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The 2,2~dimethylchromene ring system (I) is of
common ocdurrence in plant products. The ring system
occurs either as such in nature with hydroxyl and other
substituents or is incorporated with other heterocyclic
systems such as coumarin, flavone, isoflavone, xantheng
and other complex ring systems as detailed in Chart I.
Coumarins and isoflavones are the mogt commonly
encountered natural products edntaining a 2,2=dimethyl~
chromene nucleuss among the isoflavones may be included
the closely related rotenoids such as toxicarol (XXII).
Sericetin (XIII) is the only flavone and jaaar&nbin
(XVII1I) is the only xanthone found so far to ococur in
nature which contains the 2,2edimethylchromene. Morellin
and other pigments, which are the main subject of this
~thesis, have now been shown to be complex xanthone

derivatives qmntaining'a 2y2=dimethylchromene ring system.

The gem~dimethyl group and the S-carbon chain in the
pyran mucleus of the 2,2-dimethylchromenes listed in
Chart 1 indicate their biogenesis from a phenol and an
isoprene unit through an g~=YY~dimethylallyl phenol (II).
Phenols, especially resorcinol anéd phloroglucinol, have

nucleophilic activity and ean therefore be readily
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attacked by “active isoprense" (MQEC=CH-€*E3) postulated
by CORNFORTH and POPJAK.)® The formation of I from II
may proceed through one of several mechanisms, such

as thss§ indicated below, and a choice can be made only

by specific biosynthetic experimentation.

@H CMez
l Ay \H+
OH CIMez OH (I:Mez
_CH,
ch,

L@jJ

The dehydrogenation of 2,2~dimethylchromanes to
2,2-dimethylchromenes has analogies in well-established
bilological dehydrogenations, but may involve a specifie
dehydrogenase. Hydration of the ethylenie bond in II



finds support in the structures of 1aarin3 (I11) and
amnronsinﬁ (1v), which have been isolated from the leaves
of Epimedium mpacranthum and Phellodendron amure

Anurensin is accompanied by the corresponding flavananI}
phellamurin.

GL-0
UL,

OH

IT GL= D- Glucose VA

Rh = L-rhamnose

0LL152 has suggested the following mechanism,in
whieh the phenol anion is initially oxidized, followed by
the loss of the benzylie proton to form an gemethylene-
qulnone intermediate, which subsequently cyclizes to the
2,3~dimathyiehfamene, This mechanism appears to have
greater validity for the conversion of gpdimethyisllyl

phencls to benzofurans, such as the widely occurring
rotenoids.

)



The aimplé:ﬁﬁbstitutad 2,2=-dimethylchromenes, their

coumarin derivatives and a few alkasloidal compounds are

mainly distributed in the natural orders Rutage

tag, and are contained in the essential oil

fractions. OSeselin (XII), which belongs to this»elaaa,
also occurs in a plant belonging to the Un

Flindersine™ (IV), an alkaloid, has not been included in
this ¢lass of compounds, beczuse it containg an o-pyran
ring fused to a pyridone and not 2 benzene ring.
The flavone sericetin (XI11I), the

v 1soflavones munetone (X1V), mundulone

~ (XV), toxicarol-isoflavone (XVI) and
Jamaiein (XVII) and the related rotenoids occur in the
Leguminogae family. Osajin (XXIII) and pomiferin (XXIV),
two isoflavones, occur in the osage orange (Maglurs pomifera)
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which belongs to the Moraceae. The xanthone derivatives,
jacareubin (XVII) and the more complex morellin (and the
allied pigments of Gareipls morella), are present in the
Guttiferae family. Fusein (XIX) is the only compound of
this class isclated from the culture filtrates of a
mould.

The main proof for a 2,2~dimethylchromene consists in

- the isolation of acetone by mild alkaline hydrolysis and
of o=hydroxyisobutyric acid by alkaline permanganate
oxidation. However from Jamaieinﬁ (XVI1) acetone was not
isolated, and evodione® (XX) was found to be stable to
alkaline hydrolysis. By the permanganate oxidation of
fusein (XIX) (a chroman derivative) and flavoglaueinsa (v
K=hydroxyisobutyric acid was isolated in spite of the
absence of a 2,&~dimethylchromene system« Important
additional evidence for the structures of rottlerin (XXI)
and toxicarol (XXII1) was provideé by the isolation of

8, 7=dihydroxy~2,2«dimethylchroman (vi) 7*® from tne
alkaline degradation products of the hydrogenated compounds.

H
OHC

n-CzH;s
OH
Flavoglaucin Y



The NMR spectrum offers an excellent and definite
method for the identification of the 2,2«dimethylchromene
system in a molecule. The vinyl doublet at 3.35 and 4.43°Y
with & coupling constant of 10 eps is indicative of two
8is hydrogens on a double bond conjugated with an aromatic
ring. OLLIS and JACKMAN® have examined the MMR spectra of
a series of natural products possessing the 2,2-dimethyl=-
chromene system. Isolation of acetons and ««hydroxyiso~
butyriec acid supported by IMR evidence constitutes dependable
proof for 2,2«dimethylchromenes. ‘

The three common methods of building up the 2,2«
dimethylchromenes areg= :

ls. By the Grignard reaction on the corresponding coumarins
using methyl magnesium hslide. Lapaehennllo (V1i1) has been
synthesiged by this method, in which obviously protection of

hydroxyl groups 1s necessary. The various mechanisms advane=

ced for this reactian have been reviewed by sﬁﬁzﬁnﬂ.lea
Yt O . 2. By the reduction of the
OO "
whops [ My MeO corresponding 2,2-dimethylchro-
0/‘/21 (R) ‘/\‘J< manone to the chromanol, followe
=ty - o) Ve ol B 10

ed by dehydration. Lapachenol
(v1I1), flinderaina (IV) and ageratechromanell (VIII) have
been synthesized by this method, which again has been
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applied only to methyl ethers or to chromenes free from
hydroxyl groups (gf. flindersine), so far, and not to

the free phenols. For the reduction of chromanone to
chromanol, a reagent such as lithium aluminium hydrién,m’u

or hydrogenation in presence of platimum axmal

has been
employed. Dghydration of ehromanols has been effected by
131 sulphuric acld, phosphorus pentexide in benzene,

thionyl chloride in ahloramrm,l and by heating with alumina.u

0 0 0
MeO LAH_ MeO -H0 MeO
—_—> — >
MeO MeQO MeO =
Y OH
' pviins

3. By the condensation of the appropriate phenol with
2«methyl=3«butyn~2«0l (dimethylethynylearbinol; IX) in

‘a sealed tube by heating to 200° for 12 hr, bu*_t; the yields
are less than 2 per cent. Lamngatinm (X), xanthyletinl3
(X1) and seselint? (X1I) have been synthesized by this

methods . -
OMe IMe.
) 0
OH HO\C/Me Sealed tube 0 0
t ~ 200°, 12h
NN | Me y 1€ DrS: N =
. CH==C:: .
Daphnetin
8-methyl ether X X

No 7~o#€  Ho dihydroxy-2,2-dimethylchromene appears to have been
Br described in the literature, and synthesis of most of the

Bé ¢ 5-0¥-
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Ploprltee.

natural products which are bullt on a 2,2~dimethylchro-
mene ring remains to be accomplighed. 8-Tubaie aeidls
(XIII) has been prepared by the sodium borohydride
reduction of the corresponding chromanone to the chromanol,
followed by aeid-catalysed dehydration. OLLISI® also
prepared the same by condensing feresorcylic acid

methyl ester with 2-methyl-3-butyn-2-ol (IX}, but he

did not mention the experimental details.

AN
XX~ COOH

X



TABLE 1. NATURALLY OCCURRING 2,2-DIMETHYLCHROMENES

.References

Name Structure Occurrence
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Isolation,
structure

© ®s se e ®e e ws

Synthesis

no
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w
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s
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Simple chromenes

0 ~, O~ Essential oil 57
Meo@/]( HO<I /‘f( !
NI Ac ' of Bupatorium
species

(Compositae)

0
MelO s
Ageratochro- ! :I< 0il of Agera- | 18 1
‘mene MeChes o =

tum mexicanum;

St A. conyzoides
vIIL (Compositae

{ S L
|positae) s lel

fovs g
{ianthella uni-

Evodionol Mo SO Essential oil | 19
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2600

|

"Brazilian
white peroba'"

aratecoma alba

3. q, B.oh g
Methyl ether MeO 0 Leaves of 20
of evodionol Ac[:::[:é;1< Medicosma
OMme : cunninghamii
(Rutaceae)
Ac :
Alloevodionol doe O\T< - do - 20
G
OMe
y Ac
Methyl ether MeO = 0 Leaves and 20,
of alloevo- E;:jl:q;j<’ bark of Acra- 23k
dionol OMe : denia frankli-
'nii(Rutaceae)
MeO
Evodione MeOF /Oj< Essential oil | 6
AN
Ac\\‘| i of Evodia
OMe elleryana
56.8 (Rutaceae) ;
l
Alloevodione - do - 22
Lonchocarpin Seeds and 235 24, xx
roots of Lon- 24a
chocarpus
sericeus
/ (Leguminosae)
.| Lapachenol Heartwood of 25 10,
i ; o5
i 2




Rottlerin

p
Xanthyletin

Seselin

Xanthoxyletin

Alloxanthoxy-
letin

Braylin

Luvangetin

Ph.CH= 9#{ '
Ac 0
0
OH*: HO,
HOfij 5
Me\\%\ X =
et Lo
XXL
ranochromenes (Benzodi

)¢ 48

Mallotus

hilippinensis
(Euphorbiace-
‘ae)

rans

Zanthoxylum

americanum
(Rutaceae)

Sesela indicum

' (Umbelliferae)
knd Skimmia ja-
Eonica(ﬁmaceae)
an repens
Zanthoxylum
americanum
(Rutaceae)

e

- do -

' Bark of Flin-
dersia bray-

leyana
(Rutaceae)

Frults of Lu-
jvunga scandens
(Rutaceae)

it

28

29

30

31

| 32

155§

13

14

ie
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. 4,

Franklinone

Fuscin

Avicenin

Calophyllo-
lide

Inophyllolide

Calophyllic
acid

ranochromen

Leaves and
bark of Acra-

Oidiodendron
fuscum

Root bark of

' Zanthoxylum
avicennae

(Rutaceae)

S

Kernels of

Calophyllum

inophyllum
(Guttiferae)

denia frankli-
nii (Rutaceae)

33

33a

34

3s, |
S€,
37

35,
36

35, |
36
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(Moraceae)

2. : 3. : 4. oD% 4 e
‘
Xanthone 1
|
Jacareubin g 5 Heartwood of | 38
Ho(\ {
Q;H;;I::[;J< Calophyllum 1
R brasiliense |
XVIT (Guttiferae) | i
Flavone i i
' |
| Sericetin ‘H/ 'Root bark of | 39,
£ |Mundulea seri- 40 *
0. 0 |
e #D” ' cea (Legumino-
S OH
on [l sae)
. X1 : |
Flavanone i f
L LB Y ‘
Isorottlerin o ‘Rottlera | 41
Me -~ AC
(Isoallo~- "J;;mm ' tinctoria 3
rottlerin) e : ' (Buphoruiaceae)
: Ph 4 y
¢
A OH ; ‘ .
Isoflavones J
Jamaicin b . |Piscidia 5
i | 0\’ ome erythrina
b1 Ak l(Leguminosae)
o) g % | ’
0o, ;
Toxicarol- & SNEris | 42
isoflavone >Z:;L - |malaccensis
| (Leguminosae)
;
{ Osajin Fruits of Ma- | 43, 44
| clura pomifera 44 %
' 44
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2. : 3. : 4. : 5. : 6.
we
| Pomiferin >;/§]\ s Fruits of (o 34* §
. : Hocod i
/\Qﬂ/\ | Maclura pomi- | 44 | f
R OH ; ‘ 3
g on, fera(Moraceae) 44a |
Murnetone | . ! iRoo"c bark of | 45, |
>[\ i 1 OM]Q/\ ‘;Mundulea 46 |
e i \rr 7 x‘ | <
ph \VL\OX .lsuberosa
; | (Leguminosae)
Mundulone | o g |Root bark of | 47,
{ AN AR { !
I Lmj\fw;/% 1!Mundulea (. 48
; NP 'sericea and
XV ;LI suberosa |
' | (Legumirosae) 1
§
Toxicarol | \] 'Roots of . 49
i g Cracca(=Teph~- |
| AL i 'rosia) toxica-
. 7 e
! e 0. \\\JOMe | 218
ome (Leguminosae)
XXIL ;
Dehydrotoxi=- Derris wood | 50
carol | (Leguminosae) |
~
Deguelin P |Derris wood: | 51
| O e g Bl | (Tephrosia),
{ \T// Y \Q | h ~ ‘
| o \Lonchocarpus
s G aud) nicou
OM !
\o&neo : *‘(Leguminosae)



.

2.

4

[e))

Dehydrodegue-
lin

Tephrosin

‘Isotephrosin

Acronyecin

Medicosmine

Acronidine

¥ DIHYDRO

%% TETRAHYDRO

{
!

(Leguminosae)

Tephrosia

vogelil

Tephrosia SE

ryogelid,

Lonchocaryus

nicou,Cracca |

- (=Tephrosia)

virginiana

' (Leguminosae)

t Bark of Acro-

Lonchocarpus 54

nligcou

. (Leguminosae)

55

| nychia bauri

'Bark of Medi-

. gosma cunning-

‘Melicope farea-

¥ DIHYDRO-PARTIAL

'Leaves of Ac))—

(Rutaceae)

| 67

hamii(Rutacea@é

56
nychia bauri
arnd bark of ‘

na (Rutaceae)

*X%¥ DIHYDRO 1SO

i
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shr. In connection with our work on the constitution of
morellin and the synthesis of certaln products obtained

by the alkali fusion of cctahydromorellin, it became
necessary to synthegize several 2,2-dimethylchromanone
derivatives. 2,2«Dimethylchromanones are also of interest
as intermediates for the synthesis of 2,2-dimethylchromenes,
of which there are many representatives among plant

products.

The'first synthesis of §,7«dihydroxy~2,2~dimethyls
chromanone (I) was carried out by ROBERTSON gt al.’ by
the Friedel~Crafts reaction between phloroglucinel and
ff~dimethylacrylyl chloride; the yield of the crude
product was 54 per cent. & similar yleld was obtalned by
ROBERTSON® in a subsequent synthesis, in which f8~dimethyle
aerylyl chloride was replaced by f-bromoisovaleryl
chloride and phloroglucinol by resoreinol. More recently
MIYANO and MATSUT® roviewsd the avallable methods and
found that the mast convenient procedure is to condense
phlorogluecinol with Rf-dimethylacrylic acid in presence
of antimony trichloride at zaoulesa; the yleld was 30
per cent. Slmilar results were obtained by replecing
antimony trichloride with zine chloride.



T
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A new general method for the synthesis of 2,2«dimethyl~
ehromanones is now deseribed in which phenols are condensed

with Behydroxylisovaleric acid.

H OH HO °
OH 0
. OH H 0
I

~ B8eDimethylacrylic acid is prepared by the sodium
hypochlorite oxidation of mesityl axiée,é or by the
elimination of hydrogen halide from «~haloisovaleric acid,
or by the dehydration of fe~hydroxyisovaleric said or various
other methods. In the present method the use of A«hydroxy-
isovaleric aeid offers the advantage that it is directly
obtained by the hypochlorite oxidation of dlacetone &leohol,5
a commercisl solvent from which mesityl oxide, the starting

naterial for ff-dimethylacrylic acid, is prepared.

Condengation of phloroglueinol with B«hydroxyisovaleric
acid in presence of phosphorus oxyechloride and fused sinec
ehloride at 70° for 2 hours, a procedure developed by

6

SHAH and co=-workers in this laboratory for hydroxyxanthones,

gave the chromanone (I) in an overall yield of 25-30 per
eent; the product was accompanied by a dark~red polymer

and vacuum sublimation was necessary for purification.
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Similar results were obtained when polyphosphoriec acid |
at 140° was usad.7 The ylelds were improved to 65 per
cent by using boron fluoride etherate as condensing agent.
Phlornglucinol and B~hydroxyisovalerie acid in molar
proportions were heated on a stesm~-bath for 2 min with
boron fluorlde etherate complex. After a few hours the
dark-red homogeneous solution was diluted with water and
boiled for 10 min, when a deep yellow crystalline complex
separated. The yellovw precipitate was filtered and
dissolved in cold & per cent aqueous sodium hydroxide.
Acidification of the deep red solution gave the chromanone
(1), which could be readily erystallized from dilute
alcohol. The IR spectrum (KBr dise) of 1 showed prominent
bands at 3115 (0H), 1637 (chelated carbonyl), 1595 and
1575 (benzenoid in conjugation with C=0 group), 1376 and
1364 (gem~dimethyl), 1206 and 1083 cm™* (ether). The

- product recovered from the mother liquor after the isola=-
| tion of the pure chromanone (1) exhibited a similar IR
spectrum, and the hydroxamic acid test for lactones was
negative, indicating the complete abgsence of the isomerie
dihydrocoumarin (II). There appears to be a steric factor
which is involved in the exclusive formation of 1 because

there was no evidence of coumarin formation when several
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other phenols were condensed with Behydroxyisovaleric.
However GMEmg showed that phenyl eaters of ffe
disubstituted acrylic acids by treatment with aluminium
ehloride in carbon disulphicde gave 4,4-disubstituted
dihydrocoumarins. The mechanisms of both the reactions

are under studys

COOH

HOZNOH HO_ _FHa HO “°
/C\M ;
Me e
OH HO

Me Me

I

When 1,2,4~triacetoxybenzene was condensed with
f-hydroxyisovaleric acid in presence of boron fluoride~
etherate, the boron complex obtained by tresatment with
vater led to €,7-dihydroxy-2,2-dimethylchromanone (IXj
"Ry R* = H) or the 7-monoacetyl derivative (IX; R = Ae,

R* = H) depending on the conditions of alkaline hydrolysis.
The presence of the O-acetyl group in the 7-position was
shown by methylation with diazomethane and hydrolysis,
which gave 7~hydroxy-Gemethoxy«2,2«dimethylchromanone

(1X; R = Ky R' = Me), soluble in agueous sodium carbonate.

‘The applicability of the new reaction as a general
method of preparation of 2,2«dimethylchromanones was

"
s
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studied by condensing different phenols with Pf-hydroxy-
iaavalarié acid in presence of boron fluoride etherate.
Resoreinol gave 7-hydroxy-2,2«dimethylchromanone in

45 per cent yields. Orcinol formed 7-hydroxy~4-methyle
242«dimethylchromanone which was free from ferric colour.
C-Methylphloroglueinol gave 5,7-dihydroxy-2,2,8-trimethyl-
chromanone in 15 per cent yield, which was characterized
by the negative Gibbs reaction followed spectroscopically,
uging dimethyl formamide as solvent instead of yyridine.lo
Iretol gave 5,7-dihydroxy~6emethoxy-2,2«dimethylchromanone
characterized by the positive Gibbs test. 2Z2=icetyl
resorcinel formed Beacetyl-7~hydroxy-2,2-dimethylchromanone
in 36 per cent yields. The optimum conditions for the
various phenols are under study. B8Beicetyl-7-hydroxy-2,2-
dimethylohromanone on refluxing with benzoyl chloride and
potassium carbonate in acetone underwent Baker-~Venkataraman
transformation and gave the corresponding diketone which
was readily cyclized with conc sulphuric acid into the
flavone which was prepared from the point of IR

study.

The chromanone (1), mepe 1@30, gave a deep purple
ferric colour and readily formed a 2,4~dinitrophenylhydrazone.
It also gave a deep orange colour with magnesium and hydro-

ehloric acid, a property not recorded by earlier workers.



It could be readily coupled with diazotized aniline to
give the disazo derivative. 1t formed a crystalline
tetrabromo derivative. The ditosyl derivative of 1 was
prepared to study the stability of the tosyl group to
Clemmensen reduction in connection with morellin work.

At the end of the reduction partial ditosylation appeared
to take place as shown by the -0OH peak in the IR spectrum.
The product on mild alksline hydrolysis gave 5,7-dlhydroxy=~
2y 2«dimethylchroman, and on further tosylation it gave the
ditosyl derivative of the chroman. ROBERTSBON reduced

8, 7=dihydroxy-2,2«dinethyl chronanone to the chroman by the
Clemmensen method in 63.27 per cent yield. 1In the
present work the chroman has bsen prepared from 1 in &8
per eent ylelds by reduction with diborane.

From the heartwood of the tropical American tree,

m brasiliense (Suttiferae), KING ot alP 1solated
a deep yellow crystalline pigment to which the structure

1II was assigned. It formed a triacetate and a trimethyl
ether and a dihydro derivative. I{ ylelded acetone on
alkaline hydrolysis with 33 per cent aqueous potassium
hydroxide on a steam~bath for 8 hours. The trimethyl
ether of jacareubin on oxidation with potassium permanga=-

nate in bolling acetone yielded¢ trimethyl jacareubic acid,
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which on hydrolysis gave 1l,3,5,8«tetrahydroxyxanthone

and o=hydroxyisobutyric acid. Thus with the isolation

of acetone by alkaline hydrolysis and o«=hydroxyisobutyrie
acid by permanganate oxidation followed by hydrolysis,

the presence of 2,8~-dimethylchromene was definitely
indicated. The degradative experiments did not distingue
ish between 11l and the isomeric struectures IV and V,

but the chelate character of the hydroxyl group in
Jacareubin dimethyl ether excluded V. In a subsequent
paper by the spectroscopic study of indophenol colour
developed by dimethyl ether of jacareubin with 2,6«di~
chloroguinone~4=~chloroimide (Gibbs reagent) and comparing
it with a series of model compounds, Klﬁﬁlg suggested that
in the dimethyl ether of jacareubin there is a free position
para to a hydroxyl group which confirmed the linear
structure 11I. But this had, however, not been confirmed
by the synthesis of jacareubin or any of its derivative.




In the present work it appeared desirable to confirm
the constitution of jacareubin, since both jacareubin and
morellin occur in plants belonging to the tuttiferse
family, and there was a possible structural relationship
between the two pigments.

Dihydrojacareubin (VI) has now beer synthesized.
Pyrogalloleete¢arboxylic acid was prepared by the carboxye
lation of pyrogallel reported by BAKER and SMIEE‘II By
the condensation of the aeild with §,7-dihydroxy-2,2«
dimethylechroman in presence of phosphorus oxychloride and
fused zine chloride at 70°, a crude product was obtained,
which was purified by highevacuum sublimation and the
pale yellow crystalline sublimate on recrystallization
from methanol gave dihydrojacareubin. The identity of the
sample with the dihydro derivative of the natural sample
supplied by Professor F. E. KING has been confirmed by
MepPey mixed m.ps and superposable UV and IK spectra.
Though there are three products VI, VII and VIII possible,
only VI was isolateds

OH
Ho[:::]if [:::I:;:T( _Poclz
COOH ZnClz

N0
fofe)
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A&EﬁTSEKla isolated 6,7«dimethoxy~2,2~-dimethylchromene
from the essentisl oil of Ageratum mexicarums; hydrogenation
in presence of Raney nickel gave tha ¢hroman X which has
now been synthesized by the diborane reduction (in 86 per
cent yield) of 6,7-dimethoxy-2,2«dimethylchromanone (X3
Ry R' = ¥e); Clemmensen reduction gave a 60 per cent
yield. The properties (m.p. and UV spectrum) of X corres-
bonﬂ with those of dihydroageratochromene, but direet
comparison could not be made because of the nonavailabllity
of the natural product. The IR spectrum (CCl,) shows
bands at 1616 and 1813 (benzenoid), 1377 and 1362 (gem=
dimethyl), 1271, 1241 and 1125 cm™ (ether)s ALERTSEN'Z
has mentioned that the IR spsctrum of dihydroageratochro-

" mene shows many similarities to that of 5,7-dimethoxy-2,2-
dimethylchroman, but he did not record the spectra of the
twé compounds. Ageratochromene was synthesized earlier

by HULSY® from 1,2,4-trimethoxybenzene and #f-dimethyl-
acrylyl chloridej the chromanone obtained by the Friedel~
Crafts reaction was reduced by lithium aluminium hydride

to the chromanol, which was dehydrated with alumina. HULS
also reduced his synthetic ageratochromene to 6,7-dimethoxy-
2,2-dimethylchroman (X).

* RO 0 MeO 2
R'O MeO
O v

X X
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EXPERIMENTAL

A mixture of resoreinol (3.3 g), S-hydroxyisovaleric
acid (3.6 g) and boron fluoride etherate (8 ml) was
heated on a steam~bath for 2 min.t§ get a deep red solu~
tion. After 24 hr at room temp the deep orange yellow
erystalline complex was filtered and treated with 5%
sodium hydroxide solution. It was acidified and extracted
with ether and the ether extract washed with 10% sodium
carbonate solution. The carbonate extract on acidification
gave a colourless crystalline product, which was recrystall-
ized from water in colourless needles (2.5 gj 47%), m.p.
172° (11t.% m.p. 172%) . 1t 414 not give a ferric colour
and gave a deep orange colour with magnesium and cone

hydrochloric aeid. v The

The same compound was obtained in 25% yleld when
resorcinol (3.6 g), f«hydroxyisovaleric acid (3.6 g),
phosphorus oxychloride (20 ml) and freshly fused zine
chloride (5.0 g) were heated to 70° under stirring for 2 hry
the dark-red mixture was poured into cerushed ice and the
solid purified as above.
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roglueinol (1.3 g), A=hydroxylsovaleric acid (1.2 g),
phosphorus oxychloride (10 ml) and freshly fused zinc
chloride (3 g) were heated to 75° under stirring for 2 hr

and poured into crushed ice. The darke-red solid was
filtered and sublimed at 7.7 x 10™° mm press at 250°, and
the colourless sublimste was crystallized in colourless
needles from agueous ethanol (0.6 gy 30%), m.p. 198°
(11t.2 m.p. 1989,

(b) Boror ¢_gtherat A mixture of
phloroglueinol (2.0 g), A-hydroxyisovaleric acid (1.87 gj
1 mole) and boron gluoride etherate (10 ml) was heated on

a steam~bath for 2 min and the deep wine~red solution left
at room temp overnight. The reaction mixture was then
poured into water and boiled for 10 min. The yellow
erystalline product proved to be a boron complex, which
was decomposed by dissolving it in 10% aqueous sodium
hydroxide. Aeidification of the red solution gave a

- precipitate, which was collected and warmed with aqueous
sodium carbonate. The solution was filtered to remove a
small amount of insoluble material and acidified. The
precipitate readily crystallized from aqueous ethanol in

2



colourless needles (2.0 g§ 65%)y MePo 108° (lit.l m.p. 198%).
(Found: C, 63.8; H, 5.8. Calec. for C33H,,0,1 Cy 63.53

Hy 6+6%)+ The substance gives a‘deep purple ferric colour
and an orange colour with magnesium and hydrochloric acidj
the latter colour reaction of chromanones does not appear
to have been recorded earlier, althaugh»r@é to violet
colourations are characteristic of flavanones. The mother
liguor gave a negative hydréxamic acid test indiecating the
abgence of a dihydrocoumarin derivative: The traces of
earbon-insoluble produet also gave a purple ferrie colour
and negative hydroxamie acid tests The chromanone 1 on
eoupling with diazotized aniline ylelded 6,8-blsbenzencazo-
8,7=-dihydroxy-2,2~dimethylchromarone which was crystallized
from ethanol in orange~red needles, m.p. 237%. (Found:

C; 66.5; Hy H.15 N, 13.9. 833H30N40é requires: C, 66.33

Hy 4.8; Hy 13.8%)

2-4cetylresorcinol (1.9 g), PB~hydroxyisovaleric acid
(1.5 g), and boron fluoride etherate (20 ml) were heated on
a steam~bath for 1 hr. The mixture was diiuted with water
and varmed to remove the ether. It was extracted with
ether and washed with §% sodium hydroxide solution and
acidifieds The product was extracted with ether, excess
of ether removed and distilled at 135°/7.7 x 10™ mm. The



distillate which solidified crystallized readily from
methanol in colourless plates (1.0 g} 356%), m.p. 121°.
(Found: C, 66.65 H, 5.9. Cy3Hy 404 requires: C, 66.25
Hy 6.0%)+ The compound gave 2 violet ferric colour in
aleoholic medium.

rmation. The above
compound (0.3 g), anhydrous potassium carbonate (1.5 g),
acetone (30 ml) and benzoyl chloride (0.22 mlj 1.2 moles)

vere refluxed for 15 hr. After distillation of acetone
it wvas diluted with water, acidified, and the product
extracted with ether and washed with aqueous 5% sodium
bicarbonate solution. The ether was distilled and the
diketone was crystaliized from methanol in pale yellow
needles (130 mg), m+P. 99%. (Found: C, 71.43 H, 5.7.
Coglyg03 requiress C, 71.03 H, 5.3%). It gave a deay'
purple ferric colour in alcohol.

ckdzation of tue diketone to the flavone. The
diketone (180 mg) was dissolved in cone sulphuric acid
(1 ml) at room temp (30%) and after 10 min it was
dilluted with ice. The fluffy colourless crystalline
80lld was filtered, washed and erystallized from alcohol
(100 mg), m.p. 207°. (Founds C, 75.2j H, 4.7. Cpolly 0,
requires: C, 75.0; H, 4.9%)s It gave an orange yellow

€
3



colour with magnesium and hydrochloric aeid.

5

|sago derivs
The chromanone (80 mg) was dissolved in agueous

sodium hydroxide (8% 5 ml) and the solution cooled in

ice, to which diazotized aniline (4 moles) was added

when an orange dye precipitated, which was filtered

and washed (180 mg). It was dissolved in benzene and

ehromatographed through Y éolumn of alumina (18 x 1 em).

The major slow-mnoving red band was eluted with ethyl

acetate. The dye was crystallized from aleohol in fluffy

orange needles, Mepe 237°, (Founds C, 66.8; H, 8.13 N, 13.9,
Co gl %404 requires: C, 66.3; H, 4.8; N, 13.5%).

The chromanone (200 mg) was dissolved in acetic
acid (6 ml) and a8 solution of bromine in acetic acid'was
added to 1t t1ll excess. The mixture was diluted and
neutraliged with sodium bicarbonate. The solid obtained
was filtered, washed and readily crystallized from benzene
(120 mg; m.p. 170° dec). (Founds Br, 62.9. Cy,HgBr,0,
requires: Br, 6l.1%).

The chromanone (I; 0.2 g) was mixed with boron
trifluoride-acetic acid complex (1 ml) and heated on a



steam=bath for 1 hr. The pale yellow crystalline

complex was collected and washed. It was dissolved in
warn 5% sodium hydroxida and scidified. The colourless
‘erystalline saliﬁ was rs&dily erystallized from ethanol
in needles (180 mg; m.p. 147%). (Found: G, 62.33 H, 5.8,
613§1405 requirea:»C, 62.53 H, 5.6%). 1t gave a deep

red ferric colour and positive Gibbs test, but no colour

with magnesium and cone hydrochloric acid.

The chromanone (0.6 g) was dissolved in 10% sodium
hydroxide (30 ml) and heated on a steam~bath with a
reflux condenser for 2 hr. The reaction mixture was
cooled and carbon dioxide was passed until neutral to
phenolphthalene, when a colourless crystalline compound
separated (0.45 g), m.p. 198° and mixed m.p. with the

starting material was undapresseﬁ.
cwiw wm,

In a nickel crucible the chromanone (0.5 g) was

intimately mixed with potassium hydroxide pellets (2.5 g)
and water (4 drops), and heated gradually to 180°, when
it formed a melt with frothing. After keeping for 3 min,
it was cooled, diluted and aeidified with 50% sulphurie

acld and extracted with ether and washed successively
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with sodium biearbonate, sodium carbonate and sodium
hydroxide solutions. After acidifiecation, the bicarbonatle
solution was saturated with salt and extracted with

ether. On distillation of ether a erystalline solid

with no ferrie colour was obtained, which was c¢rystallized
from ethyl acetate~hexane (125 mg),(m.p. zllag mixed mep.
with phloroglucinol 210%). The carbonate soluble

fraction also yielded 80 mg of phloroglucinol. The

sodium hydroxide soluble fraction (20 mg) gave a wine-red
ferric eglaur similagﬂgngggt of the starting material.

A mixture of the 8,7-dihydroxy-2,2«dimethylchromanone
(I3 1.0 g), freshly ignited potassium earbonate (5 g),
p-toluenesulphonyl chloride (1.0 g) and acetone (50 ml)
wag refluxed for 17 hr. Acetone was distilled and the
residue was diluted with water. The grey solid was
filtered and crystallized from dil alecohol (0.8 g; me.p.
97°) . (Found: C, 60.0y Hy 8.1. CjgH 0.8 requiress
C, 89.73 H, 5.0%4)« It gave a deep purple colour with
alooholic ferric chloride.

The chromanone (Ij 1.5 g) was refluxed with p-
toluenesulphonyl chloride (3.3 g; 2.2 moles) and potassium
carbonate (10 g) in acetone (560 ml) for 3 hr. When the



ferric colour disappeared, it was filtered, and the
residue was washed with acetone. The total acetone
solution was distilled and the product extracted
twice with hot hexane and the residue crystallized
from methanol in colourless needles (2.8 g3 76%),
m.p. 115°. (Found: C, 58.9§ H, 4.6 Cogh,,0q5,
requires: C, 59.13 Hy, 4.7%) ¢

Clemmensen reduction. A mixture of zine amalgam
(100 g), conc hydrochloric acid (65 ml), water (120 ml),
the above ditosyl derivative (2.5 g) and ethanol (25 ml)
was refluxed for 18 hr with the addition of 10%
acid (88 ml) every 6 hr. The crude product isolated
(20g) by extraction with ether followed by washing,
showed a strong hydroxyl bend and absence of a carbonyl
absorption in the 1R spectrum. Thin layer chromatography
on silica gel-plaster of Paris showed a fast-moving spot
and a slow-moving partly detosylated product. There was
no spot corresponding to by7-dihydroxy~2,2«dimethyl~
ehroman.

A portion of the reduction product (1.0 g) was.
further tosylated by refluxing in acetone (30 ml),
potassium earbonate (6 g) and p-toluenesulphonyl chloride
(0.8 g) for 1 hr. The product obtained was extracted

33
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with hot hexane and the residue crystallized from
methanol (0.7 g)y mepe 90°. (Found: C, 59.7; H, 5.2,
Cale. for Cogh,g0,851 Cy 59.8y H, 65+2%) ¢ ¥ixed m.p. with
the sample prepared by the tosylation of 8,7-dihydroxy-
Q,Qedimethylehrcman.ﬁaa undepressed. The other portion
(1.0 g) was hydrolyzed with 8% alcoholic caustie soda
by heating on a steam-bath for 1 hr. The mixture was
acidified, extracted with ether and‘washad with aqueous
sodium carbonates Acidifieation followed by extraction
with ether gave 5,7-dihydroxy-2,2-dimethylchroman which
was crystallized from benzene (0.2 g), m.p. 162°.

A mixture of well-powdered C-methylphloroglueinol
(2.8 g), B-hydroxyisovaleric acid (2.4 g) and boron
trifluoride etherate (10 ml) was heated on a steam-bath
for 8 min to dissolve the phenol. The dark-red solution
obtained was decomposed with water, extracted with ether
and washed. On removal of ether, reddish yellow crystals
vere obtained, which were recrystallized from benzene
(yield, 0.9 g; m.p. 212% . (Founds C, 64.8; H, 6.3,
CyoH;404 Tequires: C, 64.93 H, 6.3%). It gave a violet
ferric colour and no calaur with magnesium and cone
hydrochloriec acid. The compouné gave a negative Gibbs test.la

2y4-Dinitrophenylhydrazone was crystallized from ethanol



in deepwred needles, m.p. 282° (ded). (Found: G, 53.33
Hy 3.2. OygH o0, Tequires: C, 53.7y H, 3.5%).

Iretol (1.0 g), P=hydroxyisovaleric acid (0.8 g)

and boron fluoride etherate (6 ml) were heated for 5 min.
The darkered solution on working up as usual gave a
product which readily erystallized from methanol im
pale yellow needles (0.25 g), m.p. 191%. (Found: C, 66.63
Hy 8.9. CyqH,,04 requiress C, 60.5; H, 5.9%). It gave a
purple ferric colour and positive Gibbs test.

-l LY O oXye2,a=cimalihyvlohr 3 Y L v,‘.' B*g

~ 14844~Triacetoxybenzene (10 g), B=-hydroxylsovalerie
acid (4.8 g) and boron fluoride etherate (20 ml) were
heated on a steam~bath for 2 min. The clear orange-red
solution was diluted with water after 16 hr, when a deep~
yellow crystalline complex separated., Decomposition with
8% aqueous sodium hydroxide at room temp (about 30°),
acidification, purifiecation through ether, and crystalli-
zation from dil alcohol gave eolourless needles (2.5 g),
m.p. 208°, (Founds C, 63.8; H, 6.2. CiqHy 04 Tequires:
Cy 63.5; Hy 6.8%)+ The 2,4~-dinitrophenylhydrazone
erystallized from methanol in dark-red needles, mep.
206° (dee). (Found: C, 83.15 H, 4.2; N, 13.9. Gyl gOpN
requires: C, 52.65 Hy 4.1; K, 14.4%).



1f the red solution of the complex in aqueous sodium
hydroxide was cooled in ice and neutrallized to pH 4.5
with hydrochloric aecid, a lemon~yellow precipitate
separated, which readily erystallized from benzene in need-
les (4.0 g), meps 158°, and proved to be 7-acetoxy-6=-
hydroxy«2,2=-dimethylchromanone. (Found: C, 62.5; Hy 6.1.
Gy 381405 Tequires: C, 62.43 H, 5.6%)s Hydrolysis with
hot hydrochloric acid in acetic scid ylelded 6,7-dihydroxy-

2y2=~dimethylchromanone, mepe 208%,

The monoacetate (1.0 g) in ether (30 ml) and methanol
(30 ml) was treated with excess diamzomethane in ether at
10° for 24 hr, and then with a few drops of acetlc acid.
Removal of solvent gave a pale yellow erystalline residue,
which crystallized from dil methanol in pale yellow
needles, m.p. 134°. (Found: Cy 63.2§ H, 5.8. Cy,H; 0.

requirest C, 63.6; H, 6.1%)«

The above compound (0.4 g) was warmed on & steam~bath
with 8% aqueous sodium hydroxide (15 ml) and the resulting
red solution was acidified with 50% sulphuric acid. The

mixture was extroeted with ether and washed with watere.
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The ra#iéue obtained after removal of the golvent was
distilled at 150°/4.33 x 10”3 mm. The distillate
orystallized from hexane in c¢olourless necdles, msp. 81°.
(Found: C, 68.0; H, 6.45 OCHg, 14.0. 31231404 reguires:
C, 64.9; H, 6.7; OCH,, 14.0%). The compound readily
dissolves in agqueous sodium carbonate indicating a free

7-hydroxyl groupe.

B2 7=Dimethoxy«2,2«dinethylchromanone (IX3 R, R' = Mg

The dihydroxychromanone (0.5 g) was refluxed with
acetone (30 ml), anhydrous potassium carbonate (3.0 g)
and dimethyl sulphate (3.0 g) and dimethyl sulphate (0.6
ml) for 17 hr. COrystallization from 4dil methanol gave
colourless needles (0.35 g)y mep. 106° (lit.13 meps 106°) .
~ (Founds OCHgy 26.7. C,;H, .0, requirest OCHj, 26.3%).

Colour reactions ¢

Although there are well«known eolour reactions for

14

flavones, colour reactions with same reagents for

ehromanones do not appear to have been recorded and some
are listed in Table 8.
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TaBLE 2. COLOUR h: .Ciiuis OF 2, 2-DIMETHY

! Colour rea

‘Bubstitution ;Aqueous  jConc sul-  tMe gnesium  iSodium
. sodium tphuric acid shydraahlaria tamalgams

’hyéraxiée : tacid sthen aeid

5,7-(0H),  s1pale yellowideep yellow :deep orange :orange

6,?~(Oﬁ)2 tdeep yellowsdeep yellow iwine red ired violet
6-0683-7-0ﬁ tyellow tdeep yellow :reddish torange

' e A 1violot
6,7=-(0CH3) 5 tyellow tdeep yellow iwine red 1orange

4inc amalgam (16 g) was mixed with a solution of
the chromanone (0.4 g) in ethanol (4 ml) and acetic acid (2 ml).
Conc hydrochlorie acid (9.2 ml) and water (6.8 ml) were added
and the mixture set aside for 2 days. After refluxing for 2

hr, hydrochloric acid (15%4; 4 ml) was added, and heating cone
tinued for 6 hr« Ether extraction led to a gum which readily
erystzllized from agueous methanol in colourless plates (0.22 g3
60%), m.p. 60°. (Found: €, 70.7; H, 8.5. Cale. for Cy 318051
C, 70.31 H, 8.1%)« The UV spectrum showed A, . 293 (€,,, 5100);
the absorption max. reported by ALERTSER is Apax 293 mi

(€qx 6400) and by HULS Apax 294 mu (€, 4900).
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in diglyme (256 ml) and through the well-cooled solution

diborane gas (from 20 ml of 4% sodium borohydride in
diglyme) was passed. After leaving the reaction mixture
overnight at room temp, acetic acid (5 ml) was added,

and the solvent distilled ip vacuo. The residue on treating
with ice water gave a colourless crystalline product which
was recrystallized from agueous methanol (0.8l g3 86%)%

the mep. and mixed m.ps with the Clemmensen reduction
product was 60°.

Tatrahyarafuran (80 ml) cooled in ice was saturated

with diborane prapared by the gradusl addition of a 4%
sodium borohydride solution in diglyme (20 ml) to boron
fluoride etherate (6 ml), and the chromanone (1.0 g) was
added to the solution. The yellow colour which developed
disappeared after 2 hr. After keeping the reaction
mixture at room temp for 24 hr, excess diborane was
decomposed by adding acetic acid (3 ml) and the solvent
distilleds The residue was diluted with water (10 ml)
and extracted with ether and washed with aqueous sodium
bicarbonate. Kemoval of the ether gave a colourless

erystalline mass which was recrystallized from benzene



)
2O

(0.6 g; 66%), mep. 163° (11t.] nm.p. 162-163%). (Found:
G, 6800; ﬁ, ?U?b 3111{1403 rﬁ%uir”: G, 6801; ﬁ’. 706&)0

The chroman (100 mg) was dissolved in acetic acid
(4 ml) and diluted with water (10 ml). Bromine in acetic
acid was added with stirring till excess. The excess
acetic acid was neutralized with sodium bicarbonate and
the pale yellow precipitate filtered and washed (180 mg).
It was orystasllized from benzene (m.p. 112-113 dec).
(Founds Bry 62.0. Cy,H 0,Br, requires: Br, 62.7%).

zréaebonzanesulphonyl derivative of §,7~dihydroxy«2,2-

gimethyjenroman

The chroman (0.1 g) was refluxed with p-azobenzenesul-
phonyl chloride (0.3 g) in acetone (30 ml) in presence of
potassium carbonate (3 g) for 5 hr. It was filtered and
the filtrate distilled to dryness. The orange-red dye
was dissolved in benzens and chromatographed through a
eolumn of alumina. The fast-~moving major orange band was
eluted and the eluent distilled. The orange-red compound
was crystallized from ethyl acetate-methanol mixture in
needles (200 mg), m.p. 120°. (Found: C, 61.9; H, 4.8;
Ny 7.8. 83533907ﬁ432 requires: C, 61.5; H, 4,3; N, 8.2%).

Pihydr 1] Vi)
5y 7=Dihydroxy«2,2«-dimethylehroman (1.0 g) and



pyrogalloled-carboxylic acid (l.4 g) ﬁnra mixed with
phosphorus oxychloride (20 ml) and freshly fused zinc
chloride (5 g) in a current of carbon dioxide and stirred
for 1 hr at room temp and at 75° for 2% hr. The deep
red mixture was poured into ice, and the precipitate
collected, washed with agueous sodium bicarbonate, and
extracted with ethyl acetate. Removal of the solvent
gave a pale yeilbw solid (0.5 g) which was sublimed
initially at 170° at 7.7 x 10> mm. The colourless
sublimate (50 mg) containing pyrogallol and unreacted
chroman was discarded. OSubsequent sublimation at 300°
and 7.7 x 10"3 nm preas, followaed by erystallization of
the sublimate from methanol, gave pale yellow needles
(0+34 g), mepe 248° (dea). The cémpaund was dried at
170° for 24 hr at 0.05 mm and analysed. (Found: C, 65.7}
Hy 5.4, Glaﬁlﬁoﬁvreqairvutrd, 65.93 Hy 4.9%)+. The
mixed mep., with dihydrojacareubin was undepressed. The
substance gives a green ferric colour and an orange~red
colour with magnesium and hydrochlorie acid. The UV of
both natural and synthetie dihydrojacareubin showed
maxima at 251, 284, 330 my (€, log 4.58, 4.05, 4.24) .
The IR spectra of the natural and synthetic samples were

superposable. The UV gpectra were determined in ethanol
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using Beckman DK-2 recording spectrophotometer, and the

IR spectra in paraffin mull on a Perkine-Elmer 221 with
HaCl optics.

8ynthetic dihydrojacareubin (73.2 mg) in methanol
(3 ml) was treated with excess of diazomethane in athar;
and after 24 hr the mixture was decomposed with a few
drops of acetic acid. Removﬁl of the solvent gave a
pale yellow residue, which crystallized from methanol in
pale yellow needles (55 mg), mep. 130°, which is the m.p.
of the dimethyl ether of the natural product recorded by

Klﬁ&.g The compound gives a deep green ferric colour.
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PART 111

CONSTITUTION OF MORELLIN
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Mo G RAﬁlrirst noticed in the seeds of Garcinia
morella an orange colouring matter, which was isolated
in erystalline form by extraction slcohol. He named it
as morellin. The constitution of morellin has been of
considerable interest since then, and special reference

. : 3
may be made to the work of Be S. Ekﬂa and P« L. N« RAO.

Be S8« RAD assigned the molecular formula Gadﬁaéps
and observed that “"morellin ylelds a tetraacetate, m.p.
178°. Two of the hydroxy groups are readily methylated
by methyl iodide in acetons solution in the presence of
potaassium carbonate. The dimethyl ether has mepe. 156“,
and a trimethyl ether, me.p. 1?2“, can be prepared from
its sodioederivatives Two ethylenie linkages are also
present, sinee morellin yields a dihydrochloride and a
tetrabromide.” He further observed "On treatment with
hydroxylamine, an amorphous dioxime is obtained, which
suggests two carbonyl groups, the presence of one of them
being confirmed by the preparation of a crystalling* .
monond troguanylhydrazone.” Morellin, m.p. 15&”, could
be isomerized to isomorellin, m.p. 1160, by treating an

ethereal solution of morellin with aqueous sodium hydroxide
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or by digesting morellin with potassium carbonate and
acetyl chloride in benzene. "On fusion with alkall
morellin gives a variety of products, of which the following
have been identified: dl-methylheptenol (2emethylhepten«2«
0l=6), phloroglucinol, acetiec, 1sovaleric, methylsuccinie
and homophthalic acida.”

3 have published a series

Pe L, N+ RAO and co~workers
of notes without deseribing theilr experimental work. They
observed that B. 8. RAD's morellin was not homogeneous,
since 1t could "be separated into three distinct pigments
by chromatographie procedure, using silica gel as adsorbent.”
The pigments were designated a2s “"morellin T (m.p. 80%),

M (m.p. 156°) and L (m.p. 60%) .* Later they reported
that since “tha properties of morellin and morellin M are
similar, the analytical figures for the latter indicate
the possible hydration of morellin during chromatographic
separation. Isomorellin, m.p. 120-121°, was obtained

by treating Qﬂrallin with bolling pyridine for 6 hr, and
they attributed the isomerization to the epimerization of
groups round an asymmetric centre or to the rearrangements
of double bonds. Morellin snd its derivatives readily

absorbed four moles of hydrogen in presence of Adams



platimum oxide catalyst. The octahydro derivatives of
morellin and isomorellin vere identical. Octahydro-Q=
dimethylmorellin on tr&étmant with ¢6ld aleoholic potassium
hydroxide gave a phenol containing no earboxyl group, and
they therefore excluded a lactone structure. F. L. Ne¢ RAO
et al. obtained the "known dimethyl ether" by further
methylation of monomethyl morellin, me.pe. 156°. By the
action of boiling aqueous sodium hydroxide, they obtained
acetaldehyde and acetone. Iy oxidation with 2 per cent
agueoug potassium permanganate they obtained oxalic acid
(5 moles) and «~hydroxylsobutyric acid (0.6 moles estimated
as zine salt) besides acetiec, benzoic and other acids. On
the basls of the 1solation of acetone and «(=hydroxyisobutyric
acid they postulated a chromene ring system and suggested
the structures I and 11 hésed on 63033406, which were
modifications of a siructure proposed earliar.4 Though
thay found 2 higher molecular weight for morellin by the
A=ray method, they "reserve an expliunation for this
discrepaney." While the proposed structures indicated only
one phenoliec group, P. L. N« RAO obtained the "known
dimethyl ether”; several other features of 1 and 11, such
as the vinyl and epoxide groups, have no experimental
support. More recently MURTHY and BADS suggested a further



modification (I1I) of structures I and 1I. Structure III
is even more at variance with the experimental data

recorded by H&lEGI?waﬁg does not merit a serious dlscuss-
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 Bu'Re RAO and FATARAJAN® reported morellin to be
*highly antibacterial,” but alsc "highly toxic and therefore
not likely to assume any importance 4in chemotherapy.®
But P. L. N. RAO ang VERMAa found that s 2=4 per cent
solution of morellin in olive oil could be "administered

subcutaneously to mice in doses up to 450 mg per kg body
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weight without causing any mortality or necrosisg."®

Mp. Cu E. COULTHARD of the Boots Pure Drug Co., Nottingham,’

found that morellin,; isomorellin and desoxymorellin

showed no activity against any of eleven organisms,

In this laboratory BRING1 7?8 re~investigated the
chemistry of morellin. He studied the chromatographie
behaviour of B. 5. RAO's morellin, revised the molecular
formula, prepared a geries of crystalline derivatives,
carried out degradative experiments, and guggested a

tentative structure.

| When B. 3. Ri0's morellin was chromatographed in
hexane or benzene on Florex XXX (an extruded Fuller's
earth) or magnesium carbonate, four orange zones were
formed. The colourless percolate gave a fat, and the
bottom zone gave a new pigment (m.p. 126°) named as
desoxymorellin. The next band gave isomorellin in 85 per
cent yleld, owing to the isomerization of morellin by the
adsorbent. Hence only crystallization methods were
preferable for the purification of morellin. BRINGI

extracted crude morellin in a Soxhlet with hexane to



remove wax and desoxymorelling two erystallizations

from ethanol and methanol then gave glistening prismatic
needles of morellin, m.p. 158-159°. BHRINGI observed that
morellin could be isomerized by adding agqueous sodium
‘hydroxide to an acetone solution of morellin, followed

by immediate acidification of the red solution.

On the basis of repeated elementary analysis
(Cy; H and 0) and molecular veight determination by the
Z«ray method of morellin and isomorellin monomethyl ether,
the molecular formula was revised to 033ﬁ360? Or Ca3H g0,

Morellin gave a brownishegreen ~ferric colour, indi-
cating the presence of a chelated hydroxyl. 1t formed only
a monomethyl ether, but a erystalline dlacetate which was
explained by one phenolie and one enolie hydroxyl group.
Horellin absorbed four moles of hydrogen in presence of
Raney nickel or palladiume~charcoal to give an smorphous
octahydromorellin. Selective hydrogenations, using
palladium on ealeium carbonate or the LI1NDLAR catalyst,
gave crystalline dihydro and tetrahydro derivatives. BEoth
morellin and lsomorellin gave the same crystalline
reduction product, m.p. 119~111°, on treatment with ten
times the welght of Haney nickel in boiling ethanolj
elementary analysis of the product (called MRP-I , because
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the reduction conditions were similar to those used by
‘Hﬁalﬁﬁﬁfaiaéiaatad the addition of 10 or 12 hydrogen atoms.
Tetrahydromorellin gave a~@rystalline monomethyl ether,
msps 174°, identical with the monomethyl ether of
tetrahydroisomorelling but morellin monomethyl ether

gave a different tetrahydroderivative, mep. 137-138°,
Unlike morellin, all the hydrogenated morellins exhibited
a wine~red colour, charagteristic of Y~pyranones and
Y-pyrones other than flavonols, on treatment with sodium

amalgam and then with aeid.

Fusion of morellin with five times its welght of
potassium hydroxide at 220° led to acetic, isovaleric,
methylsuceinic and homophthalic acids, confirming B. S.
RAO's results. Hydrolysis of morellin with 7.5 per cent
ethanolic sodium hydroxide gave acetone, prépianaléehyde
and traces of acetaldehyde. On the other hand tetrahydro-
morellin 4id not yileld acetone on hydrolysis. On oxidation
with alkaline permsnganate, morellin gave acetone and
A«=hydroxyisobutyric acid. The formation of acetone by
hydrolysis and «-hydroxyisobutyric acid by oxidation
suggested the presence of a 2,2«dimethylchromene system as
in toxicarol (1V).1°



This analogy with toxicarol was further strengthened
by the fact that morellin, like toxiearol, gave a
monomethyl ether but a dlacetate. In toxicarol the
formation of diacetate waézexplainad by the enolization
of the chromanone carbonyl group.
. Morellin showed no free hydroxyl band in the infrared,
while the tetrahydro and aétahydro derivatives showed weak
bands at 3280 and 3550 em™t, Hexahydromorellin and MRFI
showed prominent bands at 3690 and 35680 em“li In the
double bond region morellin h&ﬁ four bands at 1730, 1668,

1628 and 1585 om™F, In dihydromorellin the 1628 cm™' band

had broadened with maxima at 1625 and 1645 cm’l

3 the 15885
em™® had almost digsappeared and this was attributed to an
ethylenic bond capable of rapid reduction, being conjugated
with a benzene ring or included in a ring system as in an
«feunsaturated steroidal ketone. There was no further
change in the double bond region in tetrahydromorellin.

The 1668 om™L band in morellin vas assigned to o(fwc('f'.

unsaturated carbonyl, in which one alkene bond was part of
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a cyclohexene ring. MBP«l ghowed only one bond in the
double bond region at 1642 cm~t which was assigned to a
chelated earbonyl in a S«hydroxychromanone. The character-
istic bands at 875 and 1030-1124 ﬁﬁ“l regions in morellin
probably were due to a tetrahydropyran ringe.

- The UV spectrum of morellin had three maxima at 236,
288.5 and 360 mu, Dihydromorellin exhibited a more
complex spectrum with additional maxima in the 26080 my
region. The other reduction products including MRF=-1

had a peak 300«30 my fegtan.in addition to a weak band

at 345 myy which is characteristic of Cemethylphloracetophe-
none and §,7-dihydroxychromanone. The spectra of dihydroe
toxiearol and hexahydro-osajin, when compared with those

of the reduction products of morellin, showed higher
intensity absorption in the 300 ms region, which was
suggested as being e tb the substituted phenyl ring in

the 3=-posgition of the chromanone mucleug in the former

compounds.

Eﬁﬁﬂﬁ?&ﬁll continued the investigation in this
laboratory. He assumed the molecular formula CgaH, g0,
for morellin, although the moleculsr weight (X-ray method)
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of the methyl ether, benzenesulphonats and p-bromobenzene~-
sulphonate of morellin did not rule out 333H36Q?‘ He also |
confirmed the presence of four double bonds in morellin.

By controlled ogonolysis of morellin and tetrahydromorellin
one mole of acetone was isolated, showing the presence of

a Me,C= group. Drastiec ozonolysis of morellin gave in
addition to acetone, formaldehyde, acetaldehyde and pyruvic
aldehyde., Formaldehyde was apparently not formed from a
vinyl group, since morellin on periodate-permanganate

axidatian12 gave no formaldehyde.

Morellin and isomorellin gave crystalline copper
complexes, while the methyl ethers and hydrogenated
derivatives did notj; in the light of BRINGI's evidence
for a chromene ring the partial structure (VI) was there~

fore postulated.

By the treatment of morellin with massive amounts of
Raney nickel in boiling cyclohexanocl or cyelohexanone v
stable crystalline derivatives (MRP-11 and MRP=-II1) were
prepared. MRF~]1 could be converted to MRP~I]l by the action
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of palladium=-charcoal in bolling p-cymene, and MRP=-I1I1

was obtained by similar»agtian on oetahydromorelline.

MRP-11 was stable to 30 per cent refluxing ethanolic
potassium hydroxide, but on fusion with potassium hydroxide
at 290° gave a2 crystalline dicarboxylic aeid, 31231204, a
erystalline phenol, 31632464’ and p-valeric acid. These
three components accounted for 33 carbon atoms of morellin.
The 012H1264 acld¢ was proved to be 5,6,7,8-tetrahydro-
naphthalene-l,3~dicarboxylic acid (VIl), and a partislly

hydrogenated naphthalene ring system in morellin vas
therefore postulated.

. Althiough consicderable evidence
‘was already avallable for the
HOOC presence of a 2,2«dimethyl-
chromene system in morellin, it
yir

wag necessary to isolate 5,7~
dihydroxy~2,2~dimethylehroman (VI1I) from the alkali fusion
products of hydrogenated morellin (gf. Part I ). The
phenol (VIII) was readily isolable, even in high dilution
in agueous solution, by coupling with excess of dlazotized
aniline, when the bisazo derivative (IX), m.p. 268° (dec.),
separated. However, the alkali fusion products of
octahydromorellin and MRP-]I1 gave no reactlon with diazo-
tized aniline. Alkall fusion of octahydromorellin also
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gave the 6163é434 phenol, which obviously arose from the
phloroglueinol part of morellin. It was soluble in

aqueous sodium carbonate and was not a carboxylie acld.
Active hydrogen analysis gave o figure of 2.8. The 616“
phenol gave no ferric colour, but on oxidation with
manganese dioxide or with aluminium isopropoxide it gave

an amorphous product with a purple ferric colour, somewhat
similar to the ferrie colour of 5,7~dihydroxy«2,2-dimethyl-
chromanone (X)3 a benzylie or secondary alcohol group
appeared to be oxidized to a ketone. Oxidation with
permanganate in acetone ylelded acetic and iscvalerie acids
and a nonvolatile residue, which gave a purple ferric
colour and a wine-red colour with magnesium and hydrochloric
acid, indicating that a Yepyrone ring was left intact.

Thus the Slsuphanﬂl had the properties of a chromanole.

: .. N-Ph
B -3 Il i
N
o) .
=
OH.‘ NPh OH ~on I !

Yo o .. X X

There was already evidence for the presence of an
isoamylene group in morellin, as shown by the isolation of
isovaleric acid in the alkali fusion of morellin, acetone

by ozonolysis, and cyelization of morellin to a compound



o
'\

devoid of ferric colour. 4ll these were the properties
of osajin and pomiferin, which are the derivatives of
C-lsoamylene phloroglucinol. Styucture (X1) was there-

fore considered for the ﬁlsﬁphcnpl.

Hydrolysis of octahydro-

HO ° morellin with & per cent and 15 per
OH - ¢ent ethanolic petassiug\hydrcxiéo
gave a ¢rystalline phenol, a2633606'
XT in addition to formic acid. The

agtion of acetlic anhydride and
sodium acetate or ethyl orthoformate, pyridine and piperi=
dine appeared to indicate the presence of a phenol mucleus

with a -GG«CHng substituent in the g-position.

The present work was commenced in 1959 simul taneously
with the concluding part of RAGHAVAN's investigation,
because it was clear from ﬁAﬂHﬁVﬁﬂ's extensive experimental
work, subsequently incorporated by him in his Ph.D. thesia,ll
that no structure for morellin completsly in agreement with
the available experimentsl evidence could be formulated.
All the physical and chemical data obtained by BRINGI and
RAGHAVAN were therefore re-examined to isolate the incon-

trovertible facts, reconcile conflicting experimental results,
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and ¢ollect new evidence including MMR spectra, on the

basis of which a rational structure for morellin c¢an be
suggested.

o~ .
#q»i_ BRINGI was unable to decide between the molecular

formulae 33333697 and 33333897 for morellin. The mass
spectrum of morellin kindly determined by Dr. W. D. OLLIS

" and Dr. Re 1. REED confirmed the molecular weight as 544
in agreement with the molecular formula CggHgeOne /

The existence of a single hydroxyl group, phenolie

in character, and its chelation with a ecarbonyl group as in
a Sehydroxychromanone were confirmed by active hydrogen
estimation, methoxyl estimation, and ferric colour.

BRINGI prepared erystalline monobenzenesulphonyl and
mono-p~toluenesulphonyl derivatives of morelliny both in
'RAGHAVAN's work and the present work erystalline mono=p=
bromobenzenesulphonyl derivatives of morellin and isomorell-

in have been prepared for an X-ray cerystallographic study.
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The presence of four ethylenic bonds, three of which
are conjugated to a benzene ring or a earbonyl group, was
confirmed by catalytic hydrogenation experiments.

Aldehyds group

BRINGIS observed a weak band at about 2700-2750 cm‘l
in the IR spectra of morellin and all the hydrogenation
products; except the Mozingo reduction product (MRPeI).

He also noted that the band at 1730 em™ in morellin,
whieh persists till the octahydro stage, but disappears in
the Mozingo reduction produet (MRP-I), may arise from an
aliphatic aldehyde, unconjugated ketone, ester carbonyl or
lactone, and he finally concluded that it was to be aseribed
to an unconjugated earbonyl group which undergoes Raney
nickel reduetion. He rejected an aldehyde group because
chemical evidence was lacking} morellin and octahydro-
morellin did not form a dimedone derivative. The fallure
to form a dimedone derivative has also been confirmed in
the present work, and further, as observed by BRINGI,
isomorellin forms a crystalline monoe2,4-dinitrophenyl-
hydrazone. No conclusion can be drawn from the reaction

with hydroxylamine because the products are amorphous.



The formation of a diacetate, although morellin
aaatains one hydroxyl group, suggested the possibility of
the existence of a hindered aldehyde group capable of
snolization to yleld a monoacetate. The IR spectra of
morellin, tetrahydromorellin and octahydromorellin were
therefore re~investigated, especially in the near-IR
region for the presence of overtone or comblnation bands
in the 1ight of the recent work of KING and VIG'2. As
stated by KING and VIG, few applications of near-IR
spectra for structural elucidation have been made, although
their use wasﬂguggsstad in the review papers of KAIEE4 and
more than 30 aldohydﬁa and found that all of them showed
two bands (around 4500 and 4400 em™>) expected from the
combination of the C~0 stretching mode (around 1700 em'l)
with each of tha farmyi Qdﬁ hanﬁa {around 2800 and 2?06 ’x)s;/

<In thair reeent work on the structure of helminthosporal,
Helminthosporium sativum, DE MAYOL® found
a band at 4480 em"l in the near-IE region useful for
characterizing a conjugated aldehyde graup::}

The IR spectra of morellin, tetrahydromorellin, octa=-
hydromorellin and the Mozingo reduction product (MRP-II) in
carbon tetrachloride were determined on a Perkin Elmer Model
221 Bpectrophotometer with a HaCl prism in the region
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4500-650 cu™. Figs. 6, 6, 7 and B show 4500-4000 cm">
region with five times expansiaﬁﬁdiésins KaCl prism-grating
interchange, the band at 1668 em™' earlier reported by
BRINGI has now been found to be at 1680 om~ and 1t has
disappeared in MRP-II., The band at 1680 en™t can vell be
assigned to an ®fB-unsaturated aldehyde groupy however, since
the C=0 stretching vibration for conjugated aldehydes is

in the range 1706-1680 am“l, additiornal evidence 1is
necessary. The C-H bands at 2740 and 2770 en™t may arise
from 2 formyl group and the sum of each of these with the
1680 frequency should appear respectively at 4420 and 4480
en™l. Although two distinet peaks are not noticed, the
broad band at 4400-4480 om™t provides clear evidence of an
aldehyde group. The observed C=0, formyl CeH and near-IR
frequencies for tetrahydromorellin were as follows: 168§,
2725 and 2739 cm > and broad absorption around 4400 em Y,
confirming the presence of an aldehyde group in tetrahydroe
&arﬁilini? The formation of pyruvie aldehyde by the

e

prolonged ozonization of morellin was confirmed, and the

presence of the group *?»ﬁﬁb wag therefore postulated.
~ Me |

| BRINGI confirmed beyond all doubt the presence of the
phloroglucinol mucleus in morellin by the isolation of
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phloroglueinol, also obtained in the original work of

Bs 3» RAQ,a as one of the prmﬁuata of alkall fusion of
morellin. The formation of acetone by mild alkaline
hydrolysis of morellin and of «-hydroxyisobutyrie acid by
permanganate oxidation then gave reasonably definite
evidence of the presence of the 5,7~dihydroxye2,2~dimethyl=
chromene system (XII1) (gf. Part 1)« Several observations
subsequently led to the conelusion that the phloroglueinol
nuecleus 1s further substituted by a dimethylallyl side-
e¢hain {Hcgcwcﬁmﬁﬁgw). Acetone was formed by the ozonolysis
of both morellin and tetrahydromorellin. RAGHAVAN'!
isolated a elﬁmphnnnl from the products of alkali fusion of
octahydromorellin and MRP~II. He also obtained this phenol
synthetically as the most readily crystallizable constituent
of the products of Clemmensen reduction of 5,7-dihydroxy~8e«
isovaleroyle2,2«dimethylchromanone (XI1) prepared in the
present work. These experimental results made it very
probable that morellin contained a 5,7=~dihydroxy=-2,2«
dimethylchromene micleus with a dimethylallyl side~chain in
the 8-position (XIV)s |

%

XIT XTI ' XV
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The structures of sericetin, pomiferin and osajin,
mentioned in Part I, provided analogies for the occurrence
of such systems (XIV) among plant pigments. Another fact
tc be borne in mind in this connection was the isolation
of methyl heptenol (ngﬂﬂGﬁﬂﬂgﬁﬁgmﬁﬁbﬁmﬁcg'XX?; both by
B. S RAO® and BRINGI', by the alkali fusion of morellin;
YATES anﬁ,%f&ﬁ?l? have shown that mangostin (XVI), which

has a phloroglucinol nucleus with a Gedimethylallyl
substituent, ylelds the same methyl heptenol by alkali
fusion, apparently by the following mechanism which they
yoatulatad. Isovaleric acid and isoamyl aiaahax are two
ofhur products obtained by the alkali fusion of both

morellin and mangostine

e
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In order to obtain further support for the presence of
the system (XIV) in morellin an important part of the
programme 1n the present work was to isolate Beisocamyle5,7e
dihydroxychroman (XVI1), identiecal with the product of
this structure obtained by unambiguous synthesis. Several
routes for the synthesis of (XV1I) were investigated in
the course of which E-isocanyle8,7-dihydroxy-2,2«dimethyl~
chroman (XVIII} and a series of intermediate ketones and
chromanones were prepared. These have additional interest
in connection with projects in view for the synthesis of
naturally ocecurring 2,2~dimethylchromenes such as sericetin,

pomiferin and osajine

84 7=Dihydroxy=2,2~dimethylchroms
with boron fluoride-isovaleric acid ecomplex gave a mixture
of 5,7-dihydroxy-6~igsovaleroyl=2,2~dimethylchromanone (XIX)
and the 8~isomer (XI1)s The former (XIX) was isolated in
76 per cent yleld by eiystallimatiena The presence of the

none (X) on treatment

8eisomer (XII) was indicated by thin layer chromatography of
the mother liquor on silica gel with & per cent ethyl acetate-



benzene as solvent. Exposure to iodine vapour was
employed throughout the present work for the identiw
fication of colourless or nearly colourleas spots of
phenols and phenolic ethers on silica gely the spots
turned yellow immediately and deep brown after a few
hours. The B-igsomer (XII) was not isolated. Condensation
of phloroisovalerophenone with 8-hydroxylsovaleric acid
in wesence of heraa fluoride etherate (gf. Part II) gave
the B-isomer (XII) in 40 per cent yield, mixed with the
G6=igsomer (XIX} in 8 per cent yield.

HO 0 BF3
Isovaleric acnd
OH
0

75 %

0]

HO OH HOS

P

—> X ; 40% + XIX ; 5%
_-CHa2
OH HOOC

The proof for XIX.&aing the G-isomer was
obtained by the following methods. The compound XIX
on Clemmensen reduction gave 6-isvamyl-8,7«dihydroxy-
2y2=-dimethylchromanone (XX; R = H), which resisted total
methylation even by refluxing for 100 hours with acetone,
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potassium carbonate and dimethyl sulphate. The product
giving faint ferric colour on chromatography on alumina
gave a liquid dimethyl ether (XXj R = Me), which was
different from the erystalline Be-lsoamyl-8,7-dimethoxy=-
2y2=dimethylchromanone (XXIj R, R' = Me), which was
unambiguously prepared by condensing isoamylphloroglueinol-
2y4~dimethyl ether with R-hydroxyisovaleric acid. The
reaction gave (XXIj R, R' = Me) in 6 per cent yield; the
major product had undargané partial damath&latian as

shown by the ferrie colour, but the Wessely-Moser
rearrangement to 6»1&aamyi»&»hyérnky*?~mathmxy~2,2~
dimethylchromanone had not takem place because the product
on further methylation gave (XXIj; R = R' = Me).

0
RO 0 MeO OH ) C.Mey RO 0
¥ n, —
Hooc” "2
RO I OMe ‘ R'O

XX XXT

The compound (XX3; R = H) on reduction with diborane
gave G-isoamyl-8,T«dihydroxy=2,2~dimethylehroman (XVIII),

which was identical with the product obtained by
Clemmensen reduction of §,7-dihydroxy«Geisovaleroyl-



2,2«dimethylehroman (XXII), whose structure was already

proved by ROBERTSON.L®
‘ 5 N
BoH HO HO=
XX ;. R=H 2’6, <Clemmensen -
OH : OH
XVIT XX

RAGHAVAN'! 1solated the Cygl,,0, phenol as the
main produet of the Clemmensen reduction of a diketone
vwhich he believed to be 5,?*dihyérﬁxyéénisavaléraylwﬁ,En
dimethylchromanone (XIX)§ the diketone used by RAGHAVAN,
prepared by the condensation af.yhlaru&aevaleraphnnana
with f=hydroxyisovaleric acid, has naw‘bsen.pravad to be
the 8~isomer (XII). The formation of the C;g-phenocl
by the Clemmensen reduction of XII wasz confirmed in three
experiments because of its important role in RAGHAVAN'g
work and the need to prove that it was derived from
8,7=dihydroxy~-8~isovaleroyl=2,2«dimethylchromanone (XII)
and not the 6-isomer (XIX). The difficulty in effecting
& normal Clemmensen reduction of the diketone (XI1I) was
apparently associzted with the free hydroxyl groups of
the phloroglucinol mucleuss Bﬁﬁ%ﬁrﬁﬂﬂls has also recorded
his failure to reduce S~hydroxy7-methoxy-S8«iscvaleroyle
8y2~dimethylehroman by the Clemmensen method, although
the bH-benzyl«7-methyl ether underwent reduction to the
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igoamyl derivative. Anticipating complexities arising
from a Wessely-Moser rearrangement at the demethylation
stage, the Clemmensen reduction of the ditosylate of (X1I)
was first studiedy but the unecrystallizable product,
wvhich showed no C=0 abgorption in the IR, gave the clﬁ“
phenol after treatment with 5 per cent ethanolic sodium
hydroxide on the water-baths

Clemmensen reduction of the dimethyl ether (XXIII)
was then carried out. Chromatography of the product in
hexane on alumina gave 8aiaaamy1~5,?vdimathaxyna,2~'
dimethylchroman (XXIV) in 55 per cent yield. The compound
XXIV, m.p. 43°, showed a greenish yellow fluorescence in |
hexane _samtien in ultraviolet light and could be thus

digtinguished on an alumina column.

MeO Clemmensen

Octahydromorellin was fused at 250% with five times
the weight of potassium hydroxide and half the weight of



zine dust and the melt was diluted with water, filtered,
and the pale yellow filtrate acidified. The product was
extracted with ether and washed successively wi th agueous
sodium blecarbonate and sodium hydroxide. Acidification

of the latter extract and extraction with ether gave an
orange semi-crystalline msss, which on cerystallization

from acetone-hexane gave the C,g-phenol {10 per cent).

The mother liquor was evaporated, and the residue dissolved
in benzene and chromatographed on silica gel {200 mesh).
Elution of the first band led to a gummy product free from
earbonyl absorption, and distillation at 130°/7.7 x 10™° mm
gave a viscous oil which analysed for BeisoamyleS,T7edi-
hydroxy«2,2~dimethylehroman (XVII). Thin layer chromatow~
graphy‘uxing 8 per cent ethyl acetate-benzene on silica

gel showed 2 single spots 1In its properties, inecluding the
IR spectrum, the compound was identieal with a compound
isolated by-#iiiea gel chromatography of the Clemmensen
 ‘yeduetion product of 5,7~dihydroxy-8-isovaleroyle2,2«

» dimethylchromanone (XI1) or of XXV,

Although these observations indicated the presence of
Beigoamyle5,7=dihydroxy~2,2-dimethylchroman (XVII) in the
alkali fusion product of aetanyﬁrﬁmarellinh characterizsa«
tion by means of a crystalline derivative wag desirable.
Alkall fusion of octahydromorellin was carried out on a
16 g scale as above, and the product separated into
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sodiux bicarbonate soluble, sodium carbonate soluble, and
sodium hydroxide soluble fractions. The bicarbornate
solution was acidified, the fatty acids steam-distilled,
and characterized as isobutyrie, isovaleric ané p~valerie
scid (the last in traces) through their methyl esters by
vapourephase chromatography on a Perkin Elmer 154 at 70°
- using nydrogeny An ester with a higher retention time
than methyl isovalerate appezred to be methyl isoecaproate,
but confirmation is necessary. The carbonate soluble
fraction on orystallization from acetone~hexane gave the
Cy 680404 Phenol (28 per eent)s The mother liguor was
mixed with the sodium hydroxide soluble fraction and the
combined product methylated with dimethyl sulphate and
potassium carbonate in acetone. Chromatography of the
product in hexane on alumina gave a greenish yellow
fluorescent band, which on elution,; evaporation and erysta-
llization gave a colourless fluffy erystalline compound in
35 per cent yield based on octahydromorellin. The m.p.
and mixed m.p. with the synthetié sample (XXIV) were
identleal, and the IR spectra in liquid film were super-
posable (Fig. 11). | |

The isolation of the chroman (XXIV) provided the
classical proof of the presence of the 8~dimethylallyls
8,7-dihydroxy-2,2«dimethylchromene (XIV) skeleton in

morellin. However, one difference from rottlerin,
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toxicarol, osajin and pomiferin was that the e¢hromans

from the hydrogenated derivatives of these compounds

were obtained by much milder alkaline hydrolysis.

~ Rottlerin is a chalkone; toxicarol, osajin and pomiferin
are isoflavapone derivatives. The presence of a more
stable ring system (such ss a hydrogenated xanthone) in
morellin was therefore indieated by the drastiec conditions
of alkall fusion required for breaking off the chroman
molety from octahydromorellin,

ROBERTSON prepared the two ketones by the Hoesh

reaction between 5,7~dihydroxy-2,2-dimethylcehroman (VII1I)
and isovaleronitrile. The B«isomer (XXV) was found to be
the major product., 1In the present work other procedures
were found to be more convenient, The Friedel~Crafts
reaction between 5,7-dihydroxy-2,2-dimethylchroman (VIII)
and isovaleroyl chloride in ether gave a mixture of 6= '
and Beacylated eampaﬁnds {XXV and XXII) in addition to 10

_ per cent of the recovered starting material (VIiIl). The
mixture could be conveniently separated on a silica gel
¢olumny benzene eluted only the by-products and the
6~lsomer. The 8~igsomer (XXII) veadily erystallized in
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colourless needles (yield: 5 per cent, m.p. 146°, ana
gave a deep purple ferrie colour. Elution with 5 per cent
ethyl acetate~benzene led to the S~isomer (XXV), which
readily orystallized from hexane in greenish yellow
plates (yield: 30 per cent)s When nitrobenzene was used
as solvent in the Friedel~Crafts reaction, the 6~isomer
(XXII) was obtained in larger proportion (40 per cent).
The action of the isovaleric acideboron fluoride complex
on the chroman gave the acyl derivatives in 10 per cent
yield, since the complex of the ketone ¢nuld not be
decomposed. \

6«Isoamyl«8,7«dihydroxy-2,2-dimethylehromanone
(XX3 R = H) was obtained in 40 per cent yield by condensing
isoamylphlorogluecinol with B-hydroxyisovaleric acid.
Crystallization of the erude produect from benzene gave
(XX; R = H)y} echromatography of the mother liquer on
silica gel gave more of (XX R = H) and the 8~-isomer
(XXI3 R = R* = H) in 10 per cent yield. The 8B~igomer
(XXI; R= R' = H) was identical with the product obtained
by the demethylation of 8-~isoamyle8,7«dimethoxy=2,2= “
dimethylchromanone (XXI; R = R' = OMe). The action of
YY-dimethylallyl bromide (XXVI) on 5,7=-dihydroxy~2,2e
dimethylchromanone (X) in presence of sodium methoxide in
ether gave 5,?*ﬂihydraxy—6~isapantanyi«&,3~éimathy1'

chromanone (XXV1l), which on hydrogenation in presence of



palladized carbon gave (XXj R = H).

HO OH HO\C"Mez '
+ | "—=> XX ;R=H + XXI ;R=R=H
] /CHa
OH HOOC 40% 10%
‘ f-Me ' :
o) | 0
HO[:::]:;;:r: _CH _Naome HO Pd/Cy %% . R=H
+ H > .
T ey
| : 0
Ho [l Br P I
X XXVL XXVIT

The isclation of 8e-igcamyl~58,7-dihydroxy-2,2«dimethyl~
chroman (in high yield as the dimethyl ether) from the
alkall fusion of octahydromorellin, the formation of
acetone by the ozonolysis of both morellin and tetrahydro-
morellin, thé distinet ferriec chloride reaction of morellin,
the red copper complex obtained from morellin (but not
from the methyl ether or tetrahydromorellin), and the other
facts to which attention has been drawn in earller sections,
led to the conelusion that morellin has the part structure
(XXVIII) or (XXIX). A double bond conjugated with the
carbonyl group was shown by the formation of a red copper
complex and the high intensity band at about 360 mu in the
UV spectrum of morellin, reminiscent of rottlerin which has



& cinnamoyl group conjugated with a chromene mcleus.

The rapidity with which two maigcales of hydrogen were
absorbed by catalytic hydrogenation and the consequent
spectral changes gave further support. The wine~red
solour in the sodium amalgam reaction given by tetrahydro-
aoréllin, but not by morellin, provided evidence of a
Yepyranone ring of the type shown in structures (XXVIII)
and (XXIX).

Alkali fusion of octahydromorellin could have yielded
8~1soamyle8,7~dihydroxy«2,2~dimethylchroman, whether
morellin had the part structure (XXVIII) or (XXIX), in
which the pyran and pyranone rings have the angular or
linear arrangement respectively. Structure (XXVIII) with
the angular arrangement was preferred initially on the
analogy of osajin and pomiferin, the structures of which
have been proved conalusively, a&s well as sericetin, the
structure of vhich is very probable, but needs further
experimental support. The Xeray crystallographic data
digcussed later have now shown the correctness of part
structure (XXIX).
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Part structure (XXVIII) was then elaborated to.
struecture (XX{) for morellin on the basis of the follow~
ing considerations: the isolation of 5,6,7,8«tetrahydro~-
naphthalene«l,3=dicarboxylie aeid (VII) from the alkall
fusion of MRP»]1I, the formation of pyruvic aldehyde by
the ozonolysis of morellin, and the indication of a
l,3~diketone group by some reactions. The carbonyl group
in the hydrogenated naphthslene part was presumed to
undergo reduction to a secondary aleohol in MRP-1l, which
could aromatise to give the tetralin acid (Vi) during
alkall fusion.

3hrua£uré XXX for morellin left several facts to be
explained. The IR bands at 1626 and 1680 om™> respectively
were in the expected regions for the chelated carbonyl of
a Sehydroxychromanone and for an «f~unsaturated aldehydej
but the I band at 1730 cu™ (observed at 1739 cm™> in the
 rpras¢nt work) was at too high a frequency for a sixe

membered ring ketone and muech too high for a f=diketone.
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The hydrogenated naphthalene ring in XXX required more
experimental support. There were other anomalies in the
chemical behaviour of morellin, which will not be disocussed,
because NMR ruled out the tetrahydronaphthalene part of
AX. '

The HMR spectra of morellin, isomorellin, tetra=
hydromorellin, octahydromorellin, and morellin diacetate
are recorded in Figs. 12, 13, 14, 186 and 16« The spectra
were taken in CDC1l, solution using tetramethylsilane
as internal standard at 60 Mes I am greatly indebted
to Drs M. CASHRIO of the California Institute of Technology,
Drs Ao MELERA of Varisn isasociates, Eufieh, and Drs C. 8.
BARRES of CSIRO, Melbourne, for the spectra. I am grate=
ful to Dr. P+ M. NAIR for collaboration in interpreting
the KMR spectra.

The NMR spectrum of morellin gives a total proton count
of 36 and shows the presence of seven methyl graupa.;£§aur
of these ébsarb at 8.47 (2), 8.50 and 8.67 and are attach~
ed to tert, C atomsy chemical shifts are cited on the Y
s¢ale. The remaining three give peaks at 8.20, 8.25 and
8,30 and are evidently on C=C benda{j There is no CHy~CO-

group. The low field part of the spectrum shows singlet
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single proton abaarptiéﬁs due to a strongly chelated
 hydroxyl at «2.77 and an aldehyde at 0.37. The former
~41s broadened by exchange with trifluorcacetic acid,
while the latter is unaffected. In the vinyl region there
are three doublets at 2.4 (J=7 ops), 3.35 (J=10 cps),
4.43 (J=10 cps), and two #ripietn at 3.9 (J=8 cps) and
4.75 (J=7.5 ops)» No aromatic hydrogen is indicated.

The vinyl doublets at 3.30 and 4.43 with a coupling
congtant of 10 eps, in conjunetion with the two Me groups
at. 8.47, indicate a 8,2-dimethylchromene system.t®?>°
/The vinyl triplet at 4.76 and the Me signals at 8.2 and
8.3 may be assigned to a Yy-dimethylallyl group; 1if
this 1z attached to an aromatie ring, the allylie
methylene will be benzylic also and one would expect 1t
to absorb in the region 6.6 to ﬁs?glg giving a doublet.
In morellin itself the absorption in this region shows
more than two protons in a multiplet structure; however,
there is a gtrong suggestion of a Zeproton doublet. 1In
isomorellin, which has a very similar spectrum, the
position is more satisfactory, the 2«proton doublet at
6.77 being well resolved. Together with the chelated
hydroxyl signal at =»2.77, the part structure XXVIIil or
the linear isomer (XXIX) without the hydrogenated
naphthalene ring, may be formulated. _

‘The vinyl doublet at 2.4 (J=7 cps) shows that the
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proton is attached to a double bond linked to a strongly
elesotron-withdrawing group. 7This can be the P~proton
of an «B.ungaturated ketone, which has a planar Segis

eanfarmatiangl

or is part of a2 cyclopentenone ring. The
absorption of morellin the near-UV region (A, .. 960 mu)
requires that there should be a double bond in conjuga-
tion with the €0 in XXVII1I or XXIX, and the proton under
consideration can well be on this double bond., 1t is
spin coupled to a lone proton on an adjacent earbon. If
this earbon is part of a ring, the magnitude of the
~ goupling constant implies that the dihedral angle between
them is close to zero. In tetrahydromorellin the chromene
doublets and the doublet at 2.40 &iaappe&rig
The triplet absorption at 3.9 in the morellin
spectrum indicates another proton with an adjacent GHQ
and on a double bond attached to an electron-withdrawing
group. 7This is shifted to 3.63 in tetrahydromorellin.
The shift may be associated with destruction of cross-
conjugation, removal of anisotropic shielding, or isomerie
zation during hydrogenation. 1In this connection it is
pertinent to nmté that for isomorellin the corresponding
absorption 1s at 3.68, 1t i3 also suggestive that, whereas
the morellin aldehyde signal is at 0.37, the corresponding
signals of tetrahydromorellin and isomorellin appear at

0.68 and 0.82 respectively. It is more than likely that
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isomerization has taken place during hydragenatinn.’]

The singlet character of the sldehyde absorption of
morellin shows the absence of protons on the «~carbon
atom, and the aldehyde group is therefore tertiary or
«f-unsaturated with an X-gubstituent. In the latter
cagse it is expected that the double bond concerned should
be one of those that are readily saturated on hydrogena-
tion; but tetrahydromorellin shows a sharp ainglat
aldehyde absorption. Moreover, efforts to get the usual
chemiceal evidence for an aldehyde group were unsuccessful.
These facts together suggested that the aldehyde is
tertiary. If it is conjugated with a double bond that
resists hydrogenation for steric reasons, the spectrum of
oc¢tahydromorellin should remove éhe ambiguity. Unfortuna~
tely, octahydromorellin is amorphousy the spectrum gives
pairs of signalg that are not very sharp for the chelated
hydroxyl and aldehyde functiéns, and the compound is
evidently a mixture of lsomers. The aldehyde signals
obtained are definitely broadened, but it is not certain |
1f spin coupling is involved. There is a shift at 0.45
Pepem. in the position of the aldehyde signal in going
from morellin te isomorellin. This is too large for a
change from a saturated to an «Af-ungaturated aldehyde.

The shift is prah&k&y due to anisotropic shielding factors
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affecting the aldehyde group in isomorellin, but not in
morellins -

The spaatrﬁm of morellin diacetate shows some very
revealing featureg. Thai?inyl triplet at 3.9 and two
protons, probably belonging te a ClHy, coming in the region
of 6.2 to 7.15 in the morellin spectrum, as well as the
aldehyde signal, have disappeareds and three new vinyl
protons appear at 2.80, 3.52 and 4.84., The first gives
a8 singlet absorption, and the remaining two constitute a

ans vinyl protons (doublets, J=15.5 eps). The
first appears to be the veproton of a vinyl acetate formed
by meylation at the aldehydic oxygen of morellin. If
morellin has an angular aldehyde group, the formation of
a pair of Lrang vinyl hydrogena in the acetylation of
morellin implies that one ring has opened up. Alternatively,

if this aldehyde group is «f-unsaturated and is present in
a side~chain, the observed changes will be consistent with
the presence of a ~Cﬁgnaﬁﬂgnﬁﬁﬂ group in morellin, converted
to ~CH=CH~G=CH-OAe in the diacetate, the Y= and d-protons
giving rise to the doublet absorptions at 3.52 and 4.84.

The formation of pyruvic aldehyde in the ozonolysis of
morellin would tend to suggest that the «A-substituent here
is a methyl group. If this is correct, the methyl resonance
seen at 8,35 may be conveniently assigned to 1%2} If the
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aldehyde group is attached to a double bond in a ring,
1t is very unlikely that acylation at the aldehyﬁiﬁ
oxygen would be accompanied by the formation of a
trang-disubstituted double bond.

In the morellin diacetate spectrum there is a broad
- three proton multiplet signal centered at 6.6 that is
well geparated from others. Two of these protons have
been already assigned to the YY~dimethylallyl group on
the aromatlic ring, The remaining proton, which shows

up at 8.4 and 6.5 in morellin and isomorellin, 1s either
on & earbon bound to oxygen or may be ¥ to a keto group
and allylic at the same timn.%g The absorptions in the
7.1 to 8,1 region correspond to nine protons including
those of the acetyl methyls. Thus the methylene and
methine protons appearing in the range of 7.18 to 7.2 in
morellin are relatively unaffected by acetylation. The
methine proton of this region of the morellin spectrum
appears as a well resolved doublet (J=4.5 eps) centered
&t 7.7 and therefore seems to be coupled only to one
proton. The methylene group gives an unsymmetrical and
distorted quartet centered at 7.35; 1t is apparently
under the deshielding influence of one or more multiple
bonds «

pf [:%he three proton peaks at 8.5 and 8.67 in the spectrum
L v ,



0O

Y-
L

o

of morellin occur in the expected region for Me groups on C
attached to 0. In isomorellin these Me groups are in similar
environments and lead to a single sharp resonance at 8.67,
suggesting that they may form a gem~dimethyl system. In more~
11lin itself they are pr@bably differentiated by magnetic ani-
gotropy of the double bonds in thelr neighbaurhoo%;y
| Summarizing the NMR results, it may be said that the evi-
dence for the part strueture XXVIII or XXIX is very good, and
that these may be improved to XXIXa. In addition the data
suggested the probable presence of a Cg side-chain like
-CHE*CH-C-GHG and also a second gem~dimethyl system bound to
OXygene éHsTha precise relationship of the CH; of this Cg side~
chain to the rest of the molecule could not be obtained from
the NMR data. Also the speclification of the position of the

remaining methylene and methine hydrogens in greater detail was

not possible.

A=~Ray Crystallography
Almost from the commencement of the work on morellin
in thls laboratory, it was realized that X-ray crystalloe
graphy may prove to be the only technique by which the
complete structure of morellin can be prnved.Zi%rofesser

J« D. BERNAL, during a visit in 1955, was attracted by the
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size and beauty of the erystals of morellin and he took

with him a sample for X-ray study. Morellin was investigate
ed by Dr. CAHLISLE and Dr. DAYAL in Birbeck College, London,
and subsequently by the latter in Banares University.
Although Dr. DAYAL had no contact with the workers on
morellin in this laboratory since 1955, he and 3. C.

MATHEUR have referred in a recent netags to the preliminary
chemical data provided to him c¢asually. DAYAL and MATHUR
have included in their note & "provisional chemical formula®
in which a double bond in a benzene ring is omitted and a
double bond in the hydrogenated naphthalene ring is in a
wrong position. They finally state: "Trials of atomis
positiéns based on the formula have shown reasonable agree-
ment between calculated and observed structure factors but,
owing to the complexity of the molecule and its awkward
projections on (001) and (010), are not sensitive to further
refinement. It is clear that the analysis needs to be

carried out in three dimensions and this is now being done."

It was cobserved by Dr. L. M., PANT in this laboratory
that the main dfficulty in the Xeray erystallographic study
of morellin by two dimensional methods i1s that there is
too much overlapping of peaks in the Fourier maps anéd the
molecule therefore cannot be identifieds 1t was not
possible to use three~dimensional methods, because the

necegsary eomputing facilities were not availables



Professor G. N. RAMACHANDRAN, who has been in touch

~ with us continuously, and Dr. G. KARTHA have carried out
an X~-ray erystallographie study of the p-bromobenzenesule
phonyl ester of morellin. The first structure suggested
by them was sgimilar to XXXI, but in place of the aldehydie
oxygen there was a methylene group. This was not compatible
with the presence of seven oxygen atoms in morellin,

one of them as an aldehyde group as shown by MR evidence
and confirmed by the formation of pyruvic aldehyde on
ogonolysis. The Xeray structure was therefore modified to
(XXXI), which was then confirmed by X-ray crystallography.
Full details of the X-ray will be published by KARTHA
and RAMACHANDRAN. |

MORELLIN
XXXT

The X~ray structure (XXXI) is in excellent agreement
with the NMR data discussed earlier. The part structure
(XXIXa)arrived at from NMR and chemical data forms the left



half of the X-ray structure. Ais expected, there is a
doubls bond in conjugation with the CO conjugated to
aromatic ring and the proton on this double bond has been
correctly placed ag the one that gives rise to the
absorption at 2.4 in the morellin spectrum. It was deduced
with the help of the spectrum of morellin discetate that
there is one proton which is either on a earbon bound to
oxygen or « to a keto group and allylie at the same timee
The proton st the bieyeclo-octenone bridgehead has the
latter type of environment. Sinee tie signel concerned
ovarlaps with thet of the benzylie cﬁs, the splitting is
not observable. The probable presence of a Cg side~chain
like CHJ-G=CHeCH,= was indicated by the NMR spectrum of

the éiaaaiata and hss nov been firmly estsblished. The
cage system formed by the bicyclo~octencre and oxide ring
of the right purt of the molecule could, of course, not be
inferrad from the NMR or other chemical data available.
Howevery the disposition of reusining groups with respect
to each other yevenled by the X-ray structure makes
possible & rationalization of the more obscure features of
the HMR spectra of morellin and its derivatives. The
unsymmetrical gquartet rwpraawm%&ng twvo protons in the
spactrum of morellin is due to the methylene group of the
bicyelic system. The proton at the bridgehead o« to the



gsm~dimethyl group seems to be coupled to only one of
the methylene protons. It gives a doublet at 7.7
(J=4.5 ops) in the spectrum of morellin.

It was obgerved eariier in the discussion of the
spectrum of morsllin diaaotata that there is a methylene
group in morellin absorbing below 7.16, and that this may
be part of a side-chains If the methylene group is gig
to the aldehyde function, only part of the observed
strong paramagnetic shift of the group from its normal
range ¢an bs accounted fors The Xepay structure shows
that the rest of the shift is produced by the other doubls
bonds in its viainityg

In going from morellin to isomorellin the absorption
of the methylene group under djscussion ghifts to a
higher field. The associated change of the position of
vinyl triplet at 3.9 of morellin is in the opposite
direation, L.8. downfield. These ohanges indigate that
morellin and isomorellin are gis-trans isomers and that the
aldehyde and vinyl hydrogen of the Cg side~chain are glg
in isomorellin, If morellin and isomorellin are giz-trang
isomers, one would expect from what has been digoussed
sarlier that they would give the same diacetate. In fact
BRINGI had shown that isomorellin also gives a diacetate
and that this diacotate is identicsl with that of morellin.
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/" The pebromobensenesulphonyl ester of morellin supplied
to Professor RAMACHANDRAKN was prepared by refluxing morellin
and p~bromobenzenesulphonyl chloride in acetone in presence
of potassium carbonate. Since isomerization to isomorellin
is a possibility, the faet that the structure XXXI is that
of morellin and not isomorellin was confirmed by the
preparation of p-bromobensenesulphonyl ester of isomorellin
and comparison of the HMRK gpectra in the aldehyde reg&ag:]

The NMR s#&atruuAat'&ﬁvahyﬁramartllin'shawa thaty on
abgsorption of 2 woles of hydrogen, three doublets in the
morellin spectrum, including the two assigned to the
vinyl protons of 2,2-dimethylchromene, have disappeared.
Tetrahydromorellin did not form a copper complex like
morellin, and the UV absorption spectirum of tetrahydromoe
rellin was very similar to that of C-methylphloracetophenone
© or §,7-dihydraxy~2,2-dimethylohromanone, indicating that
hydrogenation of two double bonds had destroyed ¢conjugation
with the chromanone chromophore. It is clear that the two
double bonds reduced are the double bond eonjugated with the
benzene ring in 2,2«dimethylehromens and the double bond
conjugated with the chromanone aarbanyibgrﬁuy. The remaine
ing two double bonds were intact in tetrahydromorellin as
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indicated by the formation of acetone by ozonolysis and the pre-
gence of the aldehyde signal in the EMR spectrum. Structure
XXXII ean therefore be agsigned to tetrahydromorelline.

The formation of a diacetate by morellin, although it con-
tains only one hydroxyl group and forms & monomethyl ether, is
explained by structure XXXIII and by the NMR spectrum. This was
confirmed by the fact that morellin diacetate aLsorbed § moles of
hydrogen in presence of palladiged carbon, btut the product was
amorphous «

A scheme for the blosynthesis of morellin is outlined in Chart
1, from which it is clear that morellin can be derived from 1,3,7=
trihydroxyxanthone (XXXIV) and four units of “active isoprene” by a
simple and mechanistieally acceptable series of reactions.
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CHART 1

(p/”\ B

XXXV XXXV a

Jacareubin (cf Part 1)

[(l) 4 units active isoprene

—

Desoxymorellin ( ¢f Part [V )
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Bxteusive experimental evidence, using living
plants or moulds and precursors labelled with,lqc, is
now available for the blosynthesis of flavones; it
has been demonstrated that the A ring is derived from
acetate by head-to~tail condensation, and the B ring
together with the three carbon chain of the Yepyrone
ring from shikinic acid.*® Such work does not appear to
have besn ecarried out so far on xanthones, but the
hydroxylation patterns of the two benzene rings in
several naturally oecurring xanthones and other ciroume
stantial evidence Justify the assumption that the manthones
are derived from acetate, probably yia the corresponding
benzophenones. Thus griseoxanthons C (XL) ean be derived
from seven acetate units (XLa)., Griseoxanthone C (XL)
is accompanied by the benzophenone (XLI) in the metabolic
produets of Ega;n;l&tgm_na;n&nmﬂgs The oycligzation of
an 9y0'«dihydroxybengophencne to a zanthone reguires
drastic conditions, such as sublimation or heating with
polyphosphorie seid, and it is likely therefore that a
mechanism other than a direct dehydration iz involved.
BARTON and $0027°° have suggested the following mechanism,
which is supported by the faot that sulochrin (XL1I) ean
be converted under mild basic conditions to the
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The resorcinol and phloroglueinol muclel have strong
meleophilic reactivity, as shown for instance by the ease
with which they couple with dlazonium salts. The bilological
introduction of dimethylallyl zranptg? by the attack of
3,3~dimethylallyl pyrophosphate (XLIII) or the cation
macacx«x:-c*na is easy to picture. If the trihydroxyxanthone
(XXXIV) thus rescts with four units of "active isoprene,®
and one g~dimethylallyl group ¢yclizes with the phenolie
hydroxyl group to 2,2-dimethylchromene, the intermediate
XXXV 1s obtained. |



Me

N +
H,C=C~CHy- CHy: OF, Og Hy —> ZC=CH - CH, OP, 0 Hy —>
- Me
Me y
e +
——>  >C=CH-CH,
~
Me

. XLl
  Ihc_1ﬁtarm¢é£§tﬁ.HﬁﬁWI may  be farméd from XXXV

by several steps of axié&tién and reduction. Jacareubin

(XXX1va)(gf. Part I1), which also occurs in a plant of

the family Guttiferae to whieh Garcinia morella belongs,

is a possible precursor of morellin as indicated in

Chart 1. The folding of a dimethylallyl sideechain of

XXXV1 as shown in XXXVI§ in which cyclization can then take

place by the loss of a proton and the concerted mechanism

indicated in the Chart has many analogies in blological

systems. RHEICK&asa'has digscugsed ionic and radical

mechanisms by which such coupled eyclizations take place by

enzyme action. Intermediate XXXVI is thus transformed to

XXXVI1I1I, wvhich then undergoes dehydrogenation and oxidation

of a methyl to an aldehyde group to yield morellin (XXXI).

1t should be added, however, that this appears to be the

first example of the transformation of a phenol (presumably

derived from acetate or acetate-malonate units) to a bieyclo-
octenone by the c¢yeclization of an isoprenoid side-chain.
There is obviously no evidence for the reaction sequence
shown in Chart 13 & mechanism can also be written which

does not involve hydrogenation and dehydrogenation after
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the formation of the chromene (XXXV)s

Support for the suggested mechanism is found in the
ocourrence of desoxymorellin and dihydroisomorellin (the
aldehyde corresponding to XXXVIII) in Gareinis i

as shown in Part IV.

Jacareubin (XXXIVB),sg mangostin (XN1)§17 and
celebixanthone (XLI?)aQ are other xanthones with dimethyle
allyl side-chains, and they all occur in plants of the family
Suttiferag to whieh Gareinia porslla belongsy 4in jacareubin,
as in morellin, a dimethylallyl group has cyclized with an
adjacent phenclic hydroxyl to form a 2,2~dimathyichramnna.
Hovwever, among xanthones and flavonoids morellin is unique
in possessing a carbocyclic ring derived from an isoprenoid
slde~chain. Morellin is also one of the few natural
products containing a hicyelo[2.2.2]octane ring systems
other examples are the diterpene alkaloids of the atisine
tyyage and the hisditerpene, maytenone (XLV?tal

XLIV



EXPERIMENTAL



Isovalerie acid (8 ml) wes cooled in ice, and

boron trifluoride was passed until saturation. To this
was added 8,7~dihydroxy-3,2~dimethylehromanone (1 g), and
again the gas was passed till saturation. After leaving
the mixture in an ice~bath, it was poured into ice and
the excess fatty acid was neutralized with sodium
bicarbonate. The solid was filtered, suspended in watér
(30 ml), and boiled for 5 min. After cooling, the solid
was crystallized from dil aleohol (0.8 g), m.p. 83°%
(Founds C, 65.6; H, 6.4. G4l 0g requires: C, 65.84
Hy 6.94). The mother liquor on thin layer chromatography
on siliea gel showed two spots corresponding to XiX and
XII. It gave a red colour with aleoholic ferric chloride.
It was soluble in 1% sodium hydroxide and did not couple
with diazotized aniline. The IR spectrum (Nujol) showed
no hydroxyl, It showed intense bands at 1630 (chelated
earbonyl), 1588 (aromatic), 1325, 1258, 1220, 1198, 1163,
1117, 1096, 1075 and 1010 cm .

The same compound was obtained when the ehramanéna
(0+2 g) was heated on a gteam-bath for an hr with boron
trifivoride~isovaleric acid complex (1 ml) and diluted



and neutralized with sodium biearbonate. The solid
obtained wag erystallized from d41 aleohol (0.15 g), meps

A mixture of zine amalgam (120 g), aeetic acid (15 ml),
water (7 ml), conc hydrochlorie ascid (51 ml), and a
| solution of the 5,?adihydrexy~6»1savaleraylwa,3~di§athy1~
chromanone (XIX} 3.0 g) in alcohol (30 ml) was kept aside.
After 18 hr hyﬁrsuhlarie acid (30 mly 15%) was added to it
and again kept aside. After 18 hr more aci& (30 ml; 158
and alcohol (15 ml) were added, and on tﬁé following day
the mixture was refluxed on a gteam=bath for 1 hr. More
acid (30 ml) and aleohol (15 ml) were added and the
refluxing was contimued for 6 hr more. On cooling, the
mixture was extracted with ether, washed with water, sodium
bilcarbonate solution fallawe@ by waters. Removal of ether
gave a seml~-solid, which on treating with hexane (60-807)
gave colourless crystalline needles, which were recrys™
tallized from benzene (0.8 g), mep. 17&”7 (Founds C, 69.03
Hy Be0s CygHoo0, Tequires: G, 69.13 Hy 7.9%). The IR
spectrum {Nujol) showed bands at 3100 (OH), 1645 (chelated
earbonyl), }630 and 1580 (benzenoid in conjugation with

carbonyl group), 1310, 1206, 1160, 1060 cm L. The compound



gave a purple violet ferrie colour. The mother liquor,
from which a red gum was isolated, was chromatographed
through a column of Florex XXX, using benzene as solvent.
The sluent on evaporation gave a semle-solid which, on
¢rystallization from ¢yclohexane, gave more of the
produet (0.4 g), m.p. 174°.

5y Todihydroxy«g,2=-din

| Isocamylphloroglueinol (2.0 g), R«hydroxylsovalerie
acid (1,2 g) and boron trifluoride etherate complex

(10 mi) were heated on a steam~bath for 3 hr. The product
»wma dilﬁtaé with water and warmed ga? 10 min. On cooling,
the mixture was extracted with ether and washed. Removal
of ether gave & reddish~yellow gum which readily crystallie
zed from cyclohexane (1.0 g), mep, 174°%. The mixed m.p.
with the Glammgnaen reduction produect of 5,7~dihydroxy-G-
isovaleroyl-2,2-dinethylchromanone (XI1X) was undepressed.
It gave a purple violet ferric colour, but did not answer
the magnesium=-hydrochloric aecid test, and did not couple
with diazotized aniline.

2,4-Dinitrophenylhydrazone was prepared by refluxing

the compound (0.1 g) in methanol (3 ml) with a solution of
2y4~dinitrophenylhydrazine (0.3 g) in methanol (8 ml) in
presence of cone sulphuric acid (0.5 ml) for 1 hr. The
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orange~red needles that separated were filtered and a

benzene solution was chromatographed through alumina

and eluted with 1:l mixture of beﬁzaﬁauaﬁhyi aeatate.‘

The product obtained after the e#aparatian of the eluent

was erystallized from alcohol, m.p. 264° (dee). (Founds

Cy 57.6§ Hy, 5.3. CggH ol 0, Tequires: C, 67.6 H, 5.7%).
The mother liguor after the erystallization of the

6~isomer was chromatographed on a silica gel (200 mesh)

column, uwsing benzene. The eluent giving ferrie éslour

on concentration gave more of G-isomer (0.2 g). Next

slution with 8% ethyl acetate in benzene and removal of

solvent gave the erystalline 8~isomer (XXI§ R = R'=s H)

(60 mg), m.p. 96°. (Found: C, 68.9; H, 748, CygH,00,

requiress C, 6%.13 H, 7.9%)s It gave a purple ferrie

colour. 7The IR spectrum (Nujol) showed bands at 3400 (OH),

1655 (chelated earbonyl), 1610 (aromatiec), 1520, 1342,

1330, 1307, 1382, 1266, 1260, 1206, 1183, 1163, 1131, 1111,

1070 em™t,

5,7-Dihydroxy«2,2«dimethylchromanons (X; 1.1 g) 4inm
dry ether (35 ml) was treated with a cold solution of

sodium methoxide in methanol, prepared by dissolving
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godium (0.256 g; 1.5 moles) in methanol (18 ml). The

mixture became turbid initially and turned clear later.

To the cold solution freshly distilled YYedimethylallyl
bromide (XXEI§ 0.8 g) was added with shaking and the

mixture set aside for 48 hr at 15°. Th§ mixture was
acidified, diluted and extracted with ether and weshed

with 10% sodium carbonate followed by 10§ sodium

hydroxide solution. The carbonate solution on acidifica=-
tion gave a crystalline compound (0.26 g), m.p. 188»192°:
the mixed m.p. with the starting material was 197°. The
sodium hydroxide solution was acidified and the semlesolid
sxtracted with ether 3m¢¢¥a§haé with water. Evaporation

of ether gave a erystalline solid (0.7 g)e Thin layer
ehromatography on siliea gel, using 5% ethyl acetate-benzene
showed a single apat'aaving faster than the starting material.
The compound (XXVIIIj 0.65 g), m.p. 154°, was recrystallized
from henzene-hexane mixture. (Found: C, 69.2; H, 7.4.

Cy glopQq Tequires,69.63 Hy 7.3%).

ations The compound (0.6 g) in methanol (20 ml)
was hydrogenated in presence of palladium on carbon (10%
0.1 g)« When the absorption stopped with 1 mole, the
mixture was filtered and the solvent distilled to get a
erystalline compound. Thin iayar chromatography showed a
single spot corresponding to 6~isoamyle8,7-dihydroxy~2,8«~
dimethylehromanone (XX; R = H), the identity with which
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was confirmed by the mixed mepe

The chromanone (XX; R = H) (0.4 g), freshly ignited
potassium carbonate (3 g), acetone (30 ml) and dimethyl
sulphate (10 mlj 10 moles) were refluxed for & hr.
Acetone was digtilled and diluted with water to get a
sticky produet. It gave a bluishegreen ferric colours
It was extracted with ether, evaporated and chromatographe-
ed through a ocolumn of alumina, using 40-60° pet ether.
The eluent on evaporation gave & colourless oil. It was
distilled at 150° at 7.7 x 10™° mm. The distillate was
erystallized from dil methanol in colourless needles
(0.25 g), mep. 60°. (Founds C, 70.5; H, 8.0« Cyol, 0,
requiress C, 62.9; H, 8.24).

goamyl=8,7~dime1

The chromanone (XXj R = H) (0.5 g), methyleg-propyl
ketone (35 ml), freshly ignited potassium carbonate (5 g)
and dimethyl sulphate (1.2 mlj 10 moles) were refluxed
gently for 16 hr. 8ince the compound stowed colouration
with ferric chloride, it was refluxed for 120 hr with
more potassium carbonate (5.0 g) and dimethyl sulphate
(2.0 ml)« It was diluted with water and extracted with
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ether. After removal of the ether, it was steam-distilled
and the compound was again igolated with ether. The
compound still gave a faint green ferric colour. 7The
ether extract was washed with 0.5% sodium hydroxide ard
distilleds The gum obtained was chromatographed through
a column of grade I alumina and the o0il obtained from the
hexane eluent was distilled at 120° at 4.81 x 10™°

(Found: C, 70.3; H; 8.6 OMe, 19.9. ﬂigﬁgﬁ requirest

Cy 70.6; H, 8.5; OMe, 20.3%)«

%.mixturevafv6~i56§my1~5,?adihydrexyaz,2~d1mathylw
chromanone (XX; R = H) (0.8 g) =and boron trifluoride-acetic
acid complex (2 ml) was heated on a gteam~bath for £ hr.

It was diluted with water and neutralized with solid
sodium bicarbonate. The solid obtained was warmed with
10£€ sodium hydroxide and acidified. The semi-solid that

was formed crystallized from aqueous methanol in colourless
needles (150 mg), meps 78°. (Founds Cy 67.33 Hy 7.8,
C1gHo40g requiress C, 67.5; H, 7.8%8)s 1t gave a reddish

purple ferric colour.

Phloroisovalerophenone (10.0 g) in acetone (280 ml)



was refluxed with anhydrous potassium carbonate (50 g) and
dimethyl sulphate (9.7 mly 2.1 moles) for 18 hr. Distilla-
tion of acetone to dryness and treatment of thavrasidﬁe
with water gave an oily product which vas extracted with
ether, washed with water, and dried over sodium sulphate.

The oily product obtained on removal of ether was distilled
(100°/4.81 x 10™* wm) (10 g)s (Founds C, 65.2; H, 7.9

OMe, 25.7. Cy4H,q0, Tequires: at 65.5; H, 7.6; OMe, 26.1%) .
1t gave a cherry red colour with 1% aleoholic ferrie
chloride.

A solution of 2,4~dxmeth§xyphlawmisovaluraphanan@
(8.0 g) in aleohol (80 ml) was added to 12% hydrochleric
ascid (320 ml) eontaining amalgamated zine (200 g) and with
the addition of more acid (20 ml) two days later, the
mixture was heatw&.an arateaMmbath:far 6 hr. 1t was cooled,
extracted with ether, and waghed with water, sodium bicar-
bonate and again waﬁe:. The ether extract was dried over
sodium sulphate, filtered and evaporated. The oily
product was distilled at 110°/4.8 x 10™% mm and then
readily orystallized from hexane in colourless needles
(5.0 g)y mep. 85°. (Founds C, 69.8; H, 8.8; OMe, 27.3.
Cy3Hog0y Tequires: C, 69.7; H, 8.9; OMe, 27.9%)+ The product
was soluble in scodium hydroxide.
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A mixture of iéma@#lphlozéglucine&»ﬁ,4~61mathy1 ether
(1.0 g), B-hydroxyisovaleric acid (0.47 gj; 1 mole) and
boron trifluoride etherate (5 ml) was heated in a steam=
bath for 2 min, when a yellow crystalline complex
separated. After it was poured inte water, the complex
was collected. The complex was boiled with alcohol (50 ml)
for 14 hr. Alcohol was distilled and the product was
in ether and washed with 5% sodium hydroxide (50 ml)
followed by water. The ethereal layer was dried over
sodlum sulphate, filtered and digtilled to dryness. The
product gave a purple ferric colour. It was dissolved in

hexane and chromatographed on alumina (grade I). Elution
vith hexane (60-80°) gave a colourless product (0.02 g),

MeDe 79°. Elution with benzene and evaporation of the

extract gave a pale yellow product, which was erystallized

from hexane in colourless plates (0,20 g), m.p. 118°.

(Found: Cy 70.63 H, 8.8; OMe, 19.9. Cygllagly Tequires:

Cy 70.64 Hy 8+5; OMey, 20.3%). The compound did not give
 ferric colour and gave a red colour with magnesium and

hydrochlorie acid. The last band was eluted with 1:1

benzene-ethyl acetate and evaporated. The product gave

a purple ferric colour. It was distilled at 1056°/4.8 x 1074

mm (yields 0.8 g).

The 0il (0.2 g) was refluxed with acetone (25 ml),
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potassiunm carbanata (3 g)'&nd dimethyl sulphate (1.0 mlj
10 moles) for 20 hre Acetone was distilled and the
residue was diluted with water. The oily material was
extracted with ethew, wawhed With vater, and dried over
sodium sulphates The oll obtalned on evaporation of
ether was chromatographed through a short column of
alumina using hexane. The eluent on evaporation gave &
product which was erystallized from hexane in colourless
plates (0.285 g), m.p. 116°; the mixed mepe with the
8wisoamyl=5,7=dimethoxy«2,2«dimethylchromanone (XXI}

R = R' = Me) waa*ﬁn&aﬁrassads

| snlsaamylmﬁg?nﬂima%hﬂxywa,ﬁéézwathylehr@manans (0.2 g)
was refluxed with anhydrous aluminium bromide (1.0 g) in
benzene (20 u&) for 2 hre The mixture was poured into
ice containing hydroehloric acids It was extracted with
ether, washed with water and the Qalvant distilleds
The roédiah-arénga gum was corystallized from hexane in
pale yellow needles (100 mg), mep. 96°; the mixed mep. with

the minor fraction obtained from isoamylphloroglueinol
was undepressed.

{a) Anhydrous tetrahydrofuran (50 ml) was cooled in



ice and saturated with diborane gas, to which 6-isoamyle
§,7-dihydroxy-2,2-dimethylchromanone (XX R = H) (1.0 g)
was added. The solution turned deep yellow and then
became colourless in 2 hr. After 24 hr at room temp
excess diborane was destroyed by careful addition of
acetic acid, The solvent was distilled,; the residue
diluted with water, extracted with ether, and washed
repeatedly with 10% agueous sodium hydroxide. The alkali
solution acidified. The semi-solid isolated with ether
wvas digtilled at 280°/7.7 x 10"3 mm and erystallized
from benzene-hexane in colourless needles (75 mg), m.p.

29°%, It gave no ferrie colour.

(b) In a 3-necked 100 ml flask equipped with conden-
ser, guard tube, dropping funnel and mechanical gtirrer,
iscemylphloroglucinol (1.0 g), benzene (freshly distilled
over P,0g) (45 ml), and freshly fused zinc chloride (3.0 g)
were refluxed under stirring for 20 min. YY-Dimethylallyl
bromide (XXVI) (freshly distilled; bep. 31-33° at 11-13 mmj
1.8 g) dissolved in benzene (10 ml) was added in lots in
45 min. After the additlion was complete, the mixture was
refluxed under stirring for 90 min, filtered and
evaporated. The dark-red residue was diluted with water,
isolated with ether, and mixed with the main benzene

soluble fraction. After washing with water, it was
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extracted with 6% aqueous sodium earbonate followed by
88 sodium hydroxide. The sodium hydroxide soluble
fraction (0.2 g) was crystallized from benzene~hexane
mixture in colourless needles (150 mg), m.p. 99°,
(Founds C, 73.03 H, 9.8, CyqH,,0, requires: C, 72.7;

Hy 9.1%)+ The mixed m.p. with the above sample obtained
by diborane reduction was undepressed. The IR spectrum
(Nujol) (Pig. 9) showed bands at 3380, 3225 (0H), 1600
(aromatiec), 1498, 1460, 1440, 1370 and 1360 (gem~dimethyl),
1340, 1320, 1275, 1240, 1222, 1200, 1160, 1118, 1100,
1040, 1029, 1020, 260, 920, 895, 865, 815 and 750 cm™ .

amelgam prepared from zine wool (12 g), §,7«dihydroxy-6e
isovaleroyl-2,2«dimethylchroman (XXIIj 0.3 g) in ethanol
(4 ml), and hydrochloric acid (10%; 17.7 ml) was refluxed
in a steamw~bath. After 3 hr additional hydrochloric acid
(10%; 17.7 ml) was added and further refluxed for 3 hr.
On cooling, the mixture was isolated with ether, washed
with water, sodium bicarbonate solution and again water.
Removal of ether gave a crystalline solid which was
reerystallized from hexane (60-807) in colourless needles
(02 gy mape 9%, The mixed m.p. with the above sample



vas undepressed and the IR spectrum in fujol was
superposable. The compound gave no colour with ferric
ehloride. It did not couple with diazotized aniline.

The UV spectrum in ethanol showed one peak
at A, 276 my (€, 10380). -

A mixture of phloroisovalerophenone (1.0 g),

B-hydroxyisovaleric aseid (0.6 g) and boron fluuriﬁé
etherate (5 ml) was heated on a steam-bath for 30 min
and the orangeered mixture diluted with water and heated
on a steam=bath for 10 min. The mixture was extr&cteﬁi
with ether and washed with water. The orange gum
obtained was readily erystallized from dil methanol (norit)
in colourless needles (0.7 g) (50%), m.p. 112°.  (Pound:
C, 65.3; H, 6.7. OCygHy 0g requires: C, 65.7; H, 6.9%).
The compound gave a ehsfry»raﬁ colour with alcoholic
ferric chloride. It did natgaauple with diazotized
aniline. . |

The mother liquor of the ecompound on thin layer
chromatography on siliea gel, using 8% ethyl acetates
benzene as solvent, showed a spot identical with that of
the isomeric compound (XIX) obtained by the action of
isovaleric acld~boron fluoride complex on 5,?~dihy¢raxy~‘



2,2-dimethylchromanone (X)+ The IR spectrom of the
compound (CCl,) showed no hydroxyl band. It showed intense
bands at 1638 (chelated carbonyl), 1615 and 15785 (benzenoid
in conjugation with earbonyl), 1430, 1418, 1380, 1355, 1338,
1855, 12086, 1180 and 1095 ou .

Clemmengen reduction of 5,7-dihvdroxy-8~isovaleroyls

2y2~dimethylchromanone (X11) and 1solation of CygH,,0, pheno

Zine amalgam (96 g) was mixed with water (55 ml),
acetic acid (18 ml) and conc hydrochloric acid (49 ml).
The compound (XII§ 1.1 g) in alcohol (42 ml) was added
and the mixture set aside. After 12 hr, alcohol (41 ml)
and eoneé hydrochloric acid (28 ml) were added and again
set aside for 12 hr. The mixture was treated with more
alecohol (4] ml) and aeid (28 ml) and refluxed for 6 hr.
It wvas extracted with ether, washed with water, squeous
sodium biearbonate and again water. Hemoval of ether
gave & brownish gum (1.0 g) free from ferric colour. It
was erystallized from acetone~hexane mixture (60 mg),
m.p. 162°. The mixed m.p. with C,-Phenol obtained from
the alkali fusion of octahydromorellin wag undepressed.
The IR spectra of the two (KBr dise) were superposable
(Fig. 10}, and showed bands at 3340 (OH), 1661, 1640,
1685, 1548, 14565, 1404, 1372 and 1360 (gem-dimethyl), 1316,
1274, 1280, 1296,1208, 1186, 1136, 1111, 1047, 1026, 975
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945, 918, 908 and 885 cn™r.

The mother liguor was chromatographed through a
eolumn of silica gel (200 mesh) in benzene. The first
band was eluted and the gum (0.2 g) obtained from it was
distilled at 176°/7.7 x 10" mm. The IR gpecetrum of the
pale yellow distillate (liquid film) was free from
earbonyl absorption. It gave no ferric colour.

4 £ - * ¢ " 5 " g
fosylation of 6,7=dihydroxv=8«igoyaleroyl-d,2edimathyl~
chromanone (4l

The chromanone (1.0 g) was refluxed Wi th p-toluenesul-
phonyl chloride (1.7 g) in acetone (30 ml) in presence of
potassium carbonate (12 g) for 4 hr. When the ferric
eolour disappeared, the solution was filtered and the
residual potassium carbonate extracted with hot acetons
and filtered. The combined filtrate was éistﬂied and
the residue was extracted thrice with hot hexane to
remove the excess sulphonyl chloride. The hexane insole
uble derivative was readily e¢rystallized from methanol in
eolourless needles (1.5 g), m.p. 110°. (Found: C, 52.6;
Hy 5.8, CggHy 5048, requires: C, 60.04 H, 5.3%). The
compound gave no ferriec colour and the IR spectrum (Nujol)
showed the absence of hydroxyl and the presence of
carbonyl group.



Clemmensen ;sﬂu,t;aﬁ» The above compound (1.0 g) was
refluxed with ethanol (26 ml), cone hydrochloric acid (32 ml),
wvater (60 ml) and azine amalgam Yor 8 hr. At an interval of 3
hr more aeid (41 mlj 10%) was addeds The mixture was extrac~
ted with ether, washed with water and agueous sodium bicarboe
nate, and again water., Distillation of ether extract gave a

gun (0.8 g)» The IR gpectrum showed presence of a hydroxyl

group and absence of ¢arbonyl absorption.

£ 16§2§0§ phenol

The above Clemmensen reduction product (0.9 g) was
refluxed with ethanol (40 ml), water (10 ml), and sodium
hydroxide (2.6 g) for 30 min. 1t was aeidified after cooling
with dil sulphurie zcid and extracted with ether. The
caustic soda soluble fraction was isolated in the form of a
reddish gum. The thin layer chromatography on silica gel
with 1:1 ethyl acetate~benzene as solvent indicated the
presence of C,g-phenol. The gum vas distilled at 145° at |
7.7 x 10”3 mm of vacuum. The distillate,on adding a few
drops of ether, solidified into colourless crystals (30 mg),
meps 162% the mixed mep. with the C,.-phenol was undepressed.
After the hydrolysis the ecaustic soda insoluble portion (0.4 g)
was again hydrolyzed to gat more of the stwphnnal.



5,?~Dihydraxy~8;iscva1aroyinﬁ,zndimathylehrumanone
{1.9 g), potassium carbonate (10.0 g), acetone (100 ml)
and dimethyl sulphate (8 ml) were refluxed for 12 hr. On
removal of the solvent, it was diluted with water, and the
erystalline solid was filtered and re¢rystallized from
dil methanol in colourless needles (1.6 g), m.p. 133°.
(Found: C, 67.23 H, 7.5. CygH, 0. requires: C, 67.2;

Hy, 7.88). The compound gave no colour with alcoholie
ferric chloride.

B-I1s0amyl=8,7-dinethoxys:

Zinc amalgam was prepared from zine wool (120 g),
mercuric chloride (9.0 g), cone hydrochlorie acid (9.0 ml),
and water (75 ml). The compound (1.5 g) in ethanol (30 ml)
and 10% hydrochloric aeid (144 ml) were added and the
mixture was heated on a steam-bath. After 2 hr 104
hydrochlorie acid (77 ml) was added. Fifteen hours later
further 10% hydrochloric acid (77 ml) was added, and
tataliy refluxed for 24 hr. The cooled mixture was
extracted with ether and washed with water, aqueous sodium
bicarbonate, and again with water. Removal of solvent
gave a colourless oil (1.4 g) with negative ferric colour.
The IR spectrum in liquid film showed a faint hydroxyl



abgorption and no carbonyl absorption, It was chromatoe
graphed through a column of grade 1 alumina, using

hexane as solvent. The fast moving band with a greenishe
yellow fluorescence in UV light was collected and

evaporated to get an oil, which readily crystallized
from methanol in colourless needles (0.7 g), m.p. 43°.
(Founds G, 74.05 H, 9.6. OCyglipg03 requirest G, 74.0;
Hy 9.8%). (See Fig. 11 for IX spectrum).

(a) 8,7~Dihydroxy-2,2-dimethylehroman (VIII; 0.5 g) was
heated with isovalerie acid-boron trifluoride complex
(2 ml) for 2 hr on a steamebath. The darkered mixture was
d1luted with water and most of the free fatty acid was
neutralized with sodium bicarbonate. The pale yellow
semi~g0lid was extracted with ether, and after removal
of ether it was refluxed with ethanol (30 ml) for 12 hr.
Ethanol was distilled, and the residue extracted with
hot hexane. The hexane~soluble fraction (0.25 g) gave &
deep purple ferric colours It was chromatographed on a
silica gel column (200 mesh), using benzene initially and
then followed by 8% ethyl acetate~benzene mixture. The
latter eluent on evaporation gave lemon-yellow plates
with a greenish tinge (90 mg), m.p. 137° (118,18 1389,



It gave a dcap purp1e'farr1¢ ecolour, and en thin layey
chromatography on silica gel with 5% ethyl acetate~benzene
it shoved a single spot. The complex could not be
decomposed by further refluxing with ethanol.

(b) In a 150 ml 3-neck flask with a mechanieal
stirrer and guard tube, and a dropping funnel, 5,7~
dihydroxy-2,2«dimethylechroman (VIIIj; 2.0 g) was dissolved
in anhydrous ether (30 ml) and the mixture was cooled to 0°
in ice. Anhydrous aluminium chloride (10 g) was added in
small lots under stirring and each lot was followed by a
lot of isovaleric acid ehloride (1.6 ml) in ether (30 ml).
Isovaleric acid chloride was prepared in 85-80% ylelds
by distilling isovaleric aeid with benzoyl chloride.

Two such batches were mixed and poured into erushed
ice (200 g) containing hydrochloric aeid (30 ml)« The
mixture was extracted with ether, washed with water,
sodium biearbonate solution, and again water. Finally, the
sxtract was dried over sodium sulphate and distilled. The
¢rude product from two batches (5.0 g) gave a deep purple
ferrie colour. On thin layer chromatography on siliea gnl
vith 5% ethyl acetate-benzene as solvent, four spots
corresponding to the starting material (stationary spot)
§,7~dihydroxy-8=-1sovaleroyl~2,2~dimethylchroman (XXV), the

6-isomer and the ester were seen. The erude product was



refluxed with benzene (20 ml) and cooled. The colourless
erystalline solid was filtered (1.5 g), m.p. 162% the
mized m.ps with the starting material wans undepressed.

The benzene solution was chromatographed on siliea gel
(1004200 mesh). After removal of the fast moving bye
produet, the 6~iaamay‘was isolated from the benzene elument.
It was erystallized from hexane in colourless needles¢0.3 g)y
WePe i@&a (litglg 144+148°%), It gave & deep purple ferric
colour. The IR spectrum (Nujol) showed intense bands at
3390 (ﬂﬁ); 1645 (chelated aarbényl), 1602 (aromatie),

1526, 1342, 1307, 1266, 1260, 1212, 1161, 1116 and 1096eu™r,

The column was next eluted with 8% ethyl acetate-
benzene mixture, and the eluent on eveporation gave lemone
yellow plates with a green lustre (1.7 g), m.p. 136°
(11t.2® 137, 1t gave a deep purple ferric colour. The
IR spectrum (Nujol) showed bands at 3333 (OH), 1645 (che~
lated carbonyl), 1620 and 1587 (benzenoid in conjugation
vith earbonyl), 1471, 1379, 1299, 1274, 1221, 1163, 1129,
1096, 1042 and 1020 ou"t,

{¢) 8,7-Dihydroxy~2,2-dimethylchroman (VIII; 2.0 g),
nitrobenzens (50 ml), aluminium ehloride (10.0 g) and
isovaleryl chloride (1.3 ml) in nitrobenzens (10 ml) were
reacted os above. The reastion mixture was poured into
- dce containing hydrochlorie acid after 48 hy. The mixturs
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wag extracted with ether, washed with water, sodium
biegrbanata and water. After removal of ether, nitroben~
zene was removed by steam distillation and the mixture
again extracted with ether, Thin layer chromatography
showed only 6~ and 8«igomers and no by-product or the

starting material. On removal of ether and chromatography
of the residue in benzene on silica gel (200 mesh) the
6~isomer (0.6 g) followed by the Be-isomer (0.25 g) was
abtained. B

8,7«-Dihydroxy~B8~isovaleroyl«2,2«dimethylchroman (0.8 g),
potassium earbonate (3.0 g), acetone (50 ml) and
dimethyl sulphate (2 ml) were refluxed for 12 hr. After
removal of acetone, dilution with water and i1golation with
ether, a viscous liguid was obtained, which was crystallized
from dil methenol in colourless needles (0.42 g), m.p. 56°.
(Pound: C, 71.03 H, B.2. C;gH,.0, requiress C, 70.8)

Hy B.8%). The compound gave no ferric colour with aleoheolie
ferrie chloride,

2ine amalgam (17.2 g), hydrochloric acid (10%} 16.5 ml)
and 8,7-dimethoxy-8«igovaleroyle~2,2«dimethylchroman (0.4 g)
in ethanol (5 ml) were refluxed on a staaa~§uth for 2 hr.
More meid (16.5 ml) was added and refluxing continued.
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After 2 hy more scld (16.5 ml) was added and totally
refluxed for € hr. It was cooled, extracted with
ether, washed with water, sodium bicarbonate and again
with water. The ether extract was dried over sodium
sulphate and distilled. The colourless viscous liquid
which was obtained was passed through a short alumina
solumn, using hexane. The fast moving band showing a
greenish fluorescence under UV light was collected, and
the solvent distiiledp The residue was readily
erystallized from methanol in eolourless needles (0.3 g),
WePs 43°. The mixed mep. with the above samﬁla was

undepressed and the IR spectrum (liquid film) was
superposables

In a 250 ml 3~neck flask equipped with a nitrogen
inlet and a mechanical stirrer, octahydromorellin (15.0 g),
potassium hydroxide pellets (84.0 g) and zine dust (7.5 g)
were thoroughly mixed wlth a few drops of water. The
flask was dipped into a hot metal-bath (120°) in presence
of a stream of nitrogen and heated with constant stirring.
It attained a pale~green colour and at 160° a rubber-like
mass separated in a ligquid. Faint peppermint odour was
noted at 190°. At 200% a chocolate mass separated in a

frothing liquid. A& clean melt was formed at 255°, the



colour turning to brownish ﬁell@w, and it was maintained
at that temp for 3 minm. It was cooled, dlluted with
water (100 ml) and filtered to remove unreacted zinc.

The lemonw-yellow filtrate was acidified with 50% sulphuric
acid, when a pale~yellow semi-solid separated with a strong
odour of fatty acids It was extracted with ether after
saturation with salt, and washed with aqueous sodium
bicarbonate, sodium carbonate (10%) and sodium hydroxide
op. .
Sodium bicarbonate golution. It was acidified to
Congo Red with 850% sulphuric acid and the fatty acid
steamedistilled. The distillate was saturated with salt
and extracted with ether. The ether extract was dried
over sodium sulphate and treated with an excess ethereal
solution of diazomethane. The mixture was left at 15°
for 24 hr. Bther was distilled at 45° and the residual
mixture of methyl esters of fatty acids distilled and
subjected to wapourephase chromatography. The standard
methyl esters were prepared by treating the commercial
fatty acids with excess of anhydrous methanol saturated
vith éry hydrogen c¢hloride. The mixture was kept for 24
hr and then poured into ice, extracted with ether, washed
with water, sodium bicarbonate and again water. Methyl
esters of 99% purity were obtained by fraetionating the



erude product after removal of ether.

When the methyl esters were examined by gas liquid
éhromatagraphy on Perkin Elmer 154 D Vapor Fractometer,
using the stationary phase of succinie acid polyester of
diethylene glyeol, five peaks were obtained. The assign=
ment of wvarious peak 1dehzitiea was made from retention
times of known compounds and comparison with those of
unknown compounds. In this way an identification of methyl
esters of lsobutyric acid, isovaleric acid, and pevaleric

acid was made, The last one was present in traces.

l. 48 gec. 48 sec. Methyl isobutyrate Methyl-p~-butye
’ i rate 78.8 sec.

8+ 96 sec. 96 sec. Methyl isovalerate Methyl-p-capro-
_ ate 276 sec.

3, 147 see. 147 see. Mathyl-p-valerate
4., 221 sec.
8. 38& 308

~ The agueous extract eontaining the nonvolatile fraction
was filtered to remove the resinous matter and extracted
with ether. Removal of ether gave a semi-solid with a

greenish brown ferric colour. It answered pogitive 1odide~
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tione The earbonate solution
on agidification gave a solid which was extracted with
ether and washed with water. Removal of ether gave a
pale=brown semi-solid (1.2 g), which readily crystallized
from acetone~hexane in colourless needles (0.5 g), meps
162°. Mixed m.p. with the Cyg-phenol was undepressed.
The mother liquor was set aside for methylation along
with the caustic soda gsoluble fraction.

Sodium « The zolution was acidified,

extracted with ether, and washed with water. The ether
extract was digtilled when 2 pale~brown gum was obtained
(4.7 g). The mother liquor of the carbonate solution

vas mixed with this gum and refluxed with dimethyl sulphate
(6 ml), acetone (100 ml) and anhydrous potassium carbonate
(20 g) for 8 hr. Acetone was distilled and the residue
diluted with water (150 ml). A pale~yellow gum wms
isolated from the mixture by extraction with ether. It was
dissolved in hexane and chromatographed through a short
column of alumina. The fastemoving band with a bluish

fluorescence in UV light was collected. Removal of hexane

gave a colourless oil whish readily crystallized from
methanol (norit) in colourless fluffy needles (2.5 g3 35%),
mep. 42° Mixed mep. with the synthetic sample (XXIV) was



undepressed. Thu‘la’speaﬁwa {1iquid film) of both the
samples were superposable (Fig.ll) and showed prominent
bands at 1600 (benzenoid), 1495, 1460, 1430, 1410, 1388
and 1365 (gem~dimethyl), 1340, 1310, 1282 (OMe), 1242,
1215, 1200, 1166, 1088, 1040, 1000, 965, 918, 880 and
788 on™t. = o
Reutral fraction. The neutral fraction @mntained
a lemoneyellow gum (1.5 g) with a strong peppermint odour
- and isoanmyl aleohol. The gum gave 2 green ferric colour
gimilar to octahydromorellin.

g?Bramabemzanssulphcnats of isomorellin

- 4f}samarellin (0«5 g}y p~bromobenzenesulphonyl chloride
(0.3 g3 1.2 molde), anhydrous potassium carbonate (6 g),

and acetone (850 ml) were refluxed on a steam~bath for

30 mine. The pale~yellow solution was filtered, concentra=
ted and poured into crushed ice. The s0lid was f1ltered
and extracted with hot hexane. The residue mw® crystallized
from acetone-hexane mémtwure in lemon~yellow needles, m.p.
159°. (Founds C, 61.6} M, 5.2, -LygllyyOsBra-requiress
W&*W " £ .

) rellin. Morellin (2.0 g) was hydrogenated
4in presence of methancl (28 ml) and palladium on caleium

- earbonate (0.4 g). When it gbsorbed hydrogen (180 mlj
2 moles), absorption was discontinued. The mixture was wapme

ed and filtered, when pale-yellow prismatic needles separated
(1.2 g), mape 168°, It gave a green ferric colour.
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The alcoholie mother liquor after the crystalliza~
tion of morellin from thz‘tutal colouring matters of
the pericarp yields an orange-yellow resin on evaporae
tion. BRINGil ehropatographed the hexane~gsoluble
fraction of the resin on 2 ecolumn of Florex XXX (an
extruded fuller's earth) and developed the column with
hexane. The first deep orange band on elution and
evaporation gave a ¢rystalline pigment, provisianall&
nzmed as desoxymorellin on the basis of elementary
analysis and mol. weight. BRINGI also recorded the
following data. Desoxymorellin, for which the formula
‘¢3334086 was sugpested on the assumption of 33333837 for
morellin, formed a monomethyl ether, 2 monoep~toluene~
sulphonyl ester, and a stable monoaecetate. It did not
condanse with ow-phenylenedismine. Hydrogenation of
desoxymorellin in the presence of palladium on caleiunm
carbonate yielded a erystalline tetrahyéro derivative.
Ey alkall fusion of degcxymorellin phloroglueinol,
isovaleric acid ané homophthalie aocid were isolated.
BRINGI c¢oncluded that 2 carbonyl group in morellin was
replaced by a methylene group in desoxymcrellin, because
the mair feature of the IR speectrum of desoxymorellin was
the disappearance of the band in the 1670 o™t region.
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The UV spectrum of morellin showed three maxima at
236, 280 and 360 mpy in desoxymorellin the latter two
bands were very similar in wavelength and intensity,
but the short wave band was much lower in intensity.

In the present work the investigation of the
structure of desoxymorellin was continued.

Desoxymorellin absorbed 4 moles
of hydrogen in presence of palladium on chareoal (12 per
cent). 7The first mole was absorbed in § min, the second
in 10 min, the third in 30 min, and the last in 90 min.

Copper cagglgg; A dioxane solution of desoxymorellin
on treatment with excess of aqueous copper acetate gave a
red copper complex, which crystallized from chloroforme
hexane. Tetrahydro- and octahydro-desoxymorellin, the
acetate, and the methyl ether did not form the copper
ocomplex. It was therefore obvious that a phencliec hydroxyl
group and a readily reducible ethylenie bond in cenjugation
with a carbonyl group are involved in the copper complex
formation, exactly as in morellin.

Degoxymorellin on refluxing with
Raney nickel in ¢yclohexanol for 24 hours gave a crystalline
compound, m.p. 1130, identical with the produet (MRP-I)
obtained by the action of Raney nickel in boiling ethanol
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on morellin. The IR spectrum of a 2 per gcent solution
of either in CCl, is recorded in Fig. 1%

Alkell fusion of octahvdrodegsoxymorelline Octahydro~
desoxymorellin was fused with § times the welght of
potassium hydroxide pellets and zine dust at 280°. The
phenclic fraction ylelded the Cyg-phenol and 8~-igoamyle

By 7~dihydroxy-2,2-dinmethylchroman c¢haracterized as its
dimethyl ether (gf. XXIV « Part III).

1tion of desoxymorellin. The isolation of

- 8-1goamylw8,7~dihydroxy=-2,2«dimethylchroman as a major
produet of alkall fusion, the formation of the copper
gomplex, the behaviour on catalytic hydrogenation, and

the UV gpectrum demonstrate the identity of desoxymorellin
and morellin in the chromenochromanone parts of the
molecules. The only difference in faet appesrys to be

in the replacement of the aldehyde group of morellin

by a methyl group in desoxymorellin, confirmed by the
identity of two Mozingo reduction products. Desoxymorelle
in may therefore be assigned the structure I, and it
probably represents an intermediate stage in the
biosynthesis of morellin discussed earlier.

DESOXYMORELLIN




The NMR spectrum of desoxymorellin is given in
Fig. 18. 1t shows that there is no aldehyde function
in the molecule. In comparison with morellin,
desoxymorellin has one additional Ce-methyl group giving
a singlet absorption. However, this absorption does not
oceur in the region for methyl groups on double bonds.
The actual positions of the methyl signals are 8.23 (1),
8.32 (2), 8.57 (2), 8.64 (1), 8.73 (1) and 8.97 (1).
The vinyl triplet oceurring at 3.90 and 3.68 in the
spectra of morellin and lsomorellin is replaced here by
one at 5.7 showing that the double bond on which it is
situated 1s no longer conjugated to a carbonyl function.
The 242«dimethylchromene doublets appear nearly in the
same place as in morellin and isomorellin. The vinyl
doublet representing the proton on the double bond in the
bicyeclo-ogtenone part of the molecule shows up at 2.6.
In the region from 6.3 to 8 the spectrum of desoxymorellin
is similar to that of isomorellin as may be expected from
the absence of the aldehyde function. The chelated
hydroxyl appears at -2.84.

4All the features of the aspectrum, except the absorpe
tion position of the additional methyl group, are consise
tent with the notion that desoxymorellin and morellin
differ only in that the sldehyde group of the latter is



replaced by a methyl group in the former. The signal
at 8.64 is probably the one due to this additional
'methyl groups The abnormal position of the signal is
yrebaﬁly due to diamagnetic shielding effects.

The ehénge from morellin to 1somorellin may involve
something more than gig-trans isomerism. The methyl '
group affected by the lsomerization does not show any
aeenmpanying large chemieal shift, while the aldehyde
group does. A simultaneous &@nfarmatianai change is also
probably involved which may be responsible for the large
diamagnetic shift of the aldehyde absorption as well as
the abnormal position of the methyl absorption diseussaé
above. If this turns out to be correct, desoxymorellin
may more properly be called desoxyisomorellin. Further
elarification of this point is required.
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Isolation of two new pigments from Garcinla morella

After the isolation of desoxymorellin by the
Forex ehrﬁmﬁ%bgraphy of the hexane extract of the resin,
the second band gave a lemon~yellow crystalline plgment,
provisionally ¢alled Morellin X. The subseguent band also
gave a lemonsyellow pigment provisionally designated as
Morellin Y.

Morellin Y erystalliszed in large lemoneyellow
needles, Mmepe 167°. The elementary anslysis and mol. wt.
(Xwray method), kindly determined by Professor G. N.
Ramachandran, agreed with the molecular formula Cgy3H,a04.
1t resembled dihydro and other hydrogenated derivatives of
morellin in its green ferrie colour and absence of copper
complex formation. It was evident that the double bond
conjugated with the chromanone carbonyl was reduced. This
was also confirmed by the reduction in the intensity of the
band at 360 mg in the UV spectrum. The positive Tollens
test and the band at 1685 ea'l («(feunsaturated aldehyde) in
the IR spectrum (Fig. 23) suggested the presence of an
aldehyde group as in morellin, which was also confirmed by
the NMR spectrum.



The NMR spectrum of Morellin ¥ has many common
features with those of morellin and isomorellin. The
chelated hydroxyl and aldehyde groups absorb at -1.87
and 0.87. The ¢hromene doublets appear at 3.4 and
4.5. The vinyl proton of the prenyl side-chain of the
aromatic macleus shows up at 5.0. The doublet absorption,
representing the vinyl proton on the bieyclo-octenons
system of morellin and isomorellin is missing in the
spectrum of Morellin Y, suggesting that this double bond
is saturated., The triplet absorption at 85.17 represents
the vinyl proton of the ﬁs side~chain containing aldehyde
funetion. The position of this signal suggests that the
side~chain of this compound is the»same as in isomorellin.
As in morellin and isomorellin seven methyl groups are

indicated, three of which are on double bonds.

The absence of ae?per ¢d§plax farmatioﬁ, similarities
in ferrie colour, UV and NMR data, suggested that the |
compound is probably a dihydro derivative of morellin or
isomorellin. Dihydroisomorellin, m.p. 161“, was prepared
by absorbing 1 mole of hydrogen in methanol in presence of
palladized carbon, and its properties compared with
Morellin Y. 7The mixed m.p. was undepressed. However, the
KMR spectrum of the dihydro derivative of isomorellin



showed that the sample was a mixture of lsomers. The chelated
hydroxyl signal was split into two. Presumably isomorellin

has hydrogenated from either side of the double bond conjugat-
ed with chromanone carbonyl. In the methyl region also there
were small differences between the two spectra. In other res-
pects the two spectra were identical. It is provisionally
suggested that Morellin Y (II) is one of the two dihydro deriva-
tives of 1somorellin expected from catalytic hydrogenation of

the double bond conjugated with the chromanone carbonyl.

MORELLIN Y

Morellin X crystallized in large lemon-yellow rods, m.p.
143°. Repeated elementary anslysis and the mol. wt. (585 * 1),
kindly determined by Professor G. N. Ramachandran, correspond-
ed to the molecular formula 93534038' It resembled dihydro
and other hydrogenated derivatives of morellin in its green
ferric colour. 1In presence of palladium on charcoal 1t absor-
bed 3 moles of hydrogen, the first in 12 min, the second in
1.25 hr, and the third in about 4 hr. Alkali fusion of hexa-
hydromorellin X yielded the Clsuphencl (5 per cent) and 8~iso-
amyl-5,7~dihydroxy=2,2~dimethylchroman (30%), the latter being
isolated as the dimethyl ether. Unlike morellin and desoxymorellin



and like dihydromorellin, it did not form = copper
complex, indicating the absence of the double bond in
conjugation with the chromarone carbonyl which is present
in morellin. This was confirmed by the marked reduction
in the intensity of the bsnd in the 360 m@ region of the
UV spectrum in comparison with morellin. The positive
Tollens test, formation of a diacetate, the 1690 om

band in the IR spectrum (Fig. 21) («8-unsaturated aldehyde),
and the signal a8t 0.87 in the NMR spectrum indicated the
presence of an aldehyde group as in morellin. Thesg data
show that Morellin X is very similar in structure to
morellin, and further work is in progress to determine the
character of the Coli,0 residue.

~ The NMR spectrum of morellin resembles that of
Morellin Y very closely. Four out of the five vinyl
absorptions and seven out of the eight Cemethyl absorptions
are almost exactly in the same place. The chelated
hydroxyl and aldehyde groups aprear with very minor shifts
at «1.95 and 0.57. The additional vinyl proton gives a
doublet at 5.65 (J=5 eps) and the additional methyl signal
is a triplet (J=6.5 cps) superposed on tertiary methyl
signal at 8.86. The triplet methyl absorption shows that
Morellin X has an ethyl group. In the region from 6 to 8



the spectrum is quite complex. The total proton count
for this molecule has not been made very accurately.
Further data have to be obtained before a structure for
the compound can be suggested. However, it is clear
that the left half of the structure of morellin is
retained in this plgment. The Cg side~chalin containing
the aldehyde group is also present in it.

In a note in 1953 MURTHY and RAO° mentioned the
isolation from the seed coat of Garginia morella of a
second pigment named moreollin in lemon<yellow hexagonal
prisms, m.p. 168°, vhich isomerized to isomoreollin,
mePo 1420; by treatment with 5 per cent aleoholic sodium
hydroxide at 40°. They have algo referred to another
pigment, guttiferin ("a highly active antiblotie present
throughout the plant®™ . The impossible formula 93432?06
(with an odd number of hydrogen atoms) was assigned to
moreollin, and some colour reactions were described.

Ko further detalls concerning moreollin and guttiferin
appear to have been published.



RS

o

MORELLIN X
\ |
v}
T
Q
L EEm T m T ey & R T
T ppm
FIG. 20.
FREQUENCY cm™!
4000 3000 2000 1S00 1000 900 800 700
100} L 1 1 1 1 1 1

MORELLIN "X’

TRANSMITTANCE (%)

n
o

L L 1 | 1 1 1 ] ]
9 10 1] 12 13 14 15

WAVELENGTH (MICRONS)

o
o
D
o
o
~
®

RIGs 21, Spectrum in CCl,.



q.

uo;m.un Y
CHCly
B NN NN ¥ NN e e e S .
6-0 -4-0 =20 %0 3o 3‘0“ “630““““8{6. n “](‘)4‘6‘
i T opm
G, 22,
FREQUENCY cM™'
4000 3000 2000 1500 1000 900 800 700
100 . L L L Y
2
w 80
(&}
Z
;
> o
2 40l E
& 2k
°~
= ©% MORELLIN y
20
0! 1 1 of 1 1 | | 1 | 2 |
3 3 5 & W7 8 o B 2 14
WAVELENGTH (MICRONS)
FIG. 23. Spectrum in CC1l



"EXPEBRIMENTAL



145

g The orange-yellow resin isclated after the evaporation
of the alcoholic mother liguor of crude morellin obtained
by the extraction of the perlearp of Garcinla morella

vas extracted with hot hexane (60-80°). The extract was

cooled to room temp and was chromatographed through a

golumn of Florex XXX (900 g packed in a column of 6 x 1050 om).
The first deep orange band on elution and digtillation

gave an orange gum which readily erystallized from

methanol ag orange needles, m.p. 1266, undepressed when

mixed with an authentic sample of desoxymorellin (3.0 g).

The next pale~yellow band gave a lemon-yellow
gum, which on crystallization from methanol yielded large
rods of Morellin X, lemon yellow in colour (2.0 g), m.p.
'143%, (Found: G, 71.4, 71.6; H, 7.0, 7.4. M by X-ray
erystallography, 585 & 1. Gaaﬂ4°aa requires: C, 71.4}

Hy, 6.8%. }f, 588, CgygH g05 requires: G, 71.7; H, 6.5%.
M, 588). It gave a green ferric colour and did not answer
Mg~HC1l test. 1t did not form a copper complex.

The third band gave pale-yellow crystalline needles of
Morellin ¥, which were recrystallized from methanol in
rods (0.5 g), m.p. 167°. (Founds C, 72.4, 72.5; H, 6.6, 6.6.
M by Xeray crystallography method, 545 + 1. CagBagOy

requires: C, 72.8; H, 7.0%. M, 546). It gave a green i



ferric colour and no colour with magnesium and hydro=~
ehloric acid. 1t also did pot form a copper complex.

The pigment (0.2 g) in dioxane (2 ml) was treated with
excess of copper acetate golution (25 ml) prepared by
dissolving 8.0 g of copper acetate monohydrate and 2 g of
erystalline sodium acetate in 200 ml of water. The red-
brownish precipitate was collected and orystallized from
ehloroform~hexane mixture in bloodered needles. (Found:

C, 70.2; H, 6.3. a%ﬁa?aﬁﬁ“/g requiress Cy 70.6; K, 6.6%).

‘In a 150 ml 3-neck flask, equipped with a mechanicsl
étirrer and a distillation condenser, Raney nickel (12 g)
over alcohol was placed and toluene (80 ml) was added and
distilled with contimuous stirring. ¥hen all the water
‘and alcohol were distilled by azeotropiec distillation, most
of the toluene was distilled. Anhydrous cyelohexanol (30 ml)
and desoxymorellin (1.0 g) were added and the mixture refluxed
for 24 hr under stirring. o
' The mixture was filtered hot over a bed of Hyflo
Super-Cel and washed with warm toluene (50 ml). The
combined filtrate was steam~distilled. The colourless resie
due on treatment with methanol gave colourless needles (0.6 g),
meps 110°. Mixed m.p. with MRP-I of morellin was undepressed



and the IR spectra of the two in CCl‘ were superposable
‘m&n 19).

Desoxymorellin (3.0 g) was hydrogenated in methanol
(30 ml) in presence of palladium on carbon (12%; 0.8 g).
When the absorption ceased, after 4 moles it was filtered
into a 10 ml 3eneck flask and evaporated to dryness.
Potessium hydroxide (17.0 g) and zine dust (1.5 g) were
added and the mixture slowly heated in 2 metale-bath under
stirring with nitrogen atm« A rubber-like mass floating
in milkewhite fluid separated at 100°. 4 clear chocolate-
Y%llow‘melt was obtained at 2583, when peppermint odour
was noticed. After keeping 1t at 255° for min, it was
cooled and diluted with water (1860 ml)., It was filtered
and acldified with 1:1 sulphurie acid when a pale~yellow
sticky mass separated with & strong odour of fatty acids.
The mixture was extracted with ether and washed with 10%
aqueous sodium biearbonate, sodium carbonate and sodium
- hydroxide. The bicarbonate extraet was acildified and the
mixture of acids kept aside.

The carbonate solution was acidified and saturated
with salt end extracted with ether. Digtillation of the
solvent gave a pale=yellow semi-crystalline mass which was
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recrystallized from acetone~hexane mixture (0.1 g),
meps 162%) mixed m.p. with CygHy,0, phenol was
undepressed. The mother liquor was mixed with the
sodium hydroxide soluble fraction.

The aalutiaajwns scidified and extracted with ether.
Distillation of ether extract gave a pale-yellovw gum
{0+6 g)¢ Thin layer chromatography of the gum on silies
gel with 5% ethyl acetate-benzene as solvent showed a small
stationary spot corresponding to C;g=-phencl and a major
spot corresponding to the major spot in the similar
fraction from the alkali fusion of octahydromorellin.
The mother liquor of Gjpg-phencl was mixed with the gum
and refluxed with acetone (80 ml), potassium carbonate
{10 g) and dimethyl sulphate (3 ml) for 8 hr. After
removal of acetone, the residue was diluted with water.
The gum was extracted with ether and washed. The product
obtained after removal of ether was chromatographed on
alumina in hexane. The blulsh fluorescent band was eluted
and evaporated. A colourless viscous oil was obtained which
erystallized from dil methanol in colourless fluffy needles
(0.3 g), m.p. 43°. Mixed me.ps with the synthetic sample
of BelgoamyleB,7«dimethoxy~2,2~dimethylchroman was
undepressed and the IR speetra of the two were superposablee.



Pistillation of ether extract containing the
neutral fraction, yielded 2 gum (0.2 g) with a green
ferric colour. 1t had a strong peppermint odour.

Morellin X (0.2 g) was gently refluxed with acetic
anhydride (3 ml) and pyridine (3.0 ml) for & hr and the
pale-red solution poured into crushed ice (20 g)» The
pale~yellow solid that separated was readily crystallized
from methanol in pale-yellow needles (015 g),; m.p. 178°.
(Foundi OAc, 1248 Cgoll,,0;4 requires: OAe, 12.0%).

The pigment (2.0 g) was hydrogenated in methanol
(20 ml) in presence of palladized carbom (0.8 gj 10%).
When the absorption stopped after 3 moles, it was filtared
and evaporated. The pale~yellov product was fused with
potassium hydroxide at 270°. on working up the phenolie
fraction as in the case of octahydromorellin and octahydrow-
desoxymorellin, 8«isoamyl-6,7~dimethoxy«2,2«dimethyle
chroman (0.2 g) and Cyg~phenol (50 mg) were obtained.

Pihydroisomorellin
Isomorellin (0.5 g) was hydrogenated in methanol (15 ml)
in presence of palladized carbon (0.2 g; 10%). VWhen 1t



absorbed (22.5 mly 1 mole), it was filtered and
concentrated, vwhen pale~yellow needles readily separated
(0.4 g), m.p. 160~161° Mixed m.p. with Morellin Y wms
166-167°.
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SUMMARY OF THE PRESENT WORK

The naturally occurring 2,2~dimethylchromenes have been
clasgified according to substitution and attached ring

systemsj thelr oceurrence, structures, chemical properties,
and methods of synthesis have been reviewed. Their biogene~
sis ig digcussed.

In connection with the constitution of morellin a new

general method has been developed for the synthesis of
8y2~dimethylchromanones as intermediates for 2,2«dimethyl=
ehromans and 2,2«dimethylchromenes. Barller methods are
reviewed. The new method, which offers several advantages,
involves the condensation of ﬁ«hyﬁrexyiaavalerie acid with a
phenol in presence of boron fluoride etherate. Phloroglueinol
gave 5,7-dihydroxy~2,2«dimethylchromanone (I) in 68 per cent
yield, but the yields varied from 15 to 45 per cent with
various other phenols. All the phenols examined gave the
corresponding 2,2«dimethylchromanones, and there was no

indication of the isomeriec 4,4~dimethyldihydrocoumerin (11)
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being formeds the reaction appeared therefore to be
directed by a steric factor.

&,?vﬁihyﬁraxywa,ﬂ~dimethylehr@§anana {I) was stable
ta refluxing with 15 per cent aqueous sodium hydroxide,
but by glkali fusion it broke down to phloroglueinol.
2y8«Dimethylchromanones with hydroxyl or methoxyl groups
gave an intense orange colowur with magnesium and hydro~
¢hloric acid and with sodium amalgam (followed by acidiw
fieation) not recorded earlier, When methyl, acetyl,
isovaleroyl or isoamyl groups were present, the Mg-HCl
test was negative. Mangostin, a xanthone with isoamylene
side~chains, has also been shown to give negative tests,
while hydroxyxanthones norwmally gave red or deepor colours.
The effect of substitution on the c¢hromasrone ring was
also noted with respeet to Clemmensen and diborane
reductions, s ol |

l,%,ﬁ&?riaeaﬁexybanzena on eondensation with B-hydroxy~
isovaleric aecid gave 6,7-dihydroxy~2,2«dimethylchromanone
{IXy R = R' = H) or 7~acetoxy=8~hydroxy«2,2«dimethylchro~
manone (IX; R = Qhe, R*' = H) depending on the procedure
for decompoesing the complex. The constitution of the
latter was proved by monomethylation by diazomethane,
folloved by mild hydrolysis, which gave 7-hydroxy-Gemethoxye
agﬁﬂdiﬂathx;gégﬁﬁagﬁﬁn (IXy R = H, R' = Me) soluble in



agueous sodium carbonate. 6,7-Dihydroxy-2,2«dimethyl=
¢hromanone (IX3 R = R' = }) was methylated, and the
}pxa&acz wag reduced to dihydroageratochromene in 86 per
cent yield by using diborane.

84 T=Dihydroxy~2,2«dimethylchromanone (I) also
reduced to the corresponding chromen in 66 per cent yield,
using diborane. Condensation of the chroman with pyro=
gallol-«~carboxylic aeid in presence of phosphorus oxys
ehloride and zine chloride gave a xanthone identiezl with
the dihydro derivative of natural jJacareubin, kinﬁly
supplied by Professor F. B, KING. The m.Pe.y, mixed m.psy
UY and IR spectra of the two samples were identical,

This synthesis was undertaken to confirm the congtitution of
jacareubin, since morellin was considered to be biogene-
tically related.

- The mass speetrum of morellin showed the molecular
weight to be 544, on the basis of whiech the molecular
formula was revised to 3333360?‘ The presence of four
ethylenic bonds, one phenolie hydroxyl, and other important
experimental dats obtained by BRINGI and RAGHAVAN were |
confirmed. 7The IR spectra of morellin, tetrahydromorellin,
octahydromorellin, and the Mozingo reduection products have




been re-examined in carbon tetrachloride and discussed.
A specific search in the earbonyl and overtone regions
gave clear evidence of an aldehyde group, not responding
to chemical tests in morellin, tetrahydromorellin and
ootahydromorellin, and of its disappearance on Raney
nickel reduction under the Mozingo conditions. 1In
conjunction with the formation of pyruvie aldehyde ag a

product of ozonlzation, the group =C~CHO was postulated.
Me

On the basis of the isolation of phloroglueinol by
alkali fusion, ««hydroxyisobutyric acid by alkaline pere
manganate oxidation and acetons by mild alkaline hydro=~
lysis of morellin, it was assumed that morellin contained
a 8,7-dihydroxy=-2,2-dimethyl chromene (XIII) system.

Fallure to isolate 5,7-dihydroxy-2,2«~dimethylchroman in
the alkali fusion produets of octahydromorellin, the

formation of acetone by ozonization of tetrahydromorellin,
and the isolation by RAGHAVAN of a Cyg-phencl (identieal
with a Clemmensen reduction product of 5,7-dihydroxy-6- or
8~isovaleroyl~-2,2~dimethylchromanone) from the alkali
fusion products of octahydromorellin, led to a search for
8~isoamyl«5,7-~dihydroxy-2,8~dimethylchronan (XVII) in the
alkali fusion products of octahydromorellin; the €-isomer
(XVIII) was not anticipated since morellin gave a ferric

colour and & copper complex. In the course of the



synthesls of the unknown 8eiscamyl=8,7-dihydroxye
2y2-dimethylehroman (XVII) of authentie structure,
several chromanones and chromans of interest in connection

with naturally occurring chromenes were prepared.

§,7-Dihydroxy-2,2-dimethylchromanone (X) on reacting
with isovaleric acid in presence of boron fluoride, gave
8,731 hydroxy~6=1sovaleroyl -2, 2=dimethylchromanone (XIX)
in 78 per cent yield, mixed with the 8~isomer (XII).
Condensation of phloroisovalerophenone with f-hydroxy-
isovaleric acid in presence of boron fluoride etherate
gave predominantly the S8-isomer (X1I). Clemmensen reduction
of XIX gave 6-isoamyl~8,7«dihydroxy=2,2«dimethylchromanone
(XX; R = H). Prolonged methylation of (XX3 R = H) gave
a8 ligquid dimethyl ether, different from B-igcamyl-8,7~
dimethoxy=2,2-dimethylchromanone (XXI; R = R' = Me) which
was unambiguously prepared by condensing isoamylphloroglue
einol-2,4~dimethyl ether with B~hydroxyisovaleric acidj
Geisoamyl«5,7-dihydroxy~2,2«dinethyl chromanone (XX; R = H)
wag further confirmed to be the 6~isomer since on diborane
readuction it gave 6~isocamyle~5,7-dihydroxy-2,2~dimethyl-
chroman (XVI1I) identical with the product of the Clemmensen
reduction, ﬂ;?udihyﬁraxywaaiaavaleroyi»ﬁ,2~d1m@thyiahraman
{(Xx11).



Having proved the identity of XiI as the required
8+4somer, Clommensen reduction was carried out, but only
the ¢y ~phenol was isolated in erystalline form, which
confirmed RAGHAVAN's earlier observations. From the
mother liquor by siliea gel chromatography an amorphous
product was obtained, whieh analysed for 8elsocamyleB,7e
dihydroxy~2,2~dimethylohroman (XVII). The IR spectrum
was free from carbonyl absorption. The Cyg~phenol was
2lso obtained when the ditosylate of XII was reduced by
the Clemmensen method and hydrolysed with alkali under
mild conditions. Finally, XI1 was methylated and reduced
by the Clemmensen method when the dimethyl ether (XXIV)
of 8~isoamyle8,7-dihydroxy=2,2-dimethylchroman (XVII)

wag obtained in 885 per cent yleld as a colourless erystalline
compound. This dimethyl ether (XXIV) was obtained in

38 paer cent yleld when octahydromorellin was fused with
potasgium hydroxide in presence of gine, and the phenolie
fraction after the removal a? the ﬁiﬁwphanal was methyla=
ted. B .

5,7-Dihydroxy-6 (and 8)-isovaleroyl-2,2-dimethyle
ah%ﬁman,(X311 and XXV} were obtained by the Friedel~Crafts
reaction of §,7=-dihydroxy-2,2«dimethylchroman (XIII) and
isovaleryl chloride. The Clemmensen reduction of the
Beigomer led to an amarphpus products
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Condensation of Ceisocamylphloroglueinol with
flehydroxyisovaleric acid gave 6~iscamyleB,7~dihydroxy=
2,2«dimethylchromanone (XX; R = H) in 40 per cent yleld,
accompanied by 10 per cent of the 8-isomer (XXIj R = R' = H}-
The former was also obtained by the reaction between
8,7~dihydroxy«2,2-dimethylchromanone (X) and YY-dimethyl=
2llyl bromide (XXV1) in presence of sodium methoxide,
followed by hydrogenation of the products |

With the elasgieal proof now available for the
presence of the YY-dimethylallyle8,7edihydroxy=2,2~dime~
thylehromene (XIV) skeleton in morellin, the part struce
ture XXVIII or XXIX was formulated, which explained the
ferrie colour, copper complex formation, and the UV
absorption spectrum. The former (XXVIII) was preferred
by analogy with osajin, pomiferin and toxicarol.

To explain the formation of 1,2,3,4-tetrahydronaphthalene-
5,7=diearboxylie acid by the alkall fusion of Mozingo
reduction product I1 (MRP-11), the colour reaction of
morellin with gephenylenediamine, the formation of pyruvie
aldehyde by ozonization of morellin, and several other
experimental data, the part structure XXV111 was
elaborated to XXX.

1t was realized however that, while the part structure
XXV11I was on firm ground, the byéxagan&tﬁd naphthalene
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molety in the complete structure XXX required the
isoclation of a hydrogenated naphthalene derivative from
the degradation products of oetahydromorellin. Meane
while, NMR spectra of morellin and some of its deriva-
tives became available and they rendered several features
‘of the hydrogenated naphthalene part of structure XXX
untenable,

The NMR spectra of morellin, isomorellin, tetrahydroe
morellin, octahydromorellin and morellin diacetate were
obtained in deuterochloroform at 60 Me. The NMR spectrum
of morellin indicated the presence of 36 protons, of which
8§ vinyl hydrogens, one aldehyde group, one chelated
hydroxyl, and 7 C-methyl groups could be assigned. Three
of the methyl groups were attached to double bonds and
the others to tertiary carbon atoms. No aromatic proton
wag indicated, showing that the phloroglucinol ring was
completely substituted. From the detailed consideration
of these groups part structure XXVIII was confirmed and
expanded to XXIXa. 1In addition to the part structure XXIXa
there was evidence for the presence of a Cg side=chain of

the type waﬁavaﬁﬁgggﬂ@ and a QM&Q group attached to oxygen.
_ WHg

X-Ray erystallographic studies conducted eoncurrently
with the chemical degradations revealed the structure XXXI.
Initially the Xeray structure showed a methylene in the |
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place of aldehydie oxygen in the side~chain. But this
gould not explain 7 oxygen atoms in morellin and the
presence of an aldehyde group. An aldehyde group was
therefore placed in the side~chain as in XXXI, which was
later confirmed by X~ray erystallography. Structure

XXXI explains all the features of the NMR spectrum of
morellin. Tetrahydromorellin 1s assigned the structure
XXX11, which explains the fallure to form a copper complex
and other experimental facts. ’

Morellin diacetate is assigned the strueture XXXIII,
vhich was confirmed by the absorption of 5 moles of
hydrogen in presence of palladized carbon.

~ The biogenesis of morellin from 1,3,7«trihydroxy=-
xanthone by the attack of four "active isoprene" units
iz suggested. Jacareubin (XXXIVa) is a possible precursor}
snd two pigments (dihydroisomorellin and desoxymorellin)
aceompanying morellin in Gayeinia pgorella are undoubtedly
involved in the blogenetic scheme. Attention is drawn to
other naturally oc¢eurring xanthones with dimethylallyl
side chains, as well as the unique character of morellin
among xanthones and flavonoids in its possessing a ¢arbo-

¢yclic ring derived from an ilsoprenocid side~chaine.

In addition to desoxymorellin, isolated earlier by
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BRINGI, two new pigments called Morellin X and Morellin Y
have been isolated. Desoxymorellin, Gaaﬂasoe, formed a
red copper complex, and absorbed four moles of hydrogen
by eatalytiec hydrogenation. The 1680 em™+ peak, assigned
to an «B-unsaturated aldehyde group in morellin, was
absent in the IR spectrum of desoxymorellin. 8~lscamyle
§,7=dihydroxy~2,2-dimethylchroman (gf. XVII in Part III),
as the dimethyl ether (XXIV in Part II1I), was isolated by
the alkali fusion of oectahydrodesoxymorellin. The NMR
spectrum confirmed the absence of an aldehyde group, and
indicated that the difference from morellin was merely
the replacement of the aldehyde by a methyl group. The
erystalline product obtained by treatment of desoxymorellin
in boiling cyclohexanol with Raney nickel was found to be
identical with a Mozingo reduction product of morellin.
Desoxymorellin is therefore assigned the structure I.

Morellin Y, 03353807’ unlike morellin and desoxy-
morellin, did not form a copper complex, and the UV spectrum
was similar to that of dihydromorellin, the long wavelength
absorption at about 360 mp being absent. The NMR spectrum
revealed the presence of all the features of isdmorellin,
except the double bond conjugated to the chromanone carbonyl.
The mixed m.p. of the pigment with the dihydro derivative
of isomorellin (prepared by the eatalytic hydrogenation of



isomorellin) was undepressed, although the NMR spectrum
of the latter showed that it was a mixture of two
possible stereoisomers. So Morellin Y is one of the
two dihydro derivatives possible from isomorellin by the
catalytie hydrogenation at the double bond conjugated to
the chromanine carbonyl.

Morellin X, CygH,,0q, had an UV spectrum similar
to that of Yorellin Y, and gave no copper complex.
Chemical proof was obtained for the part structure XIV
as in morellin. An aldehyde group was indicated in the
IR and NMR spectra. Morellin X is a derivative of
dihydroisonorellin containing an additional CoHy0

2
residue.
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