours" The reaction mj-xture was d.umped into

ice water., acidified with dil" hydrochloric acid and extra-

cted with chloroform (3 'X 10 ml" ) " The chloroform extract

r^¡as dried over magnesium sulphate and the low boiling liquids

were removed by flash evaporation leaving an oil residue

which was subjected to vacuum evaporation until the tìnITlorn

spectrum stopped. showing any significant amount of unreacted

diethyl malonateo The finat resid.ue weighed 14"60-g. (94/")"

Tnfrared spectrum (Fig" XIIT ) " Norroro spectrum (Fig' XLII ) "

( 1 ( )Ê1'{ethvlegg- l- -:þËul¿lqthoxycarbon¡¡Icliethr¡1 malonate ( XIXIY ) :

Through a solution of 14,60-8. of alkene XXXTIT and

70 mLo of methanol cooled. to -?OoC in an acetone-dry ice

bath was bubblecl ozone until a bluish tinge appeared"

l'lhile still at-lOoç the system was flushed rvith nitrogen and.

10 ml" (0,136 mol-e) of dimethyl sulphide was addecl" The

soluti-on was siirred at -1OoC for an houru then at ice bath

- 50-



temperature for one hour and, fínaIly, ât room temperature

for one houre" The solvent was removed under vacuum and the

residue extracted with chloroform and watero The ehloroform

solution was washed with water several times, drie,l over

magnesium sulphate and frash evaporated.o The oil residue
weighed L2,27 g , '(8 5%) ,

Infrared spectrum (ris" Xfv). Nomcro spectrum (nig, XLIII).
Attemptgl cyclizalign of the aldeh:¡de El(Xrv!

To the stirring solution of 270 mg" of the aldehyde

XXXIV and 10 mlo of dry t"hofo was ad.ded.50 mg" (5O% suspe-

nsion in oil) of sodium hydride.yashed with d.ry benz€rlêo The

stirring was continued overnight", The reaction mixture was

dumped into cold water ánd extraeted. with chloroform after
acidification" The chloroform was dried over magnesium

sulphate and evaporated" The nofitor" spectrum of the residue

failed. to indicate cyclization"

-5t-

1 6 ) oG ttle thyl enehyd ro xyi sofr'opyl o xycarbonyl d i e thyl- malona!ç

tz,O gr of the aldehyde XXXIV was dissol-ved in 200 mJ-"

of ethyl acetate in a 500 ml. flask" Approximately 1 go of

Adams catalyst was dispersed in the solution and the stirring

solution was kept in contact with hydrogen gas for 1 iveeko

The catalyst lvas filtered out and the solvent evaporated

under vâcuumc The residue (crude alcohol XXXVI) weighed

approximately LZ B, 
--, (Lo)%),

Infrared. spectrum (¡'ig. tru). NoItìoro spectrum (nig" XLIV)"

( t? ) ¿Gillethvlenechloroi sopropvloxvcarbonvldi ethyl m4onate

!2,O qof the crud.e al-cohol XXXVI was stirred v¡ith



50 mlo of distilled thionyl chloride overnight'at room

temperatürêo The excess of thionyl chl-oride was removed

under vacuum and the traces of thionyl chloride were co-

evaporated with benzene. The resj-d.ue was purified by tn1"co

and column chromatography using silica ge1 as a base and

chloroform as a solvent (9"8 B, , Bo%).

Infrared. spectrum (nig" xvI)u Ne ITIof, spectrum (Fig" xLV)'

Atts¡rnpfed cyclization of the chloro t

450 mg" (o,ol mole) of 50% suspension of NaHr/oil

was vúashed with dry benzene and transferred to a predried

3-necked 1OO mt. flask fitted with a reflux condenser having

a nitrogen baloon on top" !,2 g. (o"oo4 mole) of the

chloro compound. XXXVII dissolved in 2J ml' of dry tohof.

was transferred to the flask containing sodium hydride under

anhydrous condition" The system was sealed off to the atmo-

sphere and the stirri-ng reaction mixture v¡as refluxed over-

nigirt" The reaction mixture was worked up as usual" The

compound recovered was identified as the starting material.

The attempt was repeated using dioxane and doÍl" fo as

solvents. Again, the starting naterial was recovered from

dioxane but dolûofo caused the formation of a tarry material

which could not be identified.
(18) {-(2-chloro-L-propene)diethyl malonate (xr),

To 16 m1, (0"1 mole) of diethyl malonate was add.ed

slovrly 5 g. (5o/, suspension in oil) of sodiurn hydride

washed v¡ith dry benzene, over a peri od of 15 minutes and the

contents of the flask were stirced for 10 minutes" To the reaction

f1askwasi-ntrod'uced.7.5m1"(o"0Bmo1e)of2,3-dich]oro



1-propene d.ropvrise and the stirring was continued for 2 hours

at room temperaiure" The reac-bion mixture was dumped into

ice water, acified. with diI" hydrochloric acíd and extracted.

with chloroform (2 X 10 m1,)" The chloroform was dried and

flash evaporated. The compound was purified by vacuum dist-
illation¡ b"p" BO-95o at 0o4 mm" of Hg" (11" 5 O Bn, 6Oit") 

"

Infrared spectrum (nig" XVII ) " Nnrrlnro spectrum (pig. XLVI ).
( Lg) d-nthoxvcarbonyl-oê ( 2-chloro -1-propene ) dieth¡¡l -

- ))-

þ"60 go (0,02 mole) of the mono substituted diethyl

malonate Xl and 5 g" (0"03 mole) of bromo ethylacetate were

taken in 10 ml. of dry t.hnfu To the stirring solution lvas

add.ed. 1 g. (O,OZ mole) of JOy'" suspensi-on of NaH/oit after
washing with dry benzene and the stirring was continued for

l- houro The reaction mixture was dumped into ice water and

extracted with chloroform (2 X 10 ml" )" The chloroform was

dried and flash evaporatedo The unreaeted bromo ethylacetate

was removed under vâ.ctlullle The product vras found to be

satisfactorily pure (6"0 g" i 95/,) "

Infrared, spectru:rn (¡'ig. XVIII ) " NnIIl"ro spectrum (nig" XLVII ) .

(20\d-d-Di (2-chloro -1-prorreire ) dietLyI ¡ral onate (xr,rv I:
16 m]., (0.1 mole) of diethyl malonate and 24 ml.

(0"25 mole) of 2r3-dichloro-l-propene were mixed in 25 n:]-.

of dry toh"fo in a 200 ml. flasku To the stirring solution

was add.ed J g- of 50% suspension of NaH,/oil after washi-ng

with dry benzene, over a period of 1J minutes" The reaction

mixture was refluxed for 4 hours anrl the product was worked

up as in the pr€)paration of XLIo Vacuum di-stil-lation gave a



slightly
(28.0 g.r

Infrared

coloured. liquidr b,p. gs-IO?oC at o"OZ ïrÍlo of Hg,

go%).

2L

spectrum (¡'ig. XIX)o N"rnor" spectrum

-l\,[e

with B times its weight of concentrated hydrobromic acid.

in a closed bomb and the temperature was raised slowly with

stirring to L0Oo C" The organic layer dissol-ved. slorvly ín
hydrobromic acid after 4-J hours of sti-rring at IOOoC and.

the reaction rnixture turned dark brown. The reaction mixture

was cooled" dovrn and a suspended black solid material was

filtered out. The fi-ltrate was extracted several times v¿ith

ethyl acetate, The combined. extract vras washed with waterr

dried over magnesium sulphate and fl-ash evaporated to leave

a brow:e viscous liquid with white crystalline solid" The

liquid rvas dissolved in methylene chloride leaving out the

solid (Uy-produet)" The methylene chloride '¡¡as evaporated

and white crystalline acid was sublimed out from the resj-due

followed by recrystallization from a mixture of chloroforro/

benzeneo ïnop . B5-860C, (maximum yield realized¡ 55%) "

Jnfrared spectrum (pig; XX), N.Ítoro spectrum (nig" XLïX)"

The d.isubstituted diethyl malonate (Xf,fV) was taken

- )Lt-

lcvclohex-Z- ne- 1-one - 5-carbo xvli c

(nig. xl,vrrr ) "

acid

22) I'lethvl ester XLVIII of the keto acid (XL

3 g, (0.02 mole) of the'keto acid XLY rvas dissol-ved

in 20 mlo of dry acetone in a J0 mI" flask" To the stirring
solution was added J g:, (approx" 0.03 mole) of finely
ground. potassiu.m carbonate followed.by 6 m1. of methyl iodide

(used in excess), The reaction mixture was stirred, overnight

under nitrogen a.t room tem;oeraturêo The excess of



methyl iodide and the solvent ïrere evaporated. and the

residue was extracted ivith v¿ater and chloroformo The chloro-

form was dried and evaporated" The residu.e was found to be

satisfactorily pure methyl ester XLII o (3,20 8o,t 95%)"

( 23 )_2-Carbgmethoxy-4-lçe:ilr-pentano ic acid (LT\

4oo mg, (0,0023 mole) of the keto ester XLVIII was

dissolved in 15 mJ-" of t-butanoL/wat,er azeotrope" To the

stirring solution was added 280 mg" of potassium carbonate

dissolved in B m1o of water foll-owed by 2 Bo of sodium meta-

periodate d.issolved in 25 ïli.-" of watero 1"5 ltil.o of O,B/"

aqueous solution of potassium perman€iïÌa'üe was added to the

reactj-on mixture dropr.n¡iss to main-bain a reddish tinge in the

bulk" The reaction mj-xture was stirred at room temperature

for t houro The excess of potassium permanganate \\'as àAaeA

destroyed by add,ing a saturated aqueous sol-ution of

sodium bisulphite until an iodine colour developed." The

resulting reaction mixture was concentrated under vacuum,

acidified with ice cold 50% suLphuric acid and extracted

v¡ith ether (4 X L0 ml. )" The ether extract r,vas washed n'ith

sodium bisulphite solution until the iodine colour disappea-

redo Finallyrthe ether. extract was l{ashed lvith waterr dried-

over magnesium sulphate and flash evaporated to leave a

viscous liquid (300 ilg., 75/,)"

Infrared spectrum (¡'ig. XXIV) " Noïtoro spectrum (nig" LIII ) "

-55-
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