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Summary of a Thesis Entitled
Synthetic Approaches to Complex Naturally Occurring 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 angelicone, 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- s enecioy 1-5,7-di oxygenated 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 basejon spectroscopic data only* The 
1,1— dimethylallyl group at C-8 was introduced by the ortho- 
Claisen rearrangement of the 7- C- (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 formation 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.



Preliminary investigations have been directed towards 
the syntheses of some structurally complex natural 4-alkyl 
coumarins which have recently been shown to possess important 
physiological activity. The reaction of 2,2-dimethy1-5,7-di­
hydroxy chroman-4- one with acetylene dicarboxylic acid dimethyl 
ester has given two 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 corresponding 4-methyl analogues have been prepared and 
shown to be resistant to oxidation.
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.A Short Review of 
4-substituted Coumarins
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Since the isolation of coumarin (l) in 1820^ from
Coiniia r onna o d o r a t a (villd) by Vo^el, many compounds
possessing this skeleton as a fundamental unit have been
isolated from plant sources* There lias been continual
interest in the isolation and synthesis of novel natural
coumarins due to the proving number of pharmacological
properties associated with such oxygen heterocycles. Over

? '3 hthe last ten years, there have been several reviews' * 
of natural coumarins dealing with their isolation, 
structural elucidation and pharmacological properties.

* However 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-^. This lack of recognition is due
principally to their comparatively late emergence, although

5 6 recent reports of the high insecticidal arid anti-tumour
activity of certain members of this class will undoubtedly
stimulate interest in synthetic possibilities.

This class of natural coumarins can be conveniently7
divided into two major groups; I, those bearing a C-4
alkyl substituent; and II, those bearing a C-4 aryl
substituent. This review does not include the C-4
oxygenated coumarins, as this would enlarge it beyond the
scope of this thesis.

The simplest members of Group I are those bearing a
2 .me thyl group at the C-h position. Vhen Dean in 19^31 and

Soine in 19^4 reviewed natural coumarins, there were no 
examples of 4̂ — methyl coumarins known to occur in plant 
sources. However Nielsen 1 mentions the h-methyl furo-
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7coumarin (2) isolated by Scheel in 19^3 from Apium 
graveolens L. This coinpound possesses the unusual feature 
of having another methyl group attached to the ring at C- 8, 
whereas methyl groups are more frequently found attached

8to the aromatic ring as ethers. The coumarin (3 ) isolated
from Ekebergia aenega 1ensis is also an unusual member of
the coumarin family. The majority of natural coumarins
possess an oxygen substituent at C-7* either as a
phenolic-OH, an ether, or as part of a heterocylcic ring
system, whereas 3 has no such substituent at C-7» hut has
a methoxyl group at C-8. The only other natural 4-methyl
coumarins isolated to date arc? the phenol (4)^ and the

10bis-ether siderin (5)» both isolated from Put a. pinnata.
11The former compound has been synthesised by the Pecliman 

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 4-methyl coumarins appear in the literature. This 
is due to their ease of formation from ethyl acetoacetate 
by Pecliman condensation^, even when the aromatic portion 
of the molecule has been extensively functionalised.

The most abundant members of the natural 4-substituted
coumarins are those bearing a n-propvl group. To date,
the most prolific source of such compounds has been the
West Indian tree, Marnmea americana L. The fruit of the
inanimey tree has long been considered to be edible, but
suspicion that it might contain toxic constituents, led to

12the examination of its constituents, and the .isolation 
of a. coumarin named maniriein. This compound was assigned
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structure 6 on the basis of its spectroscopic properties
12and rigorous degradation by Dj crass i in i960. Ms rime in

is a 5 »7~dihydroxycouniarin having a n-projjyl substituent.
at 0 - k , an isopentenyl substituent at 0-6 and on isovaleryl
group at C-8. Whilst determining the positions of? the latter
paii.' of? substituents, 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). Mammein is a colourless crystalline solid
which on treatment with methanolic KOil followed by
acidification yielded a yellow crystalline isomer (7)» in
which the substituents at C-6 and C-8 have exchanged. The
mechanism of this isonerisation involves the opening of
the lactone ring, followed on acidification by closure with
the alternative ortho OH at C-5. Chelation between the
carbonyl at C-8 and the liberated lactone phenolic OH is
sufficient to direct relactonisation to the non-chelated
C—5 OIT, (Scheme 2). In this case, there is a quantitative
conversion to the C-6 acyl isomer (7)> but in certain other 

13examples , an equilibrium mixture is obtained in which the 
C-6 acyl isomer is predominant, but a small percentage of 
the C-8 acyl isomer remains. Two examples in which the 
isonerisation goes in the opposite direction have been 
reported^- Mesuol (12) is converted to iso-mesuol (13)
on treatment with base, but some dubiety has arisen in that 
no yields are quoted for thi3 reaction. Tomentolide IJ 
(55) ia similarly isomorisecl by base to yield a C-8 acyl 
coumarin, which has been conclusively characterised.

Xn connection with synthetic studies***^ in this series 
it was observed that 75/̂  H^SO^ represented an excellent
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Table 1

mammea A/ A A

4-phenyl 6-acyl

mammea V  B B

8-acyl

mammea B/ B

x  i
4-n-propyl 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,

17a cyclised product (.1*1-) is formed . This acid catalysed
deacylation introduces complications with respect to the
synthesis of this type of coumarin, as the acyl substituent
now requires to be protected before acid catalysed coumarin
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 base. The low yield (l^)
obtained by Djerassi in bis synthesis of dihydromammein
can t)e readily explained by this type of deacylation,
(Scheme 3)• '

Since the isolation of mammein, a further twenty seven
related coumarins have been isolated from the same source,
and a standard system of nomenclature has been devised by 

18Crornbie . This system has been used in this thesis for 
naming coumarins isolated from It a mm e a a r n erica n a L.
Mammein (6) :i s named Mammea B/hA, the first letter referring 
to the C-h substituent. A/hen a ^-n-propyl group is present, 
the first letter is always B, and if a 4-plienyl group is 
present , the letter becomes A . The second letter refers to 
the position of the acyl substituent, A representing a 6-acyl 
and P an 8-acyl group respectively. The third letter refers 
to the nature of the acyl substituent, A representing a
3-methyIbutyrv1, B a 2-methyIhutyry1 and C a n-butyry! 
substituent. (This system is summarised in Table l).
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Crorabie lias reported' that the petroleum extracts of
the seeds of Mammea anericana L have strongly insecticidal
properties, and his search for the active constitnent(s )
has led to the isolation of a great number of 4-substitued
coumarins, all having related, although, sometimes unusual,
structural features. Initial investigation of the

19petroleum extracts of the seeds led to the isolation of
four ^-alkyl coumarins, named marnmea b /DA ( ̂  ) , B/B!'( 15 ) ,
B/hC(l6 ) and C/BB(l7) respectively. Accurate mass
.measurements showed that the first pair ivere isomers
having the formula C'p2^ 28^5 » while the latter two have the
formulae and C,,, JT„ r.O . Comparison of the IR and21 2o p 2d J2 p

i 2UV spectra, of all four compounds with the spectra recorded
for mammein(6) shoved that they are all very similar in
structure. Detailed examination of the NMR.spectra of
na mine a B/BA., D/RD and B,/BC, revealed that all three compound
possess a Jf-n-propyl substituent and an isopentenyl group.
Combination of the mass spectral and NMR data revealed that
these three coumarins each possess one acyl substituent,
which was identified as a 3-inetliylbutyry 1 , 2-methy 1 hutyry 1
and an n-butyryl group respectively. One of the principal
problems in the structural determination of this group of
compounds, is to find the correct location of the alkyl
and acyl substituents. This can tie found by degradation

12 10of the molecule to known compounds’ *’ " or more s i m p l y  by
. 1 9inspection of the bV spectrum of the natural coumarin .

It lias been found that coumarins having 6- or 8-acyl 
substituents show characteristic base-shifts in the U V , 
and Table 2 shows the UV spectra of the synthetic coumarins 
(18)-(22)^  and the four natural coumarins under considersti



Table 2

couioarin X raax.nra.

(18) a c id 232 281 325

base 236 295 368 398

(19) a c id

base

219

221 253

289 317

329

(20) a c id 23? 282 325

base 237 297 368 400

(21) a c id

base

219

222 254

290 317

328

(6 ) a c id

base

223

225

252

253

293 322

322

(15) a c id

base

222

225 257

295 320

333

(16 ) a c id

base

223

225

252

253

293 322.

332

(17) a c id

base

222

O O n

____
257

294 322

333
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a

From this data, it is apparent that all four have the acyl
substituent at C~8 , and this is further verified by the
presence of a chelated Oil (T~̂ l . 7 ) and an unchelated OH
(T2 .8 ) in their NMR spectra. Therefore the 'coumarins
mammea B/BA, B/BB and B/BC were assigned the structures
6 , Ik and 15 respectively. The fourth coumarin, mammea
C/BB was shown to differ from mammea B/BB only in the nature
of the C-4 alkyl substituent, which was found by NMR and
mass spectrometry to be a n-pentyl group. Thus mammea C/BB
was assigned structure 17. Natural mammein, which was
originally thought to be a pure compound, has since been 

19shown by comparison to consist of a mixture of the coumarins 
mammea B/BA(6 ), B/BB(l5) and P>/BC(lb).

However, none of these compounds was found to possess
19insecticidal activity , and so the petroleum extract of

?0the seeds was re-examined . Careful chromatographic 
separation showed the presence of six new 4-n propyl coumarins,
but separation of these proved difficult, and so identification
was approached by resolving them into small groups of 
congeners. The structures of the individual members were 
then deduced from spectral data, and the compounds related 
to known coumarins by chemical conversions.

The IR, NMR and mass spectra indicated that each group 
had the partial, structure (23) , 'the position of the acyl 
group being determined from the UV spectrum. The acyl 
substituent was shown to be eritlier a ^—me thy Ibu tyryl ,
2-methyIbutyry1 or a n-butyryl group, but the nature of the
alkyl substituent at C-6 was found to be more complex than
that of any previously isolated Mammea coumarins. The Nidi 
spectrum of the first group of congeners showed the
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absence of the phenolic . 5-OH, but did sliow a new O H . signal
at '£f8.06. This information, alonp with accurate mass
measurements, su^ested that the compounds could he either
o<-(hydroxy isopropyl) dihydrofurans (24) or the isomeric
3-hydroxy-2, 2-dimethyIdihydropyrans (25). The presence
of an abundant ion at M/lC 59 in tlie mass spectrum (Scheme 4)
favoured the former, and this was confirmed by the NMR
spectrum of the diacetate of this compound. The rnethine
proton showed a downfield shift of 0,27 p.p.m., in agreement
with 24, a much larger shift being expected for the
secondary alcohol (25). Thus the throe coumarins :i.n the
first group of this extract were assigned the structures
(26-28). Further confirmation of these assignments was
obtained by the synthesis of the de-a.cyla.ted product (29)

20from the coumarin (30) ~ !)y treatment with m-chloroperbenzoi
acid. ‘

The remaining three coumarins isolated bv Ciombie at
this time proved to be further oxygenated coumarins (31-33)*

2]The first two gave a positive peroxide test and spectral 
comparisons with the coumarins (26-28) confirmed their, struct 
The structure of the hydroperoxide (33).  was assigned by 
similar spectral comparisons.

In view of the oxidation level of these new compounds, 
the aerial oxidation of mammea B/PA, B/BB and B/BC was 
examined \  Thus, when a mixture of these three coumarins 
was dissolved in CHCl^, and left in light for ten weeks, 
(26-28) were shown to be present by TLC, along with other 
unidentified material. The problem of whether these 
natural coumarins originate from metabolism within the seed, 
or arc formed during the isolation procedure, is as \et 
undetermined•
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None of the above extracts had any insecticidal activity,
and so farther examination of the seed extract was under- 

? 2taken . This revealed the presence of some new h-n-propy1
compounds. These were all yellow crystalline phenols,
whose UV spectra, indicated that 'their acyl substituents were

/I 9positioned at C-6 . The structures of these coumarins were
determined by the same means used for their previously 
isolated isomers. The first three (3^-36) are the isomers 
of na tural mammein"^^ ^  and are named mammea B/AA, B/AB and 
B/AC respectively. The remaining three were the 7,8- 
-annulated o<-(hydroxy isopropyl) dihydrofurans (37-39), the 
structures being confirmed b}r their syntheses from mammea 
B/AA, B/AB and B/AC by treatment with m-chloroperbenzoie 
acid. The coumarins (3^-3^) were synthesised by the base- 
-catalysed isomerisa t ion of mammea B/Ba (6), B/]3B (14) and
B/BC(l5) respectively. however these six coumarins still 
showed no insecticidal activity, but a further two coumarins, 
isolated" as an inseparable mixture, possessed 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 mammea B/BA and B/BB differing 
only in the nature of the C-^ clkyl substituent. The loss 
of ketene and acetic acid in the mass spectrum suggested 
the presence of an acetate and NMR showed that this side 
chain was a 1-acetoxy-n-propyl grouji. Therefore the 
insecticidal components of the seed extract of Mammea 
americana have the structures (^0) and (4i). The authors 
comment that the mass spectrum of the mixture suggests
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t)ie presence of a small, amount of 42, but no further 
evidence via,? found to support this. Treatment of 10 and 
4l wit}j 709’ H^SOj resulted in deacylation and cyclisation 
to give the cbroman (43) v/hilst treatment with CF COpH gave

J ^

44, and treatment with methanolic KOH yielded the 
corresponding 6-acyl couinarins (45) and (46), (Scheme 5)*
The two coumarins (4o) and (4l) have been shown to be un­
couplers of oxidative phosphorylation, a property shared by 
the other natural Marmuea cournarins, but the presence of the 
l'-acetoxy group attached to the 4-alkyl substituent appears 
to be the important factor in .the conferment of insecticidal 
properties. This was further confirmed, when the naturally

00 ttoccurring conmarin , surangin B (4?) was tested , and found 
to be even more toxic to houseflies than the active coumarins 
(4o) and (4l) . Surangin B was isolated from the roots of 
Maminea 1 ongifo 11 a (Wight), and its structure was assigned 
on the basis of its spectral properties. The only difference 
between surangin B and 4l 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 (48) confirmed this. 
.Surangin A (49), isolated from the same source, structurally 
is similar to 47, but without the acetoxvl group 011 the C-4 
substituent.

A further group of highly oxygenated coumarins,
24isolated from Mamrnea anericana by Finnegan , have been 

assigned the structures (50-52). These assignments were 
confirmed by their syntheses of 50-52 from the coumarins 
marnnea B/BA, B/BB and B./BO, by treatment with m- 
-clilorperbenzoic acid in the presence of p-toluenesul phonic
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2 5 acid '.
2 6 27Investigations by Scheinraann * ' on the related tree,

Ma r.1in e a a f r i. c a n a O Don, have shown the presence of similar
4-alkyl coumarins. Thus mammea B/bA, E/BI! and B/BC have
been extracted from the sends of this tree^^, and the bark has 

27yielded' the known mammea B/DB and B/AB along with two novel
4-alkyl coumarins. The first of these was shown by
spectroscopic means, to be the chrorneno-coumarin (53) > and
tine second was assigned the structure ( 54) • The latter is
the second example of a natural coumarin bearing a n-pentvl

1 9substituent at 0-4, the first being mammea C/BB (17) ‘ •
It is known that 2 ,2-dimethyIchromene rings can be

formed by oxidative cyclisation of an isopentyl group with
an ortho-phenol, in the presence of dich.lorodicyanobenzoquinor 

28and Finnegan has used this reaction for the conversion of
manmein to the corresponding chroinene, (Scheme 6). It is
interesting to note that acid catalysed cyclisations give
linear derivatives, in contrast to the oxidative cyclised
angular product,

A further method for the synthesis of such, 2,2-
29-dimethy1chromenes has been reported by Games . This 

involves heating the correspond!ng phenol with 3-hydroxy-l,1- 
-dimethoxy-3 methy1butane, but the yields in this process 
are low, especially when the aromatic ring is highly 
substituted.

Other 4-alkyl coumarins possessing chromene rings are
known, and tomentolide B (55) » isolated from Calophy1lum 

15fomentosum , 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 a e y 1 substituent is also cyclised, to form
a 2,3-fhmethylcbromanone ring. The orientation of these
two ring systems was confirmed by the base-catalysed
isomerisation of tomentolide 13. When 55 was treated with
dilute K.OH, the' phenol. (5^) 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-hydroxy-8~(2f,31-
-dimethylacryloyl) coumarin (56), (Scheme 9). The direction
of lactonisation in this case is unusual, as cyclisation
accurs xvith the chelated phenol, and not as expected to the

12non chelated phenol, as in the case of rnammein .
The coumarin, costatolide (57)» isolated from

C a 1 o pit y 11 u m cost a t u m Bail is similar to tomentolide J3. In
this compound, the relative orientation of the rings is
reversed, and the chromanone ring has been reduced to the
corresponding chromanol. The’ structure was verified by the
synthesis of racemic oxodihydrocostatolide (58) (Scheme 7 )

*31by condensation of the phenol (59) -with ethyl butyroacetate
in the presence of CF CO^H. Detailed consideration of the
NMR spectrum of costatolide has revealed that the two methyls
of the chromanol ring are trans to each other, and that the
-OH is cis to the neighbouring methyl. Therefore, costatolide
should be represented as 57* Another related coumarin (60)

32has recently been isolated’ from Gal ophyl.jnm i nopli y 11 11m .
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 0-7*

As previously mentioned, the insecticidal components (^0)
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Table -3

Compound. T r i v i a l  Names. S ou rce * R e fe rence .

(6) Mammeln Mammea americana 12, 19
Mammea B/BA Mammea africana 26, 27
Ferruol C Mesua ferrea 14.

(7) (34) Mammea B/AA Mammea americana 12, 19
Mammea a f r ic a n a  26, 2?

(12) Mesuol Mesua ferrea 14
(15) Mammea B/BB Mammea americana 12, 19

Mammea africana 26, 27
(16) Mammea B/BC Mammea americana 19

Mammea africana 26, 27
(17) Mammea C/BB Mammea americana 19
(26) .. " 20
(27) " " 20
(28) " " 20
(31) " " 20
(32) " " 20
(33) " " 20
(35) Mammea B/AB 11 " 22

Mammea africana 26,27
(36) Mammea B/ AC Mammea americana 22
(37) " " 22
(33) u " 22
(39) " " 22
(40) « it 5
(41) " " 5



Table 3 contd.

C47) S u ra n g in  B Mammea lo n g i f o l i a  23

(49) Surangin A u 11 23
(50) Mammea americana 24
(51) " 11 24
(52) 11 24
(53) Mammea africana 26, 27
(54) H n 26, 27
(55) Tomentolide B Calophyllum tomentosum 15
(57) Costatolide 11 cost at um 30
(60) 11 inophyllum 32
(61) Ferruol A Messua ferrea 33

T a b le  4

(62) Mammeisin Mammea americana 13 ,22, 34
Mammea A/AA

(63) Mammea A/BA ” ** 13, 22, 34
(64) Mammea A/AB " M 13 > 34
(65) Mammea A / W  " M 13, 22, 34
(66) Mammea A/Acyclo D 11 ” 13, 22, 34

Mammeigin
(67) M " 13,22,34
(63) 13j 22, 34



Table 5

Compound Trivial Name Source Reference

(62) Mammea A/AA Mammea africana 26, 27
(63) Mammea A/BA " " 26, 27
(64) Mammea A/AB Mammea africana 26, 27
(68) " 11 26, 27
(69) " 11 26, 27
(70) M ,f 26, 27

Mesuol Mesua ferrea 14



and (4l) of the ]'■ laminea arner 1 cana. seed extract and surangin B 
(47) have oxygen substituents on the 11-propyl group at C-4.
One further variation of this side chain has been found, and

O Ois exhibited by the coumarin feruol A (6l) isolated from 
Mesua ferrea L. The NMK and mass spectrum of this compound 
revealed the presence of a 1-rnethyl n-propyl group situated 
at C-4, the remainder of the molecule being similar to mammea 
B/DB. Table 3 gives a summary of these 4-n-propyl 
substituted coumarins.

The second major group of 4-substituted coumarins possess
a 4-aryl substituent. Once again, the most abundant source
of these has been Mammea americana L, and the compounds
exhibit the same general properties as their 4-alkyl analogues.
Thus the 8-acyl isomers can be converted to the 6-acyl i s o m e r s

by treatment with methanolie KOH, and the acyl . substituents
can be removed by treatment, with strong acid. The structures
of these coumarins were assigned by the same means as their
4-alkyl analogues. Table 4 lists the seven 4-arylcoutnarins
(62-68) isolated from Main me a americana ^ 1 ̂  J * and Table 5

? 6 27lists those from Mammea africana G Don* 9 , (62-64, 68~7C).
The coumarin (70) was shown to be identical with mesuol (12)

14a coumarin previously isolated from Mesua. ferrea L. Three
3 5other coumarins .isolated' from this latter source are 

mammeisin (rnavrnnpa A/AA) (62) . mamrneigin (mammea. A/A cycle D)
(66) and the chromenocoumarin, mesuagin (70 a). The position
of the acyl group at C-8 in 71 was suggested by its UV
spectrum, and this was confirmed by the chemical shift of
the two tertiary methyls of the chromene ring. These resonate
at f 8,42 and are therefore not shielded by the 4-phenyl ring.
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In the. case of a 5 » 6 * fused chromene, the tertiary methvls have 
1 5been reported as being1 significantly shielded by the 

neighbouring aryl group. The shielding effect of the phenyl 
group is shown in Table 6* The relationship between mesuol 
(12=70) and mesuagin (70a) vas proved by the oxidative 
cyclisation of 12 with DJ)Q to give 70q in high yield.

Another source of 4-phenyl coumarins, €alophyllum 
inophyllum, has been studied by several authors. The coumarin. 
calphyllolide"^ (71) is analogous to 60, containing a chromene

A /
ring and a 2,3-dirriethylacryloyl side chain. Jnophy llolide 
(72) is c3.osely related to calophyllolide, and indeed lias been 
synthesised from 68 by A1.C1^ catalysed d eme thy la t ion ,

37followed by ring closure. Other investigators7 have shown

that both cis- ( 73 ) anc  ̂ trans - ( 7*0 inophyllolide occur in the
same tree, along with the reduced form 75» which is analogous
to costatolide (5.7). These three inophyllolide derivatives all

37show pi sc id al activity , but are only a. fifth as active as
pentachlorophenol. The fifth coumarin isolated from CalophyHum

3 8inophyllum ponnalide, was originally thought' to have the
39structure (76), but this was later revised' to 77 after careful 

examination of its NMR and mass spectra. A further related
kocoumarin isolated from Ca 1 ophy 111ini anstra 11 anuin , was

assigjied the linear structure 78 j on spectral grounds. The
chemical shift values of the chromanone ring substituents in
the NMR confirms the linear structure as the proxiraitv of the
phenyl ring causes a marked change in their chemical shift from

15their normal values . This shielding effect was again found
in the NMR of the coumarin tomentolide A (79) > isolated" from
Calophvllum tomentosum. The directly related coumarin

1 5apetalolide (80), isolated" ' from -Calophyllum apetalum is



Me

H O

(?l)
Ph (82)Ph (83)

Ph

C ^ )

MeO-Me
HO Me

OH

Me

(81) 
S c h e mfi 8

A c O ' ^ ^ y ^



(80)
Ph

r  ( 7 i)

Table 6

Compound NMR values %

(71) -OMe 6,28 Ha 9.06

(80) -OMe 6.97 Ha 8.62



isomeric with calophyllolide (7l) and a comparison of the NMK 
spectra of these two comnnrins demonstrates the shielding 
effect of the 4-phenyl group (Table 6). It should be noted 
that all these 4-phenyl coumarins possessing alkyl and acyl 
substituents were isolated from the same plant family, the 
Guttif erae.

Some simple 4-phenyl coumarins are known, the first to
41 / xbe isolated ' being dalbergln (81). This coumarin occurs

along with its methyl ether (82) in the heartwood of
Dalbergla sissoo, and its structure was proved by degradation
and synthesis. Investigation of the stem hark of the same

42 / \tree led to the isolation of isodalborgin (83) «ncl nor-
dalbergin (84) along with 8.1 and 82. The first coumarin
possessing a substituted phenyl group at C-4 was melannein
(85), isolated4^ from Dalbergla baroni and Dalbergia
melanoxylon, The structure of this coumarin was based on
spectroscopic evidence, and it has since been confirmed by
synthesis^ ̂  Exostemin (86), isolated from Exostemma
cari'baeuru lias also been synthesised by the same type of route
(Scheme 8). The only other similar coumarin isolated to date
is sisafolin (87) from ̂  Dalb'ergia latlfolia. On the basis of
chemical and physical properties, the tentative structure (87)
has been proposed. The presence of the formyl group at C-6
is unusual, and a. synthesis of this compound would be useful
to confirm the structure.

1 - \1 2Since the isolation of mammein (0)~ , there have been 
several attempted syntheses of similar related coumarins.
In i960, Djerassi synthesised^ dihydromammein (8),(Scheme 3)?



(88)
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from phloroglucinol t but the yield of 8 was never greater than 
lf/o. The principal difficulty encountered in this route was the 
final stage Pechman condensation on the substituted phenol, 
which went only in low yield. It is possible that the acid 
catalyst required for this reaction, initiated deacylation 
of the phenolic precursor, or even of the dihydromammein form­
ed in the reaction.

This problem of deacylation was overcome by Stout-^ 
in his synthesis of oxodihydrocostatolid e(5 8). The phenolic 
precursor (59) has the acyl group protected as a chronanone
ring. The naturally occurring coumarins, Mammea B/nA and B/AB9

P C)(3*0 and (35) » have been synthesised from the substituted
coumarins (18) and (20) , using: 2-methylbut-3-en-2~ol and boron
trifluoride-etlierate to introduce the isopentenyl substituent,
a l t h o u g h ,  once again the yields are low. • Seshadri has also rep or

8 e>ted the synthesis of mamraeisin (62)' ' by a similar method.
26Games and Haskins have also reported " the syntheses 

of the naturally occurring coumarins, mammeigin (66),(53) and 
the non-natural coumarin (88). The 2,2-dimethylchromene ring 
was introduced by condensation of the corresponding phenols 
with 3-hydroxy-l, 1-dimethoxy-3-methylbutfine, and the yields in 
these reactions are between 30-80c/o. These latter syntheses are 
the most successful that have been reported to date.



BEFERHCES



16

1, J.L. Abernethy, J .Chem.Educ., 1969, h b t 561.
2. P. Mo. Dean, "Naturally Occurring Oxygen Ring Compounds" , 

lBut terworth, Loudon, Ibb'J,

3* T.O. Soine, J.Pharm,Sci., l(j 6 k , 2̂., 231* 
b, B.E. Nielsen, Dansk Tidsskr. Farm. , 19.70, 40, 111.
5. L. Crombie, D.E. Games, N.J. Haskins and C-.P. Reed, 

J.C.S. Perkin 1, 1972, 2255.
6. R.A. Finnegan, K.E.Merkel and N. Back, J.Pharm.Sci.,

1972, 61, 1599.
7# L.D. Scheel, V.B. Perone, R.L. Larkin and R.E. JCupel, 

Biochem., 1963, .2, 1127.
8. C.¥.L. Bevan and D.E.V. Ekong, Chem. and Ind., 1965, 

383.
9. A.G. Gonzales and R. iistezez Reyes, Anales Real Soc. 

Espan.Pis.Quim., (Madrid), Ser. 13., 1963, j?2» 6h9,

10. A.G. Gonzales, P.M. Prago, M.G. Hernandez and J.G.
Luis, Phytochemistry, 15^72, 11, 2115 •

11. E.V.O. John and S.S. Iaraelatain, J.0rg.Chemo, 1961,
26, 2b0.

12. C. Djerassi, E.J. Eisenbraun, R.A. Finnegan and
B. Gilbert, J.0rg.Chemo, 1900, 2_5, 216b.

13. L. Crombie, D.E. Games and A. McCormick, J.C.S. (c),
1967,2553.
D.P. Chakraborty and B.C. Das, Tetrahedron Letters,

1966, 5727.
15. 3.K. Nigarn, C.R. Mitra, G. Kunesch, B.C. Das and 

J. Polonsky, Tetrahedron Letters, 1967, 2633



- 17 -

16. R.A. Finnegan, D. Gilbert , E.J. Bisenbraun and C.< 
Djerassi, J.Org,Chem.,1960, 2J^f 2169*

17• R.A. Finnegan and V7.H. Mueller, Chem'*. and Ind., 1964, 
1065.

18. L. Crombie, I). 12. Games, and A. McCormick, Tetrahedron 
Letters, 1966, 151*

19. L. Crombie, D.E. Games and A. McCormick, J.C.S. (c),
1967, 25^5.

20. L. Crombie, D.E. Games, N.J. Haskins and G.F. Reed,
J.C.S. Perkin 1, 1972, 2241.

21. A.G. Davies, "Organic Peroxides", Butterworth, London, 
1961, p.193.

22. L. Crombie, D.E. Games, N.J. Haskins and G.F. Reed,
J.C.S. Perkin 1, 1972, 2248.

23* JB.S. Joshi, V.N. Kamat, T.R. Govindachari and A.K. 
Ganguly, Tetrahedron, 1969, .25., 1^53*

24. K.E. Merkel, Ph.D. Thesis, University of New York, 
Buffalo, 1970.

25* V. Steck, Canadian J.Chem., 1971, 4.9, 1197*
26. I. Carpenter, E.J. McGarry and F. Scheinmann, Tetrahedron 

Letters, 1970, 39^3.
27. I. Carpenter, E.J. McGarry and F. Sclicinmann, J.C.S. ,(C), 

1971, 3783.
28. R.A. Finnegan and K.E. Merkel, J.Pharm.Sci., 1972, 6l, 

1603.



~ 13 -

29. D.B. Gaines anci N.J. Haskins , Ciietn. Comm. , 1971, la J!j •
30* G.H. Stout and 3i.L. Stevens, J.Org.Chem., 1964, .29,» ’

3604.
31. J* Polonsky and Z. Baskevitoh, Bui 3. ,Soc. Chirn. France,

1957 9 929.
32, A, Cave, M. 3)ebra.y, G. Henry, G. Kunesch and J. Polonsky,

C.Ii.Acad. Sci. , Ser. C, 1972, 275» 1105.
33* T.h. Govindachari, B.R. Pai, P. S. Subramaniatn, ti'.R. Kao 

and N. Muthnkumaraswaray, Tetrahedron, 1967? 4l6l.
34. R.A. Finnegan, M.P. Morris and C. Djerassi, J,Org.Chem,, 

196i, 26, 1180.
35. K.R. Bala and T.R. Sesliadri, Phytochemistry, 1971» 1 0 , 

1131.
36. J.- Polonsky, Bull. So c. Chim. Franco , 1958,929°
37 • K. Kowazu, II. Ohigashi and T. Mitsui, Tetrahedron Letters, 

1968, 2363*
38. D. Adinarayana and T.R. Seshadri, Bull•Nat.Inst,Sci.

' (India) , 1965, .31, 91°
39* V.Y.S. Murti, P. S. S. Kumar and T.R. Seshadri, Indian 

J.Chora., 1972, 10, 255.
40. G.D. Breck and G.H. Stout, J . Org. Chem. , 1969, 'Mif 4203.
41. A. Ahlumalia and T.R. Seshadri, Curr.Sci.(India), 1963,

32, 455.
42. S.K. Mukerjee, T. Saroja and T.R. Seshadri, Tetrahedron, 

1971, 27, 799.
43. B.J. Donnelly, D.M.X. Donnelly and A.M. O ’Sullivan,

Chem. and Ind., 1066, 1498.



IS

U k . S . II. Mnke r j e e , T . Sar o j a aiid T . U . Se shadr i , 3'ridi an
J.Chcm., 1969, 2» 8Ẑ '
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Syntheses of the coumarins 

dentatin and glabralactone.
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Clausen a. dent.ata, (Villd) is a small tree found in the

south of India. In 1969 the extraction of its roots with 
1hexane , yielded a mixture which was separated by 

chromatography into three crystalline compounds, melting 

at 102°, 95° and 182° respectively. The first was shown 

by direct comparison with an authentic sample to be the
. 2substituted furocoumarin, imperatorin (l) . The remaining

two compounds were named dentatin and nor-dentatin

respectively,

Analytical data and mass spectral molecular weight

, determination (M+326) indicated that dentatin had the

molecular formula ^pQ^22^b* Its IR spectrum ()lmax 1720cm ^ )
and UV spectrum (Amax 2.30, 270 and 33Cnm) suggested that .it

was a substituted coumarin and the NMR spectrum confirmed
this. The NMR also showed the presence of a 2,2-
dimethy lcliromene ring, a 1,1-dimethvla llyl group and a

rnethoxyl group, and thus dentatin could be formulated as

2,3 or.4, From the available physical data, it was not
possible for the authors to choose between these three
possibilities, but they favoured 3 on the following grounds.

From a related plant, Clansena heptaphy1la, another new
3coumarin, clausenidin, has been isolated • Moreover, it was 

possible to obtain a direct interrela t ion of dentatin with 
the methyl ether of clausenidin by reduction of the chromanone 

ring followed by riehydration.
Thus 3 was the structure allocated to dentatin on the 

evidence that it had been interrelated with clausenidin for
3which the structure (3 ) had been proposed . The angular 

structure (5 ) of clausenidin had been preferred to the 

linear possibility (ll) for two main reasons. UTien
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c 1 a>.1 senidin wa s reac. ted with cone . JT SO^ , a non-pheno.1 ic
isomer was obtained, which no longer possessed a vinyl
grouping. The presence of a new secondary methyl group in
the NMR spectrum of tl)is compound showed that it was a
2 ’, 3 ’» 3 f- trimethy1 dihydrofuron which must have arisen
by the interaction of the double bond of the alkenyl side
chain with an ortho phenolic group. Thus 7 was necessarily

3the structure of cvcloclausenidin, and the Indian authors 
logically, but erroneously, assumed that clausenidin must 
be did not consider any other possibilities.

hNormally one would have predicted an. almost quantitative 
conversion of clausenidin to cycloclausenidin, even where 
the OTI is chelated to a carbonyl, but the yield of 
cycloclausenidin was only 30/'* 11} retrospect, this should
have led the Indian workers to query their structure of 
clausenidin.

The second reason for assuming the angular structure (5)
to be correct, was that clausenidin, on heating with AlCl^,
underwent a retro Friedel-Crafts alkylation. The product
of this reaction, obtained in only 10c;'> yield, was shown by
comparison with an authentic sample to be the chromanocouinarin
(8). The angular structure of this coumarin had been

5conclusively proved by its conversion to alloxanthoxvletin 
(12a) (Scheme l). Having assigned the structure (3) to 
dentatin, the authors then assigned the structure (9) to 
nor-dentatin on the basis that simple methylation (Mel/K^CO ) 

afforded dentatin.
More recently, a fluorescent crystalline compound,

isolated^ from the roots of Poncirus trifoI lata Ratinosoue
was shown, solelv from spectroscopic evidence, to be the
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chromenocoumarin (2 ).. The linear structure (2 ) of this 
coumarin, named poncitrin, was established by the use of the 
nuclear Overturnser effect (NOE) . Thus* when the NME signal 
of the methoxyl grouyi was saturated by double irradiation, 
the integrated intensities of the coumarin C-4 proton and 
the benzylic proton of the chromene ring were appreciably 
increased. This necessitated a close spatial relationship 
between the OMe and each of these protons. Consequently 
the methoxyl group must be attached to C-5, with the chromene 
ring attached through oxygen at C-7 to 0-6. Therefore
poncitrin was assigned the linear structure (2 ).

7This result prompted a reinvestigation of the structure 
of dentatin, and in particular, that of clausenidin, on which 
the structure of dentatin had beeii based. NOE experiments 
on clausenidin rnethvl ether again revealed a peri relations!'! 
between the OMe and the hydrogen. This necessitated the
reformulation of clausenidin methyl ether as 10, and 
therefore dentatin as 2. Consequently dentatin and poncitrin 
must be identical, confirmed later by direct comparison of 
their IE spectra, and thus the chemical transformations of 
clausenidin, now 11, must 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 Oil leading to the angular 

compounds (5 )
Since the currently accepted structure (2) of dentatin- 

p.oncitrin is largely dependant on the interpretation of 
spectroscopic data, we felt that it would be useful to 
provide additional support of a synthetic nature. The 
1,1-dimethylallyl unit of dentatin, could in principle be
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introduced at C-8 by _ the ortho Claisen rearrangement of a
7-0- ( 3 » 3-9imethylallyl ) ether. Examples of this process

Rhave previously been reported , but in general yields were
low. The newly formed desired product lias an or111o plienolic
Oil which can interact directly with the double bond of the
'alkenyl side chain to yield a dihydrofuran, (Scheme 2).
Alternatively, the ortho phenol could react indirectly with
the 1, 1-dimetbyla.l.lyl side chain giving a 1, 2-dimethylallyl
phenol. The mechanism of this latter reaction, known as the

9abnormal Claisen rearrangement' , is shown in Scheme 3» it 
requires participation of the plienolic OH with the alkenyl 
group to form a spirocyclohexadienone by' a 0 . 5 ]  s igmatropic 
hydrogen transfer. If this is then followed by a further 
[1.5] sigma tropic hydrogen shift from one of the berizylic 
methyl groups, the 1,2-dimethyla11y1 phenol is formed.

Since these undesired side reactions are initiated by 
the newly liberated phenolic OH, these problems can be 
obviated by' carrying out the rearrangement in the presence 
of an anhydride, thus trapping the phenol as it is formed 
as an cster^. We envisaged that rather than having an 
external anhydride present, similar trapping might be 
obtained by the intramolecular cyclisation of a C-6 
seneciov 1 group with the newly formed ortho OH to give a. 
chromanone ring (Scheme 4). Cyclisations of senecioyl 
groups with ortho phenolic "roups have previously been 
reported to occur during the Fries rearrangement of senecioate 
esters , 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

Kderivable from the synthetically available phenol (8) by 
dimethylallylation of the C-7 OH, if it were then possible 
to effect a retro-Michael opening of the clirotnanonc ring and 
prevent recyclisation by niethylation 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 (l4) with various bases.

The angular chroinanocoumarin (8) and its linear isomer, 
cla.usenin (l5)> have been synthesised'’ by the condensation 
of ethyl propiolate with 2 , 2-dime thyl-5 > 7-dihydroxy chroman-4 
-one (l 6) in the presence of ZnCl^ • The Indian workers 
suggest in their paper that only two compounds are formed 
and that their separation by chromatography is simple, but 
by following their conditions, a viscous gum was obtained, 
which contained a minimum of ten compounds. Column 
chromatography was completely unsuccessful in separating 
these, while preparative Tl.C gave apparently homogeneous 
bands, which were later shown to be mixtures. Analytical 
TLC did show however that the major product was a pale yellow 
compound which, gave a positive FeCl^ test. By dissolving 
the total gum in EtOAc., and leaving the resulting solution 
in a deep freeze for 3-h days, a pure Sami').! e of a coumarin 
was obtained in 13< yield, m.p. 215-220° whose spectral

5properties were identical with those published for 8 •
.1 2An alternative synthesis of 8 lias since been reported , 

involving the Pechman condensation of the chromanone (l6) 
with malic acid, using cone, H^SO^ as the catalyst. This
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method w h s much cleaner, and gave 8 in 27$ yield. Also 
repented chromatography of the mother liquors of crystallis­
ation of 8 yielded the linear coumarin, clausenin (15),
(7/») ni.p. 156-15.8°. The linear relationship of the three 
rings of clausenin had been established by its conversion to 
the known coumarin, xanthoxyletin (l2b), (see Scheme l). 
Treatment of these phenols (8) and (15) with Mel and K pCO^ 
in acetone gave high yields of the corresponding methyl 
ethers (l^) and (17).

It was hoped that either of these ethers could be induce 
to undergo a retro-Michael chromanone ring opening by reactin 
them with non-nucleophilic bases. The advantage of using a 
non-nucleophilie base would lie that Coumarin ring 
isomerisation could be prevented. .however, when the ethers 
(V\) and (17) were treated with the base Naif, KODu^ and 
diaza-bicyclo-undecane in anhydrous solvents, no reaction 
was found to take place.

During an attempted methylation of the phenol (8), 
the solvent was accidently evaporated to dryness, and as a 
result, the organic material and the K^CO^ were slightly 
cliarred, * When this reaction mixture was worked-up and 
purified by Tl.C, a yellow crystalline coumarin, m.p. 3.51-1 53° 
was obtained in 1 .2$ yield. This compound gave a positive 
FeCl„ test, indicating the presence of a phenol, but 
analytical data and mass spectral molecular weight determin­
ation showed that its molecular formula was ^5 * This
information suggested that the phenol (8) had in fact been 
methylated, and that a further rearrangement had taken place 
on he .a ting with K^CO^ in the absence of the solvent. The 
ba thochronii c shift observed in the UV spectrum when oil*





NaOH war; added, showed that this compound possessed a phenolj c
3 3OH located at C-5 ' . The NMH spectrum showed the presence

of two vinyl methyl groups ( 'f 8.00 and 7.80) and a multiplet
at 13.13 (J 1Hz) suggested that retro-Tiichael chromanone ring
opening had occurred and that a senecioyl group had resulted.
The location of this acyl substituent at C-6 was confirmed
by the presence of a chelated Oil in the NMR (T-^.77) and from

_ 2the 3H1 by the presence of a peak at l6?.0cm due to a
chela tedc*,p-unsaturated ketone. Thus, the yellow coumarin
was allocated the structure (3.8), The yellow colour of 18
is in agreement with the acyl substituent being at C-6, as

1*1Crombie has reported that plienolic coumarins possessing a 
C-6 acyl side chain are generally yellow, whereas if the acyl 
group is at C~8, the coumarins are usually colourless.

As the yield of 18 in this ’accidental1 reaction was 
low, the coumarin (l4) was heated with K^CO^ in a sublimation 
tube-at various temperatures to try to improve it, but in 
no case, was any chromanone ring opening observed.

At tliis stage, it was felt that the chromanone might 
possibly have been opening in the presence of these various 
bases, but that the plienolic product was so unstable that 
it was recyclising on contact with acid, in the work-up 
procedure, or in contact with silica 011 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 chromanone (l*0 was refluxed in acetic 
anhydride in the presence of anhydrous sodium acetate, but 
the absence of any ester products suggested that no ring 
opening had occurred.

While characterising the chromanone (l*0» it 'vas
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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 show base shifts in their UV spectra. However, 
this effect proved to be the key to the synthetic problem, 
as the altered spectrum suggested that a C-5 Oil was present 
in the solution^. The possibility that a nucleophilic 
base was causing rapid chromanone ring opening led to l̂ f 
being heated at h0° in ethanolic NaOEt. After 4-J hours,
TLC showed that a mixture of at least two compounds had been 
formed. The least polar of these was a yellow crystalline 
phenol, identical with that previously isolated (l8), but 
now present in 28Jo yield. The other compound isolated was 
found to be unreacted starting material (33/^) > but as this 
only accounted for 61‘u of the material involved, the prepar­
ative TLC plates were re-examined. It was observed that a 
further band of a very polar material hod remained on the 
base line of the plates, and this contained the missing 39(h 
of the organic material. This compound was shown by mass 
spectrometry and micro-analysis to be isomeric with ih and 
18, and its UV spectrum showed that it was a coumarin.
Its NIiR spectrum showed the presence of a methoxyl signal 
and a senecioyl group, and the peak at 3.670cm in the IH 
spectrum indicated that the senecioyl cari^onyl was unchelated, 
and that the structure of this coumarin must be 19* The fact 
that this plienolic coumarin was colourless, also supported 
the location of ttie acyl, substituent 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—3 oitho OH, on
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acidifica tion • (Soli erne 5) « This type of coumarin rin,^
1 ̂isoinensntion Imp previous Ly been reported by Djerassi"

1 6and Cromble in their studies on the coumarins isolated 

from ha mu io a a in ericana. However, a more closely related 

example is the base induced isomerisation of the coumarin,
*1 ry

tornentolide B (20)'' (Scheme 6). In. this case both the 

chromanone and coumarin rinps have opened on contact with 

the base, and acidification resulted in the cyclisation of 
couvnarinic acid intermediate with the newly liberated C-5 OH 

to yield the phenol (21), In the isomerisation of 20, the 

base used was KOH, and when the chromanone (14) was treated 
with KOH in methanol, results similar to the NaOEt reaction 

•were obtained. The only disadvantage of KOH as a base for 

this ring opening was that the yields of all three products 
were s11g 1111v 1over.

Further confirmation of the structures of the phenols 
(19) and (l8) could be obtained by their methylation to

1 8give the coumarins glabralactone (22) and (23) respectively J 

Treatment of 10 with Mel and K^CO^ in acetone quantitatively 

afforded a bis methyl ether, m.p. 128-130 , whose physical 
properties were identical with those published for natural 

glabralactone1^ 20. Unfortunately, an authentic sample of 
glabralactone could not be obtained for direct comparison 

purposes.
The structure (23) is that assigned to natural 

angelicone and quoted in the three most recent comprehensive 

coumarin reviews21922’ . Angelicone was assigned this 

structure on the basis of its physical properties, and by 
its degradation to the Known 6 — acetyl — 5 » 7—divnethoxycournarin 

(2^|). However, methylation of 18 yielded a bis methyl ether,
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m.p. i;?0C , which was “not identical to natural angelicone 
(m.p. 1.3°°)* Tills ether analysed for and its
NMli spectrum revealed that it was a 5,7-dimethoxycouniarin 
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 
physical properties of ango.1 icone and glabralactone are

2 kidentical and also a somewhat inaccessible publication
has been found in which the structure of the angelicone
retro-aldol product was revised from 6-acetyl (2h) to 8-
-ac.etyl-5 » 7-dimethoxycoumnri.n (25) « The structure (25) had

20been 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 glabra lactone are identical, possessing 
the 8-acyl structure (22).

Comparison of the NMh spectra of 22 arid 23 shows that 
in the former, the methoxyl signals are split at T 6.10 
and 6 .0 5 , whilst in the latter, they are identical at T 6.17 
There is also a significant difference in the chemical shift 
of the aromatic protons of 22 and 23, (T3*68 and 3*^0

26 27respectively), which is comparable to theft observed * 
for the similar coumarins, coumurrayin (26) and toddaculin

(27) (£3.70 and 3.38 respectively).

The first stage in the synthesis of dentatin (2 ) 
required the dimethylallylation of the phenolic 
chroma no c ouma r in (8) » Thus 8 was re.iluxed in acetone witn 
3»3-dimethylally1 bromide and K^CO^, and a colourless



0  *)

Scheme 7

o o o
+ Csr H

0 0

(31)



crystalline compound-, m.p. 128° was obtained. This coumarin 
gave a negative FeCl^ test, and was identified as 28 from 
its NMR spectrum which shows a 3,3-dimethy1ally1 Sroup 
attached to oxygen (T8 .23 ; 611; s), (T5 .27; 211; bd ; J6 lfz)
and (724.36; III; bt; J6 H z ). The mass spectrum of this 
compound show's the loss of a (Scheme 7) thus confirming
the presence of a 3 > 3~dirnethylallyloxy moiety.

2 5As found in the 7-methoxy series , treatment of 28 with 
ethanolic NaOKt resulted in the formation of a mixture of 
three coumarins. This mixture was separated, by TLC to 
give a yellow crystalline phenol (34$), m.p. I36-I380 , 
unreacted starting material (3-1-$) and a polar phenol (34$), 
m.p. 137-140 . The spectral properties of the two phenolic 
products were very similar to those of 18 and 19, and they 
were assigned the structures (30) and (3l) respectively.

While studying the base catalysed isomerisation of the
1

chromanones (l4) 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
resulting UV spectra. The results obtained for the methyl
ether series were identical with those obtained from the
dirnethyla.llyl series. Thus, when the chromanone (28) v a s
treated with two drops of an ethanolic solution of NaOEt,
the principal peak of tin? neutral spectrum (274mn)
collapsed r a p i d l y ,  a n d  a new peak commenced to grow at 390nr:!•
This altered spectrum now resembled that expected for a

135-hj'droxycoumarin in basic solution . Acidification with 
dil. HC1 did not initially restore the original spectrum, 
but after heating at 60°, the spectrum of 28 began to 
re-appeor. When base was added to solutions of the phenols



(30) and (3l)» the resultant spectra were almost identical, 
and similar to that obtained wiien base was added to 28.
Thus it appeared that these three isomeric coumarins were 
converted on treatment with base to the same equilibrium 
mixture, and that it should be possible, on a preparative 
scale, to increase the yield of the synthetically useful 
isomer (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 was treated with ethanolic 
NaOEt, and a mixture of 28, 30 and 31 was isolated in the 
same proportions as previously mentioned.

Further experiments on a micro scale revealed that, 
on the addition of a few drops of dil. liCl, the chelated 
phenol (30) was only slowly converted to 28, but when the 
reaction was repeated at 60°, ring closure was complete 
after only a few hours. It was also observed that 3 0  was

t
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. One further 
effect observed while carrying out these micro scale reaction 
was that the phenols (3 >̂) arid (3l) were more stable at room 
temperature to base, than the chromanone (28), Thus, when 
solutions of the phenols were made basic, and then 
immediately re-acidified, the spectrum of the starting phenol 
was restored, but when 28 was treated in a similar fashion, 
a complex spectrum was obtained. In conclusion, it appears 
that the three 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, tbs chromanone isomer (28) is more stable.
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In order to synthesise the key intermediate (3-3) in the
synthetic route to dentatin (2), the coumarin (30) -was
reacted with Mel and K^CO in acetone solution* The
product of this reaction was an oily solid which was
crystallised from CCl^ , only after great difficulty, to
give a pure compound (67^), m.p. 57-60°. The spectral
properties of this coumarin were very similar to those of
23, end so its structure was assigned as the bis ether (13).
In order to induce this ether to undergo a thermal ortho

oClaisen rearrangement, it was heated at 180 in N ,N-
-diethylaniline under a nitrogen atmosphere, and a colourless
crystalline coumarin, m.p. 87-88° was obtained in
yield. The NMR spectrum of this compound clearly shows the
presence of a 1,1-dimethylally1 substituent attached to the
aromatic ring, with a six proton singlet at V 8 ,3 0 ,

attributable to the g e in - d i rn ethyls attached to a carbon which
is both allylie and benzylic and an ABX system of three
•olcfinic protons. This ABX system gives rise to a one proton
broadened doublet at TTh'lO (Jax 11 Hz; cis coupling) due to
H , a one proton broadened doublet at % 5• 07 (J„v 17 Hz:A CA
trans coupling) due to 11̂  and a one proton doublet of
doublets at 3/3*77 (Jax 11 Hz: Jbx 17 Hz). The broadening
of the doublets is due to a small coupling between H and

of about 1 Hz. The NMR spectrum of a typical 1,1-u
-dimethylallyl unit attached to an aromatic ring is shown 

in Figure 1.
The NMR of this coumarin, obtained by pyrolysis of 13, 

also reveals that a chromanone ring has been regenerated, 
with, signals at 3^8. 5^ (gem dimethyl) and at %. 7 • 3^
(methylene group o<to a carbonyl). Therefore, the p_rtdm
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s enec :i oy 1 group tinist Jinve 00 tori, os anticipated, as an 
efficient trapping agent for the 21ew.lv formed C-7 phenolic 
Oil, and thus prevented further rearrangements of the 
a1k e n y1 side c 11 a in.

This new coumarin was assigned the linear structure (lc) 
and comparison of its physical properties with those of the 
methyl ether derived from clansenidin (1.1 ) confirmed 
that tliis latter phenol is, indeed the linear isomer.

During the pyrolysis of 13, no trace of the intermediate 
phenol (32) was observed, and so the reaction was repeated 
in the presence of butyric anhydride in order to trap this 
phenol as its butyrate cstcr^' (3 0̂ * however, no ester 
was isolated from the reaction mixture, and the yield of 
10 remained constant. This implies that the phenol (32), 
derived from the cyclohexadienone (33) » interacted very 
rapidly with the ortlio senecioyl group, or alternatively, 
that 33 cyclised spontaneously, as shown (Scheme 8 ).

When the chromanocoumarin (lo) was reacted with NaBlI^ 
in ethanol, two products were obtained, each in 5Qc;h yield.
The more polar product, m.p. 155-158° was an alcohol 
(Vmax 3590cm *), and the presence in the NMR spectrum of a 
doublet at't 7*97 (j6Hz) and a triplet at^ ^ . 9 7  (d6hz) 
suggested that this compound was the known'*' chromanol (36). 
Comparison of tiie physical projjerties of our synthetic 
material with the published data for this alcohol confirmed 
the assignment. The UV spectrum of the less polar product, 
m.p. 87-89°, was very similar to that of 3 and its IK 
spectrum showed that although the coumarin ring was still 
intact (Vmax 17^0cm“ ?), the chromnnone carbonyl was not 
present. The NMR spectrum shows four tertiary methyls at
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T 8 .60 , 8 .5 3 » 8.37 and 8 .3 3 > one aromatic methoxyl at T 6 .0 7 ,
a three proton ADX system a t T  5.18, 5.12 and 3.72, and a two
proton A 13 quartet at T 3»85 anc* 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 molecular formula of This22 2o 5
requires the addition of CjUgO to the partial structure (37), 
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 sample.of this product could not 
be obtained, a 'detailed analysis of this spectrum could not 
be made. However, the presence of a peak at M~h6 in the mass 
spectrum due to the loss of ethanol supports the assignment 
of structure (38) to this new coumarin.

The NMR spectrum of the chrornanol. (36) is unusual in that 
the chrornanol ring protons give rise to an system.
Normally one would expect to see an ADX system for these proton 
but in this case there must be a rapid interconversion of the 
pseudo-axial and pseudo-equatorial hydroxyl, thus giving rise 
to a time averaged NMR spectrmn (Figure 2).

The alcohol (36) has previously^’ been converted to 
dentatin (2 ) using alumina as the dehydrating agent, but the 
yield of dentatin was not high and so an alternative method 
was sought, On treatment with thionyl chloride in pyridine, 
the alcohol gave no recognisable products, but when it was

2 8heated to reflux in hexamethyl phosphoric tri-amide (HMPT)~0 

a small sample of dentatin was isolated. However this reaction 
was not reproduccabl e , and so the searcli lor a suitable

3dehydrating reagent was continued. Joshi lias reported that
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chromano.ls can be converted to the corresponding chroraenes 

by heating in tbe presence of KHSO^ . T i m s , vhen an in t ini ate 
mixture of 36 and KITSOj was heated at 105° under vacuum a 

colourless crystalline compound sublimed out in 85$> yield.
This compound, m.p. 93-95° was identical (mixed m.p., TLC,rn.p., 
IR, UV and mass spectrum) with an authentic sample of natural 

dentatin, m.p. 93-95°"*’» kindly supplied by Professor P.P. Pai.
An alternative preparation of clausenidin methyl ether (10)

which also confirms the linear structure of this coumarin, has
29 10recently been published . This involves heating norpinnarin'

•(39) with senecioic acid and polyphosphoric acid, but the yield
in this process is very low. For comparison purposes, it was

decided to synthesise the compound having the original .wrong

angular structure (5 ) of clausenidin, by pyrolysing the
3 , 3-diinetby 1 a 11 y 1 ether (28), and so inducing an ortho Claisen

rearrangement.
Whilst preparing the ether (28), an experiment was

carried out using 1 , 2-dirnethcxyethane (glyrne) as solvent instead
31of acetone. it lias 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 

dimetbvlally1 bromide and K^CO^, a yellow crystalline phenol 
m.p. I5I-I520 was obtained in 39^ yield. The IR and UV spectra 
of this compound were similar to those recorded for 8, but it 
anaiv«ed for n IT 0... thus showing that one d imethyla.l ly 1 

unit had been incorporated. The .NMR spectrum showed the 
presence of a chelated OR (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 absence of an aromatic proton in the NMR indicated that
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this product was the G- alkv la tod phenol (29). 'This resu.lt, 
which was not repeatable, was probably clue 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 NMH spectrum of this new coumarin shows the charact­
eristic signals of 1 ,1-dimethylally1 group attached to an aromatic 
ring, and the compound was therefore assigned the structure ( 5 ) » 
Comparison of the physical properties of this compound with those 
published for natural clausenidin proved beyond all doubt that 
the angular structure (5) was incorrect for the natural compound.

When the pyrolysis of 28 was carried out in this fashion, 
there was no trace of any products arising from the abnormal 
Claisen rearrangement. This was presumably due to the 
chelation of the phenolic OH with the chromanone carbonyl 
preventing the OH from interacting with the. alkenyl side chain. 
However when the reaction was carried out using N,N-diethyl- 
aniline as solvent, the yield of 5 was considerably reduced (^3b )5 
and when butyric aaihydride was added, to act as a trapping agent j
for the phenol, the principal product was the de-alkvlated |
phenol (8 ) (56h) and only hO<j of the required product (5) was j
obtained. It is unusual for the products of such a reaction 
to be isolated as phenols rather- than esters. Another example J
of the reluctance in functionalisation of this phenol was found 
when 8 could not be converted to its corresponding tosylate.
Joshi^ has reported the preparation ot the tosylate of
clausenin (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 Mel and 
KpCO^ 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 chrornanocoumarin (8) was
synthesised by the Pechman condensation of the chromanone (l6)
with mplic acid in the presence of cone, II^SO^. However, when
the crude phenolic product of this reaction was reacted with

* .3 ♦ 3-*dirne thylallyl bromide and K^CO^ in the usual way, the ether
(28) was obtained as the major product, along with two other
new compounds. The Hi and UV spectra of these two compounds
were similar to those recorded for 28, and suggested that they
were also cournarins. Each of these oounarins analysed for
C-i , and comparison of the spectral oroperti.es of the leastip 2U p

3polar isomer with those published' for clausenin dimet.hylallyl 
ether (*il) showed that they were in fact identical. The other 
more polar product, m.p. 177-179°» (-1-1/0 was deduced to have the
structure (*+2), on spectroscopic grounds. The NMR spectrum 
showed the presence of a 3,3-dimethylallyl ether, T8. 23 and 
8.18 (each 3U, bs ) , 5.*42 (2IT, bd , J=7Hz) and *4.52 (lil, bt,
J = 7 H z ) and a chromanone ring, *£8.37 (6H, s) and 7*30 (2H, s).
The mass spectrum showed the molecular, weight to be 32B- in 
accord with the molecular formula, . Thus the only
possible structure for this compound is that of the angular 
ether (*42), as the only other two possibilities are the known

ethers (28) and (4l)«
It has been reported that aromatic allyl ethers with both 

ortho positions blocked, can undergo a para Claisen
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rearrangement • The proposed mechanism for this reaction^2 
involves the normal rearrangement to an ortho-dienone inter- 
mediate followed by a Cope rearrangement to generate a pa.ra- 
dienone. This .species can then rapidly enolise to give the 
para-substitutod allylphenol (Scheme 9). The stereochemistry 
of this process is such that a 3,3-dimethylally1 ether will 
give a para_-3 , 3-d imethvla llyl phenol. Thus when clausenin 
dime thy lallyl ether ( 41) was lieated in N , N-die thylaniline , 
two products were formed, both giving positive FeCl^ tests.
The NMR of the least polar product, present in 68^ yield, 
showed signals at 8.33 ond 8.18 (each 3h, b s ), 6.60 (2H, d,
J=7Hz) and 4.82 (ill, bt,- J = 7Hz) indicating a 3 > 3~8imethylallyl 
unit attached directly to an aromatic ring, and at -2.65 (Ih» 
indicating a chelated OH. This compound was clearly the phenol 
(4 3) and the other product (235) was found by spectroscopic 
data to be identical with clausenin (15), having been formed 
by cleavage of the allylic side chain.

In order to provide a means of assigning linear or
angular structures to chrotianocoumarins, a comparison of the
physical properties of some phenols, methyl ethers and
dimethylallyl ethers was carried out. Some useful differences
in the spectral properties of the linear and angular i sotners
soon became evident. The most useful property for the
identification of the structures of the phenols proved to be
the IR spectrum. The spectra of the angular phenols (5)» (8)
and (29) show a characteristic pattern in the region 1600-
-1700cm*” * (Figure 4). However, in the linear isomers (ll)j
(15) and (43) these two signals always appear as a single peak,
and in addition, they all show a very intense sign;.u m  the

*region of 1150cm'" which is absent in the angular isomers.



Table 1

Angular ph enoIs *
Compound IR max cm

(5) 1755, 1642, 1630 and 1592 (CC14 )
(8 ) 1 7 4 0 , 1650, 1632 and 1595 (CHCI3 )
(2 9 ) 1749, 1642, 1630 and 1590 (CCI4 )

Table 2 
Linear phenol 

(15) 1740, 1635 and 1100 (CHCI3 )

Table 3 
Angular ethers

(14) 1732, 1682, 1614 and 1594 (CHCI3 )
(6 ) 1735, 1680, 1615 and 1560 (Nujol)
(28) 1740, 1690 and 1610 (Nujol)

Table 4 
Linear ethers 

(17) 1729, 1639, 1600 and 1148 (Nujol)
(41) 1735, 1690, 1610 and 1145 (Nujol)

Table 5

Compound NMR signals of phenolic , aromatic, C-4 protons 
(8 ) angular -2.10 3*56 2*10
(5) 11 -3*02 - 2*08
(15) linear -2*75 3*66 2*00
(43) t! -2*65 - 2*02



Table 6

Compound NMR signals of:-, the aromatic and C-4 protons 
(§) angular - 1.98
(14) " 3.62 2.00
(28) " 3.60 2.05
(1?) linear 3.40 2.08



„ iTli i s s t r o n g- s i g n a .1, at a. pp r o x i rn o t e 1 y 115 0 cm , also appears 
in the spectra of the linear methyl and 3 i3-dimethylallyl 
ethers (l7) and (4l) but not in the spectra of their angular 
counterparts (l4) and (28). The NMH spectra of the a hove 
compounds show that the phenolic protons of the linear isomers 
resonate at lower fields than the angular ones. The phenolic 
proton of natural clausenidin (ll) is the only exception to 
this trend, *• as the signal from the angular phenol (p) has the 
same chemical shift. Unfortunately, a sample of natural 
clausenidin could not be obtained, and thus the reported value 
of this signal could not be 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 deshielding is consistent 
with the presence of a phenolic OH at C-5» and when the phenols 
are methylated, this relative deshielding is not observed. In 
the case of the angular phenols, the C-8 aromatic proton is 
also slightly deshielded bv the neighbouring 0Ti group, compared 
to the linear phenols. However, this effect is reversed when 
the phenol is alkylated with either Mel or 3,3-dimethylally1 
bromide. The presence of an ether at C-5 results in deshielding 
of the C-8 aromatic proton, while the presence of a C-7 ether 
results in the aromatic proton being slightly shielded. These 
spectroscopic findings are summarised in Tables 1 ft
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The recent isolation of ]iharnifjcolo^ica lly active .5,7-
- d i o x y n e n a t ed con m a r 1 n s b e a r i ti g C - k s > ib s t i t u e n t s h a s g 1 v e n a > i e v
impetus to the scorch for high yield synthetic routes to such
compounds. The conmarin, sur origin 13 ( )  isolated by
Govindachari from 1 ■ arnmea 1 ongifo 11 a (Wight) Planch and Triana ,

35has been shown to be extremely toxic to houseflies, even at
3 K,very low concentrations. Crombie has also isolated two similar

couinnrins (^5 ) ond (^6 ) from }’ammea americana L seeds which show
similar activity to suran'jin B. Many related coumarins have been
isolated from the same source, differing only in the non-

* oxygenated form of their C-i| side chain, but these coumarins do
not appear to have the same insecticidal properties as those
already mentioned. The recent report-̂  of the anti-tumour
activity of the Marnmea coumarins gives additional importance to
research into the synthesis of such compounds.

These coumarins, in addition to their C-U substituent, all
possess alkyl and acyl substituents at C-6 and/or C-8 of the
nucleus. The alkyl units are present as either 3>3-dimethylally1
units, (^5) and (^6 ) or as a geranyl unit (hk), The former could
in principle be inserted by the Claisen rearrangement of a 1,1-

37dimetbylallyl ether situated on a. neighbouring phenolic OH ,
or alternatively by the para-Cla isen rearrangement of a 3 ,3-

3 2dimethylallv1 ether . The acyl units are present as either 
2-roethy1 or 3-methy'i butyryl groups, and these are potentially 
derivable from the corresponding 2,3-dimethyl and 2 ,2-ditnethyl 
chroma none s , as in the glabrala ct one (22) and dentatin (2) 
syntheses. The unsaturated acyl groups thus formed can be 
readilv reduced to the required substituents by catalytic bydrog- 
enation^ * The posi tioning of the acyl groups at C—6 or C— 8
would depend on the position of the ecjui librium set up in the
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b a s e c a t a l y s e d  c h r o tn an o n e r i n g o p e n i n g . Cro m b i e ̂  ̂  a 11 d
3QDjerassi " have both reported that the 6-acyl isomer is pre­

dominant in this type of base catalysed reaction, but the re­
arrangement of tomentolide B in methanolic KOH (.Scheme 6 ) is a 
more closely related analogy and in this case, a 2 , 3-dirnethy 1- 
acryloyl grouping is found at C-8 exclusively.

The principal problem in the synthesis of the afore mention­
ed active coumarins would therefore be the introduction of an 
oxygen substituent into the 1 ? position of a 4-alkyl grouping.
The reaction of acetylenic esters with phenols is known to give 
the corresponding coumarins, and such reactions involving dimethyI

4oacetylenedicarboxylate have been reported as giving 4-CO^Me 
phenols when 7<nCl^ was used as the acid catalyst. Tiius it was 
felt that if the chromanone (l4) could be induced to react in a 
similar manner, the resulting phenols would be useful starting |

Imaterials in a projected synthesis of either of the coumarins |
(45, 46). 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 (l4) was reacted with dimethyl 
acetylene dicarboxyla te using-’ the conditions of Woods and

40Hollands , a viscous gum, which appeared fa^om TLC to be pre­
dominantly unreacted starting material, was obtained. However, 
when both the reaction temperature and time were increased, the 
resultant gummy product could oe purified by TLC to give two main 
products. Each of these compounds gave a. positive FeCl^ test, are, 
their NMR spectra Indicated that the chromanone ring was still 
present. Both analysed for ^  <$Hl4°7 * ail(1 their IP. and UV spectra 
sup go s t ed that the v were coumarins. The BMP spectrum of the less j|
polar isomer showed the presence of a CO^lfe group (T*6.03» 3h, s) jj|



Table 7

Compound V  max. . ~0H ^aromatic
(50) 1740, 1629 and 1147 -4.85 3.67
(15) 1740, 1635 and 1100 -2.75 3.66

Table 8

(51) 1740, 1650, 1622 and 1580 -2.12 3.60
(8 ) 1740, 1650, 1632 and 1595 -2.10 3.56

C02M, HO

(A 9)
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MeO

(53)



a c} 1 e 1 a t e d pb e n. o.l (T- (i ♦ 8 _5 * , 1H , s ) , o n e aroi'i a 11 c prnto n
s) and only one vinyl proton (T 3 .Q , «). Comparison of the
spectral properties of tlis phenol vith those of clausenin (La) 
led to its structure heinft assigned as pO, (Table 7 ). Similar 
comparison between the more polar isomer and the known angular 
ch r omen o c oimia r in (o), (Table 8 ) , led to its structure being 
assigned as 51 * However the possibility still remained that 
the two compounds could be the corresponding isomeric chromonos 
(^8 ) and (Up)• In order to confirm their identity as coumarins, 
the IP and T1V spectra of the methyl ethers (52) and (53)
■were compared with those recorded for the chromone (h 7’) » kindly 
donated by Fisons Ltd, These comparisons indicated that the 
two phenols were definitely coumarins and not chromones.

The more polar phenol bad been assigned the angular 
structure (51) by spectral comparisons, and for con.f irina tion of 
till.s a s s ignment, 51 wa R rea c t ed w i th. 3 j 3“d itne th v 1 a 11 y 1 bromi<I e
and l(oC0^ in the presence of acetone. This reaction did not 
proceed as cleanly as expected, but the major product isolated 
was shown to be the angular 3 ♦3-Biwethy.lallyl ether (55)•
TLC of the crude reaction product suggested that the reaction 
had not gone to completion, and that some - isomerisation of fee 
starting phenol had occurred. The angular nature of the 
major product was confirmed by the nature of the phenolic 
product obtained after 55 had been heated at 170 in the 
presence of N,N-diethylanilinc. This new yellow coumarin showed 
the characteristic NLR spectrum of a chelated (1,1-dimethylallyl)

phenol (57 ), with signals a t T  8.37 (All, s) , 5.07 (ill, bd,
JlIHz), 3.03 (ill, b d , J17Hz), 3.70 (HI, d/d, Jll and 17Hz) arid
-3.05* (lH, s). had the starting phenol been the linear isomer
(50), then on rearrangement, a para- (3 , 3-dimethylally1 ) phenol



0^ OCX Me
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CO,Me
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(5b) would have resulted.
In order to study the base-catalysed rearrangements oh 

such 4-substituted chrona.nocoumarins , the phenol (51.) was 
converted to its methyl ether (53). however, methylation of 51 
with Mel and K^CO^ in acetone gave a mixture of the linear and 
angular methyl ethers, (52) and (53). The angular phenol gave 
the angular ether in 57<f yield and the linear ether in 38^ 
yield. Also it was found that the linear phenol gave a mixture 
of the linear ether (66 >̂) and the angular ether 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 used 
for these methylations is not in doubt, as contamination of one 
isomer by the other to the extent of JO'j'-j would clearly show in 
their NMR and 1.U spectra. This isomerisati.on does however help 
to explain the number of products formed in the 3 » 3-dirne thy la 1 ly 1 
ation of the angular phenol (51).

It was hoped that the angular methyl ether (53) could be
2 5converted by treatment with base to a coumarin bearing either 

a C-6 or a C-8 scnecioyl group and a C-5 phenolic Oh. The 
possibility of this latter 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. However it seemed possible that hydrogen 
bonding between the newly formed C—5 OH and the ester caroonvl 
might allow the reaction to go to completion by hindering

chromanone ring' closure.
When the ether (53) was added to an etlianolic solution of 

NaOlCt2  ̂ TLC showed that initially no reaction was taking place.
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}i ow pv e r , after pro] on;;ed stirring in the basic solution, a 
polar product was formed. This colourless crystalline compound 
was shown, from its NMR spectrum to contain an unopened 
c h r o m a n o n e r i n 5 .T  8.63 (bn, s) and 7.40 ( 2H, s) . The NMR also 
sliowed the presence of two ethoxy groups, 8£ 8.82 6ll, t, J7ilz) 
and 3.88 (4ll, q, J7IIz) and on e ine tlioxy 1 s .1 gnal, X ^ . 2 3  (3H, s) . 
This evidence suggested that the compound concerned was the 
coumarinic acid ethyl ester (58), with the k-CO^Me ester being 
exchanged to its corresponding ethyl ester. This was confirmed 
by the molecular weight of 392 found by mass spectrometry. The 
isolation of coumarinic acids and their esters is not common, 3 s 

lactonisation occurs fairly rapidly. however, bean has reported 
til at if a coumarin possesses a carbonyl or a nitro group at C-8 

then chelation between these groups and the neighbouring phenol 
slows down lactonisation and the coumarinic acid can be isolated. 

In the case of the ester (58)• it is possible that chelation 
between the 4-ester group and the phenol (Figure 3 ) 1s 
sufficient to hinder lactontsa tion. '.hen this reaction was 
repeated using; other bases, no reaction was observed.

With the failure to induce chromanone ring isornerisa tion in 
the presence of a. C-4 ester grouping, it was felt that further 

modification of this substituent was required. If the ester
(51) could be converted to the corresponding acid (60), it is 
possible that this could then be fwnctionalised, via the acid 

chloride and diethyl cadmium, to give a. 1 * propionyl 

substituent at C-4,.(Scheme 10). The advantage of this route, 

is that the other functional groups in the molecule should 

remain untouched.
l±0Woods and Hollands have reported that esters such os 

61 can be hydrolysed to the . corresponding acid (62) by



H CC^Me

HO

(51)
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refluxing them with dil, HC'L in ethanol for hS hours. When 

these conditions were followed usin,^ the esters (5?) end (.53) 
no hydrolysis was observed, even when cone, H C 1 was added to 

the solution. Similar results were observed when cone. II' SO,2 H
was employed, Jt was also found, that these esters would not 

hydrolyse under basic conditions, and even after xjrolon-£e(3 
stirring with aqueous NaOll, only unreacted starting material 
was recovered.

h 1However, it lias been reported that in cases where ester 
hydrolysis by aqueous acid or base has failed, the use of Lil 
in a solvent such as N , N-ditne tbylf orma.mide or pyridine has 

yielded the corresponding acid. When the ester (53) was 
refluxed in N , N-die thylaniline in the presence of Lil • 211^0, 

a yellow crystalline product was obtained. The NMR spectrum

of this compound shoved it to be the phenol (5 -1 ) and this

was confirmed by TLO comparisons. This product is formed 

by the dernethylation of the C--7 O M e , the ease of the reaction 
being due to the electron with drawing effect of the neighbour­

ing chromanone carbonyl (Scheme ll). Attempts to hydrolyse 

the phenolic ester (bl) with Lil also failed, but when the 
reaction time was considerably increased, a polar product was 

isolated, whose NMR spectrijm suggested that it was the amide
(6 3 ) formed by reaction of the ester with the solvent.

h pIt has been reported ~ that the allvlic C-2 methyl p;roup'
_ .p sxVotntvi l.'’n o 1 1 -5 r-i npn l-n-Ji riYi Hi gr-rl wi + h qpI pninm0.1. UJJC Ul.lUUl, , HUVJ.iJ.il \ ‘' ■ ) , w c* ... — V. ̂ ̂ — V-. — w.. —... ...
dioxide to give a mixture of the acid (65a) and the aldehyde

(65b), This result prompted an investigation into the poss­

ibility of similarly oxidising the C-*l methyl group of a 
suitably substituted coumarin, to give a k-CO^H coumarin.

With, this in mind, the chromanone (l&) was reacted with ethyl



Me

(64)
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aceton.ce ta te in th e presence of an i on — e x cb a n g o resin ' .
This reaction afforded a mixture of too phenolic comnarins 
wi'ich v'ere only separated after repeated preparative T LC,
The NMJi spectra of these isomers indicated that they were 
the 4-methyl chromanocoumnrins (66) and (67), the allylic 
methyl, group giving rise to a doublet at approximately t  7.^ 
(jlHz) and the C-3 proton resonating as a multiplet at 
approximately Y 4 .0. The assignment of the linear and angular 
structures to these tw'o phenols was determined by spectral 
comparisons with similar compounds of known structure, and 
confirmed by synthesis of the 3>3-dimethylallyl ether of (67). 
When this compound wa.s hea ted in N , N-di.e t] 1 yJ.ani 1 ine under N , 
it underwent a Claisen rearrangement to give the phenol (73)•
The Nh’R spectrum of this compound clearly showed the presence 
of a 1 ,1-dimethylallyl unit attached to an aromatic ring, thus 
indicating that an ortho-Claisen rearrangement had taken place 
(Scheme 12). had the starting phenol been the linear isomer 
(66) the 3 , 3-dimethylally.l phenol (72) would have resulted.

Due to the difficulty found in separating the phenols, 
the crude reaction product was normally methylated with Del
and K CO. and the ethers (68)‘and (69) separated by TLC and it^ J
appears that no rearrangement takes place in these reactions. 
When the ether (69) was treated with freshly sublimed SeO^

42using the conditions of the kbellin oxidation « no reaction 
was observed to take place, and when aqueous dioxan was employed 
as solvent in place of EtOAc as solvent, a similar result was 
obtained. Attempts to oxidise the allylic methyl group using 
chromvl chloride^ were also unsuccessful. It therefore appears 
that the C-4 methyl of the coumarin (60) is less reactive 
towards oxidising agents than the 0—2 methyl group ot k.helliu
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Table 9

Compound V  max.
(5) 1756, 1642, 1630 and 1592 o o

(8 ) 1740, 1650, 1632 and 1595 . (CHClg)
C51) 1740, 1650, 1622 and 1580 (CHClg)
(67) 1735, 1649, 1625 and 1581 (CHClg)
(15) 1740, 1635, and 1 1 0 0 (CHC1 3 )
(50) 1740, 1629, and 1147 (CHClg)
(6 6 ) 1730, 1630, 1561 and 1150 (CHClg)



(6h) . The C-2 methyl of 6b is vinylogously conjugated to a koto
carbonyl, whereas the methyl of 69 is similarly conjugated
to a lactone carbonyl and is thus less acidic, which could
explain the lade of reactivity of the coumarin -i-methyl
towards oxidising agents,

While studying this methyl- coumarin system, it was
found that, as with the 4-CO^Me cournnrins , the ethers (68)
and (69) do not undergo base catalysed chromanone ring
isomerisation. This observation is indeed intriguing, as the
analogy with the base catalysed isomerisa t ion of tornent olide 
17B (Scheme 6) would s e e m re a son a b 1e .

As previously noted,, there are some striking differences 
in the spectral properties of the linear and angular isomeric 
phenols and their ethers, All the angular phenols studied, 
whether or not they bear a C-b substituent, show a character-

_ 1istic pattern in the region 1750~3-580cm of their I.R spectra 
which is readily distinguishable from the linear isomer,
(Table ))„ Also the NMR spectra of these compounds show 
similf.tr effects in the chemical shifts of the aromatic and 
phenolic protons to those previously mentioned for non b- 
-substituted coumarins.

b 5 1̂6Two other methods are known ’ ' for the synthesis of
ff-COp.lf coumarins. The first involves treatment of a 2,3-
coumnrnndione with acetic anhydride in pyridine, to give
the acid in moderate yield (Scheme 13) » nr)d the second longer
synthesis (Scheme lb) gives high yields in all stages. One

blthird possible method ' of synthesising coumarins bearing 
oxygenated alkyl groups at C-4, involves condensing ethyl 
cl 11oroacetoacetate with a phenol, followed by hydrolysis,

(Scheme 15) •



S c h e m 1L.

H 0

(74)

H0-
•OH

HO



Whereas in the synthesis of ft la bra la c tone and cieritatin 
it was possible to open the dimethyl chromanone ring to give 
an °rtho senecioyl phenol, this conlcl not be repeated in the 
^-substituted series mentioned above. An alternative method 
of introducing a senecioyl group into the aromatic ring could 
be the use of the Fries rearrangement. Although this reaction 
was not attempted on 5»7~d±oxygenated coumarins, preliminary 
investigations were carried out on 7-hydroxycoumarin. Had 
this reaction been successful, synthetic routes to coumarins 
of the type shown in Scheme 16 could have been examined.

48The recent report of the Fries rearrangement of
unsaturated esters of naphthols prompted an investigation of
similar rearrangements of the dimethylacryloyl ester of
'umbelliferone (74). This ester was prepared by stirring
senecioyl chloride and umbelliferone in refluxing, ethanol-
-free, chloroform, and the product was shown by its NMR and IF
spectra to be 74 . Several attempts using, various condition
were then made to induce a Fries rearrangement to occur, but no
success was achieved. The reason for this failure is hard to

49find, as saturated esters of umbelliferone are known to 
undergo such -rearrangements.

However, further attempts were made to introduce a 
senecioyl group into the umbelliferone molecule. When
ui'ibsi 11 ifex'One was Created with senecioio acid following the

HO _conditions of Miya.no and liatsui" no reaction was found to
take place, and when polyphosphoric acid was used as the
catalyst, the umbelliferone was consumed, but no recognisable

51 -  ̂ .product was isolated. However a recent report suggests tri­
chloroacetic acid as a good Fried e 1 wxaj is tic id catalyst and 
so umbelliferone was heated with senecioic acid in the piescnou



Scheme 17.



of this acid, a nd a white crystnlline prod net was obtained.
Ilo^'Hver, coiripirison of the physical properties of tbis compound
with those of the ester (7^) shoved them to be identical. In
a similar experiment, ,7-dihydroxycoumarin was treated with
the same reagents, and a mixture of the two chromanoooumarins
(8) and (l^) was obtained, albeit in low yield. Similar

11cyclisations have been reported in the synthesis of 
calophyllolide and costatolide derivatives, (Scheme 17).
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M e lt in g  P o in ts  are  u n c o rre c te d  and were de te rm ined  

on a K o i'le r  h o t-s ta g e  a p p a ra tu s* M ic ro a n a lyse s  were c a r r ie d  

ou t by  M r. J .M .L . Cameron and M iss F„ Cowan and t h e i r  s t a f f s .  

Mass s p e c tra  were re co rd e d  on an A .E . I . - g.E.C.. M .S .12 mass 

sp e c tro m e te r by Mr. A. IU tc h ie  and M iss M. L a in g . In f r a - r e d  

s p e c tra  were re co rd e d  by M rs. P. L a w rie  and h e r s t a r r  on a 

P e rk in -E lm e r 225 in s tru m e n t, and ro u t in e  in f r a - r e d  sp e c tra  

were re co rd e d  on a Unicam SP 1000 in s tru m e n t. A l l  u l t r a ­

v io le t  s p e c tra  were re co rd e d  f o r  e th a n o l s o lu t io n s  on a •
Unicam SP 800 s p e c tro -p h o to m e te r; ^  r e fe r s  to  th e  above

s o lu t io n s  to  w h ich  two d rops o f  4N sodium h yd ro x id e  had been 

added. N u c le a r m agne tic  resonance sp e c tra  were reco rd e d  by 

M r. A* Haetzman on a V a r ia n  T -60  sp e c tro m e te r, u s in g  

te t ra m e th y ls i la n e  as an in te r n a l  s ta n d a rd . Unless o th e rw ise  

s ta te d , th e se  s p e c tra  were ru n  u s in g  d e u te ro c h lo ro fo rm  as a 

s o lv e n t .

K ie s e lg e l G(Merck) was used f o r  a l l  t h in  la y e r  

ch rom atography. L ig h t  p e tro le u m  r e fe r s  to  th e  f r a c t io n  

b o i l in g  between 6 0 -8 0 °. A l l  s o lu t io n s  were d r ie d  over 

anhydrous magnesium su lp h a te  o r anhydrous sodium s u lp h a te , 

and s o lv e n ts  were evapora ted  under reduced p re s s u re . 

A n a ly t ic a l  and p re p a ra t iv e  TLC p la te s  were viewed under an 

u l t r a - v i o l e t  (254 and 350nm) lam p. A n a ly t ic a l  TLC p la te s  

were deve loped  by io d in e  vapour, fo llo w e d  by s p ra y in g  w ith  

e e r ie  ammonium su lp h a te  s o lu t io n  and h e a tin g  to  a p p ro x im a te ly  

150°. The compounds is o la te d  from  a m ix tu re  by p re p a ra t iv e  

TLC a re  g iv e n  in  o rd e r o f  in c re a s in g  p o la r i t y  w ith  re sp e c t 

to  th e  e lu t io n  p rocedure  employed.



The following abbreviations have been -used, primarily 
in the experimental sections: -

MS Mass spectrum
TLC thin layer chromatography
IE infra-red .
UV ultra-violet
m r nuclear magnetic resonance
sh shoulder (in trv spectra)
s singlet
d doublet
t triplet
q quartet
m mult iplet
b broad

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

/ e.g. lOOmg^ refers to the weight of a compound
purified by TLC only.

0 e.g. 3.52° refers to an NMR signal which disappears 
on addition of I£>0. 

conc. concentrated 
dil. dilute 

p. page number



A s ta n d a rd  method o f w o rk in g  tip a lk y la t io n  re a c t io n s  , 

o f te n  employed d u r in g  th e  course  o f  t h i s  re s e a rc h , is  

r e fe r r e d  t o  as w ork-up  p rocedure  I ,  i n  t h i s  th e s is .  The 

f u l l  d e ta i ls  o f  t h is  p rocedure  are as fo l lo w s

M e th y la t io n  o r p re n y la t lo n  o f  an hydroxycoum arin  was 

c a r r ie d  out by r © f lu x in g  an acetone s o lu t io n  o f  th e  coum arin  

w ith  m e th y l io d id e  (o r  3,, 3 d im e th y la l ly l  brom ide) in  th e  

presence o f p o tass ium  ca rb o n a te . A f te r  th e  r e f lu x ,  th e  

in o rg a n ic  s o l id s  were f i l t e r e d  o f f  and the acetone s o lu t io n  

e va p o ra te d . The re s id u e  was d is s o lv e d  in  a m ix tu re  o f 

e th y la c e ta te  and w a te r , th e  o rg a n ic  la y e r  washed w ith  aqueous 

p o ta ss ium  ca rbo na te  (0 .5 $  w /v ) ,  to  remove any s ta r t in g  m a te r ia l 

i f  n e ce ssa ry , washed w ith  b r in e  to  n e u t r a l i t y  and d r ie d .  The 

r e s id u e , ' a f t e r  e v a p o ra tio n  was t re a te d  as s p e c if ie d  in  each 

p re p a ra t io n .
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2, 2 -D im e th y l-5 ,7 -d ih y d ro x y c h ro m a n -4 -o n e  (1 6 )

T h is  was p repa red  by th e  method o f  M iyano and K a ts u i
50

•using p h i o r o g lu  c in o l  ( 3 .2 g ) ,  z in c  c h lo r id e  (2 . Og) and 

s e n e c io ic  a c id  (2® 0g). T h is  gave th e  re q u ire d  chromanone 

(1 .6 g , 38$ ), nup® 19 6 -1 9 7 °.

E th y l P rop1o la te

A m ix tu re  o f  p r o p io l i c  a c id  (2 0 g ), d ry  e th a n o l (60m l) 

and conc. s u lp h u r ic  a c id  (3® M L ) was ke p t a t R .T . f o r  40 h r ,  

th e n  d i lu t e d  w i t h  w a te r ( 200m l) and e x tra c te d  w ith  e th e r#

The o rg a n ic  la y e r  was washed, w ith  d i l .  sodium ca rb o n a te , 

b r in e  to  n e u t r a l i t y  and dried® D i s t i l l a t i o n  y ie ld e d  e th y l 

p ro p io X a te  (X4g, 5 0 $ ), b .p .  XX7-XX80 ( X i t 52 b .p .  XX9°/?45 m.m. )

P re p a ra t io n  o f the  clirornanone ( 8 )

( i )  2, 2 -D im e th y 'l-5 ,7 -d ih yd ro xych ro m a n -4 « o n e  (3 g ) ,  m a lic

a c id  (2g) and conc. H2SO4 ( 8m l) were hea ted  a t  125° f o r  
IP

1 h r  to  g ive  8 , , n e e d le s , m .p . 215-220°

(from E tO A c) ( X i t12 m .p . 2X 8 -220°); p  ^a x13 1740> 1650»

X632 and X595 cm- 1 ; A  max 278 and. 323 nm (X o g £  4 .38 and.

4 .0 2 ) ;  KMR signaXs a t r 8 . 4 0  (611, a ) , 7.X6 (2 H ,s ) ,  3 .75 

and 2 .10  (each  1H, d, J 10 H z), 3 .56 ( lH ,s )  and -2 .1 0 *

( 1 H ,s ) .

( i i ) 2, 2— D im e th y l— 5 ,7 —ciiliydroxychrom an—4—one ( *  15g) ,

ZnC12 (1 .4 g ) and e th y l  p ro p io la te  (1m l) were hea ted  a t 

100° fo r  1 \  hr® The coo led  re s id u e  was e x tra c te d  w ith  

EtOAc, washed w ith  d i l .  HC1, b r in e  to  n e u t r a l i t y  and dried® 

E v a p o ra tio n  y ie ld e d  a v is co u s  gum w h ich  c r y s ta l l is e d  from  

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



C lau se n in  ( 15)

By re p e a te d  p re p a ra t iv e  TLC (1  x CHC13 and X x 20%

EtOAc: l i g h t  p e tro le u m ) on th e  m other l iq u o r s  o f  c r y s t a l l ­

is a t io n  o f  8 , i t  was p o s s ib le  to  o b ta in  s y n th e t ic  c la u s e n in  

(1 5 ) ,  (175mg, 7 $ ), m .p. 156-158° ( l i t 3 m .p. 1 5 7 -1 5 8 °);

^  max**'"* 1740, 1635 and 1100 cm ~l; \  max 277 and 321 nn

( lo g  £ 4 .42  and 4 .0 2 ) ;  NMR s ig n a ls  a t X  6 .4 3  ( 6H ,s ) ,  7 .16  

(211, s ) , '  3 .77 and 2 .00  (each 1H, d , J 10Hz), 3 .66 ; lH ,s )  

and -2 .7 5 *  (1 H ,s ) .

M ethy l a t lo n  o f 8
K2CO3 (80mg) was added to  a s o lu t io n  o f  8 (125mg) 

in  acetone (25m l) and th e  m ix tu re  s t i r r e d  a t  R .T . f o r  J  

h r .  Mel (0 .7 5  m l) was added and th e  m ix tu re  re f lu x e d  

f o r  2 0 h r. W ork-up p rocedure  I  gave th e  m e thy l e th e r  (1 4 ) , 

(100m g,76$), p la te s ,  m .p. 1 90 -191°, ( fro m  CHClg -  e th e r ) ,

( l i t  m .p . 1 9 3 -1 9 4 °); V) ch c :l3 1732, 1682, 1614 and
^  max

1594 cm“ ^ ; A max 230 ( s h ) ,  273 and 318 nm ( lo g  £ 3 .8 0 ,

4 .15  and 3 .8 7 ) ;  NMR s ig n a ls  a t X  8 .47  ( 6I I , s ) ,  7 .25  (2 I I ,s ) ,

6 .0 2  (3H, s ) ,  3 .83  and 2 .07 (each 1H, d , J 10Hz) and 3 .62 

(1H,s).

M e th y la t lo n  o f  c la u s e n i n (15)

KgCO^ (150rng) was added to  a s o lu t io n  o f  c la u s e n in  

(150mg) in  acetone (25m l) and th e  m ix tu re  s t i r r e d  a t R .T. 

f o r  J  h r .  M el (0 .7 5  m l) was added and th e  m ix tu re  re f lu x e d  

f o r  22 h r .  W ork-up p rocedure  I  gave the m e thy l e th e r  (1 7 ) , 

(80mg, 50$ ), w h ite  p la te s ,  m .p . 147-149° (fro m  CHgClg-pentane) , 

( l i t  3 m, p. 1 4 7 -1 4 9 °); p  ^ 3 o1 1729, 1339 and 1300 cm"1 ;

NMR s ig n a ls  a t X  8 .50  (G H ,s), 7 .25  ( 2H ,s ) ,  6.00 (3 H ,s ) ,
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3.77 and 2 .08 (each  1H, d , J lOHz) and 3 .40  (1 H ,s ) .

Is o m e r is a t Io n  o f  the chromanone ( 14)

A s o lu t io n  o f  14 (lOOmg) in  EtOK (15 m l) was added

to  a s o lu t io n  (5ml). o f  e th a n o lic  RaOEt, jjnade from  Ua

(lOOmg) and EtOH (15m l)J  and s t i r r e d  a t 40° f o r  4 f  h r .

A f t e r  d i l u t i o n  w i th  w ate r and a c id i f i c a t io n  w ith  d i l .

HC1, the m ix tu re  was e x tra c te d  w ith  EtOAc, washed w ith

b r in e  to  n e u t r a l i t y  and d r ie d .  E v a p o ra tio n  gave an o i l y

s o l id  w h ich  was sepa ra ted  by TLC (1 x CHClg) i n t o : -

( t he pheno l (1 8 ) , ( 28mg^, 28%), y e llo w  ne e d le s , m .p.

151-153° ( fro m  lie OH) • (Found: C, 65 .75 ; H, 5 .3 .

re q u ire s  C, 6 5 .7 ; H, 5.15% ); V) CHClg X741, 1620 and
max

1610 cm"1 ; A max 255(sh) and 300 nm ( lo g  £ 3.78  and 3 .5 4 ) ,

( a f t e r  3 days a t R .T . o r 3 h r  a t 6 5 °, t h is  spectrum  changed

to  th a t  o f 1 4 ); \  base 240, 313 and 392 nm ( lo g  £ 3 .73 ,/x max '
3 .56  and 3 .3 9 ) ;  mass s p e c tra l peaks a t  m/e 274 (5$ , M+) ,

259 (100% ), 218 (10% ), 189 (19%) and 54 (25%); NLR s ig n a ls

a t  T  8 .0 0  and 7 .80  (each  311, b s ) ,  6.07 (311,s ) ,  3 .82  and 1 .97  

(each  1H, d , J 10Hz), 3 .72  ( lE , s ) ,  3 .13  ( lH ,b s )  and -4 ,7 7 *

(111, s) •

(ii) re co ve re d  st a r t i n g  m ate r i a l  (1 4 ) ,  ( 33mg/, 33%).

f n \ 4*Vi t:-k n f 1 O i f *rVi<vT* } V̂ V* *] £STTIP* . TT) -\ a x  jl; u i i v  p U l u *  K '■s / f \ 9 ---* j/ ̂

203-206° ( fro m  E tO A c - lig h t p e tro le u m ). (Pound: 0 ,5 5 .5 5 ;

I I , 5 .3 . Cx5'Hx4 %  re q u ire s  C ,S 5 .7 ; H ,5 .15% ); ^  1735,

1670 and 1612 cm- 1 ; A max 218 ( s h ) , 251 and 318 nm ( lo g  £

4 .1 3 , 4 .08  and 4 .0 0 ) :  A  baSG 255> 325 a n l 360 m  £9 ' max
4 .0 5 , 3 .91 and 3 .8 3 ) ; mass s p e c tra l peaks a t m/e 274 (25%,

M+) ,  243 (70% ), 150 (40%), 83 (50%), 55 (100%), 43 (85%)



- 60

and 41 (7 0$ } ;  NMR ( in  d o u te ro a ce to n e ; s ig n a ls  a t T  0 . 15 

and 7®92 ( eacli 3H, d , J IH z ) ,  6 .25  (3 H ,s ) , 3.97 and 2. 02 

(each  1H, d, J 10H z), 3 .75 (1H, m, J 1Hz; and. 3 .50 (1 H ,s ) .

React i on o f  17 w it  NaOE t .

A s o lu t io n  o f 17 (50rag) in  EtOH (15m l) was added to  

a s o lu t io n  (5m l) o f  e th a n o l ic  Ha OEt [made from  Na (lOOmg) 

and EtOH (1 5 m l) ] and th e  m ix tu re  s t i r r e d  a t 40° fo r  4 h r .

S im ila r  w ork-up  to  th a t d e s c r ib e d  above g a v e :-  

( i )  u n re a c te d 17 (20mg, 40$)

( i i j  c la u s e n in  (15 ; (28mg, 56$;

M e th y la t io n  o f  18

KgCOg (80mg) was added to  a s o lu t io n  o f 18 (40mg) 

in  acetone (15m l) and the m ix tu re  s t i r r e d  a t  R .T . f o r  

15 m in u te s . Mel (O .Sm l) was added and th e  m ix tu re  r e ­

f lu x e d  f o r  3 h r .  W ork-up p rocedure  I  y ie ld e d  the e th e r  

(2 3 ) ,  (4 Omg, 97 $ ), p la te s ,  m .p. 120°, ( fro m  e th e r - l ig h t  

p e tro le u m ). (Pound: 0 ,6 6 .3 ;  H ,5 .7 .  re q u ire s

C .6S .7 ; H, 5.75?): v>KBr 1740, 1670 and 1610 cm"1 ; A max
^  max

218 (s h ) ,  247, 268 ( sh) and 332 nm { lo g  £ 4 .0 9 , 4 .1 6 , 4 .09 

and 4 . 10)5 mass s p e c tra l peaks a t m/e 288 (26$ , M4’; ,

257 (1 0 $ ), 149 (4 0 $ ;,  83 (5 0 $ ), 69 (40$) and 55 (100$ );

HMR s ig n a ls  a t  X  8 .0 5  and 7 .77  (each 3H, d , J 1 .5  H z ) /

6 .17  ( 6H ,s ) ,  3 .78 and 2 .15 (each 1H, d , J 10 H z), 3 .70 

(1H, m, J 1 .5  Hz) and 3 .40 ( lH , s ) .

M e th y la t lo n  o f  19

S im ila r  m e th y la t lo n  o f  19 (40mg), fo llo w e d  by  p u r i f i c ­

a t io n  by TLC (1 x  CHC13 ) ,  gave g la b ra la c t  one (2 2 ) ,  (33 mg/> 75/J)> 

m .p. 128-130° ( fro m  E tO A c - lig h t p e tro le u m ), ( l i t * ^  m .p .1 2 7 -1 2 9 °).
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( Found: C ,66 . 6 ; B ,5 .6 . C a lc , fo r  C ,6 6 .7 ; H, 5® 7

3*7 30, 1660, 1615 ana 1595 cm**’1; X max 221, 247 and 

320 ran- ( lo g £ 4 .1 3 ,  4 .21  and 4# 1 8 ); mass s p e c tra l peaks a t 

m/e 28b (20$, M *J, 257 (1 0 0 $ /, 83 (50>&; a m  55 (5 0 $ ); JtfMK 

s ig n a ls  a lt 's *  05 and 7«75 (each  311, d , J 1 .5  I s ) ,  6 .10  and

6 .05  (each  3H, s ) ,  3 .90 and 2.10 (each 1H, d , J 10 Hz) and 

3 .68 (2H, b s , re s o lv e s  in to  a m u - lt ip le t  and a s in g le t  in

d o u te ro a c e to n e )*  The IR and uV s p e c tra  were id e n t ic a l  w ith
19 oth o se  p u b lis h e d  f o r  n a tu ra l a n g e lic o n e , m .p. 130 ,



1-Brorno -  3 -m e th y l-b u t-  2 -ene ( 3, 3 ~ d im e th y la l ly l  brom ide) 

Iso p re n e  { 100m l; 68g) and a. s o lu t io n  o f  hydrogen 

brom ide in  g la c ia l  a c e t ic  a c id  (45$ w /v ; 168ml; were 

co o le d  to  0° and m ixed . The s o lu t io n -w a s  kep t f o r  3 

days a t - 5 ° ,  th e n  d i lu t e d  w ith  ic e -w a te r  (1 500 m l). The 

y e llo w is h  o i l  w h ich  separa ted  was washed w ith  ic e -w a te r  

and d r ie d  over c a lc iu m  ch lo r id e ®  D i s t i l l a t i o n  o f t h is  

o i l  a t 65-68°/68m .m . y ie ld e d  3 ,3 - d im e th y la l ly l  brom ide 

(108g; 7 2 $ ).

'D im e thy la l l y l a t  io n  o f th e  chroma none (8 )

JigCOg was added to  a s o lu t io n  o f 8 ( l . l g )  in  acetone 

( 100m l) and th e  m ix tu re  s t i r r e d  a t R .T . f o r  1 hr# F re s h ly  

d i s t i l l e d  d im e th y la l ly l  brom ide ( Ig )  was added and th e  

m ix tu re  a llo w e d  to  r e f lu x  f o r  20 h r .  7/ork-up procedure  I  

y ie ld e d  an o i l  w h ich , a f t e r  p u r i f i c a t io n  by TLC (1 x CI-ICI3 ) 

a f fo rd e d  th e  e th e r  (2 8 ) ,  ( 0 . 8g, 6 0$ ), ne e d le s , m .p. 128-129 

( fro m  e th e r ) .  (Pound; 0 ,6 9 .2 5 ; H ,6 .1 5 . ^19H2o°5 re (lu ir e

C,6 9 .5 ;  1740, 1690 and 1610 cm- 1 ; A  •

max 235, 27 4 and, 325 nm ( l o g f  3 .7 6 , 4 .37 and 4 .0 9 ; ;  mass 

s p e c tra l peaks a t m/e 328 (5$ , M+) ,  260 (5 2 $ ), 245 (1 00 $ ), 

205 ( 33$ ; ,  69 (28$) and 41 (5 5 $ ;; NMR. s ig n a ls  a t X 8 .50  

( 6H, 3) ,  8 .2 3  ( 6H, b s ) ,  7 .2 4  (2 H ,s ) , 5.27 ( 2H, d , J 6Hz) , 

4 .36  (1H, b t ,  J 6H z), 3 .80  and 2 .05 ( IS ,  d , J lO IIz) and

3 .60  ( 1H, s) »

Is o m e r is a t io n  o f  th e  chromanone (2 8 ;

A s o lu t io n  o f  28 (350mg) in  EtOH (25ra l; was added 

to  a s t i r r e d  s o lu t io n  o f  NaOEt [made from  l\Ta (65mg) in  

EtOH ( 25m l)J  a t 4 5 °. A f te r  3 h r ,  th e  y e llo w  s o lu t io n  

was d i lu te d  w ith  c o ld  w a te r, a c id i f ie d  w ith  d l l .  HOl and



e x tra c te d  th o ro u g h ly  w i th  EtOAe. The o rg a n ic  la y e r  was • •

washed w ith  b r in e  to  n e u t r a l i t y ,  d r ie d  and the  re s id u e

fro m  e v a p o ra tio n  sepa ra ted  by TLC (1  x CHOI3) in to s -

( i ) th e  phenol  ( 3 0 ), (120m g/, 3 4 / ) ,  y e llo w  n e e d le s ,

m .p . 136-138° ( fro m  MeOH), (Pounds C, 69 .25 ; H, 6 .2 .

C: Q. H O, re q u ire s  C ,6 9 .5 ; H ,6 .1 5 / ) ; v> CJ-JCI3 ^739, X517* * ̂  ~ max
and 1608 cm"-1-; A  max 239 and 302 run ( lo g  £  3 ,52 and 4 .3 1 ) ;

\  bDS0 240, 315 and 393 nm ( lo g  £ 4 .2 0 ,  4 .1 3  and 3.93)}31'iB X
mass s p e c tra l peaks a t m/e 3 2 8 (5 /, M+) ,  260 ( 1 7 / ; ,  245 
*

( 8 2 / ; ,  69 (1 0 0 /;  and 41 ( 5 0 / ; ;  NMR s ig n a ls  a t T  8 .22  

( 6H ,s ) ,  8 .0 3  and 7 .8 3  (each  3H, d , J 1H z;, 5®40 ( 2H, bd,

J 6H z), 4®48 (1H, b t ,  J GHz) ,  3S87 and 1 .97  (each 1H, d,

J lO B z ), 3 .75  ( lK , s ) ,  3 .10 (1H, m, J 1Hz; and -4 .7 0 # ( lH , s ; .

( i i j  re c o v e red s t a r t i n g m ate r la 1 ( 2 8 ) , ( llO m g /, 3 1 / ; .

( i i i )  th e  pheno l ( 3 1 ) ,  (1 2 0 m g f 54%), m .p. 137-140°

(fro m  EtOAc -  l i g h t  p e tro le u m ). (Found: M + 328 by mass

spectrum ; ^19'% o°5 r e t i r e s  M *328); -p? CRCI3 3590, 1734,

1670 and 1611 cm“ ^ ; \  max 220 (s h ) ,  250 and 320 nm ( lo g  £.

4 .2 9 , 4 .2 3  and 4 .1 5 ) ;  mass s p e c tra l peaks at m/e 328 

( 1 2 / ,  M + ) , 313 ( 7 0 / ) ,  257 ( 4 5 / ) ,  245 ( 1 0 0 / ; ,  217 ( 2 3 / ) ,

205 (1 8 /)  and 83 ( 3 0 / ) ;  NMR s ig n a ls  a t Z  8 .37 and 8 .30  

(each 3H, s ) ,  8 .05  and 7 .8 0  (each 3H, b s ) ,  5 .78 ( 2H, bd, J 6H z),

4 .7 0  (1H, b t ,  J GHz), 3 .95 and 2.05 (each 1H, d, J 10Hz) and 

3 .63  ( 2H, m ).

Is o m e r ls a t io n  o f  th e  pheno l ( 31)

The pheno l (31) (lOOmg) was added to  a s t i r r e d  

e th a n o l ic  s o lu t io n  o f  NaOEt [made fro m  Na (20mg) in  

EtOH (25 ml)J • The s o lu t io n  was ke p t a t  R .T . f o r  1 h r  

and. a t 40° f o r  h r .  A f te r  c o o lin g ,  th e  s o lu t io n  was



d i lu te d  w i th w a te r , acidified with d i l *  HC1 and e x tra c te d  

w ith  EtOAe© The o rg a n ic  la y e r  was washed w ith  b r in e  to  

n e u t r a l i t y  and dried©  E v a p o ra tio n  y ie ld e d  an o i l  w h ich  

was separa ted  by TLC (1 x CHClg) in t o : - -  

( i )  t he pheno l (3 0 ) ,  ( 31m g / ,  31$)

( i i )  the chromanone (SO), (30mg/, 30$)
( i i i )  the phenol (31), (39rnĝ , 39$)

Methy la t lo n  o f 50

KgCOg (llO m g) was added to a s o lu t io n  o f 30 (80 mg) 

in  acetone (30ml) and th e  m ix tu re  s t i r r e d  a t R .T . f o r  1 

hr© Mel (0© 5ml) was added, and r e f lu x  in g  co n tin u e d  f o r  

a n o th e r 2 hr© W ork-up procedure I  gave an o i l  w h ich  was 

p u r i f i e d  by TLC (1 x  CHCI3 ) to  g iv e  th e  e th e r (1 3 ) ,  (83mg, 

6 7 $ ), im p . 57-60° ( fro m  CCI4 ) .  (Pound: C ,70*0 ; H ,6 .6 5 ; '

C20H22°5 requires 0 ,7 0 .2 ;  H,6©5$)| \) ̂ 4  1749, 1615

and 1602 cm“ 'L; A max 246 , 270 ( sh) and 324 nm ( lo g  £ 4 .0 8 ,
Hh3 .95  and 4.05); mass s p e c tra l peaks a t m/e 342 (5%, M ) ,

374 (10%), 259 (1 0 0 / ) ,  69 ( 5 0 / ) 'and 41 ( 4 0 / ) ;  NMR s ig n a ls  

a t X  8 .2 3  ( 6H, b s ) ,  8 .0 5  and 7 .78  ( each 3H, d , J 1H z),

6 .1 5  ( 3H, s ) ,  5 .44  ( 2H, d , J 6H z), 4 .65  (1H, b t ,  J 6Hz),

3 .82  and 2 .15  (each  1H. a.  ,T 10Fz). 3 .72 (1H, bs) and

"  ■ A 7  h t i  v »  *  »*± f \ Kfkj j •

C la is e n  rearrangem ent o f  15

A s o lu t io n  o f  13 (243mg) in  hT,N -d ie th y la n i. l in e  (1m l) 

was hea ted  a t 180° f o r  3 h r  under Ng. The co o le d  s o lu t io n  

was poured in t o  ic e -w a te r ,  e x tra c te d  w ith  EtOAe, washed 

w ith  d i l .  HCl to  pH 1, b r in e  to  n e u t r a l i t y ,  d r ie d  and 

e va p o ra te d . The r e s id u a l o i l  was p u r i f ie d  by  T10 (1 x CHCl^ )



to  g iv e  c la u s e n id in  m e th y l e th e r ( 10 ) ,  (183mg, 75/ ) ,  m *p. 

8 7 -8 8 ° ( fro m  e ith e r) , ( l i t  u , ^ in . p .  8 6 -8 7 ° ) ;  max°>L 

1690, 1612 and 1575 A max 23 9 , 29 0 ( sh) , 320 and

335 ( sh) nm ( lo g  £ 4*39 , 4 *13 , 4*11 and. 4©00) 5 mass 

s p e c tra l peaks a t m/e 342 (4 0 / ,  M+) ,  327 (25%),  272 (1 0 0 /) ,

243 (50%) and 230 (28 / ) ;  NMft s ig n a ls  a t T  80 50 (611, s ) ,

8® 30 (611, a ) ,  7 © 30 (2 H ,s ) .  6 .0 4  (3 H ,s ) ,  5 ,10  (H i,  bd , J 11 H z), 

5®07 (1H, bd, J 17Hz), 3*77 (1H d /d ,  J 11 and 17 H z), 3*78 

and 2®02 (each 1H, d , J 10 H z}*

When th is  r e a c t io n  was re p e a te d  in  the  presence o f
1 ob u t y r ic  a n hyd rid e  , no t ra c e  o f  any b u ty ra te  e s te r

was observed , w h ile  th e  y ie ld  o f 10 was the  same,

B e du ct Io n  o f  the chr orna none (10)

KaBH4 was added p o r t io n w is e  over 1 h r  to  a s o lu t io n  

o f  10 (ISOmg) in  StOH (1 5 m l), th e  re a c t io n  b e in g  m o n ito re d  

b y  TLC u n t i l  a l l  o f  10 had been consumed® The s o lu t io n  was 

th e n  d i lu te d  w ith  d i l .  HC1, e x tra c te d  w ith  EtOAe, washed 

w ith  b r in e  to  n e u t r a l i t y  and dried®  E v a p o ra tio n  a f fo rd e d  

an o f f - w h i te  s o l id  w h ich  was separa ted  by TLC (1 x  CHC1) 

to  g iv e : -

( i )  th e  e th e r  38, (90mg, 5 0 / ) ,  m .p , 87 -89° (fro m  

l i g h t  p e tro le u m ), (Found? Mf 872 by mass spectrum , CooHoqO^

„ . - - • ̂  T T ̂  rz T f o  s . \ ) CCl/* "t YJ / I  f \  T ^0*1 o 1 1 /  ̂  Vr'iO "V*rO(.]UifO£l id KJ t (•* j } fS **** * 9 ^  UAXU. wax y /\

225 ( a h ) ,  255, 264 and. 530 nn ( lo g  £ 4 ,1 6 , 3 .8 7 , 3 .91 and 4 .17 ); 

mass s p e c tra l peaks a t m/e 372 ( 3 / ,  M+) ,  326 ( 2 2 / ) ,  312 (23)i) 

and 311 (100/ ) ;  ® H  s ig n a ls  a t Z  8 .6 0 , 8 .5 3 , 8 .37 and 8 .3 3  

(each  corresponding to  a t e r t i a r y  m e th y l, 8 .80  (311, d , J 8Hz)
* — — n v. ao nw\ 3*62 ( 2H, d, J SHz) ,  6*07 (3H, s ) ,
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3*85 and 2.17 (each 2H, d , J lOBz) and 3*72 (1H, d /d , J 11. 

and 18Hz)*

( a l c oho l , ( 3 6 ; ,  ( 90mg, 5 0 / ) ,  c o lo u r le s s  

p la te s ,  m .p, 155-158° ( fro m  PlbOAc -  l i g h t  p e tro le u m ),

( l i t  1 m .p. 157-158°). (Found: 0 , 69 .85 ; H, 7.3.
C a lc , f o r  C80H2405: C, 6 9 .7 5 ; H, 7.0??); \ >  CHClg 3570>

1720 and 1595 cm"1 ; A max 220 , 257 , 266 and 3,52 mu ( lo g

4 .0 3 , 3 .8 4 , 3*92 and 4 *1 4 ); mass s p e c tra l peaks at m/e 

344 (15$ , Mf ) ,  326 (2 5 $ ;, 311 (1 0 0 $ ;, 281. 1 8 $ ), 27 3 (6 3 $ ), 

243 (16$) and 233 (2 5 $ ); NIJIt s ig n a ls  a t X  8 .6 3  and 8.55 
(each 3H, s ) ,  8 .3 3  ( 8H ,s ) ,  7 .97  (2H, d , J 6Hz) ;  6 .05  (3 II ,S ) ,

4 .97  (111, t, J 6H z), 5 .18 (111, bd, J 11H z), 5 .13  (1H, bd, J 

3 .73  (1H, d /d  J  11 and 18 H z), 3 .80 and 2.18 (each 1H, a , J

Dehydra t io n  o f the  alc o h o l (36 ;

An in t im a te  m ix tu re  o f  th e  a lc o h o l (36 ; (20mg) and 

f r e s h ly  fuse d  KHSO^ (45mg) was heated  a t 1 0 5 ° /0 .0 1  num. 

f o r  5 h r .  A c o lo u r le s s  s o l id ,  (17mg, 8 5 / ) ,  m*p. 9 3 -9 5 °, 

suh lim ed  from  th e  m ix tu re .  (Pound: C, 7 3 .S; B, 6 .9 .

C a lc , f o r  C20H2204: C, 7 3 .6 ; H, 6. 8$ ) ;  y  ™ r  X723,

1609, 1583 and 1130 cm"1 ; A max 227, 2S5, 272, 328 and 

347 ( lo g  £ 4 .2 2 , 4 .3 3 , 4 .5 4 , 4 .01  and 4 .0 0 ) ;  mass s p e c tra l 

peaks at m/e 326 (18$ , II1), 312 ( 22$ ) ,  311 (100$), 281 (16$) 

and 69 ( 1 0 / ; ;  NMR s ig n a ls  a t T  8 .55  and 8 .3 3  (each 6H, s ; ,  

5 .12  (1H, bd, J 11Hz; ,  5 .05  (1H, bd , J iS H z ;, 4 .3 1 , 3 .8 3 , 

3 .4 3  and 2.15 (each 1H, d , J 10Hz; and 3 .50 (1H, d /d ,  J 11 

and 18H z). T h is  compound was shown to  be id e n t ic a l  w ith  

an a u th e n t ic  sample o f  n a tu ra l d e n ta t in  (m .p ., num .p ., IR , 

UV, NHR and MS) k in d ly  donated by P ro fe s s o r B.R. P a i and 

D r. S* Narayanaswami.

18Hz) ,  

10Hz; .

i !H



- 67 -

D im e th y la l ly la t Io n  o f  th e  crude p ro d u c t o f  th e  Pedaman 

co n d e n sa tio n  of  th e  chromanone (16) and m a lic  a c id .

KgCOg ( l.O g )  was added to  a s o lu t io n  o f th e  crude

pheno l m ix tu re  ( l . l g )  in  acetone ( 100m l) and th e  m ix tu re

s t i r r e d  a t R .T, f o r  1 h r .  F re s h ly  d i s t i l l e d  d im e th y la l ly l

brom ide ( l.O g )  was added, and the m ix tu re  re flu x e d , f o r  20 h r .

W ork-up p rocedure  I  y ie ld e d  a y e llo w  o i l  w h ich  was separa ted

by TLC (1 x CKC13 ) in fc o t-

( i )  c l  a u s e n in  d im et h y l a l l y l  e t  h e r (4 1 ) ,  (377 rng^, 2 7 / ) ,

n e e d le s , m .p. 124-125° ( fro m E tO A c  -  l i g h t  p e tro le u m ),

( l i t 5 m .p. 1 1 8 -1 2 1 °); p  fO j.01 1V35, 1690, 1610 and

1590 cr»“ h  A max 264 and 315 run ( lo g  £  4 .35  and 4 .0 9 ) ;

mass s p e c tra l peaks a t m/e 328 {2%s M+) ,  266 ( 4 7 / ) ,  245

(1 0 0 / ) ,  205 4 -4 /), 204 2 7 / ) ,  176 ( 2 3 / ) ,  68 ( 3 4 /)  and 4-1 ( 8 5 / ) ;

NMR S ig n a ls  a t X  8 .5 2  ( 6H ,s ) ,  8 .3 3  and 8 .2 3  (each 3H, d , J 1 .5 H z ),

7 .27  ( 2H, s ) ,  5 .38 ( 2H, bd , J 7H z), 4 .45  (III, b t ,  J 7H s),

3*78 and 2 .08 (each 1H, d , J lO hz) and 3.40 ( lH ,s )«

( i i )  th e  e th e r  (2 8 ) ,  (800mg^, 6 0 /)

the e th e r  (4 2 ; ,  (150m g/, 1 1 / ; ,  p la te s ,  m .p.

177-179° (fro m E tO A c  -  l i g h t  p e tro le u m ). (Pound: C, 6 9 .7 ;

H, 6 .2 .  Cn qHoaOc re q u ire s  C, 6 9 .5 ; H, 6 .1 5 / ) ;  X) cc -̂4 1750,Xcf fj\) o max
1698. 1623 and 1590 cm"-1-; A max 220, 235 (s h ) ,  278 (s h ) ,

285, 320 and 328 ( sh) ( lo g  £ 4 ,2 7 , 3 .8 6 , 4 ,0 1 , 4 .1 1 , 4 .05

and 3 .9 3 ) ; mass s p e c tra l peaks a t m/e 328 ( 6/ ,  M ; ,  260 ( 2 2 / ) ,

245 ( 4 5 / ) ,  205 ( 2 4 / ) ,  204 ( 4 0 / ) ,  176 (26%), 69 (5 3 /)  and

41 (1 0 0 /) ;  NMR s ig n a ls  a t X  8 .37  ( 6H ,s ) ,  8 .2 3  and 8 .18 

(each  3H. b s ) ,  7 .30  (2H, s ) ,  5 .42  (2H, bd, J 7H z), 4 .52  

(1H, b t ,  J 7H z), 3 .85 and 2.07 (each 1H, d, J 10Hz) and

3.77 (1H ,s )o



The e th e r  (2 8 ; (140mg; was heated a t 180° f o r  3 h r

a t  a tm osphe ric  p re ssu re * The r e s u l ta n t  o i l  was p u r i f ie d

by  TLC (1 x CHClg) to  g ive  th e  pheno l ( 5 ) ,  (IQOmg, 7 1 $ ),

n e e d le s , ra*p* 151-152° ( fro m  EtOAe -  l i g h t  p e tro le u m ;#

(Found: C, 6 9 .5 ; H, 6*2* CjgHgQOg re q u ire s  C, 6 9 .5 ; H ,6 .15$ );

y  raax4 1755» 1642> 163° and 1582 cm"1 ; X  max 215, 233 ( sh)

234 and 330 nm ( lo g  £  4 .0 9 , 3 .91 , 4 .48 and 4 .0 2 ) ;  \  base 248,’ ' v max *
*278 , 29 2, 309 ( s h ) ,  370 and 415 nm ( lo g £  4 .1 3 , 4 .0 1 , 4 .0 5 ,

4 .0 0 , 4 .09 and 4 .1 7 ; ;  mass s p e c tra l peaks a t m/e 328 (47$, M+; 

313 ( 5 7 / j ,  212 (2 9 $ ), 257 (1 0 0 $ ), 245 (1 1 $ ;, 244 (21$; and 

229 (1 4 $ ;; NMR s ig n a ls  a t T  8 .45  and 8 .3 2  (each 611, s ; ,

7 .17  (2 H ,s ; ,  5 .10 (1H, bd, J U H z ; ,  5 .02  (1H, bd, J 18H z;,

3 .90  and 2.08 (each 1H, d , J 10H z;, 3 .72  (1H d /d ,  J 11 and

18 Hz; and ~3 .02§ (1 H ,s ; .

Methy ls t i o n of  5

KgCOg (70mg; was added to  a s o lu t io n  o f  5 (BOrng; in  

acetone (50m l; and the  m ix tu re  s t i r r e d  a t R .T . f o r  -g- h r .

M el (1m l; was added and th e  m ix tu re  re f lu x e d  f o r  11 h r .

W ork-up procedure  I  gave an o f f - w h i te  s o l id  w h ich  was 

p u r i f ie d  by TLC (1 x CFCI3) to  g iv e  th e  e th e r  6 (54mg, 6 1 $ ), 

p r is m s , m .p. 160—lo 2  ( iro m  EsQAc — l ig h u  p e u ro le um ).

(Found: C, 69 .95 ; H, 6 .5 . Q2qF-22®1q re q u ire s  C, 70 .1 5 ;

H, 6.5%);  y  max’1 1735'  1680> 1615 and 1560 om-:L» X  max 

2X4, 272, 315 and 341 (sh ) ( lo g  £  4 .2 5 , 4 .5 0 , 4 .06  and 3 .80 ) ;

mass s p e c tra l peaks a t m/e 342 ( 3 9 /.  M+) ,  327 ( 6 9 / ) ,  271 (1 0 0 /) .

243 (56$) and 41 (7 2 $ ); NMR s ig n a ls  a t T  8 .50  and 8 .37  (each
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5 .10  (1H, bd , J 18H z), 3.77 and 1 .98 (each 1H, d, J 10Hz) 

and 8 .63  (1H, d /d , J 10 and 18 H z ).

D im e th y la l ly la t fo n  o f 8 u s in g  1 , 2- d ime fchoxyethane ( g lyn ie ) 

as s o lv ent

KgCOg (76mg) was added to  a s o lu t io n  o f 8 ( 115mgJ in  

d ry  glyme (50m l) and the  m ix tu re  a llo w e d  to  r e f lu x  f o r  1 

h r .  L im e th y la l ly l  brom ide (70mg) was added and th e  m ix tu re  

r e f lu x e d  f o r  21 h r .  W ork-up procedure  I  y ie ld e d  a y e llo w  

o i l  w h ich  gave, a f t e r  p u r i f i c a t io n  by TLC (1 x CHClg), the  

pheno l 29, (55rag/, 3 9 / ) ,  p r ism s , m .p. 151-152° (from M eO H ). 

(Pounds C ,69 .S ; H ,6 .1 . G ighgo^g re q u ire s  0 ,69 .55  E, 6 .15/)5
V) CCI4 1749 1642, 1630 and 1590 crrf'*-; A max 215, 233 (s h ) ,

max
28 3 and 331 nm ( lo g  £  4 .1 5 , 3 .9 5 , 4 .43  and 3 .9 8 ) ; \  base 245,

/x max
278, 297, 308 ( s h ) ,  370 and 410 nm ( lo g  £  4 .1 0 , 4 .0 4 , 4 .0 3 ,

4 .0 0 , 4 .05  and 3 .9 8 ) ; mass s p e c tra l peaks a t m/e 328 (7 0 / ,  M+) , 

315 ( 6 0 / ) ,  273 ( 6 3 / ) ,  257 ( 1 0 0 / ) ,  229 (3 2 /)  and 218 (7 2 / ) ;

El® s ig n a ls  a t  X  8 .45  ( 6H, s ) ,  8 .32  and 8 .15  (each 3 H ,b s ),

7 .1 8  (2 H ,s ) ,  6 .57 (2H, bd , J 7H z), .4.77 (1H, b t ,  J 7H z),

3 .90  and 2 .13  (each 1H, d , J 10Hz) and -2 .3 0 °  (1H, s ) .

P y ro ly s is  o f  c la u s e n in  d im e th y la l ly l  e th e r  (4 1 )

The e th e r (41) (72mg) was d is s o lv e d  in  E ,N - d ie th y la n i l in e  

(1m l) and heated a t 135° f o r  1 h r ,  and f o r  a f u r t h e r  3 h r  a t 

170°, under Eg. coo led  s o lu t io n  was poured in to  ic e -w a te r ,

e x tra c te d  w ith  EtOAe, washed w ith  d i l .  HC1 to  p H l, b r in e  to  

n e u t r a l i t y ,  d r ie d  and e vap o ra te d . The re s id u a l o i l  was 

se pa ra ted  by TLC (1 x  CHClg) to  g iv e : -

(1)  the  pheno l (43) (49mg, 68/ ) ;  El® s ig n a ls

a t X  8 .52  ( 6H ,S ), 8 .3 3  and 8 .18 (each  SH, b s ) ,  7 .2 2  (2 H ,s> ,
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6 .60  (211, bd , J 71is) ,  4 .82  (1H, bd, J 7H z), 3.87 and

2 .02  (each 1H, d, J 10Hz) and -2.65®  ( lH , s ) .

o la u s e n ln  (15) (17mg, 2 3 / ; .



Synthesis of the 4-C0gMe phenols (50; and (51;.

A ce ty le n e  d ic a r b o x y l ic  a c id  d im e th y l e s te r  (lOOmg; 

was added to  a m ix tu re  o f  2 , 2 -d im e th y l-5 ,  7-d ih yd ro xych ro m - 

a n -4 -one (50mg) and ZnClg (80mg) and th e  s o lu t io n  hea ted
A Q

a t 150° f o r  3 h i’* c The co o le d  s o lu t io n  was e x tra c te d

w ith  EtOAe, washed w ith  d i l .  HCX, w ith  b r in e  to n e u t r a l i t y  

and d r ie d .  E v a p o ra tio n  y ie ld e d  a v is c o u s  gum w h ich  was 

sep a ra te d  by TLC (1 x CHClg and 1 x 3 0 / EtOAcs l i g h t  p e t r o l ­

eum) to  g iv e s -

( i j  the l in e a r  pheno l ( 5 0 ; ,  (15m g/, 2 0 / ; ,  y e llo w  

n e e d le s , m .p. 205-208° (D e c .) ,  ( fro m  E tO A c - lig h t p e tro le um )#  

(Pound: C, 60©4-; H,4#55« ^ l e ^ l i ^  re q u ire s  C, 6 0 .4 ; I i54e4-/); 

y j  max'*"^ -^^O , 1629, 1562 and 1147 cm” '1';  \  max 210 ( s h ) ,

281 and 325 nm ( lo g  £  4. 20, 4 .27  and 3#94) ;  \  base g ^  ( s h ) ,max
283, 311 and 414 ( lo g  £  4 .0 0 , 4 .0 2 , 4 .00  and 4 ,0 0 ) ;  mass 

s p e d tra l peak3 a t m/e 318 (9 2 / ,  M+) , 303 ( 8 9 / ) ,  271 ( 9 3 / ) ,

231 (1 0 0 / ) ,  230 ( 9 5 / ) ,  203 (5 3 /)  and 174 ( 5 1 / ) ;  NMR s ig n a ls  

a t X  8 .48  ( 6H, s ) ,  7 .1 8  (2 H ,s ) ,  6 .0 3  (3 K ,s ) ,  3 .90  ( lH , s ) ,

3 .67 ( 1H, s ) and -4 .8 5 °  ( lH , s ) .

(11) th e  a n g u la r pheno l (5 1 ) ,  (lOmgX, 1 4 / ) ,  y e llo w

n e e d le s , m .p . 178-180° ( fro m  E tO A c - lig h t p e tro le u m ). (Pound:

C, 6 0 .3 ; H, 4 .6 .  C]_g%40y re q u ire s  C, 6 0 .4 ; H, 4 . 4 / ) ;

\ ?  cho13 1740, 1650, 1622 and 1580 cm- 1 ; X  Max 215, 279 
max

and 320 nm ( lo g  £  4 .1 2 , 4 .28  and 3 .9 5 ;;  X  aa*® 247> 275>

314, 354 and 400 nm ( lo g  £  4#07, 3 .8 2 , 3.98 3.88 and 3 .9 5 ;;  

mass s p e c tra l peaks at m/e 318 (5 7 / .  M + ; ,  303 (86/ ; ,  271 (86ft) 

231 ( 1 0 0 / ; ,  203 ( 7 8 / ; ,  176 ( 7 0 / ) ,  93 ( 1 0 0 / ; ,  and 69 (1 0 0 /) ;

NMR s ig n a ls  a t T ' 8#50 ( 6H ,s ) ,  7 .18  (2 H ,s ) , 6 .03  (3 H ,s ) ,



Methylatlon of the linear phenol (50;

KgCOg (30mg) was added. to  a s o lu t io n  o f  50 ( 20mg) 

in  acetone and th e  m ix tu re  s t ir re d ,  a t R.T* f o r  |r k r *

Mel (0 .5 m l) was added and th e  m ix tu re  re l'lu x e d  f o r  IB  h r*  

W ork-up p rocedure  I  a ffo rd e d , an o f f - w h i te  s o l id  w h ich  was 

separa ted  by TLC (1 x  30% EtOAe ; l i g h t  p e tro le u m ) to  g iv e : -

( i )  th e  l in e a r  meth y l e th e r  (5 2 ) ,  (14mg, 66$ ), 

m .p . 182-183° ( fro m  EtOAe -  l i g h t  p e tro le u m ). (Found:

C, 61.5J H, 4 .9 . C37^3 6^7 re q u ire s  C, 61.45. ; H, 4.85% );

Y) ^HCl^ 1740, 1691, 1605 and 1150 cm”"5 X  max 224, 262, 
max

280, 320 and 335 ( sh) nm ( lo g  £  3 .6 0 , 4 .0 9 , 3 .7 0 , 3.B5 and 

3 .7 8 ) ;  mass s p e c tra l peaks a t  m/e 332 (4 6 / ,  M+) ,  317 ( 4 6 / ) ,  

314 ( 9 2 / ; ,  285 ( 4 7 / ; ,  277 (57% ;, 27 6 ( 97%), 205 (46%),

8 3 (57%) and 69 (100%); MIR s ig n a ls  a t X  8 .50  (6H ,a ) ,

7 .2 8  (2 H ,s ) ,  6 .18  ( 3 H ,s ) ,  6 .08 (3H ,.s), 3 .92  ( lH ,s ;  and 

3 .32  ( 1H, s ; @

( i i ;  th e  a n g u la r meth y l  e th e r  (5 3 ) ,  ( 6mg, 28%).

M e th y la t lo n  o f  the  a n g u la r pheno l (5 1 ;

KgCOg (20mg) was added to  a s o lu t io n  o f  51 (20mg; 

i n  acetone (50m l) and the  m ix tu re  s t i r r e d  a t R .T . f o r  J- h r .  

M el (0 .5 m l)  was added and th e  m ix tu re  re f lu x e d  f o r  18 h r .  

Work—up p rocedure  t  a ix o rd e d  a cream coj. cured s o l id  w h ich  

was separa ted  by TLC (1 x  30% EtOAe: l i g h t  p e tro leu m ) to  g ive : 

( 1 ; th e  l in e a r  m e th y l e th e r  (5 2 ) ,  ( 8mg, 38%).

( i i )  the  a n g u la r m e th y l e th e r (5 3 ) ,  (12mg, 57%),

p la te s ,  m .p. 209-211° (d e c .)  (fro m E tO A c  -  l i g h t  p e tro le u m ).

(Found: C, 61 .55 ; H,5.00. C17H1607 re q u ire s  C, 61 .45 ;

p a . rbtL * • X> CHC13 1740, 1682 ana 1598 cm” 1 ; A  max 218,» . m a x
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235 (s h ) ,  27 3 and 325 nm ( lo g  £ 3 .8 2 , 3 .5 1 , 4 .29 and 4 .0 4>5 
mass s p e c tra l peaks a t m/e 332 (5 4 / ,  Ivl+) ,  317 ( 4 3 / ) ,  276 (1 0 0 /)  

245 ( 6 2 / ) ,  218 ( 4 6 / ) ,  190 (6 2 /)  and 93 ( 4 6 / ) ;  NMR s ig n a ls  

a t  *’£" 8*55 ( 6H ,S ), 7 .28  ( 2H, s), 6 .05  ( 6H, s ) ,  3 .90 (1 H ,s ) and 

3.55 (1 *1 ,8 ).

D im e th y la l ly la t io n  o f th e  angu la r  phe n o l (51)

KgCO^ (lOOmg) was added to  a s o lu t io n  o f 51 (90mg) 

in  acetone (40m l; and the  m ix tu re  s t i r r e d  a t R .T* f o r  J h r*
e

D im e th y la 'l ly l brom ide (0 .5 m l) was added and th e  s o lu t io n  

r e f lu x e d  f o r  17 h r .  Y/ork-up p rocedure  I  gave th e  e th e r 

(5 5 ) ,  (55mg, 5 3 / ) ,  ne e d le s , m.p* 143-145° (fro m  EtOAe -
'■f'l i g h t  p e tro le u m ), (Pound: M 386 by mass spectrum .

C2LH22°7 're q u ire s  M+ 386); V  G rid s  1740, 1685 and 1595 cm"1;w  3210.
X  max 27 3 and 325 nm ( lo g  £ 4 .15  and 3 .9 4 ) ; mass s p e c tra l 

peaks a t m/e 386 ( 6/ ,  M*) ,  318 ( 4 1 / ) ,  313 ( 6 2 / ) ,  271 ( 4 5 / ) ,

203 ( 2 0 / ) ,  93 (2 3 /)  and 41 (1 0 0 /) ;  NMR s ig n a ls  a t 8 .55  

and 8 .2 3  (each  6H, s ) ,  7 .30  (2 H ,s ) , 6 .05 (3H,S), 5.30 (2H, bd,

J 6H z), 4 .50  (1H, b t ,  J 6H z), 3 .93  and 3 .60  (each 1 H ,s ) .

C la is e n  rearrangem ent o f  55

A s o lu t io n  o f  55 (23 mg) in  N ,N - d ie th y la n i l in e ( 0 . 5ml) 

was heated a t  180° f o r  3 h r  under kg0 Tile coo led  s o lu t io n  

was poured in to  ic e -w a te r ,  e x tra c te d  w ith  EtOAe, washed w ith  

d i l .  HOI to  p R l, b r in e  to  n e u t r a l i t y ,  d r ie d  and e vapo ra ted .

The re s id u a l o i l  was p u r i f ie d  by TLC (1  x 2 5 / E tO A e :lig h t 

p e tro le u m ) to  g iv e  the pheno l (5 7 ) ,  (14mg, 6 1 /)  as a y e llo w  

o i l y  s o l id .  (Found: M+386 by mass spectrum . C^iHg^Oy

re q u ire s  M+386); ) /  CBClg 1740, 1640, 1618 and 1572 cm"1;
max

\ __  . _ ~  „  r- /•»„.„ A A rS *■< — *3* OO' \ •A  max &20, ana 000 nm vJ-ug ci 4. *>a, *t.uo a m  *» / ,
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mass s p e c tra l peaks a t  m/e 386 (4$ , M+) ,  371 ( r6%), 315 ( 4 / ) ,

28 3 ( 3 / ) ,  69 (26% ), 59 ( 5 0 / ) ,  55 (2 6 / ;  and 43 (1 0 0 / ; ;  HMR 

s ig n a ls  a t T 8 . 5 3  and 8 ,37 (each 6 B ,s ) , 7*23 ( 2H ,s ; ,  6 .07 (3 K ,s ; ,  

5 .07  ( IE ,  bd, J 11H z), 5 .03  ( IK ,  bd , J 17Ez), 3 .93  ( lH , s ; ,

3 .70 ( IE , d /d ,  J 11 and 17 Hz; and -3 .05®  ( lH , s ; *

Base c a ta ly s e d  is o m e r is a t io n of  53

53 ( 55mg; was added to  a s t i r r e d  s o lu t io n  o f  Ha (12mg;

in  EtOH (10m l; and th e  m ix tu re  s t i r r e d  a t  R .T . f o r  4 h r*  The

s o lu t io n  was diluted w ith  a i l .  EC1, e x tra c te d  w ith  EtOAe,

washed w ith  b r in e  to  n e u t r a l i t y ,  d r ie d  and e va po ra ted . The

re s id u e  gave the  pheno l (58 ; (60mg; 9 3 / ; ,  ne ed le s , m .p. 128-

131° ( fro m  EtOAe -  l i g h t  p e tro le u m ). (Pound: M+392 by mass

spectrum . C20i:i24°8 re q u ire s  M"*"392); X)  CHCI3 1725, 1670,' max
1600, 1250 and. 1103 era- -*'; A max 23 3 and 320 nm ( lo g  £ 3.95 

and 3 .5 4 ; ;  \  rrnx6 an(  ̂ (1 °S  E 3 .85  and 4 .1 9 ; ;  mass

s p e c tra l peaks a t  m/e 392 ( 4 / ,  M+) ,  379 . (2 3 /) ,  346 ( 2 7 / ) ,

332 ( 5 0 / ) ,  317 ( 3 8 / ) ,  276 ( 8 4 / ) ,  249 ( 8 4 / ) ,  245 (9 2 / ;  and 

218 (1 0 0 /) ;  HI® s ig n a ls  a t X  8 .8 2  ( 6H, t ,  J 7H z), 8 .6 3  

(6H ,s), 7 .40  (2H ,sJ , 6 .23  ( 3H ,s ; ,  5 .88  (4H, q, J 7 H z;, 3 .88 

(1H, s; and 3*05 ( l l i , s ; *

A ttem pted  h y d ro ly s is  o f the  e s te r  (53)

( i )  O i l .  EC1 (10m l; was added to  a s t i r r e d  s o lu t io n  

o f  53 (20mg) in  EtOH (30m l) and th e  m ix tu re  re f lu x e d  f o r  48 h r .  

TLC showed th a t  no re a c t io n  had ta ke n  p la c e , and so conc. HC1 

(2 .5 m l) was added, and r e f lu x in g  co n tin u e d  f o r  a f u r t h e r  24 h r *  

The coo led  s o lu t io n  was poured in to  ic e -w a te r ,  e x tra c te d  w ith  

EtOAe, washed w ith  b r in e  to  n e u t r a l i t y  and d r ie d .  E va p o ra tio n  

y ie ld e d  u n ro ac te d  s ta r t in g  m a te r ia l (18xng, 90/o).



( i i ;  When th e  above r e a c t io n  was re pe a te d  u s in g  

cone® HgSO^, th e  o n ly  compound re c o ve re d , was u n re a c te d  

s t a r t in g  m a te r ia l*

( i i i )  53 (20mg) was added to  d i l .  aqueous NaOH 

(10m l; and th e  r e s u l ta n t  y e llo w  s o lu t io n  s t i r r e d  a t  R .T . 

f o r  24 h r *  The s o lu t io n  was th e n  n e u tra l is e d  w ith  d i l *

HC1, e x tra c te d  w ith  EtOAe, washed w ith  b r in e  to  n e u t r a l i t y  

and d r ie d *  E v a p o ra tio n  y ie ld e d  o n ly  th e  u n re a c te d  s ta r t in g  

e s te r  (5 3 ; ,  ( 15rng, 7 5 /)  «

( i v )  L i I * 2H'20 (60mg) was added to  a s o lu t io n  o f 53

( 3omg) in  d im e th y lfo rn a m id e  ( lm l ;  and the  m ix tu re  re f lu x e d  

f o r  3 h r*  The coo led  s o lu t io n  was d i lu te d  w ith  ic e -w a te r ,  

washed w ith  b r in e  to  n e u t r a l i t y  and d r ie d .  E v a p o ra tio n  

a f fo rd e d  a s e m i-c r y s ta l l in e  o i l  w h ich  was p u r i f ie d  by TLC 

(1 x  3 0 / E tO A e :l ig h t p e tro le um ) to  g ive  th e  a n g u la r pheno l 

(5 1 ) ,  ( 20mg, 6 0 /) *

tAttem pted- h y d ro ly s is  o f  51

L iI-2H gO  (60rng) was added to  a s o lu t io n  o f  th e  pheno l 

51 (60mg) in  d im e tby lfo rm am ide  (5m l) and th e  m ix tu re  re f lu x e d  

f o r  16 h r .  S im ila r  w ork-up  to  th a t  d e sc rib e d  above y ie ld e d  a 

l i g h t  brown p o la r  o i l  (55mg)



F re s h ly  ground A m b e r lite  r e s in  IE -120  (H) ( 64mg) was added 

to  a so Xnt I  on o f 2, 2 -d In  g t  h y l  -  5, 7 -d ih /ydroxychrom an-4-one 

(lOOmg; and e th y l  a o e to a c e ta te  (200mg; and th e  m ix tu re  

hea ted  a t 170° f o r  3 h r .  The coo led  s o lu t io n  was d i lu te d  

w ith  EtOAe and f i l t e r e d *  E v a p o ra tio n  a ffo rd e d  a y e llo w  

s o l id  w h ich  was separa ted  by TLC (1 x  CKCI3 an^ 1 x  

E tO A e :lig h t petroleum} to  g iv e s -

t
(1 ) the l in e a r  pheno l ( 6G), ( 44mg/, 34$ /, y e llo w  

p la te s ,  m*p* 210-214° ( fro m E tO A c  -  l i g h t  p e tro le u m ) .

(Found: C, 6 5 .8 ; H, 5*3* 51134.05 re q u ire s  C, 65*7 ; 5 .15 /i} ;

v  CKC13 1730* 1630, 1561 and 1150 cm"1 : X raax 218, 233 ( s h / ,
^ max

281 and 318 nm ( lo g  £, 4 *08 , 3 .7 7 , 4 .42  and 4 .0 1 /;  mass s p e c tr ­

a l  peaks a t m /e 274 (43$, M + ) ,  259 (1 0 0 $ ), 231 (2 8 $ /, 219 (43$  , 

190 (67$ ; and 134 (3 2 $ ;; -NMR s ig n a ls  a t XT 8 .50  ( 6E ,s ) ,  7 .38  

( 3H, d , J 1Hz) ,  3 .68 ( lH ,s ;  and -3 .48®  ( lH ,s / ,4 * 0 5  (1H, m ) .

(11 ) the a n g u la r pheno l (67) , ( 35rag, 2 7$ ), y e llo w  

n e e d le s , m .p. 170-173° (fro m E tO A c  -  l i g h t  p e tro le u m ).

(Found: C, 65 .45 ; H, 5 .2 . C ^ H ^ O g  re q u ire s  C, 6 5 .7 ; h , 5 .1 5 $ ); 

r  S h 13 1735. 1649, 1625, 1581 and 1155 cm- 1 ; A max 233, 278illci

and 318 nm ( lo g  £  3 .7 8 , 4 .42  and 4 *0 0 ); mass s p e c tra l peaks a t  

m/e 274 (59$, M+) ,  259 (1 0 0 $ ), 219 (42$ ; and ISO (4 7 $ ); JMI 

s ig n a ls  a t  X  8 .3 3  ( 6H ,s ) ,  7 .4 3  ( 3H, d , J 1H z), 7 .17  ( 2 a ,s ; ,

4 .05  (1H, m, J 1 H z;, 3 .62 ( lM ,s ;  and -2 .30®  ( lE , s / .

M e th y la t lo n  o f th e  l in e a r  phenol ( 66;

KgC03 (20mg; was added to  a s o lu t io n  o f  66 ( I 8mg; in



- 7?

was added and the  m ix tu re  re f lu x e d  f o r  10 h r .  W ork-up 

p rocedure  I pave the  e th e r  (68), (16mg , 93%), p r is m s , 

m .p . 142-144° ( fro m  EtOAo -  l i g h t  p e tro leu m ) 0 (Found:

C, 66 .0 ; H, 5 .6 5 ; C l6 Hl6 ° 5  re q u ire s  C, 66 .65 ; H, 5 *6 $ ); 

y  ^ l3 I 73 °, 1688, 16X0, 1595 and 1153 cm- 1 ; A  max 220,

352, 277 ( s h ) ,  310 and 332 ( sh) ( lo g  £  3 .5 4 , 4 .2 4 , 4 .0 0 ,

3 .89 and 3 .8 0 ) j  mass s p e c tra l peaks a t m/e 288 (98$, M+ ) ,

273 (6 5 $ ), 233 (8 6 )0 , 232 (1 0 0 $ ), 204 (82$) and 190 (8 2 $ ) j 

N15H s ig n a ls  a t X  8 .50  ( 6H ,s ) ,  7 .40  ( 3H, d , J 1H z), 6 .10 

( 3 E ,s ) ,  5.97 (lH ,m ) and 3.57 ( lH , s ) ,

M e th y la t lo n  o f th e  an g u la r  pheno l (67)

KgCOg (30mg) was added to  a s o lu t io n  o f  67 (20mg) in  

acetone and th e  m ix tu re  s t i r r e d  f o r  h r .  M el (1m l) was 
added and the  m ix tu re  re f lu x e d  f o r  18 h r .  W ork-up p rocedure  I  

gave th e  e th e r  (6 9 ) ,  (18mg, 85$), n e e d les , m.p. 222-223° 

(fro m E tO A c  -  l i g h t  p e tro le u m ). (Found C, 66. 8 ; R, 5 .5 . 

C i6H is05 re q u ire s  C, 66 .65 ; H, 5 *6 ^ ;) V  1733, 1680,

1609 and 1592 cm’"̂ 5 \  max 215, 235 ( s h ) ,  27 3 and 316 nm

( lo g  £  4 .0 2 , 5 .5 3 , 4 .47 and 4.3-3); mass s p e c tra l peaks a t 

m/e 288 (.43$, M1*), 273 (3 5 $ ), 233 (33$) and 204 (100$); KHR 

s ig n a ls  a t  X  8 .47 ( 6H ,s ) ,  7 .45  (3E, h s ) ,  7 .30  (2 H ,s ) , 6 .07 

(3 H ,s ) ,  4 .02  (lH ,m ) and 3.58 ( lH , s ) .

D im e th y la l ly la t io n  o f  the a n g u la r pheno l (67)

K2CO3 (60mg) was added to  a s o lu t io n  o f  67 (35mg) in  

acetone and the m ix tu re  s t i r r e d  a t R .T . f o r  -J- h r .  F re s h ly  

d i s t i l l e d  d im e th y la l ly l  brom ide (0 .5 m l) v/as added and th e  

m ix tu re  re f lu x e d  f o r  18 h r .  W ork-up procedure  I  y ie ld e d  a 

y e llo w  o i l  w h ich was p u r i f ie d  by TLC (1 x  20$ EtOAe : l i g h t



p e tro le u m ) to  g iv e  the  e th e r  (7 1 ) ,  (20mg;' 4 7 / ; ,  n e e d le s ,

m .p. 130-140° (fro m  EtOAe -  l i g h t  p e tro le u m )*  (Pounds

M+342 by mass spectrum . G20n 22°5 re q u ire s  1^3 4 2 ); )R> Cxi(J l4
max

1746, lubO and 1d90 cm” 1 ; X max 273 and 318 nm ( lo g  £  4 .12  

and 3 .8 9 ;;  mass s p e c tra l peaks a t m/e 342 ( 2 / ,  M * ;, 327 ( 2 / ;  ,

279 ( 6 / ; ,  265 ( 9 / ) ,  167 ( 1 8 / ) ,  149 (1 0 0 /) ,  57 ( 4 1 / ; ,  55 (2 6 /)  

and 43 ( 3 8 / ) ;  NMR s ig n a ls  a t Z  8 .47  (6 H ,s ) ,  8 .22  (6 H ,b s ) , 7 .4 3  

(3H, d , J 1H z), 7 .28  (2 H ,a ) , 5 .33  (211, d , J 6H z), 4 .50  ( lH ,b t ,  J SHz

4 .05  (lH ,m ) and 3 .62  (1H, s )*

C la ls e n  re a rra n g ement o f  the  e th e r (71 ;

A s o lu t io n  o f  73. (45mg) in  N ,N - d ie th y la n i l in e  (0 .6 m l; 

was hea ted  a t 170° f o r  3 h r  under No* The co o le d  s o lu t io n  1 

v/as poured in to  ic e -w a te r ,  e x tra c te d  w ith  EtOAe, washed 

w ith  d l l *  HC1 to  p h i,  b r in e  to  n e u t r a l i t y ,  d r ie d  and evapora ted .

The r e s id u a l o i l  was p u r i f ie d  by TLC (1 x 2 0 / EtOAe: l i g h t  

p e tro le u m ) to  g iv e  th e  pheno l 73 (29mg, 2 4 /)  as an o i l y  sem i-
.j-

c r y s t a l l in e  s o l id .  (Pound: M 342 by mass spectrum . CgoH22°5 

re q u ire s  M+342)* 1735, 1638. 1618 and 1565 cm” 1 ; \  max

283 and 321 nm ( lo g  £  4 .27 and 3 .7 9 ) ; mass s p e c tra l peaks a t 

m/e 342 (2 4 / ,  Mf ) ,  327 ( 2 9 / ; ,  271 ( 4 1 / ; ,  258 ( 2 1 / ) ,  243 (2 4 /;  

and 41 ( 1 0 0 / ; ;  NMR s ig n a l s a t 8* 45 and 8. 33 ( each 6h , s ; ,

7 .4 5  ( 3H, d , J 1H z), 5 .12  (1H, bd , J 12Hz), 5.07 (1H, bd , J 18Hz), 

4*08 (1H, m, J 1H z), 3 .68 (1H, d /d ,  J 12 and 18 Hz) and **3.28# 

( lH , s ) .

A ttem p ted  base c a ta ly s e d  is o m e r is a t io n  o f  59.

The e th e r  (69 ; (lOOmg) was added to  a s o lu t io n  o f 

NaOEt jjmade from  Na ( 20mg) in  EtOH (25m l)^ j eno. th e  m ix tu re  

s t i r r e d  a t R .T . f o r  3 In* and a t 40“  fo r  3 h r .  A f te r  aeidifi.oata.un



w ith  d i l *  HG1, u n rea c te d  s ta r t in g  m a te r ia l was recove red  

(95mg, 96%)* S im i la r  r e s u l ts  were o b ta in e d  when HaH was 

used as th e  base c a ta ly s t *

A ttem p te d .,Oxid a t io n  o f  th e  Coumarin (69)

(a ) F re s h ly  sub lim ed  SeOg (50mg) was added to  a s o lu tio a  

o f 69 (25rng) in  EtOAe (25m l) and th e  m ix tu re  re f lu x e d  

f o r  3hr» The coo led  m ix tu re  was th e n  f i l t e r e d  th ro u g h  

c e l i t e *  washed w ith  b r in e *  d r ie d  and evapora ted* TLC o f  

th e  c r y s ta l l in e  re s id u e  (20mg) showed th a t  no re a c t io n  

had ta ke n  p la c e  and th a t  th e  re s id u e  was un re ac te d  s t a r t ­

in g  m a te r ia l*

(b )  T h is  re a c t io n  was repea ted  u s in g  20% aqueous d ioxan  

as s o lv e n t * b u t once a g a in  no re a c t io n  was found to  ta k e  

p la c e *

(a ) -When ch rom yl c h lo r id e  in  CCI4 was used as th e  o x id ­

is in g  medium* s im i la r  n e g a tiv e  r e s u l ts  were o b ta in e d *

7 -H ydroxycoum arin  (75) , (um bel11fe ro n e )

U n ib ll ife ro n e  was p repared  by th e  method o f  Dey, Bao

and S eshad ri 52 u s in g  re s o i 'c ln o l*  m a lic  a c id  and cone*

s u lp h u r ic  a c id *  The crude p ro d u c t was c r y s ta l l is e d  from

m ethano l to  g iv e  u m b e ll ife ro u s  as p a le  y e llo w  n e e d le s ,
52 _ „oo .



S e n e c io y l c h lo r id e  (400mg) was added to  a s o lu t io n  

o f  u m b e llife ro n e  (300mg) in  e th a n o l- f re e  CHGI3 , and th e  

m ix tu re  re f lu x e d  f o r  3 h iv  The s o lu t io n  was th e n  poured 

in t o  ic e -w a te r ,.  e x tra c te d  w ith  CHCI3 , washed w ith  b r in e  

t a  n e u t r a i l t y  and d r ie d - Tlie w h ite  s o l id  re s id u e  o b ta in ­

ed a f t e r  e v a p o ra tio n  was c r y s ta l l is e d  from  E tO A c - lig h t 

p e tro le u m  to  g iv e  th e  e s te r  (74) 9 (420rag, S7%) as c o lo u r ­

le s s  n e e d le s ? m .p .118-120°. (Found? M+244f C14H12O4 r e ~ 

q u ire s  147244)5 V  S S 1* 1750 and 1118 cn?| \  max 280 and 

312 nm ( lo g  £ 3*43 and 3 *4 8 ) § mass s p e c t ra l peaks a t 

m/e 244 (3%, M+) §, 162 134 (2% )? 83(100%) and 55

(26%)1 NMR s ig n a ls  a t  X  7 -97  and 7-73 (each 3H, d , J  1Hz) 

4 ‘ 10 (1H, m, J  1Hz), 3*65 and 2-32  (each 1H, d , J  lO K z), 

2*95 and 2*67 (each 1H,; b d , J  8Hz) and 2*88 ( IE ,  b s ) -

A ttem pted F r ie s  rearrangem ent o f  unibe111ferone sen e c io a te

(a )  A s o lu t io n  o f  th e  e s te r  (74) (50mg) in  CHgClg (20m l) 

was added d ropw ise  to  a -susp en s io n  o f  f r e s h ly  sub lim ed 

Aldlo (20mg) in  CH C l (20m l)- a t 0°* The m ix tu re  was th e n  

s t i r r e d  a t room te m p e ra tu re  u n t i l  TLC showed th e  absence 

o f  any s ta r t in g  m a te r ia l, .  The m ix tu re  was th e n  poured 

in to  ic e -w a te r  and e x tra c te d -w ith  CH^CL^ . A f te r  washing 

w ith  b r in e  to  n e u t r a l i t y , d ry in g  and e v a p o ra tin g , th e  

brown s o l id  re s id u e  was p u r i f ie d  by TLC, and th e  o n ly  

p ro d u c t o b ta in e d  was u m b e llife ro n e  (15mg$ 45%)*

(b ) The este r(50m g) and f r e s h ly  sublim ed A IC I3 (lOmg) 

were heated a t 120° f o r  fo u r  m inu tes in  a s u b lim a tio n  

tu b e - A f te r  th e  l ib e r a t io n  o f  a l l  HC1 gas had ceased,



f a r t h e r  washed w ith  b r in e  to  n e u t r a l i t y , d r ie d  and evap­

o ra te d . P u r i f i c a t io n  o f  th e  re s id u e  b y  TLC (CHCI3 ) y ie ld ­

ed o n ly  u m b e ll ife ro n e  (20mg$ 53%)e

Ce) The e s te r  (7 4 )s ( lOOmg) was added t o  a s t i r r e d  m ix ­

tu re  o f  A IC I3 in  t e t r a c h lo r o - e th an e , and th e  e o la t io n  

heated a t 100° f o r  4 h r .  The coo led  s o lu t io n  was poured 

in to  ic e -w a te r , e x tra c te d  w ith  EtOAe, washed w ith  b r in e  

to  n e u t r a l i t y  and evaporated,, The r e s id u a l s o lv e n t was 

th e n  removed by steam d i s t i l l a t i o n ,  and th e  s o l id  re s id u e  

p u r i f ie d  by TLC* The o n ly  m a te r ia l is o la te d  was u n re a c te d  

s t a r t in g  m a te r ia l (SOrngf 80%)* S im ila r  re a c t io n s  u s in g  

CSg and n itro -b e n z e n e  as s o lv e n ts  gave id e n t ic a l  r e s u l ts *

(a ) The e s te r  (74) (4G0mg) was s t i r r e d  in  r e f lu x in g  

GFgCQOH (100m l) f o r  2 4 h re The s o lu t io n  was th e n  poured 

in to  ic e -w a te r  and th e  p r e c ip i ta te  c o lle c te d .  T h is  was 

found by com parison to  be u m b e ll ife ro n e  (EOOmg) .

A ttem pted  a c y la t io n  o f  u m b e ll ife ro n e .

(a )  U m b e llife ro n e  (20Qmg), Zn.Cl2 and s e n e c io ic  a c id  (124mg) 

were heated a t 160° f o r  I h r .  The m ix tu re  was e x tra c te d  

w ith  EtOAe? washed w ith  d i l .  HC1, b r in e  to  n e u t r a l i t y ,  

d r ie d  and eva p o ra ted . TLC showed th a t  th e  re s id u e  con­

ta in e d  o n ly  u m b e llife ro n e  and s e n e c io ic  a c id .

(b )  U m b e llife ro n e  (50m g), t r i c h lo r o - a c e t ic  a c id  (lCOmg) 

and s e n e c io ic  a c id  (lOOng) were heated to g e th e r  a t 180° 

f o r  l ^ h r .  The v is co u s  re s id u e  was e x tra c te d  w ith  EtOAe, 

washed w ith  o i l .  NaHC03 , b r in e  to  n e u t r a l i t y ,  d r ie d  and 

evap o ra te d . P u r i f ic a t io n  o f  th e  r e s u l ta n t  s o l id  by TLC 

(CHCI3 ) gave u m b e llife ro n e  (20mg$ 40%) and th e  se n e c io a te



A c y la t lo n  o f  5 ? 7 -d ih fydroxycoarnarln with sen e e io ie  aci d.

5., 7~D ihydroxy coum arin  (5Gmg) P t  r ic h  lo r o - a c e t ic  a c id  

(lOOmg) and s e n e c io ic  a c id  (50mg) were heated to g e th e r  

a t 130° f o r  l | h r *  The v is co u s  re s id u e  was th e n  e x tra c te d  

w ith  EtOAe, washed w ith  d i l .  WaHCO^, b r in e  to  n e u t r a l i t y ,  

d r ie d  and e va p o ra te d . The r e s u l ta n t  o i l  was p u r i f ie d  by 

TLC (CHCI3 ) t o  g iv e  a m ix tu re  (ISrng) o f c la u s e n in  (15) 

and i t s  a n g u la r  iso m e r ( 8 ) .


