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Summary of a Thesis Entitled :-

Synthetic Approaches to Complex Naturally Cccurring Coumarins.

Synthetic routes to the naturally occurring coumarins
glabralactone and the more complex dentatin have been developed
to provide unequivocal proof of their structures. The structure
assigned to angeiicone, an isomer of glabralactone, has also
been synthesised, by an unambiguous pathway. As a consequence
of this work, the published structure of angelicone has been
shown to be incorrect. A key step in each of these syntheses
has been the base-catalysed retro-Michael opening of a chrom-
anone ring, to generate a phenolic coumarin containing an
ortho senecioyl grouping. Additionally, base treatment in
this manner has provided, by coumarin ring opening and alternat-
ive reclosure, a method for the efficient synthesis of both
6- and 8~ senecioyl-~5,7-dioxygenated coumarins.

The above described chromanone ring opening and
coumarin ring isomerisation processes have also been utilised
in the synthesis of dentatin, a linear chromenocoumarin whose
structure had been basedon spectroscopic data only. The
1,1- dimethylallyl group at C-8 was introduced by the ortho-
Claisen rearrangement of the 7- O- (3,3~ dimethylallyl) ether
derived from a readily available phenolic chromanocoumarin.

The further rearrangements to which this type of alkenyl is
prone, were deliberately prevented by having a senecioyl group
at C-6. The rapid intramolecular cyclisation of this group
with the 7- hydroxyl liberated during the Claisen rearrange-
ment, resulted, in high yield, in the formatiom of a linear
chromanocoumarin having the correct carbon skeleton and
oxygenation pattern of the natural product. Further careful

reduction and dehydration proceeded smoothly to give pure

dentatin,
R — ——




Preliminary investigations have been directed towards
the syntheses of some structurally complex natural 4-alkyl
coumarins which have recently been shown to possegs important
physiological activity. The reaction of 2,2-dimethyl-5,7-dif
hydroxychroman-%-one with acetylene dicarboxylic acid dimethyl
ester has given iwo new isomeric 4-carbomethoxy chromanocoumarins,
The structures of these have been assigned on both spectroscopic
and chemical evidence. Attempts to modify the carbomethoxy
group and to induce chromanone ring opening have been made.

- The eorresponding 4-methyl analogues have been prepared and

shown to be resistant to oxidation. .
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A Short Review of

4-subgtituted Coumarins







» . . . . 1
Since the isolation of couwmarin (1) in 1820° frou

Coumaronna odorata (Willd) by Vogel, many compounds

possessing this skeleton as a fundamental unit have been
isolated from plant sources. There has been continual
interest in the isolation and synthesis of novel natural
coumarins due to the growing number of pharmacological
properties associated with such oxygen heterocycles. Over

: - . 2,3,k
the last ten years, there have been several reviews™’'-*' "’
of matural coumarins dealing with their isolation,
structural elucidation and pharmacological properties,
«Jlowever one branch of the coumarin family which has failed
to achieve prominence in the chemical reviews of the last
decade, is that group of natural coumarins bearing a carbon
substituent at C-4%., “This lack of recognition is due
principally to their comparatively late emergence, although
’ |24 (
recent reports of the high insecticidal® and anti-tumour
activity of certain members of this class will undoubtedly
stimulate interest in synthetic possibilities,.

This class of natural coumarins can be conveniently
divided into two major groups; I, those bearing a C-4
alkyl substituent; and II, those bearing a C-I4 aryl
substituent, This review does not include the C-I4

oxvgenated coumarins, as this would enlarge it beyond the

scope of this thesis.

The simplest members of Group I are those bearing a
' - 2
methyl group at the C-4% position. vhen Dean” in 1963, and

3

Soine” in 1964 reviewed natural coumarins, there were no
examnles of lh-methvl counmarins kinown to occur in plant

sources., However Nielsen mentions the bU-methyl furo-
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coumarin (2) isolated hy Scheel’ in 1963 from Apium

‘graveolens L, This compound possesses the unusual feature

of having another methyl group attached to the ring at C-8,
whereas methyl groups are more frequently found attached
to the aromatic ring as ethers. The coumarin (3) isolated8

from Ikebergia senegalensis is also an unusual member of

the coumarin familv, The majority of naiural couniarins
possess an oxygen substituént at C-7, either-as a
phéno%icQOH, an ether, or as part of a heterocylcié ring
system, whereas 3 has no such substituwent at C-7, but has
a methoxyl group at Cc-8., The only other natural 4-methyl
coumarins isolated to date are the phenol (4)9 and the

bis-ether siderinlo (5), both isolated from Ruta pinnata.

n . 11 ,

The former compound has been synthesised by the Pechman
condensation of ethylacetoacetate with resorcinol in the
presence of a variety of acid catalysts.

"It should be noted that a great number of synthetically
derived lL-methyl coumarins appear in the literature. This
is due to their ease of formation from ethyl acetoacetate
o .11 X .

Ly Pechman condensation , even when the aromatic portion

of the molecule has been extensively functionalised.

The most abundant members of the natural bL-substituted

conmarins are those bearing a n-propyvl group. To date,

“

b

the most prolific sonrce of such compounds has been the

West Indian tree, Mammea americana L. The fruit of the
mammney tree has long been considered to be edible, but

suspiciohAthat it might contain toxic constituents, led to

12

the examination of its constituents, and the disolation

of a coumarin named mammein, This compound was assigned
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structure 6 on the basis of its spectrosconic properties
and rigorous degradation by Djerassilz in 1960. Manmein
is a 5,7-dihydroxvcoumarin having a n-propyl substituent
at C-L, an isopentenyl substituent at C-6 and an isovaleryl
group at C-8, Whilst determiaing the positions of the latter
pair of suhstituenté, some general properties of this type
of coumarin were observed, which proved useful in the
determination'of the structures of similar natural products,
(Scheme 1). Marmein is a colourless crystalline solid
which on treatment with methanolic ¥OH followed by
acidification yvrelded a yellow crystalline isomer (7), in
which the substituents at C-6 and €-~-8 have exchanged. The
mechanism of this isomerisation involves the opening of

the lactone ring, tollowed on acidification by closure with
the alternative ortho O0H at C~5. Chelation between the
carbonyl at C-8 and the liberated lactone phenolic OH is
sufficient to direct relactonisafion to the non-chelated

c-5 o, (Scheme 2). In this case, there is a guantitative
conversion to the C~6 acyl isomer (7), but in certain other

13

examples , an equilibrium nixture is obtained in which the
C-6 acyl isomer is predominant, but a small percentage of
the C-8 acyl isomer remains. 7Two examples in vhieh the
isomerigation goes in the opposite direction have been

I r
reportedl"l). Mesuol (12) is converted to iso-mesuol (13)

on treatment with base, but some dubiety has arisen in that
no yields are quoted for this reaction, Tomentolide B
(55) is similarly isomcrised by base to vield a C-8 acyl
coumarin, which hLas been conclusively characterised.
: s . . U X s .
In conuection with synthetic studies in this series

it was observed that 75% I SO& represented an excellent

2
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Table 1

A A\ |
4-phenyl 6-acyl W
0

mammea A/ B B

AN

8-acyl
mammea B/ B \
4”ﬁ'P”0py1 8=acyl



deacylating agent, without causing any rearrangement,
since the reaction proceeded with the coumarin skeleton
intact. It is possible that the ease of this reaction is
due to the relief of steric compression about the aromatic
ring. However, when this reaction is carried out in the
presence of an ortho-~isopentenyl phenol, as in mammein,
. . Y G e 17 I :

a cyclised product (1&) is formed™ °, This acid catalysed
deacvlation introduces complications with respect to the
synthesis of this type of coumarin, as the acvl substituent
now requires to be protected before acid catalysed coumarin

. : . » 16 . e
ring formation can take place and a protective method
must also be found to halt the rearrangement of the acyl
substituent in the presence of hase. The low yield (]%)

. S .16 . . ' . . .
obtained by Djerassi in his synthesis of dihydromaummein
can be readily explained by this type of deacylation,
(Scheme 3).
 Since the isolation of mammein, a further twenty seven
related coumarins have bcecen isolated from the same source,
and a standard system of nomenclature has been deviscd by

v . 18 . : . . . -
Crombie” ", This system has been used in this thesis {for

naming coumarins isolated from Mammea americana 1.,

Maminein (6) is named Maumea B/BA, the first letter referring
to the C-L substituent., Vhen a h—ﬂ—propyl group is present,
the first letter is always B, and if a 4-phenyl group is

the letter becomes A. The second letter refers to
the position of the acyl substituent, A representing a 6-acyl
and B an 8-acyl group respectively. The third letter reflers
Ato the nature of the acvl substituent, A revresenting a

J-methvibutyryl, B a 2-methylbutyryl and C a n-butvryl

substituent, (This system is summarised in Table 1).






A

Cromhie has reported” thaot the petroleum extracts of

the seeds of Mammea americana I, have strongly insecticidal

propertiés, and his search for the active constituent(s)
has led to‘the isolation of a great numher of h-substitued
coumﬁrins, all having related, although sometimes unusual,
structural features, Initial investigation of the

19

petroleum extracts of the seeds led to the isolation of
four l-alkyl coumarins, named mammea B/BA(6), B/BI(15),
B/NC(16) and C/BR(17) respectively. Accurate mass
:measufements showed that the first pair were isomers

having the formula C while the latter two have the

2 ?8 5

.Tormulae L 6 and CQAH3205° Comparison of the IR and

UV spectra of all four compovnds with the speétra«recordede
for mammeiﬁ(G) showed that they are all very similar iu
structure, Detailed examination of the NMR .spectra of
nammea‘B/BA, B/BR and B/RBC, revealed that all three compounds
possess & Q—Q-propyl substituenf and an isopentenvl group,
Combination of the mass spectral and NMNR data revealed that
these three counarins eaéh possess one acyl substituent,
which was identified as a 3-methylbutyryl, 2-methylbutyryl
and an n-butyryl group respectively. One of the principal
prohlems in tﬁe structural determination of this group of
compounds, is to find the correct locaticn of the alkyl

and acyl substituents. This can be fonnd by degradation

19 .
or more simply by

19

inspection of the UV spectrum of the natural coumarin 7.

192
of the molecule to known compounds

It has been found that coumarins having 6- or 8-acyl
‘substituents show characteristic base-shifts in the UV,
and Table 2 shows the UV spectra of the synthetic coumarins

1 . . . .
(18)-(22) 9 and the four natural coumarins under considevation.



coumarin - X max.nm.

(18) acid 232 281 325
base [236 295 368 | 398

(18)  acidlzls| |ess  |317

base |221 |283 329

(20) acig [237 - 1282 325
| base |237 297 368 400

(21) acid (219 220 317

| base |[222 |254 328

(8) acid |223 2562|263 322

. base |2£5 |£83 3g2

(15) acid |222 205 320

| base |225 | 257 333

(163 acid 223|252 {283 322

Lase |225| 253 332

(173 ‘ acid|222 224 322

base |229|257 333

o§/7‘

\

(23)




From this data, it is apparent thut all fourlhavé the acyl
substituent at C-8, and this is further Qerified by the
presence of a chelated Ol (f»h.?) and an unchelated OH
(¥2.8) in their NMR spectra. Therefore the coumarins
manmea B/BA, B/BB and B/BC were assigned the structures
6, lh.and 15 respectively. Thé‘fourth coumarin, mamniea
C/BB was shown to differ from mammea B/PB only in the nature
of the C-k alkyl substitucent, which was found by NMR and
mass gspectrometry to be a n-pentyl group., Thus mammea c/Bn
‘was assigned structure 17. Natural wammein, which was
originally thoﬁght to be a pure compoﬁnd, has since been
shown19 by comparison to consist of a mixture of the coumarins
mammea B/BA(6), B/BB(15) and B/BC(16),

However, none ofithese CompoundS was found to possess
insecticidaliactivitylg, and so the petroleﬁm‘extract of‘
the seeds was re-examinedgo. Careful chromatographic
sepafation showed the presence of six new 4-n propyl coumarins,
hbut separation of thesec ﬁroved difficult, and so identification
was approached by resolving them into small groups of
congehers. The structureé of the individual members were
then deduced from spectral data, and the compounds related
to known coumarins by chewmical conversions,

The IR, NMR and mass spectra indicated that each group

-i0on

had the n the nosi

group being de ~oi the UV spectrum., The acyl
substituent was shown to be either a J-methylbutyryl,
2-methylbutyryl or a n-butyryl group, but the nature of the

alkyvl substituent at C-6 was found to be more complex than

The

Z

that of any previously isolated Mommena counmarins. MR

spectrum of the first groun of congeners showed the
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ab§ence of the phenolic 5~0l, but did show a new OH signal
‘at T 8,06, This information, along with accurate mass
measurements, supgested that the compounds could he either
q—(hydroxyisopropyl),dihydrofurans (24) or the isocmmeric
3-hydroxy-2, 2-dimethyldihydropyrans (25). The presence
of an abundant ion at M/E 59 in the mass spectrum (Scheme 4),
favou;ed the former, and this was confirmed by the NMR
spectrun of the diacetate of this compound. The methine
proton showed a downfield shift of 0,27 p.p.m., in agreement
with éh, a much larger shift being expected for the -
secondary alcohol (25). Thus the three coumarins in the
first group of this extract were assipgned the structures
(26—28). Fnrtﬂer confirmation of these assignments was
obtained by the synthesis of the de-acylated product (29)
frbmvthe coumarin (30)20 Ly treatwent with m-chloroperbenzoic
acid,

The remaining three coumarins isolated by Crowbie at
this time nHroved to he further oxvgenated coumarins (31—33).
The first two gave a positive peroxide test2l and spectral
compérisons with the coumarins (26-28) confirmed their structures.
The structure of the hydroperoxide (33) was assirned by
similar spectral comparisons.

in viéw of the oxidation level of these new compoiinds,

the aerial oxidation of maumea B/DA, P/BB and B/BC was

.

. 0O . -
examined . Thus, when a mixture of these three coumarins

was dissolved in CHC1 and left in light for ten weeks,

31
(26-28) were shown tc be present by TLC, along with other
unidentified material. The problem of whether these
natural coumarins originate from metabolism within the seed,

or are tormed during the dsclation procedure, is as et

undetermined,
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None of the above extracts had any insecticidal activity,

and so further exawination of the seecd extract was undey-
22 . : ‘
taken 7. This revealed the presence of some new l-n-propvl
compounds. These were all yellow crystalline phenols,
whose UV spectra indicated that their acyl substituents were
S (19 ; :

positioned at C-6""7, The structures of these coumarins were
determined by the same means uscd for their previously
isolated isomers. The first three (34-36) are the isomers

) 12,16
119 and are named mammea B/AA, B/AT and

of natural mammein
R/AC respectively. The remaining three were the 7,8-
‘-énnulated &~ (hydroxyisopropyl) dihydrofurans (37-39), tle
structures being confirmed Ly their syntheses from.mammoa
B/AAf B/AB and B/AC by treatment with m-chloroperhenzoic
acid. The counarins (34-36) were synthesised by the base-
-catalysed isomerisation of mammea B/BA(6), B/BR(14) and’
B/BC(15> respectively. H§wever these six coumarins still

showed no insecticidal activity, but a further two coumarins,

b3

isolated” as an inseparable mixture, possesscd greater
insecticidal activity than the non~crystalline concentrate
from which they had been isolated. Spectral evidence
suggested that these colourless coumarins were similar to
the previously isolated mawmnmea B/BA and B/BB differing
only in the nature of the C-4 clkyl substituent. The loss
of ketene and acetic acid in the mass spectrum suggested
the prescence of an acetate and NMR showed that this side
chain was a l-acetoxy-n-propyl group. Therefore the
insecticidal components of the seed extract of Mammea
americana. have the structures (hO) and (41). The authors

comment that the mass spectrum of the mixture suggests

LR W)
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the presence of a small amount of 42, but no further
evidence was found to support this,. Treatment of L0 and

1 with 70% H SOA resulted in deacylation and cyclisation

2

to give the chrowman (h}) whilst treatment with CFBCO H gave

2
b, and treatwent with wethanolic KOH yvielded the
corresponding G-acyl coumarins (45) ana (46), (Scheme 5).

5

The two coumarins (40) and (41) have been shown” to be un-

couplers of oxidative phosphorvlation, a property shared by
fhe other natural Mamwmea coumérins, but the presence of the
lf—acetoxy group attached to the h;alkyl substituent appears
to be the important factor in the conferment of insecticidal
properties. This was further confirmed, when the naturally
occurring coumarinzg, surangin B (h?) was testedS, and found
to be even more toxic to houseflies than the active coumarins

(hO) and (hl). Surangin B was isolated frowm the roots of

Mammea longifolia (Wight), and its structure was assigned

on the basis of its spectral propefﬁies. The only difference
between éurangiﬁ B and Li is the presence of a geranyl group
at c-6, This substituent was suspected {from the NMR spectrum
and comparison of the mass spectral fragmentation pattern
of surangin B with that of ostruthin (h8) confirmed this.
Surangin A (49), isolated from the same source, structurally
is similar to 47, but without the acetoxvl group on the C-4
substituent.

A further group of highly coxygenated coumarins,

. ’ . . 24
isolated from Mammea armericana by IFinnegan ', have been

assigned the structures (50—52). These assignments were
confirmed by their syntheses of 50-52 from the coumarins
mammea R/BA, B/BR and B/BC, by treatment with m-

~chlorperbenzoic acid in the presence of p-toluenesulphonic



- HO

H

(53) | (54) (55)

Scheme 6
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26,27

5
Investigations by Scheinmann on the related tree,

Marmena africuna G Don, have shown the presence of similar

healkyl coumarins, Thus mammea /DA, D/HI and B/BC have
, . 26 )
been extracted from the secds of this tree ', and the bark hns
27 . . o .
vielded the known mammea 13/BR and B/AB along with two noveil
h-alkyl coumarins, The first of these was shown by
spectroscopic weans, to be the chromeno-coumarin (53), and
the second was assigned the structure (54). The latter is
the second exawmple of a natural coumarin bearing a n-pentvl
. ) s . T ~\ 19
substituent at C=-4, the first being manmea C/DBB (]./) .
It is known that 2,2-dimethylchromene rings can be
formed by oxidative cyclisation of an isopentyl group with
an ortho-phenol, in the presence of dichlorodicyanobenzoquinone,
. 28 : o ] -
and Finnegan has used this reaction for the conversion of
mammein to the corresponding chromene, (Scheme-6). i1t is
interesting to note that acid catalysed cyclisations give
lincar derivatives, in contrast to the oxidative cyclised
angular product,
A further method for the synthesis of such, 2,2~
. . 29 .
-dimethylchromenes has been reported by Games ~, This
involves heating the corresponding phenol with 3-hydroxy-1,1-
~dimethoxy-3 methylbutane, but the yields in this process
are low, especially when the aromatic ring is highly

substituted.

ter 4-alk ourtarins ssessing chr c} ings ar
Other h4-alkyl cow posse g chromene ring e

known, and towentolide B (55), isolated from Calophvllum

1 . . . . e
tomentosum 5, is an interesting example. In addition to

having the C-8 clkyl substituent cyclised as a chromene
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ring, the C-6 acyl substituent is also cyclised, to form

a 2,3~dimethylchromanone ring. ’The orientation of thése

two ring systems was confirmed by the base-catalysed
.isonmerisation of tomentolide B. VWhen 55 was treated with
dilute XOM, the phenol (56) was obtained., This phenol

must be formed by base-opening of the chromanone and coumarin
rings followed by relactonisation of the coumarinic acid to
the alternative ortho phenol, to yield the 5-hydroxym8~(2',3'u
Qdimeﬁhylacryloyl) counarin (56), (Scheme 9). The dircection
of lactonisation in this case ié unusual, aé cyclisation
accurs with the chelated phenol, and not as exﬁected to the

. .12
non chelated phenol, as in the case of mammein™ ~.

30

The coumarin, costatolide (57), isolated from

Calophvllum costatum Bail is similar to tomentolide BB, In

this compound, the relative orientation of ﬁhe rings is
reversea, and the chromanone ring has been reduced to the
corresponding chromanol, The structure was verified by the
synthesis of racemic oxodihydrocostatolide (58) (Scheme 7)

by condensation of the phenol (59)31~with ethyl butyroacetate

in the presence of CF CO?H. Detailed consideration of the

3

NMR spectrum of costatolide has revealed that the two methyls
of the chromanol ring are trans to each other, and that the
-0OH is cis to the neighbouring methyl. Therefore, costatolide
should be represented as 57. Another related coumarin (60)

32

has recently heen iszolated from Caltophyllum inephvilum.

This compound possesses a chromene ring and a 2,3~-dimethyl-
-~acryloyl grouping at C-8, cyclisation of this(acyl'grouping
to a chromanone ring being prevented by the presence of a
methyl ether at C-7.

As previously mentioned, the insecticidal comnonents (40)






Table 3

Compound. Trivial Names. Source. | Reference.
(6) Mammein liammea americana 12, 19
liammea B/BA Hammea africana 26, 27
Ferruol C Ilesua ferrea 14,
, (7) (31) lammea B/AA Ilarmmea americana 12, 19 ‘
Mammea africana 26, 27
(12) lesuol Mesua ferrea 14
(18) Mammea B/BB lammea americana 12, 19
| Kammea africana 26, 27
(iS) Mammea B/BC Mammea americana 19
Mammea africana 26, 27
(17) mammea'G/BB lMammea americana 19
(26) ' ' " " - 20
(27) : , " " 20
(28) | | | " " ‘: 20
(31) o n w20
(32) . L " 20
(33) _ | " " 20
(35) ~ liammea B/ AB o " 22
| liammea africana 26,27
(35) Hemmea B/AC  Hemmes americansa 22
(37) B u " ez
(38) . o " 22
(39) | R v 22
(140) : ' " " S

(41) ' n n | 5



(47)
(49)
(50)
(51)

(62) -

(53}
(51)
(85)
(57)
(60)
(61)

(62)

(63
(61)
(65)
(66)

(67)
(63)

Table 3 contd.

Surangin B Hammea 1ongifolia 23
Surangin A " " 23
Nammea americana 2%
e w0
u n 24
Mammea africana 26, 27
n n 26, 27
Tomentolide B Calophyllum tomentosum 15
Costatolide e costatum 30

u inophyllum 32

Ferruol A Messua ferrea 33
Table 4
liammeisin Mammea americana 13 ,22,
. Mammea A/AA

Mammea A/BA " L 13, 22,
lKammea A/AB " "o 13, 22,
liammea A/ BB | " ", 13, 22,
Mammes A/Acyclo4D K oo 13, 22,
Mammeigin |

“ " 13, 22,

13; 22,

34

34

34
34

34
34



Tabhle §

Compound Trivial Name Source Reference
(62) liammea A/AA lammea africana 26, 27
(63) Mammea A/BA n o 26, 27
(64) Mamméa A/AB Mammea africana 26, 27
(68) - - n " 26, 27
(69) | n " 26, 27
(70) | “ o 26, 27

Mesuol , Iesua ferrea ; 12



“and (41) of the Mammea americana seed extract and surangin B

(47) have oxygen substituents on the n-propyl group at C=4,

One further variation of this side chain has been found, and

is exhibited by the coumarin feruol A (61) isolated33 from

Mesua ferrea 1., The NMR and mass spectrum of this compound

revealed the presence of a lumethyl n-propyl group situated
at C-4, the remainder of the molecule being similar to mammea
B/BB., Table 3 gives a summary of these U-n-propyl

v

substituted coumarins,

The second major group of h-substituted coumarins possess

a b-aryl substituent. Once again, the most abundant source

of these has been Mammea americana 1., and the compounds

exhibit the same general properties as their R—alk&l analogues,
Thus the 8-acyl isomers can be converted to the 6-acyl isomers
by treatment with methanolic KOI, and the acyl substituents

cén he removed by treatment with strong acid. The structures
of these coumarins were assigned hy the same means 2s their
Loalkyl analogues. Table 4 lists the seven lL-arylcoumarins

: ) . . 1 . 3k
(62-68) isolated from Mammea americana L 3422, 34

26,27

and Table 5

(62-64, 68-70).

lists those from Mammea africana G Don

The coumarin (70) was shown to be identical with mesuol (12)

T

. . . 14
a coumarin previously isolated from Mesua ferrea 1. hree

other cowumarins isolated35 from this latter source are

\
| IR
‘7

n {mamnea A/AAY (62), mammeigin (mammea 3/A cyeclo D
(66):and the chromenocoumarin, mesuagin (70a) The position
of the acyl group at C~8 in 71 was supgested by its UV
speétrum, and this was contirmed hy the chemical shift of

the two tertiary mothyls of the chromene ring. These resonate

at T8.42 and are therefore not shielded bv the 4-phenyl ring.
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In the case of a 5,6-fused chromene, the tertiary methvls have

182§

been reportedl as being significantly shiclded by the
neighbouring aryl group. The shielding effect of the U-phenvil
group is shown in Table 6. The relationship between mesuol
(12570) and mesuagin (70Q)was proved by the oxidative

cyclisation of 12 with DDQ to give 70qin high yield.

Another source of l-phenyl coumarins, Calophyllum

inophyllum, has Dbeen studied by several authors. The coumarin

( .
calphyllolideB) (71) is analogous to 60, containing a chromene

.

36

ring and a 2,3~-dimethylacryloyl side chain., Inophylleolide
(72) is closely related to calophyllolide, and indeed has been
catalysed demethylation,

3
37

followed by ring closure. Other investigators-

‘synthesised from 68 by ALC1L
have shown
that bhoth Eig-(}3) and izﬂgi—(7h);inophyllolide occur in the
same tree, along with the reduced form 75, which is analogous

to costatolide (57). These three inophvllolide derivatives all

37

show piscidal activity”’, but are only a fifth as active as

pentachlorophenol, The fifth coumarin isolated from Calophvliwm

inophyllum ponnalide, was originally thought38 to have the

139

structure (76), but this was later revisec

to 77 after careful
examination of its NMR and mass spectra,. A further related

.. Lo
coumarin isolated from Calophyllum australianum ~, was

assigned the linear structure 78, on spectral grounds, The

chemical shift values of the chromanone ring substituents in

-+
s

~c

the NMR confirms the linear s ure as the proximity of ihe

phenyl ring causes a marked change in their chemical shift from
. 15 PN . 4 - . .
their normal values -, This shielding effect was again found

1
in the NMR of the coumarin tomentolide A (79), J‘.solntec:i"5 from

Calophvlilum tomentosum. The directly related coumarin

»
apetalolide (80), isolntedlj from Calophvllum apetalum is



MeO 0~20 Mg0 Q O~0  HO~ 0~z0
HO < MeO” = MeO” =
Ph Ph
) (82)




Compoupd

(71)

(80)

Table 6

NKR values 7T
-QOlMe 6.28 Ha ©,086
-OlMe 6.97 Ha 8.62
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isomeric with calophyllolide (71) and a comparison of the WMR
spectra of these two coumnrins demonstrates the shielding
effect of the lL-phenyl group (Table 6). It should be noted
that all these hephenyl coumarins possessing alkyl and acyl
substituents were isolated from the same plant family, the
Guttiferae.

Some simple be~phenyl coumarins are known, the first to
be isblatedhl heing dalbergin (81). This éoumariﬁ occurs

along with its methyl ether (82) in the heartwood of

Dalberpgia sissoo, and its structure was proved by degradation

and synthesis., Investigation of the stem bark of the same
tree led to the :'Lsolat:’l.onh2 of isodalbergin (83) end nor-
dalbergin (84) along with 81 and 82. The first coumarin

possessing a substituted phenyl group at C-4 was melannein

3 .

Iy
(85), isolated from Dalbergia baroni and Dalbergia

melanoxvlien, The structure of this coumarin was based on

spectroscopic evidence, and it has since been confirwmed by

L Ly

: .t : . : | N
synthesis . Exostemin (86), isolated from Exostemma

caribaeum has also been synthesised by the same type of route

(Scheme 8). The only other similar coumarin isolated to date

L6
is sisafolin (87) from '’ Dalliergia latifolia. On the basis of

chemical and physical properties, the tentative structure (87)
has heen proposed, The presence of the formyl group at Cc-6
is wnusual, and a synthesis of this compound would be useful

to confirm the structure.

; . 112
Since the isolation of mammein (6)~°, there have been
several attemnted syntheses of similar related coumarins.

In 1960, Djcrassi syuthe51sed16 dihydromannein (8),(Scheme 3),

’ ’






from phloroglucinol, but the yvield of 8 was never greater than
1%. The principal difficulty encountered in this route was the
final stayge PYechman condensation on the substituted phenol-,
which went only in low yvield. It is possible that the acid
catalyst required for this reaction, initiated deacylation

of the phenclic precursor, or even of the dihydromammein form-
ed in the recaction,

This problem of deacylation was overcome by StoutBO
in his‘synthesis of oxodihydrocdstétolide(58). The phenolic
précursor (59) has the acyl groun protected as a chromanone
ring. 1he naturally occurring coumarins, Mammea B/AA and B/ADL,
(34) and (35), have bcen synthesised29 from the substituted
cdumarins (18} and (20), using 2-methylbut-3=en=-2-o0l and boron
trifluvoride~aetherate to introduce the isopentenyl substituent,

although once again the yields are low. Seshadri has alsc repor-

. . - 35 L
ted the synthesis of manmeisin (62)" by a similar method.

Games and laskins have also reported29 the syntheses
of the naturally occurring coumarins, mammeigin (66),(53) and
the non-natural coumarin (88). The 2,2-dimethylchromene ring
was introduced by condens..tion of the corresponding phenols
with 3—hydroxy-l,l-dimethnxy—3—methylbutane, and the yields in
these reactions are betwesn 30-80%, These latter syntheses are

the most successful that have been reported to date.
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Syntheses of the coumarins

dentatin and glabrslactone.







Clauscna dentata‘(Willd) is a small tree found in the

soﬁth of India, In 1969 the extraction of its roots with
hexanel, yielded a mixture which was separated by
chromatography into three crystalline compounds, melting.
at 1020, 950 and 182° respectively, The first was shown
by direcf comparison with an authentic sample to be the
substituted furocoumarin, imperatorin (1)2. The‘remaining
two compounds Qere named dentatin.aﬁd nor-dentatin
respectively,

Analytical data and mass speétral molecular weight
determination (M7326) indicated that dentatin had the
molecular formula CEOH2204' Its IR spectrum (Ymax l7200mwl}
and uv spectrum ()max 230, 270 and 330nm) sugpested that it
was a substituted coumarin and the NMR spectrﬁm confirmed
fhis. The NMR also showed the presence of a 2,2-
dimethyichromene ring, a l,l-dimethylallyl group and a
methoxyl group, and thus dentatin could be formulated as
2,3 or A4, }From the available physical data, it was not
possible for the authors to choose betweenﬁfhese three
possibilities, but thev favoured 3 on the followin; grounds,
From a related plant, Clausena heptaplivlla, anotler new

3

coumarin, clausenidin, has been isolated”, Moreover, it was

possible to obtain a direct interrelation of dentatin with
the methyl ether of clausenidin by reduction of the chromanone
ring followed by dehydration.

Thus 3 was the structure allocated to dentatin on the
evidence that it had been interrelated with clausenidin for
which the structure \5) had been proposed”, The angulaz
structure (5) of clausenidin had been preferred to the

linear possibility (ll) for two main reasons, When
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clausenidin was reacted with conc. SOA, a non-phenolic

H2
‘isomer was cobtained, which no longer possessed a vinyl
grouping. The presence of a new secondary methyl prowp in
the NMR spectrum of this conmpound showed that it Qaé a
2', 3', 3'=trimethyl dihydrofuran whiéh must have arisen
by the interaction of the double bond of the alkenyl side
chain with an ortho phenolic group., Thus 7 was necessarily
the structure of cycloclausenidin; and the Indian author53
logically, but erroneously, assumgd that clausenidin must
be 5, and did not consider any other possibiiities.

4
Norrmally one would have predicted an almost quantitative
conversion of clausenidin to cycloclausenidin, cven wﬁere
the OH is chelated to a carbonyl, but the yield of
pycloclanscnidin was onlyFBO%. In‘retrospect, this should
have led the Indian workers to query their structure of
clausenidin.

‘The second reason for assuming the angular structure (5)
fd be correct, was that clauvsenidin, on heating with AlClB,
underwvent a retro Friedel-Crafts alkylafion. The product
of fhis reaction, obhtained in only 10% ?ield, was shown by
comparison with an authentic sample to be the chromanocoumarin
(8). The angular structure of this coumarin had been

5

conclusively proved by its conversion” to alloxanthoxyletin

(12a) (Scheme 1). llaving assigned the structure (3) to

4

N
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dentatin, the anthors then assigned the structure
‘nor-dentatin on the basis that simple methylation (Hel/KchB)
afforded dentatin,

More recently, a fluorescent cryvstalline compound,

isolated6'from the roots of Poncirus trifoliata Rafinescue

was shown, solely from spectroscopic evidence, to be the



(2)




chiromenocoumarin (Z)L The linear structure (2) of this
coumarin, named poncitrin, was established by the use of the
nuclear Overhauser effect (NOE). Thus when the NMR signal
of the methoxyl group was saturated by double irradiatioﬂ,
the integrated intensities of the coumarin'C—h proton and
‘the benzylic proton of the chromene ring were appreciably
increased. This necessitated » close spatial relationship
between the OMe and each of these protons. Consequently

fhe methoxyl group must be attached to C-5, with the chromene
ring attached through oxvgen at C;7 to C-6. Therefore
péncitrin was assignod the linear structure (2).

7

This result prompted a reinvestigation® of the structure
of dentatin, and in particula;, that oflclausenidin, on which
the structure of dentatin had been based. NOI experiments
on clausenidin methyl.ether again revealed a peri relationship
between'the OMe and the C-I hydrogen., This necessitated the
reformulation of clausenidin methyl ether as 10, and
therefore dentatin as 2. Conseguently dentatin and poncitrin
mast be ddentical, confirmed later by direct comparison of
their IR spectra, and thus the cheunical transformations of
clausenidin, now 11, musi proceed with isomerisation. It
would appear that the strongly acidic conditions employed
in these reactions must have caused opening of.the chromanone
ring with recyclisation to the C-5 OH leading to the angular
compounds (5)

Since the currently accepfed structure (2) of dentatin-
poncitrin is largely dependant on the interpretation of

4.

spectroscopic data, we felt thal it would be useful to
provide additional support of a synthetic nature. The

l,l1-dimethylallyl unit of dentatin, could in principle be
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introduced at C~8 by the ortho Claisen rcarrangement of a
7—0-(3,3—dimethylnllyl) ether, Ixamples of this process
have previously been repnrtedg, but in general vields were
low. The newly formed desired product has an ortho phe;uﬂ.ic
O which can interact directly with the dogble bond of the
‘alkenyl side chain to yield a dihydrofuran, (Schehe 2).
Alternatively, the ortho phenol could react indirectly with
the 1,l-dimethylally]l side chain giving a l,2-qimethylallyl
phenol. The mechanism of this latter reaction, known as the
abnormal Claisen rearrangement9, is shhownn in Schewme 3. 1t
requires participatioﬁ of the phenolic OH with the alkenyl
group to form a spirocycloliexadienone by a El,s] sigmatropic
hydrogen transfer, If this is then followed by a further
[},5] sigmatropic hyvdrogen shift from one of the benzvlic
methyl proups, the 1,2-dimethylallyl phenol is formed,

Sihce these uwndesired side reactions are initiated by
the newly liberated phenolic OH, these problems can he
obviated by carrying out the rearrangement in the presence
of an anhydride, thus trapping the.phenol as it is formed
as an osterlo. We envisaged that rather than having an
external anhydride prescnt, similar trapping might be
obtained by the intramolecular cyclisation of a C-6
seneciovl group with the newly formed ortho OH to give a
chromanone ring (Scheme'h). Cvclisations of senecioyvl
groups with ortho phenolic grouns hnvé previously heen
reported to occur during the Fries rearrangément of senecioate
estefsll, and if similar cyclisation‘occurred during the
Claisen rearrangement described above, the product would

have, as an added advantage, the required linear framework

of dentatin.
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Thus from a synthetic viewpoint, the key intermediate
'was the bis~ether (13). This coumarin was potentially
derivable‘from the synthetically available5 phenol (8) by
dimethylallylation of the C=7 O, if it were then possibie
to effect a retro-Michael opening of fhe chromanone ring and
‘prevent recyclisation by methylation of the newly.formed
C-5 OH., In order to study the possibility of chromanone
ring opening, it was decided to examine the behaviour of the

methylether (14) with various bases.

The angular chromanocoumarin (8) and its linear isomer,
clausenin (15), have been synthesised5 by the condensation
of ethyl propiliolate with 2,2~dimethyl-5,7-dihydroxychroman=,4

‘~one (16) in the presence of 4nCl The Indian workers

5
suggest in their paper that only tvo compounds are forimed

and that their separation by chromatogréphy is simple, but

by following theilr conditions, a viscous gum was obtained,
which contained a minimurm of ten compounds, Column
chromatography was completely unsuccessful in separating
thése, while preparative TLC gave apparently homogeneocus
bands, which were later shown to be mixtures. Analytical

TLC did sliow however that the major product was a pale vellow
compound whicli gave a positive [eCl, test, By dissolving

3

the total gum in LBtOAc, and lcaving the resulting solution

=

in a deep freeze for 3=t days, a pure sample of a coumorin

™

, , . o
was obtained in 13% vield, m.p. 215-220 whose spectral

: =4
properties were identical with those published for 8”7,

Lo

An alternative synthesis of 8 has since been reported ,
involving the Pechman condensation of the chromanone (16)

with walic acid, using conc. H,50, as the catalyst. This
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xﬁethod was nuch cleaner, and gave 8 in 27% vield, Also
repeated chromatography of the mother liquors of crystallis-
ation of 8 yielded the linear couwmarin, clausenin (15),

(7%) MmepP. 156«1580. “The linear relationship of thé threé
rings of clausenin had been established by its conversion to
the known coumarin, xanthoxyletin (lzb), (see Scheme 1).
Treatment of these phenols (8) and (15) with MeI and K9003
in acetone éave high yields of the corresponding methyl

ethers (14) and (17).

It was hoped that either of these ethers could be inducead
to nndergo a retro-Michael chroumanone ring opening by reacfing
them with non-nucleophilic bases. The advantage of using a
nnn—nﬁcleophilic base would be that coumarin ring
isomerisation could bhe prevented. lowever, when the ethers
(14) and (17) were treated with the base Nall, KOBut and
diaza-bicyclo-undecane in anhydrous solvents, no reaction
was found to take place.

During an atteupted methylation of the phenol (8),

. the solvent was accidently evaporated to dryness, and as a
reéult, the organic material and the K2003 were slightly
charred. :When this reaction mixture was worked-up and
purifind by TLC, a yellgw crystalline coumarin, m.p. 151—]530
was obtained in 12% yield, This compound gave a positive
FeCl3 test, indicating the presence of a phenol, but
analvtical dsata and mass spectral molecular weight determin-
ation showed'that its molecular formula was 015H1“05. This

rested that the phenol (8) had in fact been

[ T

information sug
methylated, and that a further rearrangement had taiien place

on heating with X,CO, in the absence of the solvent. The

23

bathochromic shift observed in the UV spectrum when dil.
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NaOH was adrledz showed that this compound possesscd a phenolic
O located at C- ]3 The NMR spectrum showed tli¢ presence

of two vinyl methyl groups (’(8.00 and 7.80) and a maltiplet
at T3.13 (J le) supgested that retro-Michael chromanone'ring
opening had occurred and that a senecioyl group haod resulted.
The location of this acyl subsﬁituent at C-6 was confirmed

by the presence of a chelated OIl in the NMR (T-4.77) and from
the IR by the presence of a pcak at 1620cm” 1 due to a
chelated«,p-unsafuratod ketone, Thus, the yellow coumarin
was allocated the structure (18)., The yellow colour of 18

is in agreement with the acyl substituent being at C-6, as
Crombie has reportedlu that phenolic coumarins possessing a
C-6 acyl side cﬁain are generally vellow, whereas if the acyl
group is at C-8, the coumarins are usually colourless.

As the yield of 18 in this 'accidental! reaction'was
low, tﬁe coumarin (14) was heated with K2003 in a sublimation
tube .at various temperatures to try to improve it, but in
no case, was any chromanone ring opening observed,

At this stage, it was felt that the chromanone might
possibly have bheen opening in the presence of these various
Bases, but that the phenslic product was so unstable that
it was recyclisihg on contact with acid, in the work-up
procedure, or in contact with silica on TLC. In order to
prevent this type of ring closure, an experiment was devised
whereby anv phenolic products formed would be trapped as
esters. Thus the chromanonc (14) was refluxed in acetic
anhydride in thec presence of anhydrous sodium acetate, but
the absence of any ester pfoductu suggested that no‘ring
opening had occurred,

While characterising the chromanone (14), it was
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observed that its UV spectrum was significantly altered when
dil. NaOH was added to the ethanolic solution. This
result was surprising, as non-phenolic coumarins do not
generally showv base shifts in their UV spectra. However;
this effect proved to be the key to the synthetic nroblem,
as the altered spectrum suggested tﬁat a C-5 Ol was present
in the solutionlg. The possibility that a nucleophilic
base was causing rapid chromanone riﬁg opening led to 1k
being heated at 40° in ethanolic NaORt. After 43 hours,
TLC showed that a mixture of at icast two compounds had been
formed. The least polar of these was a yellow crystalline
phenol, identical with that previously isolated (18), but
now present in 28% vield., The other compound isolated was
found to be unreacted starting material (33%), but as this
only accounted for 61% of the material involved, the prepar-
ative fLC plates were re-examined. It was obser&ed that a
further band of a very polar material had remained on the
base line of the plates, and this contained the missing 394
of the organic material, This compound was shown by mass
spectrometry and micro-analysis to he iscmeric with 14 and
18, and its UV spectrum showed that it was a 5-0H coumarin,
Its NMR spectrum showed the presence of a methoxyl signal
and a senecioyl gfoup, and the peak at,lG?Ocm—l in the IR
spectrum indicated that the senecioyl carbonyl was unchelated,
and that the structure of this coumarin must be 19. The fact
that this phenolic coumarin was colourless, also supported
the location of the acyl substitucnt at C-8.

This compound must arise by base induced chromanone
and coumarin ring opening, followed by lactonisation of

the coumarinic ester with the alternative C-5 ortho OH, on
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acidification, (Scheme 5). This tyvpe of coumarin ring

.15

isomerisation has previonsly been reported by Djerassi

. 16 . .
and Crombie in their studies on the coumarins isalated

.

from Mamwmea americana. llowever, a wmore closely related
example is the bhase induced isowmerisation of the coumarin,
tomentolide B (20)17 (Sclieme 6). In this case both the
chromanone and coumarin rings have opened on contact with
the base, and acidification resulted in the cyclisation of
coumn?inic acid intermedinte with the newly liberated C-5 Cl
to vield the phenol (21), In the isomerisation of 20, the
base used was KOIf;, and when the chromanone (14) was treated
with KOH in methanol, results similar to the: NaOEt reaction
were obtained., The only disadvantage of KO} as a base for
this ring opening was that the yields of_ail three products
were slightly lower,

Férther'confﬁJﬂnation of the structures of the phenols
(19) "and (18) could be obtained by their methylation to
give the counarins glabralactcne (22) and (23) rcspectivelylgflo.
Treatment of 19 with Mel and K\CO

273

X v 1 an® .
afforded a bis methyl ether, m,p. 128-130", whose physical

in acetone quantitatively

properties were ideﬁticaL with those published for'natural

glabralactonelS’zo. Unfortunately, an authentic sample of

glabralactone could not be obtained for direct comparison
purposes.,

The structurc {23) is that assigned to natural
angelicone and quoted in tlic three most recent comprehensive
coumarin revicw321’22’23. Angelicéne was assigned this
structure on the basis of its physical properties, and by

its degradation to the known 6-acetyl-5,7-dimethoxycounarin

(24). However, methylation of 18 yielded a bis methyl ether,
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m,p. 1207, which was-not identical to natural angelicone
(m.p. 1300). This ether analysed for C, H. 0., and its

- 1671675

NMR spectrum revealed that it was a 5,7-dimethoxycoumarin
possessing a senecioyl substituent. This compound -
undoubtedly has the structure (23), and thus the published
structure of angelicone must be wrong, A detailed
inspection of the literature has since shown that the
physiéal properties of angelicone and glabralactone are
. . , ) . . .24
identical and also a somevhat inaccessible publication
has been found in which the structure of the angelicone
retro-aldol product was revised from 6-acetyl (24) to 8-
-~acetyl-5,7-dimethoxvcoumarin (25). The structure (25) had
: . A . 20
been proved by further unambiguous degradations , and as
the structure of angelicone had been based primarily on its
conversion to the retro-aldol product, it is now certain
that angelicone and glabralactone are identical, possessing
the 8-acyl structure (22).

Comparison of the NMR spectra of 22 and 23 shows that
in the former, the methoxyl signals are split at T6.10
and 6.05, whilst in the latter, they are identical at T6.17
There is also a significant difference in the chemical shifts
of the aromatic protons of 22 and 23, (73.68 and 3.40

. 26,27

respectively), which is comparable to that observed™ '’

for the similar coumarins, coumurrayin (26) and toddaculin

(27) (73.70 and 3.38 respectively).

The Tirst stage in the synthesis of dentatin (2)
required the dimethylallylation of the phenolic
chromanocoumarin (8). Thus 8 was refluxed in acetone with

3,3-dimethylallyl bromide and K?COB’ and a colourless
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(28)
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crystalline cowmpound, m.p. 128° was obtained, This coumarin
gave a negative FeCl3 test, and was ddentified as 28 from
its NMRt spectrum which shows a 3,3-dimethylallvl group
attached to oxygen (U8.23; 6U; s), (¥5.27; 2I1; bd; J6 )
and (Y4,36; 1H; bt; J6 liz)., The mass spectrum of this
compound shows the loss of a 05H8 (Sclieme 7) thus confirming

the presence of a 3,3-dimethylallyloxy moiety.

. . ~ , , 25 ,
As found in the 7-methoxy series ), treatment of 28 with

ethanglic NaQIlt resulted in the Tormation of a wixture of
three coumarins. This mixture was separated by TLC to
cive a yellow crystalline‘phenol (34%), m.p. 136-138°,
unreacted starting materinl (31%) and a polar phenol (34%),
Ma.Pe. 137-1&00. The spectral properties of the twe phenolic
productsAwere very similar to those of 18 and 19, and they
were assigned the structures (30) and (31) respectively.‘
While studying the base catalysed isomerisation of the
I
chromanones (14) and (28), several reactions were carried
out on a micro-scale in UV cells, The course of these
reactions was followed by the changes observed in the
rééulting UV spectra. The results obtained for the methyl
ether series were identical with thiose obtained from the
dimethylallyvl series., Thus, when the chromanone (28) was

treated with two drops of an ethanolic'solution of NaOl't,

the principal peak of the neutral spectrum (27L4nm)

[
O
b

nm

idiy, and a new peak comwmenced o prow at 390mn.

This altered spectrum now resembled that expected for a

. 3 . : ]3 s < o 43 3 13
5-hydroxycoumarin in basic solution™~, Acidification with
dil., HCl did not initially restore the original spectrum,

but after heating at 600, the spectrum of 28 began to

.re-appear. When base was added to solutions of the phenols



(30) and (31), tlc resultant spectra were almost identical,
and similar to fthat obtained when base was added to 28.
Thus it appearcd that these three isomeric coumarins were
converted on treatmwent wiith base to the same equilibrium
mixture, and that it should be possible, on a preparative
scale, to increase the yield of the synthetically useful
isowmer (30) by subjecting the other isomers (28) and (31)
to further reaction with base. In order to confirm this,
a solution of 31 in ethanol wa.é treated with ethanolic
NaOEt, and a mixture of 28, 30 and 31 was isoclated in the
same proportions as previously mentioned,

Furthér experiments on a micro scale revealed that,
on the addition of é few drops of dil, liCl, the chelatecd
phenol (30) was only slowly converted to 28, bLut when the
reaction was repeated at 600, ring closure was cémp}ete
after only a few hours. It was also observed that 30 was
completely converted to 28 after standing for four days in
neutral ethanolic solution, and once again, heating to 60°
considerably enhanced the rate of this reaction, OUne further
Aeffect observed while carrying out these micro scale reactions
was that the phenols (30) and (31) were more stable ai room
tenmperature to base, than the chromanone (28). Thus, when
solutions of the phehols were made basic,'and then
immediately re~acidified, the spectrum of the starting pheno)
was restored, but when 28 wsas treated in a similar fashion,
a complex spectrum was obtained, 1In conclusion, it appears
that the threec isomers (28), (30) and (31) are each
converted by NaOEt to an equilibrium mixture containing all
three in approximately equal proportions, but that in the

presence of acid, the chrowanone isonmer (28) is more stoble.
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In order to synthesise the key intermediate (13) in the
‘synthetic route to dentatin (2), the coumarin (30) was
reacted with Mel and K2003 in acetone solution. ‘“The
product of this reaction was an oily solid which wés
crystallised from CClh, only after great difficulty, to
give a pure cdmponnd (67%), m.p.ﬂ57-600. The spectral
properties of this coumarin wvere very similar to those of
23, énd sb its structure was assigned as the bis ether (13).
In order to induce this ether to undergo a thermal ortho
Claisen rearrangement, it was heated at 1800 in N,N-
~diethylaniline under a nitrogen atmosphere, and a colourless
crystalline coumarin, m.p. 87—880 was obtained in 74%
yield. The NMR spectrum of this compound clearly shows the

- presence of a l,l-dimethylallyl substitueqﬁ attached to the
aromatic ring, with a six proton singlet at 78.30,
attributable to the gem-dimethyls atfnched to a carhon Ghich
is Dboth allvlic and henzylic and an ARX system of three

olefinic protons. This ABX system gives rise to a one proton

broadened cdoublet at T5.10 (Jax 11 Hz; cis coupling) due to

.HA, a one proton broadened doublet at T5.07 (JPX 17 Hz:
trans coupling) due to HB and a one proton doublet of

doublets at T3.77 (Jax 11 Hz: Jbx 17 Hz). The bréadening
of the doublets is due to a suall coupling between HA and
: HB of about 1 Hz. The NMRR spectrum of a typical 1,1-
~dimethyvlallvl wmit attached teo an aromatic ring is shown
in Pigure 1.

The NMﬁ of this coumarin, obtained by pyrolysis of 13,
also revealsbthat a chromanone ring has been regenerated,

with Sj_.{{ng].s at 78,5() (gem dimethyl) and at"C7.30

(methylehe group o to a carbonyl). Therefore, the ortho
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senecioyl group must hove acted, aos anticipated, as an
efficient trapping agent for the newly formed C-7 nhenolic
Ol, and thus prevented further rearrangements of the
alkenyl side chain,

This new coumarin was assigned the linear structure (10)
and comparison of its phvsical properties with those of the
methyl ether derived frow clausenidin (11) confirmed
that this latter phenol ié,indeed the linear isomer,

During the pyrolysis of 13, no trace of the intermediato
phenol (32) was observed, and so fhe reaction was repcated
in the presence of butyric anhydride in order to tirrapn this
phenol as its butyrate éstorlo (34). Towever, no ester
was isolated from the réaction mixture, and.tﬁg’yiold of’

10 femained constant. This implies that the phenol (32),
derived from the cyclohexadienone (33), interacted very
rapidly'with the ortho senecioyl group, or alternatively,
that -33 cyclised spontaneously, as shown (Scheme 8),

When the chromanocoumarin (10) was reacted with NaBHh
in ethanol, two products were obtained, each in 50% yield. -~
The more polar product, m,p. l55-i580 was an alcohol
(Vmax 359Ocm—1), and the presence in the NMR spectrum of a
doublet at?T 7.97 (J6liz) and a triplet atTh.97 (J611z)
suggested that this compound was the knownl chromanol (36).
Comparison of the physical properties of our synthetic

Vad

material with the published data for this alcohol confirmed
the assignment. The UV spectrum of the less polar product,
m.p. 87—890, wos very similar to that of 36, and its IR
spectrum showed that although the coumarin ring was still

|
intact (Ymax 1740cm” ), the chromanone carbonyl was not

present, The NMR spectrum shows four tertiary methyls at
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78.60, 8,53, 8.37 and 8.33, one aromatic methoxyl at 6,07,

a three proton ABX system at? 5.18, 5.12 and 3.72, and a two
proton AB quartet at T 3.85 and 2,17, and this suggested that
this product had the partial structure (37). The molecular

weight, found by mass spectrometry, was 372, and this

indicated a possible moleccular formula of C22H2805'

requires the addition of Ch”80 to the partial structure (37),

This

and so the structure (38) was considered for this product.
The remaining signals in the NMR spectrum of this compound

«are complex, and as a pure sauple.of this product could not
be obtained, a detailed analysis of this spectrun could not
be madé. flowever, the presence of a peak at M-i6 in the mass
spectrum due to the loss of ethanol supports the aséignment
of structurc (38) to this new coumarin,

The NMR spectrum of the chromanol (36) is unusual in that
the chromanol ring protons give‘rise to an A2X system,
Normally one would expect to see an ARYX svstem for these prbtonss
but in this case there must be a rapid'intercoﬁversion of the
pseudo-axial and pseudo—equatorial hydroxyl, thus giving rise
to a time'averaged'NMR spectrum (Figure 2).

The alcohol (36) has provinus]yl heen converted to
dentatin (2) using alumina as the dehydfating agent, but the
vield of deﬁtatin was not high and so an alternative method

On treatment with thionyl chkloride in pyridine,

ot

was sought,

the alcohol Zgave no recognisable products, but when it was
' | . o ey 20

heated to reflux in hexamethyl phosphoric tri-amide (J”‘F)

a small sample of dentatin was isolated. JHowever this reaction

T N i
was not reproduccable, and so the search Tor a suitable

dehydrating reagent was continued, Joshi has reported” that
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chromannls can be cenverted to the corresponding chromenes
by heating in the presence of KHSOh. Thus, when an intinate
. . o)
mixture of 36 and ](HS»O)L was heated at 105 under vacuum a
colourless crystalline compound sublimed out in 85% vield.
This compound ne 93 950 vas identical ( ixed .C ;
s compound, m,p, 93~ was identical (mixed m.p., TL.C,m.p.,
IR, UV and mnass spectrum) with an aunthentic sample of natural
) . <0l R ] v i )
dentatin, m,p. 93-95"7, kindly supplied by Professor B.R. Pai.
An alternative preparation of clausenidin methyl ether (10)
which also confirms the linear structure of this couwarin, haus
. 29 . . . . .30
recently been published™ ", This involves heating norpinnarin-
-(39) with senecioic acid and polyvphosphoric acid, but the yiold
in this process is very low. For comparison purposes, it was
decided to svnthesise the compound having the original wrong
angular structure (5) of clausenidin, by pyrolysing the
3, 3-dimethylallyl ether (28), and so inducing an ortho Claisen
rearrangement.
Whilst preparing the ether (28), an experiment was
carried out using 1,2-dimethexyethane (glyme) as solvent instead
- 31 .
of acetone. It has been reported , that glyme is a better
solvent than acetone for promoting O-alkylation in preference
to C-alkylation, but when 8 was refluxed in glyme with
dimethvlallyl bromide and K2C03’ a yellow crystalline phenol
m.,p. 151-1520 was obtained in 39% yiecld. The IR and UV spectra -
of this compoind were similav to those recorded for 8, but it

0., thus showing that one dimethylallyl

analysed forxr 019H?0 57

unit had been incorporated, The NMR spectrum showed the
presence of é chelated OH (T~2.30), which the UV spectrum
-indicated to be at C-7, and a 3,3 dimethylallyl unit attached
to an aromatic ring (Figure 3). “This evidence, coupled with

the abscnce of an aromatic proton in the NMR indicated that
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this product was the CG-alkylated phencl (29). This result,

which wns.not repeatable, was probably due to the presence of

impurities in the solvent, but the compound was useful for

comparison purposes. However when acetone was employed as

solvent the desired ether (28) was obtained., 28, on heating

to 180° gave a yellow phenol (T-3.02), m.p. 151-152°, whose

spectral properties were very similar to those of the phenol

(29). The NMR spectrum of this new coumarin shows the charact-

eristic signals of 1,l-dimethylallyl group attached to an aromatic

ring, and the componnd was therefore assigned the structure (5).

Comparison of the physical properties of this compound with those

published for natural clqusenidin proved beyond all donbt that

the angular structure (5) was incqrrect for the natural compound,
Whenn the pyrolysis of 28 was carried out in this fashion,

there was no trace of any products arieing from the abnorwal

Claisen rearrangement, This wns presumably due to the

chelation of the phenelic OH with the chrowmanone carbouyl

preventing the 01l from interacting with the alkenyl side chain.

llowever when the reaction was carried out using N,N-diethyl-

baniline as solvent, the yield of 5 was considerably reduced (h}%),
and when butyric anhydride was added, to act as a trapping agent
for the phenol, the principal product was the de—a}kylated
phenol (8) (56%) and only 40% of the required product (5) was
obtained, It is unusual for the products of such a reaction

be isclated as phenols rather than esters. Another example

t

o}

of the.reluctance in functionalisation of this phenol was found
when 8 could not be converted to its corresponding tosylate,
Joshi3 has reported the preparatibn of the tosylate of
claunsenin (15), but even following his conditions, no tosylate

was formed for the angular isomer. (8).
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Methylation of the rearranged coumarin (5) with MeIl and
K?CO3 gave the ether (6) which is isomeric with the derived
methyl ether of clausenidin, and once again comparison of

their physical properties confirmed the linear structure

for the naturally derived compound,

As previously stated, the chromanocoumarin (8) was
synthesised by the Pechman condensation of the chromanone (16)
with malic acid in the presence of conc, stoh. However, when

the crude phenolic product of this renction was reacted with

in the usual way, the ether

2773

*3,3-dimethylallyl bromide and K~CO
(28) was obtained as the. major product, along with two other
new compounds, The IR and UV spectfa of these two compounds
were similar to those recorded for 28, and suggested that they
were also coumarins, Fach of these coumarins analysed for
ClQHQOOB’ and comparison of the spéctral nroperties of the least
polar‘isomcr with those published3 for clausenin dimethylallyl
ether (41) showed that they were in fact identical. The other
more polar product, m.p. 177—1790, (11%) was deduced to have the
structure (MZ), on spectroscopic grounds. The NMR spectrum
showed the presencé of a 3,3-dimethylallyl etheg'38.23 and
8,18 (each 31t, bs), 5.42 (2H, bd, J=71z) and L4.52 (1li, bt,
J=7Hz) énd a chromanone ringg't8.37 (6H, s) and 7.30 (2H, s).
The mass gpectrum showed the molecular,weigh£ to bhe 328, in
accord with the molecular formula, 019H2005' Thus
possible structﬁre for this compound is that of the angular
ether (42), as the only other twc possibilities are the known
ethers (28) and (41).

It has been reported that arcmatic allyl ethers with both

ortho positions blocked, can undergo a para Claisen
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reorrangement., The proposed mechanism for this renction32
involves the normal rearrangement to an ortho-dienone inter-
mediate followed by a Cope rearrangementjj to generate a para-
dienone. This speciés can then rapidly enolise to give the
.Egzﬁ—substitutgd allylphenol (Scheme‘Q). The stereochemistry
of this process is such that a 3,3-dimethylallyl ether will
give a para-3,3-dimethvlallyl phenol. Thué Qhen clausenin
dimethylallyl ether (41) was'heated in N,N-diethylaniline,

two products were formed, both giving positive FeCl, tests. |

3

The NMR of the least polar product, present in 68% vield,

showed signals at 8.33 and 8.18 (cach 31, bs), 6.60 (2H,

$

J57Hz) andbh.82 (lH, bt,,J:7Hz) indicating a 3,3-dimethylalivi

unit attached directly to an aromatic ring, and at =«2.65 (lﬂ, s)

indicating a chelated Oll, This compound was clearly the phenol
(hj) and the other product {23%) was found by spectroscopic
data to be identical with clausenin (15), having heen formed

by c¢leavage of the allylic side chain,

_F‘

In order to provide a means of assigning linear or
angular structures to chromanoccoumarins, a comparison of the

phvsical properties of some phenols, methyl ethers and

dimethvlallyl ethers was carried out. Some useful differences

in the spectral properties of the linear and angular isomers

soon hecanme evident. 'The nost useful property for the

e
e
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cation of +the atructures of the phenocls proved o be

dent 1 O &
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the IR spebtrum. ’The spectra of the angular phenols (5),
and (29) show a.cliaracteristic pattern in the region 1600-
-1"7000171_1 (rigure )., Tlowever, in the linear isoiers (11),
(15) and (HB) these two signals always appear as a single peak,

and in addition, they all show a very intense signal in the

L

region of 1150cm which is absent in the angular isoriers,




Table 1

Anzular phenols.

Compound IR max cm™t

(5) 1755, 1642, 1630 and 1592 (CCl,)
(8) 1720, 1650, 1632 and 1595 (CHClg)
(29) 1749, 1642, 1630 and 1590 (CCly)

Table 2
Linear phenol
(15) 1740, 1635 and 1100 (CHCly)
Table 3
Angular ethers
(14) 1732, 1682, 1614 and 1594 (CHCL,)
(6) 1735, 1680, 1615 and 1560 (Fujol)
(28) 1740, 16920 and 1610 (Nujol)
Table 4
‘Linear ethers
(17) 1729, 1639, 1600 and 1148 (Nujol)
(41) 1735, 1690, 1610 and 1145 (Nujol)
Table &

Compound NIR signals of phenolic , aromatic, C=-% protons.
(8) angular -2.10 3.56 2.10
(15) linear -2.75 3.66 2,00
(43) o ~-2.65 - 2.02



Table 6 :

compound NMR signals of.. the aromatic and C-4 protons

(e) angular . - | 1.98
| (14) " 3.62 2,00
(28) E 3,60 2,06 -
(17) linear | 3.40 2.08
@y w 3.0  2.08

R T R g N



This strong signal, at approximnteiy 11500m~1, also appears

in the spectra of the linear methyl and B,B»dimethylallyl
ethers (17) and (hl) 5ut not in the spectra of their angular
counterparts (14) and (28). The NMR spectra of the above
compounds show that the vphenolic protons of the linear isomers
resonate at lower fields than the angnlar oges. The phenolié
proton of natnfal clausenidin‘(ll) is the only exception to

this trend, -as the signal from the angular phenol (f) has the

w

~same chemical shift. Unfortunately, a sawple of natural
clausenidin could not be obtained, and thus the reported vealue
of éhis signal‘conld not he verified., Also, with the linear
phenols, the C-4 proton is found to he deshielded by about 0.1
relative to the angular phenols. This deshiclding is consistent
with the presénce of a phenolic OH at C-5, and when the phenonls
are methylated, this relative deshielding is not observed., in
the Cése of the angular phenols,-the C-8 aromatic proton is

aléo slightly deshielded by the neighbouring OH group, compared
to the linear phenolé. HHowever, thiis effect is reversed when
the phenol is alkylated with either Mel or 3,3-dimethylallyl
bromide, The presence of an ether‘at C=5 results in deshielding
of the C-8 aromatic profon, while the presence of a C-7 ether
results.in the aromatic proton being slightly shielded., Theese

£

O O,

1

spectroscopic findings are summarised in Tables 1

-
b
d

(




Synthetic approaches to

d-substituted counarins.,
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The recent isolation of pharmacolopgica'ly active 4, 7-
~dioxypenated counmarins hearing C-U4 snhstituents has sivern a nev
impetns to the search for high yvield synthetic routes to such

. al
compounds, The coumarin, surangin B (44) isolated- by

Govindachari from Mammea lonpgifolin (Wight) Planch and Triana,

35

has been shown to be extremely toxic to houseflics, even at

. s R 5 o
very low concentrations., Crombie has also 1solated3' two similar

coumarins (45) and (46) Ffrom Mammea americana L seeds which show |

similar activity to surangin B, Many related coumarins have been |

-isolated from the same source, differing only in the non-
. : . v . N
oxygenated form of their C-4 side chain, but these coumarins do
not appear to have the same insecticidal properties as those

: v 36 .
already mentioned, e recent report of the anti-tumour

activity of the Mammea counarins gives additional importance ¢

rescarch into the synthesis of such compounds,

These coumarins, in addition to their C-4 substituent, all

53

possess alkyl and acyl substituents at C-6 and/or C-8 of the

L4

SoSe e gy
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nucleus, The alkyl units are present as either 3,3-dimethylallyl

units, (45) and (L46) or as a geranvl unit (44). The former could

in principle be inserted by the Claisen rearrangement of a 1,1-
dimethylallyl ether situated on a neighbouring phenolic 0H37,

or alternatively by the para-Claisen rearrangement of a 3,3~

' 2 . .
dimethylatllyl ethcr3 . The acvl units are present as either

2-methyl or J-methyl butyryl groups, and these are potentially
derivable from the corresponding ?,3-dimethyli and 2,2-dimethyl

chromanonés, as-in the glabralactone (22) and dentatin (2)

syntheses, The nnsaﬁurafed acyl groups thus formed can bhe

readily reduced to the required substituents by catalytic hydrog-
19,20

enation . The positioning of the acyl proups at C-6 or C-8

would depend on the position of the ecuilibrium set up in the
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base catalysed chromanone ring opening, Crombie- and

39 . ?‘
i have both reported that the 6-acyl isomer is pre- i

Djerass
dominant in this type of base catalysed rcaction, but the ro-

arrangement of tomentolide B in wethanolic KOH (Scheme 6) is a

more closely related analogy and in this case, a 2,3-dimethyl-
acryloyl grouping is found at C-8 exclusively,

The principal problem in the synthesis of the afore mention-

ed active coumarins wvould therefore be the introduction of an
oxygen substituent into the 1' position of a U-alkyl grouping.
The reaction of acetylenic esters with phenols is Jnown to give
the corresponding coumarins, and such reactions involving dimethyl
Lo

acetvlenedicarboxylate have been reported as giving hnCO?Ne

phenols when ’/,nCl2 was used as the acid catalyvst., Thus it was

felt that if the chromanone (14) could be induced to react in a i

similar manner, the resulting phenols would be useful starting

materials in a projected svnthesis of cither of the cowmaarins #
(45, h6). The additional advantage of this chromanone as a ' |

starting material, is its ability to avoid acid-catalysed de-

acylation as undergone by the Mammea coumarins mentioned earlier,
When the chromanone (lb) was reacted with dimethyl
acetylene dicarboxylate using the conditions of Woods and
Lo . . _ : o ‘
Hollands ~, a viscous guum, which appeared from TLC to be pre-

donminantly unreacted starting material, was obtained. However,

ad, the

n

. , . , , . .
eaction temnerature and time werce increa

when hoth the

b

H

"

resultant gumuy product could be purifiec

-

by TLC to give two main
products. FEach of these compoinnds gave a positive FeCl3 test, andf
their NMR spectra indicated that the chromanone ring was still

: s 5 3 heir IR and UV snectra
pPresent. Roth analyvsed for C16”1h07’ and their IR and UV spectr

supgested that they were counarins. The NHMR spectriua of the less

polar isomer showed the presence of a €O _Me group (U6.03, 34, s)
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Compound Y mex. . T «0H Taromatic

(50) 1740, 1629 and 1147 ~4,85 3.67
(15) 1740, 1635 and 1100 -2.75 3.66
Table 8 ‘

(51) 1740, 1650, 16282 and 1580 =-2.12 3.60
(8) 1740, 1660, 1632 and 1595 -2.10 3.56

Me 0 -COMe
Me O
A))
0 0
~
H CO,Me
(50)
0 0
/
Me CO,Me

(52)
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. & : ' .
a chelated plienol (T—h.@b , 11, s), one arowatic nroton (73,67,

s) and only one vinyl proton (TB.‘.’, s\ Coumparison of the ‘

5\
\

spectral properties of this phenol with those of clausenin (15)

led to its structure heing assigned as 50, (Tahle 7). Similav

comparison hetween the wore polxr isomer and the known anrular

chromenocoumarin (8), (Pable 8), led to its structure being

~assigned as 51, However the possibility still remaived that

the two compownids could be the corresponding isomeric chromnnes

(hS) aﬁd (ﬁ9). In order to confirm their identity as coumarins,
the IR and UV spectra of the meth?l ethers . (52) and (53)

were compared with thosze recorded for the chromone (U7), kindly
donated by Fisons Ltd, These comparisons indicated that the

two phencls were definitely coumarins and not chromones,

The wore polar phenol had been assigned the angular

‘

structure (51) by spectral comparisons, and for confirmation of
this nssignment, 51 was reacted with 3,3-dimethylallyvl bromide

and ¥X,CO in the presence of acetone, This reaction did nct
I~

3

proceed as cleanly as expected, butthe major product isolated
was shown to be the angular 3,3-dimethylallyl ether (55)»
T1.C of the crude reaction nroduct suggested that the reaction
i B3 &
had not gone to completion, and that some  isomerisation of the
starting phenol had occurred. The angular nature of the
major product was confirmed hy the nature of the phenolic
. o .
produnct obtained after 55 had been heated at 170 in the

N,N=diethylaniline, This new vellow coumarin shouved

nresence of
the characteristic NMI spectrum of a éhelated (1,1-dimethylallyl)
phenol (57), with signals at TR.37 (61, s), 5.07 (111, bd,

Jinz), 5.03 (i1, bd, J17Hz), 3.70 (11, 4/d, J11 and 171z) and

-3.05‘ (IH, s). liad the starting phenol been the lineor isomer

'(50), tl:en on rearrangement, a Qpram(B,B—dimethylallyl) nhenol
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(56) would have resulted,

In order to study the base~catalysed rearrangcumcnts of

such b-substituted

chromanocoumarins,

).

gave a mixture of the linear and

the phenol (51) was

5°

converted to its methyl ether ( 3 However, methylation of

~with MeI and X_.CO

2773
angular methyl ethers, (52) and (53).

in acetone

The angular phenol pgave

the angular cther in 57% yield and the lincar ether in 38%

yield. Also it was found that tbe linesr phenol gave a mixture

-

of the linear ether (66%) and the angular ether (28%) when

subjected to similar methylation, The reason for this isomer-

isation is not clear, and

certainly there was no evidence of
similar rearrangement when 8 and 15 were methylated under the

same conditions. Although difficulty was experienced in

separating the starting phenols, the purity of the samples usecd

for these methylations is not in doubt, as contaminction of one

isomer by the other to the extent of 30% would clearly show ir

1

their NMR and IR spectra. This isomerisation does however help

to explain the number of products formed in the S,S—dimethylallyl—f

ation of the angular phenol (51).

It was hoped that the angular methyl ether (53) could he

25

converted hy treatment with hase ~ to a coumarin bearing either

a C-6 or a C-8 scnecioyl group and a C-5 phenolic Oti, The

possibility of this Jlatter OH reacting with the C-4 ester to
form the lactone (59) was considered, but inspection of molecular

models suggested that the strain involved was too great for such

cyclisation to occur, Hovever it seemed possible that hydrogen

bonding between the newly formed C-5 Oli and the ester carbonyl

might allow the reaction to go to completion by hindering

chromanone ring closurc.

1.0

when the ether (53) was added to an ethanolic solution of

2

NaOEt“5 Ti.C showed that initially no reaction was taking place.

S

S
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Hovever, afTter prolonged stirring in the basic solution, a
polayr product was formed, This colourless cryvstalline compound

was shown, fromn its NHR spéctrum to contain an unonened ¥

chromanone ring,V 8.63 (61, s) and 7.40 (2H, s) . ‘The NMR also

showed the presence of two ethoxy grouns,¥ #8.82 61, t, J7Hz)

and 5,88 (W1, q, J7Hz) and one methoxvl signal, ¥ 6.23 (3H, s) .

. This evidence suggested that the compound concerned was the

coumarinic acid ethyl ester (58), with the h—COzMe ester being

exchanged to its cnrrésponding ethyl ester, This was confirned
by the molecular weight of 392 found by mass spectrometry. The
isolation of coumarinic acids and their esters is not common, as
lactonisation occurs fairly fapidly. N0wevCr, PDean has reported
thiat if a cowmarin possesses a carbonyl or a nitro group at -8
then chelation between these groups and the neichbouring phenol
slows down 1aéténismtion and the coumarinic acid can be igo}ated.
In the case of the ester (58)-if is p&ssiblé that chelation
hetween the b-ester group and the‘phenol (Figure 3) is
sufficient to hinder lactonisation. Vhen this reaction was
repeated nsing other bases, no feaction was observed,

With the failure to induce chromanone ring isomerisaticon in
the presence of a Cc-4 ester 3roupiﬁg, it was felt that further
modification of this substituent was required. If the ester
(57) conld be converted to tlhie corresponding acid (GO), it is
possible that this could then be functionalised, via the acid
chloride and diethyl cadmiuu, to g ve a 1! propionyl
substituent at C—h,.(Sdheme 10). The advantage of this route,
is that the other functional groups in the molecule should
remain untouched,

0
Woods and Hollnndsu have reported tliat esters such as

>61 can be hydrolysed to the corresponding acid (62) by
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refluxing them with dil. HCL1 in ethanol for 48 hours. When
these conditions were followed using thovesters (52) and (53)
no hydrolysiﬁ was observed, even when bonc. HC1 was added to
the solutidn. Similar resulﬁs were observed when conec. H2S()‘Lt
was employed. Tt was also found that these esters would not
hydrolyse wnnder basic conditions, and even after prolonged
-stirring with agueous NaOll, only unreacted starting wmaterial
was recovered,

However, it has Eeen roportédhl that in cases where ester
“hydrolysis by aqgueous acid or base has féiled, the use of Lil
in a solvent such as N,N-dimethylformamide or pyridine has
vielded the corresponding acid, When the ester (53) was
refluxed in N,N-diethylaniline in the presence of Lil-ZHZO,

a vellow crystalline product wés obtained., The NMR spectrum
of this‘.Compound showed it to be the phenol (51) and this

was confirmed by TLC comparisons. This product is fprmed

by the demethylation of the -7 OMe, the ease of the reaction
being due to the eclectron with draving effect of the neighbour-
ing chromanone carbonyl (Scheme li). Attempts to hydrolyse

the ﬁhenolic ester (51) with LiI also failed, but when the
reaction time was éoﬁsiderably increased, a polar préduct was
isolated, whose NMR spectrum suggested that it was the amide
(63) formed hyv reaction of the ester witﬁ the solvent.

o

L2 i .
Tt has been rcported‘“ that the allylic C-2 methyl group

. N . 71 e
of the chromone, khellin (61), can be

diged with selenium

i L

Q

b

~

[0
b
(5

dioxide to give a mixture of the acid (653) and the aldehyde
(65b); This result pronpted an investigation into the pess-
ibility of similarly QXidising the C-U methyl group of a
suitahly substituted coumarin, to give a h-COzﬂ counarin,

ﬁith this in mind, the chromanone (16) was reacted with ethyl



(66)




. : : )
acetoacetate in the presence of an ion-exchanooe resin'j

[ e

(AR

This reaction afforded a mixture of two phenolic conmarins
which were only separated atter repeaiced preparative TLC,
The NMIl snectra of these isomers indicated that they were
the l-methyl chromanocoumarins (66) and (67), the allylic
methyl group giving rise to a doublet at approximately YL 7.4
(Jle) and the C-3 proton recsonating as a-multiplet at
approkimately‘f&.o. The assignment of the linear and angular
structures to these two phenols was determined by snectral
-comparisons with similar cowpounds of known structure; and
vconfirmed by synthesis of the J3,3-dimethylallyl ether of (67).
When tliis compound was heatpd in N,N-diethylaniline under N2,
it undervent a Claisen rearrangement to give the phenol (73).
The NMR spectrum of this compound clearly showed the presence
of a 1,%—dimethylallyl unit attached to an arowmatic rjng,'thus
indicating that an ortho-Claisen rearrangement had taken place
(Scheme 12). Had the starting phenol been the linear isomer
(66) the 3,3-dimethvlallyl phenol (72) would have resulted,
Due to the difficulty found in‘separating the phenols,
the crude reaction product was normally methylated with Mel
and K2003 and the ethers (68) - and (69) separated by TLC and it

appears that no rearrangement taltes plice in these reactlions,

When the ether (69) was treated with freshly sublimed Se0,,

ha
using the conditions of the khellin oxidation ~, no reaction

v H ' . . [ - Ve RO . X
was ob red to take place, and wvhen aguecus dioxan was employed

©n

as solvent in place of EtOAc as solvent, a simiiar result was
obtained., Attempits to oxidise the allylic methyl group using

i

L ' - o
chromvl chloride @ were also unsuccessful, It therefore appears

that the C=4 wethyl of the coumarin (69) is less reactive

towards oxidising agents than the C-2 methyl greoup of khellin
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Compound
(5)
(8)
(51)
(67)
(15)
(50)
(€6)

1755,
1710,
1740,
1735,
1740,

1740,

1730,

Table 9

1642,
1650,
1650,
1649,
1635,
1629,
1630,

) max.
1630 and
1632 and
1622 and
1625 and

and
and

1561 and

1592
1595
1580
1581
1100
1147
1160

(CCl4) angular

~(CcHCLy)
(CHCI3) "
(CHClg) *

(CHClg) linear

(cHClz) ¥



(64). The ¢-2 methyl 6f 64 is vinylogously conjugated to a ketons
carbonyl, vhereas the 7.l methyl of 69 is siwmilarly conjiugataod
to a lactone carbonyl =nd is thus less acidic, which could
explain the laclk of reactivity of the coumarin l-methyl
towvards oxidising agents,

While studying this h—methyi-conmarin system, it was
“found that, as with the h-CQpMe coumarins, fhe ethers (68)
and (69) do not undergo hase catalysed chromanone ring
isomerisation. This observation is indeed intriguing, as the
‘analogy with the base catalysed disomerisation of tomentolide
B17 (Scheme 6) would secem reasonable.

As previoﬁsly noted, there are some striking differences
in the specctral properties of the linear and angular isomeric
phenols and their ethers. All the angular phenols sttlcii.e(i,
vhether or not they hear a C-4 substituent, show a cha*ac%or~

_ L .
istic pattern in the region‘1750~15800m of their IR spectra
which is readily distinguishahle from the linear dsouer,
(Table 9). Also the NMR specctra of these'componnds show
similar effects in the chemical shifts of the aromatic and
phenolic protons to those previously mentioned for non b-

-substituted coumarins,

b5, 46

Two other methods are known for the synthesis of

‘H—CO?H coumarins. The first involves treatment of a 2,3~

e
U
(63
|.J.
[
-

‘U
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H
e
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&
ot
Q
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coumarandione with ncetic anhydr
the acid in moderate yield (Scheme 15), and the second longer
synthesis (Scheme lh) gives high vields in all stages. One
third possible methodu7 of synthesising coumarins bearing
oxygenated alkyl groups at Cc-4, involves coﬁd¢nsing ethyl

chloroacetoacetate with a phenol, followed by hydrolyesis,

(Scheme 15).
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Whereas in the éynthesis of clabralactone and dentatin
it was pogsible to open the dimethyl chromanone ring to give
an ortho senecioyl phenol, this could not he repeated in the
hoesubstituted seriesvmentioned ahove. An alternative method
of introducing a senecioyl group into the aromatic ring could
be the use of the IFries rearrangement., Although this reaction
“was not attempted on 5,7-dioxygenated coumarins, preliminary'
investigations were carried out on 7-hydroxycoumarin. Had
this reaction been successful, synthetic routes to coumarins
'of the tvpe shown in Scheme 16 could have been'examined.

The recent reportuS of the Fries rearrangement of
unsaturated esfers of naphthols prompted an investigation of
similar rearfnngements of the dimethylacryloyl ester of
umbelliferone (7&). This ester was prepared Ly stirving
senecioyl chlbride and unibelliferone in refluxing, ethanol-
-free, chloroform, and the product was shown by its NMR and 1R
spectfa to be 74 . Several attempts using various conditions
were then made to induce a Fries rearrangement to occur, but no
success was achieved, The reason for this failure is hard to
find, as saturated esters of umbelliferoneag are known to
undergo such -rearrangements.

Howevef, further attempts were made to introduce a
senecio§1 group into the umbelliferone molecule. VWhen

umbelliferone was Lreated with senecioic zcid following

IS
rne
[t

-,
-

conditions of Miyano and Matsui” no reaction was found to
take'place, and when polyphosphoric acid was used as the
catalyst, the umbelliferone was consumed, but no recognisable
s )y -~ ‘..4.51' t tri-
product was isolated. Ilowever a rTecent report suggests tri
cafts acid catalysi and

chiloroacetic acid as a good Friedel C

s0 nmbelliferone was heated with senecioic acid in the prescncc
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H



off this acid, and a white crystalline product was obtained.

However, comparison of the nhysical pronerties of this cownoumnd

vith tiose of the ester (74) showed them to be identical. In

a similar experiment, §,7-dihvdroxycoumarin was treated with

the same reagents, and a mixture of the two chromanocoumarins

- (8) and (15) was obtained, albeit in low yield. Similar

. . ' 11 ' : .
“ecyclisations have heen revorted in the synthesis of

calophyllolide and costatolide derivatives, (Scheme 17).
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General Experimental

and Abbreviations.
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Melting Pointé are uncorrected and were determined
on a Koiler hot-stage apparabtus. Hicroanalyses were carried
out by Mr. J.M.L. Cameron and Miss F, Cowan and their stafrfs.
Mass spectra were recorded on an A.B.I.=G.E.Ce M.S.I2 mass
spectrometer by Mr. A. Ritchle and Miss M. Lalng. Infra-red
speccbra were recorded by Mrs. . Lawrie énd her staii on a
Pérkin—Elmer 225 instrument, and routine infra-red spectra
were reéorded on a UnicamSP 1000 instrument., All ultra-
yiolet spectra were recorded ifor ethanol solutions on a
Unicam SP 800 spectro-phobometer; >\gg§e refers to the above
golutlons to which two drops of 4N sodlum hydroxide had been
added. DNuclear magnetle resonance spectra were recorded by
Mr. A, Haetzman on a Varian T-60 spectrometer, using
tetramethylsilane as an internal standard. Uﬁless otherwise
stated, these spectira were run using deuterochloroform as g
solvent.

Kieselgel G(Merck) was used for all thin layer
chromatography. Light petroleum refers to the fraction
boiling between 60-80°, All solutions were dried over
anhydrous magnesium sulphete or anhydrous sodium sulphate,
and solvents weré evaporated under reduced pressure.
Analytical and preparative TLC plates were viewed under an
ultra=-violet (254 and 350mm) lamp. Analytical TLC plates
were developed by iodine vapour, iollowed by spraylng with
ceric ammonium sulphate solution and heating to approximately
150°. The compounds isolated from a mixture by preparative

TLC are given in order of increasing polarity with reaspect

to the elution procedure employed.



The following abbreviations have been used, primarily

in the experimental sectlons: -

MS
TLC
IR
uv

NMR

sh’

COINCe

ail.

D

Mass spectrum

thin layer chromatography
infra-red |
ultra-violet

nuclear magnetilc resonance
shoulder (in UV spectra)
singlet

doublet

triplet

quartet

multiplet

" broad

e.ge 20% w/v refers to a solution of 20g in 100 ml
solvent.

8o 100mg% refers to the welght of a compound
purified by TLC only.

e.g. 3.52° refers to an NMR signal which disappears
on addition of DgO.

conoenﬁrated

dilute

page numbe?




A standard meﬁhod of working up alkyletion reactions,
often employed'during the course of this research, 1s
referred to as work~up procedure I,'in this thesis. The
full detalls of thils procedure are as tollows :=-

Methylatlon or prenylatlon of an hydroxycoumarin was
carried out by refluxing an acetone solution of the coumarin
with methyl iodide (or 3,3 dimethylallyl bromide) in the
presencé of potassiﬁm carbonate. Atbter the reflux, the
Inorganic sollds were filtered off and the acetone solution
evaporated. The residue was dissolved in a mixture of
ethylacetate and water, the organic layer washed with aqueous
pobagsium carbonate (0.5% w/v), to remove any starting materisl
if necessary, washed with brine to neutrallty and dried. The

resldue, after evaporation was treated as specified in each

preparation.
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2,2=-Timethyl=-5,7-dihydroxychroman-4-one (16)

This was prepared by the method of Mivano and labsul
50
- using phloroglucinol (3.2g), zinc chloride (2,0g; and
seneciolec acid (2.0g)s Thls gave the required chromanone

(LeGg, 38%), mepe. 196-197°,

Ethyl Propiolate

A mixture of propiolic acid (20g), dry ethanol (60ml)
énd concs sulphuric acid (3,3ml) was kept at R.T. for 40 hr,
then diluted with water (200ml) and exbracted with ethers
The organic layer was washea with dil. sodium carbonate,
brine to neutrality and dried. Distillation ylelded ethyl

52

propiolate (l4g, 50%), bep. 117-118° (1it beps 119°/745 mem. ).

Preparation of the chromanone (8)

(i) 2,2-Dimethyl-5,7-dihydroxychroman-4-one (3g), malic
acid (2g) and conc. HgSO0g (8ml) were heated at 125° for
1 hr 12 to give 8, (1lg,27%), needles, m.p. 215-220°

(fromZtOAc) (11612 m.p. 218-2200); Y) CHCLZ 1740, 1650,

max

1632 and 1595 cm"lg >\max o278 and 323 nm (log £ 4.38 and
4,02); NMR signals at T8.40 (6H,s), 7.16 (2H,s), 3,75
and 2,10 (each 1H, d, J 10 Hzj), 3.56 (1lH,s) snd -2,10°®

(lI‘I, S)o

(ii) 2, 2-Dimethyl-5,7-dihydroxychroman-4-one (2.15g),
ZnCl2 (l.4g) and ethyl propiolate (1ml) were heated at

5 The cooled residue was extracted with

100°© for 1% hr.
E50Ac, washed with dil. HCl, brine to neutrality and dried.
Evaporabtion yielded a viscous gum vhich crystallised Irom

EtOAc to give 8 (350mg, 13%), m.p. 215-220°



Clausenin (15)

By repeated preparatlive TLC (1 x CHCL3 and 1 x 20%
EEOAc: 1light pebroleum) on the mother liquors of crystslle
lgation of 8, it waes possible to obtain synthetic clausenin

3
(15), (175mg, 7%), mep. 156-158° (1it Meps 157-1580);

CHCL13 1
nax

(logk 4.42 and 4.02); MNMR signals at T 8.43 (6H,8); 7.15

740, 1635 and 1100 cm”l; >\max 277 and 321 mm

(RH,8), 3,77 and 2,00 (esch 1, d, J 10Hz), 3.66 (1H,s)
and -2.75% (1H,s).

L3

Methylation of 8

KgCO5 (80mg) was added to a solution of & (125umg)

in acetone (25ml) and the mixbure stirred at R.T. for %
hr. MeI.(O.75 ml) wag added and the mixture refluxed

for 20hr, Work-up procedure I gave the methyl ether (14),
_(100mu,70 ), plates, m.p. 190-191°, (from CHClz ~ ether),
(146 ° mop. 193-1940); ))C;glﬁ 1732, 1682, 1614 and

1594 cm'l; ,X max 230 (sh), 273 and 318 nm (log & 3.80,
4,15 and 3.87); NIUR signals at T 8.47 (6l,s), 7.25 (2H,s),

(lH,S)o

Met hylation of clausenin (15)

K2003 (150mg) was added to a solubtion of clausenin
(150mg) in acebtone (25ml) end the mixture stirred at R.T.
for % hr. eI (0.75 ml) was added and the mixture refluxed

for 22 hr. Work-up procedure Ilgave the methyl ether (17),

(80mg, 50%), white plates, m.p. 147-149° (from CHgClpg-pentanc)

(116 °  mop. 147-149°); ;12510' 1729, 1539 and 1600 cm™t;

MR signals at T 8.50 (6H,s), 7.25 (2H,s), 5,00 (3H,s),

2



377 and 2.08 (each 1H, d, J i0OUz) and 3.40 (1H,s).

Isomerisation of the chromanone (14)

A solubion of 14 (100mg) in BLOH (15 ml) was added
to a solution (5ml) of ethanolic NaOEt, [ﬁade from la
(100mg) 2nd ELOH (15m1)] and stirred at 40° for 4% hre
After dilutlion with water and acidification with dil,
HCL, the mixture was extracted with EtOAc, washed with
brine to neutrality and dried. Mvaporation gave an oily
solid which was separated by TLC (1 x CHClg) into:-

(1) the phenol (18), (28mg%, 28%), yellow needles, nm.p.

151-153° (from lieCl)e (Found: C, 65.75; H, 5.3. C15ih405

requires €, 65.7; ¥, 5el5%): ))35215 1741, 1620 and

1610 cm"l; )\max 255(sh) ang 300 nm (logf€ 3.78 and 3.54),

e

(after 3 days at R.T. or 3 hr at 659, this spectrum changed

to that of 14); ggﬁe 240, 313 and 392 nm (log & 3.73,

3,56 and 3.39); mass specbral peaks at m/e 274 (57, 1Y),

259 (100%), 212 (10%), 189 (19%) and 54 (25%); NIR signals
at T 8.00 and 7.80 (each 34, bs), 6,07 (3H,5), 3.62 and 1.97
(each 1M, &, J 10Hz), 3.72 (1lH,s}, 3.13 (13,bs) and ~4,77°
(1H,8)

(ii) recovered startin@ material (14), (33mg/, 33%) e

ct

) CT— ? A 1o TN idetd <
he polar phenol (19, (38myr, 287), p

(111)

203-206° (from EtOAc-light petroleum). (Found: C,55.55;

CH013

1735,
max

H,543. C35M405 requires C,65.7; H,5.15%); )
1670 snd 1612 em~t; A\ max 218 (sh), 251 end 318 nm (log £
4.13, 4,08 and 4.00); N\ giie 255, 525 and 360 mm (log ¢

4,05, 391 and 3.83); mass speckral peaks at m/e 274 (257,

’ = , 4 n et =y~ el A7 0 Y
w¥;, 245 (707, 150 (40%), 93 (30%), 55 (L00%), 43 (&51)



and 41 (70%); WMR (in doubteroncetone) signals at T 8.15
and 7.92 (cach 3H, d, J Iz}, 5.25 (3H,s5), 3,97 and 2,02
(emch 1H, d, J 10Hz), 3.75 (1H, m, J 1Hz) and 3,50 (1H,s).

Reactlon of 17 wit NaOit.

A solution of 17 (50mz) in BEOH (lbml) was added Lo
a solution (5ml) of ethanolic WaOLt [ﬁade from Na (1ooﬁg1
and ®BH0d (1bml) ] and the mixbture stirred at 40° for 4 hr.
Similar work-up to that described above gave:=

¢ (1) unreacted 17 (20mg, 40%)

(ii) clauwsenin (15; (28mg, 56%;

i ARl i

Methylation of 18

KpCOz (80mg) was added to a solubion of 18 (40mg) -
in acebtone (15ml) and the mixture stirred at R.T. for
15 minutese. Mel (0.6ml) was added and the mixture rém
vfluxed for 3 hr. Work-up procedure I ylelded the ether
(23), (40mg, 97%), plates, mepe 120°, (from ether-light
petroleum). (Found: C,66.85 H,5.7« Cqglq505 requires
C,66.75 H,5.7%); PEOL 1740, 1670 and 1610 cm™*; Amax
218 (sh), 247, 268 (sh) and 332 nm (logf 4,09, 4.16, 4,09
and 4.10); mass spechtral peaks at m/e 288 (256%, M+],
257 (10%), 149 (40%), 83 (50%), 69 (40%) and 55 (100%)3
NMR signals at T 8.05 and 7.77 (each 3, d, J 1.5 Hz)
6.17 (6H, S}, 3,78 and 2,15 (each 1H, d, J 10 Hz), 3.70

(14, m, J 1.5 Hz) and 5.00 (1H S)e

Methylatlon of 19

Similar methylation of 19 (40mg), followed by purific- |

ation by TLC (1 x CHCls), gave glabralactone (22), (33 mg?s 75%),

18 .

Mm.p. 128-130° (3woﬂ BtOAc~1light petroleum), (1it m.p.4u7.1990’e




(EIOT.)..U.(i: 030300; };7‘.95« 6. Cﬂloe I'OI‘ ClOHlUOS: 0‘96‘507; H, 59,7’;);
KBy

e 1730, 1660, 1615 ana 1595 cm"lg >\max 221, 247 and
320 mm (logf 4.13, 4.21 and 4.15); maés spectral peaks at
m/e 285 (20%, MT), 257 (100%,, 83 (50p, ami 55 (50%); Nik
slgnals auv?8.05 and 7.75 (each 34, d, J 1;5‘13)5 6.10 and
6405 (each 3H,s), 3.90 and 2.10 (each iH, d, J 10 Hz, and

3468 (2H, bs, resolves into a multiplet and a sginglet in

deuteroacetone};:The IR and UV épectra were ldentlecal with

19

- those published tor natural angellcone, m.p,'1500.
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1-Bromo=3e.methyl~bubw2~cne (3, 3~dimethylallyl bromide)

Isoprene (100ml; 68g) and a solution of hydrogen
bromide in glacial acetic acid (45% w/vy; 168ml) were
cooled to 0° and mlxzed.  The solution was kept for 3
days at -5, then dllubed with ice-water (1500ml). The
yellowish oll which separated was washed with lce-water
and dried over calcium chloride. Digbillation of this
oll at 65«680/6aman° yielded 3,3-dimethylallyl bromide

(108g; 72%).

Dimethylallylation of the chromanone (8)

KoCO0z wos added to a solution of 8 (l.lg) in acetone
(LoOmlL) and the mixbure stirred at R.T. for 1 hr. Ireshly
distilled dimebhylallyl bromide (lg) was added and the
mixture allowed to reflux for 20 lw. Work-up procedure I
yielded an oil which, aiter purification by TLC (1 x CHC15),
afforded the ether (28), (0.8g, 60%), needles, m.p. 128-~129°
(from ether). (Found: C,69.25; H,6.15. CigHpn05 requires
C,69.5; H,6.15%}; ))gggol 1740, 1690 and 1610 cm™t; N\ -
max 235, 274 and 325 nm (log § 5.76,'4.57 and 4.09); mass
spectral pesks at m/e 328 (5%, M%), 260 (52%), 245 (100%),
205 (33%), 69 (28%) and 41 (55%); MNUR signals at T 8450
7.24 (2H,s), 5.27 (2H, 4, J 6Hz),

3 -
LR

7

(1, d, J 10z} and

o

- > = DN
4,35 (1H, bt, J 6Hz), 3.80 and 2.0

3460 (1H,s)e

Isomerisation of the chromanone (28)

A solution of 28 (350mg) in E60H (25ml) was added
to a stirred solution of NaOLb [ﬁade from Na (65mg) in
EtOH (25ml) ] at 45°. After 3 hr, the yellow solution

was diluted with cold water, acidified with dil. HC1l and




extracted thoroughly with EtOAc. The organic layer was
washed with brine to neutrality, dried and the residue
from evaporation separated by TLC (1 x CHClgz) intos-

(1) the phenol (30), (120mg¥, 34%), yellow ncedles,

Mmep. 156-138° (ivom MeOH). (Found: C, 69,25; H,5.2

requives ,69.5; H,6.150); ) Y903 1739, 1517

Cq 11,0
max

qjﬂo'K
and 1608 om™t; ) max 239 and 302 nm (log £ 3.52 and 4.31);>
A\ agiﬂ’zéo, Z15 and 303 mm (Logf 4.20, 4.13 and 3.93);
mass spectral peaks at m/e 328(5%, uY), 260 (17%), 245
(827, 69 (100%, and 41 (50%): Wik signals at T 8.22
(6H,8), 8,03 and 7.83 (each 3H, d, J 1iz), 5.40 (2H, bd,
J 6Hz), 4.48 (1H, bt, J 6lz), 3.87 and 1.97 {(each 1H, 4,
J 10tz), 3,75 (lH,8), 3,10 (1H, m, J 1Hz) and =4.70%(1H,s/.

(ii) recovered sterbting material (28),(110mgf; 31%) «

(ii1i) the phenol (31, (120mg%, 349%), mep. 137-140°

(irom EtOAc - licht petroleum). (Found: M T 328 by mess
spectrun; CqigllagOs Tequires 17528); >>§§§15 3590, 1754,

1670 and 1611 cm™ ; Amax 220 (sh), 250 and 320 nm (log £
4,29, 4.23 and 4.,15); mass spectral peaks at m/e 328

(127, W7y, 313 (70%), 257 (45%), 245 (100%,, 217 (23%),

205 (18%) and 83 (30%); NMR signels abt T8.37 and 8.30

(each 34, s), 8.05 and 7.80 (each 3H, bs), 5,78 (2H, bd, J 6Hz),
4,70 (1H, bt, J 6Hz), 3.95 and 2.05 (each 1H, d, J 1O0Hz) and

3463 (2H, m).

Isomerisation of the phenol (31)

The phenol (31) (100mg) was added to a stirred
ethanolic solutibn.of Na OB [@ade from Na (20mg) in
EtOH (25 ml)]. The solution was kept at R.T. for 1 hr
and au 400 iov ?% hr, Aiter cooling, the sclution was

N




diluted wiktn water; acidified with dil, HCLl and exbtracted
with EtOAc¢. The organic layer was washed with brine %o
neutrality and dried. Hvaporation yielded an oil which
was geparated by TLC (1 x ClClz) inbo:w

(i)  the phenol (30}, (Slmgf; 31.%)

[0

(i1) the chromanone (23), (80mg%, 30%)

(iii) tlie phenol (31), (59mg%, 39%)

Methylation of 30

K2003 (110mg) was added to a solution of 50»(80 mg )
in scebone (30ml} and the mixbure stirred at R.T. for 1l
hr. Mel (0.5ml) was added, and refluxing continued for
another 2 hr. Worke-up procedure I gave an oll which wasg
purified by TLC (1 x CHClgz) to glve the ether (13), (83mg,
67%), meps 57-G0° (from CCly)e (Found: C,70,0; H,6.653
CogHonOy requires C,70.2; H,56.5%)3 )),§2i4 1749, 1615
and 1602 em™t; A max 246, 270 (sh) end 324 mm (Llogf 4.08,
3495 and 4.05);v mass spectral peaks at m/e 342 (5%, M),
274 (10%), 259 (100%), 69 (50%) and 41 (40%); NMR signals
at T 8,23 (6H, bs), 8,05 and 7.78 ( each 3H, d, J 1lHz),
6415 (3H, 8), 5044 (2H, d, J 6Hz), 4.55 (LlH, bt, J 6Hz),
382 and 2.15 (each 1¥, &, J 1l0Hz), 3.72 (1H, bas} and

3.47 (1H, boj.

Claisen rearrasngement of 13

A solution of 13 (242mg) in N,H-diethylaniline (1ml)
Wasvheated at 180° for 3 hr under No. The cooled solution
was poured lnto lce-water, extracted with EtOAc, washed
with dil. HC1l to pH 1, brine to neutrality, dried and

v ~t
evapcrated. The residusl oil wns purifiled by TLC (1 = bHClE)

, X . S E——



to glve clausenidin methyl ether (10, (18%mg, 75%), meDe.
)

87-88° (from e‘bhor)P (Li% 3 dgm,po 86-87%); ) ggiOL 1735,
1690, 1612 and 1575 cm™Y; A max 259, 290 (sh), 320 and
335 (sh) mm (log § 4.39, 4.13, 4.11 and 4,00); masa
spectral peaks et m/e 342 (40%, M"), 327 (23%), 272 (100%),
243 (30%) and 230 (28%) MR signals at T 8,50 (6H,s5),
8630 (6H,8), 7e20 (2H,s). 6,04 (3H,8), 5,10 (1, bd, J 11 Hz),
5,07 (1M, bd, T 17Hz), 3,77 (LH a/d, J 11 and 17 Hz), 3.78
and 2,02 (each 1H, ¢, J 10 Hz) o

When this reacilon was repeated in the presence of
10

bubtyric anhydride s no trace of any butyrate ester

was observed, while the vyield of 10 was the same.

Reduction of the chromonons (10)

NaBliy was added portionwise over 1 hr to a solution
of 10 (180mg) in BLOH (15ml), bthe reaction being monitvored
by Ti.C until all of 10 had been consumed, The solution was
then diluted with dil. H01l, extracted with Et0Ac, washed
with brine to neutxality and dried. XIvaporation aiforded

an off-white solid vhich was separated by TLC (1 x CHCL)

(i) the ebher 38, (90my, 50%), m. p. 87-89° (from

1iohk netroleun). wound: MYaT2 by mass spectrume. CooHonlx

Pt T -7 L

o

P -1
4 174 1145 e 7 \ 1ax

Ha

N
v

SD

-
,» L5001 and

£

225 (sh), 255, 264 and 330 m (1og £ 4416, 3.87, 3,91 and 4,17}

o oyt ocf z A
mass spectral peaks ab m/e 372 (3%, M), 326 (28%), 312 ( ,)

511 (1007); MR signals at T 8.60, 8,53, 8,37 and 8.35

. bertiary mebl 80 (3H, d, J 8Mz)
(each corresponding to a Gertiary methyl, 8. (38, 4, ’

Y n . 1o (11, bad, J 184=z).
N o m o 4T e T H oo\ ilig Mg Liis g o
5.35% {1M,mj, S.18 (1H; bU; J L

) =
Je Oed

(&
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3.85 and 2.17 (each 20, d, J 10iz) and 3,72 (1%, 4/d, J 11
and 18Hz ).

(11) - the alcohol, (36), (90mg, 50%), colourless

plates, mepe. 155-158°% (from EtOAc - light petroleun),

(11t +  m.p. 157-158°)., (Found: C, 50.85; H, 7.3.

Cales for Cpgllgg0st  C, 69453 1, 7.0%); ) CHOls ss70,

1720 and 1595 om"l; )\MQA 2B, 257, 2066 and 3%2 nm (log

4.03, 3;84, 3492 and 4.14); mass spectral peaks at m/e

344 (1573, MT), 326 (25%), 311 (100%), 281. 18%), 275 (63%),

243 (16%) and 233 (25%): MR signals at T 8.63 and 8.55

(each 3H,s), .33 (6i,5), 7.97 (2H, d, J 6Hz); 6,05 (3,8,

4,97 (18, &, J 6Hz), 5.18 (13, bd, J 11Hz), 5.13 (1H, bd, J 18Hz),
3,73 (1H, d/d J 11 and 18 Tz}, 3.80 and 2.18 (each 1H, &, J 10Hzj.

Dehydration of the alcohol (35)

- An intimate mixture of the alcohol (36) (20mg) end
freshly fused KH30y4 (45mg) wasg heated at 1050/0.01 Me Mo
for 5 hr. A colourless solid, (1l7mg, 85%), m.p. 93-95°,
sublimed from the mixture. (Found: (C, T3e83 H, 6.9
Calc. for CoglogOu: C, 73.6; M, 6.8%); ﬁﬁi 1723,
1609, 1583 and 1130 cm™t; A\ max 227, 235, 272, 328 and
347 (log E 4,22, 4,33, 454, 4.01 and 4,00); mass spectral
peaks ab m/e 326 (18%, 1'), 812 (22%), 311 (100%), 281 (16%)
and 69 (10%); ©NMR signals at T 8.55 and 8.33 (each 6H,s),
5.12 (1H, bd, J 11¥z,, 5.05 (1, bd, J 18Hzj, 4.31, 3.83,
3.43 and 2,15 (each 1H, d, J 10Hz) and 3.50 (1lH, d/d J 11
and 18Hz}e. This compound was shown to be idenbical with
an authentic sample of natural dentatin (m.p., mem.p., IR,
UV, MR and HMS) kindly donated by Professor B.R. Pal and

re. S. Narsyanaswaml.
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Dimethylallylation of the crude produst of the Pechman

condenszatlon of the chromanone (16) and malic acid.

KgCOS (1L.,0g) was added ﬁo a solution of the crude
phenol mixture (1l.lg) in acetons (100ml) and the mixture
stirred at R.T. for L hr. PFreshly distilled dimethylallvl
bromide (1l.0g) was added and the mixture refluxed for 20 hr.
Work-up procedure I yielded a yellow oll which was separated

by TLC (1 x CHEClg) intos-

(1)  clausenin dimethylallyl ether (41), (377 mg’, 27%),
needles; mep. 124-125° (from EtOAc -~ Llight pebroleum),

5

(L1t mepe 118-1210); ) Muiel 3935 1590, 1610 ana

max
1590 cm“l; ,Xnmx 264 and 315 nm (log € 4.35 and 4.09);
mass spectral pealks at m/e 328 (27, it Js 266 (47%), 245
(L00%), 205 44%), 204 27%), 176 (R3%), 68 (34%) and 41 (85%);
UME Signals at T 8.52 (6H,8), 8.33 and 8423 (each 3H, d, J 1.5Hz),
7.27 (2H,8), 5.3 (2H, bd, J 7Hz}, 4045 (1H, bt, J 7hz),
3.78 and 2,08 (each 1H, d, J 10Hz) and 3.40 (1H,s).

(11) EEE;EEEEE (28), (860mq¥ 60%

(i111) the other (42), (150mg”#, 11%), plates, m.p.
177-179° (irom EtOAc - light petroleum). (Found: C, 69.7;
H, 6.2, CpgHpo05 requires G, 69.5; H, 6.15%)5 ) C0L4 1750,
1698, 1625 and 1590 em™Y; A max 220, 235 (sh), 278 (sh),
285, 320 and 328 (sh) (log £ 4.27, 3.86, 4.01l. 4.11, 4.05
and 3.93); mass spectral peaks ab m/é 328 (6%,'M+), 260 (22%),
245 (45%), 205 (243), 204 (40%), 176 (26%), 69 (53%) and
41 (100%); MR signals at T 8.37 (6H,s), 8.23 and 8.18
(each 3H, bs), 7.30 (2H,s), 5.42 (2H, bd, J 7Hz), 4.52
(14, bt, J 7Hz), 3.85 and 2.07 (each 1lH, d, J 10Hz) and

3.77 (1H,8)6




Claisen Rearrangement of 28

The ebher (28) (140mg) was heated at 180° for 3 hr
at atmospheric pressurce. The resulbant oil was purified
by TLC (1 x CHCls) to give the phenol (5), (1l00Omg, 71%),
needles, mMeps L51-152° (from ELOAc - light petroleum).
(Found: C, 69.5; Hy; 6.2 Cqgliog0s requires C, 69.5; H,6.,15%)
Y YCLa 9vss, 1642, 1670 and 1582 cw™l; N\ max 215, 233 (sh),

max
24 and 330 nm (Log £ 4,09, 3.91, 4.48 and 4.02); X ggie 248,
<78, 292, 309 (sh), 370 and 415 mm (log & 4.13, 4,01, 4.05,
4,00, 4.09 and 4.17); mass spectral peaks at m/e 328 (47%, M+),
313 (57%;, 2712 (29%), 257 (100%), 245 (11%;, 244 (21%) and
229 (14%); WIR signals at T 8.45 and 8.32 (each 6li,s),
7,17 (2H,8), 5.10 (1, bd, J 1lHz), 5,02 (1Y, bd, J 18Hz),
3490 and 2,08 (each 1H, d, J 10Hzj, 3.72 (14 d4/d, J 11 and

18 Hz,) and ~3,02%(1H,s).

Methylation of 5

KoCOg (VOmg)vwas added to a solution of 5 (80mg) in
acetone (50ml) and the mixture stirred at R.T. for % hr.
MeI (1lml) was added and the mixture reiluxed for 1l hr,
Work=-up procedure I gave an off-white golid which was
purified by TLC (1 x CHClz) to give the ether 6 (54mg, 61%),
prisms, m.p. 160-152° (from EtOAc = light petroleum).
(Found: C, €69.95; H, 6¢5. C20H2205 requires ¢, 70.15;
Hy, 6.5%); ) gg%Ol 1735, 1680, 1615 and 1560 em™t; A\ max
214, 272, 315 and 341 (sh) (log € 4.25, 4.50, 4.06 and 3.80) ;
mass spectral peaks at m/e 342 (397, M7), 327 (69%), 271 (100%),

243 (56%) and 41 (72%); WMR signals at T 8.50 and 8.37 (each

143
9
(o1
*
}.J
w
o~
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6H,8), 7.256 (2H,5), 6432 (3H,s bd., J 10HzZ),
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5210 (LH, bd, J 18Hz}, 3,77 and 1.98 (each 1H, d, J 10Hz)
and 3,63 (14, a/d, J 10 and 18 Hz).

Dimethylallylation of 8 using 1,2-dinethoxyethane (glvme)

a8 solvent

KoCOz (76mg) was added to a solution of 8 (115mg) in
dry glyme (50ml) and the mixture allowed to reflux for 1
hr, Diﬁethylallyl bromide (70mg) was added and the mixbure
refluxed for 21 hr. Work-up procedure I yilelded a yellow
oll which gave, aiter puriflcation by TLC (1 x CHClg), the
phenol 29, oSnJ/, 59%),vprisms, MePe 151-152° (from MeOH;,
(Found: C,69.8; H,6.1. Cqgliog0y requires C,69.5; H, 6.,15%;3

l) CCLy 1749, 1642, 1630 and 1590 cm™ ; A\ max 215, 233 (sh),

ma g
2835 and 331 nm (log € 4.15, 3.95, 4,43 and 3.98); N\ P88¢ 245,

max
278, 297, 308 (sh), 370 and 410 nm (log £ 4.10, 4.04, 4.03,
4,00, 4.05 and 3,98); mass specktral peaks at m/e 328 (704, M),
315 (60%), 213 (83%), 257 (100%), 229 (327, and 218 (72%,;
NMR signals at T 8.45 (6H,s), 8.32 and 8.15 (each 3H,bs),
7.18 (2H,8), 6.57 (2H, bd, J 7Hz), 4«77 (1H, bt, J 7Hz),
3090 and 2,13 (each 1H, d, J 10Hz) and =2, 30° (1H,s).

Pyrolysis of clausenin dimethylallyl ether (41)

The ether (41) (72mg) was dlbuOlV@d in N,N-diethylaniline
(lml) and heated at 135° for 1 hr, and for a further 3 hr at
170°, under No. The cooled solution was poured inbo 1cefwater,
extracted with EtOAc, washed with dil. HCLl to pHl, brine %o
neutrality, dried and evaporatede The residual oll was
separated by TLC (1 x CHClz) to give:-

(i) the phenol (43) (49mg, 68%); NIR signals

at T 8.52 (8H,5), 8.33 and 8.18 {each 5H, bS), Te22 (2H,s),
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6460 (2H, bd, J 7iz), 4.82 (1H, bd, J 7Hz), 3.87 and
2. 02 (each 1H, d, J 1OHz) and -2.55%° (1H,s).

(11,  clausenin (15, (17mg, 23%).
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Synthesls of the 4~COglle phenolsg (50; and (51).

Acetylene dicarboxylic acid dimethyl ester (100mg)
wag added to a mixture of 2, 2~dimethyl-5, 7-dihydroxychrom-
an-4-one (50mg) and ZnCle (80mg) and the solution heated
at 1350° ror 3 hr, ¥ . The cooled solution was exbracted
with B50Ac, washed with dil. HCL, with brine to neubrality
and dried. BHvaporation ylelded a viscous gum vhich was
separated by TLC (1 x CHClz and 1 x 30% EbtOAc: 1light petrol-

sum) to glves-

(1) the Lllnear phenol (50j, (15mg/, 20%), yellow

needles, mep. 205=208° (Dec.), (from BtOAc-light pebroleum).

(Found: C, 60043 Hy4eb55s CygHygOn requires C, 60.4; Hy4e4%);

» 0H%5 1740, 1620, 1562 end 1147 en™l; A max 210 (sh),
281 and 325 nm (log € 4.20, 4.27 snd 3.94); )\ P288€ o453 (sh),

mex
283, 311 and 414 (log € 4.00, 4.02, 4,00 and 4,00); mass

spectral peaks at m/e 318 (92%, M'), 303 (89%), 271 (93%),
231 (100%), 230 (95%), 203 (53%) and 174 (51%); NMR signals
at U 8.48 (6H,s), 7.18 (2H,s), 6.03 (3H,s), 3.90 (lH,s),

3¢ 67 (1H,s) and =4.85%° (1H,s).

(i1)  the anpgular phenol (51), (10mg¥, 14%), yellow

needles, m.p. 178-180° (from EtOAc-light petroleum). (Found:

G, 60.3; H, 4.6. CygHya0y requires C, 60.4; H, 4.4%);

v CHClz qwa0, 1650, 1622 and 1580 em™t; A\ lax 215, 279
max .
| | | ] b
and 320 nm (log £ 4.12, 4.28 and 3.95); )\ mgie 247, 275,

314, 354 and 400 nm (log £ 4.07, 3.82, 3.98 3,88 and 3.95);

mass spectral peaks at m/e 318 (57%. um¥,, 303 (86%,, 271 (86%,,

251 (100%,, 205 (78%), 176 (70%), 93 (100%), end 69 (100%);
NMR signals at T 850 (6H,s), 7.18 (2H,s), 6.03 (3H,s),

" A IR e \ - o ~ & P N
3,95 (1H,s8), 360 (1H,s} and =2¢12% (1lH.8)e




Methylatlon of the linear phenol {(50)

KoCOx (30mg) was added to a solution of 50 (20mg)
in acetone and the nmixture stirred at E.T. for % hre
MeIl (0.5ml) was added and the mixbure rerluxed tor 18 hr.
Work-up procedure I airorded an off-white solld which was
geparabed by TLC (1 x 30% EtOAc ¢ 1light petroleum) to give:w

(i) the linear methyl ether (52), (l4mg, 66%),

mep. 1€2-183° (from BEOAc - light pebtroleum). (Found:

C, 61e5; M, 449. CqnHq0y requires C, 61l.458 ;3 H, 4.85%);
Y G5 1740, 1691, 1605 and 1150 ex™l; A\ max 224, 262,
280, 320 and 335 (sh) nm (log £ 3.60, 4,09, 3.70, 3.85 and
3.78); mass spectral peaks at m/e 332 (46%, M¥), 317 (46%),
34 (92%), 85 (47%5, 277 (57%,, €16 (97%), 205 (48%), ’
83 (57%) and 69 (100%) NMR signals ac T 8.50 (6H,s),

7e28 (2H,8), 6418 (3H,8), 6.08 (3H,s), 3.92 (1lH,s) and
3632 (1H,8)e

(ii) the angular methyl ether (53), (6mg, 28%).

Methylation of the anpular phenol (51,

KoCOz (20mg) was added to a solution of 51 (20mg)

in scetone (50ml) and the mixture stirred at R.T. for & hr,

MeI (0.5m1) wag added and the mlxture refluxed for 18 hr.
Work-up procedure I aifiorded a cream coloured solid which

was separated by TLC (1'x 30% BLO0Ac:light petroleum) to give:-

(i) the linear methyl ether (52), (8mg, 38%).

(i1) the anuular methvyl ether (53), (l2mg, 57%),

plates, M.P. 200~211° (dec.) (from Et0Ac - light petroleum).

(Found: C, 61.85; H,5.00. C17H1607 requires C, 61.45;

I‘ITI‘(

y) CHClz 1740, 1662 and 1598 em™t; \ max 218
max .

2
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235 (sh), 273 and 325 mm (Llog £ 3,82, 3,51, 4.29 end 4.04;

mass spectral peaks at m/e 332 (54%, M), 317 (43%), 276 (100%),
245 (62%), 218 (46%), 190 (62%) and 93 (46%); WMR signols

at T 8.55 (6H,8), 728 (2H,s), 6.05 (6H,8), 3¢90 (1li,s; and
3655 (1, 8)e

Dimethylallylation of the angular phenol (51)

KoC0x (100mg) was added to a solution of 51 (90mg)
in scetone (40ml; and the mixture stirred at R.T. for hr.
Dimethylallyl bromide (0.511l) was added and the solution
reiluxed for 17 hr. Work-up procedure I gave the ether
(55), (55mg, 53%), needles, mepe 143-145° (from TtOAc -
light petroleum). (Found: U386 by mass spectrum,.
Cgy BpgOy requires W™ 386); 20 UHOL 1740, 1685 end 1595 cm™ly

' )\ max 273 and 325 nm (log £ 4.15 and 3.94); mass spectral

peaks at m/e 386 (6%, M ), 318 (41%), 13 (629), 271 (45%), w
203 (20%), 93 (23%) end 41 (100%); WMR signals at T 6.55 |
end 8.23 (each 6H, sj, 7.30 (2H,s), 6.05 (3H,s;, 5.30 (2, bd,

J 6Hz), 4.50 (1H, bt, J 6Hz), 3.93 and 3,60 (each 1H,s).

Claisen rearrangement of 55

A solution of 55 (23 mg) in N,N-diethylaniline(0.5ml)
was heated at 180Y for & hr under MNg. The cooled solution

was poured Lnto lce-water, extracted Wlth EtOAc, washed with

dil. HC1 to pHl, ‘brine to neutrality, dried and evaporated.

The residual oil was purified by TLC (1 x 25% EtOAc:light

petroleum) to give the phenol (57), (l4mg, 61%) as a yellow
olly solid. (Fbund: ut3e6 by mass spectrums. CoyjHouOy
requires M+386); )) CHClS 1740, 1640, 1618 and 1572 cm’l;

max
C Y ry ¥ H“J ‘I.
>\' max 220, 253 and 335 mm (108 & 4e2l, 4433 and .97
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masgg spectral pealks at m/e 386 (49, M+), J7L (3%5), 315 (4%),

23 (3%), 69 (26%), 59 (50%), 55 (26%) and 43 (100%,; NMK
signals at T 8,53 and 8.37 (each 6b,g8), 7.23 (2H,8), 6.07 (3H,s),
5.07 (1¥; bd, J 1luz), 5.03 {1H, bd, J 17Hz), 3.93 (1lH,s),

3,70 (1¥, &/d, J 11 and 17 Hz; and ~3.05® (1H,8).

~ Base catals de Lesomerisation of 53

53 (55mg; was added to a stirred solution of Na (12mg)
Ain BtOH (1LO0ml; and the mixture stirred at R.T. for 4 hre The
solutlon was diluted with dil. HCl, extracted with BtOAc,

washed with brine to neutrality, dried and evaporated. The

residue gave the plenol (58) (60mg; 93%), needles, MePe L28=
1310 (from BL0Ac ~ light petroleum). (Founds 1t 392 by megs |
spectrum. CoplizgOg requires MT392) )/)Cﬂ016 1725, 1670, . f
1600, 1250 and 1103 cm"lg ,X mox 2833 and 320 nm (log € 3.95 f
and 3.54); A P3¢ 248 and 225 (log £ 3.85 and 4.19); mass

spedtral peaks at m/e 392 (4%, M), 379 (23%), 546 (277),

332 (50%), 317 (38%), 276 (84%), 249 (84%), 245 (92%) and

218 (100%)s NMR signals at T 8.82 (6H, t, J 7Hz), 8.63

(6H,5), T.40 (2H,s), 6.23 (3H,a), 5.88 (4H, q, J THzj, 3.88

(lH,s) and 3.05 (14,8

she eater (53)

(1) Dil. HECL (10ml; was added to a stirred solution

of 53 (20mg) in EtOH (30ml) and the mLxLure refiuxed for 48 hr.

TLC showed that no reactlion had teken place, and so conc. HCl
(245ml) was:added, and refluxing continued for a further 24 hr.

The cooled solution was poured into ice-water, extracted with

Bt0Ac, washed with brine to neutrality and dried., Evaporation

t"lY\O’ 7Ylﬂteri91 (.“Rmpn OO/H)Q

yiolded unrcacted sta
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(i1) When the abowe reaction was repeated using
conc. HoSOy, the only compound recovered, was unreacted

starting material.

(i11) 53 (20mg) was added to dil. agueous NaOH
(1Oml) and the resgulbant yellow solutlon stirred at R.T;
- for 24 hr. Thevsolution was then neutrslised with dii.
HCl, exbracted with Et0Ac, washed with brine to neutrality
and driede. ILvaporation yielded only the unreacted starting

ester (53), (Llbmg, 75%)e

(iv) L4I-2Ho0 (60myg) was added to a solution oi 53
(3omg) in dimethylformamide (Ilml) and the mixture refluxed
for & hr. The cooled sblution was dlluted with ice-water,
washed with brine to neutrality and dried. Evaporation
afforded a semi-crystalline oll which was purified by TLC
(1 x 30% EtOAc:light petroleum) to give the angular phenol

(51), (20mg, 60%)e

Attempted hydrolygis of 51

LiI-2H50 (60mg) was added to a solution of the phenol
51 (60mg) in dimethylformamide (8ml) and the mixture reifluxed
for 16 hre. Similar work-up to that described above yielded a

light brown polar oil (55mg)
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synbthegie of the 4-methyl phenols (66) and (67)

Freahly ground Amberlite resin IR-120 (H) (64mg) wags added
~to a solution of 2; 2=Aincthyl-5, 7-dihydroxychroman=4-one
(L00mg) and ethyl acebtoacetabe (200mg; snd the mixbure
heated at 170° for & hr. The cooled solution was diluted
with Tt0Ac and filterede Evéporation af forded a yellow
solid vhich was separated by TLC (1 x CHClz and 1 x 20%
BEOAc: Light petroleum) to gilves |

L

(i) the linear phenol (66, (44mg%, 34%), vyellow

platey, mepe 210-214° (from BLOAc - light petroleum).

(Found: G, 65.8; M, 5.3. CqsH1405 requires €, 65.7; 5.15%) 3
)Y, §i015 1750, 1650, 1561 apd 1150 cm™l; N\ max 218, 233 (sh,
281 end 318 nm (Log £ 4.08, 3.77, 4.42 and 4.01;; mass Spectr~
al peaks at m/e 274 (43%, M'), 259 (100%), 231 (28%), 219 (43% ,
190 (67%) and 134 (32%) NIR signals at T 8.50 (6H,s), 7.38

(8H, ¢, J 1Hz), 3,68 (1lH,s) and -3.48% (1H,s/,,4,05 (1H, m).

.

(ii) the angular phenol (67)s (35mg, 27%), yellowA

needles, m.p. 170~173° (irom BtCAc - light petroleum)e.
(Found: C, 65.45; H, S5e2. CqgHy405 requires C, 65.7; Hy 5.15%)3

Y L0 1755, 1649, 1625, 1561 and 1185 on™l; X max 255, 27

and 318 mm {log & 3.78, 4.42 and 4.00); mass speckral pesks st

2
et s IS Y= AN A ACT 4 77 07 T
n/e 274 {B9%, 17}, 259 {100%), 210 {42%; and 190 (47%£); MR

at T 8.33 (6H,s), 7.43 (3H, d, J lHz), 7.17 (RH,s),

0

signel

4,05 (1H, m, J 1Hz), 362 (1lH,s) and =2,30% (1H,s;.

Methylation of the linear phenol (65

Kgcd5'(20mg) was added to a solution of &6 (18mg) in

- 2 s ) N ; ) UL VN T L
acebone {20ml) and the mixture stirred at R.T. Tor znr. ¥eT {Imi}

-
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wag added and the mixture refluxed for 18 hr. Work-up
procedure I gave the ether (¢¥), (1l6mg, 93%), prisms,

MmePe 142-144° (from EtOAs - light petroleum). (Found:

C, 66.8; H, 5.65; CypgH105 requires C, 66.65; H, 5«6%};
Y. ggglzllvso, 1688, 1610, 1595 apd 1153 cm™t; N\ max 220,
e, 277 (sh), 310 and 332 (shj (log £ 3.54, 4.24, 4.00,
389 and 3.80); mass spectral peaks at m/e 288 (98%, M+),
273 (65%), 235 (864), 232 (100%), 204 (82%) and 190 (£2%);
R slgnals at T 8.50 (6H,s), 7.4C (3H, d, J 1lHz), 6,10

(BHys), 3697 (lH,n) and .37 (1H,8).

Vethylation of the anpgular phenol (67)

KoCOz (30mg) was added to a solution of 67 (20mg) in
acetone end the mixbture stirrved for # hrs MeI (lml) was
added and the mixture refluxed for 18 hr. Work-up procedure I
gave the ether (69), (18mg, 85%), needles, meps 222-~223°
(from Et0Lc - light petroleum)e {Found C, 65.8; H, 5e5
C16H1605 requires C, 66.65; H, 5.6%3) ) §§§15 1733, 1680;
1609 and 1592 om™L; A\ max 215, 235 (sh), 273 and 316 rm
(Log € 4.02, 3453, 4,47 and 4,13); mass spectral peaks at
m/e 288 (43%, uY), 273 (35%), 235 (33%) and 204 (100%); MR
gignals et U ©.47 (6H,s), 7«45 (3H, bs), 7.30 (2H,s), 6,07

(BH,s), 4,02 (1H,m) and 34,58 (1H,s).

Dimethylallylation of the angular phenol (67)

KoCOz (60mg) was added to a solution of 67 (35mg) in
acetone and the mixturé stirred at R.T. for % hr. Freshly
distilled dimethylallyl bromide (0.5ml) was added and the
mixture refluxed for 18 hr. Work-up procedure I yielded a

vellow 0il which was purified by TLC (1 x 205% EtOAc : 1light
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petroleun) to give the ether (71), (20mg; 47% ), needleg,

MePe 130-140° (from EtOAc - Light pc*foleum)e ( Foundis

M¥342 by mass spectrumes CpplisOy requires 1 542) )),;3214
1746, lobd and loRo cm"lg X max 273 wnd 318 nm {(log € 4,12
and 3.89); mass spectral peaks at m/e 342 (27, M, 327 (2% ,
279 (6%, 265 (9%), 167 (16%), 149 (100%), 57 (41%), 55 (26%)
cand 43 (38%); NMR signals at T 8.47 (6H,s), 8.22 (6H,bs), 7:43 ?

(3H, 6, J 1Hz), 7.28 (2i,8), 5.33 (2H, 4, J 6Hz), 4.50 (1H,bt, J 6Hz),

4,05 (1}},1]1) and 3.62 (1}.‘[,8)5:

Claigen rearrengemsnt of the ether (71)

A solution of 7L (4bmg) in N,N-diethyleniline (0.&ml)
was heated at 170° for 3 hr under No. The cooled solution -

was poured into ice-water, extracted with EtOAc, washed

with dil. HCLl to pHl, brine to mneubrelity, dried and evaporasted.
The residual oll was purified by TLC (1 x 20% LtOAc:light
petroleum) to gilve the phencl 73 (Eng; 24%) as an olly semi-
crystalline solid, (Found' M4 by mass spechbrum. CgpHo205
requives 1'242). ) CHOls 1735, 1628, 1618 and 1565 om™; X max
283 and 321 nﬁ (log £ 4.27 and 3.79); masé spectral peaks at |
m/e 342 (24%, H+), %27 (299)s 271 (41%), 2568 (21%), 243 (24%; |
and 41 (100%); MR signals at T 8.45 and 8.33 (each 6H,s),

‘704‘5 (31{’ d, J l}IZ)’ 5.12 (:LH, bd, J 12HZ), 5.07 (1H’ bd., J 18}12)3 5

4,08 (1H, m, J 1Hz), 3.68 (1H, d/d, J 12 and 18 Hz) and «3.25°

Attempted bage catalysed isomerisation of 69.

The ether (89) (100mg) was added to a solubticn of

NaOEt [made from Na (20mg) in Bt0H (25ml) ] and the mixture

.

After acldification

. T
stirred ab R.T. for 3 hr and ot 407 for o Ll
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with dil, HCl, urnreacted starting material was recovered
(98mg,; 9% ). Similar resulis were obLained when NeH was

used as the base catalyst.

Attempted Oxidation of the Counarin (69)

(a) Freshly sublimed SeO, (60mg) was added to a solutim
of 69 (28mg) in EtOhc (25ml) and the mixture refluxed
for 3hr, The cooled mixture was then filtered through
celite, washed with brine, dried and evaporated, TLC of
the crystalline residue (BOmg).Showed that no reaction
had taken place and that the residue was unreacted start-
ing material.

(b) This resction was repeated using 20% agqueous dioxzan
as solvent, but once again no feadtion was found to take
place.'

(¢) When chromyl chloride in CCly was used as the oxid-

ising mediumg similar negative results were obtained.

7-Hydroxycoumarin (75) {(umbelliferone)

Unblliferone was prepared.by the method of Dey, Rao
and Seshadri 52 using resorcinol, malic acid and conc.
sulphuric acid. The crude product was crystallised from
methanol to give umbelliferone as pale yellow needles,

m.p. 228-229° (11t.°% m.p. 223-224°),
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Umbelliferone senecioate (74)

3enecloyl chloride (400mg) was added to 2 solution
of umbelliferone (300mg) in ethanol-Tree CHClg, and the
mizture refluxed for 3br. The solution was then poured
into ice-water, extracted with CHCly, washed with brine
to neutrallity and dried. The white solid residue obtain-
ed after evaporation was crystallised from EtOAc-light
petroleum to give the ester (74), (420ng, 87%) as colour-
less needles, Mmep.118-120°. (Found: 244 C14H1204 Te=
quires L¥214); Y ffixY 1750 and 1118 cﬁ%; A max 280 and
312 nm (log £ 3:49 and 3:48); mass spechral peaks at
we 244 (3%, Y)Y, 162 (23, 134 (2%), 83(100%) end 55
(26%); NMR signals at T 7:97 and 7-73 (each 3H, 4, J 1Hz)
410 (18, m, J 1Hz), 3:65 and 2-32 (each 1H, 4, J 10Hz),
2:95 and 2-67 (each 1H, bd, J 8Hz) and 2-88 (1H, bs),

Attempted Fries rearrangement of umbelliferone senecioate

(a) A solution of the ester (74) (50mg) in CHoCl, (20ml)
was added dropwise to a suspension of freshly sublimed
Alels (20mg) in CH2(112 (ZOml)-at 0°, The mixture was then
stirred at room temperature until TLC showed the absence
of any starting material. The mixture was then poured
into ice-water and extracted with CH20L2 . After washing
with brine to neutrality, drying and evaporating, the
brown solid residue was purified by TLC, and the only
product obtained was umbelliferone (l5mg; 45%).

(b) The ester(50mg) and freshly sublimed AlCl, (1Omg)
were heated at 120° for four minutes in a sublimation

" tube. After the liberation of all HC1 gas had ceased,

[43]
n

the mixture was washed with EtCAc and thess washing



further washed with brine to neutrality,dried-and evape
orated. Purlfication of the residue by TLC (CHClg) yielde
ed only umbelliferone (20mg; 53%). |

(c) The ester (7%4), (10Omz) was added to a stirred mix-
ture of AlClLg in tetrachloro-ethazne, and the solution
heated at 100° for 4hr, The cooled solution was poured
into ice-water, extracted with EtOAc, washed with brine
to neutrality and evaporated. The residual solvent was
then removed by steam distillation, and the solid residue
purified by TLC. The only material isolated was unreacted
starting material (80mgj; 80%). Similar reactions using
CS2 and nitro<benzene as solvents gave identical resultse.
(d) The ester (74) (400nmg) was stirred in refluxing

CF COOH (100ml) for 24hr. The solution was then poured

3
into ice-water and the precipitate collected, This was

found by comparison to be umbelliferone (200ng).

Attempted acylation of umbelliferone.

(a) Umbelliferone (200mg), ZnClo and senecioic acid (124mg)
were heated at 160° for lhr. The mixture was extracted
with EtOAc, washed with dil, HC1, brine to neutrality,
dried and evaporated. TLC showed that the residue con-
tained only umbelliferone and seneciolc acid.

(b} Umbelliferone (50mg), trichlerc-acetic acid (1COmg )
and senecioic acid (100mg) were heated together at 180°
fbf-l%hro The viscous residue was extracted with EtOAc,
“washed with dil. WaHCO5, brine to neutrality, dried and
evaporated, Purification of the resultent solid by TLC
(CHCl3) gave umbelliferone (20mg; 40%) and the senecioate

' ~ oo
ester (74), (00:322“f1s
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Acylation of 5.7=dihvd

94 7=Dihydroxycounarin (5Cng), trichloro-acetic acid
(10Cmg) and senecioic acld (50mg) were heated togethér
at 180° for Idhr, The viscous residue was then extracted
with EtOic,; washed with dil. NeHCO5, brine to neutrality,
dried and evaporated. The resultant oil was purified by
TLC (CHClg) to give a mixture (18mg) of claﬁsenin (15)

and its angular isomer (8).




