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In search of analogs with reduced cardiotoxícity, a major

structural modífication to the existing anthracycline antibiotics

is described. The structural change involves replacing the 5-car-

bonyl of the anthracyclines r¿Íth an oxygen to produce a tetracyclic

xanthone such as 21. As a first step in the complete synthesis of

analogs such

the synthesis

investigated.

as 2I,

of the

the feasible routes

basic tetracyclic

By the retroanalytical approach, three distinct synthetic

routes were chosen for the synthesis of the proposed tetracyclic

carbon skeleton 22. The Ëhree routes are classified as: (i) xan-

thone approach (ii) 6,8-Dimethoxy-1-tetralone approach and (iií)

chromone approach.

that could be applied to

carbon skeleton 22 were

22

R= OCH3 or CH3



In the

tetracyclic

xanthone 23,

xanthone

skeleton

r,sith the

method,

involving

dibromo

The 6,8-dimethoxy-l-teËralone rnethodology deals with the

attempted synthesis of the precursor 26 as a prelude to conden-

sation wíth 52.

an approach to the synthesis of

the condensation of the hydroxy

ester 24 ís reported.

Br-
\-02.t3

Bt-J
24

In the chromone

cule xanthocycline 22

precursors 27 and 28.

vii
the

CH¡

52

approach

(R=0CH, )

ffi,.",

the

is

26

synthesís of the target mole-

reported starting from the

R= C02CH3 or COCH3

27

ñ'ozc*3

28
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cancer is characterised by the abnornal unconËrolled growth

of cells exhibitÍng varying degrees of malignancy. The uncontrolled

growth can produce tumors, and cancerous ce11s often invade adjacent

normal tissues. Cancer can be treated by a variety of drugs. A

major problem associated hríth cancer chemotherapy ís the tendency

for the drugs Èo interfere with both normal and maligant cel1s.

That is, while they are toxic tov/ards cancer cells, they are

usually Èoxic towards normal cells as we1l. The chemotherapeutic

value of antícancer agents results from the fact that, in vivo,

the normal tissues crj.tical for the survival of the host, are less

susceptible than Ëhe cancerous tissues.

The most essential requi_rement of a potentía1 chemothe-

rapeutic agent is its selecËive toxicity. As most of the knov¡n

anËicancer agents lack this vital property, the search for better

drugs with selective toxicity has been approached by modifying

the sÈructure of the existíng chemotherapeutic agents. This

approach has led to the discovery of many compounds of clinical

value and has recently been applied to anthracyclíne antibiotics

to íncrease their therapeutic efficacy.

In the late 1950s a pigmented compound ísolated from a

strain of streptomyces sp was found to exhibit antitumor

activity (1). The structure of this pigment, rhodomycin B was

establish as quínone 1 by Brockmann (2). The general class of

pigmented glyeosides simílar to 1 are nor¿ referred to as anthrac-

yclines and the corresponding aglycones are called anthracyclinones.



Later studíes have resuLted ín the isolation and characterízatíon

of several anthracyclines from different streptomyces species.

These eompounds generally differ only in the pattern of hydro-

xylation on the anthracyclíne carbon skeleton (3).

rn the early i960s a nev/ antibiotic r^ras isolated simulta-

neously in the laboratories of Farmitalia, where it was given the

name daunomycin, and in Ëhose of Rhone-Poulenc (4), where it was

named rubidomycin. This antibiotíc, nolr called daunorubicin (5),

had important pharmacological properties superior to previously

known anthracyclines.

structure elucidation studies (6,7) concluded thaË dauno-

rubicin r¡7as a glycosíde of a nev¡ anthracyclinone , daunomycinone 2,

with a previously unknown amino sugar daunosamine 3. Both of

these moieties present important variations wÍth respect to the

knov¡n anthracyclines 1.

L
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The complete

was established by4

structure and

Arcamone and

_1

stereochemistry

coworkers (B).

isolation and characterization of doxorubi-cin 5 (9), and carmino-

mycin 7 (10). It was found that the doxorubicin 5 and carminomycÍn

7 contained the aglycones, adri-amycínone 6 and carminomycinone B

respectively, and also contained the aminosugar daunosamine 3.

of daunorubícin

A search for other microbial analogs resulted in the

cH3

4



The confÍguratíon aË the glycosidic

and carminomycin 7 r,ras reported to

daunorubicin 4 (11,12).

5

carbon (Cr)

be the same

Rr=CHr, Rr=OH,

6 Rr=CHr, R'=OH,

of doxorubicin

as that of

7 R,=H, R^=H,
L¿

8 R.=H, R^=H,
ll

The anthracycline quinones doxorubicin(adriamycin) 5 and

daunorubicin 4 are among the most promising new antitumor agents

in clÍnícal medj-cine at the present time and are currently in use

against a range of neoplasms (13). It is widely accepted that

the antineoplastic activity of these quinones stems from their

ability to interact vrith nucleic acids (14). It has been proposed

that intercalation of the anthraquÍnone structure between base

pairs of the DNA helix occurs and leads to ínhibition of DNA

repli-catíon and/or RNA synthesis. The presence of the free amino

group and the stereochemistry of the sugar r,ras reported to be

essential for Ëhe stabilizatíon of the DNA binding complex (15).

However, iË has been suggested that other mechanisms including

R.=
-1

4

å

R3=H

R3=

R3=H

H3c



the generatíon of free radical ínËermediates (16) and/or bioreductive

covalent attachment to biomolecules may also be significant (17).

The clinical success of these antibiotics has been U-mited

by: i) a severe dose related cardiotoxicity (18,f9) and ii) a ten-

dency of the anËhracyclines Ëo undergo reductive deglycosidation

by both hydrolytic and reductive glycosidases to produce Ëhe

inactive 7-deoxyaglycones (13 to 20). There is experimental

evidence that the 6-hydroxyl of the anthracyclines plays an essen-

tial role in this reductive cleavage (2I). It has been proposed

that both the cardiotoxicity and cleavage of the sugar requires

an ínitial one electron reductíon of the chromophore to give a

semíquinone radical 9. The subsequent generation of reactive

oxygen species includíng hydrogen peroxíde, superoxide anion, and

hydroxy radicals has also been suggesËed (16,19,22 to 24). The

involvement of these reactive oxygen species in cardiotoxic effects

índuced by the anthracycline antibiotics may be accounted for by

the low amount of the protective enzymes superoxide dismutases,

9
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catalase and glutathione peroxidase present in heart tissue (22,

25,26). Thus the cardíac tissue damage is linked to lÍpid peroxi-

dation by the above species.

To supprèss this untoward effect, and to broaden the spec-

trum of activity (27 to 29), new analogs of the antitumor anthra-

cyclines have been synthesized by modifying the Cn side chain, the

sugar moiety and the aglycone (30 to 35). It has recently been

found that 4-demethoxydaunorubicin 10 and 4-demeËhoxyadrÍamycín 11,

obtained by total synthesis of the aglycone moiety according to

the procedure developed by l^iong (33), exhibit even greater activity

than the parent drugs (29,34,35).

H^C
J

antitumor agents is widely recognÍsed as a key mediator of bioche-

mical action (I7 ,36,37) . This is particularly Ërue for the clíni-

cal1y imporËant anthracyclines doxorubicin 5 and daunorubícin 4 (38)

Despite the above evidence some modifications of the quinone

function, such as in 5-imínodaunorubicin 12 (39), have 1ed to

The quinone function found in Ëhe structure of numerous

10 R=H

i I R=OH
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reduced cardiotoxíc effects ín certaín tests (39,40) whíle the

compounds still retain antítumor activity (:o¡. That this effect

is variable ís indicated by the fact that 5-imi-nodoxorubicin 13

is reported to show a iO-fold decrease in antitumor potency as

compared to 12 (4t¡. The reduced cardiotoxic effect observed on

quinone modification (39r40), and a simultaneous reduction in

capacíËy to generate free radicals (37,42) through cyclic reduc-

tion-reoxidation of the quinoÍd structure are probably connected (4t¡.

Xanthones, another class of naturally occurring compounds

are found in various plants species and microbial sources. since

their díscovery in 1821 (43), nearly one hundred and fifty

Hgc

I2

13

R=H

R=0H

xanthone derivatives, with different degrees of oxidation patterns

and substitutions in the side chains, have been isolated (44 to 47).

In general these compounds are tricyclic 14, however compounds

liith the tetracyclic carbon skeleËon such as I4a are also known (41).



These xanthones are reported to possess pharmacological and

biological activity (48) over a wi-de spectrum. xanthones are knov¡n

to be monoamine oxidase inhibitors, cardiovascular stimulants,

anticonvulsants, antitubercular agenÈs and antipsychotics (49 to 51).

Certain derivatives of t-hydroxyxanthone are also reported to

show varied inhibiËory activity towards sarcoma 180 tumor cells

(s2).

t4

Polyoxygenated xanthones have been synthesized by a number

of methods. The most extensively used approach is that of Grover,

Shah and Shah (53) even though it suffers from serious lirnitarions.

I4a

Their procedure involves a condensation of o-hydroxybenzoic acids

with a reactive phenol in the presence of zirrc chloride and phos-

phorus oxychloride to produce xanthones, plus other side products,

via íntermedÍate benzophenones. A fair number of xanthones and

Ëheir derivatives have been synthesized by this procedure (48).

Another synthesis of xanthones, reported by Asahina and

Tanase (54,55), involves the condensation of o-hydroxybenzaldehydes

with a phenol to produce 9H-xanthene-3-ones eg 15 which upon



reductíon and oxidation

droxy- I -me thoxyxanthone

(s6) .

ö:',

gíve 9H-xanthene-9-ones

17 has been synthesized

cH3oc

9

eg 16. 3,8-DÍhy-

by this procedure

Robinson

through ketimine

15

16

reduction-

-

COCH3

and Nishikawa (57) have synthesized xanthones

intermediates of type 18.

oxidation \

-

C0CH3

I7

!l) H'

->

OU 2) oxidation



xanthones have also been synthesized by the oxidaËíon of

benzophenones obtained by such methods as the photo-Fries rear-

rangement of aryl esters (58,59), Fríedel-crafts acylation (60),

and the condensation of lithium salts of phenyl

approprÍately substituted benzoyl chlorides (6t¡

(621 .

H^CJ

l0

;ffiw'

----------

Hgc
---------->

Recently Lewis and

tetracyclic xanthone 20 by

ethers s1¿i1

and anhydrides

coworkers (63)

a photo-Fries

have synthesized the

rearrangernenË f ollowed



by oxidation and thermal isomerÍzaËion of the ínËermediate

spirocyclohexenedíone 19.

hv

-_>

0[)
r3

)

,l

several structural modifications have been introduced by various

investigators, with the hope that the new analogs thus produced

would have retained antiËumor activity and reduced cardiotoxicÍty.

AlÈhough the exact mechanism of the cardiotoxic effect is unknovm,

it is generally accepted that the process involves the quínone

function and it,s ability to generate reactíve oxygen species

through a redox cycle. In considering modification to the quinone

functionality of the anthracycline, a change r¡/as sought which

míght alter the redox character of the quinone portion of the

molecule without introducing gross strucÈural alteration. This

basi-c idea had already met with limited success ín the 5-imino

,l
¡-/

19

11

Since the discovery of the anthracycline antibiotics,

heat_-_->

DDQ

20
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analogs. Among the other possible modifications one might envision

for the quinone function¡ the conversion to a xanthone seemed most

reasonable. This proposal is supported by the knor^m biological

properties of xanthones. That is, Èhey are not know¡ to be car-

diotoxic and some derivaÈives even show mild antitumor activity.

This change in functionality should alter the reduction

potential of the compound, and may reduce or elíminate the for-

mation of the free radicals and reacËive oxygen species, which

are associated with cardiotoxiciÈy. The proposed change of

quinone to xanthone would not change the geometry of the molecule

considerably, which i-s essentía1 since the molecular shape is

important Èo its abilÍty to complex with DNA and initiate the

antitumor effect.

might prove beneficial is the removal of the 6-hydroxy group. This

hydroxyl is implicaÈed in the deglycosidation of Èhe anthracyclínes

and its removal might increase the lifetime of the drug and hence

increase its potency.

Another minor rnodification to the anthracyclines that

On the basis of the above, it ís proposed that, by cornbi-

ning the xanthone and anthracycline features ín an analog such as

21, one should be able Èo retaín the antitumor activity, and the



r3

geometríca1 requírement essentíal for this activity. ThÍs modified

analog 21 might also show a considerable reduction in cardiotoxicity

and deglycosidation, due to the absence of the quinone function

and the 6-hydroxyl group.

The object of this thesis v¡as to study the feasible syn-

thetic routes that could be used in synthesizj:ng the tetracyclic

carbon skeleton 22 of the proposed analog 2I.

I

o
I2

o

In the following sections an antithetic approach is app-

lied in order to determine possíble routes to the target molecule

22. ThereafËer, the actual experimental approaches to the syn-

thesis are discussed. The general name xanthocycline is proposed

for compounds having the tetracyclíc xanthone skeleton such as

found ín 22.

t0

22

R= 0CH3 or CH3



RETROSYNTHETIC ANALYSIS OF XANTHOCYCLINE
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Recently a sysËematic reËroanalytical approach has been used

in designing different synthetic methodologies. The discussion

given below involves the applícation of the retroanalytical approach

to designing syntheses of the target molecule xanthocycline.

rn accordance with the retroanalytical approach (64), the

target molecule xanthocycline was disconnecÈed at appropriate

positions in order to systematically determine the besË route and

startj.ng matería1 for the synthesis of the molecule.

Three major disconnections (disc), at position a. b and c

v/ere considered on Ëhe Èetracyclic system, to obtain distinctly

different synthetic starting points.

(1) Disconnection a

o C

IT

@
22

A

I ur"" "
tt

23

R= C02CH3 or C0CH3

Br

Br

24



(2) Disconnection b

o*
25

22

lai"" ¡

't

(3) Disconnectíon c

15

Rr=H or CH,

R =COrCH, or COCH,

X =C1, H or OCH,

26

oÖt.'

22

fot"" "
't

27 Rl= CH3 or C2H5

0

ö
T
2B R=CO,CH, or COCH,



1b

The synthetic equívalents (syn equ) 23,2L,26,27 and 2g

were in turn relaËed to easily accessible starting materials by

further retrosynthetíc analysis.

Disconnecting

synthons 23a and 24a,

and 24.

Disconnection a

the tetracyclic system at

for which the synthetic

position a gave

equívalents are

llo'""u

23

cl,J-l

syn equ

24a

23

--.1

Br_
\R

st--,f

24 R=C02CH3 or C0CH3



Disconnection of 23

which have synthetic

at a- resulted
-l

equivalents 25

in the two synthons

and 30.

lf'""u,

d:
29

29 and

I7

30a,

?'l+t*.",]

o*
25

Thus,

materials 24,

This a

syn equ

the xanthone

tetracyclic

the total synthesis would

25, and 30.

disconnection rouËe will

approach ín discussÍng the

OH

,ô.",

30

system.

require the three simple

be later referred to as

synthesis of the



Disconnection b

The tetracyclic system, when disconnected at posítion b,

gave mono and bicyclic synthetic equívalenËs 25 ar,d 26 via synËhons

29 and 3la respectively.

disc b
------Þ

syn equ

25

A functional group

compound 26, followed by

dt ;öïr.

18

29

H3C0

'26

interconversion (FGT)

a disconnection at b-
-I

Rto

R FGI \\__-__-
H3c

3la

Rr=H or CH,

R =C02CH3 or C0CH3

in the bicyclíc

gave 32.

dis c \-
+

b1

syn equ

HrC0
J

32
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The bicyclic compound 32 can be further simplifíed, by two

distinct functional group interconversions and disconnections.

Dísconnectíon of 34 at Þ3, which had been obtained. by a functional

group interconversion of 33, gave the synËhetic equívalents 35

and 36 as indicated in Scheme l.

disc --r----'-7
!2

FGI
--------"-

syn equ

_l

A.-

34

P*t fl

+^O." Çi

dis c
\---------..--/

b._J

35

Scheme I

R= CH, or CrH,

Rl= H or CH,

36



The functional

disconnecting 37 ra Þ4

39, 40 and 41 as shov¡n

20

group interconversion of 33 to 37, then

and 38 at b-, gave simple starting materials
-5-

in Scheme 2.

33 37

Y-

dÍsc

-

di sc \-_=_
Þs

syn eq
?*t o

",þËìr. 0'-
38

I IRrRl::;'@n-*
j40

The b

-1 -tetralone

Scheme 2

transformaËion will be referred

approach.

39

o

-J{-OR

4I

R=CH3 or CrH,

R=HorCH

to as 6,8-dimethoxy-



Dísconnection c

Functional group interconversion

followed by a disconnection at c, gave

and 28.

of t.he parent molecule 22,

synthetíc equivalents 27

22

,ll

2t

FGI

$u'"" 

s

R=CO,CH, or COCH,

The mono and bícyclic compounds thus obtained were further

simplified to readily available precursors.

4*.'
il1","","



22

FunctÍonal group interconversÍon of compound 28, and dis-

connection at c, , 1ed Lo the reagents 42 and 24 (Scheme 3).-r-
foqg

^t 
FGr - n,o,AAAno. disc

I I ------\ 
r\Iv 

* ",t*- 
r^t ____-______-___.

\-2 "r1TRR

*,0ÅÅÅo*,

Alternative functíonal group interconversion of compound 28

gave the phenol 43 (Scheme 4).

.lalo"ou$-'
42

"t--F^

Scheme 3

+
2B

FGI
__-___--______

FGI \

Scheme 4

OH

l.t
tol
Y

45



The bicyclic compound

tetracyclic sysËem at c, \{as

shown in Schemes 5 and 6. In

23

27, obtaíned from disconnecËíon of the

broken dovm to simpler compounds, as

Scheme 5, the disconnection of 27 at

oRi

H3

disc

-

--_--'-/
C1

-l

syn equ d
25

õ, gives syntheËic equivalents 25 and 44

An alternate disconnection of 45,

in entírely different starËíng materials.

a functional group interconversion and a

connections at c', r c1 and c, to gíve Ëhe

49 and 50.

o

*rö*,
-\,,

,,À-,
Ho^cn3

Scheme 5

as illustrated.

shown in Scheme 6 resulted

This approach involves

set of sequential dis-

starting materials 48,

27

disc
ORt ------.s.-

s2

45



syn

"q"

o*A*,*r

qH

o*

46

24

discÆ--* _'-
LJ

r48or 1gK l--ttL rfficH3n1o-\on1lË v_o*"
-l 4s so

Scherne 6

onnectíon will be hereafter referred to as the

ions at other posítÍons on the tetracyclic mole-

s whose synthetic equivalents are not readily

i11ogica1. Thus, only the disconnections which

and simple starting materials, are discussed in

the target molecule, xanthocycline.

The c disc

chromone approach

Disconnect

cule give synthon

available or are

lead to 1ogica1,

the synthesís of

l" n-f -ì+-o*t æ
equ

(cH.co) 
^0J¿

0R
47.

dis c
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The strategles ín synthesizing the target molecule follow,

in the reverse sense, the pathway of the retrosynÈhetic analysis.

(A) The xanthone approach

cyclic

these

This approach involved

unit BCD and Ëhe A unÍt

Er'7o segments to compleÈe

the separate synthesÍs of the tri-

followed by the condensation of

the tetracyclic system.

25

23

Br-

,,Èo2cH3

f "o'a.r,""

,f

A líterature survey showed that xanthone 23, a r+ell knor¿n

natural product isolated from plants and microbial sources, had

been synthesízed by several methods (65). Thus, a well known pro-

cedure (66) was used for the synthesis of l-hydroxy-3-rnethyl-

xanthone 23 This synthesis involved condensation of

24

22

co2cH3



26

salicylic acid and orcinol monohydrate in polyphosphoríc acid (ppA)

at l4ooc for four hours to give Ëhe product in 332 yierd, as shown

in scheme 7. The recommended workup involved simply filtering the

product from the reaction mixture after dilution with water. rt

was found, however, that the crude product obtained in Ëhís way

25

contained phosphate. A second hydrolysis in refluxing vrater

followed by fÍltration or extraction \^ras therefore necessary.

The product obtained in this way r¡as then passed through a silica

ge1 column (eluant benzene) to give pure xanthone 23 (mp r|6-r47oc,

1it 148oc) in 30'Z overall yie1d. The compound r¿as characterised

by ir, nmr and mass spectra.

30

Scheme 7

The hydroxymethylxanthone 23 was also regioselectively

synthesized by condensing 2,6-dímethoxy-4-methyl phenyllirhium 5l
i

(67), with methyl anisare 52 to give 53 (68). Demethylarion and

cyclizatíon of 53 in A1C1r/benzene gave 23 ín 59% overall yie1d.

The benzophenone 53 was isolated, recrystallized from

benzene/hexane and characterised by its mass spectrum and elemental

analysis. The two samples of xanthone 23, synthesized by the

23



independent routes, !¡ere ídentical. This

established the positíon of the methyl and

23.

52

cH3

27

correlatíon unambiguously

hydroxyl substítuents in

,i,

It r¿as ant.ícipated Ëhat the A ring of the tetracyclic

xanthone could be added by condensing the xanthone 23 with methyl

(ß,ß-dibromo)isobutyrate 24. This latter compound r¿as obtaí.ned

by the literature procedure (69) outlined in Scheme 8.

51

cHg

1)

2)

2 CH2O
1) pH 8-8.5 ..-
2) cH2 (co2cH 

ZcHì Z

Br-
\-.orn 

-->Br-/
55

23

HO_a fo2CHzCH3 48"/" HBr

,/\ 

-

HO--/ to2CH2CH3

54

Scheme B

Br

Br lco2cH3
24
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Condensatlon of formalLn with ethyl malonate at pH 8-8.5 gave

diethyl bls(hydroxymethyl)malonate 54. The formarion of 54 r¡as

nonit ored by the dlsappearence of absorption due to ethyl malonate

in the nmr spectrum. Diethyl bis(hydroxymethyl)malonaËe 54 was

refluxed in a l4-fold molar excess of HBr (487" in water) to give

the dibromo acid 55 in 467" yj.eId. It was found that a large

excess of HBr was essential ín order to obtain a pure product in

good yíeld. Methyl (ß,p-diUromo)isobutyrate 24 vas prepared by

refluxing the acid 55 with sulphuric acid (0.25y") in nethanol.

The crude yield of ester vas 97'/.. Distillation under vacuum

(bp 65-68oC/t.5 mm Hg) gave 867. of the pure dibromo ester.

Before aÈtempting the condensation of rnethyl dibromoiso-

butyrate 24 with the xanthone 23 several model studies rrere car-

ried out using CHrI as the alkylating agent. 1-Hydroxy-3-rnethyl-

xanthone 23 was treated with freshly prepared lithium diisopro-

pylamide (tDA) in THF at -78oC, to generare a dianion 23a (Scheme 9)

23

23a

1) cH3t

-+2) H+

LDA/THF

-à

-78"C

Schene 9

56
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Methyl íodide was then added at -7BoC to the reaction

mixture. The reaction mixture 'h/as r¡rarmed to room temperature, and

then rrorked up. This resulted in the isolation of 23 with no C or

O-alkylation. When Ëhe temperature r¡ras raised to reflux after the

addition of methyl íodÍde at -78oC, Q-alkylation was observed.

Since preparation and alkylation of the dianion of the hydroxy-

methylxanthone 23 at the C, methyl uTas unsuccessful_ the atkylation

of 1-methoxy-3-methylxanthone 56 !üas attempted.

The methyl ether 56 was prepared by the following sequence.

A mixture of hydroxyxanÈhone 23, methyl íodide and potassíum car-

bonat.e was refluxed in dry acetone for 15 hours. The reaction

I¡las conveniently followed on tlc (solvent:benzene). The methoxy-

xanthone 56 fluoresces under uv and had a very 1ow R, value on the

tlc. It was characterised by its nmr and mass spectra.

Considerable effort r¡/as made to alkylate the methoxyxanthone

56 by changing the reaction condiËions such as temperature, counter

j-ons (LÍ+, K+¡, br". and solvent. Even though the solution turned

dark red when the xanthone was added to the LDA, indi-cating the

possible presence of the carbanion, no condensation with

¿)

l) K2CO3/acetone

H3 2) CH3r

56
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methyl iodide was observed. rn all cases only the starting materíal

$Ias recovered. The ease of O-alkylatíon of hydroxyxanthone 23, and

the failure in alkylating the methoxyxanthone 56 at methyl position,

1ed us Ëo attempt the claísen rearrangement of the O-alkylated

xanthone 57. The following set of reactíons r¡zere carrÍed out on

the hydroxyxanthone 23 to synthesize the hydroxy c-a1ly1ic xanthone

5B (Scheme 10).

o#L."^ 2,

23

Br-...-
\-co^ctr-/¿5Br--J

24

ffi

The a11y1ic ether 57 was prepared in

a mj-xture of 23, 24 and potassium carbonate

hours. C-allylicxanthone 58 was prepared in

58

I) K.C}3/acetof
tt3 ------->

2) CH3r

HCB

-----à

Scheme 10

59

CH.
J

951l yield by refluxing

in dry acetone for 15

quantitative yield by
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boíling the ally1ic erher 57 ín hexachloroburadiene (HCB) for 12

mínutes. This claisen rearrangement r¡ras easily monitored by t1c

and nmr. Monitoring by tlc was facilitated by the fact that the

O-alkylated xanthone 57 fluoresces under uv while the free hydroxy-

xanthone 58 does not. on rearrangement or 57 to 5g the nmr peak at

ô 4.8 in 57 disappears and new peaks at 6 12.55, 6.25,5.20 and

3.75 appear. These new peaks can be assigned to the phenolic

proton, the vinylic protons of the acrylate and the allylic-ben-

zylíc methylene protons of compound 58. The phenolic group of

compound 58 was readily methylated with methyl iodide in acetone

wíth suspended potassium carbonate.

Inlhen one consi-ders the alkylatíon of the hydroxyxanthone 23

with the di-bromo ester 24, as indicated in scheme 10, two possible

mechanisms come to mínd. Firstly, the hydroxyxanthone 23 may be

directly alkylated by the dibromo esrer 24 forLowed by dehydrodro-

minatíon to yield 57. Alternatively the dibrorno ester 24 may be

dehydrobrominating to yield the bromoacrylate 60 in situ. The

hydroxyxanthone 23 could then be alkylated by 60.

60

Some support for this

that compound 60 can readily

literature search showed thaÈ

Ëant compound both as a start

latter proposal is achieved by the fact

be prepared under mild conditions. A

methyl o-bromoacrylate 60 is an impor-

ing material for specifically
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functlonallzed polymers and for use fn general organlc synthesis

(71172,73). The three reported procedures, lncludÍng two patents

(74175), suffered from unreasonable yields, reagents or conditions.

Thus, we developed a phase t,ransfer catalysed synthesis of 60. It

was found that treaÈment of 24 in carbon tetrachloride with aqueous

sodium hydroxide (lM) and a catalytic atrount of benzylÈriethyl-

am¡nonium chloride (BTEAC) at OoC for one hour gave a quantitative

yíeld of 60. The reacÈion was conveniently followed by running

the nmr spectrum of the organíc layer. Similar results were also

obtained l¡hen 24 in dry aceÈone was refluxed with anhydrous potas-

sium carbonate. These latter conditions are essentially identicã1

Ëo those used for alkylation of 23.

The synthesis of the tetracyclic xanthone skeleton from the

C-ally1ic compound 59 requires the fornation of a C--t bond between

the aromatic rnethyl and the vinylic positlon of the ester. It

was expected that strong base should catalyse this condensation.

On treating the methoxy C-allylic xanthone 59 with sodium methoxide/

methanol, conjugate addition of methoxide to the unsaturated ester

gave 61 as the only product (Scheme Il).

wa+õcH^/cH^oH
3 -+'

Schene 11
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compound 59 was also treated with freshly prepared LDA

under nltrogen atmosphere at -78oC to generate the anion on the C3

methyl. After the reaction míxture lras stlrred for 0.5 hour

workup resulted 1n the recovery of compound 59. The deep red

colour which appeared when xanÈhone 59 was added to the LDA solution

was interpreted as an lndication of the presence of the desired

anion. Failure to achieve condensation between the nethyl group

and the arB-unsaturated ester rnight be explained by an unusual

stability of the anlon due to delocalfsation of the charge into

the xanthone carbonyl Èo give the oxy anion 62. If the conden-

sation nere reversible the equilibriuu uright then favour 62 over

63 and workup would lead to recovery of the starting naterlal 59

(Scheme 12).

6Z

59a

ret rocondensat ion 
I f """u"""aÈ 

ion

H++

63

Scheme 12

59
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In view of the diffículties encountered we decided to Íntro-

duce a leaving group into the side chain of 59. This modificatj-on

should make the condensation reaction, Íf any, irreversible since

the condensation would ínvolve a direct alkylation rather than a

Ificheal addition.

Bromine was chosen as the leaving group. The introduction

of bromÍne üras achieved as described be1ow. The dibromo compound

64 was synthesized by treating 59 with 27. bromíne in carbon tetra-

chloride at 40oC.

The dibromoxanthone 64 r¡as recrystallized from cclo/hexane and

characterísed by íts nmr and mass spectra and elemental analysis.

The nmr of compound 64 showed benzylic protons at 64,25 as

a quartet. The chiral carbon makes the two benzylic protons

nonequivalent and coupling between these t\,ro protons gíves rise Ëo

Ëüro sets of doublets which appeared as a quartet in the spectrum.

The bromomethyl protons appeared as a single peak at ô 3.78.

2"/. Br,
cHg 

--:>in CC1O

Stirring a solution of dibromoxanthone 64 with I ,5-diazabícyc1o-

{4.3.0}non-5-ene (DBN), in ether for 30 minutes at room temperature,

gave the monobromoxanthone 65 in 90"/" yie1-d.

64



The dehydrobromination of 64 could lead to geometric isomers 65a

and 65b. It appeared that the dehydrodrominatlon of 65 gave a

single compound, but it was not posslble to specifically establish

its stereochemistry on the basÍs of the spectral evidence.

64

DBN/ethercHr-->
rt

65a 65b

Depending on the configuration of the monobromo compound,

65a or 65b, two products are possible from the base catalysed

intramolecular condensaÈ1on (Scheme 13). However, when the

35

65

65a

,t

monobromoxanthone 65

could be recovered.

cH3

cHg

Schene 13

65b

,1,

was treated with LDA onIY

The most intrigulng asPect

starting material

of these reactions
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was that a blood red colour was produced on addítlon of methoxy-

xanthones 56, 59 and 65 to the IÐA solutlon. l{hile the'colour was

fnitíaIIy considered to be due to the formatfon of the xanthone

anlon, no condensatÍon r¡ras observed for any of the methoxyxanthones

treated in this way.

It 1s known that xanthone analogs generaÈe radical anions

when treated !¡ith alkalt metals (76). No evídence qlas found

regarding xanthones reacting with alkyl lÍthíums or líthium amides

to give radical anlons. In the case of xanthone 56 an esr specÈrum

of a nixture of n-butyl lithium and the xanthone in THF showed

the presence of a radical . Thus, the colour r.'hich appeared on

addition of metal bases to xanthones and the inertness of the

resulting solution to alkylatÍon reactions could be due to the

presence of a radical anion generated by electron transfer from

the base.

Since successful ionditions for the condensation of the C,

nethyl wiÈh the allylíc side chain, required to synthesize the

tetracyclic system 22 cou|d not be achieved, the xanthone route

was abandoned. At this point it was decided to look ínto the

6r8-dirnethoxy-l-tetralone approach to the synthesis of the

xanthocycline system.



(B) 6 . 8-Dimethoxy-1-tetralone aÞproach

This methodology principally involves the synthesís of the

AB unit 26 and condensation of thís uniË with methyl anisate 52

(unit l) to produce the benzophenone 68. Demethylation and cycli-

zatior' of 68 would gíve the target molecule 22 (Scheme 14).

'ö^'"'rr.oöf.¡
52

37

26

densation

68

lCH3

I t>

J,,

The

sele ct ive

Scheme

major drawback in

cyclizatíon of 68

demethylation
cyclization

R=COCH3 or C02CH3

22

I4

this route is

to gíve linear

the

and

possible nonregio-

angular
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xanthocyclines 22 and 69. However, regardless of the nonselectivity

in this methodoloBy, this approach to the synthesis of the target

molecule was explored.

From the retrosynthetic analysis it would seem reasonable

that the key intermediate 26 could be synthesized by acylation and

reductLon of the compound 32. The synthesís of the compound 32

was approached along two independent rouÈes.

Route 1.

Commerclally available 3rS-dímethoxybenzoíc acid 70 was

esterified (77) to glve the ester 71. Reduction of 7I r¡ith lithium

aluminum hydrfde gave Èhe alcohol 12 (lA) r¡hich was then oxidised

to the corresponding aldehyde 35 (79). Stobbe condensatÍon of the

aldehyde 35 with diethyl succinate 36 using potassium t-butoxide

in t-buÈyl alcohol gave 73 ln 65% yield (Scheme t5).

22

69

j#.:ff
70

,à,1Ë
7T

"gt"----,
CH2OH

72



CHO

The half ester 73 was characterised by nmr, ir, and mass

spectra. Attempted hydrolysís and decarboxylation of the unsatura-

Ëed ester 73, in 48:l llBr/CH3COOH/H.O (1:l:l) or pyrídine/ttCl

(80,81), gave the diacid 75 and none of the expected mono acíd 14.

rt has been shovrn (81) that the mechanism for decarboxylatÍ-on of

t.he unsaturated acids of type CUH.CH=C-CO)H 76 proceeds via a,RL

transition state involvinq a ß carbonium ion 77. SËabilizatÍon of

this carbonium ion lowers the energy of the Ëransition state and

enhances decarboxylatíon.

oc2H5

oc2H5

36

______>

H3

Scherne 15

39

73

zczHs

t)

=+\

zczHs



40

intermediate carbonfum fon 77 could lose a proton to regenerate

unsaturated acid 76 or cleave the C-COOH bond to give the

The

the

-H+
c6HscH=f-co2H - cuHrcfi-¡H-co2H _fr, coHscH=cHR

olefÍn 78. It has also been reported (8I) that the presence of

two electron withdrawíng orÈho substituents in the phenyl ring of

the unsaturated acid of type 76 sÈrongly inhíbÍts Èhe decarboxy-

lation.

76

Thus, the total reluctance of 75, formed by the hydrolysis

of. 73 under the reaction conditÍons, to undergo decarboxylatÍon to

give 74 can be explained by the substituent effect. The turo meta

substÍtuents 1n 75 hínder Èhe formation of the carbonium ion 12 bV

increasÍng the energy level of the transiÈion state. Hydrolysis

of. 73 in base also gave 75. The dÍacíd 75 was characterised by

. 13_nmr, ir, "C-nmr and mass spectra. The spectral data of the diacid

75 obtained by both the hydrolysis procedures were identical.

77 78

As no decarboxylation rras observed in 75 the approach along

route I was abandoned.

79



Route 2

Cornpound 32 was

NaH/DMF>

+ cH3co2cH3

CO"CHe 4I

successfully syntheslzed bY

Scheme 16

This approach involved the condensation of the ester 40, in

dímethylformamide (DMF) solution in the presence of sodium hydride'

with raethyl acetate 41. The reaction r¡as conveniently follor¿ed on

tlc (solvent:pentane/ether 2zI). The resulting product 38 was

purÍfied and fdentified by nmr, ir and mass sPectra. Alkylation

of 38 with ethyl a-brornoacetate 39 gave 80. The crude alkylated

product 80 was hydrolysed and esterified to produce 37 which was

recrystallized from pentane/ether 1mp 57oC) and characterised by

nmr, fr and mass sPecÈra and eLemental analysis.

The carbonyl group 1n 37 was hydrogenated in rnethanol with

a few drops of acetic acid at atmospheric pressure using l0Z

palladium on charcoal as cataLyst to ylei-d 33 1n quantitative

yield. Heatlng 33 ltith concentrated sulPhuric acid on the steam

H3 2) esterílied
l) hydrolysed

4I

route 2 (Scheme 16)

37

H¡c? 
P'

CH, cYclization --' l\ )
H^CO532

33

l) NaH/DMr'

2) BrCHrC0rCrHt

39

reduct ion
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bath for 30 ninutes gave 32 tn quantltaÈ1ve yfeld. The compound

32 was tdentified by nrnr, l-r and mass sPectra. The over-all

yield of 32 starting from 40 vas 87%.

Fro¡n the prevÍous experience of condensing methyl anisate

rrith dimethoxytoluene (see page 26), it llas expected that there

should be no problem in condensing unit AB with unit D. However'

before doing the condensation of. 32 with nethyl anisate it nras

necessary to protect the carbonyl fn 32. After condensatÍon

and cyclization the carbonyl group could be regenerated to give

82. The functionality at the B Position of 82 could then be

inÈroduced to give 83. Hydrogerration of the carbonyl in ríng A

of 83 would yield the Èarget molecule (Scheme 17).

82

1) condensation

2)æ
3) O-alkylation

1) acetylation

Schene 17
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The other possibility r^7as to introduce the functionality

in the bicyclic compound 32 by the synthesis of 84. Hydrogenation

of the carbonyl in 84 would yield 26 and condensation of 26 vitln

methyl anisate, followed by cyclization, would yield the target

molecule 22 (Scheme lB).

acetylation

32

ÞY.
84

1) protection

2) condensation
3) cyclizatÍon

Scheme 18

Ketal formation, a common method for protecting ketones (82),

was the obvious choice for protecting the carbonyl ín 32. However,

on treating 32 and ethylene glycol with a catalytic amount of

p-toluenesulfonic acid (PTSA) in benzene to make the keta1, it was

found that the tetralone ring opened under the reaction conditÍons

to give hydroxy ester 85. No ketal could be detected in the

reaction mixture. The hydroxy ester 85 was isolated and charac-

terísed by nrnr, ir and mass spectra. This unusual phenomenon of

givÍng a ring opened compound was also observed by other workers

for similar compound (83). As attempts to make the ketal failed,

hydrogenatíon



0cH3

(cH2oH) 
,/vrse

32

Ì,¡e

the

decided Èo

alcohol by

reduce the ketone 32 to

conversion to its ether

'--->

The carbonyr 32 was reduced to alcohol g6 with líthium

aluminum hydride Ln 967" yie1d. AtËempts to make the tetrahydro*

pyranyl ether by stirring a nixture of 86, dihydropyran and pyri-

dinium p-toluenesulfonate in methylene chloride aË room tempe-

rature resulted in dehydration of 86 to give Ëhe alkene gg.

Acylation of 1 r4-dimethory-l-tetralone using BF 
3/ cï3co 

2H/

(cH3co)r0 was reported to give the corresponding'1,4-diketone in

very high yield (90¡ (scherne 19). However, in our case, the BF,

2cH2oH

32

44

alcohol

(ea¡ .

86

.-z

and the protect

H:C

86

oCH3
Schene 19

H3

OCH3
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catalysed acylatíon of 32 at room temperature alvrays resulted in

the recovery of the starting material. on heating the reactj.on

mixture mono demethylated product 89 was isolated but no acylaLion

was observed. The compound 89 was also made by bubbling BC1,

through a solution of 32 in methylene chloride at Ooc for 5 minutes

followed by further stirrÍng at room temperature for 30 minutes

(91). The compound 89 obtained by both the procedures were

compared and characterised by nmr, ir and mass spectra. Thus,

even after considerable effort on all three reported procedures,

lre \,7ere unable to synthesize the I ,3-diketone 84. símilar results

were also observed with Ëetracyclic ketone 9Z {OZ¡,

At this stage we terminated the tetralone approach and

proceeded to study the synthesis of the target molecule by the

chromone methodology.

Hgc

89



(C) Chromone approach

This approach basícal1y involves the

unit of the tetracyclic system (a chromone)

densing these two molecules together gives

xanthocyc1-íne 22.

27

synthesis

and the A

Èhe target

R1

J

The chromone 27 was ÍnÍtial1y synthesi.zed by a known procedure

(93). The commercíally available o-hydroxyacetone 90 was converted

to 2-benzyloxyacetophenone I_ te+¡ and this producË was reacted

lrith ethyl carbonate using sodium hydride to give 92 (g5).

Hydrogenolysis of 92 in ethyl acetate using 57! pai-;.ad1um on charcoal

gave 93. rt was observed that the recommended solvent (95), ethyl

a1coho1, led to carbonyl reduction. The chromone 27 was obtained,

ín 35% yield by heating a mixture of 92, acetic anhydride and

sodium acetate. Although a 62% yield for Ëhe analogous neËhy1

ester was reported (93), r^Ie r,rere unable to obtain yields of more

than 357" for the sËep ínvolving the conversion of 93 to 27.

46

o

'åV
R

28

of the CD

unit. Con-

molecule

22

R'=CH, or CrH,

R=C0rCH,



Compound 27 was

(Scheme 20).

characterísed

H3

by nmr, ír and mass spectra

PhCH2Cl
_______>
na+õc2H5 /crnrorì

H^ /PdOc^H. ¿¿)-
C2H5OAc

Acro
-__-_-=2

NaOAc

\cHretr
H.

J

9T

co(oc2É5) 
2.-_->

NaH

¿+l

The major problem in this synthesis was the conversion of

93 to 27. Due Ëo 1ow yields and rather tedious procedures an

alternate route to the synthesis of the chromone 27 was explored.

It seemed reasonable that a direct condensation of sali-

cy1oy1 chloride wÍth ethyl acetoacetate would yield the chromone

27. As base catalysed condensation of salicyloyl chloride and

ethyl acetoacetate could cause polymerization of the acid chloride

and/or rearrangement of Ëhe chromone to an hydroxy coumarin (94),

ff%.,"

Scheme 20

93

27

zHs
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an enamine condensation r^¡as attempted.

The ethyl acetoacetate morpholine enamine 94 and salicyloyl

chloride !/ere prepared. The acíd chloride !/as prepared in B9z

yield by gently heating (40-50oC) a mixÈure of salicylÍc acid,

thionyl chloride and a catalytic amount of alumínum chloride for

72 hours. Highly polymerised product and 1ow yields of the acid

chloride were observed when the mixture r,¡as heated strongly.

The ethyl acetoacet.ate morpholine enamine vras prepared in quanti-

taÈive yield by refluxing a mixture of ethyl acetoacet.ate, mor-

pholine and a catalytic amount of p-toluenesulfonic acid i¡ toluene

for 10 hours. The r¡rater was removed azeotropically from the

reaction mixture by using a Dean-Stark trap.

The chromone 27 lras prepared by adding ethyl acetoacetate

morpholine enamine 94 to an ice-cold solution of salicyloyl

chloride in urethylene chloride and Èriethylamj_ne. Immediate

workup gave a quantitative yield of morpholine salicylarnide 95,

presumably obtained by the initial N-acylation of the enamine 94.

However, when the reaction was stirred fot 70 hours at room

t.emperature, and then r,¡orked up with acid and base r¡ashing to remove

the remaining amino and phenolic or enolic by-products, a 36"/"

yield of crude chromone 27 was obtained as a deep red oi1 which

crystallízed on standing (Scheme 2t).

o^tlrÂl\r
%o,

25

+ ---_-----_>
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o*e
H20
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C1

95

49

The chromone r¡ras characËerised by nmr, ir and mass spectra

and elemental analysis. Hydrolysís of the chromone ester 27 ín

HC1 gave Ëhe chromone acid 96 in 477" yiel'd as pale buff crystals

which were essentially free of all impurities. The chromone acíd

96 was converted to its methyl ester 27 in quantitative yie1d.

O CH.

^ -jl- -\' --f^-l- -l-- -Y' -ì
V\" | \-e

CO2C2H5

Scheme 21

d4*,

otr",
cH3

27

HCI/H2O

CH3OH/H+



Recently an alternative hígh yield

ester 27 from o-fluorobenzoyl chloride has

Synthesis of unit A

A liËerature survey revealed that the monocyclic compound

28 (unít A) could be synthesized by two procedures (97,99). The

simplest of these procedures involves reductlon of methyl p-hydro-

oxybenzoate followed by oxidatíon of the alcohol Eo the ketone

(et¡.

50

synthesis of the chromone

been reporËed (96).

lztr5Z "ú^""L _
52 Rh/alumina

Thus, commercially available methyl p-hydroxybenzoate 43, in

951l ethy1, alcohol, vras hydrogenated at 45 psi ín the presence of a

catalytíc amount of 57i, rhodium on alumina for 96 hours to give

4-carbomethoxy cyclohexanor 9l in 97% yierd. The alcohol 9l ín

ether, r^7as oxidised with aqueous chromic acid to its correspond.ing

ketoester ?9 it 467" yieLd. The ketoester 28 r¿as ídentified by

nmr, ir and mass specLra.

Before condensing Ëhe chromone 2l wLth the ketoester 28

. to synÈhesLze the target molecule (xanthocyclíne), a model reacËion

ö
97

Cr0,
_--_----=>

R=C02CH3

R

28



using the more readíly available cycl0hexanone lfas attempted.

Thus, the conditions developed in this model synthesis could be

used to synthesize the target molecule.

Offi3

H3

There are t\"¡o

cyclic system 99 from

Route I

o

9B

condensation

condensation of cycrohexanone 9g at position 3 of the chromone

27, followed by cyclization, would yield the compound 99 (scheme 22).

51

H

o

possible routes for synthesis of the tetra_

the chromone and cyclohexanone.

99

fficvclization'ffi

0

ö

98

condensation
'-____________.-

Scheme 22

99



Route 2

Condensation at the 2-methyl

generating an anion aÈ this centert

also give the tetracyclic system 99

oÖ,+.'

group of the chromone 27, by

followed by cyci-ization, would

(Scheme 23).

+

0

ö

Jconaensation

52

r01

o'

,l,

The basíc outline of Scheme 22 was explored in the follow-

ing sequence of reactions. The chromone acid chloride 102 was

synthesized by refluxing the chromone acid 96 with thionyl chloride

in chloroform. Condensation of the chromone acid chloride 102

with cyclohexanone morpholíne enamine -191, in methylene chloride

using tríethylamine as an acíd scavenger' gave the Ëetracyclic

cyclízation

99

Scheme 23



system 99 in 37" yield,

ThÍs reaction evidently

of the enamÍne followed

after chromatography of the

ínvolves acylation at the

by in sítu cyclization.

o*4.'
r02

53

reactíon mixture.

vinylic carbon

I
103

All efforts to increase the yield of the tetracyclic system

99 by changing the reactíon conditions were unsuccessful. The

n4jor product of the reaction was always the chromonic acid and/or

the chromone amide. Aromatic acid chlorides normally acylate

enamlmes at carbon, however, in our case of chromone acid chloride

102 the major reaction observed vras at the nítrogen centre. It

appeared that the basic premise of Scheme 22 was sound but limited

by the effj.ci.ency of the acylation reaction.

99

Thus, we decided to ínvestigate the possibility of conden-

sation aÈ the 2-rnethyl group of the chromone (Scheme 23). The

anion at this center should be stabílized by delocalization of the

charge into the two carbonyls and a reactivity similar to that of



Ëhe malonate anion could be expected.

27 was converted ín 82% yield based on recovered starting materj-al,

to 2-monobromomethyl chromone ester 104 by treatment wiËh N-bromo-

succinímide (NBS) in carbon tetrachlorj-de. Allowing the bromina-

tion to go to completion resulted ín the formation of a mixture

containíng dibromo, monobromo and methylchromone. The reaction

was usually worked up at approximately 75% completion and before

Èhe formation of the dibromo compound became sígníficant. Attemp-

ted condensation of monobromo chromone 104 with cyclohexanone

under Reformatsky and I^Iittig conditions resulted only in the

reduction of i04 to 27.
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The 2-methyl chromone ester

Several attempts were made to condense the chromone 27 Ííith

cyclohexanone under conditíons suiÈable for malonic ester conden-

saËion involving non-nucleophilic bases, such as potassium carbonate

27

NBS / cC14 ocH3

104

28T
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!,4-díazbicyclo{ 2,2,Z}octane (.DABCO), and 1,5-diazobícyclo{4,3'0}-

non*5-ene (DBN). In all of the above attempts the starting mate-

rial was recovered. However, when the condensation was attempted

in potassium Ë-butoxide in t-butyl alcohol/dímethoxyethane (DlfE)

the spiro-lactone 105 was obtained in hígh yield.

o0
_^-Ã-Ll-
OI f ìcn,
\,,- \o- -cH3

27

0
98

Initially the reacËion was carríed out for 20 minutes at

room temperature but only a very complex mixture of producËs \,/as

observed. I{hen the reaction was repeated and followed on tlc it

was found that no startj-ng maËerial was left afËer one minute.

Therefore the reactÍon mixture \../as quenched immediatel-y wíth

aqueous acid and the product vlas isolated in nearly quantítative

yield. It appears that the product formed was unstable under Ëhe

reaction conditions. The product In/as Ídentified as spirolactone

105. The structure of 105 was established by nmr, ir and mass

spectra and elemental analYsis.

I

lpotass].um

ü t-butyl
t-butyl oxide

alcohol/DME

105
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It was found that the spirolacËone 105 had a very 1ow R,

value on tlc. It was suspected that this low mobility of the

lactone 105 on silica gel could be due to the fact that the lactone

was in equilibrium r^rith its corresponding acid 106. By treatíng

the spirolactone 105 in methanol ¡¿ith diazomethane in diethyl

ether it was possÍble to trap the acid 106 as its methyl ester 107.

1^trA\JJ

106

The cyclohexylidÍne chromone ester 107 was also synthesized by

treatÍng the spirolactone 105 in dry acetone with K2CO3/CH3T. It

v¡as also observed that r^rhen the spirolactone 105 was treated wíth dry

HCL in methanol the unconjugated cyclohexenyl chromone ester 108

was obtained. Treating the conjugated ester 107 in benzene with

a catalytic amounË of g-toluenesulfonic acid also gave the uncon-

jugated ester 108. The unconjugated ester vras not fu11y

107



characterised but íts nmr and mass spectra qrere consistent vrith

Èhe proposed structure. Apparently the unconjugated ester 1og

is thermodynarnically more stable than the conjugated ester 107.

The ísomerization of the double bond in io7 to give l0g under

acid condition 1ed to the proposal that the tetracyclic system

99 could be synthesized by the intramolecular acylation of the

double bond. Treating the spirolactone 105 in toluene with

polyphosphoríc acid for one hour at ITooc gave the tetracyclic

system 99 in 4r7" yíerd. The tetracyclic system 99 was also syn-

thesized by treating the spirolactone l05 in toluene r¡ith phos-

phorous pentoxide (477! yiel-d) or in neat trifluoromethane sulfonic

acid (triflÍc acid) (49% yíeLd). No reaction qras observed r¡ith

hydrofluoric acid as the spirolactone $/as recovered from the

reaction mixture. rn Ëhe case of phosphorous pentoxide the workup

involved an acid hydrolysis to hydrolyse the phosphate complex

of the product. The cycl-ization using triflic acid was the pre-

ferred method.

The nmrr È1c and mass spectrum of the xanthocycline 99

obtained by both the enamine/acid chroride and cycrohexanone/

chromone procedures hTere compared and found to be identical.
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The hydroxyxanthone 99 was

109 and the elemental analysis of

Having found the optimum conditions for the synthesis of

the tetracyclic system 99 the condensation of the methylchromone

ester 27 wítl:, 4-carbomethoxy cyclohexanone 28 \^7as attempted as a

method to synthesize the target molecule 22.

t

converted to its methyl ether

both 99 and 109 v¡as obtained.

OCH

o
3

109

ffi..,,

5B

27

The carbomethoxy spirolactone 110 $ras prepared by t.reating

a mixture of 28 and 27 in DME with potassium t-butoxíde in t-butyl

alcohol for one minute. The carbomethoxy spirolactone was

characterised by nmr, ir and mass speötra as well as elemental

analysis. The corresponding carbomethoxy cyclohexylidine chromone

ö

1,,
Lzt
v

co2cH3

28

condensat ion
cyclízation

22



ester 111 v¡as prepared by treating

0CH3

27

the carbomethoxy

I

I
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spirolactone I 10

2B

i-n methanol \,rith díazomeËhane in diethvl ether.

In the case of the carbomethoxy spirolactone 1I0, the

inËramolecular acylation to synthesíze the target molecule could

not be catalysed by tríflic acid. However, the target molecule

was obtained when the carbomethoxy spirolactone ll0 in toluene

vlas rreated wíth phosphorous pentoxide (yteld 52"Á).

IIl

o2cH3

C02CH3

o2cH3

P205 /toluene
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The carbomethoxy hydroxyxanthocycline 22 was identified by

nmr and mass spectra. The carbomeËhoxy hydroxyxanthocycline 22

r"ras converted to its methyl ether 22a by treating wirh K,COr/Cttrt

in acetone.

The carbomeÈhoxy methoxyxanthocycline 22a r"ras characÈerísed

by nmr, ir and mass spectra and elemental analysis. Thus the

target molecule 22 was successfully synthesized by the chromone

approach in an overall yield of 24% starting from chromone ester 27.
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CONCLUSIONS
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Three synthetic routes were studied for the synthesis of

the target molecule 22. In the xanthone approach, the allylic

side chain r¡/as inËroduced regioselectively on the c, position of

xanthone 23 by a Claisen rearrangement. However, Èhe formatíon

of Èhe tetracyclic system by ring closing the C, methyl Ëo the

a1lylic side chain in 59 was Èhwarted by the apparent formation

of a radÍcal ion on addition of the base to xanthone. The forma-

tion of the radical presumably occurs exclusively, relaËive to t.he

anion at the C, methyl. Thus ít seems reasonable, that if the
J

problem of radical formation could be overcome the cycLízatíon at

the C" methyl would proceed. One possible solutÍon would be toJ

convert the xanrhone to irs pyrylium carion wíth nf4 öfCrifr), and

then attempt to activzrte the methyl by proton abstraction using a

nonnucleophilic base.

The 6,8-dimethoxy-1-tetralone approach is limited by the

number of steps required to synthesize the bicyclic precursor 32.

As well, there ís the possibility thaË even with Èhe appropri_ate

AB precursor 26 the final condensation -cyclizatíon rnrould lead

to an angularly fused tet.racycli-c system.

chromone approach. The major problem of condensing unit A with

unit CD \¡las overcome by using potassium t-butyl oxide in t-butyl

alcohol. The compound 22 vas regioselectively synthesized in

ân oVêr-âll yield of 247" involving only two steps from Èhe chromone.

Preliminary studies have shovm that the position 6 of 22

The target molecule qras sucessfully synthesized by the



is highly susceptible Èo bromination. This indicates that it

should be possible to access the 6-hydroxyl derivatíve by an

appropriate oxidation technique. Thís r,¡ould provide a regioselective

route to compounds which are even more structurally analogous Ëo

adriamycin and daunorubicin.
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EXPERI}fENTAI



Mass spectra hTere recorded on a Finnigan 1015 Mass spectro-

meter. Only the molecular ion and major fragments of diagnostic

value are reported. Nuclear magnetic resonance (nmr) spectra \.'¡ere

obËained on a Varian EM360 or Bruker I^IH 90 DS spectrometer. Unless

otherwise stated, deuteriochloroform (CDClr) was used as the

solvent with tetramethylsilane (TMS) as the internal reference.

The chemical shifts are reported as ô values in ppm relative to

T?1S=0. Infrared spectra l¡tere recorded on a Perkín-Elmer model

700 instrument. 13C-*.rclear magnetic resonance spectra were

recorded on a Bruker LrIH 90 DS spectrometer. The electron spin

resonance spectrum was recorded on Varían E-3 EPR Spectrometer.

Selected IR and NMR spectra, referenced ín the experimental by

NMR /l and IR i/, can be found at the end of the experímental

section.

GENERAL
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Melting poÍnts were determined on a Fisher-John melting

point apparatus and are uncorrected.

Thin layer chromatography (tfc) was carried out on Camag

Kieselgel DSF-5. Column chromatography was carried on silica ge1'

Merck 60, 230-400 mesh' using the flash chromatography techní-

que (99).

Elemental analysis r¡7ere performed by Guelph Chemical

Laboratories Ltd. Guelph, Ontario' CANADA.



PART I

XANTHONE APPROACH



(A) Xanthone approach

1-Hydroxy-3-methyl-9H-xanthene-9-one 23

(1-Hydroxy-3-methylxanthone' 23) Method A

Salicylic acid (24.0g, 0.173 mole), orcÍnol monohydrate

(24.0e, 0.170 rnole) and 2009 of polyphosphoríc acid were stirred

togeËher and heated to l4OoC t lOoC (oil bath temperature) for

4 hours. The mixture r¡as cooled in an ice bath, ice cold water

was added to make the volume 500 rnl and the whole solution was

stÍrred for 0.5 hour. The crystals thus obtained r"rere filtered

off and washed wít.h water. The filter cake r"/as suspended in 500 rnl

of water and heated to 90oC (steam bath) r¡ith stirring for 0.5 hour.

The suspension was cooled and extracted r¿ith CHCI, (3x200 ml).

The organic extract \.ras dried (MgSOO) and evaporated to give yellow

crystals. Chromatography on a sílica ge1 column (eluant:benzene)

gave 11.5g (302) of the pure compound.
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ms: m/e (relative intensity) 226(100) , I97(40)

nmr 6: L2.25(s,lH), 8.3-7.3(m,4H) , 6.7 (s,lH) , 6.6(s,lH),

2. 35 (s ,3H) (NMR 1)

ir (CHrC12) v: 1645 cm-l (IR 1)

rnp: l47oe (reported rnp: 1480C)

Synthesis of 1-Hydroxy-3-methylxanthone 23 (Method B)

3,5-Dímethoxytoluene 51.-

Orcinol monohydrate (10.0g, 0.07 mole) and patassium
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hydroxide (11.5g, 0.293 mole) were díssolved in 100 rnl of v/ater.

The mixture IÀras cooled in an ice bath and dimethyl .si¡lpþ¿¡s (35 ml ,

0.21 rnole) was added t.hrough a dropping funnel over 30 minutes.

After the additíon, the mixture was refluxed with stÍrring for

3 hours. The solution was cooled, extracted with chloroform

(3x100 m1 ) and the combined organic extracts \,rere washed with

5Z KOH (2x50 m1), then rn/ater, dried (MgS0O) and evaporated to

give a yellow oi1 9.5g (89"/").

Methyl o-methoxybenzoate 52

o-MethoxybenzoÍc acíd (10.0g, 0.065 mole), dry methanol

(200 ml) and 0.5 ml of sulphuric acid was cooled and the methanol

evaporated under vacuum. The residue uTas dissolved in chloroform

(100 n1), washed with 10% aqueous sodium bicarbonate solution

(2x50 m1), then water, dried (MgSO,) and evaporated to give 10.0g

(93"Á) of crystalline product.

nmr (CC1,) 6: 7.55-6.5(m,4H), 3.56(d,6H)
4

I

2 .2,5 Trimethoxy-3-methylbenzophenone 53

A solution of 2,6-dimethoxy-4-methylphenyllithium in dry

ether r¡/as prepared by treating 3,5-dirnethoxytoluene (2.0g, 0.013

mole) in dry ether (15 mI) under nitrogen with 20 m1 of t-butyl

lithium (lM) in pent.ane. To a vigorously stirred solution of

methyl anisate (2.5g, 0.15 rnole) ín dry ether (20 n1) under
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nitrogen at OoC. The above solution of phenyllithium reagent $/as

added, through a droppíng funnel over 5 mínutes. After the addi-

tion, the míxture \^ras stirred aÈ room temperature for one hour.

The solution r,¡as then poured into 6N HC1 (50 m1). The two layers

were separated, the aqueous layer $ras extracted with more ether

(3x100 m1) and the combined organic extracts were washed with

v/ater , dried (MgSO,) and evaporated to give L75g (41"Á) of

crude product.

Recrystall-ization from benzene/hexane gave a white crystalline

compound.

ms: m/e (relative lntensity) 286(7.5), 255(i8.5) , 179(92),

165 (33) , 135 ( 100)

nmr ô: 7.8-6.8(m,4H), 6.4(s,2H), 3.78(s,3H), 3.70(s,6H)

2.4(s,3H) (NMR 2)

ir (cHC1^) v: 1760 cm-i (rR 2)
J

mp: t43oc

analysis: calculated for Ct7"1g04t C,7I.32; H,6.29

found: C, 7I.07; H,6.33

1-Hydroxy-3-methylxanthone 23

2,2,5-TrimeÈhoxy-3-methylbenzophenone 53 (2.09, 0.007 mole)

and aluminum chloride (3g) in 100 ml of benzene-\ÁIere. refluxed for

5 hours. Af ter cooling the benzene I¡/as removed ín vacuum and

aqueous acíd (lN, 40 ml) r¿as added. The solution was the refluxed

for 45 minutes. The cooled solution \^/as extracted r,¡ith chloroform
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(3x50 m1) and Ëhe combíned organíc extracts \.{ere washed with

water, drÍed (MgSOa) ànd evaporated to give yellow crysËals 1.39

(82i() with spectral data (nmr and mass spectra and melting point)

identical to those obtained by procedure (A).

1-Methoxy-3-methylxanthone 56

1-Hydroxy-3-methylxanthone 23 (4.0g, 0.018 mole), anhydrous

potassium carbonate (6.0g, 0.043 mole), and 150 ml of dry acetone

(freshly dÍsti1led) were stirred for t0 minutes. Dímethyr sulphate

(10.0 ml, 0.059 mole) was added to the above mixture through a

dropping funnel over 5 minutes. The solution r,¡as stirred at room

temperature for 40 minutes and then heated under reflux for l8

hours. The cooled solution \.las poured into water (50 ml), extrac-

ted with CHC1, (3x50 ml) . The combj-ned organic extracts r¡/ere
3

washed with water, dried (MgSOO) and evaporated to give 4.3g of

crude product. The crude product ín l0 ml of hot benzene \.{as

applied to a column of silica gel which was then eluted with

benzene and benzene/ether (1:1) to give 4.1g (972) of pure

product.

ms: m/e (relative intensity) 240(87.5) , 225(25), 2ll(100),

t94 (7 s)

nmr 6: 8.4-7.0(m,4H), 6.78(s,lH), 6.5(s,lH), 4.0(s,3H),

2.45(s,3H) (NMR 3)
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General preparation of lithiun diisoÞroÞ-ylamide (LDA) in dry THF

To a well stírred solution of diisopropylamine in dry

tetrahydrofuran (THF) at -7BoC under nitrogen atmosphere vlas

added, equal moles of n-butyllithium in pentane Ëhrough a syringe.

The míxture vüas stirred for 10 minutes at -7BoC before using.

Attempted C-methyl alkylation of 1-hydroxy-3-rnethylxanthone

l-Hydroxy-3-methylxanthone 23 (0.50g, 0.002 rnole) in 10 ml

of dry THF was added dropwise under nitrogen to a freshly prepared

solution of LDA (0.0i mole) in THF (15 m1) at -78oC. The mixture

was stirred for 10 minutes at -78oC, then CH"I (0.5 ml) in 5 ml
J

of dry THF was added dropwise under nitrogen with stirring over 5

minutes. The mixture was stirred at -78oC for 30 minutes and then

aË reflux for one hour. The reaction was followed on tlc (deve-

1opíng solvent:benzene). The solutíon v¡as cooled, poured into

i0Z HCl and extracted with CHCI^ (3x20 mI). The combined organic
J

extracts were washed with r¡rater, dried (MgSOr) and evaporated to

give 0.469 oÍ crude material. Two compounds were indicated by

t1c. These v/ere separated on a silica ge1 column (eluant:10%

ether/benzene). Compounds A and B were obtained in decreasing order

of R, value.

Compound A was identical (nmr, mass spectrum) to the

startíng material.

Compound B was identified (nmr, mass spectrum) as

l-methoxy-3-methylxanthone 56 .



Attempted C-methyl alkylatíon of 1-methoxy-3-meËhylxanthone

(i) I^Iith lithium diisopropylamide (LDA)

subjected to the same experimental conditions as described above

with 1-hydroxy-3-methylxanthone 23. The recovered material was

identical (nmr, mass spectrum) to the starting 1-methoxy-3-rnethyl-

xanthone.

l-methoxy-3-methylxanthone 56 (0.5g, 0.002 mole) was

(2) i,Iith trÍphenylmethyl lithíum

treating triphenyl methane (160mg, 0.6 mmole) in dry THF (10 ml)

under nitrogen at OoC with 0.6 ml n-buËytlithium (lM) in pentane.

After the red mixture had stirred for 10 mínutes, the l-methoxy

-3-methylxanÈhone 56 (150mg, 0.6 mmole) in THF (10 ml) v¡as added

dropwise under niËrogen with stirring over 5 minutes. The mixture

was stirred for a further 10 minutes and CHrI (0.2 ml) was added

dropwise. 0n addition of CHrI the colour changed from red Ëo pale

yellow. The míxture \{as sLirred for an additional 40 minutes at

OoC. The míxture poured into \rater (20 ml), extracted r,rith ether

(3x20 ml) and the combined extracts r.lere washed with water, drÍed

(MgSOO) and evaporated to give 300mg of crude crystalline materíal.

The crude material was purified by chromatography on a silica ge1

column (eluant:ether/benzene (1 :2) ) .

Compounds A and B were obËained in decreasing order of

R, value

A solution of tríphenylmethyl lithíum r,üas prepared by
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Compound A was ídentífíed

phenyl methane.

Compound B was identified

I-methoxy-3-methylxanthone 56 .

Diethyl bis (hydroxymethyl)malonate 54

Formalin (380g, 402 formaldehyde, 5 moles) and 4 drops of

BDH universal pH indicator were cooled (0-5oC) , !O% sodium

hydroxide solution was added and the pH was adjusted to B-8.5.

Ethyl malonate (200g, I.25 moles) r,ras added dropwise to the above

solutíon over a period of 2 hours r¡ith stirring. The pH of the

solution was maintained at B-8.5 throughout the addÍtion of

ethyl malonate. The mixture r'¡as stirred at room temperature for

5 hours, diluted with brine (500 m1) and extracted wiÈh ether

(6x300 ml). The combined organic exËracts lrere washed with water

(2x500 m1), driea (MgSOO) and evaporated to give 2609 of crude

product. The reaction was followed by the disappearance of the

methylene in ethyl malonate in the nmr spectrum.

(nmr, mass spectrum) as trí-

(nmr, mass spectrum) as
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nmr (CC14) ô: 4.45-3.9 (m,IOH) , I .3 (t,6H) (NMR 4)

ß,ß-Dibromoísobutyric acid 55

Diethyl bis(hydroxymethyl)malonate, 54 (150g,

and 1500 ml (13 moles) of 4BZ hydrobromic acid were

(126-12BoC) until eËhyl bromide and hydrobromic acid

0.681 mole)

heated

distilled
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off and the volume vras reduced to approxínately 300 ml (5 hours).

The mixture was cooled for 1.5 hours in an ice bath. The crystals

obtained were filtered on a sintered glass funnel, washed with ice

cold ¡¿ater and suction dried to give 7lg of product. The distil-

late and the filtrate were combined and used for a second reaction

(100g of diethyl bis(hydroxymethyl)malonate). The sequence of

distíllation and crystallization r.ras repeated to obtain a futher

619 of dibromo acid 55. The combined yield of ß,ß-dibromoisobu-

tyric acid was l32g (45%).

ms: m/e (relative intensity) 248(11), 246(LI), 244(lI),

201 (5) , 199 (3) , 167 ( 100) , 165 (100) , 153 (72) , t52(72) ,

12i(33), tt9(33), 85(84)

nmr ô : 12.55 (s, lH) , :.80 (s ,2H) , 3.7 (s ,2,H) , 3.4-3. 1(m,lH)

(NMR 5 )

Methyl ( ß. ß-dibromo) isobutyrate 24

ß,ß-DibromoÍsobutyric acid 55 (132g, 0.536 rnole), dry

methanol (I litre) and 0.5 m1 of H2SOO (16N) were refluxed to-

gether for 15 hours. The solution was cooled and evaporated in

vacuum to 300 m1 . The residue r^ras taken up in CHC13 (500 ml) and

washed with water (200 m1), dried (IfgsOa) and evaporated to give

135g (g7%) of crude producË. The crude was distÍ11ed, Up 65-6BoC

(i.5 mm Hg), to give 1l8g (86%) of pure product.

nmr ô : 3. 78 (s ,4H) , 3.7 (s ,3H) , 3.2 (t , lH) (NMR 6)



Methyl ß-bromomethylacryláte 60

Methyl (ß,ß-dibromo)isobutyrate 24 (I0g, 0.038 mole), in

carbon tetrachloríde (50 m1) was treated, with aqueous sodium

hydroxide (50 m1, lM) and a catalytíc amount of benzyltrÍethyl-

ammonium chloride (BTEAC, 50mg), at OoC for one hour. The organic

layer r{as separated, washed vrith water, dried (MgSOO), and evapo-

rated to give 6.49 (94i() of methyl ß-bromomethacrylate. The

reaction was followed by nmr of the organic layer.

nmr (CC14) ô: 6.33(s,1H), 5.95(s,1H), 4.15(s,2H), 3.82(s,3H)

(NMR 7 )

I- ( 2-Carbome thoxyalloxy ) -3-me thy 1- 9H-xan thene-9-one 5 7

1-Hydroxy-3-methylxanthone 23 (4.0g, 0. 18 mole), anhydrous

potassium carbonate, (6.09, 0.043 mole) and 150 m1 of dry acetone

(freshly distilled) were stirred for 10 mÍnutes. I'fethyl ß,ß-dibro-

moisobutyrate 24 (5.0g, 0.019 mole) ín 5 m1 of dry acetone \,;as
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added to the above mixture through a dropping funnel over 5 minutes,

then refluxed for 15 hours. The solution was cooled, fÍltered and

evaporated to give 5.69 of crude product. RecrystaLlization from

carbon tetrachloride/cyclohexane gave 5.45g (957.) of off whíte

crystals.

ms: m/e 324(n+)

nmr ô: 8.35-7.2(m,4H), 6.8 (s,2R) , 6.6(s,2H) , 4.8(s,2H),

3. 85 (s ,]H) , 2.4 (s ,3H) (NMR 8)

ir (cHCl.) v: 1645 cm-l, 1715 cm-l (rR 3)
J



1 -Hyd roxy -2- (2- c arbome t hoxyal ly 1 ) -3-me thy 1- 9H-xan thene- 9-one 5 I

( I -Hydroxy-2-C-a1ly1ic-3-methylxanthone )

I - ( 2- Carbomethoxyal loxy ) -3-me thyl-9H-xanthene-9-one 5 7

(5.0g, 0.015 mole) and hexachlorobutadiene (50 mI) were refluxed

for 10 minutes. The solution r¿as cooled and hexane added. Further

cooling and scratching resulted in the crystallization of the

product. The crystals obtained were filtered and dríed under

suction to give 4.89 (967") of product. The same result could be

aecomplÍshed by passing the cooled reacËion míxture through a

column of silica gel made in hexane and eluting fírst with hexane

and then with benzene.

ms: m/e (relatíve inËensity) 324(7.5) , 293(4.5) , 265(100),

239(r5), 226(r0)

nmr 6: 12.55(s,lH), 8.42-7.25(m,4H), 6.85(s,lH), 6.25(s,lH),

5.2(s,lH), 3.9(s,3H), 3.75(s,2H), 2.35(s,3H) (NMR 9)

ir (CHC1r) v: 1640 cm-l, 1720 cm-l (rR 4)

mp:153oc

analysis: calculated for C1905H16, C, 70.37; H, 4.94

found: C, 70.36; H, 4.98
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I -Me thoxy -2- (2- earbome thoxy al ly I ) - 3-me thy 1 - 9H-xan thene- 9 -one 5 9

( I -Me thoxy-2 -C-a11y1 i c-3-rnethylxanthon

1 -Hyd roxy -2- C- a1-Lyl i c- 3 -me thy 1

anhydrous potassium carbonate (5.0g,

dry acetone were stirred for 10 minut

e)

xanthone 58

0.036 mole)

es. To this

(5.0g,0.015 mole)

and 150 ml of

solutíon was
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added methyl iodÍde (.6.0g, 0.042 mole) over 2 minutes. After the

additÍon, Ëhe mÍxture was refluxed wit.h stirring for 15 hours.

The reaction was cooled, filtered and evaporated to gÍve 5.19 (987.)

of white crystalline product.

ms: m/e (relative intensity) 338(50), 323(33), 307(66),

279(r0O), 239(83)

8.4-B .27 (d,lH) , 7 .7*7.35 (m,3H) , 7. 15 (s,lH) ,

6.2(s,lH), 5. i5(s,lH), 3.9(s,3H), 3.85 (s,3H),

3.77 (s,2H) , 2. 35 (s ,3H) (NMR 10)

mp: Iz3oc

analysís: calculated for CZOH'g0St C, 71.00; H, 5,62

found: C,7I.02; H,5.36

I -Me thoxy-2 - ( 3-me th oxy- 2 - carb ome t hoxyp r opyl ) - 3-me thy I -9H-xant hene

-9-one 61

1-Methoxy-2-C-aLlylic-3-methylxanthone 59 (5Omg, 0. l5

m mole), in 2 ml of dry methanol, vras added at room temperature

over a period of 2 minutes, to a freshly prepared solution of

sodium methoxide. The míxture was refluxed with sËirring for

one hour. The solutÍon vras cooled, poured into l0% HC1 and

extracted with CHCI, (3x20 m1). The combined organic extracts

were washed with r¡rater, dried (MgSO,) and evaporated. to gíve 40 mg

of crude material. The tlc of the crude product indicated the

presence of two compounds. These r^rere separated by chromatography



75

on a sílica gel column (el-uant:pentane/eËher 1:i). Compound A and

B were obtained in decreasíng order of R, value.

Compound A (7mg) was identical to starting material.

Compound B: 20mg (427" basú. on recovered starting material),

ms: m/e (relative intensíty) 370(18), 325(52), 253(100),

23e (e6)

nmr ô 8.35-8.25(d

3.6 (s,3H) ,

(NMR 11)

I -Me thoxy -2- Q. 3-d ibrono-2-carbome thoxypropvl ) -3-

methyl-gH-xanthene-9-one 64

l-Methoxy-2-C-aLlylic-3-methylxanthone 59 (1.0g, 0.003 mole)

and carbon teËrachloride (30 ml) !/as hrarmed to 40oC with stirring

for 5 minutes. Bromine (2% in CCIO, 40 ml, 0.005 rnole) was added

to the above soluËion (1 rnl every 2 minutes). The rnixt,ure was

kept !,7arm (¿OoC) during the addition. After the addition, the

solutÍon lras stírred for an additional 10 minutes at 4OoC. The

solutíon was cooled and evaporated in vacuurn yielding 1.35g (927")

of crude product. RecrystallizaEíon from CClO/hexane gave white

crystals. The reaction was followed on tlc (developing solvent:

pentane/ether 1:1).

,lH), 7.7-7.28(m,3H),

3. 5 (m ,2H) , 3. 3 (s ,3H) ,

7 . 1 (s ,lH) , 3.9 (s,3H)

3.0(s,3H), 2.5(s,3H)

ms: m/e (relatíve intensity) 500(1), 498(I), 496(l), 471(2),

469 (2) , 467 (2) , 4r9 (20) , 4r7 (20) , 387 (4), 385 (4) ,

338(8) , 279(r2), 2s3(1oo)



nmr ô: 8.84-8.82(bd,lH), 7 -78-7.38(m,3H), 7' 1B(s,lH)'

4,25(q,2H), 3'98(s,3H), 3.85(s,3H), 3'78(s'2H)

2.53(s,3H) (NMR t2)

ir (cHC13) v: 1660 cm-l, l74o cm-l (rR 5)

mp: t26oc

analysis: calculated for CZOHtnOrBrr: C.

found: C, 48. 13 ; H, 3 .60

1 -Me thoxv -2- ( 3-br omo-2-carbometho

-9H-xanthene-9-one 65

1-l"lethoxy-2-(2,3-dibromo-2-carbomethoxypropyl)-3-methyl

-9H-xanthene-9-one 64 (1.0C, 0.002 mole) was dissolved in 100 ml

of erher. l,S-Diazabicyclo{4.3.0}non-5-ene (DBN) (2.5 ml, large

excess) was added to the above solution. The mixture was stirred

at room temperature for 30 mÍnutes. Hydrochloric acid (50 m1, 2N)

was added and the organic layer l^ras separaËed and washed with HC1

(2N, 2x30 ml). The aqueous layers \,sere re-extracted with ether.

The combined ether extracts were washed with v/ater, dried (l'lgsO,)

and evaporated to give 0.75g OO7") of product. The reaction r'ras

followed on t1c (developing solvenÈ:pentane/ether l:1)' Recrys-

76

48.19¡ H, 3.Bl

taTIízaEion from cyclohexane gave white crystals'

ms: m/e (relative intensity) 418(5), 416(5), 387(5)' 385(5)

359(10) , 357 (10), 32r(40), 307 (100) . 277 (70) 
'

263(40), 239(90)



nmr ô: 8.35-8.2(d,lH), 7.65-7.3(m.4H),

3.7(s,3H), 2.6(s,3H) (NMR i3)

ir (cHC13) v: 1660 cm-1, l72o cm-1 (rR

mp: t38oc

77

7. 15(s,lH) . 3.9(s,5H),

6)



PART I]

6 . 8-D]METHOXY- 1 -TETRALONE APPROACH



(B) 6.8-Dimethoxy-1-tetralone approách

Methyl

3,5-Dímethoxybenzoíc acid ZQ. (SOg, 0.27 mole), dry methanol

(one liter) and sulphuric acid (0.5 ml) were refluxed for 15 hours.

The solution was cooled and evaporated under reduced pressure to

a sma1l volume (200 ml) . The resÍdue \"/as taken up in chloroform

and washed \"ríth aqueous sodium bicarbonate (10'/"). The aqueous

layer r^7as re-extracted and the combined organic extracts vrere

washed with water, dried (MgSOO) and evaporated to give 51g (95%)

of product.

ms : m/e t 9O (m+)

3, 5-Dimethoxybenzoate 7 I

3,5-Dimethoxybenzyl alcohol 72

Methyl 3,5-Dimethoxybenzoate 7l (30g, 0.15 mole) ín dry

ether (I00 ml) r^ras added dropwise to a mÍxture of LiA1H4 (4g,

0.I mole) in 200 ml of dry ether over a period of 15 minutes. The

míxture was stirred at room temperature for 30 minutes. Excess

of hydride \ras destroyed by addíng 0.5% aqueous potassium hydroxide

solution. The two layers vTere separated and the aqueous layer was

extracted with ether (3x100 m1). The combíned organÍc extract \das

washed with water, dried (MgS0a) and evaporated to give 24.69 (962)

of crystalline producË. The reaction was followed on tlc

(developing solvent :benzene) .

78



ms : m/e t 68 (nr+)

nmr ô : 6.5-6.35 (m,3H) 
'

When a drop of DrO was

aË ô 2.35 disappeared.

3, 5-DirnethoxybenzaldehYde 35

Chromium trioxide (16g, 0.16 mole) in 2N H2S04 (200 ml) was

added dropwise to a cooled (O-SoC) solution of 3,5-dimethoxybenzyl

alcohol (209, 0.12 mole) in 200 m1 of ether. After the addition'

the solution vras stirred at room temperature for 30 minutes. The

layers lrere separated and the aqueous layer r¡/as extracted with

ether (2x50 m1). The combined organic extracts I^7ere successively

washed with 102 sodium bicarbonate (2x50 ml) and then with rdacer'

dried (MgS0a) and evaporated to give 14,3e (727") of product. The

reaction was followed on t1c (developing solvent:ether).

ms : m/e t oo (m+)

nmr ô: 9,9(s,lH), 7.03(d,2H), 6.75-6(m,iH), 3.85(s,6H)

(NMR 14)

4. 65 (d ,2H) " 3. 8 (s ,6H) , 2. 35 (s, lH)

added to the nmr sample Ëhe peak

79

3-Carboethoxy-4-

3,5-Dimethoxybenzaldehyde 35 (i0g, 0.06 mole) and diethyl

succinate (10.5g, 0.062 mole) in 20 ml of dry tert-butyl alcohol

were added dropwise to a freshly prepared solution of potassium

t-butoxíde (2.5g, of potassium in 50 ml of t-butyl alcohol) over

a period of 30 minutes with stirring under nÍtrogen atmosphere and

I

-dirnethoxvphenvl) -3-butenoic acid 73



then refluxed for 30 minutes. The solutíon was cooled, poured in-

to 102 HCl (i00 ml) and extracted wÍth ether (3xi00 n1). The com-

binèd ethereal solutionè . vtere extracted with lN ammonium hydroxíde.

The ammonium hydroxide solution was acidified and extracted r¿ith

ether (3x100 nl). The combined organic extracts vrere washed with

water, dried (MgS0a) and evaporated to give 11.5g (657") of product.

ms: m/e (relative intensity) 294(40),249(10), 248(20),

220(20), 204(10), 176(80), t75(100), 161(40)

nmr ô: 9.0(bs,lH), 7.83(s,lH),6.5(s,3H), 4.3(q,2H),

3.75(s,6H), 3.57(s,2H), 1.3(t,3H) (NMR 15)

ir (nujol) v: 1715 crn-l, 1725 c*-1, 2710-3400 cm-l

hrhen D^0 was added to nmr sample the peak at 6 9.0
¿

disappeared.

lt

3-Carboxy-4- (3.5-dimethoxyphenyl)-3-butenoic acíd 75

80

3-Carboethoxy-4- (å, i-airn.thoxyphenyl) -3-butanoic acid 73

(5.0g, 0.017 mole) was taken up in potassium hydroxide (100 ml, 2N)

and heated to TOoC with stirring for 1.5 hours. The solution was

cooled, acidified r¿ith hydrochloric acid (2N) and extracted r¿ith

ether (3x100 m1). The combíned organic extracts were washed with

r^rater, dried (MgSOO) and evaporated to give 4.1g (91%) of product.

Recrystallizatíon with CHCIr/ether gave colourless crystals.

ms: m/e (relative intensity) 266(54), 248(90), 220(81)'

205(72), r75(100) , r6t(72)



81

nmr (acetone-d,) ô: 9.4(bs,2H), 7.97(s,lH), 6.7-6.5(m,3H),
o

3. 85 (s ,6H) , 3. 6 (s ,2H) (NMR 16)

hrhen D^0 was added Ëo nmr sample the peak at ô 9.4
¿

disappeared.
1t
"C-n*t (acetone-d.)

line ð (ppm)

t 172.5

2 168.8

3 161.9

4 r42.r
5 r37 .9

6 128.0

7 r07 .7

B 10r.8

9 55.7

10 34,r

Atle4p-qqd decerbqxylation of

3-butanoic acid

(í) HBr (4BZ) /curcoru/r,rarer

3-Carboxy-4-(å,i-dl*.ttoxyphenyl)-3-butanoic acid 75

(0.50e, 0.0018 urole), hydrobromic acid (HBr 20 ml), acetic acid

(20 ml) and r¿aËer (5 ml) were stirred at room temperature for one

hour. The reaction mixture vras extracted wíth ether (3x50 ml).

The combined organic extracts were r¿ashed wit.h water, dried (MgS0O)

and evaporated to give 0.46g of materíal. The recovered material

was ídentical (nmr, and mass sPectra) to the diacid 75.

3- ggfLry-a:G.,_5 -d i*. tho"yph""y I ) -
tt



(ií) HBr (48'/") /curcoru/vrater at reflux temperaËure

3-Carboxy-4-(å,i-dir"ttoxyphenyl)-3-butanoic acíd 75

(0.50g, 0.0018 mole), HBr (487",20 ml), CH3C02H (20 m1) and water

(5 m1) r¿ere refluxed for 3 hours with stirring. The soluÈion was

cooled, then extracted r,¡íth ether, dri,ed (MgSOO) and evaporated to

give 0.45g of. material. The recovered material was identical (nmr

and mass spectra) to the diacid 75.

(j.ii) Pyridine/HCl at t00oc

3-Carboxy-4-(å,i-di*"ttoxyphenyl)-3-butanoic acid 75

(0.50g, 0.0018 rnole), pyri-dine (50 ml) and HCl (1 rn1) were heated

to lOOoC for L2 hours. The solution ¡ras cooled, then extracted

vuith ether (3x50 m1). The combined organic extracËs r^rere washed

with 10% HC1 (2x25 rn1), then water, dried (MgS04) and

evaporated to give 0.41g of materíal. The recovered maÈerial r¿as

identical (nmr and mass spectra) to the diacid 75.

B2

Methyl (3.S-Dirnethoxybenzoyl)acetate 38

Methyl acetaËe (4.2 nI, 0.052 mole) in dry N,N-dimethyl-

formamide (10 ml) r¡as added dropwise under nítrogen atmosphere to a

heated (45o-S0oC) rnixture of methyl 3r5-dirnethoxybenzoate (1O.Og,

0.051 rnole) and sodium hydríde (3g, 5A7" in oil) in 100 rn1 of

N,N-dimethylformamide over a period of 15 minutes r,¡ith stirring.

The mixture ü/as sËirred at (45o-50oc) for 0.5 hour, then at t00oc

for one hour. The solutíon was cooled, poured into HCl (100 m1,lN)
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and extracted vrith chloroform (3x50 ml). The combined organic

extracts \¡rere vrashed úIith 5% sodiun bicarbonate solution (3x50 ml),

then washed with v¡ater, dried (MgSOr) and evaporated to gÍve 12.59

of oily crude product. The t1c of the crude product (developing

solvenË:pentane/ether 2: 1) indicaËed some unreacted starting

material was still present. The crude mixture was washed with

hexane (to remove oil from sodium hydride) and then chromatographed

on silica ge1 (eluant:pentane/ether 2:1) to obtain 9.69 (79%) of

the pure methyl (3,5-Dimethoxybenzoyl)acetate.

ms: m/e (relative intensity) 238(33). 206(I9), 165(100)'

137 (33)

nrn¡ ô: 7.0(s,lH), 6.95(s,lH), 6.6(m,lH)', 3.95(s,2H),

3.7(s,6H), 3.65(s,3H) (NMR 17)

ir (cHC13) v: 1685 cm-l, 1740 cm-l (rR 7)

.ll
Ethvl 3-carbomethoxv-3- (3.5-dimethoxybenzoyl)propionate 80

Ethyl q-bromoacetate (4.3 ml, 0.038 mole) in N,N-dimethyl-

formamide (10 ml) ¡¿as added under nitrogen atmosphere to a heated

(45-50oC) mixrure of methyl (3,5-dímethoxbenzoyl)acetate 38 (Ç.9g.

0.037 mole) and sodium hydride (2g, 50"/" in oil) in 100 ml of

N,N-dimethylformamide over a period of 5 minutes r.+ith stirring.

The mixture \¡/aS stirred for one hour. The solution was cooled,

then 102 HCl added (100 ml) and resulting mixture $las extracted

with CHCI^ (3x75 m1) . The combined organíc extracts \^7ere washed
J



wíth !¡ater, dried (MgSOa) and evaporated to

ms: m/e (relative Íntensity) 324(6),

179(40), 165(100) , 137 (25)

tt

3- (3. 5-Dimethoxybenzoyl)propionic acjd

Ethyl 3-carbomethoxy(3,5-dimethylbenzoyl)propionaËe 80

(11.5g,0.035 mole) v¡as Ëaken up in a mixture of glacial acetic

acíd/12N hydrochloríc acid (100 ml, l:1) and refluxed with stirríng

for 3 hours. The solution vras cooled and extracted with CHC1,

(3x100 ml). The combined organic extracts !,/ere r^rashed \'/ith 102

sodium bicarbonaÈe (4x50 m1). The chloroform extrac¡s were washed

wirh warer, dried (MgSQO) and evaporated to give 8.0g (95%) of

product.

ms: m,/e (relative íntensity) 238(16), 196(16), 165(100) '

1s1 (33)

tl
Methyl 3- (3,5-dimethoxybenzoyl)propion

gíve 11.

279(4),

84

of crude oi1.

(3) , 219(6),

5g

247

3-(å,i-ri*.rtoxybenzoyl)propionic acid. (8.0g, 0.034 mole), dry

methanol (500 ml) and H2s04 (16N, 0.25 m1) were refluxed for 15

hours. The solution was cooled and evaPorated under reduced

pressure to a small volume (50 ml). The residue was worked up

bv CHCI^ /vater extraction. The crude ester was obtained in 1002
'3

yield and recrystallized from pentane/ether'

ms: m/e (relative intensíty) 252(7), 221(5), 193(2),

165(100) , 137 (40)



nmr ô | 7,I5(m,2H), 6,1(bs'lH), 3,85(s,6H), 3'7(s,3H)o

3 .35-2. 7 (m,4H) (NMR i 8)

-1 - l

ir (cHClr) v: 1695 cm-', 1740 cm ' (rR B)

analysís: calculated for at¡tt60:: C' 61'90; H' 6'35

found C, 61.65; H' 6.59

tl
Me t hy 1 4 - ( 3 . 5 - d ime t hoxyÞ heny-l )Þ1qê! oa!g-'-..3^3

Methyl 3-(3,5-dímethoxybenzoyl)propionate 37 (8'0g, 0'032

mole), dry methanol (400 ml, freshly distilled from Mg metal),

52 palladium/carbon (2OOmg) and HCl (12N, 0.25 m1) were stirred

under a hydrogen atmosphere at room temperature for 15 hours. The

solution r"ras filtered and evaporaËed to a sma11 volume (50 ml) '

The residue $ras worked up by CHCI3/water extraction. The reduced

product was obtained in 95% YieJ-d.

ms: m/e (relative íntensity) 238(64),207(33), 170(i6),

85

i65(100), 1s1(9s)

nmr ô: 6,4(s,3H), 3.8(s,6H) , 3.7 (s,3H)', 2'65-l'95(m'6H)

(NMR 19)

ir (neat) v: 1745 cm-l (rR 9)

6. 8-Dimethoxv-1-tetralone 32

Methyl 4-(ä,i-ai*ettoxyphenyl)butanoate 33 (5'0c, 0'021

mole) was taken up in sulphuric acid (50 ml, 16N) and heated on a

steam bath for 20 minutes wíth stirring. The solution was cooled,

poured onro ice (2009) and extracted with cHcl,l (4xj0 ml). The
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combined organic extracts \¡/ere r^Tashed \,Iith l0% sodÍum bicarbonate

(3x50 ml), then Ì^rater, dried (MgSOO) and evaporated to give 4.1g

(95%) of 6,8-dimethoxy-l-Èetralone.

ms: m/e (relative intensity) 206(100), 17B(98), I49(42),

r3s (39)

nmr 6: 6.35(s,2H),

(NMR 20)

ir (neat) v: 1680

AttempEs Ëo protect the carbonYl oÍ 6,8-Dimethoxy-1-tetralone

(i)

6,8-Dimethoxy-1-tetralone 32 (0.50g, 0.0024 mole) ethylene

glycol (freshly distilled), p-toluenesulfonic acid (20rng) and

100 rnl of benzene \^7ere refluxed (using a Dean-Strak trap) for 3

hours r^riÈh stirring. The solution was cooled and washed with 5%

sodium bfcarbonate (2x25 ml), then water, dried (MgSOO) and evapo-

rated to gíve 0.52g of crude material. The crude product \^7as

separated on a silica ge1 column (eluant :benzene/ ether 1:1) . The

compounds were obtained in decreasing order of R, value,

Compound A r¿as identífied (nmr, ir and mass spectra) as

2-hydroxyethyl 4-(3' .5 r-dímethoxvphenyl)butanoate 85

3.9(s,3H), 3.85(s,3H), 3.0-i.9(m,6H)

_1
cm ' (rR 10)

Ethylene glyco1/n-toluenesulfonic acÍd,/benzene

ms: m/e (relative intensÍty) 268(23) , 207 (38) , 165 (69) 
'

1si (100)

nmr ô: 6.4(s,3H), 4.3-3.6(m,4H), 3.8(s,6H), 2.7-I.95(m,7H)

(M'{R 21)



ír (cHClr) v: 1740 cm-l, 3500 cm-l (ÏR 11)

Compound B was identical (nmr, ir and mass

6 , 8-dimethoxy- I -t et ralone .

(ii)

6,8-Dirnethoxy-1-tetralone 32 (0.50g, 0'0024 mole), morpholine

(1 m1, large excess), p-toluenesufonic acid (20 m1) and 100 m1

of benzene vüere refluxed (using a Dean-stark trap) for l2 hours

with sÈirring. The solution was cooled, washed with water, dried

(MgSOO) and evaporated Èo gíve 0.48g of product material'

The recovered material was identical (nmr, ir and mass spectra)

to 6, 8-dimethoxY-l-tetralone.

Morpholine/p-toluenesufonic acid/benzene

l-Hvdroxv-6, B-dímethoxytetralin 86

spectra) to

6,8-Dimethoxy-l-Ëetralone 32 (lg, 0'005 rnole) in 50 ml of

dry ether was reduced using LiA1H4 (excess) in the usual I¡Iay to

1-hydroxy-6, B-dimethoxyËet ral in.

ms : m/e 2oB (m+) , 190 {*+-ttro)

nmr ô: 6.25(bs,2H) , 5.0-4.85(m,lH), 3.75(s,3H), 3.7(s'3H)

3.0(s,lH), 2.8-2.6(m,2H), 1.95-I'7(m,4H) (Nl'fR 22)

ir (neat) v: 3450-3600 cm-l (IR i2)

87



atlgm!!

i -hydroxy-6, 8-dime thoxyt e t ralin

(i) Dihydropyran/pyridinium-p-toluene sulfonate/CUrCt,

6 , 8-Dimethoxy-3 .4-díhvdronaphthalene 88

to prepare the tetrahydropyranyl ether of

1-Hydroxy-6,8-dirnethoxytetralín 86 (0.29, 0.9 m mole),

dihydropyran (0.2 ml), pyridinium-p-toluene sulfonate (2mg) and

30 ml of dry methylene chloride were stirred at room temperature

for one hour. The solution was r¿ashed wiËh water, dríed (MgSOa)

and evaporated to give 0.19mg of 6,8-dimethoxy-3,4-dihydronaphtha-

lene.

ms: m/e tgO(m+)

nmr 6 z 6.87-6.7(d,lH), 6.3(s ,2H), 6.0-5.75(m,lH), 3.8(s,6H)

2,9-2.6(m,2H),. 2.45-2. I (m,2H) (NMR 23)

ir (near) v: 1620 cm-l (rR 13)

88

The multíplet at 6 6.0-5.75 appeared as a doubÌet when the

protons aË 6 2.45-2.1 were decoupled.(NMR 24)

6-Methoxy-8-hydroxy- 1-tet ralone 89

6,8-Dimethoxy-l-tetralone 32 (0.29, 0.9 m mole) in 30 ml of

dry rnethylene chloride was cooled to 0-5oC and boron trichloride

was bubbled through the solution for 5 minutes. The flask was

stoppered and stirred at room temperature fo 30 minutes. The

solution lras poured into cold water, dried (MgSOa) and evaporated

to gíve 0.f9g of crude product. The reactiori was followed on tlc

(developing solvent : ether).



ms: m/e

nmr ô:

f

i82(m')

Attempts to acylate the C. position of 6,8-Dim.thoxy-l-tetralone
L-

(i) BF^/(CH^C0)^0 complex
5J¿

6,8-Dimethoxy-1-tetralone 32 (0.509, 0.0024 mole), acetic

anhydride (1.3g, 5 moles excess) and 30 rn1 of CH.CL2 were cooled

(O-soC) and gaseous boron trífluoride added over a period of 2

hours with constant stirring. The míxture rvas sLírred for 30

minutes aË room temperat.ure. The mixture \,7as Ëhen poured ínto

cold water, the organic layer was then separated, washed with

hTater, dríed (t'tgsO.) and evaporated to give the oily product.

The reaction was followed on tlc (developing solvent:ethy1 acetate)

The recovered material was subjected to a high vacuum to remove

excess acetic anhydride. The residual material was identíca1

(nmr, ir and mass spectra) to 6r8-Dímethoxy-I-tetralone.

12.6(s,1H), 6.25(s,2H), 3.8(s,3H), 2.95-2.5(m,4H),

2.25-1.9(m,2H) (NMR 25)

89

(ii) BF3/CH3C0 
2H/ 

(cH3Co)r0 complex

The reaction of 6,8-Dimethoxy-1-tetralone 32 (o.50g'

O.OO24 mole) with acetic acid (5 mole excess), acetíc anhydride

(5 mole excess) 30 nl of CHTCI, and BF, gas r,/as carried out under

the conditions described in the above experiment. The recovered

material was identical (nmr, ir and mass spectra) to 23.



(iÍi) NaH/CH3C0 
rCHr/benzene

Sodium hydride (150mg, 502 ín oil) was added under nitrogen

atmosphere to a solution of 6,8-dimethoxy-1-tetralone 32 (0,50g,

0,0024 mole) in 50 ml of dry benzene. The mixture vras heated

(40-45oC) with stirring over a períod of 10 minutes. Methyl

acetate (0.5g,0.006 mole) in 5 ml of dry benzene was added drop-

wi-se under niËrogen over a period of 3 minutes wiËh stírring.

The mixture \¡/as further stirred at (40-45oC) for 3 hours. The

cooled solution was u¡ashed with r^later, dried (l'fgs0a) and evaporated

to yield 0.45g of materíal. The recovered materÍal was identical

(nmr, ir and mass spectra) to 6r8-dimethoxy-l-tetralone.

90



PART TII

CHROMONE APPROACH



(C) _qhfgro".e._e!89=çh

s-ËglzylgëIaç_gtophe¡gne 9 1

Benzyl chloride (150g, 1.18 moles) ¡¿as added dropwíse to

a solut.ion of o-hydroxyacetophenone (136g , 1.0 mole) in sodium

ethoxide (23g of sodi-um in 600 m1 of dry ethanol) over a perÍod

of. 20 minutes. The mixture was then refluxed for 5 hours. The

solution was cooled, filtered and evaporated to 200 m1. The

residue was taken up in ether, washed with water, dried (Mgsoo)

and evaporated to give 2009 of crude product. Distillation of the

crude product gave l92g (857") of pure product.

ms: m/e (relative inËensiry) 226(29), 2II(I4), t83(20),

r21 (100)

9r

nmr (CC14) ô: 7.8-6.8(rn.9H), 5.1(s,2), 2.5(s,3H) (NMR 26)

Ethyl (o-Benzyloxybenzoyl)acetate 92

A mÍxture of diethyl carbonate (250 m1, 2.2 moles) and

sodÍum hydride (20g, 50% in oil dispersíon) was heated to BOoC

under nÍtrogen. o-Benzyloxyacetophenone 9r (49.7g, 0.22 mole) was

added with stirring over 20 minutes. The mixture was coored, diluËed

with dry ether, filtered and evaporated in vacuum. The crude

product r,¡as filtered through silica ge1 (eluant:chloroform) to

give 34.69 (6I"1) of pure producr.

ms: m/e (relative inrensiry) 2gB(Z), 280(15), 252(Z),

2r0(22), L20(100)



92

nmr ô: 8.0-7.8(d,lH), 7.4-6.7(m,BH), 5.15(s,2H), 4'1(m,4H),

i. 15 (r,3H) (NMR 27)

¡tnvL_(2-

Ethyl (2-benzyloxybenzoyl)acetate 92 (5.0g, 0'017 mole) and

5% paLtadium on charcoal (400mg) were mixed in ethyl acetate (200 nn1'

freshly distilled) and hydrogenated at atmospheric pressure for

20 hours. The solution was filtered and evaporated ín vacuum to

give 3.69 (96"Á) of the Product .

ms: m/e (relative intensity) 208(33), 163(100), 146(I7),

i21 (98) , I20(98)

hydroxybenzoyl)acetate, (Ethyl salícyloylacetate) 93

Ethyl 2-methyl-4-oxo-4H-1-benzopyran-3-carboxylate 27

(Ethy1 2-methylchromone-3-carboxylate) Method A

Ethyl salicyloylacetate 93 (6.0g, 0.029 nole), acetic anhyd-

ride (40 rnl) and sodium acetate (2.5g, anhydrous) were heated to

lO5oC with stirring for 3 hours. The solution was cooled, diluted

wíth benzene and fíltered. Tlre resulting filtrate I¡¡as stirred for

hours r¡ith water (100 m1). The organic layer was dried (MgSOO)

and evaporated to give 3.0g of crude product. The crude product

was chromatographed through a silica ge1 column (eluant:benzene/

ether 9:1) to give l.9e ßZZ) of the pure ester.

ms: m/e (relative intensity) 232(7), 207(L6), 187(71),

160(100) , r2r (89), r20(71)



nmr ô: 8.2-8.0 (d, tH) , 7

1.42(r,3H) (NMR

ir (nujo1) v: 1640 cm-1

mp: 63-65oc

Salicyloyl chloride 25

salicylic acid (276e, 2 moles), freshly distilled thionyl

chloride, (143 ml, 2 moles) and a catalytic amount of aluminum

chloride (100mg) vrere heated with stirring at a gentle reflux in

two liters of petroleum-ether (40-50oC) for 72 hours. I,rlhen the

mixture was cooled the polymerised acid chloride settled in the

bottom of the flask. The clear upper solutíon was decanted and

evaporated under pressure without excessive heaËing to give 2glg

(90"Á) of acid chloride which was used without further purification

93

.8-7.17(m,3H), 4 .42(C,2H), 2.5(s,3H),

28)

, 1725 cm-1 (rR l4)

Ethyl 3-morpholino-2-butenoate 94

Ethyl acetoacetaÈe (200e, 1.5 moles), morpholine (1a0g, I.6

noles) and a catalytic amount of p-toluenesulfonic acid (lOomg) in

one liter of toluene were refluxed, usi-ng a Dean-stark trap, for

10 hours. LTater (30 ml) r¡ras removed azeotropically from the

reaction mixture. The solutj.on was cooled and evaporated to give

the product in quantitative yield. The crude product was used

without further purification.



Ethyl 2-methyl-4-oxo-4H-1-benzopyran:3:carboxylate 27

(Ethvl 2-methvlchromone-3-carboxvlate) Method B

Salicyloyl chloride 25 (164g, 1.0 mole) in dry methylene

chloride (400 ml) was added dropwise to a cooled (0-5oC) solution of

ethyl 3-morpholino-2-butenoate 94 (200e, 2.2 moles) in one liter

of methylene chloride over a period of one hour with stirring.

The míxtur. t"" stirred at room temperature for 70 hours, then

refluxed for 3 hours. The cooled solution was washed successively

wiËh one liter each of 1.5N hydrochloric acid (4 times), and

2.5N pota'ssium hydroxide (4 times). The organic phase was then

washed with water, dried (MgSOa) and evaporated Ín vacuum to gÍve

B4g, (362) of a deep red oi1 which crystallized on standing. A

sample was purified by sublimation under high vacuum giving whíte

crystals. (see procedure A for nmr, ír and mass spectra).

analysis: calculated for Ct3Ht204t C, 67.24; H, 5.21

found: C, 67.45; H , 5.2g

94

2-Methyl-4-oxo-4H-1-benzopyran-3-carboxylÍc acid 96

( 2-Merhylchromone-3-carboxylic acid)

The crude ethyl 2-methylchromone-3-carboxylate 27 (84g,

0.362 mole) riras taken up in hydrochloric acid (500 m1, 12N) and

heated to a gentle reflux for 1.5 hours. This solution was poured

onto ice (500g) and extracted into chloroform. The product vtas

then exLracted from chloroform inËo saturated aqueous sodium bicar-

bonate. Acidifícation of the bícarbonate soluËion and filtration



gave 359 (47"Á) of pale buff crystals.

2-propanol gave pale ye11ow crystals.

ms: m/e (relatíve intensity) 204(I2), lS9(7), 186(6), 160(29),

r2r(49), r2O(100), 92(48)

nmr 6: 14.33(broad,lH), 8.2-8.1(d,1H), 8.0-7.2(m,3H),

3.05(s,3H) (NMR 29)

Methyl 2-methyl-4-oxo-4H-I-benzopyran-3-carboxylate 27

(Methyl 2-methylchromone-3-carboxylate)

2-Methylchromone carboxylic acíd 96 (gS.0g,0.l7l mole)

anhydrous methanol (500 ml) and 0.5 ml of sulphuric acíd (16N) were

refluxed for 15 hours. The solvenl qras removed in vacuum and the

residue was dissolved in chloroform, washed wíth 5% aqueous bicar-

bonate,dried (MgSOa) and evaporared ro give 37.2e eg"/") of esrer.

ms: m/e (relative intensity) 2IB(16), 203(53), 160(63),

12r(100), 120(79)

nmr ô: 8.35-8.25(d,lH), 7.8-7.28(rn,3H), 3.96(s,3H), 2.55(s,3H)

(NMR 30)

Recrystallízation f rom

95

4-CarbomethoxvcyclohèxanoJ 97

Methyl p-hydroxybenzoate 43 (2O.Oe, 0.131 rnole) and 5%

rhodium on alumina (400mg) r.rere mixed ín 957" ethanol (150 ml) and

hydrogenated at 45 psi wíth stirring at room temperature f,or 96

hours. The solution r^ras filtered and ethanol vras evaporated to

a small volume (50 m1) . The residue r.¡as taken up in ether (300 ml)



96

and vrashed wíth aqueous sodium hydroxide (5%,2x50 m1), then water,

dried (MgSO,) and evaporated j.n vacuum to give 20.0e O7%) of
product.

ir (neat)

Aqueous chromic acid (20g, cro, in 200 ml of. 25% HrS0o) was

added dropwise to a cooled (0-5oc) solution of 4-carbomethoxy

cyclohexanol 97 (36.0g, 0.23 mole) in 250 m1 of erher over a period

of 40 minutes with stÍrring. The mixture r¡ras stirred at room

temperature for 4 hours. The organic layer \¡/as sepaïated and the

aqueous layer was washed with ether (2x100 ml). The combÍned

organic extracts were washed with aqueous potassium carbonate

(5"/", 2x200 m1), and then with water, dried (Mgs0o) and evaporated

to give 16 .5"Á (46"/") of product .

ms: m/e (relative inrensiry) 156 (22), L2B(17), I25(2I),

100(i00)

1745 cur-1, 3BoO-3200 cm-1

nmr ô: 3.72(s,3H), 3.0-1.9(m,9H) (NMR 31)

ir (CHC1r) v: 1730 cm 
1, 

1685 cm-l

ride l02

The title compound \^7as prepared by refluxing 2-methylchromone

-3-carboxylic acid 96 (16g,0.07 mole) in an excess of thionyl
chloride (40 ml) and chloroform (200 ml) for 15 hours. The solu-

tion was evaporaÈed in vacuum to dryness to give a yellow brown



97

crystalline material which was used wiËhout further purÍfication.

ms: m/e (relative íntensity) 224(3), 222(5), i87(100),

161 (s4)

nmr 6: 8.3-8.15(d,lH), 7.9-7.2(m,3H), 2.56(s.3H) (NMR 32)

1-Hydroxy-2,3-cyclohexanoxanthene-9-one 99 (Method A)

A solution of the 2-methylchromone-3-carboxylic acid chlo-

ride 102 (1.52g, 0.007 mole) in chloroform (20 nl) was added drop-

wise to cooled (OoC) solution of l-morpholinocyclohex-1-ene (5.84g,

0.035 rnole) in chloroform (30 ml) with stirring. The mixture was

refluxed for 45 hours. The solution was cooled and washed with

water, then dried (MgSOa) and evaporated to yield an oil.

Chromatography on sílica gel (eluant:benzene /ether 95/5) gave

45ng ß%) of a crystàlline early fraction.

(For properties see method C).

Methyl 2-bromomethylchrornone-3-carboxylate 104

A mixture of methyl 2-methylchromone-3-carboxylate 27

(5.0g, 0.023 mole), N-bromosuccinimide (NBS) (4.2e, O.OZ4 mole)

and dry carbon tetrachloride (50 m1) were refluxed until most of

the rnethylchromone reacted (followed the reaction on tlc eluant:

benzene/ 152 ether). The R, value of the bromomethylchromone $ras

greater than that of the methylchromone.

The following compounds r"rere obtained in decreasing order

of R, value.



Compoúnd A (5.6g, B2%) was ídentified as methyl 2-bromo-

me thyl chromone- 3-c arboxylat e,

ms: m/e (relative intensity) 298(50), 296(50), 266(100),

264(t00), 2r7 (87), t20(76)

nmr 6: 8.2-8.1(d,lH), 8.0-7.2(m,3H), 4.5(s,2H), 4.0(s,3H)

(NMR 33)

Compound B was identical (nmr and mass spectra) to the methyl

2-me thyl chromone- 3-carboxylat e .

chromone had reacted resulted in the formation of a mixture contai-

ning the dibromo, the monobromo and the non. brominated chromone.

Spectral data for Methyl 2,Z-dibromomethylchromone-3-carboxylate

It was observed t.hat refluxing after most of the methyl-

1 04a

ms:m/e (relative intensity) 378(9), 376(19), 314(9), 346(50),

344(i00), 342(50), 298(18), 296(r8), 2t6(3L), 201(68),

187 (41 )

98

nmr ð: 8.27-8.15(d,lH), 8.0-7.27 (n,3H), 7.0(s,lH), 4.0(s,3H)

(NMR 34)

AËtempts to condense methyl 2-bromomethylchrornone-3-carboxylate

with cyclohexanone

(í) Zínc/T.^fBenzene
L

A solution of methyl 2-brornomethylchromone-3-carboxylate 104

(0.50g, 0.0016 mole), and cyclohexanone (29,0.02 mole) in 20 ml

of dry benzene was added dropwise to granulated zínc (0.59), and



t9

iodine (small crystal), in 20 nl of benzene with stírring under

nitrogen atmosphere. The mixture was refluxed for 2 hours. The

solution \,¡as cooled, benzene ü/as decanted a¡d IO7" sulphuric acid

was added to the solution and stirred for 10 minutes at room

temperature. The organic layer !ùas separated, r^rashed with water,

dried (MgSOO) and evaporated in vacuum to give an oiI. Chroma-

tography on si1íca gel (eluanÈ z I57" ether/benzene) gave t\./o com-

pounds. Compounds A and B were obtained ín decreasing order of

R, va1ue.

Compound A was identified as cyclohexanone.

Compound B, a crystalline material (0.3g), r^ras identical

(nmr and mass spectra) to nethyl 2-methylchromone-3-carboxylate.

(ir) P(c6Hs) rlnau/curct,

To a well stírred solut,ion of methyl 2-bromomethylchrornone-

-3-carboxylate 104 (0.509, 0.0016 urole) in 50 nl of dry methylene

chloride under niËrogen atmosphere, r{as added triphenylphosphine

(0.Sg¡. The mixture was refluxed for 2 hours, cooled and sodíum

hydride (5Omg¡ was added follor,sed by cyclohexanone 0.5 ml. The

solution was then rnildly refluxed for two hours, cooled, washed

wíth hydrochloric acid (1.5N), then \rater, dried (MgSOO) and

evaporated in vacuum to give an oí1. Excess cyclohexanone T^ras

removed at high vacuum to give a crystalline material. The

recovered material was identieal (nmr and mass spectra) to methyl

2-ne thy 1 chromone-3-carboxyl at e .



Spirolactöne 105

To a solutíon of rnethyl 2-methylchromone-3-carboxylate 27

(0.50e, 0.0017 mole) and cyclohexanone (O.S3g, 0.00g5 mole) in

dimethoxyethane (DME) (5 m1) was added a solution of potassium

t-butoxide in t-butyl alcohol (15g of 0.ilM). The solurion was

stirred for one minute at room temperature, poured into 200 ml of

2N HC1 and extracted into chloroform. The combined extracts

r^rere dried (MgsO^) and evaporated in vacuum to yield an orange

solid 0.63g (96"/"). Recrystallization from acetone gave white

crystals.

ms: m/e (relative inrensiÈy) 284(20), 26I(2g), 22g(57)

2i3(48) , 204(48), 200(100)

nmr ô: 8.40-8.15(d,lH), 7.85-7.25(m,3H), 3.OB(s ,ZH),

2.2-1. 1(m,10H) (NMR 35)

Ír (CHC1r) v: 1740 cm-I, 1655 cm-l (IR 15)

mp: i64-165.5oC

100

analysis: calculated for CnHrc}+: C, 71.81; H, 5.67

found: C, 72.14; H,5.89

Cyclohexylidenechromone esÈer 107

(Methyl 2-cyc lohexylideneme thyl chromone-3-carboxylate )

(i) Diazomethane

To a solution

in methanol (i0 rn1)

of the spirolactone 105 (0.50g, 0.0017 urole)

was added an excess of diazomethane ín ether



10I

(75 ml) . The mixture r^ras stírred at room temperature f or 4g hours,

washed r¿ith dilute HCl, dried (Mgsoa) and evaporated to gÍve a

yellow oiI (0.58g). chromatography on silica ge1 (eluant: benzene/

erher 60/40) gave pale ye110w crysrals (0.27e, 52"Á). Recrysral-
lization from 2-propanol gave white crystals.

ms: m/e (relative Ínrensiry) 2gg(45), 266(7I), 255(45),

25r(49) ,238(57) , 225(67) , i21 (100)

nmr 6: 8.32-8.15(d,lH), 7.9-7.2(m,3H), 6.I3(s,tH), 3.93(s,3H),

2.9-2.5(m,2H), 2.45_Z.t(m,2H), 2.0_I.3(m,6H) (NMR 36)

ir (CHCI,) v: 1735 cm-1, 1640 cm-1

(íi ) K2CO 
3/CH3I /acerone

To a solution of the spirolactone 105 (0.r24g, 0.0004 mole)

in dry acetone (I0 mr), anhydrous potassium carbonate (0. ig) and

methyl iodide (0.2209, 0.oor6 mole) were added sequenrially. The

mixture rvas stirred at room Èemperature fot 72 hours then poured

into dilute hydrochloric acid and extracted with chl_oroform. The

combined extracts were washed ¡¡ith Ì{ater, dríed (Mgs0o) and eva-

porated in vacuum to give ye1low crystalline material. The spectral

data of the compound obtained were identical to those for cyclo-
hexylidenechromone ester 107.

To a solutíon of the spirolactone ro5 (1.4gg, 0.0052 mole)

in toluene (r00 m1), was added phosphorous pentoxide (2og¡. The

3-cyclohexanoxanthene-9-one 99 (Method



r02

míxture I¡ras refluxed ltith stírrÍng for 3 hours. The Ëoluene was

decanted and a slurry of 2N hydrochloric acid in crushed ice was

added to the residue. The toluene r¡/as returned back to the flask

and the mixture was gently heated without a reflux condensor until

all of the toluene had distilled off. The remainíng aqueous

solution r^ras cooled and extracted with chloroform, the combined

organic extracts rltere washed with !üater, dried (MgSOO) and evapo-

rated to give crystalline material. Chromatography on silica gel

(eluant:benzene) gave (0.533g, 38"/.) of crystalline product.

Recrystallization from ethanol gave yellow crystals. (For proper-

ties see nethod C).

l-Hvdroxv-2.3-cvclohexanoxanthene-9-one 99 (Ifethod C)

The spirolactone 105 (80mg, 0.003 mole) in trífluoromethane

sulfonic acid (4 ml) was heated at 100-1IQoC (oif bath temperature)

r¿ith stirring for 42 hours. The mixture was cooled and poured

i-nto cold I,rater (40 m1) and extracted with chloroform. The organic

layer ¡,¡as washed ütith \,rater, dried (MgSOa) and evaporated to give

crystalline material. chromatography on a silica ge1 column

(eluant:benzene) gave (32mg ' 43'/") yellow crystals.

ms: m/e (relative intensity) 266(100), 265(38)' 251(55)'

238 (37 )

nmr ô: 12.63(s,lH), 8.4-8.2(d,lH)' 7.

3.0-2. 5(m,4H), 2.0-I.55 (m,4H)

ir (CHClr) v: 1650 em-1 (rR I6)

9-7 .15 (m,3H) , 6.65 (s,lH)

(NMR 37)



mp: 199.5-201 .5oC

analysis: calculated for C17Hl403t C, 76,67; H, 5.30

found: C,76.73; H,5.45

1-Methoxy-2, 3-cyclohexanoxanthene-9-one 109

A mixture of 1-hydroxy-2r3-cyclohexanoxanthene-9-one 99

(0.50g, 0.0018 mole), anhydrous potassium carbonate (0.5g) and

methyl iodide (0.7g) in dry acetone (30 ml) r¿as refluxed for 1B

hours. The solutÍon was filtered and evaporated to gíve (0.51g,

91"Á) of product. Recrystai-1-izatíon from isopropyl alcohol gave

off-white crystals.

ms: m,/e (relative intensity) 2BO(100) , 265(7L), 236(7I),

139(90)

103

nmr 6: 8.4-8.2(d,lH), 8.0-7.1(m,3H), 6.95(s,lH), 3.93(s,3H)'

3.0-2.65(m,4H), 1.95-1.65(m,4H) (MlR 3B)

ir (CHC13) v: I665 cm-l

mp: I48-L4goC

analysis: calculated for CiBH1603t C, 17.12; H, 5.75

found: C, 76.88; H, 5.75

Carbomethoxy spÍrolactone I 10

To a soluËion of rnethyl 2-methylchromone-3-carboxyl ate 27

(i.09g, 0.005 mole) and methyl-4-oxocyclohexane carboxylate 28

(3.44g, 0.02 mole) in dimethoxyethane (7 ml).. ÍIas added 0.lM



IO4

potassium t-butoxíde in t-buty1 alcohol (5sg¡. The mixture was

stÍrred for one minuËe at room temperature, poured Ínto 2N HC1

(300 rnl) and extracted into chloroform (3x50 ml). The combined

organic extracts were washed wfth water, dríed (Mgs0r) and eva-

porated to give an oily residue r.rhich conËained an excess of

nethyl 4-oxocyclohexanecarboxylate 2g. The product crystallized

out of the oi1 on standing in a refrigerator for rz hours. The

crysË.als were filtered and washed with hexane under suction.

Recrystallizatíon from CCIO/isopropyl alcohol/hexane gave brown

crystals (0.81g, 47%). Further recrystallization from isopropyl

alcohol gave white crystals.

ms: m/e (relative inrensiry) 324(15), 3il(7),265(32),

241(r00) , 186(62)

nmr ô: 8.36-8.25(d,lH), 7.92-7.33(m,3H), 3.7(s,3H),

3.05(s,2H), 2.85-I.55(m,9H) (NMR 39)

ir (CHClr) v: L742 cm-I, 1665 cm-l (rR t7)

mp: 153.5-154.5oC

analysis: calculared for Ctgttg0O: C, 66.66; H, 5.30

found:. 66.44; H, 5.57

Carbornethoxy cyclohexylidenechromone ester 1 1l

To a solution of carbomethoxy spirolactone 110 (5Omg,0.15

m mole) Ín methanol (15 rn1) ¡¿as added an excess of diazomethane in

ether (30 ml). The mixture hTas stÍrred at room temperature for 4

hours, and evaporated in vacuum to give a ye1low oil (0.5g).



Chromatography on si1íca ge1 (eluant :benzene/hexane

ye11ow crysrals (0.31g , 60"Á) .

ms: m/e 3S6(m+)

nmr ô: 8.3-8.1(d,lH), 1.9-7.23(m,3H), 6.16(s,

3. 7 (s ,3H) , 2.85- 1 . 56 (m,9H) (NMR 40)

-l -lir (CHC13) v: 1725 cm '. 1640 cm-' (rR tg)

Carbome thoxy. hydroxyxantho cy c1-i-ne 22

To a solution of the carbomeËhoxy spirolactone r10 (r.L7g,

0.0034 mole) in toluene (100 m1) was added phosphorous pentoxíde

(tog¡. The mixture was heated r¿ith stirring at l30oc (oí1 bath

temperature) for 2 hours. The toluene was decanted and a slurry

of 2N hydrochloric acid in crushed ice was added to the residue.

The toluene was returned to the flask and the mixture was gently

heated wi-thout a reflux condensor until all of the toluene had

distilled off. The aqueous solution r^ras cooled and extracted with

chloroform, the combined organic extracts vrere washed wíth aqueous

bicarbonate (5"Á), then water, dried (Mgs0o) and evaporated to yield

0.5659 of material. The crude product was chromatographed on

silica ge1 (eluant:benzene/ether 60/40) to give 0.277g of ye1low

crystals. Recrystarrization, with some dífficulty, from ethanol

gave pale yellow crystals.

ms: m/e (relarive lnrensÍ.ry) 324(55), 265(tO0) , 24g(14),

238 (24)

r05

3/ I) gave

lH) , 3 .92 (s, 3H) ,



nmr 6. 12.97 (s,lH), 8.34-8.2I(d,lH), 7.9-7.33(m,3H),

6.7 (s,lH), 3.85(s,3H), 3.I-1.50(m.7H) (NMR 4t)

ir (cHC13) v: 1730 cm-l, 1640 cm-l (rR t9)

mp: 160-164oC

Carbomethoxy methoxyxanthocy el-ine 22a

To a solution of the carbomethoxy hydroxyxanthocycline 22

(100mg, 0.3 m mole) Ín dry acetone (25 ml) was added potassium

carbonate (400mg) followed by methyl iodide (2 ml). The mÍxture

was refluxed for 48 hours, The solution was cooled, filtered and

the acetone evaporated in vacuum. The residue r,ras taken up in

chloroform, washed v/ith lN hydrochloric acid, then lrater, dríed

(MgS0O) and evaporated to yield 90mg (86"Á) of yellow crystals.

Recrystallization was achieved from isopropyl alcohol/cyclohexanae.

ms: m/e (relative ínrensÍry) 388(88), 323(100) , 3Og(70),

27 s (82)

106

nmr 6: 8.4-8.2(d,lH), 7.9-7.3(rn,3H), 7.05(s,lH), 3.96(s,3H),

3.77 (s,3H)., 3. 1-1.95(m,7H) (NMR 42)

-1 -rir (CHC13) v: 1740 cm ', 1670 crn '

mp: 155-I560C

analysis: calculated for C,OHiB05t C, 71.01; H. 5.32

found: C, 70.84; H, 5.64
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