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Summary.
In the first part of the thesis, synthetic approachas

to a number of natural coumarins are described., 0Oxi-
dative cyclisation reactions of the prenylated phenolic
coumarins osthenol and 7-demethylsuberosin are discusssd.
It has been found that, by varying the reaction conditions,
cyclisation can be specifically dirscted to give either
furanocoumaring or pyranocoumarina. In particular,vthe
natural coumarins (~)-marmesin, (%)-columbianstin, (&)
decursinol and (i)“lnmatin have each bLaen synthesised in
high yield.

The regioseleqtive dehydration of (i)ucolumbianatin
to givs the»naturally’occurring isopropggyldihydrofurano~
coumarin, -masquin, has bean invastigetad; Conditions for
the regicselective dehydration of the linsapr hydroxyiso-
propyldihydrofuranocoumarin, (2)-marmesin, to the previocusly
unknown isopropenyldihydrofuranccoumarin have been detsr~
mined. The corresponding reactién with the angular hydroxy-
isopropyldihydrofuranccoumarin, (i)«cslumbiengtin, hss
given synthetic (Z)-masquin, which could. not be saparated
from the isomeric isopropylfurocoumarin,

Selenium dioxide oxidation of osthencl acatate has bLsan
shown to result in exclusive oxidation of the allylic nmethyl
gQroup. » )

In the second section of the thesis, chamical evidencs
is presentad which unequivocally establishes the etruciurs
of tomentin, the major aglycone of ths wood of Prunus
tomantosa, as S5~hydroxy-6,7-dimethexycoumarin, Attempts

were nade to introduce a l,l-dimethyiailyi group at C-~8 of



tomentin with a view to obtaining a dirsct correlation

with nieshoutol, the sternutatory constituent of Ptaeroxylon

obliquiim. The key synthetic precursor, 0-1,l-dimethyl-
allyltomentin, was found to undergo a novel charge=-induced
ortho-Claisen rearrengsment, at R.T., epecifically to
C-6. This blocked ortho-dienone failed to undergo a para-
Claisen rsarrangemant on heating, while on rsduction
followsd by aromatisation, 6,7=-dimethoxycoumarin was ob=
tained,

The complex mixturs resulting from l,l-dimethylpropargyl=-

ation of tomentin has been separated and structures
~assigned to all of ths principle‘companants. The struc-
tures of two novel, isomeric, blocked ortho-~disnonss, each
containing an 0(-3.3—dimethylalleny1 group, have bassn
rigorously secured on the basis of spectroscopic evidence
and the reduction and aromatigation of one of thsm to the

known natural coumarin, alloxanthoxylstin.
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1
The well-established position of the coumarins as
natural products has its origin in 1820, when the
simplest member, cbumarin(l)l’2 was isolated by Vogel

from Coumarouna odorata Willd. (Tonka beans). Since

then its derivatives have been found to be widely
3-5

distributed throughout the plant kingdom as well

as being pressent in some animals6 and micro-organisms7.
In 1963, Dean reported5 that about ninety naturally
occurring coumarins were known. By 19708 more than twice
this number had been isolated, with a current approximate
estimate being over three hundred, These large increasss
represent advances in isolation and separation

3,4,9

technicues and in physical methods for structurs

determination, Thus, recently, the seeds alone of

10

Mammea americana L. have been shouwn to contain at least

twenty-eight new coumarins,

fMluch interest has centred on the diversity of
physiological affact3’4 whicg natural coumarins can
exhibit; these rsnge from the contraceptive activity of
psoralen(?)11 and the well-sstablished® skin
sensitising properties of some furocoumarins, through
anticoagulantd and vasodilatoryd activity, to behavior
as antitumou%zagents. The aflatoxins(3), on the other hand,
are exceedingly toxicls; lhereas the synthesis of the
aflatoxins has been the.subject of some eleganf work by
Buchild, the synthesis of many natural coumarins still
remains the province of the enzyme. To illustrate the
problems facing ths synthetic chemist, the structures

of a few coumarins, chosen at random from the literaturs

and as yet unsynthesised, are givenin Scheme 1l,1.
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Examination of the basic coumarin nucleus (1)
reveals that there are six possible sites at whiéh
oxygenation can occur, all of which are represented in
nature., These oxygen functions can be present as phenols
or ethers, as can be seen from Schemse 1.1, or as
glycosidic ethers, or ssters. The presence of one or more
isoprenoid chains of variable length, attached to either
carbon or oxygen, or to both, is alsoc comman féature.
Thesa isoprens units are often further slaborated by
oxyganation and cyclisation, as shown in Scheme 1,2,
impartiﬁg an apparently ‘endless variety to natursl
coumarins,

The most common subdiviéion in coumarins is based
on the oxygenation pattern of the nucleus, those having
an oxygen atom at C-7 being by far the most numerous.
For this reason, umbelliferons (4) is best regardsd as
the parent nafural compound, rather than the structurally
more basic coumarin (1),

Almost all known coumarins carrying an isoprene unit
on nuclear carbon have this moiety ortho to an oxygen
function-~7, This probably reflects the biosynthetic
pathway leading to the prenylated coumarins, it being
thought that 52737 the C-5 unit is ineerted directly by
C-alkylation of a phenolic precursory with
dimethylallyl pyrophosphate as a likely candidate for
this purpose. At least one exception, that of
brosiprenin (5)28, is known, in which the C-5 prenyl
group may well arise by a biogenetic gggg—ciaisen

rearrangement,



-

R
RO

Syt

~ SCHEME 1.2
R
RO

RO

R

e

RO
RO

ﬂ%
szﬂwf
&

| B
;\)\ /?(\\




}00
0

£
O

(7)

R




4

Progressive esnzymatic elaboration of the
3,3-dimethylallyl unit is the probable37 process by
which compounds like psucedanol(6) marmesin (7) and
more complex systems exemplified by micromelumin (8)
are generated. This theory is supported by the

co-occurrence in some plants of structurally related

coumarins. A good sample is provided by Ruta pinnata ,
investigated38 by Gonzalez et al. Scheme 1.3 iilustratas
somé of the coumarins found in this plant.

The common occurrence of the isopentenyl unit and
its oxygenated forms in many classes of compound has
prompted yarious wvorkers to search for genseral synthetic
routes to ortho-prenylated phenols, Direct C-alkyletion
can be satisfactory in some caseszg’dn, but generally
fails with pheﬁols containing a preFormed coumarin nucleus.
For this reason, Murray and Qallantine developed the

41 as a method to introduce this

Claisen rearréngehent
unit ortho to an existing phenolic hydroxyl grouping

(vide infra). This section of the thesis deals with an

extension of this work in which the newly formed-
prenylated phenols were further eleborated by oxidative
cyclisation end dehydration reactions, The possibility of
further extension to give some of the partialrstructures

illustrated in Scheme 1.2 was also considered.
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As will become clsar later, it is relevant at this
Juncture to consider the biogenetic origin of another
sub-division of natural coumarins, namely the
furocoumarins,

The biosynthasis of benzofurans and specifically the
furocoumarins has long been ths subject of spechlation
and strenuous investigation., As long ago as 1937, Spath
suggested in a reviewasthat all the'carbon atoms of the
. furan ring were derived from an isopentane unit as
illustrated in(9), Howarth, on the other hand,

4 that the furocoumarins were thsoretically

.envisageda
derivable by elimination of propane from
2'-isopropyldihydrofurans, as in (10), It was
considered that these could arise by cyclisation of
ortho-~isoprenylphenols.

Geissman and Hinreiner proposad45 in 1952 that
unsubstituted ruran rings co;ld be formed from a
two-carbon phosphorylated ksto-alcohol precurser (Schems 1.4),
The authors did not comment, however, on the means of
attachment of this moiety to the aromatic ring. They did
point out, though, that it might also be condensed with
acetone, providing a system with potential for
developing into many of the common modifications of an
isopentanyl group (Scheme 1.5). This theory was
extended to include hydrolysis of the phosphorylated
hydroxyl group and subssquent cyclisation of the
resultant glycol with an adjacent phenclic hydroxyl to
account for ths formation of hydroxyisopropyldihydrofurans
ando!, A ~dimsethylpyran moieties. The possible clasavags

of the former as a route to unsubstituted furans was
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not considered.
Six years later two suggestions were put forward
independently; both in favour of a C-5 unit as the

6, by Seshadri, required removal

starting point. Ths f‘irstd
of a thrée-carbon fragment prior to Formation of thse
five-membered riﬁg. Starting with an allylic alcohol

of type(1ll), reduction of which ﬁould lead to the
ortho-isoprenylphanol, hs proposed ihat tfansformation

of the latter into a glycol (12), possibly via an

epoxides intermediate, followed by oxidative cleavagse to

an aldshyde (13), cyclisation, and dehydration would

lead to the benzofurans, It is interesting to nots that

in this paper Seshadri also commented upon the
hydroxyisopropyldihydrofuran (7) as arisiné by interaction
of an ortho-phenolic hydroxyl group with an oxygenated

C-5 unit; however, like Geissman and Hinreine?shé did not
consider the possibility thaé the furocoumarins could be
derived by its further elaboration.

The second proposal®?, by Birch and Smith, differed
from that of Seshadri in that loss of the three carbon
fragment was considered to occur after cyclisation, the
ketone (14) being a key compound (Scheme 1,6).

Floss and Mch9535 provided the first reasl evidence for
the origin of the two carbon atoms of the furan ring in

furocoumarins, Feeding experiments with Pimpinslla magnsa

established mevalonic acid as the source of thess atoms

48 imbelliferone(4)

in pimpinellin(15). They had earlier shown
to be the prscurser of the furocoumarins in this plant.
It was thoughtzsthat the furan ring was likely to bs

formed by prenylation of a precurser, followsd by
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cyclisation and loss of a three-carbon unit,
Oxygenation of the.umballiférone nucleus (4) was
postulated to occur before thesse steps took place, this
reasoning being based on a comparison of the specific
activities of the various furanocoumarins isolated.

In a third paperdg, Floss and Paikesrt investigated
tﬁe saecuence of possible intermediates in going from

umbelliferons (4) toAFurocoumarins in Pimpinella magna.

In contrast to the earlier suggestion 3S(Uide supra)

their results strongly indicated that the alternative
pathway, that of initial prenylation of umbelliferons(4)
with subsequent nuclear oxygenation, was more likely.
The work of Floss leaves little doubt that mevalonate
can be incorporated into furocoumarins; although recent

papers37s50

have cast doubt on the generality of this
statement. Poor incorporations of this metabolite ars to
te expected, however, owing to the Iarge numbsr of
ﬁetaﬁolic pathways available to this mataria} compared
with some of the more advanced intermediates in
furocoumarin biosynthesis.

In 1969 Steck, Dakhakhny.and Brown were able to shums1
that labelled umbelliferone (4), when fed to the shoots

of Ruta qraveolens (as the frese phénol) agd to

Heracleum lanatum (as the glucoside), was incorporated

into tha dihydrofuranocoumarins marmesin (7) and
columbianetin (16), respectively. In addition, feeding of
tritiated marmesin (7) 2nd columbianetin (16) strongly
indicated their incorporation into the furanocoumarins

psoralen (2), bergapten (17), xanthotoxin (18), angelicin(16),



OH
(7) | H (25) .

SCHE 19

(19)




9
isobergapten(20), sphondin (21) and pimpinellin (22).
This led Steck to propose Scheme 1.7 as the route from
umbelliferone (4) to marmesin (7) with an analogous
scheme for the biosynthesis éf columbianetin (16).
Earlier that same year, Birch end his co-workers had
published a paper52 in which they elaborated oﬁ their

earlier suggestions'47

with regard to the benzofurans,
They pointed out that cleavage of a hydroxyisopropyldie
hydrofufan with concomitant loss of acetons (Schems 1,.8)
required only a carbonium ion in the ‘benzylic position,
however gensrated, An inqirect proof of the feasibility
of this process was provided by their isolation of ths
brominated furan (27) in 55% yield from reaction of {26)
.with excess of N-bromosuccinimide, Other chemical
evidence for this type of process was also accumulating

52 the example of

by this time. Birch himself cited
libanotin 23 (28) which, on treatment with methanolic sodium
hydroxide, readily gave angelicin(19). A similar
observation deas made by Seshadri who found that
treatment of vagini@in (29) with alkali again furnished

angelicin, (Structure (29) for vaginidin was later revised30

to the alternative, having the isovaleryl grouping
onthe benzylic hydroxyl).

More recently, Steck has published two papers 55,56
on the biosynthesis of furocoumarins of both the linsarly
and angularly fused varieties, In thse firét of thesass,
the authors established unambiguously that the sequence:
umbelliferons (4)—>marmesin (7)——§psoralen (2Y—>highsr

oxygenated coumarins operated in Ammi_ majus ,




(31 (4)

HO

- (23) (24) (25)
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Anpelica archanqgaelica, Heracleum lanatum (Umbelliferae)

and in Ruta graveolsns (Rutacess). Unfortunately,

however, none of the biogenetic linking compounds was

found in the plants, The fact that oxygenated
umbelliferones, for example daphnetin {(30) and its
monomethyl ether (31), wers poor precursors of
furocoumarins led tﬁa authors to believe that prenylation
at position 6 and not further oxygenation was the

first step from umbelliferone (4) to linear furanocoumarins,

51 4f the

thus strengthening the earlier proposel
possible intermsdiacy of 7- demethylsuberosin (23), the
epoxyphenol (24), and the glycol (25). The natural
occurrence of coumarins bearing the side chains of (23),
(24) and (25) was used as the basis for this argument.

56 resulted in a precisely

The second paper by Steck
analogous route being proposed for the biogenassis of
the angular furocoumarins., Of the two possible
intermediates between osthenol (32) and columbianetin (16),
the authors favoured the 1,2 diol as this was a common
structural feature in natural coumarins, frequently
found with the related epoxide., Ifn considering the
pathway from columbianetin {16) to angelicin (19),
the authors postulated the diol (33) as a probable
intermediate. Although unknown at the time, its estors
(thought to have the stersochemistry of (33) ) were

constituents of some umbelliferous plsant;ss6 and (33)



H..,
((2H3)2CH(:H2CH2

(37)
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fitted in well with the Birch mechanism 52 for the
biosynthesis of benzofurans (Scheme 1.8). Since
Steck's paper wes published, this diocl, named
vaginidiol has bseen reported 20 as being a constitusnt

of Selinum vaginatum, It was assigned cis stereochemistry

on the basis of the magnitude (6 Hz.) of the coupling
constant betwsen the two dihydrofurano-ring protons,
This assignment was only possible because a diasterec=

57from the same

isomer, vaginol,had also been isolated
source, Vaginol exhibited a coupling constant of 3.5 Hz,
between the two five-ring protons. Seshadri's allocation
of cis stereochemistry to vaginidiol (33) and trans stereo-
chemistry to vaginol (34) depended cn an observation by

58

Bothner-By that in five-membered rings, Jcis>'3

X trans’
assuming dihedral angles of 0° and 120° betwsen cis

and trans protons respsctively. Doub%t can be cast on

this assumption, however, especially in flexible mdleculas
where stersochemical repulsion may alter the dihedral

angles, but to confiem his assignment Seshadri used the

known model compounds (35) and (36) whosa coupling

59

constants had pravicusly been rsported as7.0 Hz, and

4,8 Hz, respsctively, The stereochemistry and coupling
constants of a more closely related system to vaginidiol (33)

60

had, howaver, bessn reported by Zalkow and Ghosal .

They synthesised compounds (37) and (38) and assigned
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cis stereochemistry to the latter on ths basis of

its identity with dihydrotoxol, prspared by hydrogenation
of toxol 1 (39). The fact that toxol (39) yielded (+)-
tartaric acid on ozonolysis had earlier implied 62
cis-stereochemistry, Zalkowlf0und-that, with his systam,

(6 Hz.,) was greater than 3. (4 Hz.) so that

J
trans is

adoption of thislsystem as a model for vaginidiol (33)
Qould have led to an opposite stersochemical assignment.
Lemmich, Lemmich and MNielsen commented 63on the possible
dubiety of the configuration at the benzylic carbon atom
of several esters of vaginidiol just before Seshadri's
paper 30 was publishked, Their paper contained a note to
the effect that Zalkow had informed the authors of his
discovery, by X-rsy analysis, that the compound (37),
earlier given trans stersochemistry was in fact cis.

The erroneous conclusion reached previously could be

explained if epimerisation had takan place during the

ozonolysis of toxol (39).

30

The conclusion reached by Seshadri -on the

stereochemistry of vaginidiol (33) must, the;efore, be
correct; it has a cis substituted dihydrifurano-ring.“A
The absolute configuration of vaginidiol (33) was shown-0
to be 2'-(5), 3'-(R) by conversion of a natural
monoastar (3'-isovalerats, vaginidin) into a natural
diester (athamantin) with isovaleroyl chloride in
pyridina. The absolute configuration of athamantin (40)
was determined 4 by correlation,through hydrogenolysis,

. 65-67
with optically active dihydrocolumbianetin (16a) ,

columbianetin itself being converted by way of

. s Y4
ozonolysis and oxidation reactions to



(41)

(16)
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(+)-hydroxydihydrotubaic acid (41). A sample of
(-)-hydroxydihydrotubaic acid was prepared for compariscn
by reaction of natural rotencne (42) with alkali
foilomed by hydration of the resultant (-)-tubaic acid(43)
with acid. (-)- Tubaic acid had been shown to be (R)
previously 68 by relation with glyceraldehyde through
degradation to the scid (44), so it followed that
(+)-columbianetin (16) must have been {S). The
2'-(s), 3'-(R) stersochemistry of athamamtin (40) then
resulted from the cis arrangemsnt of the substituanis
on the ring.

To account for the observed consistency in the
configuration of both assymetric centres in the natural
esters of the diol (33) knouwn at_fhat tims, Steck
suggested 56 a stereospecific hydroxylation of
columbianstin (16) followed by esterification as the most
probable biosynthesis of athamantin (40) and related
compounds, This was confounded by Bhattacharyya's

1

isolation of vaginol (34) (vide supra) with its apparantly

trans stereochemistry.
Th analogous diol (45) was also proposed 55 to occupy
a similar role in the bioganésia of the linear
furocoumarins., Surprisingly, however, neither (45) nor
its esters have yet been isolated from a natural source.
The parallel with the linear furocoumarins was
completed 56 when Feedingg of the sodium coumarinate salt
of angelicin (19) indiceted incorporation into all its
mathoxylated derivatives.
The co-occurrence of columbianstin (16) and lomatin (45)

;derivatives and the relative stereochsmistry of natural



_SCHE_ME 1.9,
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dihydrofuran and dihydropyran dsrivatives (for example

the diol (47 ) was used by Steck as support for ths

idea of & common precursor which could undergo ring

closure in two ways =6 e Thus, eithsr an epoxyphenol

or a vicinal diol could produce a five- or a six-

membefed ring system (Scheme 1.9). The known
configurations of both lomatin (46) and columbianetin

(16) 68 placed stersochemical constraints on the configuration
of anf intermediate in their biosynthesis, In this |
respect it is interesting to note that whereas columbianstin
(16) has only besn found in the (S)-configuration

naturally, its linsar isomer,marmesin (7), is knoun

in both antipodal forms 70. Siéck and Brown investigated

their relative efficiencies as furocoumarin precursors

In Ruta graveolens, Heracleum lanatum and in Angelica

archangelica, Their results clearly demonstrated that(S)

(+)=marmesin (7) was incorporated in the three species,
whereas its enantiomer was not. UWhsther or not R (~)~
marmesin is a precursor. of the furocoumarins in plants
in which it is found is still unknoun. |

The roles of 7-demethylsuberosin (23) and osthenol(32)
in the pathway were established latsr by Steck and Brownss.

They showed conclusively that the former was a precursor

of linear furocoumarins in Conium maculastum and Heracltium

lenatum (Umbelliferas); and in Ruts graveolens {(Rutaceas).

(23), however,was not incorporated intc psoralen (2)

in Coronilla glauca (Leguminosaa) but twec possible

reasons were given for this, It was feasible that



(18)

o

e

(50)
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an alternative pathway could consume the phenol before
it reached thes site of furocoumarin biosynthesis.
Alternatively, a completel& different biogsnetic
sequence may have bsen operating in this plant. The
authors' suspicions were arocused by thes occurrance of
psoralen (2) as fha glycoside of the derived cinnamic
acid, Simpler coumarins ware often encountared in thié
form, but the phenomenon was much rarer in such an
advanced msetabolite,

Since 1970 a series of papers has. been published

on the subject by Caporale and co-workers, The leaves

72

of Ficus carica (Moraceae) were usad to test the

efficiency of the unsubstituted dihydrofurocoumarins(48)
and (49) as possible furan precursors. Good
incorpqration into the correspond}ng furocoumarins was
obsarvad, dehydrogsnation as the final step being
postulated.

Caporale theh turned his attention to Ruta

qraveolens73 and observed good incorporation of

rutaretin (50) into xanthotoxin (18), suggesting that
perhaps hydroxylation might occur prior to cleagage of the
C-5 unit. He was also able to demonstrate
interconversions betwsen psoralen (2), bergapten (17)

and xanthotoxin (18) in ths plant., In a second paper

on Ruta graveolens7a, Caporale esstablished the

sequential roles of marmesin(7) and rutaretin(50);
showing that whereas(7) was a highly efficient pracursor
of (50), the reverse was not the case. These raesults, taken

in conjunction with those of Steck, imply that
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hydroxylation can take place eithar at the
isopropyldihydrofuranocoumarin stags,or after the
furan ring has been formed.
37

R very recent paper by Austin and Brouwn on

Ruta graveolens cell cultures rather than the frese

growing plant confirms the previous findings of Steck.
Bther work implies that the biogenetic ssquence

elucidated err the last ten years must be fairly

general, Thus, umbelliferone (4) was shown to be

. . . . . . . 7
incorporated into Ffurocoumarins in Pastinaca sativa L. 5

and. Caporale showed marmesin (7) to be intermediate

in the leaves of Ficus carica 76. AR very similar

'éequence of esvents is suspected to operate also in
the biosynthesis of the furochromones (g and of soms
furénoquinoline alkaloids 78. The work of Grundon-has
bee especially prominent in the latter field-79.

From the aforegoing discussion it should be seen that
the evidence so far adduced for some of the intermsdiafes
in furocoumarin biosynthesis is tenuous. Although sithsr
an epoxyphenol or a vicinal diol may in principle
give rise to the dihydropyranocoumarins and
dihydrofurocoumarins, neither has been shown to be a
precursor, It is perhaps significant that the diol (6)
has béen isolated from natural sources 3, and is a
stable compound whereas (24) and (51) have only been
found as their methyl ethers BD’5.

The routes from marmesin (7) to psoralen (2) and

from columbianetin (16) to angelicin (19) are still

obscure. Othsr examples of similerly related compounds
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can be found in the literature. Chalepin (52) and

Chalepensin (53) are found together in Clausena indicaZ' and

are almost cértainly linked biogenstically, The
former is also found 81, in racemic form, in Helietta

longifoliata Britt. (Rutaceae)but is not accompanied by the

furan in this case,

Cleafly, a synthesis of some of the bropnsed
intermediates would be of value in that isotopically
labelled material could then be fed to plants and ths
efficiency cf proposed prscursors teested, Our main
ob jectives were the epoxyphenols (24) and (51), which
might then be induced to cyclise preferentially to eithser
(2)-columbianetin 66 (zoii@ol 82)(16) or (%)-lomatin 83
(selinstin 84, jatamansinol 85 or xanthogalol 86)(46) in
the former case ; or to sither the corresponding compounds

(2)-marmesin 70(7) or (¥)-decursinol 87(54) in the latter

case,
It was known that King et 8l had already failed to

-isolate (24) when,in 19548% they treated

7-demethylsuberosin (23) with monoperphthslié acid

in ether at 0°, obtaining a good yield of (2)-marmesin(?)

directly. No mention of the dihydropyranocoumarin (54)

On the other hand, recent papers by

29
Finnegan et al 89 and by Crombie and co-workers on

was given, hcwever.

compounds isolated from the sesds of Mammea amaricana L.

claim the isolation and chsracterisation of the

epoxyphenol (55) from reaction of the prenylated

phenol with péracid. These latter publications were not

available when the work described herein was carrisd out,



Part 1

Elaboration of the.Coumarins,

0sthenol and 7-Demethylsuberosin,
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As mentioned earlier, Murray and Ballantyns had already

developed 4l

a synthetic route to prenylated coumarins,
the gensrality of which has now been put to the testgo.
They were able to obtain a good yield of osthenol (32)

from umbelliferone by the reaction sequence outlined in.

Scheme 1.1041

» and this wes utilised to prepare the

phenol in reasonable quantities (~ 0,5g. per run).
Umbelliferone (4) was treated with l,l-dimethylpropargyl

chioridse 91 in refluxing agueous acetone in the presence

of potassium carbonate and potassium iodide. The required

propargyl ether (56) was obtained in yields averaging 70% .

Its n.m.r. spectrum(CDClz) is typical of coumarin

l,1-dimethylpropargyl ethers in that it exhibits a six—

proton singlet at §1.73 and a one proton singlst at $2.68,

attributable to the methyl and acetylenic proton resonances

respectively. )
Hydrogenation of (56) over 5% palladium - charcoal

. 41
with a quinoline-sulphur peison afforded 7-0-

(1,1-dimethylallyl) umbelliferons (57) in virtually
ouantitative yield., This ether is quite stable in its
crystalline form but has beean -shown 8 to melt over a fairly

broad rangs, the phenomenon being sttributed to slight

rearrangemant at the melting point.

The n.m.r. of the 1,l1-dimethylallyl system is worthy

of discussion at this point, A typical pattsrn produced by

the system is jllustrated in Figure 1,11, The ABX system

of the three olefinic protons gives rise to two one-proton

doublets at 85.0 approximately, with J,y 1 Hz. 5 i.e.

trans coupling and JBX11 Hz. 3 i.e. cis coupling, ?”d 8

‘one-proton double-doublet at louver fisld
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(Jpx 18 Hz.; 3gy 10 Hz.). There is aleo evidence of
geminal coupling between the R and B protons in this
system; J 1 Hz, These fsatures make the system almost
1nstantiy recognissble from the n.m.r, aloha.

Pyrolysis of the neat ether (57) at 130° for
1 hour at atmospheric pressure gave a mixture consisting
mainly of three phenolic cqppounds. Umbéllifsrone (4)
was present to a small extent, the other components
being osthenol (32) and 7-demethylsuberosin (23)
Separation uwsas achisvad by preparative t.l.c, as

described by Murray and Ballantyne 41

with the following
addition: it was often found that separation of the
bends corresponding to (32) and (23) wae not complste,
despite great cars in appiying material tc the plats.
When this happensd the "cehtre” of the main osthenol(32)
band was removed as indicated in Figure 1l.12. to
furnish the pure phenol, and the rsmaining silica was
eluted to afford a mixture of (32) and (23) which was
re-chromatographed at a latsr dats. Altﬁough tﬁe yield
of pure osthenol (32) from the plate was sidnificantly
reduced by this technioue, the sometimes infuriating
presence of traces of (23) in the osthenol was obviated.
The typical resonances of the 3,3-dimethylallyl unit
attached to an aromatic nuclsus were present in the n.m.r,
spectrum of osthenol (32). The two vinyl methyl groups
show separate signals at $ 1,70 and 1.82 as broad
singlets, and a doublet ascribable to the bemzylic
protons appeérs at & 3,58 with 3 7 Hz. A broad
triplet at & 5.28 (3 7Hz,) completes the resonances

due to this moiety,
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Osthenol (32), on reaction with m-chloroperbenzoi@
acid in ether at 0° gave only one product, identified

from spectroscopic evidence (vide infra) as

(¥)-columbianetin (16). Throughout the lengthy time
involved in this conversion (~v8 hr ,), no sevidence
for the formation of (51) as ardiscreté reaction
intermediate could be adduced., Analytical t.l.c. at
various times throughout the resaction showed only the
presence of starting material, product, and reagsnt.,
This seems to suggest thét if the epoxyphenol (51)
is formed as a discrete‘intermediate, its existence
must be fleeting. Alternatively thse substrate-peracid
complex may undergo cyclisation with the ortho-hydroxyl
group before dissociation is complets, in which case(51),
as such, may never be formed., A third possibility is
that cyclisation could be occurring during the work up
procedure, If this process can take place on basic
alumina (used to remove acidic material) then
cyclisaticn on the chromatoplate might accopnt for the
absence of any t.l.c. svidence for the spoxyphenols.
The opening of the presumgd gpoxide ring at the

88,92 under

less substituted carbon a2tom was expscted
the effectively nseutral conditions employed. Identical
results wers obtained when ethyl acetaterér carbon
tetrachloride were used as solvent ., With bench
chloroform, however, a faster reaction ensued and the
dihydropyranocoumarin (46) was now ths sole product.
This observation can be explained if the opening of the

"gpoxide" ring in this case is catalysed by traces of

hydrochloric acid alrsady present in the chloroform.
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The reaction would then procsed 83 via the more stabls

tertiary carbonium ion (S58), leading to the alternative
six-membered .ringe Confirmation of this hypothesis
came when (32) was sub jected to the epoxidation conditions
in AnalaR chloroform which had been previously
acidified with hydrochloric acid. (For details, see
Experimental Section). The phenol was again convertsd
exclusively to (f)-lomatin (46), The critical
dependence of the rsaction pathway on the ptesenca of
traces of acid was confirmed when.AnalaR chloroform
alone from a f¥esh1y opened bottle was used as solvent,
The mixture of (16) and (46) isclated {(~1:2) implied
that enough acid was present esven here to substantially
influence the resaction,

‘The reaction of 7-demethylsuberosin (23), which is
also available as a by-product in Murray's synthesis

of osthenol (32)41

, with m-chloroperbenzoic acid
showed a similar solvent dependence, Again, the products
isolated were racemic variations of naturally occurring
optically active compounds.Using athyl acetaia, ether,
carbon tetrachloride or AnslaR chloroform, only
(2)-marmesin (7) was formed. The dihydropyranocoumarin
(2)-decursinoul (54) was the sole product when
chloroform acidified with hydrochloric acid was uéed.
Reaction in chloroform acidified with l-naphthalenesuifonic
acid was not selective, a mixture (~3:1) of (7) and
(54) being producsd,

These results indicated that osthenol (32) and

7-demethylsuberosin (23) displsy different sensitivities



m

(61)

(62)




towards the acidity of thse medium, The reaction in

AnalaR chloroform produces a pure isopropyldihydrofuran(7)
in the one case, and a mixture of five- and six-membered
ring products in the other. These observations

were substantiated when monopsrphthalic acid was used

as the oxidant. Thus, (23) gave only (2)-marmesin (7)

~as previocusly reported by King, Housley and King 88,
wvhereas (32) under identical conditions gave a mixture

of (46) and (16) (~3:7)., It is svident that care should
be exercised in the choice of solvent and reagent for
epoxidations whers the possibility of further
acid-cataiysed reaction exists. The point is well
iliustrated by the recent publications of Finnaegan gt sl 89
in which (59) was epoxidised using m-chloroparbenzoic
acid in chloroform at 0%, A mixture of dihydropyrang -
and dihydrofurangcoumarins gas'obtéined, as might

have been expected from the work carried out in this
laboratory., Also, by reducing ths reaction time, ths
authors were able to isolate and characterise the
unstable epoxyphencl intermediate (55); a result

29. Preferential cyclisation

confirmed by Crombie's group
of (55) to (60) or (61) was achieved by heating the
epoxide in ethanol, or alternatively by hsating with
acid, The different modes of cyclisation of (59)'
observed by both groups are worthy of comment. The
angular products would have been expected to predominate
owing to the chelation of the 7-hydroxy group with the
B-acyl substituent. A clossly analogous system has

besn investigated by Steck 77. He epoxidised the

chromone peaucenin (62) under acidic conditions and
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reported (2)-hamaudol (63) as the sole product. These
results are at variance with the observations made in

this laboratory 94

when, under identical conditions,
all four possible products.were found, As well as
hamaudol (63), visamminol (64) (7-8%) and the angular
analogues (65) and (66) (5% in total) were isolated.
These products were minor, however, and the linsar
dihydropyranocoumarin (61) isoleted by Finnegan et al
remains a surprising observation. Undoubtedly, the
angular isomer (62a) would have been ihs prsdicted ‘
product from this reaction. The assignment of the linear
structure depended on the chemical shift of the
hydroxyl proton resonance; a chelated proton would have
resonated at & 11-14, a signal at £ 5.35 being
observed, |

By ﬁareful choice of solvent and reagent, therefore,
it was possible to convert osthenol (32) into (16) or
(46) selectively and almost quantitively,
7-Demethylsuberosin (23) was converted toc (7) or (54)
by entirely analogous reactions ; again very'selectively.
The overall yield of the ssecondary and tertigry alcohols
(46), (54), (7) and (16) was approximately 20% from
umbelliferone. This compares well with earlier syntheses

of columbianetin 95(16) and marmesin (7)96 and with more

recent syntheses of all four (vide infra). Soine*s

synthesis of columbianetin (16) is illustrated in Scheme 1,13,
and that of marmesin (7) by Nakajima in Scheme 1,14, The
syntheses of (16) and (46) from osthenol (32) were also

97

described by Bohlmann after our work was completed.

Toluenssulphonic acid in chloroform was used to generate
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the six-membered ring from reaction of the phenol (32)
with perbenzoic acid, and Bohlmann went on to describe houw
it was possible for him to generate ths five-ring
compound by treating the epoxydation reaction mixture
with aqueous sodium carbonate solution. His experimental
detaile are brief,no indication of ths grade of
chloroform being given, but the implication was that
a stable solution of the epoxyphenol (51) in chloroform
was produced by the action of perbenzoic acid on
osthenol (32). This is éurprising in the light of ths
work described earlier in this thesis, The epexyphenol
was ﬁeither characterised nor isolated by Bohlmann,

fha syntheses of the four alcohols (7), (16), (46) and
(54) was also achieved by Steck o8 concurrently with
our mo:k. His approach was to construct the pyrone ring
last of all. The syntheses, bearing little relation to the
biogenesis of thess compounds are shown in Scheme 1.15.
Overall yields for these processes are markedly
inferior to thoss cobtained using Murray's osthenol
synthesis and the cyclisation methods herein describsd.

It should bs noted that two papers containing
relevant information about'tﬁe'cycliéation reactions,
outlined above have appeared very recently. The first,
by Ritchie st &l 99, contains results which appear to
be at variance with our findings, whereas the second,
from Crombie's group 100, only serves to confirm the
gensrality of the reaction,

Each of the alcohols (7), (16), (46) and (54) is

known to occur naturally in one, or both, enantiomeric
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forms ., Their esters, howsver, are much mors frequently

encountered, As an illustration, columbianetin (16) is

102), isoualarat863,

66

found as its acetats 101 (libanoridine

104)
»

senecioate 63’103(libanorin angelate(columbianadin

or zozimin 82), spoxyangelate (columbianadin oxide)lDS
and also as more complex esters (peulustrin 106 and
isopeulustrin 105).

It was possible to differentiate between isomers
containing the hydroxyisopropyldihydrofuran and
hydroxydimethyldihydropyran moieties by a varisty of
spectroscopic methods, In the n.m.r. spactra of the
former, the methylene and methine protons constitute
an A X system with signals at § 3.3(2H;d.) and
8 5.2(1H;t.) 3 3 9-10 Hz, The corresponding
dihydropyran protons form an ABX system at § 2.8(2H;m. ),

and & 3.7 (1H;t.)105,107,108

When the n.m.r. spectra
were measured in dimethylsulphoxide it was possible also
to distinguish the tertiary from ths-secondary‘hydroxyl
proton resonance, The latter signal appearsd as a
doublet through coupling with the adjacent methine
proton 109. This phenomsnon uas occasionall; obsarvsad
when using deuterochloroform as solvent.

The secondary alcohol (54) was found to acetylate
much more readily than the isomeric tertiary alcohol(7).
Thus (54), in acetic anhydride and pyridiﬁa,vfurnished
an acetate (67) after refluxing for five minutes, (7),
on the other hand, required a five-hour rsflux with
sodium acetate in acetic anhydride, as previously
describsed 70. The downfield shifts of the methine

protons in the acetates, ~ 1.2 and ~ 0.25 ppm

for the secondary and tertiary alcohols respectively,
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sarved as additionzl n.m.r, evidencallD

in assignment of
structures.

The two types of ring system were also readily dis-
tinguished by ﬁass spectrometry. The principal pathuway
of fragmentation in the dihydrofuran moiety 111 is
loss of the elements of acetone, giving rise to an ion
(m-58) which doses a hydrogen atom to give the base peak
at M-59, An abundant ion at m/e 59 is also charab¢aiibtéil-ll?
In the dihydropyran. spectra the m/e59 species is not
significant, Fission of the chroman ring here gives the
fragment ion M-70 and M-71 (base peak) 114. The spectrum

of (46) published115

by Das gt al 1is of interest as it
baars little resemblance to that of synthetic (46) produced
by us.

High resolution infra-red studies on the alcohols(7),
(16), (46) and (54) showed that each\exhibits a free and
an intramolecularly hydrogen-bénded hydroxyl stretching
absorption. Ffor the sscondary alcohols,the free hydroxyl

1 higher than those of

bands appear at 3630cm.°1, 10 cm,”
the tertiary alcohols, while ths corresponding bonded
hydroxyl stretch at 3590 cm."1 in the former is somewhat
lower in freguency than that of its isomer. There arse alss
readily discernible differences in the relative intensities
of the free and bondsd hydroxyl absorptionsﬂwhich can be
explained from conformational studies. From an examination
of the molecular models, ths secondary hydroxyl maybe eithsr

110

equatorial or axial in the half-chair conférmations of

the dihydropyran ring. In the former, which should be more
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favourable on ensrgetic grounds, intramolecular hydrogen-
bonding tp the dihydropyran oxygen is not possible, thus
accounting for the obssrved, more intense free hydroxyl
stretch (ratio of free:bonded hydroxyl app%ox. 1.8:1,
baséd on observed optical density measurements). In the
dihydrofurans, however, in which intramolecular hydrogen-
bonding is more important ( ratioc of free:bonded hydroxyl
l:2.7)_models show that the side chain will probably exist
preferentially in a conformstion condueive to hydrogen
bonding between the tertiary hydroxyl group and the dihydro-
furan oxygen atom, ' .
| Our failure toc obtain any evidance for (24) or (51)
prompted us to attempt their»preparation indirectly. Both
the phenols (23) and (32) readily affordsd an acetate on
treatment with.acetic anhydride and pyridine ., Epoxidation
of thess acetates using m-chloroperbenzoic acid ip either
ether or ethyl scetate at 0° wént vaery smoothly to afford
the espoxyacetates(69) and (68) in high yield. Both uwere
colourless gums and were substantially pure by t.Y.c. and
n.m,r., the ABM seystem of the spoxide proton and the two
benzylic methylene protons giving rise to a complex multiplet
for both compounds in the region & 2.6-3.4., However,
neither could be obtainsd crystalline, nor freed from a
small quantity of (7}or(16) respectively. Both (68) and (69)
were very saensitive to hydrolysis, not only by mild base,
but also on the t.l.c. plate, producing exclusively in each
case the dihydrofuranocoumarin (16) or(7), the product

which would have been anticipated from cyclisation of(24)
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or (51) under alkaline conditions . No evidence for
these compounds could be adduced from the hydrolysis
reactions,

It is interesting to note that the alternativs
reaction of the epoxyacetate (68) with base (Scheme 1.16),
precceseding via cleavage of the lactone ring, did not
take place. This cyclisation has been reported by Seshédri

ot a1ll6

for sibiricin (70),a constituent of Sessli
gibiricum. On treatment with 10% aqueous sodium hydroxide
solution, sibiricin (70) yielded sibiricic, acid,
formulated as (71). A similer observation was reported by

Noguti and Kawanami 117

who isolated isobyakangelicolic
acid (72) on treatment of byakangaslicel (73) with
alcoholic potassium hydroxide at 220°, Undoubtedly ths
mild base (2% aqueous sodium carbonate) used in the
hydrolysis of (68) to (16) prevented clsavage of the
lactone ring.,

%10 by

On the basis of our results a suggestion
Lemmich and Nielsen can now be firmly discounted., (75) on
saponification afforded, as its hydrolysis product, the
pyranocoumarin (54). Theysuggested epoxyester (74) as a
possible alternative’ structure for(75) on the supposition
that hydrolysis would lsad to an epoxyphenol which might
cyclise to (54) under alkaline conditions, Clearly,
from our observations,this ceuld not occur, for a five-
membered ring would be formed.

The succassful total synthesis of (¥)-columbianetin(16)
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in this laboratory prompted investigation of its

dehydration to the natural coumarin masquin 118(76)

119)

(angenomalin At the time the work was bseing carried

120 as the

out, this compound had also been isolated
glycoside of the corresponding ortho-hydroxycinnamic

acid (majurin) from the fruits of Ammi majus by Abu-

Mustafa, El-Bay and Fayez., Its synthesis,albeit in very
low yield,was accomplished by Bohlmann 97(Scheme 1.,17)

but it was felt that dehydration of the tertiary alcohol
(16) might constitute a much mors convenient pathuway to
this natural coumarin. The possibility of further oxidative
elaboration of the side chain to discophoridin (77), .

121
aconstituent of Velleia discophora, was then anticipated.

It was decided at the outsset to try the reacticn
sequence first on (3)-marmesin (7) as this was much more
readily aQailable than columbianetin from a very generous
gift of 7 — demethylsuberosin (23) made to this
laboratory by DOr. T.J. King (Nottingham),

Treatment of (2)-marmesin {(7) with thionyl chloride
in pyridine at 0° furnished a brown residus which,
on purification by preparative t.l.c., gave two compounds.
Ths major componsent of the reaﬁtion mixture(48%) had
informative n.m.r,signals até?l,SU(SH;s.)(vinyl methyl group)
3,03 (1H;d.d.J 15 and BHz.) and 3,37 (lH;d.d.J 15 and
8Hz.) (benzylic methylene protons AB quartet coupled to
the angular proton), 4.93(1M;bd.;3 1Hz.) and 5.10(1H;
bd.;3d 1Hz.)(olefini§ protons exhibiting a typically small
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geminal coupling constant 122) and finally 5.27(1H;t.32J
8Hz.) (angular proton resonance) in addition to the

normal resonances of the coumarin nuclsus. This compound
was assigned structure (78).

The minor component of the reaction mixturs (24%)
exhibited n.m.r. resonances at & 1,38(GH;d.J 7Hz.),
3.10(1H;m. 33 7Hz.) attributable to an isopropyl grcuping
and an extra Singlet(one proton) in the aromatic region.
Structure (79) was given to this material on the basis

88 n.p. 136-137°) and

the n.m.r, data, This compound alones was isolated 88by

of its melting point (133-136°)(1it.

King on dehydration of {Z)-marmesin (7) by refluxing for
5 hr. with phosphoric oxide in benzens,

This result encouraged us to try the dehydration
conditions on (£Y-columbianetin (16). Taking care in
'the work up to avoid excsssive exposure to acid, thionyl
chloride-pyridine treatment of (18) afforded no better
than a 1:1 ratio of»the corresponding angular compounds
(76) and (80), as detsrmined by n.m.r. These were
inseparable by preparative t.l.c. éven when siiver nitrate-~
impregnated silica was used. This disappeinting observation
seemed to parallel the general acid-sensitivity displayed
by osthenol (32) towards oxidaetive cyclisation, That
the dehydration conditions and work up procedure wers
acidic was beyond doubt,and it was considered that acid-
catalysed migration of the double-bond from its

exocyclic position to the furan ring was taking place,
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(Schems 1.18) Previous workers have isolated isopropylfuro-
coumarins in goqd yield from highly acidic dehydration

condition866’673123.

Unfortunately the double bond seemed
to be more sensitive in the case of masquin(76), than it
was for the linear isomer(78).

Examination of molecular models led us to believe that
acetate pyrolysis might favour exomethylene double-band
formation over the competing rsaction which produced the
isapropylidene system, Consideration 6f the cyclic mechaﬁism

124 .nd the preferred conformation of the scetate (81)

involved
seamed to indicate that there might be a preference for

the former (Figure 1.,19), With this in mind the acetats
(81) was pyrolysed at 260° for 5 mins, on a very small
scele, Examination of the products by analytical t.l.c.
indicated only partiesl conversion of the stafting acetate
but the ratio of (78) to (79) seemed to be much higher than
in the thionyl chloride reactiony, in accordance with the
prediction, It was decided at this stage to attempt the
preparatién of a derivative, in practice a dimethylthio-

125, which would eliminate at a much lower

carbamatse
temperature than the acetate, but by a similar mechanism.,
Unfortunately , however, despite several attempts, reaction
of the alcohol (7) with s@dium hydrids in dimethylformamids .
followed by dimethylthiocarbamoyl chloride failed to
produce any of the hoped-for derivative (82)., Newman, in
hi& paper on the subjectlzs, described successful

derivative formation for mainly primary and secondary



CH,

N

(79

- (76)



32
alcohols., GOne tertisry alcohol, namely 2-phenylpropan-
' 2-0l1 was, however, successfully taken through the
procedure{

126, in an énalogous system, used

Grundon and James
triphenylphosphite dibromide to dehydrate the tertiary
alcohol (83) to the olefin (84) in 48% yield; producing
23% of tHe isopropylfuran (85) as by-product. .This
reagant sesmed to offer no advantages over thionyl chlorids
for the reaction in hand as their yields wsre very similar
to ours,

127 in which thay

In 1972 Lomaé 8t a8l published a papsr
stated tﬁat tertiary alcchols could be dshydrated when
refluxed with hexamethylphosphoramide. Furthsermore, thay
mére of the opinion that the mechanism of the dehydration
was like that of ester pyrolysis, but much less severe in
that elimination proceeded smoothly at the boiling-point
(220°). |

When this reaction was tried on (Z)-marmesin (7) the
advantages of having a2 non-acidic wark up became apparent,
The yields were 60% for the major olefin (78) and 30% for
the unwanted furan (79), after chromatography, representing
a substantial increase in the yisld of ths exomsthylsne
isomer as compared with the thionyl chloride dehydration.

Use of the same procedure with (3)-columbianstin {(15)
as substrate, established the hexamethylphosphoramids
method as being the best to date. After chromatography, &
64% overall yield of a mixture of the olefin {76) and (80)

(nem.r.) was obteined. The n.m,r, spectrum of ths mixturse
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indicated the predominance of masquin (76) by ~3:1,
Unfortunately, as bsfore, this mixture, although just
separable on an analytical t,l.c. plate (chloroform x 1

or 30% ethyl acetate-light pestroleum x 1 or 30% ether-
light petroleum x 1) could not be resolved by preparative
t.l.c. on either conventional plates or on plates made with
silica impregnated with siver nitrate, This procedurs
remains the most efficient method of dehydrating (:)-
columbianetin (16) to masquin (76). The problem of
separation of the product from the unwanted isopropylfuran
was never solved, | '

Another type of intermédiate postulatedf56 to be a
biogenetic link in the Formatibn of furocoumarins in plants
wes the diol (33). Agsin, the availebility of lsbelled
material would greatly expedite the slucidation of the
in vivo pathway., It should bs seen that only one step,

a benzylic oxidation, is necesséry to convert (%)-columbian-
etin (16) to (33). Several approaches to this wers
considered; namely :- direct_oxidatibn to either the
alcohol (33) or the ketone (86) by chemical means, photo-
lytic oxidation, and benzylic bromination followed by
displacement of the bromine atom with hydroxide ion.

The first of the direct oxidation methods to be tried
was selenium dioxide in 20% aqusous dioxan, (f)-Marmasin
(7) was recovered unchanged after refluxing for lé4hr,
under thess conditions, and (¥)-columbianetin (16) was
totally resistant to attack over a S5-day reflux, despits

agdition of freshly-sublimed reagent at various intervals.
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Nor was any useful oxidation of (16) achisved with lead
tetra-acetate. After 1 day at R.T. no reaction occurred
at all, Heating the reaction mixture only producsd
extensive decomposition of the starting alcohol (16) to
give a multiplicity of products, nons of which was
isolated.

Various chromium reagants were trisd on (:)-colum-
bianetin (16). Sodium chromate-acsetic anhydride-acetic
acid at 40° had little effect over a 2-day period.

Although recovery of starting material was low (23%),
no products wers detectable on t.l.c., Direct Jones reagent
oxidation agzain géve a very low recovery of organic matarial
(rv15%) after 2 days at R.T, | The reactien mixture hsere
consisted of at least three components and was not invest-
igated Purther. Reaction of (I)-columbianetin (16) with
9;2% solution of chromyl chlorids in carbon tetrachloride=
acetic acid for lhr, at R.T. yiélded mainly the starting
alcohol (16) and very polar decomposition products.
Attention was. then direéted to bromination of the
benzylic methylens group. Rsaction of N-bromosuccinimide
with (16) in 20% aqueous dioxan resulted in almost instant-
ansous conversion to a new compound. The n.m.r. of this
material was unusual in that the pyrone ring of the
coumarin nucleus had undergone modification, the usual AB
quartet system exhibited by the 3- and 4-protons was
missing, and a singlet had appeared at$8.00, close to the
pdsition of the 4-proton resonance of (2)-columbianetin (16),

The compound was, thersefore, assigned structure (87), that
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of 3-bromocolumbianetin., This reaction is well documented

5
128 and is thought to proceed by initial

for coumearins
addition of bromine across the 3-4 double bond of the

_ pyrone ring, followed by elimination of the elements of
hydrogen bromide from the resulting dibromo-compound
(Scheme 1.20), The reason it occurred here was presumsd to
be the essentially ionic conditions employed., Breakdown

of the N-bromosuccinimide under visible light irradiation
must have been excsedingly fast in the presence &6f the
relatively large amount oFrwater. Consequently a sscond 88X~
periment was tried in which steps were taken to removs
water from the dioxan before use, After refluxing the
solvent over solid potassium hydroxide pellsts for 12hr,,
followed by distillation, repetition of the rsaction of
(2)-columbianetin (16) with N-bromosuccinimide resulted

in much slower product formation, even with tungsten lamp
irradiation, After l6hr,, however, work up afforded

only 3-bromocolumbiasnetin (87) again., A third reaction was
.attempted . usin§ ~ csrbon tetrachloride as solvent. After
refluxing the alcohol (16) with N-bromosuccinimide in
carbon tetrachloride for 18hr., undaer visible irradiation,
no observabls reaction had then taken place. Here it

must bes presumsd that the hoped-for decomposition of the
reagent to bromine atoms had not taken plaaé, or eles was
exceedingly slow., In this context, a very recent paper

15 includes a successful benzylic

by Jeffries and Worth
bromination of the coumarin (88) using N-tromosuccinimide

in carbon tetrachloride in conjunction with a radical



Br

CH.O

/ Br
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initiator, benzoyl peroxide. This would undoubtedly have
speeded up radical decomposition of the reagent, Birchsz,
on the other hand was unable to isolate any benzylic bromides
when he used these conditions. He also encountered the
stability of the hydroxyisopropyldihydrofuran system

tomafda benzylic functionalisation when he unsuccessfully
tried to oxidiss (89)., One equivalent of N-bromosuccinimide
with benzoyl peroxide in carbon tetrachloride gave only

the nuclear substituted S~-bromoderivatives of (89),

whereas an excess caused dehydrgenation to the benzofuran
with the hydroxyisopropyl side chain remaining intact,
Activation of the system by the introduction of a para-
methoxyl substituent was necessary before any svidence of
the required reaction was obtainsd, Even then, ths required
product could not be isolated. When one equivalent of
reagent waé used, mononuclear bromination was the only
reaction observed, as befors, Usse of a four-fold éxcess,
however, resultsd in 55% yield of the tribromo-compund(27).
Presumably a bsnzylic bromide was an intermediate in the
formation of this material, but ths sxtent of n;claar
substitution may have besn a reflection on the forcing
conditions found nscessary to acﬁieva the required benzylic
functionalisation.

Substitution of this typé on (16) had alrsady been
observed by us without the use of a radical initiator to
decompose the N-bromosuccinimide.

The successful benzylic bromination- achleved by Jeffries

and Worth 15 is a strong indication, however, that this
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combination of reagents holds the most promise for the
required functionalisation of (2)-columbianetin (16),
despite the failure of Birch to isolate a compound of the
hoped-for typs. Unfortunately, these conditions were
not tried on the alcohol (15).

Cobalt acetate bromide has been reported 2° as a very
efficient oxidising agent for benzylic methylens groups.
Accordingly, (%)-columbianetin (16) was added to a blus
solution of the reagent gensrated from cobalt acatéte and
benzyl bremide in acetic scid. Oxygen was bubblsad through
the mixturse during the 13hr, reflux but unfortunately work
up yielded only starting material as o0ily crystals,
contaminated Qith products darived from benzyl bromids
(n.em.t.).

A similar rasistance to oxidation was exhibited towards
the conditions of Daniherlso. Thus, exposurs of the alcohol
(16) to ammonium persulphate and silver nitrate in 50%
aqueous ethanol for Shr. at 65-75°4gavs only startihg
material on work up. - ‘

As a last resort, the photo-oxidation rsaction of mgzurISI
was tried. A very dilute solution of (18) in t-butanol
containing mercuric bromide was photolyssd using a high
pressurs Hanovia lamp (254nm.). After work up,t.l.c.
Iindicated extensive decomposition, which was confirmed by
n.m,r,

At this point it was decided that a better approach to
the diol (33) might be mads by attempting the benzylic

oxidation prior to the cyclisation reaction (Schame 1.21),
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when the methylene dgroup is doubly activated.
‘Osthenol acetate (90) was chosen as the substrate.
Lead tetra-acetate in benzens-acetic acid gave the same
disappointing results as for (2)-columbianetin (16),
a 2-day reflux producing only decomposition products
and starting material.

On reaction with selenium dioxids, howevér, (90)
gave a very good yield (92%) of a new compound having
an n.m.r. signal at § 9.36(1H:s) attributed to an
aldehydic proton resonance, and a single vinyl methyl
group resonance at 61.95 which could be resolved as a
very close doubiet (3 1.5 Hz.). The characteristic
resonance of the acetate protons was also present at
$ 2.34 but the triplet typical of the olefinic proton
of the 3,3—dimethylaliy1 moiety had undergone a
significant shift downfield from & 5.15 in osthsnol
acetate (90) to & 6.44 in this new compound, and
appeared as a multiple resonance with the sescondary
coupling constant 1.5 Hz., The presenée of the aldsehyds
grouping was confirmed by the appsarance of a weak band
at 2710cm.”} in the infra-red, and also a strong band
at 1694ém.-1, due to a neuw :xF?-unsaturatad system.

Evidéntly, allylic oxidation had takem placs, not
at the doubly activated methylene group, but at one
of the terminal methyl groups, giving eithaer (92) or
(93). Coupling between the methyl group and the vinyl
proton was sstablished by decoupling sxperiments.

Irradiation at the methyl resonance collapsed the
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multiplet to ths"normal" triplet shape seen for the
3,3-dimethylallyl group, whereas irradiation at the
benzylic methylene proton resonance caused its

collapse to a close quartet, That the aldehyde group

and the benzylic carbon had a trans relationship was
established by the chemical shift of the aldshyde
proton132(5 9.36), cis aldehydes giving a signal in the

§ 9.9 regqion., The aldehyde was, therefore, assigned
structure (92).This is in accord with Rapoport's f‘indingsl33
for oxidation of other isopentenyl moieties, and with
a recent publicatio%3gy Lassak and Southwsll who
carried out the same reaction on umbelliferons
3,3-dimethylallylether (94). They arrived at the same
cenclusion with regard to the meclecular geomstry from
nuclear Overhauser Studiss.

The possible application of this rsaction became
immediately obvious., It had been hoped earlier in the
work that masquin (76), obtained by dehydration of
columbianetin (16), could be allylically oxidised to
the natural coumarin discophoridin (77). Tmb sgrious
drawbacks to this approach were apparent, Not only
was masﬁuin (76) found to be inseparable from the
isomeric furan (78), but also its double-bond was
exceedingly labile in the acidic conditions normally
used for sllylic oxidation. Ths aldehyde (92)
represanted a much more viable starting point.

The projected route to discophoridin (77) from the
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aldehyde (92) is shown in Scheme 1.22. Preliminary
studies have indicated that the acetate grouping
in (92) is readily hydrolysed under the normal

epoxidation conditions employed 135

forcX@-unsaturated
carbonyl compounds. Reaction of (92) with 2% sodium
carbonate and 30% hydrogen peroxide for 10 mins.
furnished a compound with no acetate proton resonancse
in its n.m.r., and with theci@-unsaturated aldehyde
system apparently still intact (n.m.r., i.r. and
molecular weight from mass spectrum). This compound
almost certainly has structure (95). Slightly more
forcing conditions in the epoxidation should lsad to
the tertiary alcohol (96) which hopsfully would
dehydrate into conjugation to (97), without the
concomitant rearrangement of the doubls bond into the
furan ring which takes place'so readily for masquin
(76). A straightforward borohydride reduction would
then afford synthetic discophoridin (77). This last
regction has ample precedsent in the coumarin f'ield97’136
and no complications are envisaged.

R third general method of approach to a benzylically
substituted osthenol (32) derivative has bssn mads
in this laboratory 137, 7-0-Senecionylumbelliferone(98)
was prepared by reaction of ths fres phenol (4) with
senecionyl chloride. All attempts at fries rearrange-
ment of this material, however, have so far failed.

Another method for benzylic functionalisation was
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suggested by the work of Polonakylss. She was able

to carry out an oxidation/rearrangement on the coumarin
(99) (Scheme 1.23) using a haematoporphyrin-catalysad
photo-oxidation. Reduction of the intermediate
hydroperoxide (100) led to the isolation of the

allylic alcohol (101), 1If this sequence were carried
out on osthenol acetate (90), the alcohol (102) would
be the expected product. Subsequent spoxidation and
hydrolysis might then lead, through (103), to the diol
(33).

Although (33) hss eluded all attempts at synthesis,
it is possible that one ofvfha many allylic oxidations
outlined sarlier in this discussion will have the
required affect on osthenol acetate (90) and will
satisfactorily functionalise the benzylic methylene
group. |

The peroxide-initiated radical decomposition of
N-bromosuccinimide and its reaction with (16) remains

a promising, but ﬁantalisingly unknown, quantity,

Some of the work described in Part 1 of this thesis

has been summariséd in a publication;3g.



General Experimental

and - abbreviations,
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Melting points are uncorrected and were determined

on a Kofler hot-stage apparatus. Microanalyses were
obtained by Mr. J.M.L. Cameron, Miss F, Cowan and their
staff, fMass spectra were recorded by Mr. A. Ritchie

and Miss M.Laing on an A.E.I., - G,E.C. MS 12 instrument.
Infra~-red spectra were recorded by firs., F., Lawrie and
her staff on a Perkin Elmer 225 spsctrophometer or

on a Unicam SP100 ihstrument, using either carbon
tetrachloride or chloroform as solvent., All ultra-
violet spectra were recordsd for ethanol solutions

on a Unicam SP800 spectrophotometer;>\ (base) refers

max
to the above solution to which two drops of 4N sodium
hydroxide had been added. Nuclear magnetic resonance
spectra were recorded by Miss S.Cathcart, Miss fl. Laing,
Miss J. MacSwan, Mr., A, Haatzmaﬁ or fMir. J. Gall on a
Varian T-60, a Jsol C60 HL or a Varian HA 100 spectro-
meter, using tetramethylsilane as internal standard.
Unless otherwise stated, nuclear magnetic rescnance
spectra were recorded using deuterochloroform as solvent.
All spectra recorded on the Varian HA1l00 are indicated
by 100 fiHz, Kieselgel G (Merck) was used for preparative
thin layer chromatography (t.l.c.). Alumina refers to
Woelm basic, grade 1l.

Light petroleum refers to thes fraction of b.p. 60~
80°, A1l solvents, unless otherwise stated, were dried

over anhydrous magnesium sulphate or anhydrous sodium

sulphate,and removed under reduced pressure.
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Distillation of an o0il wase carried out using a
sublimation apparatus, v

Analytical and preparétive t.l.c. plates uwere
~viewed under an ultra-violet (254 and 350nm.) lamp.
Analytical t.l.c, plates were developed by iodine
vapour and / or spraying the plates with a solutian
of ceric ammonium sulphate and then heating the plates
at approximately 150°. The solution of ceric ammonium
sulphate was made by dissolving ceric ammonium nitrate
(Sg.) in cenc. sulphuric acid (50ml.) and making the
solution up to 500ml, Qith water,

The solvents used for preparative chromatography
are expressed as a percentage volume, e.g. 30% ethyl
acetate~light petrolsum is squivalent to ethyl acetate
and light petrocleum in a vclums ratio of 3:7. The
number of elutions required for separation are indicated,
after the solvent, by s.g. x% xl., This infers that the
chromatoplate was eluted to a distance of one~third of
its length from the application line, allowed to dry
and then eluted again to its full length (N.B. x2=x1lxl).

The compounds isolated from a mixture of preparative
t.l.c. are given in order of decreasing mobility with
respact to the elution procsdure emplayaq,

Analytical t.l.c. was always employsd for comparison
purposes, If two compounds are said to be identical,
this includes with respect to t.l.c. behaviour.

During the course of this research, crude reaction
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mixtures were often workéd up by one of two methods,
These have been refersd to in thse Experimental Section
as "work up (1)" and "work up (11)",

Work up (1)

O-alkylation of a hydroxy-coumarin was achisved by
refluxing an acetone solution of the coumarin with the
alkylating agent in the presence of potassium carbonate.
Uhen the reaction was complets, all solid matsrial was
removed by filtration and the filtrate evaporated. The
residue was then dissolved in a mixture of ethyl acetate
and brine, and the organic layer washed with 0.5%w,./v.
aqueous potassium carbonate solution to remove any start-
ing material, Subsequent washing with brine to neutrality,
drying and svaporation of solvent gave a residue which
wae treated as specified in sach preparation,

Thr remaining inorganic.solids (vide supra) wers

acidifisd with dil, hydrochloric acid and the whole
extracted with ethyl acetate. The organic layer was then
washed to neutrality with brine, dried and evaporated, to

yield unreacted starting material,

Work up (11)

This was employed for any reaction mixture containing

pyridine or hexamsthylphosphoramide. The reaction was
allowed to cool to R.T., poured into a large excess of
iced water, and left for at least three hours, Extrac-
tion into ethyl acetate, followed by repeated washings
with brine, drying and svaporation yielded a residus

which was treated as spscified in each preparation.
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The following abbreviations and symbols have been

used in the Experimental Sections:-

b. ' broad s

d. | doublet :

‘m. multiplet :(in n.m.r. spectra)
a. quartet : |

8. singlet :

t. | triplet :

i.r. infra-red.

r.a. relative abundance(in mass spectra).
R.T. room temperature (~v20°),

sh. shoulder (in u.v. spectra).
UeVo ultra-violset.

n.m,r, "nuclear magnptic resonance .
t.1l.c. ' thin layer chromatography .
v./v. 8.g9. 1% w./v.; this refers to a

solution of lg. in 100ml. solvent,

dil. dilute; 4N .
vp. _ page number,
¢ 8.0, 6.,31°;this refers to a

signal in an n.m.r, spectrum which
disappears on addition of

deuterium oxide to the solution.,



PART 1

_Experimental
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Umbelliferone (4)

Prepared 140 by the method of Dey, Rao and Seshadri
using resorcinol, malic acid and conc. sulphuric acid.
The crude product was sublimed at 160-200°/0.1mm. and
then crystallised from methanol. This gave

umbelliferone (4) as pale yellow neasdles, m.p.

140

228-230°(1it. *“m.p. 223-224%); A 216, 244, 253 and

max

326 nm.(log. € 4,08, 3.49, 3,38 and 4.18); A ___(base)

max
233, 242(sh.) and 375 nm.(log. € 3,96, 3,88 and 4,31).

Osthenol (32)

The reaction saquence described by Murray, Ballantyne
and mathaial was used to prepare the phenolic coumarin(32).
In a typical synthesis, umbélliferons (4)(4.42g.) on
reaction with 2-msthyl-2-chloro-3-butyne furnished
the acetylenic ethsr (56)(4.29g., 69%) which was
hydrogenatsd over 5% w./u, palladium-charcoal poisonsd
with sulphur-quinoline to yieid the allyl ether (57)
(4.329., 98%). After pyrolysis and subsequent
purification by preparative t.l.c., (30% v./v. ether-
light petroleum x3, then 80% v./v. chloroform=-light
petroleum x2) pure ecsthenol (32)(1.43g.,33%) and a
mixture of osthenol and 7-demethylsuberosin (23)(1.05g.,
24%) were obtained., This latter mixture was stockpiled
and repurified at a later date to afford more osthenol.
(32) hed n.m.r. signals at & 1.70(3H;bs.), 1.82(3H;bs.),
3,58(2H;d.;d 7Hz.), 5.28(1H;bt.;3 7Hz,), 6.25(1H;d. ;3
9,5Hz.), 6.87(1H;d.;3 9Hz.), 7.20(1H; d.;3"9Hz.) and

7.63(1H;d.;3 9.5Hz.).
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(*)-Columbianetin (16)

A cooled solution of m-chloroperbenzoic acid (62mg.)
in dry ether (2ml.) was added to a solution of osthenol
(32) (60mg.) in ether (15ml.) at 09. APter 23hr. more
peracid (15mg.) was added and the mixture stirred at
0° for Shr. when t.l.c. indiceated complete reaction,
The mixture was filtered through a short column of
alumina(0,5q) which was further eluted with ethyl
acetate, Evaporation of ths combined sluates gave (1)-
columbianetin (16)(53mg.,83%) as nesdles (cloroform=
light petroleum), m.p. 169-171° (1it,”° 170-171%);n.m.r.
signals at $1.27(3H;s.), 1.37(3H;s.), 2.10°(lH;bs.),
3.30(2H; d,;J 10Hz,), 4.77(1H; t.;J 10Hz.), 6.15(1H; d.;

J 9,.5Hz,), 6.72(1H; d.33 9Hz.), 7.22(lH; d.;3 9Hz.),

and 7.58(1H;d.33 9.5Hz); Y CCl4 3620, 3508 and 1745em.7t,
mass spectral peaks at m/e 246 (m*), 213, 188, 187, 176,
:175, 160, 159, 131, 77 end 59(r.a. 43, 17, 86, 100, 15,
16, 37, 16,24, 17 and 70%).

(2)-Lomatin (46)

A solution of mechleroperbenzoic acid (SUmg,) in

AnalaR chloroform (2ml.,) was added to a solution of
osthenol (32) (49mg.) in acidified chioroform (1ml.) (pre-
pared by~ shaking AnalaR chloroform (SUml.) with 2
drops of conc. hydrochloric acid) at 0%, Aftar 20mins.
work up as above gave (=)~lomatin (46) (4Omg. 76%) as
colourless needles ( ethyl acetats-light pstroleum ),
m.p. 163-164° (1it.24! 165-166°); n.m.r. eignals at
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§ 1.35(3H3s.), 1.38(3H3s.), 2.42°(lHjbs.), 2.98 and
3.05(2H;dd33 17 and SHz.), 3.87(1H3t.;3J SHz.), 6.20
(1H;d.33 9.5Hz.), 6,75(1H;d.;3 9Hz.), 7.22(1H;d. 33
9Hz.), and 7.57(1H;d.;J 9.5Hz.); mass sapectral peaks
at /e 246(m*), 213, 188, 187, 177, 176, 175, 147, 91,
77, 7l.and 43 (r.a. 43, 12, 14, 12, 13, 100, 62, 13, 17,
11, 22 and 42%);Y EHCls 3630 3592, 1722 and 1605 cmol

max
(2Y~ Marmesin (7)

7-Demethylsuberosin (23)(23mg.) was dissolved in
ethyl acetate (3ml.) and a solution of m-chloroperbenzoic
acid (20mg.) in ethyl acetate (3ml.) added at 0°.
After 4hr., at this temperatqre work up by elution
through a short alumina column afforded (%)-marmesin(7)
(17mg. 71%) as colourless platss after crystallisation

8m.p. 152~153°);

from benzsne, m.p. 150-152°(lit.8
n.m.r. signals at § 1.27(3H;s.), 1.38(3Hjs.), 2.33° (1H;
bs.,), 3.22(2H3d.;3J 9.5Hz.), 4.73(1H;t.;J 9.5Hz.), 6.13
(1H3;d.3J 9.5hZ.), 6.62(1H;s.), 7.17(1H;s.) and 7.53
(1H;d.;3J 9.5Hz.); mass spectral peaks at /e 246(n*),
213, 189, 188, 187, 175, 160, 159, 131, 77 and 59 (r.a.
49, 24, 12, 85, 100, 16, 34, 14, 24, 15 and 60%);

v CCl, 3621, 3596, 1740 and 1625 cmil All spectral

max
data for this compound were identical with that obtained

from a natural sample of (2)-marmesin,

(¥)-Decursinol (54)

A solution of m-chloropsrbenzoic acid (210mg.) in

acidified chloroform (3ml.)(prepared by shaking AnalaR
chloroform (50ml.) with 2 drops of conc. hydrochloric
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acid) and a solution of 7-demethylsuberosin (23)

(207mg.) in acidified chloroform (3.5ml.) were mixed
and kept at 0° for lhr. UWork up a&s abovs gavs
(3)-décursinol (54) (169mg., 76%) as a colourless solid.
Crystallisation from ethyl acetate-light petroleum
furnished needles, m.p. 167-168%(1it.11%167.5-168.5%);
n.m.r, signals at & 1,38(6H;s.), 2.63°(1H;d.;3 6Hz.),
2.87 and 3,00(2H;dd.3J 17 and SHz,), 3.85(1H:m.;
collapses to t.,J SHi., on addition of 020), 6.12
(1H;d.33 9.5Hz.), 6.68(1H;s.), 7.12{1H;s.) and 7.52
(1H;d.3J 9.5Hz.); mass spectral peaks at "/e 246(n*),
213, 188, 187, 177, 176, 175, 148, 147, 91, 77, 71, 69,
51.and 43(r.a. 59, 10, 18, 13, 13, 100, 100, 11, 28, 15,

17, 27, 18, 17 and 53%); ¥ CCla 3632, 3588, 1742, 1625

and 1129 cm:l

Decursinol acetate (67)

A solution of the alcohol (54) (90mg.) in acetic
anhydride (0.9ml.) and pyridine (0.9ml,) was
refluxaed for Smins., with stirring. Work up 11
afforded ths acetats (67) as a pals yellow sélid
(96mg.,91%) which, on crystallisation(aqueous ethanol),
gava cﬁlourless needles, M.p. 182-18393 n.m.r., signals
at & 1.37(6H;s.), 2.07(3H;s.), 2.83(1H;d.d.;J 17 and
SHz.), 3.23(1H3d.d.;J 17 and 5Hz.), 5.07(1H;t.;3 SHz.),
6.23(1H;d.;J 9.5Hz.), 6.78(1H;s.), 7.17(1H;s.) and

ccl -
7.58(1H;d.;J 9.5Hz.); ))maxa 1740, 1624 . and 1134 cm,

1

Marmesin acstate (81)

The alcohol (7) (24mg.) in acetic anhydride (1.5ml.)
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to which had bsen added sodium acetste (57mg.) was

refluxed for Shr. UWork up 11 gave the acetate as a
brownish solid (30mg.); m.m.r. signales at & 1.50 |
(3H3s.), 1.55(3H3s.), 1.97(3H;s.), 3.20(3H;d.;3 BHz.),
5.10(1H;t.;3 BHz.), 6.20(1H;d.;3 9.5Hz.), 6.73(1H;s.),
7.20(1H;s.) and 7.60(1H3;d.;3 9.5Hz.).

Monoperphthalic agid

Prepared by the method of Payne 142. Phthalic

enhydride (28g.) was added to a mixture of 30% v./v.
hydrogen peroxide (26ml.,) and a solution of sodium
carbonate (24,2g.) in water (95ml.) at 0°, Work up

gave & solution of monoperphthalic acid in ether (QODml.),
estimated as being 0.17M with respect to peracid by
treating a known volume (2ml,) with potassium iodide
solution and titrating the libsrated iodins against

0.1N sodium thiosulphate solution., This solution was
used for epoxidation reactiohs without further

treatment, |

Pilot scale epoxidations

A cooled (0°) solution of the phenol (Smg.) in
solvent (0.5-3ml.) and a conled solution of
m-chloroperbenzoic acid (5mg.)(unless otherwise
stated) in solvent (0.5-3ml,) were mixed and kept
at 0° for 25-60 min. until no starting material could
be detected by t.l.c. The dihydrofurocoumarins,(16)or
(7)wsre readily distinguished from the dihydropyrane-
coumarins, (46 )or (54),by t.l.c. in 0.5% v./v. methanol-

chloroform (X1) with examination of the plate under
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u.v. light ( 354nm.) and development with iodine.

(i) _7-Demethylsuberosin(23)

(2) With ethyl acetate,carbon tetrachloride, sther
and AnalaR chloroform, only (7) was formed;

(b) with "bench" chloroform or AnalaR chloroform
acidified with conc. hydrochloric acid, the mixture
turned yellow after l0sec. After 5min, raagtion was
complets, the colour faded and only (54) was formed;

(c) with AnalaR chloroform and lml. of a saturated
chloroform solution of l-naphthalenssulpﬁonic acid
thgre was no colour change but after lhr, a mixture of
(7) and (54) (~3:1) was formed;

(d) with monoperphthalic acid in ethsr, only (7)

was formed.

(ii) Osthenol (32)
(a) With ethyl acetate, carbon tetrachloride, and

ethar only(16) was formad;
(b) with “"bench" chloroform only (46) was formed;

(c¢) with AnalaR chloroform a mixture (~v1:2) of

(16) and (46) was formed;
(d) with monoperphthalic acid in ether a mixture

of (16) and (46)(~ 7:3) was produced.

Osthenol acetate

A solution of osthenol (32)(44mg.) in acetic anhydride

(0.2m1.) containing pyridine (2 drops) was refluxed

for 20mins. Work up ll gave a colourlsss solid which,

on.crystallisation from aqueous ethanol, afforded the

)
acetate as needles (44mg.,85%), m.p. 94~95", (Found:
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c,70.653H, 5,85, Ci6M1604 requires C,70,57;H, 5,92%);
Nem.r. signals at §1.68(3H;bs.), 1.82(3H;bs.), 2.35
(3H;8.), 3.48(2H;bd.3 7Hz.), 5.15(1H;bt.;] 7Hz.), 6.37
(1H3d.33 9.5Hz.), 6.98(1H;d.;3 9Hz.), 7.33(1H;d.;3J 9Hz.)
and 7.63(1H;d.;3 9.5Hz.); Y CMCl3 1764, 1735 and 1605cn7l;
mass spectral peaks at "/e 272(m*), 230, 229, 215, 201,
187.and 175 (r.a, 11, 87, 27, 32, 18, 43 and 100%).

7-Demethylsuberosin acetate.

7-Demethylsuberosin (23)(43mg.) was dissolved in
acetic anhydride (0.2ml.) to which pyridine (2 drops)
had been added and the mixture refluxed for 20mins.
Work up 11 afforded the acetate (47mg.,92%) as prisms,
m.p. 97-98° (1:t%8m.p. 98-100°);n.m.r. signals at
§ 1.70(3Hsbs.), 1.77(3H;bs.), 2.35(3H;s.), 3.27(2H;bd,;
J 7Hz.), 5.27(1H;bt.3 THz.), 6.35(1H;d.;3 9.5Hz.),
7.03(1H;s.), 7.28(1H;s.), and 7.63(1H;d.;J 9.5Hz.);
1

CHC1 -
))max 3 1760, 1735 and 1630cm.

Epoxidation of osthenol acsetate.

A solution of osthenol acetate (450mg.) in ethyl
acetate (15ml.,) and a solution of 85% m»chioroperbenzoic
acid (457mg.) in ethyl acetate (10ml.) were mixed at
R.T. and stirred for 20 mine,, when t.l.c, showsd complete
reaction., Any excess psracid was removed by diluting
with ethyl acetate (30-40ml,) and washing the organic
layer with half its volume of freshly prepared sodium
sulphate solution (10% W./V.). Washing with brins to
neutrality, drying and evaporation of solvent afforded

the epoxyacetate (51) (500mg,,94%) as a colourless
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glass which could be separated from traces of s polar
compound also present by preparative t.l.c, (0.25%
methanol-chloroform X1). The recovered epoXy-

acetate, however, was always found to contain small
amounts of this compound, identified as the alcohol
(lG)(tglng).(Sl) shows n.m.r., signals at § 1,32(3H;s.),
1.50(3H;s.), 2.38(3H;s.), 2.7-3.4(3H;m.), 6.37(1H3d.;

J 9.5Hz.), 7.02(1H;d.;J 9Hz.), 7.38(1H;d.;J 9Hz.) and
7.65(1H;d.33 9.5Hz.); Y S04 1770, 1747, 1605, 1188 and
llllcm:l; mass spectral peaks at "/e 288(m*), 228, 213,
iss, 187, 176, 175, 160, 131, 91, 77, 71, 44 and 43
(r.a. 4, 33, 73, 29, 20, 79, 73, 19, 17, 27, 23, 31, 73
and 100%).

Epoxidation of 7-demethvlsuberosin acetats,

A solution of m-chloroperbenzoic acid (450mg.) in
ethyl acetate (10ml.) and a solution of the acetats
(464mg.) in ethyl acetate (18ml.) were mixed and kept
at R.T. for l4hr, The mixture was then diluted with
ethyl acetats (50ml.) and washed with ite own volume
of 107 w,/v. sodium sulphite solution. Repeéted washing
with brine to nesutrality, drying and removal of solvent
gave the epoxyacetate (69) (432mg.88%) as a colourlsss
gum after purification by preparative t.l.c. (chloroform
X1). (69) aslways contained small amounts of a very polar
compound, later identified as the alcohol (7) and shows
n.m.r. signals at & 1.37(3H;s.); 1.40(3H;s.), 2.40(3H;
8.), 2.6-3.1(3H;m.), 6.28(1H;d.;3 9.5Hz.), 7.02(1H:e. ),
7.40(1H;s.), and 7.60(1H;d.33 9.5Hz.); Y CC14 1772, 1748,
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1629, 1193 and 1110cm:l; mass spactral peaks at "/e

288(m*), 228, 213, 176, 175, 147, 91, 77, 73, 71, 61,
45, 43 and 41(r.e. 2, 15, 24, 39, 43, 14, 12, 12, 69,
27, 51, 28, 100 and 22%),

Hydrolysis of the epoxyacetate. (51)

The epoxyacetats (51)(50mg.) in methanol (10ml.)
was stirred for 1 min, with 2% w./v. sodium carbonate
solution (1ml.) at R.T. Careful acidification with
0.1N hydrochloric acid followed by dilution with water
(100m1,), extraction with ethyl acetate, washing to
neutrality with brine, drying and evaporation of
solvent furnished (16) as a colourless solid (43mg.,
94%). Sublimation at 170°/0.02mm. and crystallisation
(chloroform-1ight petroleum) afforded (Zj-columbianetin
(16) as colourless needles (m.p., Nn.m.r, and t.l.c.).

Hydrolysis of the epoxyacestate  (69)

Using the same procedure as that smployed for the
hydrolysis of (51)(vide supra), ths epoxyacetate (69)
(70mg. ), in methanol (5ml.),was stirred for l\min. with
2% w,/v. sodium carbonate solution (1 ml.) at R.T. Work
up afforded (<)-marmesin (7)(57mg.;95%) as a colourless
solid (m.p., n.m.r. and t.l.c.).

Dehydration of (%)-marmesin (7)

(a) A solution of (7)(iBmg.) in dry pyridine (3ml.) uwas
cooled to 0° and thionyl chlorids (0.3ml,) added, After
15min., at 0%the reaction mixture was poured into iced
water (100ml.) and stirred with solid sodium

bisulphate until the mixturs was in the range pH 3-4,
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Extraction twice with ether, followed by washing to
neutrality with brine, drying and evaporation of solvent
gave a brémn;sh residue (12mg.,72%) which, after
purification by preparative t.l.c. (chloroform X1)
furnished :=-

(i) the olefin (78)(8mg,,48%) as a colourless solid

(m.p.94-95%) from agueous ethanol, (Found:C, 73.48; H,
5.35. Cy,H;,05 requires C, 73.67; H, 5.30%)sn.m, .

signals (CCld) at §1.80(3H;s.), 3.03(1H;dd.3 15 and 8Hz.),
3.37(1H; dd.J 15 and 8Hz.), 4.93(1H;bd.;3J 1Hz.), 5.10
(1H;bd. 33 1Hz.), 5.27(1H;t.;3 BHz.), 6.03(1H;d.;3 9.5Hz.),
6.63(1H38.), 7.13(1H;s,) and 7.45(1H3;d.3d 9,5Hz.);

)Y ggia 1740, 1626 and lilBCmfl; mass spectral peaks at
m/e 228(m*), 213, 185, 97, 95, 83, 81, 71, 69, 57, 55,

44, 43 and 41,(r.a. 75, B85, 35, 24, 23, 29, 27, 29, 49,
56, 63, 100, 70 and 75%).

(ii)the furanocoumarin (79)(4mg.,24%) as colourless

prisms, m.p. 133-136°(1it5%m.p, 136-137°); n.m.r.
'sighals (cc1,) at § 1,38(6H;d.33 7THz.), 3.10(1H;m.;J
7Hz), 6.18(1H3d.;3 9.5Hz.), 6.28(1H;s.), 7.25(1H;ss.),
7.37(1H;s.) and 7.57(1H;d.;J 9.5Hz.).
(b) The alcohol (7)(1Bmg.) was dissolved in
hexamethylphcsphoramide (1.0ml,) and heated to reflux
for 30 mins. Work up 11 gave yellow crystals (16mg.) which
were then purified by preparative t.l.c. (30% v./v.
ethyl acetate-light petroleum) into :-

(i) the olefin (78)(10mg.,60%),(n.m.r, and t.l.c.

behaviour).
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(i1) the furanocoumarin.(79)(5mg.,30%), as a

colourless crystalline solid (m.p., and t.l.c,
bshaviour).

Pilot pyrolysis of marmesin acetate (81)

R very small sample of ths acetate (81)(1-2mg.) was
heated to 260° for 5 mins, at atmospheric pressure in
a sublimation block, Examination of the residue by
analytical t.l.c. revealed that ths major componsnts
of the raactiﬁn mixture were the starting acetate
and the olsfin (78). The furanocoumarin (79),
although detsctable by sxamination of the plats
uéder a u.v., lamp (354nm,), was only present in tracs
quantitiss,

N,N=Dimethylthiocarbamoyl chloride,

Prepared from bis(dimethylaminothiocarbamoyl)=
disulphide by ths method of Newman and Hetzellzso
The disulphide (7.2g.) on reaction with gaseous
chlorine(2-3g,) in carbon tetrachloride (25ml,)
yielded the chlorids (5.0g.,68%). This reagent was

freshly sublimed immediately prior to uss,

Attempted formation of the dimethylthiocarbamate of

the alcohol (7).
To a well stirred, cooled solution of (7)(32mg.)

in dry dimethylformamide (Sml.) was added & suspension
of sodium hydride in benzene (60% w./v.;20mg.). After
30 mins. the deep yellow solution was allowsed to warm
to R.T. and freshly sublimed dimethylthiocarbamoyl
chloride (45mg.) was added, The solution was kept at
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80° far 3ihr. and allowed to cool. Work up 11 then gave

& dark brown gummy residue (48mg.) which contained only
the starting materials and very polar decompositicn
products (n.m.r. and t.l.c.).

Dehydration of (Z£)-columbianetin (16)

(a) Thionyl chloride (0.5ml,) was added to a solution
of the alcohol (16)(30mg.) in pyridine (2ml,) at 0° and
left at this temperature for 20 mins. when t.,l,c, showsd
complete conversion., After pouring into iced water
(100ml,),the sclution was stirred with solid sodium
bisulphate until the pH range 3-4 was reached, and
extracted twice with ether, Washing ths organic layer
to neutrality with brine, drying and svaporation gave
a yellow sclid (25mg.,20%) consisting of a mixture of
two compounds, approximately in the ratie~ 1:1 (n.m.r.).
This mixture could not be separated by preparative t.l.c.,
either by conventional means or by using silica impregnated
with silver nitratse,

(b) A solution of the alcohol (16)(42mg.) in
hexamethylphosphoramids (l.Zml.) was refluxed éor 38 mins,
Work up 11 gave a brown semi-solid residue (42mg.), still
confaining a trace of solvent, which, after preparative
t.l.c. (chloroform X1), furnished a (3:1) mixture of the
olefins (76) and (80) as a colourless crystalline solid
(25mg.,64%). This mixture could not be further separated

by preparative t.l.c.
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Attempted benzylic oxidation of (%)-marmesin (7)

Selenium dioxide (8mg.) was added to a solution of
(:)-marmesiq (15mg.) in 20% v./v. agueous dioxan(2.5ml).
After refluxing the reaction mixture for l4hr., no
detectable products were present by analytical t,l.c.
After cooling and dilution with water (100ml.) the
product was extracted with ethyl acetate,the organic
‘layer washed repeatsedly with brine, dried and
evaporated to yield unreacted starting material(7)

(13mg.,87%)(t.l.c. and n.m.r.)

Attempted benzylic oxidations of (%)-columbianetin{l6).

(a) Selenium dioxidse

A solution of the alcohol (16)(llmg.) in aqueous
dioxan (20% v./v.35ml.) was refluxad with freshly
sublimed selsnium dioxide (2lmg.) for 2 days, when more
selenium dioxide was edded (20mg.). After a further
24 hr,, this addition was repeated and the reflux
continued for another 2 days., The reaction mixturs
was then allowed to cool and worked up as above {0
furnish only the starting alcohol (lﬁ)(llmg;)(t.l.c.
and n.m.r.). |

(b) Lead tetra-acetate,

(2)~Columbianetin (16)(9mg.), dissolved in S0%
v./v. benzene-acatic acid, (1 ml,)was added to a
solution of an excess of lead tetra-acstate in thse
sams solvent (1 ml.). No product could be detected

by t.l.c. after stirring at R.T. for 1 day, so the
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solution was heated to reflux for 12hr. and then
allowsd to cool. After work up by dilution with
ethylene glycol (2ml,) and then water (100ml.),
followed by extraction with ethyl acetate, washing
and drying of the organic layer, svaporation afforded
a brownish gum (9mg.) containing starting material
and a plethora of products (t.l.c.). No isolable
product més, however, obtained.

(c) Sodium chromate-acetic anhydride-acetic acid,

The alcohol (16)(13mg.), dissolved in acetic acid
‘(1 ml;) and acetic anhydride (0.5ml.) was kept at
40° for 2 days with anhydrous sodium chromate (24mg.).
Work up 11 gave a low recovery (3mg.,23%) of a colourlesss
cum containing only starting material (t.l.c.).

(d) N-Bromosuccinimide-aqueous dioxan,

Oxygén was bubbled through a solution of the
alcohol (16)(1lmg.) in 20% v./v. aqueous dioxan{5ml,)
to which recrystallised N-bromosuccinimide (18mg.)
had heen added. After a fsuw saconds.at R.T. the
solution turned ysllow and t.l.c. indicat@d‘complste
conversion, Work up 1l yielded a pals yellow
crystalline solid (12mg.,83%) having n.m.r. signals at
§ 1.27(3H3s.), 1.37(3H;s.), 2.30°{1iH;vb), 3.32(2H;
d.3J 8,5Hz.), 4.80(1H;bt.;J 8.5Hz.), 6.77(1H;d.;J BHz.),
7.23(1H;d.3J 8Hz.) and 8,00(1H;s.), This compound

was éssignad structure (87) on this basis,
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(e) Jones reagent.

(2)~Columbianetin (12mg.) was dissolved in acetone
(2ml.) end Jones reagent (D,5ml,) added at R.T.
After 2 days mora’reagent (1 ml,) was added and the
solution left a further Shr, when t.l.c. indicated
absence of starting materiél. Work up 1l yielded
a solid brown material (~ 2mg.) consisting of at
least three compounds. No further investigation was
carried out.

(f) Photo-oxidation,

A solution of the alcohol (16)(25mg.) in t-butanol
(25ml1.) containing mecuric bromide (28mg.) was
photolysed for 18hr. (254nm.,), The reaction mixture
was then poured on to a large volume of water and
solid sodium chloride added. After extraction with
50% v./v. sther-sthyl acetats, washing with brine,
drying and evaporation, a yellow gum (17mg.) was
obtained which contained no isolable pgoduct (t.1l.c.
and n.m.T.). |

(g) Cobali acetate bromide.

Cobalt acetate (90mg.) was dissolved in a warmed
solution of benzyl bromide (85mg,) in acetic acid
(0.5ml.). When the blue colour of cobalt‘acetata
bromide had developed, the alcohol (16)(25mg.) was
added, oxygen bubbled through the solution, and the
whole refluxed for l4hr., with continual addition of

mors benzyl bromide and acetic acid (0.1 ml, containing
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17mg. bromide svery 10 mins,). Work up 11 afforded
oily crystasls (53mg.) containing only starting materials
and decomposition products of benzyl bromide (n.m.r.
~and t.l.c.). No other product could be dstected,

(h) Ammonium parsulphate-silvar nitrats,

A mixture of the alcohol (16)(55mg.), ammonium
persulphate (102mg,.,) and silver nitrate (1-2mg.) was
dissolved in 50% v./v. aquecus ethanol and the
whole kept at 65-75° for 5hr, Work up 11 furnished
only starting material (40mg.){n.m.r. and t.l.c.)

(i) N-Bromosuccinimide-carbon tetrachloride.

A solution of ths alcohol (16)(24mg.) and
recrystallised N-bromosuccinimide (2lmg.) in carbon
tetrachioride (25ml.) was refluxed for 1Shr. under
irradiation by visible light., After cooling, sclvent
was reﬁoved by evaporation and the residue taken up in
ethyl acstate to give & solution whoss t,l.c,
revealed the pressence of starting mategial only.

(j) N-Bromosuccinimide-dioxan,

(£)~Columbianetin (17mg.) was added to a ;olution
of N-bromosuccinimide (34mg.) in dioxan (4ml.) which
had been refluxad:over potagsium hydroxide for 12hr.
and ‘then freshly distilled. The solution was
irradiated with a tungsten lamp for 16hr;, vhen work
up 11 gave a yellow semi=crystalline residue (20mg.,
89%) whose n.m.r. indicated structure (87) and which
was indentical with the compound obtained from this

alcohol by reaction with N-bromosuccinimide in aqueous

dioxan (vide supra).
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(k) Chromyl chloride.

A solution of 2% v./v. chromyl chloride in carbon
tetrachloride (1 ml,) was added to ths alcohol (16)
(29mg.) in carbon tetrachloride (1 ml.) and acetic
acid (0.5ml.,) and left for lhr, at R.T. Work up 11
gave only a very impure sample of starting material.
No isolable product was obtasined,

Allylic oxidation of osthsnol acetats (50).

(a) Selenium dioxide,

Osthanol acetate (90)(11l4mg.) and freshly sublimsd
selenium dioxide (ll4mg.) were dissolved in 20% v./v.
aqueous diexan (10ml,) and refluxed for 2hr, After
cooling, work up 11 gave a pale yellow highly
crystalline solid (110mg.,92%) which afforded the
aldehyde (92) as colourless needles from ethyl acetate-
light petroleum, m.p.156-157°,(Found:C,67.20; H,5.11,
C16My405 requires C,67.12; H,4.,93%); n.m,r. signals
(100 MHz.) at & 1.95(3H;d.33 1.5Hz.), 2.34(3H;ss.),
2,82(2H3d.33 THz.), 6.39(1H3;d.33 9.5Hz.), 6.44(1H;dt;

J 7 end 1,5Hz.), 7.05(1H;d.;3 9Hz.), 7.43(1H;d. 33 9Hz.),
7.70(1H;d. 33 9.5Hz.) and 9.36(1H;s.) Y EEl4z710
(v.weak), 1771, 1752, 1694, 1185 and 1109cm?1; )\max
311 and 281nm,(log.€ 3.75 and 3.96); mass spectral
peaks at "/e 286(m*), 244, 215, 199, 187, 176, 175,
115, 91, 82, 65, 63, 58, 44 and 43(r.a. 31, 67, 30,

39, 50, 19, 30, 17, 19, 22, 17, 17, 17, 17, and 100%).
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(b) Lead tetra-acatate,

A solution of the acetate (90)(43mg.) in 50%
v./v. benzene-acetic acid (5ml.) was added to a
solution of excess lead tetra-acetats in the same
solvent. (5ml.) at R.T. and stirred for 1 day, when
analytical t.l.c. showed starting material to be
the onlyvcompound present. After a further 10hr,
at 40° there was no change, and a subsequent 2 day
reflux only gave rise to some decomposition of the
starting acetaté, No isolable product was cbtained.

Attempted spoxidation of the aldehyde (92)

The aldehyde (92)(35mg.) was dissol&ed in redistilled
tetrahydrofuran(5ml.) and 2% v./v. sodium carbonate
solution (0.5ml.) added, To this mixture was addsd
30% v./v. hydrogen peroxide (0,.5ml,) and the reaction
left e;\at?j for 10mins., when t.l.c. showsed complete
reaction, Work up by acidifying with 0.,1N hydrochloric
acid, diluting with water (100ml.), extracting with
ethyl acetats, washing ths organic layer to nsutrality
with brine, drying and evaporation of solveét
furnishsd a yellow crystalline solid (30mg.,90%};n.m.r.
signals (100MHz.,d -acetone) at §1.,92(3R¥bs.), 3.86
(2H;d. 33 7.5Hz.), 6.14(1H;d.;3 9.5Hz.), 6.59(1H;t.;3
7.5Hz.), 6.92(1H;d.3 BHz.), 7.38(1H;d.;J BHz.), 7.82
(1H3d.33 9.5Hz.) and 9.39(1H;s.); A 346(sh.), 323,

max

and 260nm.; A__ (bass)388 and 277(sh.)nm.;) CC14 3607,

max
3590, 1730, 1682 and 16040m:l; mass spectral peaks at
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"/e 244(m*), 213, 1e7, 186, 176, 175, 131, 115, o1,
77, 65, 63, 57, 55, 51, 43, and 41(r.a.26, 100, 53, 47,
54, 53, 33, 32, 49, 43, 43, 57, 38, 32, 46, 92 and 59%).
This compound has besn tentatively assignad structure

(95).

&11._ . .
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PART 11

- The Chemistry of the Coumarin, Tomentin.
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During a routine examination of the wood con-

»stituents of the shrub Prunus tomentosa , Hasegawa

isolated 1 two compounds from the methanolic extract.
The first was identified as d-catechin (1). The other
was a glycoside (tomenin) which, on acid hydrolysis,
yielded glucose and a new phenolic aglycene, tomentin,
having the molecular formula cllHlDUS’ The acetate
of the latter compound exhibited n.m.r., resonances
typical of a coumarin AB guartet 2 at $6.31 (d) and
7.68 (d) along with two separate -0CH, signals (£3.86
and 3,.98) and 2 single - aromatic proton resonance at
§ 6.82, giving partial structure (2) for ths aglycone.
Comparison of the acstate with fraxinol acetate (3)
revealed their.nan-idantity, but the oxygenation
pdttern of the coumarin nucleus in tomentin was estab~
lished when it was shouwn that its methyl ether and
fraxinol methyl ether (4) were ths same compound. The
structure of the coumarin was, therefore, either (5) or
(6). To distinguish bstween these_tﬁo possibilities,
Hasegawa relied 1 on a colour test, namely the formation
of a red colour with Gibbs' reagent®, concluding that,
in tomentin, the phenolic hydroxyl group and the aromatic
proton enjoy a para-relationship. On this basis, (5)
was eliminated and tomentin assigned the alternative
structure (6).

The reliability of the Gibbs' test as a means of

structural assignment has been called into question



SCHEME 2.

 pHe2 '

X =-Br or -Cl

CH,

CHy
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4-6  The colour obsarved

several times in the past
is supposedly that of.the,sodium salt of the indophenol
formed when a substrate is reacted with 2,6-dichloro-

.dr 2,6-dibromoquinonechloroimide (7), as in Schems 2.1,
Colour reaction have been observed, however, for
compounds having a blocked para - position 6 e« The situ=-
ation Has, to a large extent, besn clarified by the

work of King, King and Manning, who were able to shouw
that the reaction was more reliable when the products
were examined spectrophotometrically, A large number

of phenols were examined under the reaction conditions
employed for the test, the simplest (phenol itself)
giving an absorption at 605nm., Thus, although a colour

was obtained for pterostilbene (8), its A\ lay out-

max
with the 500-700 nm. range and, therefore, (8) was not
regarded a2s having given a ﬁositive test.

In this form, more reliance can be placad on the
results obtained from the Gibbs' test, a recent example7 .
coming from ths work of Crombie. Unfortunately, however,
Hasegawa had not used this refinement in his application
of the test to tomentin. His observation of a red colour
alone was not, in our opinion, sufficient grounds for
‘eliminating structure (5). Accordingly, a small sample
of tomentin was obtained from Japan in order that thse
situation might be resolved.

The first attempt to distinguish bstween (5) and (6)

was based cn the u.v. behaviour of toementin in neutral



CH3 :, 0 N
CH40 =

(9
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and basic media. It was known Bfrom earlier work that
it is often possible to distinguish between coumarins
carrying a free phenolic hydroxyl at C-7 and those .
with this substituent elsewhere in the benzene ring,
on the basis of the u.,v. base shift alone. In the
mono-oxygenated seriss a hypsrchromic effect is
observed for the former, a hypochromic effect being
usual for coumarins hydroxylated in the 5-,6~ or8-
positions. Additionally, all types showed a significant
red shift. Unfortunately the situation becomes more
complex for higher oxygenated coumarins, 6,7-Dihydroxy-
cpumafin (9) and its 4-methyl analogue (10) wsere
’repqrtede to behave as simpleA7-hydroxycouharins,
produciné the expected hypa:chromic effect in basic
solution with respect to the neutral solution spsctrum.
Also, isofraxedin (11), with a trioxygenated nucleus
and a frese7-hydroxyl group, gave the expactad effect.
Fraxetin (12) and 6,7,8-trihydroxycoumarin (13),
however, produced hypochromic effects,despite the presence
of a C-7 hydroxyl group. Tomentin was found to show a
pronounced hypochromic effect when its u.v. was run in
basic solution, Although indicative of a C-5 phenol
and, therefore, structure (6), the above exceptions
still left considerable doubt as to whether or not
this was the correct assignment.

An élternative method for distinguishing (5) from

(6) was suggested by work carrisd out in this leboratory



CH

(14)

(1 | |
!; - 7
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saveral years ago., During an investigation into the

constituents of Ptaeroxylon obliguum, m°Caba, m°crindle
and Murray isolatedg a coumarin which was given the

40 the structure of

name nieshoutol. In a later paper ,
this compound was elucidated as (14). Three brosyleates,
-(15),(16) and (17), were prupared in the courss of the
structural proof. A significant shielding (0.1?, 0.22
'and'0.28 ppm raspectivsly ) of the 4-proton with respect
to that of nieshoutol (14) was obssrved in the n.m.r.

of these compounds. Presumably this can be explained

as a through-space effaect, the local magnetic field
produced by circulation of the [ -electrons of ths
pendant aromatic ring opposing the applisd magnstic
field in the neighbourhcod of the 4-proton, resulting

-~ in a higher chemiceal shift for the latter. A similar .

11 for a tosylate in a related

effect has bsen reported
system. Prolonged treatment of tomentin(6) with éoluens
b-sulphonyl chloride in pyridiné affordad the tosylats,
which was purified by prepsrative t.l.c. In the n.m.r.
of this compound, the 4-proton resonancs was found to
occur at & 7.75 ( 3 9.5Hz. ). The corrasponding value
for the parent phenol was § 7.98, representing an
upfield shift of 0.23 ppm for the tosylate with respect
to tha phenol. This sevidence would strongly indicate
structure (6) for tomentin, the structurs originally
proposed by Hasegawa.

In an attempt to obtain firmer evidencs for the

étructure of tomentin, it was noted that removal of ths



Hy
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phenolic hydroxyl group would result in a compound with
two aromatic.protans having a para-relationship in the
one case ( compound(9) ), or a compound with two such
protons in an ortho-relationship in the other (18). It
was considered that these products would be readily
distinguished by n.ﬁ.r.

R facile method for the dehydroxylation of phenols

has been4reported12

by Musliner and Gates, who prepared

the l-phenyl-S5-chlorctetrazolyl ethers of several

phenols in very gocd,yiald. Subsequent hydrogenolysis

cleaved the esther to ths parent aromatic compound,

giving l-phenyl-5- tetrazolone (19) as a by-product

(Schema 2.2). |
1-Phenyl-S-chlorotetrazole (20) was prepared, as

described by Kausr and Shappardls, from N-phenyldichloro-

14 by the

azomethine, the latter compound being obtained
action of chlorine on phenyl isothiocyanate. '(Scheme
2.3). As suppnlies of tomentin were limited, it was
decided to try the etherification reaction on scopoletin
(21) first. Unfortunately, prolonged rafluxing of (21)
with l-phenyl-5-chlorotetrazols and potassium carbonate
ip acetone resulted in no detectable producte, only
startingvmaterials beiﬁg obtéined on work up. Rather
than risk thisbapparently unsuccessful procedure an
tomentin, an alternative chemical structural proof was
smployed.

1t was felt that the structure of tomsntin ceuld



0 +
| CH
(24) ‘ (25)
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be determined by examination of the préduct arising
from a Claisen rearrangement of an unsymmetrically
substituted allyl ether. Thus, from the readily-
prepared 3,3-dimethylallyl ether, a Eggg—rearrangamantls
should occur for (22) with a conesquent double inversion
of the ends of attachment of the allyl group, giving (23{
whereas (24) should undergo an portho rearrangementh to
(25). The n.m.r. spectrum of thse product would readily
indicate wﬁich pathway was followad, Morsover, the
Claisen rearrangement could serve a dual purposse for
if (25) were by chance produced it would possess thse
 same carbon framewark and oxygenation pattern as
nieshouto1l0(14).

From the practical viewpoint, the ortho-Claisen
rearrangemsnt product of a 3,3~dimethylallyl aryl sther

17 0 a dihydrofuran on heating and

is prone to cyclise
may also undergo further rearrangemsnt, while fission

of the ether to iscprene and the parsnt ether can also
occurla. Such reactions have been simplifiéd consider~-

19 by carrying out pyrolysis in the

ably in the past
presence of butyric anhydride which traps the first
formed phenol as its butyrate sster,

Tomentin, on refluxing with 3,3-dimethylallyl
bromide in the presence of potassium carbonate and acstons
for 3hr. readily furnished the ether as a single product.
The n.m.r. of this compound exhibited signals at §1,70

(3H;bs.), 1.78(3H;bs.), 4.73(2H;d.;J 7.5Hz.) and 5,52
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(1H;bt.; 3 7.5 Hz.), indicative of a 3,3-dimethylallyl
group attached to oxygen, in addition to the resonances
of the methoxylated benzo-ol-pyrone nucleus. Slight
broadening of the vinyl proton signal was attributed

to allylic cqupling20

with the protons of the C-=3
methyl group. Loss of the Cng unit from the molecular
ion gave riss to the base peak in the mass spectrum of
the ether, » 7 ‘

Pyrolysis of 0-(3,3-dimethylallyl) tomentin in
N,N-diathyianiline and n-butyric anhydridekwas carrised
out for 7hr. at 175° under nitrogen, After mqfk up
the residue was purified by preparative t.l.c. and
distillation to yisld tha butyrate (26) as a colourless
gum, exhibiting n.m.r. signals characteristiec of a 3,3-
dimathyiallyl groupzz. However, the methylene group
resonance had moved upfield fromé4.73 in the ether to
& 3.50 in the butyrate, indicating its attachment to
carbon, A para-Claisen rearrangsment had presumably
occurred, constituting strong chemical evideﬁcs that
Hasegawa's original proposal of structurs (6) for
tomentin was correct. It was‘conceivable, howsver,
that the C-isoprenyl group could have arissn from an

anomalous ortho - rearrangement. Buckle and Waight

obtained21

compound (27a) on pyrolysis of £ -naphthyl
3,3-dimethylallyl ether (28a). This appeared to have
arisen from cyclisation of the corresponding ortho-~

isoprenylphenol (29a), The authors wsre able to isolate
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the expected product (30a)by carrying out the reaction

in the presence of acetic anhydride, and suggssted the
correspoﬁding phenol (31a) as the initial product of the
pyrolysis of (28a), Subssqusnt rearrangamént of the
allylic side~chain was postulated to occur for steric
reasons, cyclisation of the first-formed phenol bsasing
hindered by the proximity of the gem-dimethyl group to
the peri-hydrogen atom. The rsarrangement was considered
to involve the spirocyclobutane intermediate (32a).

It seemed unlikely that this could be occurring in
the case of tomentin (6) in view of the fact that the
reaction had been carried out in pn-butyric anhydrids,
but the possibility was readily discounted for the
phenoi (23) obtained on hydrolysis of the butyrate (26),
showed no OH-TU hydrogen bonding in its infra-reﬁ spectru%z.
This phenol was also stable to hot acid; conditions
which would have resulted in cyclisation to a dihydro-
furan if the phenol and the allyl moiety were ortho—
related. This reaction is known to procsed readily and
in high yisld for 7-hydrcxy~8-isopentenylcoumarin323,

The structure of tomentin wae, therefore, shown to
be (6) by Claisen rearrangement of its 3,3-dimsthylallyl
ether, Hasegawa's assignment had, fortuftously, bsaen
correct., The interssting correlation with nieshoutol
(14), however, had yet to be.carried out. This would
require preparation of thel,l-dimsthylallyl athér(Z?),

subsequent rearrangement to the butyrate (28), followed

by demethylation, hydrolysis of the butyrate, and acid-
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catalysad cyclisation, Interestingly enough, although
para-Claisen rearrangsements of 3,3-dimethylallyl-aryl

24, thers are no reported para-

ethers are fairly common
Claisen rearrangements for the 1,l-dimethylallyl-aryl

ether system, to our knoﬁledge. Also, some natural
coumarins, for example f‘uropinnarin25 (29) and bsnahorin
(30)26, have a carbon skeleton which might be obtained
synthatically by this route; so it was felt that the ether
(27) and its rearrangement to (28) would be = worthwhile

ob jective,

As outlined in Part 1 of this thaesis, ethers of the
type (27) are convenisntly’prepared by partial hydro-
genation of the corresponding acetylenic ether, obtained
by direct O-alkylation of the phenolate anion with 2-
methyl-2-chloro-3-butyne (1,l-dimethylpropargyl chloride),

Accordingly, tomentin (6) was refluxed with a solution
6? l,l1-dimethylpropargyl chlorid927 in 2% aqueous acstone
in the presence of potassium carbonate and potassidm iodide
for a total of Sdhr.; additional acetylenic‘chlorids bsing
added after 6hr. and after30 hr. Very little conversion
was seen after 30 hr. (t.l.c. examination) but the extra
one-day reflux resulted in the formation of ssveral products,
all of mHich fluoresced when the t.l.c, plate was
axamined under a 354nm. u.,v, lamp, prior to development.
Their relative mobility and colour of fluorescence is given

in Fig. 2.4. Increasing the reaction time did not increase

the conversion of tomentin (6) but only served to cause
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deterioration of the products. As conversion wés, at
best, only partial and the starting phenol was
only available in limited quantities, a procedure for
quick recovery of the latter was employed. This
involved filtration of the reaction mixture through
Celite, slution with ethyl acetats and then acidifi-
cation of the Cselite followad by re-slution with
ethyl acetats. The second organic washing contained
pure starting material, the first the product mixture.

At this time it was noticed that Buchi had 'reported28
indraased yislds of O-alkylation products by using 1,2~
dimethoxyethane (glyme) as solvent, Thié was tried as
a means of increasing the yield from the propargylation
of tomentin (6). T.l.c. examination of the reaction
mixture after 4hr,, however, indicated the presence of
decomposition products with no trace of the expectead
reaction mixture. |

After work up the product mixture was separated by
preparative t.l}c. into fqur main bands (Fig. 2.4).

The major component of the mixture (band 2, Fig 2.4)
was found to be the required ether (31) and was isolated
in yields sveraging 45%,‘based on reacted tomentin (6).
Its spectrsl data were completely in accord with the
structural assignment, n.m.r. signals at.81,72(6H;s.)
and §£2.43(1H;s.) being ascribed to the 0-1,1-dimethyl-
propargyl meiety. Confirmation of the latter's presence

in ths moleculs came from the i.r. which showed bands






86

at 3310 and 2125 cm~t.

A small quantity of tomentin (6) was also isolated from
the reaction mixture (band 4, Fig.2.4) as expscted.
Most of the starting material was, however, removed b9
- the isolation procedure described above.(see also Expere
imental Section), the total recovery being about 35%.

The remaining products ( bands 1 and 3, Fig. 2.4)
were interesting in that their composition was not
immediately obvious from their spectral data, Band 1
(Fig. 2.4) consisted of two very close spots oﬁ analytical
t.l.c. but its n.m,r. was evidently that of a substantially
pure compound, Very carefui preparative t.l.c., resulted
in the successful isolation of the major component as
a pale yellow gum; but the accompanying compound was nsver
isolated, The major constituent of band 1 exhibited no
aromatic proton resonances in the n.m.r., indicating that
position 8 in tomentin (6) had been substituted, Two
cne~proton singlets were present in the acetylenic region,
however, at §2.30 and 2.47, as well as two sixeproton
singlets at £1.73 and 1.92. These signals suggested that
two 1l,l-dimethylprepargyl moieties had been incorporated
into the tomentin (6) moleculs, and this theory was con=
firmed by the molecular ion at m/e 354 in the mass
spectrum, Structure (32) immediately suggested itself
and is consistent with all the data obtained for the
compound. Some chemical svidencs for this structure

was obtained later (vide infra ). This material
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representsd 6% of the reacted tomentin (6) in the
‘propargyiation reaction, and the significance of its
formation will be commented on latser in the text.

The composition of band 3 remained a mystery For‘
some time. It was isolated as a bright yellow glass
which was found to crystallise slowly over a period of
ssveral wesks. Although it ran as one spot on analyt-
ical t.l.c. plates in various solvent systems, it was
possible, on occasion, to detect a slightAlengthaning
effect in the spot, sdggasting the band was, in fact,

a mixture, These suspicions were confirmed by the
n.,m.r, of this material, which showed a pair cf one~
proton septets (3 3 Hz.in each case) at § 5,17 and 5.45
and a pair of one-proton singlets at § 5.70.and 5.73.
These were at considerably higher field than the aro~
matic proton singlet in tomeﬁtin(s) ( § 6.42), Two AB-
quartet systems were also in evidsnce at § 6.07, 6.18,
7.80 and 7.88 (J 9.5Hz, in each case) which suggested
the band was a 1l:1 mixtureiof two compounds (within the
limits of the accuracy of the integrator), inseparable
by t.l,c. No further investigation was carried out at
the time of the initial isolation of thdis mixture, but
its components wera instrumental im solving a structural
elucidation problem encountered later., It is proposed to
describe the sesauence of events chronologically, and to
return to the composition of this mixture at a suitable

point later in the text.

Having successPully synthesised the ether (31) in



(34) | | Pt
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-moderate yield, the next step was partial hydrogenation

- to the l,l-dimethylallyl ether (27). As described in

Part 1 of this thesis, this can best be achieved by hydro=
genation of the substrate ocver a cataiyst cohprisin@ 5%
palladium on charcoal, poiscned with a carefuliy determined

quantity of sulphur and quinocline in xylenesa. Mucrray,

Ballantyne and Mathai 23

found that the best ratio of
catalyst to diluted poison was 1lmg.:0.01 ml. This was
found to work very wsll for the hydrogenaticn of (33) to
the ether (34), and was successfully repeated on several
occasions by the author. Several atteﬁptad hydrogenations
on (31) with this ratio failsd, howsver; starting matsrial
being recovered, After soms experimentation it was
foﬁnd that the hydrogenation of (31) became reproducible
wvhen slightly less poison than the above-mentioned ratio
. was useﬂ (see Experimental Section for details), the
reaction being carried out in the absence of bright sun-
light. Uhen the guantity of poison was rsduced even
further, the saturated ether (35) (identifia& by n.m.r.
and mass spectrum) was formed very quickly. Great care
had to be taken in calculating the volume of poison S01l~
‘ution to add to the reaction mixture for this reasen. A
summary of.procautions to be taken is given in the Experi-
mental Section. _

Using the correct conditions, the ether (31) took up
1 mole of hydrogen in 1-2 hr. Removal of the catalyst

was effected by filtration through Cselite, & procedure
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later shown to play a major role in the identity of the
- product isolated, After purification by preparative t.l.c.
the reaction mixture was separated into a little starting
ether(31), and a2 single bright yellow crystalliné solid
which constituted the scle product of the hydrogenation
of (31). The spectral data of this compound wers not at
all like that of other coumarin l,l-dimethylallyl ethars.v
In the u.v. for example, in contrast to the ether (22),a
compound which might have been expscted to resemble the
ether (27) in this respsct, the ysllow solid showed peaks
‘at 380, 316 and 257 nm. (log € 3.70, 3.95 and 3.82)which
shifted to 338, 276 and 254nm, (log € 3.84, 3,73 and 4.04)
in a basic medium. The corresponding valuss for (22)
were 319 and 255 (sh.) nm., with no base shift being shoun.
The i.r. of ths ysllow solid was unusual in that a
very strong pseak at 15350m.-1 was observed, and also a
strong absorption at 1678cm.-1. No such bands appear in
the i.r. of (22). The o< -pyrone carbonyl stretch at

1

1760cm, = was, however, still presqnt in the yellow hydro-

genation product.

A mass spectrum indicated the compound had the correct

molecular weight for C16H1805 exhibiting a molscular ion
at m/e 290; but the most revoaling evidence camé from its
n.m,r, spectrum, That it was a single compound, and not

a mixture, was already suspscted from its homogeneity on
t.l.c., and sharp melting-point (111-113°), The n,nm.r.
confirmed this suspicion, Signals were observed at §1.53

(3H;b8.), 1.60(3H;bs.), 2.70(2M;d.;3 8,5Hz.), 3.15 (3H;s.),
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3.93(3H;s,), 4.87(1H;bt.;J 8.5Hz.), 5.77(1H;e.), 6.08
(1H;d.;3 9.5Hz.) and 7.82(1H;d.; 3 9.5Hz.). Several
points became immediately apparent from this spectrum.
Firstly, the expected pattern of the l,l-dimethyiallyl
unit (Fig. l.ll) was missing, and was apparently replaced
by that of a 3,3~dimethylallyl unit. Secondly, as in the
ysllow mixture obfainsd from the propargylation reaction

(vide supra), the aromatic singlet had undergone an up-

field shift frﬁ@ §6.,42 to §5.77. Thirdly, ths tuwo
methoxyl resonances were now well split ( 53.15 and 3.93)
as compared with tomentin (6) ( & 3.83 and 3.85) and its
3,3-dimethylallyl ether (22) ( § 3.87 and 3.93), a phsnon-
enon which again had been noticed in the yellow propargyl-
ation by-products., Fourthly, the methylene protons of

the 3,3-dimethylallyl unit were at §2.,70, This compares
~with §4.73 for the sther (22) and &§3,47 for the preny-
lated phenol (23). Either these protons were undergoing

a significant shislding effect or slse were attached to
saturated carbon.

Two possible structures fitted all the data., Thess
were the enones (36) and (37) and, in confirmation, a
positive reaction was obtained when a t.l.c. plate was
sprayed mifh 2,4-dinitrophenylhydrazine solution. The
problem of structural assignment then arose, and also
the problem of accounting for the isolaticn of this com-
pound, It appeared as though the 1l,l-dimsthylallyl ethsr

(27),uhen formed, had undergone Claisen rearrangemsnt
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either spontaneously or during the isolation procedurs.
With this in mind the hydrogenation was repsated, but
precautions were taken to minimise the number of external
influences Qh;ch might have been causing ths resarrangemsnt.
In particular, care was taken so that the product mixture
was never heated above room tempsrature, a temperature
.gradient being used to facilitate evaporation of solvent
on the rotary evaporator., This had no effect, houwever,
none of the hoped-for ether being isolated.

At this point it was noticed that the crude reaction
mixture, when spotted on a small, analytical t.l.c. plate
gave rise to considerable streaking. An intensely blus
fluorescsnt non-polar spot ssemed to be giving rise to
the yellow enons. The possibility that rearrangement
could be taking place on the silica then occured to us.

R similar observation has bsen recorded 23 in this labor-
atory for the ether (37a),when (37b) was the sole
product. Several short expsriments confirmed that this
was happsning. A spot of the reaction mixture (very
pale yellow) on a t.l.c. plate (without elution) was
seen to turn yellow over a pesriod of a few seconds; and
no allylic ether was gver isolated from a preparative
t.l.c. plate. 1Its pressnce in the rsaction mixture was
proved, however, when the reaction was worked up using
the minimum Celite as a filtration pad. Unfortunately
no other method of removing the finely divided catalyst

was found, but rapid filtration at the pump resulted in
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only slight rearrangement. When the solvent had bsen
removed from ﬁha filtrate, the residue gave n.m.r.
signals typ;cal 23 of a l,1-dimethylallyl ether, along
with signals dus to small amounts (10-20%) of thé encna.
Uhen a few milligrams of Celite were added to an athyl
acetate solution of the ether (27) at room temperaturs
and the mixturs stirred, substantial conversion to the
‘snone was saeen after 5 mins., when the n.m.r. spectrum
was re-run, Leaving the mixture to stir for 1 hr., with
Kieselgel G resulted in coméleta conversion,

Although the allyl ether (27) was never isolatsd,
an attempt to rearrange it thermally was made., A solu-
tion of (27),in ethyl acstate, was refluxed on a steam
bath for a few minutes and the n.m.r. of the product
compared with that of the material prior to heating. No
“conversion was observed, within the limits of the n.m.r.
integrator accuracy. Evidently the ether (27) was stable
'to 77° but underwent a clean, high yield conversion to
either (36) or (37) on silica at room temperature. An
attempt to rationalise these findirngs will be made latsr
in tha text.

It was proposed to differentiate between structures
(36) and (37) for the enons by means of reduction of
the ketone with sodium borohydride, followed by attempted
elimination of methanol from the resulting alcohol(38)
or (39). Structure (38) would give riss to (40), a com-

pound previously preparsd30 in this laboratory by Dr.T.C.

Hogg.
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Reaction of the enone with sodium borohydride in
ethanol took place very smoothly at R.T. in a few minutes
to afford a pale yellow gum, after purification by pre-
~parative t.l.c., The spectral data of this compound were
consistent with either structure (38) or (39). 1In the

T UlV, thg A» had shifted from 380 to 325nm.; the i.r.

max
showsd both bonded and non-bonded hydroxyl stretches
in addition to a very strong band at 1525cm™}. This band-
was also present in the parent enone but evidently was
not connected with ths carbonyl group of the latter, o&-
ing to its presencs in the derived alcohol. One theory
suggested that this was due to a contribution from the
‘resonance hybrid (41), the strength of thé band being
attributed to the large dipole moment present in this
structure. Such extended conjugation is not possible for
the alternative (39), and, therefore, if the theory were
correct, some evidence for (38) had been adduced.

Further support for (38) came from dilution studies
on the hydroxyl region of the borohydride prodhct. It
was found that progressive dilution of the i.r. solution
resulted in wsakening and eventual disappearance of £he
bonded hydroxyl strstching band. This was taken as being
indicative 6? inter-as opposed to intramolecular hydrogen~
bonding. If structure (39) were correct, some residual
intramolecular bonding betwsen the hydroxyl and the

methoxyl group would be expected from a consideration of

models,regardleés of stsreochemistry at the tetrahedral



(36) | | ' (39)
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carbon atoms. Structure (38), howsver, results in two
markedly‘different situations in the diastseresomeric
alcohols (42) and (43). (42) greatly favours intra-
molecular hydrogsn-bonding and, therefore, can be ruled
out. (43) on the other hand completely precludes it.
Moreover, this latter structure might be the sxpscted
product if the hydride nucleophile were delivered from
the less sterically crowded "methoxyl side" of the snons
(36). Such an attack would result in the methoxyl group
and the proton being cis as shown in (43).

Treatment of the alcohol with hot methanolic acid
bore out the stereochemical theories outlined above.
Elimination of methanol did not taks place, 6,7-dimsthoxy-
coumarin (9)_being formed instsad. This was identified‘
by u.v., i.r., n.m.r. and mass spectrum, and by comparison
with a genuine sample (m.p.,m m.p.)made by methylation of
6,7-dihydroxycoumarin®., The mode of formation of this
compound from (38) (or (398) ) presumably involved the
relatively stable allylic secondary carboniuh ion(44)

(or (45) ), followed by further fragmentation, shown in
Fig. 2.5. No conclusion as to the structure of the enors
could, therefore,be drawn from this observation,

| The ease of loss of the isoprene unit from this
system was confirmed by similar treatment of thé parent
enone (36) (or (37) ) with ethanolic acid, when tomentin
(6) was obtained (Scheme 2.6)., It seemed that this

facile cleavage was being initiated by protonation of
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the oxygsn function at position 5, and therfors, it wae
decided to attempt a simple pyrolytic slimination from
(38) (or (39) ).

Accordingly, a very small sample of the alcchol was
heated to 195° in a sublimation block at atmospheric
pressure for 5 nins. Examination of the residus by ana-
lytical t.l.c. unfortunately showed that, whersas the
starting alcohol was the main constltuent;6,7-dimethoxy-
coumarin(9) was the sols reaction product., No products
derived from elimination of methanol were observsad,

It was felt that fission of the resonance-stabilised
alkenyl group from the ring'in preference to ths desirsd
carbon~oxygen cleavage could be obviated by hydrogenation
of the 3,3-dimsthylallyl group double-bond. Prolonged
hydrogenation of (36) (or (37) ) err 5% palladium -
charcoal, however, produced no reaction, One possible
explanation for this lies in the theory of heterogsnsous

31 that hydrogenation proceeds

catalysis, It is thought
by adsorption of the alkene onto the catalysé surface
followed by transfer of adsorbed hydrogen to the partici-
pating carbon atoms. Consideration of models of (36) and
(37) reveals that such adsorption of the 3,3-dimethylallyl
double bond might be very difficult., Preferential
adsofption of the dienone-pyrone double bonds might .

lead to a situation where the 3,3-dimethylallyl unit lies

well above the catalyst surface, thereby precluding

hydrogsnation.
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Although a 1itfla evidence for (36) as the struciure
of the enone’hadibeen obtained from the i.r, data of
the derived alcohol(38), no firm conclusions had yet
been drawn, Before going on to present the conciusiue
evidencs obtained finally to resolve the situation, it
is necessary to return to the problem of the composition
of the yellow mixture isclated from the propargylation

" reaction(vide supra),

The similarity between the n.m.r. spectra of the
enone obtained from the rearrangement of (27) and the
yellow 1:1 mixture obtained as a by-product from the
‘reaction of tomentin (6) with 1,l-dimethylpropargyl
chloride prompted a suggestion as to the constituents of
the latter mixture., A spot of this material also gave a
positive test with 2;d—dinitropheny;hydrazine when a t,l.c:
plate was sprayed with this faagent, suggesting that ons
~or both of its constituents was also ketonic., The two
allenyl dienones (46) and (47) were postulated to account
for the spectral data obtained for the mixture, giving
rise to the problem of accounting for their formation.

It was known (vids supra) that the allyl ether (27),

on Claisen raarrangemant, gave a single product whose
structure was (36) (or (37) ). 1If the corresponding
allene compounds were also formed by this route, the

qusstion of accounting for the formation &f both (46)
and (47) had to be answered, It seemed unliksly that

the acetylenic sther (31) could uhdargo both possible
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modes of rearrangsment, while the allyl ether (27)
rearranged exclusively in one direction.

| A partial ancwer cams from an experiment in which
" the propargyl ether (31) was refluxed with potasgium
carbonate and potassiom iodide in 2% aqueous acstons
for 50 hr. This was an attempt to simulate the pro-
pargylatibn conditions used for tomentin (6). Any
allene mixture formed could only come from rearrange-
ment of (31). Although some decomposition of (31) was
observed on t.l.c. after Qork up, the allene mixtufa
was totally absent, proving that some mechanism other
’than Claisen rearrangement of the sther (31) had to be
invoked to account for its formation during the synthesis
of (31).

Two possibilities remain. One theory is that the
allenes arise by direct C-alkylatioh; effected by a
species derived from l,l—dimethylprOpargyi chiorids.

It is knoun 32 that this reagent can be used as a sourcse
of the carbene (48) when used in corjunction with stroﬁg
base, but this hardly seems a 1likely intermediate under
the mildly basic conditions used. It is conceivable,
however, that an electrophilic substitution reaction

could take place by attack at the less hindered acetylenic
carbon atom of either a carbonium ion, an ion-pair, or

a partly dissociated species (Scheme 2.7). Precedasnt

for this exists in the work of Landor 33, who recsntly
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cérr;ad out the reaction sequence outlined in Scheme
2.8., and in the work of Roumestant and Goraga, Schmid
' also'explainegsthe formation of the allenes (49) and
(50); obtained by treatment of the phenol (51) with
etrong base and 1l,l-dimethylpropargyl chloride, as be-
ing the result of an>SN2, process, Other products
obtained from thié reaction by Schmid were : a louw
yield of the para-disnone (52) andysurprisingly,signifi-~
cant amounts of the allenyl ether (53). No product
corresponding to this latter compound was isolated by
us when tomentin(ﬁ) was reacted with l,l-dimethylpr§~
pargyl chloride, although the basic‘canditions used
wers much less ssvere than those of Schmid.,

The fact that no products of type (54a) were iso-
lated might be expected for steric reasons. Although
more electrophilic in natura,.the tertiary centre may
not be able to approach the site of alkylation
sufficiently closely owing to its bulk, This situation
evident}ly does not apply to the B-position of ths nuclsus,

howsver, as the bis-alkylated compound (32) was isolated

from the mixture (vide supra). The presence of this
material gave rise to an alternative theory to account
' for the formation of the allienes (46) and (47).

It may be safely assumed the C-alkylation must
occur before O-alkylation during the formation of (32).
An experiment to verify that the ether (31) could not
be C-alkylated unfortunately met with failure., The

"normal"propargylation mixture was obtainad whan
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(31) weas treated with l,1-dimethylpropargyl chloridse,
suggesting that cleavage of (31) had taken place to
tomentin'(ﬁ) which could then react in the presence of
excess l1,1-dimethylpropargyl chloride to produce all
expected products. If compound (54) constituted part

of the reaction mixturs, howsver, as it must have done

to account for the isolation of (32), it is possible

that it could undergo, via the dienone (55), a Cope-
faarrangemant to the allenes (46) and (47). The fact
that no preference for the site of the allene substituent
in the final product was observed must be taken aé mesan-
ing that the proposed rearréngemant could go equally well
in either direction (Scheme 2.9). The presence of oxygen
in both positions ortho-to-C-8 in the nucleus supports

this hypothesis, Examples are known 15,36

where the ortho-
para product distribution, oﬁfainad from Claisen rearrangs-
ment carried ouf on a substrate having am oxygen substit-
uent in one grtho-position, indicates that the allyl group
prefers to migrate via the oxygenated position. Thus,
Tarbsell reports 38 significant rearrangsment to the para-
position in the ethers (56), (57) and (58), Sethi and

Rao 37 comment on their finding that the monoallyl ether

" of catechol (57) gives,an ortho-para product ratio of

55/45 on rearrangement. In the case of the dienone (55)
thersfore, the rearrangement could go in either dirsction
as both ortho-positions carry oxygen. For the allyl

ether (27), however, some preference for migratien onto



FIGURE 2.10
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carbon bearing methoxyl would be expected, but the

observed regibspecificity of this rearrangement is still
a surprising result., Stabilisation of the transition
state through the longsr éonjugated system involving

the 7-methoxyl group (Fig. 2,10) may be of some
importance in explaining this observation, A close
"examination of space~filling models reveals little steric
difference between the quasi=chair conf’ormations38
necéssary for the two possible modes of rearrangement of
the ether (27). Interconversion betwsen the two by
rotation about the carbon—oxygen>singls bonds is a
feasible process, The same was found to apply to the
phenol (54). It must be assumed, therefors, that any
observed preference for the direction of rearrangement

is a direct result of the electronic factors operating,
and not due to steric reasons. The second proposed mode
of formation of the allene mixture i,e. by Cope raarraﬁgeu
ment of an 8~l,1-dimethylpropargy1ataq compound, seems
the most attractive to the author. ‘

As a partial verification of these theories, and in
order to facilitate thé assignment of structure (36) or,
-leas likely, (37) to the snone formed by silicaocaialyaed
“rearrangsement of (27), it was decided to attempt a
thermal rearrangement of the propargyl sthér (31),
when a Claisen~like process would be expected 38to occur,
giving, in the first instance,an allene, When the

ortho~-position is free, enolisation takes place, followed
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by rapid cyclisation to a chromenese’sg.

Heating the sther (31) to 130° for 20 mins, under
high vacuum produced a deep yellow o0il which distilled
up the sublimation tubs., After preparative t.l.c. on ths
distillate and subsequent re-distillation, a bright
yellow solid was obtained whose n.m.,r. indicated that
only one allens had besn formed. Thues, as in the case
of the silica~catalysed rearrangement of the ether(27),
migration had occurred exclusively in one direction to
give (46) (or (47)). This observation reaffirmed the
earlier finding (vide supra) that the mixture of (46)

and (47) formed during the synthesis of (31) could not
have arisen by Claisen rearrangsment of the létter.

The spectral data obtained for this pure allene are
worthy of discussion, In the 4i,r. a very weak band
was present at 1970cm71, indicative of the allene
grouping, along with the significantly strong band at
1538cms! encountered earlier for (36) and (38). If the
theory of the origin of this band wers corre;t (vide
supra), the allene produced in the pyrolysis of (31)
must be (46)., Very significant evidence came from the
u.v. of the pure allens, which was almost superposable
on the u.v. of ths 3,3-dimethylallyl enone (36),
indicating identical chromophores, In this respect it
was interesting that the u.v. spectrum of the 1l:1 mixture

of (46) and (47) was very complak, and is illustrated in
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Fig. 2.11. After.correcting for concentration, it was
possible to subtract the u.v. of (46) from the u.v, of
the mixture mathematically. Subtracting absorbances
at 2nm, intervals resulted in the curve shown in Fig,
2.12 for the other allene., Evidently the chromophors
~in this lattser case was not as extendsd as in the allene
obtained by pyrolysis of (31)., Structure (46) was,
therefore,confidently assigned to the yellow allsns
isolated, and structure (36) to the encne isolated from
rearrangement of (27). .This latter assignment uwas
possible owing to the strong similarity between the
U.Ve's of the pure allene (46) and the enons (36),

The n.m.r.of (46)was instructive in that the allenic
proton resonated as a septet, J=3Hz,, through coupling
to the methyl groups. This observation is typical of

the system, according to thaAfindings 40

of Snyder and.
Roberts and was confirmed by irradiation at the methyl
»rasonance, wvhen the allenic proton siéhal collapsed to
a sharp singlst.

A comparison of the mass spectra of (36) and (46) led
to some very interesting conclusions, The principal
fragmentation pathway in the former is by rapid loss
of the five~carbon unit, borne out by treatment with
acid when tomentin (6) is ths sole product,

The spectrum of (46), howsver, indicates that loss
of methoxyl was a facile process, the dimethylallenyl

- unit being retainad until a fairly late stage in the
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breakdown, Ths two fragmsntation patterns are given
in Fig. 2,13 for comparison,

These observation encouraged us to try the elimination
of methanol from (59), Reduction of (46) with sodium
borohydride again went clseanly and in high yield,
affording a semi-sblid yellow material which rapidly
decompoéed at R,T. but whose n,m.r, and u,v. were
consistent with structure (59), Warming a methanolic
solution of this compound with dil. hydrochloric acid
afforded colourless needles after work up and purification
by sublimation., Ths m.p., i.r., Nn.m.r. and mass spectrum
of this compound presented very strong evidence for
structure (60),that of alloxanthoxyletin 41, and this
was confirmed (m.p., m.m.p., t.l.c., and mass spectrum)
by comparison with a natural sample of (60) kindly
supplied by Professor B,.,S.Jeshi, CIBA, Bombay, The
orientation of the allens (46) and the enone (36) wers,
therefors, estabiished unesquivocally by spectral and by
chemical means, .

Having obtained (46) as a purs compound by rsarrangment
of (31), the possible isolation of its isomer (47) from
the 1:1 mixture of the two was investigated., As stated
earlier, thiﬁ layer chromatography had proved ineffective
for this and so an alternative was sought., A little
experimentation revealed that a partial separation coﬁld
be achieved by very careful distillsation bf thse mixture,
the required allene (47) being slightly more volatile than
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(46). Although still contaminated with a little of the
bright yellow (46), the purest sample of (47),

obtained from the upper end of the tube, could be

freed from its isomer by washing the cooled material

with a little ice-cold ether until all traces of

yallow compound had been removed., The colourlsss residue
remaining crystallised vary slowly on standing, and

gave pure (47) after one further sublimation,

Rs expected, the shorter chromophore in (47), as.
compared with (46), resulted in a significantly different
u.v, spectrum, accounting for the fact that (47) is
colourless whereas (46) is bright yellow. The curve
obtained for (47) was idsnticel with that derived
mathematically by subtraction of ths u.v. of (46) from

the epectrum of ths 1:1 mixture (vide supra).

In the i.r., (47) exhibited a very weak band at

1

1968cm,.~, along with other bands at 1760, 1663, 1640

and 1604cm™t

. No.strong band wae found in the 1530-
154Dcm'.'1 region, however, providing further éupport
for the idea of structures of type (61) being
responsible for this band in compounds having the
extended chromophore present in (46).

The n.m}r; spaectra of (46) and (47) were very similar,
The septet structure observed for the allenyl proton in

(46) was again in evidencse, irradiation at the methyl

raesonance causing collapse to a sharp singlet. Again,
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as in (46) the two methoxyl resonances in (47) were
well separatsed ( 3,22 and 3.86 as compared with

§ 3.21 and 3.87)., UWhereas in (46) the signal at § 3,87
is probably the C=7 vinyl methoxyl and & 3,21 the
methoxyl on tetrahedral carbon, it is much less easy
to account for the substantisl difference in chemical
 shift observed for the tuwo methoxyls in (47). 1In ths
latter, both are attached to the double-bond of a
conjugated kstone and consequently might be expscted to
show some difference in chemical shift, with the
B-methoxyl resonating at lower field (cf.(62)42,

)43 and (64)*%). It must be concluded that in (47)

(63
the methoxyl o to the carbonyl group is significantly
shielded, One possible, though from models not completely
convincing, explanation is a through-space effect produced
by the diamagnetic circulation of the N =slsctrons of the
allens system, ‘

The ‘mass spectra of (46) and (47) differ markedly
in that the molecular ion from (47) loses the C=5 moiety
immediately to give rise to the base peak, whereas in
(46) the C~5 unit is retained until a late stage in the
fragmentation,

An intereéting extension to the ragiéspecific rearrang~
ements of (27) and (31) was the action of heat on the
bis acetylene (32). The expscted pfoduct would be the
enone (6%5), if the proposed structure for the bis

acetylens (vide supra) were correct.







106

On heating (32) in a sublimation block to 150°
for 20 mins., a deep orange liquid distilled slowly
up the tubs., Elemental analysis and all spectral dats
were completely in accord with structure (65) for this
compound, In the i.r. bands were present at : 3310,
2103 (w), 1966(w), 1757, 1679, 1614 and 151o(ua)cm.'l
the last again being attributed to a contribution from
the resonance hybrid (66). HN.m.r. signals were‘presant
at § 1.57(3H;s), 1.70(3H;s.), 1.73(3H;s.), 1.78(3H;s.),
2.30(1H;s.), 3.32(3H;s.), 4,10(3H;s.), 5.12(1H;m.;J 3Hz.),
6.12(1H3;d. ;3 9.5Hz.), and 7.90(1H;d.;J 9.5Hz.). Again
marked shiselding of one methoxyl group was well in |
evidence,

The u.v. spectrum of (65) was similar in general
appearancs to that of the enones (36) and (46), con-
firming the presence of the extended chromophors, and
.ruling out (67) as a possible structure for this com-
pound. The molecular weight was ceonfirmed by the pseak
at m/e 354 in the mass spectrum,

It should be ssen,therefore, .that sach of the three
ethers (27), (31) and (32) rearranges exclusively
into the 6 -~ position of the coumarin nucleus. In
the case of (27), the reaction took place rapidly and
at R.T. when silica was presant, Although high temp-
eratures were used in the conversion of (31) to (46),

{t is interesting to note that none of compound(54)
was isolated from the reaction, The action of

heat on the enone (36) remained to be investigated,
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“in order that the originally hoped-for phenol (68)
might be proquced.

A small sample of (36) was heated in a sublimation
block for 15min.. at 150°., Examination of the residue
by t.l.c. revealed the sample éo be substantially
unchanged, On raising the temperature to 200o for a
further 10Omins., t.l.c., still showed (36) to be the
ma jor component of the residue, which had by this time
undergone some charring., A spot corresponding to a
compound more polar than (36) had also appeared on'the
" plate, howsver, Owing to shortage of material this
compound was nsver isolated, but the experimsnt served
to illustrate the remarkable thermal stability of the
enocne (36).

In another experiment to detect rearrangement to
position 8, the mixture of allenes (46) and (47), in
tetrachlorosthylene, was heated to 155° for 40mins, in
a sealed n,m,r, tube. The spsctrum was then run
immediately, the tube and contents being kept at 100°
during the scanning period, but no detectable
acetylenic resonance was observed,

Heating the allenes (46) and (47) individually in a
sublimation block to 145o for 45mins, élsovlaft them
apparently unchanged., U,v. spectra of both distillates
and residues were identical with those of the starting

materials,
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The above observations indicate that the enones (36),
(46), and (47) exhibit pronounced thermal stability.
Normally1§ in a Claisen rearrangsment of an allyl
ether blocked in the ortho-positions, the ortho-~dienone
is not isolated, but a further (3,3) sigmatropic shift
cccurs, lsading to a para-dienone which can enolise
to the p-allylphenol if it possssses a para-hydrogen
(Scheme 2.14)., Surprisingly,this does not occur for
the cases in question, implying that either the Cops
rearrangement to C-8 does not take place, or that,
if an equilibrium is set up between the g- and p-
dienones (36) and (69), then the proportion of the
latter is very small., Enolisation to (70) would not
be a very favourable process owing to the presence of
steric interaction between the gem-dimethyl group and
the neighbouring methoxyl substitusnt in the necessary
conformation. The para-dienone (55) is almost.
necessarily & reaction intermediate in the formation of
(32), obtained during the propargylation of tomentin(6).
In the first-formed conformation of (55), the 1,l-dimeth-
ylpropargyl gfoup would be pseudo-axial 45 and would
be able to adopt the conformations necsssary for the
Cope rsarrangement to ths two allene diesnones (46)
and (47) by simple rotation (Fig. 2.15). Alternatively,
a conformational change in which the 1l,l-dimethyl=~
propargyl group became psusdo-equatorial(and hence in

a sterically unfavoured position) would allow the
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pendant hydrogen atom to become pssudo-axial, and,
therefore, in the correct conformation for enolisation
to (54), a compound which is trapped as its
‘1,1-dimethylpropargyl ether. Ths system of equilibria
is illustrated.in Fig. 2.16.

If,during the pyrolysis of the dienones (36) and
(46), there had been a substantial zmount of the
' - para-dienones (69) and {S55) at sequilibrium (Fig. 2.186),
then products derived from the pathways describad
above should have been detected., However, no changes
in the u.,v, spectra wers observed; nor was any
acetylenic broton resonance observed in the high
temperature n.m.r, experimental on the l:1 mixture
of (46) and (47).

An explanation for the apparent diffiéulty in forming
the para-dienone (55) is suggested by a consideration
of its stability as compared with the ortho-dienone
(46), and also by a consideration of the transition
state between them, Space-filling models reveal that
the C-8 substituent in (S55) viz. (CH3)20~C§CH is
markedly bulkisr than the almost linear (CH3)2C=C=CH-
substituent at C-6 in (46). Thus, without taking into
consideration the differences due to different types
of conjugation, the para-dienone (55) would be expecteé
to have a higher ground state free enasrgy than the

ortho-dienone (46) on steric grounds alone. In
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considering a rearrangement from C-8 to C~6 i.e, from
the gégg-dienoné to the gggng-dienbne, the bond
broken is between ring-carbon and a tertiary carbon
atom., This should be an energetically favourable
process owing to the release of strain., The new hond
being formed at C-6 suffers no steric contraints
during the appraoch of the terminal acetylenic carbon,
The reverse process, however, rsquires ﬁhe breaking

of a bond which suffers no weakening influences and
the making of a bond which gets progessively mors
difficult as the tertiary carbon approaches C-8, This

35and

effect, which has also been observed by Schmid
is almost certainly due to the size of the gem-dimethyl
group, has been invoked in the past 46to account for ths
rate of thermal cyclisation of aryl-l,l-dimsthylproparagyl
ethers to chromenss, A similér argument is thought to
apply to the 3,3-dimethylallyl enone (36).

The observation which initisted this investigation,
namely the silica-catalysed rearrangement of the allyl
ether (27) to the enons (36) still remains to be
explained., The most reasonable rationalisation of this
exceedingly facile high-yield conversion comes from
the elegant work of Professor Hans Schmid. 'In a recent
publication 47 he pointed out that the rate of the |
Claisen rearrangement can be increassed by a factor of

10

~1077, relative to the thermal reaction; by charge

induction., Allyl aryl ethers were shown to undergo
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conversion to ortho-allyl phenols, in chlorobenzens
at low temperatures, in the presence of boron
trichlorids. When one of the ortho-positions uwas
substituted, a mixture of prtho and para- products‘were
produced, with more of the para- product than in the
corresponding thermal rearrangement.

To account for his observations,; Schmid invoked the
sequence shown in Scheme 2,17. Presumably, cleavage
of the oxygen-carbon bond is facilitated by the
complexing of the oxygen atom with the Lewis acid,
accounting for the increase in thse rate of the reaction.
When both ortho- positions are substituted the ortho-
Claisen took place and was then followed by a (1,2),~
(3,3)-, or (3,4)- shift of the allyl moiety, thus
accounting for the observed products, The predominance
of the para-product in compounds with one ortho-
substituent was explained by Schmid by invoking steric
hinderence. The conformsr (71),leading to a para-
rearrangsemant, was ragardad‘as predominéting‘over the
alternative (72) which would be expected to yield an
ortho-substituted product.

Other workers have also noticed the effect of acid
on the speed of the Claisan rearrangement., Svanholm
and Parker 48 studied the rate of rearrangement of
phenyl allyl ethers in trifluorocacetic acid and

obtained incrsases of the order of 105 times the rate of



(73)
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the thermal rearrangement. They concluded that a
transition state such as (73) in which the positive
charge is spread over several atoms best describes

49 the acid-

this reaction., MMiller also descibes
catalysed sigmatropic shifts of allyl groups in
cyclohexa-2,4~disn~l~ones, methanolic hydrochloric acid
being used to promote the reaction at R.T. Hse observed
both Cops and reverse-Claisen rearrangsment under

these conditions, Diethylaluminium chloride was used

by Sonnenberg 50 to carry out'Claisen rearrangsement of
allyl phenyl ethers at R.T. in hexans, but no explanation
of its apparent catalytic effect was given,

In the case of the sther (27), it would seem that
silica is bringing about the sams carbon-oxygen bond
weakening as boron trichloride is thought to doss,
although the precise mechanish in our case remains obscure.
Presumably, the relief of considerable steric strain in
going from the ether(27) to the enons (36) also
contributes to driving the reaction to completion. That
none of the other shifts observed by Schmid i.e.

(3,3)-, (3,4)- or (1,2)- took place is probably a
reflection on the weakness of any oxygpn-silica bond
formed. Whether such a bond ever exists or whether the
silica serves to stretch énd polarise the carbon~oXxygen

bond by virtue of adsorption of the substrate on to its

surface, is unknouwn,
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One further aspect of tha chemistry of (36) was
investigated. It had been noted that (36) showed a
base shift on running its u.v. spectrum. The original.
curve was not, however, generated on re-acidification,
Treatment of (36) with dil, sodium hydroxide solution
in sthanol produced a pale yellouw glaés after
acidification, having n.m.r, signals at § 1.55(6H;bd.),
2,65(2H;d.;J 7.5Hz.), 3.08(3H;s.), 3.78(3H;s.), 4.78(1H;
bt.;3 7.5Hz.), 5.57(1H;s.), 7.00(lH;d.;J 16Hz.)and
7.77(1H3;d. ;3 16Hz.). An attempt to purify this material
by preparative t.l.c. resulted in loss of the sampls,
no isolable product being eluted from the silica, It
would appear ffom the n.m.,r., however, that cleavéga
of the pyrone ring had occurred to furnish a trans=-
unsaturated carboxylic acid,uto eccount foglthe cbserved
coupling constant of 1l6Hz, Under normal circumstances,
ortho-hydroxycinnamic acids recyclise on acidificationsz.
It must be assumed, therefors; that the system has
probably tautomerised to a structure of typé (74). No
-further work was carried out on this reaction,

Throughout this work, progress was held up becauss of
lack material, owing to the fact that the starting
- compound ié a natural product with only one known
source, After soms effort, a growing specimen of

53
Prunus tomentosa was located in Britain j but, on

obtaining a fairly substantial sample of the wood,
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close examination revealed that no tpmantin was
present in it., I am, therefore, extremsly grateful to
-Professor Masao Hasegawa, Tokyo, for his generosity in

supplying samples of ths glycone tomenin.
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Hydrolysis of tomenin.

Tomenin ’({.0469.) was heated with 26ml, 5% v./v.
hydrochloric acid on a steam bath for 3 hours. After
cooling, the colourless needles wers filtered off, waéhed
with cold water and dried at 40° for 2 days. The yield
of tomentin (6) was 531lmg (88%), m.p. 182-185°(1it.}

m.p. 185°);n.m.r. signals (100MHz.) at § 3.83(3H;s.),
3.85(3H3;s.), 6.,19(1H;d.;J 9.5Hz.), 6.31°(1H;s.), 6,42
(1H3s.), and 7.98(1H;d.;3 9.5Hz.); A, 323, 255(sh.)

and 230(sh.)nm.(log€ 4,13, 3,54 and 4.06); \___(base)

max
390, 333, 269 and 245(sh.)nm.(Log €3.68, 4,02, 3,88 and
3.95)3mass spectral peaks at "/e 222(m*),208, 207, 179,

151, 95 and 69(r.a.7?3, 12, 100, 19, 42, 19 and 18%).

N-phenyldichlorocazomethine,

Prepared according to the method oflmurpﬁyl4 from
phenyl isothiocyanate (22.5g.) and gaseous chlorine.
Fractionation of crude material at 117°(15. mm.) gave
the pure product as a colourless o0il (20g.,69%).

1-Phenyl-S-chlorotetrazole (20).

Made from N-phenyldichlorcazomethine (1.74g.) and
sodium azide (0.7g.) according to the method of Kauer

and Sheppardls. (20) crystallised from benzens-hexans

as a colourless solid (1.19.61%) m.p. 121-123°(1it.1°

m.p.123.4-124.6°).
Attempted formation of 7-0-(N-phenyltetrazolyl)scopoletin,

Potassium carbonate (20mg.) and l-phenyl-5-chloro-

tetrazole(l2mg.) vere addsed to a solution of scopoletin
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(21)(12mg.) in dry acetone (2ml.) and the mixture
refluxed For_Bhr. Work up 1 yielded pure (20) from
the organic filtrate and unreacted scopoletin (21)
(8mg.) on acidifaction of the solid inorganic material.
Close examination by t.l.c. revealed no trace of any
product.

1-Bromo-3-methyl-but=-2~ene(3,3-dimethylallyl bromide)

Isoprene (100ml,;68g) and a solution of hydrogen
bromide in glacial acetic acid (50%w./v.3;168ml) were
cooled to ~ 0° and then mixed. After thres days at ~5°
the solution was diluted with iced water (1500ml.), when
a yellowish o0il separated, This was washed with iced
water and dried over anhydrous calcium chloride,
Distillation at 65-68°/~68mm, yielded 3,3-dimethyl-
allyl bromide (108g.;72%).

This material could be sterd at ~ -25° for several

weeks befofe further distillation was necessary.

5-0-(3,3 Dimsthylallyl) tomentin (22)

Tomentin (6)(70mg) was added to a stirred ;uspension
of potassium carbonate (50mg.) in acetone (12ml.) and
left st R.T. for lhr., Dimethylallyl bromide (60mg.)
was then added and the solution refluxed for 2 hr,
Work up 1 gave (22) as a yellowish crystalline solid
(84mg, 92%) which crystallised from methanol-water as
colourless plates, m.p. 80-281°, (Found:C,66,163H,6.14,

cc1
C,6M1805 requ;res C,66.19;H,6.25%);)/max41744, 1608 and
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1140 em,~! H )\max 319 and 255 (sh.) n.m., (log € 4.07
and 3,66) ; n.m.r. signals at §1.70 (3H;bs,), 1.78(3H;
bs.), 3.87 (3H;e.), 3.93(3Hjs.), 4.73(2H;d.;3 7.5Hz.),
5.52(1H;bt. ;3 7.5Hz.), 6.23(1H;d.; J 9.5Hz.), 6.63(1H;
s.) and 7.93(1H;d.;3 9.5Hz.); mass spsctral peaks at m/e
290(m*), 223,222,207,193,179,176,151,150,135,95 and 69
(r.a. 7,15,100,90,19,16,18,15,15,14,16 and 92%).

Pyrolysis of 5-0-(3,3-dimethylallyl) tomentin (22)

R solution of (22) (22mg.) in N,N-diethylaniline
(0.3ml,) and n-butyric anhydride (0,3ml,) was kept at
175° under nitrogen for 7 hr. On cooling, the mixture
was diluted with iced water (15ml), left at R.T. for
3 hr. and then extracted with ethyl acetats., The organic
layer was washsd with 1%w./v. hydrochloric acid, 0.5%
w./v. potassium carbonate solution, brine to neutrality,
and then dried and evaporated. The residues was purified
by preparative t.l.c. (30% ethyl acetate~light petroleum)
which removed any remaining diethylaniline and butyric
anhydride, and then distilled at 170°/0,4mm.- This
yielded the butyrate (26) as a colourless glass (18mg.;
66%). (Found:C, 66.65;H, 7.38,C,ooH,,0, requires C, 66.65;
H, 6.71%); V) CCLa  1770,1746 and 1608cm.”t; n.m.r.
signals ( CCl,solution) at §1,08(3H;t.; I 7Hz.), 1,70
(3H;bs.), 1.85(3H;bs), 1,60-2,10(2H;m), 2.60(2H;t.; I THz.),
3.50(2H3d.3 J 7.5Hz.), 3.78(3H;s.), 3.90 (3H;s), 5.17(1H;
bt.;J 7.5Hz.), 6.20(1H;d.;d 9.5Hz.), and 7.48(1H;d.;J 9.5
Hz.) 5 A, 346(sh.), 328(sh.), and 294nm. (log € 3.35,
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3.65 and 3,86);mass spectral peaks at "/e 360(Mm*),

291, 290, 276, 259, 204, 185, 176, 129, 71, 57, 43

and 41(r.a. 24, 24, 86, 60, 36, 23, 43, 26, 21, 41,
21, 100 and 50%).

8~(3,3=-Dimathylallyl) tomentin (23)

The butyrate (26)(27mg) was dissolved in sthanol
(10ml.) with heating. To the warm solution was added
1 ml, 0.5 wo/v. aguesous potassium carbonate and the
mixture heated on a steam bath for 5 mins, After
cooling and careful acidification with 0,1N h;drochloric
acid, the solvent was removed by evaporation to give a
residus which was dissoclved in a mixture of water and
ethyl acetate, The organic layer was washed repsatedly
with brine to neutrality, dried and sveporated to yield
a crystalline solid (19mg.87%) which furnished (23) as
colourless needlss, m.p.154-158°, after crystallisation
from ether~light petroleum. (Found:C,66.,183;H,6.13.
C)gHyg05 requires C,66.19;H,6,25%); )/ S04 3530, 1747,
1626, and 1618cm71; X\ __ 315, 256 and 232(sh.)nm. (log
€4.02, 3,95 and 4.03; X\ __ (base) 406, 340(sh.),326,
275 and 243(sh.)nm.(log €3.56, 3.80, 3.89, 3.91 and
3.96); n.m.r. signals at & 1.70(3H;bs.), 1.83(3H;bs.),
3.47(2H;d;J 8Hz.), 3.93(6H;s), 5.22(1H;bt.;J BHz.),
6.18° (1H3e.), 6.25(1H;d33 9,5Hz,), and 7.98(1H;d.;3
9.5Hz.); mass spectral peaks at "/e 290(m*), 276, 275,
260, 259, 247, 245, 235, 233 and 219(r.a.100, 16, 79,

11, 17, 27, 12, 14, 11 and 11%),
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Attempted cyclisation of (23)

(23)(4mg.) was dissolved in 1 ml. methanol to which
2 drops of conc. hydrochloric acid had been added, and
the mixture refluxed for 90mins, The mixture was
diluted with iced water, extracted into ethyl acetats
and the organic layer washed with 0.5% w,/v. potassium
carbonate solution, brine to neutrality, dried and
evaporated to yield unreacted starting material(3mg)
(mep. and t.l.c.) as the sole product.,

Tomentin tosylats

A solution of tomentin(6)(23mg) and toluene p-sulphonyl
chloride (25mg.) in dry pyridine (1 ml,) was kept at
R.T. for 75hr, when t.l.c. showad only partial conversion.
R further 20mg.of toluens p-sulphonyl chloride was, therse-
fore, added and the mixture left for another 4 days.
Work up li yielded 34mg, of a pale yellow glass which,
after preparative t,l.c. (0.,5% v./v, methanol~chloroform
X1), afforded:-

i) tomentin tosylate, as colourless platss from sthyl

acetate (19mg.; 49%. 94%conversion), m.p. 176-177°.
(Found:C,Sé.ZS;H,d.dO. C18H1607S requires C,57.44;
H,4.29%); mass spectral peaks at "/e 376, 222, 193, 178,
150, 91, 69 and 65(r.a. 31, 77,100, 15, 15, 41,15 end
15%); n.m.r. signals at & 2,48(3H;s.), 3.63(3H;s), 3.93
(3H38); 6.25(1H;d.;3 9.5Hz.), 6.78(1His.), 7.37(2H;d.;

3 8Hz.), 7.75(1H;d.;J 9.5Hz.), and 7.88(2H;d.;J BHz.);
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max
and 255(sh.)qm.(1og € 4,03, 3.98 and 3,96),

cc1 | -
YV El4 3948, 1615, 1382 and 1065cm.1;)\max331, 296

ii) tomentin(6) (limg.;30%){(n.m.r.).
2=-Methyl-2~chloro=-3-butyne,

Prepared by the method of Hennion and 8013911927,

2-mathyl~3-butyne-2-0l (100g.) yislded 2-msthyl-2-
chloro-3-butyne (63g.;52%),b.p. 78-81%(1it2 b.p.73~76°).
Thies reagent could be stored over solid anhydrous ::.
potassium carbonate at ~ -20° for at least 6 months

without requiring redistillation,

5-0~(1,1-Dimsthylproparqyl) tomentin(31),

Potassium carbonate (0.83g.) and potassium iodide
(0.14g.) were added to a solution of tomentin(6)
(0.56g9.) in aqueous acetons (2% v,/v.;66ml.) and the
mixture stirred at R.T. for lhr, 2-Methyl-2~chloro-3-
butyne (0.83g.) was added andlthe solution refluxed
for 6hr., More potassium carbonate (0.83g.) and 2
methyl-2-chloro-3-butyne (0.83g.) were added and the
reflux continued for a further 24hr, ‘Additibnal 2=
methyl-2-chloro-3-butyne (0.83g.) was then put into
the mixturs, and a final 24hr. reflux carried out,
Work up 1 gave, from the recovered inorganic solids,

a brown crystalline material, identified as tomentin
(6)(0.19g.;34%)(m.p.,n.m.r, and t,l.c, behavior), and
from the filtrate, a brown oil which, after preparative

t.l.c.(50% v./v. ether~-light petroleunm X1), yielded:=
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i) the ether (32) as a pale yellow glass (33mg.4%,

6% conversion), b.p, 135°/0.1mm.(decomposes). (Found:
C,71.02;H,6.,47. C21H22[]5 requires C,71,17;H,6.,26%);

Y ttla 3300, 2110 (very weak), 1740, 1618, 1583 and
1551cm:1; mass spectral peaks at "/e 354(M*), 289, 288,
287, 274, 273, 245, 243, 229, 202, 193, 115, 91, 77 and
67(r.a.11, 11, 55, 12, 18, 100, 36, 11, 15, 12, 12, 12,
15, 19 and S54%)n.m.r., signals at & 1,73(6H;s), 1.92
(6H3;s), 2.30(1H;3s.), 2.47(1H;s.), 3.80(3H;s.), 3.98
(3H3;s.), 6.23(1H;d.33 10Hz,) and 8,10(1H;d.;J 10Hz.),
)xggid 348 (sh.), 335(sh.), 303, 253(sh.), and 232(sh.)
nm, (leg€ 3.61, 3.86, 4,08, 3.72 and 4,19).

ii) 5-0-(1,1~dimethylpropargyl) tomentin(31)(221lmg.,30%,

46% conversion), as colourless plates (m.p. 85-86°)
from aqueous ethanol. (Found;C,GB.SG;H,5.93. Ci6M1605
requires C,66.665H,5.59%); V CC14 3310, 2125(very
weak), 1747 and 16120mfl; mass spectral peaks at "/e
288(mM*), 260, 257, 223, 222, 208, 207, 193, 179, 151,
135, 95, 69, 67, 65, 53 and 51 (r.s. 12, 13, 45, 14,
100, 13, 100, 23, 17, 18, 13, 17, 28, 41, 16, 14 and
21%); n.m.r. signals at & 1,72(6H;s.), 2.43(1H;s.),
3,78(3H;s.), 3.90(3H;s.), 6.18(1H;d.3] 9.5Hz.), 6.65
(1H;e.), and B,07(1H;d.33 9.5Hz.); N\, 350(sh.), 329,
313, 255(sh,), 246(sh.), and 225(sh,)nm.(log €3.78,
4,01, 3,98, 3.60, 3,71 and 3.03),

1i1) the allene mixture (46 and 47) (54mg.;7%, 11%

conversion) as a yellow oil which crystallised on
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standing for several weekes., The mixture had n.m.r.
signals at §1.48-1,70 (12H;m.), 3.23(6H;s,), 3.88
(3H;8.), 3.93(3H;s.), 5.,17(lHseptet;d 3Hz.), 5.45(1H;
septet;J 3Hz.), 5.70(1H;s.), 5.73(1H;s.), 6.07(1H;d.;
J 9.5Hz,), 6,18(1H;d.;J 9.5Hz.), 7.80(1lH;d.;J 9.5Hz.),
and 7.88(1H;d.;d 9.5Hz.); A __ 382, 316, 290, 282 and
255 nm,

iv) tomentin(6)(~10mg,, ~v2%);identified by n.m.r. and

t.l.c. bshavior.

Attempted formation of the ether(31l) in glyme.

A solution of tomentin (6) (10mg.) and 2-chloro-
2-methyl-3-butyns (24mg.) in glyme (3ml.,) to which had
been added potassium carbonate (l1lmg.) and potassium
iodide (1 small crystal) was kept at 75%in an o0il bath
for 4 hr, Uork up 1 gave a ysellow oily residue (Bmag.)
containing mainly the starting phenol (6) and traces
of decomposition products (tel.c.), which were not
isolated., None of the expected products, (31), (32),
(46) or (47) was pressnt in observable quantities,

Quinocline-sulphur poison54

A mixture of sulphur (lg.) and quinoline (6g.) were
heated at 160°%5° for 6hr. On cooling the dark brown
mixturé was made up to 70ml, with xylene. This stock
solution was stored at 5%, Immediately prior to use,
0.7ml. of this solution was diluted to 70ml, with
ethyl acetate and used in this form as a partial poison

for the catalyst, 5% w./w. palladium-charcoal,
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Reduction of 5-0-(1,1-dimsthylpropargyl) tomentin(31).

(a) Palladium-charcoal (5% w./w.;9mg.) was added to a
solution of the propargyl sther (31)(22mg.) in ethyl
acetate (15ml.) and the guinoline-sulphur poison
(0.07m1.). After hydrogenation at R.T. for 1-2hr. when
the uptake of hydrogen was approximately 1 mole, the
catalyst was removed by filtration through Celite 535
and the solvent svaporated using as little heat as
poseibla,/to yield 29mg. of a yellow oily material,
still contaeining a littls of the poison mixture. Ths
residue was separated by preparative t.l,c.(chloroform
X1) into:~

1)5-0-(1,1-dimathylpropargyl) tomentin(31)(6mg.;27%)

(nem.r. and t.l.c. behavior)

ii)the enone (36)(l1lmg.;50%),from ether as yellow
prisms, m.p. 111-113°,(Found; C, 66.44;H,6,23, Ci6M1a
05 requires C,66.19; H,6.25%); M CC14 1763, 1678, 1635,
1592 and 1535(very strong)cmfl; n.m.r. signals at
§1.53(3H;bs.), 1.60(3H;bs.), 2.70(2H;d.;3J 8.5Hz.),
3,15(3Hss.), 3.93(3H;s.), 4.87(1lH;bt.;] 8.5Hz.), 5.77
(1H;s.), 6.08(1H;d.33 9.5Hz,) and 7.82(1H;d.;3 9.5Hz.);
mass spectra). peaks at "/e 290(M*), 223, 222, 207, 193,
176, and 69(r.a, 3, 13, 100, 65, 10, 14 and 82%);
X pax 380, 316 and 257nm, (Log € 3,70, 3,95 and 3,82);
Amax(basa) 338, 276 and 245nm,(log &3.84, 3,73 and

4.08); X\ (reacidification) 28lnm. (log€3.66).
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(b) In another experiment, carried out in an identical
fashion to the one described ebove, the propargyl

ether (31)(48mg,) gave rise to a pale yellow oil(45mg.,
92%) on hydrogenation with palladium-charcoal (5%w./w.;
57mg.) poisgned with sulphur-quinoline (0.55ml.).
Distillation at 170°/0.1mm, afforded tha saturated ether
(35) as a pale yellouw glass;;>/§gi4 1742, 1604 and

1. n.m.r. signals at & 3.05(3H3t.33 7.5Hz.),

1558cm,
1.32(6H;s.), 1.82(2H3q.33 7.5Hz.), 3.78(3H;s,), 3.93
(3H;e.), 6.20(1H;d.33 10Hz,), 6.63(1H;s.), and 7.90
(lH;d.}J 10Hz.); mass spectral pesks at "/e 292(m*),
263, 223, 222, 208, 207, 193, 151, 71, 69 and 55(r.a.

4, 11, 19, 94, 14, 100, 16, 11, 13, 12 and 11%).

Comments on ths partial hydrogqenation of propargyl ethers,

During the courss of this research several lLindlar
reductions of coumarin propargyl ethers have bsen
carried out. The results obtained from this reaction
are reproducible, but care had to be taken to make
sure the procedurs wes followed sxactly. In-particular,
hydrogenation of the ether (31) was found to be very
sensitive to certain variableé; whereas reduction of
7-0-(1,1-dimethylpropargyl) umbelliferone, whilst still
tricky, was somewhat less sensitive, Important factors

weres=-

1) the degrees of catslyst poisoning employed. For the

7~02gther (Part 1,) 0.0lml. of sulphur-gquinoline poison
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(freshly diluted for each reaction) per mg. of S%

w./w. palladium-charcoal was idaal. In the cass of

the 5-B-sther (31), however, a reaction mixture made

up with this poison concentfation would never procsed,
Here it was necessary to calculate thse quantity of
dilute poison as abova, and then subtract 0.02ml. from
the figure obtained (es.q. 20mg. of catalyst was poisonsd
with 0.18ml, of diluted sulphur-guinoline). Slight
over-poisgning resulted in a very slow reaction, under-
poisoning carried the dangsr of over hydrogenation,

ii) the order of addition of reagents to the rsaction

flask, The following sequence was used for best
resultst-

a) crystalline starting materisal.

b) AnR, ethyl acetate.

c) catalyst.

d) diluted poison,

iii) incident radiation. The hydrogenation apparatus

utilised for these reactions was positioned next to a
window in the laboratory and over two years it was
noticed that satisfactory hydrogenation of the ether
(31) would not proceed in bright sunlight. No
explanation can be offefed for this observation, but
when the effect was sventually noticed, a hitherto

erratic and unpredictable reaction becamse reproducible.
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Evidencs for the ether (27) as the first product of

hydrogenation.

The hydrogenation of the ether (31) was carried ocut
exactly as described (vide supra) but with the

following modification to the work-up:~ the reaction
mixture was filtered at the pump through a very thin
pad ‘of Celite 535 to minimise contact with the
constituents of the reaction mixture. Subsequent
evaporation of solvent, with minimal heating, afforded
(27) as a pale yellow o0il, which was not purified;
n.m.r, signals at &§1.53(6H;s.), 3.83(3Hjs.), 3,97
(3H;s8.), 5.20(1H;d.;] 18Hz.), 5.10(1H;d. 33 10Hz.),
6.17(1H; dd.;J 18 and 10Hz.); 6.23(1H;d.;J 10Hz.),
6.67(1H;s.) and 7,92(1H;d.;J 10OHz,) in addition to
signals due to small traces qF the enone (36).

Attempted thermal rearrangement of the sether (27)

The allyl sther (27)(~20mg.), contaminated with
small amounts of (36) was dissolved in ethyl acetate
(5ml.) and allowed to reflux gently on a steam bath
for Smins, After evaporation of solvent, the n.m.r.
of the residue was idsntical with that of the starting
ether (27). No conversion to the enone (36) was
observed within the limits of the integrator accuracy.

Silica-catalysed rearrangement of the éther (27)

An unpurified residue (75mg.) from the hydrogenation
of the ether (31) containing the allyl sther (27) and

traces of the enocne (36) was dissolved in ethyl acetate
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(10ml.) and stirred with solid Celite 535 at R.T.

for S5mins. After filtration and evaporation of solvent
from the filtrate, the n.m,r. of the residue

indicatsd substantial rearrangement ( 30%) to the
enone (36). A repsat of the experiment using Kisselgal
G instead of Celite 535 and stirring for lhr. resultad
in complste conversion to the dienons,

Borohydride reduction of the enane (36)

To a solution of ths enons (36)(45mg,.,) in ethanol
(10ml.) at R.T. was added solid sodium borochydride in
small portions ( 3mg each) until t.l.c. indicated
complete reaction. The mixture was then carefully
neutralised with 0.1N hydrochleric acid, diluted with
saturated brine (20ml) and extracted twice into sther=-
ethyl acetate (50% v./v.). Washing with brine, drying
and evaporation of solvent furnished (38) as a
yellow oil (35mg.;77%). Purification by preparativs
t.l.c. gave the alcohol (38) as a pale yellow glass;
nem.r. signals at & 1.65(3H;bs.), 1.73(3H;bs.), 2.45
(2H;bm3 3 8.5Hz.), 3.17(3H;s.), 3.77(3H;s.), 4.30(1H;s.),
5.27(1H; bm.;J 8.5Hz,), 5.33(1H;s.), 5.80(1H;d.;3 9.5Hz.),
and 7.22(1H;d.;349.5Hz.);/>/ggi4 3595, 3425, 1740,

1600 and 1525(very strong)emil; A\ __ 325, 300 and 257(sh.)
nm.; mass spectral peaks at "/e 202(n*), 224, 223, 222,
208, 207, 206, 191, 164, 163, 135, 123, 107, 95, 79, 77,
69, 55, 53 and 51(r.a.23, 22, 42, 13, 12, 90, 25, 53,

1s, 100, 27, 17, 12, 17, 17, 17, 36, 16, 19, 19 and 15%),
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Aromatisation of the alcohol (38)

A solution of (38)(16mg.) in methanol (Sml.)
containing concentrated hydrochloric acid (0.3ml.) was
refluxed for 10mins, After cooling, the mixture was
poured into iced water (15ml.), extracted into
ethyl acetats and the organic layer washed with 2%
w./v. sodium bicarbonate solution and brins to
neutrality. Subsequent drying and solvent evaporation
yielded 6,7-dimethoxycoumarin (9) as a colourless solid
(10mg.;88%) identicel in all respscts (m.p., m.m.p.,
u.v., i.r., Nn.m,r, and mass spectrum) with synthetic
material., (9) crystallised as nesdles, m.p,138-139°
(11t5%m.p. 143-143,5°),

Svynthesis of 6,7-dimethoxycoumarin (9)8

Potassium carbonate (100mg.) was added to a solution
of 6,7-dihydroxycoumarin (50mg.) in acetone (100ml.)
and stirred at R.T., for lhr. Methyl iodide (1 ml.) uas
then added and the mixture refluxed gently for 4hr.
Work up 1 afforded a colourless crystallins solid, m.p.
139-1d00(li€Fh.p.143—14353;,)/ggi4 1740, 1619 and
1514cm:1; nem.r. signals(100 MHz.) at § 3.88(3H;s.),
3.90(3H;s.), 6.26(1H;d.;3 10Hz.), 6.84(2H; bs.), and
- 7.62(1H;d, 33 10Hz.); )\max 343, 294, 258(sh.) and 230
nm.; mass spectral peaks at M/e 206(m*), 191, 178, 163,
135, 120, 107, 92, 79, 69 and 51(r.a.100, 50, 23, 44,
31, 14, 28, 15, 23, 25 and 24%).
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Aromatisation of the enone (36) ,

The enane (36)(15mg.) in ethanol-water (80%v./v.)
(10ml.) to which had been added 2ml. dil, sulphuric
acid, was warmed on a steam bath for 5 mins. After
dilution with water (20ml.) and extraction into ethyl
acetate, the organic layer was washed to neutrality
with brine, dried and evaporated to yield Smg.(43%) of
a colourless crystalline solid, identifisd as tomentin
(6)(t.l.c., u.v., and mass spectrum).

Attempted hydrogenation of the esnone(36)

A solution of (36)(42mg;) in sthyl acetate (15ml.)
to which had been added 5% w./w. palladium-charcoal
(9mg.) (no poison) was hydrogenated for 2%hr, At the
end of this time there had been no mesasurable uptake
of gas and, after removal of catalyst by filtration
through Celitse 535 and svaporation of solvsnt, ths
residue was found to contain only unrsacted starting
material (t.l.c. and n.m.r.)

Action of base on the enons (36)

The enone (36)(20mg.) was dissolved in ethancl(2ml.)
to which 2 drops of dil, sodium hydroxide solution
had bsen added, After gently warming for'S mins,
during which the yellow colour faded considerably, the
solution was acidified until just neutral with 0.1N
sulphuric scid,diluted with water(20ml.), extracted into
ethyl acetats, and the organic layer washed with brine,

dried, and evaporated to Purnish a pale yellow glass
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(23mg.) still containing a trace of ethanol(n.m.r.);
n.m.r, signals (CCly) at 6 1.55(6H; bd.), 2.65(2H;d.;
J 7.5Hz.), 3.08(3H;8.), 3.78(3H;s.), 4.78(lH; bt.;3
7.5Hz.), 5.57(1H;s,),7.00(1H;d.;3 16Hz,), and 7.77(1H;
de3Jd 16Hz,).

Attemptaed purification by preparative t.l.c,(ethyl
acetate X1) failed; no isolable product could be
eluted from the silica,

Pyrolysis of the sther (31)

5-0-(1,1-Dimethylpropargyl) tomentin (31) was
pyrolysed for 20mins. at 130° in a sublimation tubeb
at O.lmm. pressurs.

The product, which distilled up the tube, yielded
the following after preparative t.l.c.(40% ethyl
acetate-light petroleum X1):=

i) the allena (46) (22mg.;8§%) which, on redistillation

and allowing ths distillate to stand for a week,

slowly solidified as yellow.plates, MePoe 110-112°,
(Found: C,66.513H,5.38, C,H, 0 requires C,66.66;H,
5.59%);_)/ggi4 1970 (very weak), 1763, 1681, 1638, 1594
and 1538 (very strong)cm:l;n;m.r. signals (100 MHz.) at
§ 1.60(3H;d. ;3 3Hz.), 1.65(3H;d.3J 3Hz.), 3.21(3H;s.),
3.87(3H;s.), 5.12(1H;septet;d 3Hz.), 5.64(1H;s.),
6.04(1H;d.3J 9.5Hz.), end 7.79(1H;d.;J 9.5Hz.); )\max
382, 318, and 255nm. (log€3.78, 3.99 and 3.82);

mass spectral peaks at "/e 288(m°), 260, 258, 257, 242,

207, 179, 69 and ¢7(r.a. 3, 25, 20, 100, 12, 15, 10,
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12 and 12%)
ii) the sther (31)(~1img.;~Vv4%)(t.1l.c.).

Isolation of the 2llens(47)from the 1:1 mixturse with(46).

The 1:1 mixture of allenes (20mg.), obtained as a
by-product from the synthesis of (31), was heated
slowly in a sublimation tube at 0.lmm. pressure until
(47) just began to distil. The tube was then slouwly
withdrawn from the sublimation block as distillation
proceeded until the block temperature reached 1450,
when heating was stopped. 0On cooling, the material
at the upper end of the tubs crystallissd as a
colourless solid, and any contamination from the yellow
isomer (46) was removed by washing with ether, One
further sublimation furnished a very small sample of
the allens (47), m.p. 148-1509. YV Egid 1968 (very weak),
1760, 1663, 1640 and lsoécm:l; )\max278 and 252(sh.)nm,
(log € 4.06 and 3.98); A__ (base) 340 and 255(sh.).nn,
(Log€ 3.91 and 3.93); n.m.r. signals (100 MHz,) at
§ 1.64(3H;s.), 1.66(3H;s.), 3.22(3H;s.), 3.86(3H;s.),
5,45(1H;septet;d 3Hz.), 5.71(1H;s.), 6.33(1H;d.;3 9.5Hz.),
and 7.91(1H;d.;J 9.5Hz.); mass spectral peaks at /e
288(m*), 273, 257, 223, 222, 221, 207, 193, 179, 77, 69,
67, 65, 63 and 51(r.a.43, 18, 21, 13, 100, 23, 98, 27,

13, 17, 24, 39, 16, 16 and 21%).
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Reduction of the allens (46)

To a solution of the allene (46)(25mg.) in ethanol
(4ml.) at R.T. was added small portions (~ 3mg.each) of
solid sodium borohydride until t.l.c. showed complets
reaction (about Smins.) After careful neutralisation
with D.,1N hydrochloric acid, the mixture was-:
diluted with sat, brine (10ml.) and extracted into
ethyl acetate. Subsequsnt washing to neutrality with
brine, drying and evaporation of solvent furnished 24mqg,
(95%) of semi-solid pale yellow material (59) which
decomposed quickiy at R.T.}vn.m.r. signals (100 MKz,)
at § 1.60(3H;d.;J 3Hz.), 1.68(3H3;d.;J 3Hz,), 3.41(3H;s.),
3,71(3Hss.), 4.71(1Hss.), 5.10(1H;m.;3J 3Hz.), 5.32(1H;s.),
5.,97(1H;d.3J 9.5Hz,), and 7,43(1H;d.;3 9.5Hz.); )\max
370, 325(sh.), end 258(sh.)nm.

Aromatisation of the alcohol (59)

The alcohol (59)(18mg.) was dissolved in methanol
(2ml.) and 0.3ml. dil, hydrochloric scid added. The
mixture was then warmed on a steam bath‘to A;SDO and
left to cool for 2hrs., after which it was diluted
with water (10ml.), extracted into ethyl acetate,
washed to neutrality with brine, dried and the solution
evaporated to yield a pale yellow glass which
crystallised on standing. Sublimation at 130°/0.1lmm.
gave the chromene (60) as colourless nsedles (6mg.38%)
mep.110-112°(1it4 m.p.116%). V/ EC14 1742, 1638, 1610
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and 1597cm;’; n.m.r. signals (100 MHz.) at § 1.46
(6H;s.), 3.86(3H;s.), 5.42(1H;d.;3 10Hz.), 5.99(1H;d.;
J 10Hz.), 6.26(1H;s.), 6.52(1H;d.;J 10Hz.), and 7.77

(1H3d.33 10Hz.): A (323, 302, 292(sh.), 262 and 273

ma
(sh.)nm.(log € 4,04, 4,05, 4.10, 4,21 and 4.14); mass
spectral peaks at "/e 258(M*), 244, 243, 228 and 200
(r.a. 16, 16, 100, 11 and 13%).

Rearrangement of the ether (32)

The bis acetylene (32)(18mg.) was heatsed slowly from
R.T. to 140° at 0.4mm, pressure in a sublimation block
and held at this temperature for 20mins, The pure
product (65) was distilled out of the reaction mixturs
at 145-150°/0.4mm as a deep orange glass(l4mg.78%)
(Found:C,71.14;H,6.38, C,yHop0g requires C,71.17;H,

6.25%);;}/ggi4 3310, ' 2103(v.weak), 1966(v.usak), 1757,
1679, 1614 and lSlO(u.strong)cm:l; n.m,r. signals at
$1.57(3H;s.), 1.70(3H;s.), 1.73(3H;s.), 1.78(3H;s.),
2.30(1H;s.), 3.32(3H;s.), 4.10(3H;s.), 5.12(1H;m.;3 3Hz.),
6.12(1H;d.;J 9.5Hz,), and 7,90(1H;d.;3J 9.5Hz;); )\max
400, 320 and 270nm.; (log €3.47, 3,81 and 3.89); kma’x
(base) 396, 285 and 243nm.(log £3.70, 4.01 and 4,11);
mass spectral peaks at "/e 354{(m*), 340, 339, 326, 324,
323, 309, 307, 293, 287, 279, 273, 272, 259, 229, 201,
194, 193, 115, 91, 77, 67 and 65(r.a.27, 17, 75, 15, 18,
56, 21, 22, 24, 34, 16, 24, 14, 17, 14, 12, 15, 100, 14,

14, 20, 34 end 16%).
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Attempted C-alkykation of the ether (31)

Potassium carbonate (45mg,), potassium iodide(8mg.)
and 2-methyl-2-chloro-3-butyne (45mg.) were added to
a solution of the ether (31)(30mg.) in 2% v./v.
aqueous acetone (5ml,) and the whole refluxed for
6hr, More 2-methyl-2-chloro-3-butyne (60mg.) was then
added and the reflux continued for a further 24hr.,,
when a t.,l.,c. examination of the reaction mixture
showed the presence of the ether (32), starting material,
the allenes (46) and (47) and tomentin (6).

Attempted interconversion of the allenes(46) and (47)

(a) 20mg. of the 1:1 allsne mixture was diseolved in
freshly distilled tetrachloroethylene (0.4ml.) end the
solution heated to 155° for 40mins, in a sealed pyrex
n.m.r. tube. The spectrum was then run (100 MHz.)
immediately mhilsf the whole n.m.r. tube assembly was
kept at a tempsraturs of 100%,. The resulting spectrum
was exactly identical with the spsctrum of the starting
mixture, and exhibited no measurable acetyleﬁic
resonance,

(b) In a second sexpsriment, small samples of the allenes
(46)and(47) were heated individually in a sublimation
block to 145° for 45mins., Some distillation occurred,
but u.v., examination of both residuss and both

distillates showed the compounds to have remained

completely unchanged.
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Attempted rearrangement of the ether(31) under

proparqgylation conditions,

 Potassium carbonate (20 mg.) and potassium iodide(l
crystal) were added-to a solution of 5-0~-(I,1-dimethyl=~
propargyl) tomentin (31)(6mg.) in 2% v./v. agueous acetons
(10m1) and the solution refluxed for a total of SO0hr.
Work up 1 yielded an o0ily residue whose t.l.c. indicated
soms decomposition of the ether (31) to givs both polar
and non-polar products, none of which were isolated.
The 1:1 mixture of (46) and (47) was, howsver, absent,

Pyrolysis of the snone (36)

The yellow dienone (36) (~1lmg.) was heatsd to 150°
for 15mins., at atmospheric pressure in & sublimation
block, when t.l.c. examination revealed it to be substan- .
tially unchanged, After a furthsr l0Omins, at 200° the
mataerial had charred but a polar product could be detected
by analytical t,.,l.c., although the sample still contained
the enons (36) as major constituent, Data for this pro-

duct were not obtained.

Attemptad pyrolytic aromstisation of the aleohol(38).

A very small sample (~1 mg) of (38) was heated to
195° at atmospheric pressure in @ sublimation bleck for
5 mins, Exsmination by analytical t.l.c., revealed the
starting alcohol(38) as major component accompanied by
some 6,7-dimethoxycoumarin (9).

53
Extraction of British Prunus tomantosa ",

. o
The wood was cut into smell chips, dried at 40,
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ground tho;oughly and finally dried again for ssveral
days at 40°%, . This mater;al(lsag.) was extracted for
4hr. with hot methanol (2,51.) in a Soxhlet extractor
and the extract evaporated as far as possible under
reduced pressure. The resultant residue was extracted
three times with ether (150 ml. pottions) leaving a
green residue, The ethyl acetate soluble portion was-
evaporated under reduced pressure, affording a brown
tarry residue; a small portion of which was dissolved

in 5% v./v. hydrochloric acid and boiled for hr.

After cooling and dilution with water, the reaction mix-
ture waé extracted with ethyl acetate, washed to neutrality
with brine, drisd and evaporated to give & residue

which was found to contain no tomentin on close t.l.c.

examination,
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