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SUILARY

Extrectives fram jgagis cspbagel and jgspls salioing were
found to contadn (2)=7,8,3' A'=tetrahydroxydihydrofiavonol, (=)=
74843 /4 'etetralydrayflavancne, 7,8,3" 4'~tetrahydroxyflavonol ,
and treces of melecscidin, isomelecnoidin and (-athyliscmelscacidin
(an artefsct from isomelscacidin end ethanol), (=)=7,8,3',4'-
Tetrahydracxyflevenone had been isolated earlier from the sapwood
of A. 8allalod.

A 2,3%g15-3ne thoxyflavancne has been synthesized by oxidas
tion of the eorresponding 2,3-gig-3,4-gis-3=ne thoxyflavan-4=ol with
mangenese dioxide and its eonfiguration was established by n.m.r.
measurenents, Attempts to epimerise the 2,35=gije’-methoxyf{lavencne
to the irgns-isomer were wnsucosssful, Oxidation of the corre-
sponding flavane’ d-diol with mengamnese dicxide spparently gave ean
unstable gig~-dihydroflavonol,

A study of the reactivity of some simple model benzyl aloo=
hols related to flavandiols has been made, The investigation was
undertsken primarily to provide an explanation for the significant
difference in the reactivity of the bensylie 4d=hydreaxyl group in
melacasidin (& flavane2,3gige3,degigediol) end iscmelacacidin (the
epineric gis-trapg-diol), A mmber of model bensyl alochols of the
phenylpropaneleol, tetralol, and tetralinei,2-diol type has been
synthesized, A correlation between the n.n.r, spectra and configuras
tion and confarmation has been made for the tetralin ccmpounds,

It was fomnd (as expected) th:t'th-n was a clear distinetion between



uhlcrudmuu of spin-spin coupling constants for the 1,2-gise
and 1,2-ipang-compounds, The Karplus equation was used to caloulate
approximate values for dihedral angles from observed spih-ipin
coupling constants and these values were used to infer the confore
mations of the reduced ring in the tetralin ocompounds, The reace
tivity of the simpler model benzyl alcohols towards methyl-ether
formation showed that these flexible systems behave differently from
the more rigid systems, These alcohols did not form methyl ethers
probably because of faster reactions, liethyleether formation was
observed, however, with 6-methoxytetralol, N.m.r. spectral analy-
sis showed that gig-1,2edibjdroxy-femothoxytetralin reacted with
methanolis hydrochloris acid to give a mixture of gig- and iyense
methyl ethers, This study has suggested that the more rigid sys-
tems (3-phenyltetralins) should provide better model compounds for
a detailed study of the stereochemical contributions to reastivity,
As the eleotronic contributions from the fused aromatic ring are
the same in melacacidin and iscmelascacidin the greater reactivity
of the latter is attributed to the conformation of the bensmyliec
hydroxyl group (quasi-axial) and the presence of & neighbouring

Irspg-hydroxyl group.
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Flavonoid compounds are extremely widely distributed in the
plant kingdom, They represent a large mumber of types with differemnt

properties, lMany of these ocour naturally as glyoosides,
Flavones (1, R = H) and the related flavemols (1, R = CH) fom

the largest family of naturally occcurring oxygen heteroccyclic com~

pounds, Their impertence, a8 plamt pignents, is exceedsd cmly by
3 .

(

anthocyanins, chlorophyll and carotenes, FPigments related to flavenes
are often referred to loocsely as anthoxanthidine, MNost obvious as
pignents in flower petals, flavones ocour in all parts of plants,
inmoluding the fruits, pollen, roots and heartwoods,

Although the mumber of naturally occurring f{lavones and flave-
nols is very large, there is little structural diversificatiom, the
main diffevence being in the mamner in which the parent nucleus is
hydroxylated or alkexylsted, It is believed that these compounds
play a vital role in plant 1ife but little is known about the specific
nature of this role, Iumerous physiological activities have been
sttributed to them, but many of these have boen strongly disputed,’

The hydroxyl (or alkexyl) groups in flavones ave found in a



large mmber of cases at positions 5 and 7 which implies that ring A
in these cases is derived from phloroglusinol, Ring B, however, is
usually found to have hydraxyl (alkexyl) groups at the 4'-position
or at both the 3'-md 4'-positions, The differemces in hydroxylation
(or alkexylation) reflect a difference in the bicsynthetisc origin of
ring A and ring B,

Flavones of the type (2) are probably derived Yy cxidative

(2)

Flavenones (3, R = H) ean be locked upen as the 2,3=dihydroe
derivatives of flavenes and it is quite coomom for a flavamone and
its corresponding flavone to exist topth-r:lnnplm.l
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The hydrexylation pstterns and other structurel features in the flae
mmmhm-nhhmuthmuﬂ-nm‘m. It
is found that on the whole flavamones do seem to be asscciated more
closely than flavemes with heartwoeds, bark md roots, and less so
with leaves and petals,’

The most significant feature in flavanone chemistry is the
reversible atid or base, catalysed ring opening (4 =—=95) which gives
the chaloome, It is thus deubtful vistler a chalcone sush as okanin
(6) dsolated from Agsols harvepbylla,’ is veally & metural product
or is formed during the isclation procedure from the corresponding
flavanone, mmumﬁm:mnmmu-
tically sotive in vivp, but during isolation, some are racemised come
plotely whilst others suffer partial racemisation, >

The first 3e-hydroxyflavancme or dihydroflavemol (3, R = OH) to
be examined was fustin by Schmid in 1886, The structure (7) of this
compound wvas elucidsted b; Oyamada in 1939, 4s asyloins, naturally
coowrring dihydroflavenols are very easily axidized to the ocrrespon-
dinqm,thnmoln‘ As with flavancnes, all the naturally
ococurring dihydroflavenols are optiocally sstive, With cne exception
( (=)fustin) the optically active dihydroflavemols isclated from
natural sources are dextrorotatory in mest -almu‘.“ |

mthmmornmamutmunrumm
the present work is the leucoanthooyanidins, The flavane3,d-diol
nucleus (8) is the basis of msiy naturally cocurring leucosnthocyanidins,
King and Bottomley’ isolsted melscacidin (9) as an mmorphous powder
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from the heartwood of Australian blackwood (jgasis melsncxylan) by
extraction with ether, They showed that it had the strusture (9).
King and Clarkelowis® later omfirmed this strusture by synthesis
of (L)-melacacidin tetramethyl ether by eatalytic reduotion of the
corvesponding flavonol (10, R = (Me) and further supported this by
proof that melacacidin yields the expected anthooyenidin 3,7,8,3',4%
pentahydroxyflavylium chlaride (11), The leusomnthooysnidin has since
been found in other Acaois species’ where it cocwrred together with
its 4-epimer, iscmelacacidin, Terscacidin (12), which is closely
related to melacscidin was isolated from jigsois orites,’ together
with its 4=epimer, isoteracscidin, Two other important leucoantho=
cyanidins which show a similar regulsrity in the arrangsment of phene
olic groups axe (+)-mollisscscidin’ (13) and (=)emollisscacidin'®s!!
(14).

Condensation products derived from compounds (13) amd (14),
are importemt in the tamin industry, Tamins have molecular weights
in the range of 60O to 2000 and it appesxs that they are condensed
polymers derived from monomerie leuscanthooyenidins of moleculer
weight about 300, and to a lesser extent from the corresponding cate-
i

The distribution and interrelstiomship of flavemoid compounds
is important in oonsideration of their biogenesis, Certain classes
of flavomoid compounds are found to occour together: flavenol,
flavanone, 3-hydroxyflavencne, leucoanthooysmidin and catechin, The
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flavan ring system is thought to arise bicsymthetically by the
condensation of two wits, A and B (Fig. 1). A is thought to arise

()

(gl i
Fig. 1

by the folding of Pepolyketones through the polyketide pethway'> and
B is thought to be derived from sugars through the shikimic scid
route.'d (Grisebach d his co=workers'| have postulated the following

biosynthetio relatiomship between the more important flavemoidss

flavenol

f

| }

isoflavone snthoayanin



Consideration of the flavane3,d-dicl system (8) shows that
there sxe two aspects to the problem of the sterecstructure of these
compoundss (1) the three centres of asymmetry (°z' Cy and 04) giving
rise to the possibility of four racemates, (ii) the confomation of
the hetercoyolic ring,

King end Clarkelewis® synthesized recenic melscacidin tetras
mothyl ether (15, R = Ne) by catalytic hydrogenation of the corre-
sponding flavemol (10, R = (Mis), On the basis of this eatalytic
hydrogenation of a planar moleculs amnd the formation of cyclic derive-
tives>*® [-) mnd (¥)-melascscidin tetramethyl ethers were assigned the
2,30i8 = 3,4=gis - configuration,

g
OR OR
“OH

dH
(15)
Dihydroflavencls are more easily reduced than flavenmols amd
beomse of their 2,3-jrms configuration'® (16) they ave wseful
starting materials for the preparstion of 2,3izgnseflavane3,4-diols,
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0

(16)

However, the 3,d-configmationsof the reduotion products of 2,3«
spms dihydroflsvonols have only recently been established,'”20
Brown end his eo-workars showsd that reduction of Jehydraxy=d ‘e
e thoxy=Gunsthyl-flavenene (17) with 1ithdwe, alwintws hydride geve
the fngnpeiegms-dicl (19) a8 the predominant product wherves redue-
tion with lithiws alwminiwm hydride - alwdnivm chlaride mixture gave
the frmm - gda - 4ol (19).
2,5-gig-Flevene3 d=ipgg-dicls are the least ascessidle of
the four receris forms of flavame’ d-dicls, The discetate of this
diol was prepered by Joshi, Kulkarni and Kashiker fram the Jebremo-
favencne ‘¢ls the 3-romoflsvenéeol, Clarkelewis and ¥illiems>’
prepared the gig - fxEug ~ discetate (21) from the gig-gig-dicl (20)
by scetylation of the latter with acetic agdd, scetie andydride and
potassimn soc’ate,

Synthesis by wequivosal methods of the rucemates of flaven-
Wu‘qﬁ.ﬁdhmuﬁmm
ocompoimds represents the classical approach t~ the Aetermiratien of
their geometrical configwetims,

The sterecchemistry of flavane3,4-diols can be related to the
flavne3-cls by hydrogenolysis of the d-hydvesyl group,2324 yuy the
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enly ohemiosl evidence for the configurations at the 3-and 4-positions
relates to the fomation of cyolic derivatives and to the relative
rates of oxidation with lead tetrascetate,>’ The formation of cyelie
carbonates (22) and isopropylidene derivatives (23) was used by
soveral workers®'*12> 4o distinguish gig-diols from fyepgediols, This

0 Ar 0 Ar

0

il /
C\\O 7@ Me

(22) (23)
mothod, however, is wmelisble as both 3,4-gise md 3,4-irans-csre
bonates and giseiscpropylidene derivatives fyom both 3,4-gis- end
3 Aetpang-diols have been veparted. 90292  me 1atter method
has limited use s difference in rates of oxidation of 2,3eimgnse3,4e
gise and 2,3-trsnge3,4-trang-diols is small, Both iscmers however,
gre oxidized at rates considersbly slower than the 2,3-gis.3.4-irsng-
ew.ﬂ

Philbin, Wheeler and their co=workers>> used hydrogen bonding
studies to assign 3,4egis~ md 3,4-ipgnse configuretion to flavane3,d=
diols,

Nuclear magnetic resonance spectroscopy however, is the most
suitable method for the determination of the relative sterecchemistry
of flavan-3,4-diols and related compounds, Examination of the coupe
1ling constents between the 2,3« and 3,4«protons defines the configwre~
$1m, 2592930 2 3.gigeconfiguration is sssociated with low spine
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spin coupling comstants but much larger coupling constants ave obe
served for 2,3-trans-compounds, There is similarly a elear distine=
tion in the spin-spin coupling sonstarts of the 3,4=protons.?’ Coupe
ling constant data can also be usod o give an approximate ides of the
dihedral mgles (from the Karplus equation’ ) and hence the conformes
tion of the heterccyelic ring, Nuoclear magnotic resonance data indi.
cate that the preferred confomation of the hetercoyelic ring in
flaven syntens is a hﬂ.f-chl:l.r.”

v and gonformation o b 5 11 D5 Suted Mlavanones
The sterecchemistry of Jehydroxyflavancnes (dihydroflsvemols)
oan be related to that of the flavane3-ols by hydrogsnstion and the
naturally ocourring dihydroflavemols, .together with those synthesized
by the eyelisation of suitable precursors, are the thermodynemically
more stable frgnp-isomers, The gis-isomers in this series have not been
fully m‘lﬂ.ﬂpﬂ.!

The value of the 2,3-coupling constant for the irsns-compounds
1ies close to the upper limit cbeerved”’ for the intersetion of 1,2«
diexial protoms, The 2(ax)H,3(ax)H-irans-strusture of naturally oscur-
ring dihydroflavonols and of the sppropriate gynthetic members is in
acccrdmnce with their chemiesl properties.'®?’? They ave dehydrated,
but only with great difficulty, This is becsuse the 2-hydrogen atom and
the 3e-hydrexyl group do not possess & irang entieparsllel arrengement,
The 2= and Sehydrogens are readily removed by various mild exidative
processes,

The gecmetry postulated by Fhilbin mnd Wheeler > (24) for
S.gubstituted flavenones gives a value for the dibedral angle of



1%,
2,3-d4axial substituents close to 180°, The cavbonyl group is coe
planar with the arcamatic ring A, Clarkelewis, Jaclkman mswh-md”

(24)

noted that the co-planarity of the carbomyl group with ring A is
supported by the cheervation that the 2,3-coupling constants in
flavanones are not altered by the presense of a S-hydroxyl sube
mm.‘m though a hydroxyl group in this position embters into
very strong hydrogen bonding which necessitates co-planarity of the
carbonyl group with ring A, (7 value for Sehydvexylie proten is
«2,23)s

The n.a.r, date for mm’“'nm;m
coupling constant (Jp 5 845 o/s) whith implies considersble distore
tion of confamation (24), Tor gigeikrancflavancner’' J, , 18
1,8 o/s and this is sscamodated by confomstion (24) with little

N-“

hes suggested that considaration of the infrared
stretching frequencies for the CH,.,.0 and OH,,,.n hydrogen-bonded
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species a8 well as for the free hydroxyl functions permits discussion
of the sterecchemistry of tetralin-diols (Table 1),

ﬂw I'ree OHeesa® Ofgesel

Benzyl aloohol 3632 3615
f-Fhenylethanol 3631 3604 h
gis-cyclohexane=1,2-dicl 3626 3587
irme-cyolohexane-1,2-dicl | 3634 3602
gis~tetrahydronaphthalenes

1,2-d401 3618 BT5
e thalane 3615 362

The higher frequency is attributed to free hydrexyl groups
and the lower to bonded hydroxyl groups, M‘omﬂwth
separation between these two bapds ( oV ) is a messure of the proxi-
mity of the two hydroxyl groups, The closer the hydroxyl groups are
to each.: other, the stronger will be the hydrogen bond and the
greater will be oV , The tetrahydronsphthalene dicls then, reveal
.m-mwmwmummmuﬂum
ddcl, The reduced ring in tetranyiransphthalene is suggested?* as

being either in a boat form (25) or a semiepuckered form (26), The
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40

values for ~v , acoording to Kulm,  suggest that the gis-campound

1 L 2
\<z 3§ 1%3 L

(25) (26)

is in the semiepuckered farm with the hydroxyl groups in nositions
3 and 4 and that the {rans-compound is either in the boat fom or in
the semi-puckered form with the hydroxyl groups in positioms 1 and 2,

There is, surprisingly, very little in the literature about
the sonfoarmation of tetralols and tetralin diols, No report on the
correlation of n.a.r, spectral data and configuration and conforma=
tion has bheen made, In this work n.m.r. speotral data for some simple
tetralin derivatives are presented together with scme ideas on the
pstereocchemistry and oonformation of these compounds, Analogies with
mmm”mm«m"mm. However,
the sterecchemistry and oonformation of & carbogyclic system cannot
be dedused from a system with a hetero-atom in the reduced ring, A
oomparisen is made with cyclohexane md oyclohexane ' in camnection
with the rate of inversion and the confommatiomal barrier to inversiom,
Brief references are made to work on the conformation of cyclohexane=

1,2-d401s, 43044

Melacacidin (15, R = OH) snd its 4eepimer, isomelacacidin
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undergo some interesting remstions which involve the pehydroxybenzmyl
aloochal system in these flavane3,d,-dicls.??

Crude extracts from Acagia heartwoods were shomn by paper
chrematography to contain melacacidin and two other monomeric leusoe
anthooyanidins, isomelasscidin end Q-ethyliscmelscscidin! (also
described in presemt work), Separation of these ormpowunds was sime
plified after it was discovered that Qeethyliscmelacacidin was an
artefsct very readily formed from isomelasascidin and ethanol umder
soidic conditions, The ethyl- other has & higher distributien co-
efficient (ethyl scetate/phosphate buffer system, pi 7.0) than
melacacidin and was conveniently separated in a counter-current
distribution spparatus, lelasacidin and Qeethyliscmelacacidin were
cbtained erystalline by Mortimer but isomelacacidin was obtained ae
an smorphous powder, The structure of isomelasacidin was inferwved
largely from the properties of its ethyl derivative,'

Some interesting observatioms on the reactions of the benaylio
hydraxyl groups at Oy in these flavan-3,A-diols were mades’?

(1) |Melacacidin was converted under aqueous mildly acidic @onditions
into iscmelacacidin, The reaction involves the epimerisatiom of a
wauwpmhmwmﬂ
tion possibly through an oxomiwm ion intemediate. It appears to be
an equilibrium reasction which favowrs isomelacacidin, (Pige 3)s A
competing reaction here is condensation %o give polymers, Epimerise-
tion at the 4=position has been noted with other flavane3,dediols’

and with peltogmol.®® (27, R = m.)
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nju-oiudhhum“hmnuhln-mm

tion in the case of ring B axygenated estrogens and postulated =n
oxenium ion intemediate for the resction (Fig, 2). Methyleether
formation was expected at the benzylic positieon under the conditiomns
ﬂthMWWnMwﬂMm&ﬂmﬂ
noted,

(41) Isomelacscidin formed an ethyl ether or methyl ether with
retention of configuration when treated with ethanol or methanol and
an aoid catalyst, whereas melacacidin did mot. A similar trend has
mmnwm(u)mamhmmmm.a

MELACACIDIN - — ISCUELAGACIDIN
0,58  AeCH
50 conversion in 1 hr at 100°
0,1N HOL

90/ comversiom in 10 min at 100°

ISCMELACACIDIN 7 > OuETHY LISGMELACACIDIN
0.1N AcCH/BtOH
50% conversion to ether
in 1 hr at 100°

B 3.
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19.
(111) Isomelacacidin ressted resdily (move readily than melacecidin)
with toluene=pesulphinic acid to give the sulphone (28). Melacseidin
required stronger acidic conditioms for this reaction and gave the
same sulphone (28) as iscmelacacidin, It appemrs that epimerization
to isomslacsoidin ocours prior to reaction.

0y CoHy
(2%)

(iv) The smthooysnidin formed from Owethyliscmelacacidin by treate
mont with hot 3j-hydrochloric auid was indistinguishsble frem

3,7,8 ,3' y4tepentahyiroxyflavylim chloride (11) similarly derived
from nelacacidin, The reaction is indicative of the extweme lability
of the bemzylic ethaxyl groupy |

(v) Roux and Drewss'! studied the redness induoed by light end
pyrolysis in the formation of anthooyamidins from flavane3,4-diols
and flavanedeols, The redness is attributed to loss of the elements
of water from the 3-H and 40 positions of these compounds resulting
in formetion of & flave3eene (29, R = H, OH), and subsequent oxidation
of the 2«H to form the enthooyanidin which exists in the T-keto form
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of the anhydro=base (30, R = H, OH), The effect of light or pyrolysis
is oonsidered to be similar to the mineral asid induced comversion of

flaven- 3,4-diols into anthocyanidins,
R

OH

0 R
Pl
(29) (30)

(vi) The benzmylic hydroxyl group in melssacidin end isemelacesidin
underwent hydrogenclysis to give the corresponding gis-flavane3eol (31).

OH
OH ; OH
_ “OH

(31)

(vii) Some recent work by Tnous'® on the reastions of Temethoxyisoe
flavanedeols (32) is of interest hexe as the 4-hydrexyl group is part
of an sotive benzyl alochol system, Reaction of T-methoxyisoflavane
4p-ol (gig) md Adcmol (fmgns) with acetio aeid at 50° gave in both
cases dcmacetoxy-T-methoxyisoflavan (33), With the wnsubstituted
isoflevan-4=0l however, unchanged starting material was cbtained,
Inous suggested that because of its quasisequatorial conformation and
izang -configuration, the ddwol is more stable than the 4f-ol and that
reastions which proosed through the plener sp’ hytridised fom of Oy
(caxbonium ion) give the 4 or ipens-product,
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MeO 9 MeQ 2
s —_— ~
OH |
oy C

(32) (33)

A11 the resstions discussed sbove involve the 4=position where
the hydroxyl group is part of an activated bemmyl aloohol system, The
reactions of benzyl aleohols in general are therefore relevant to
this work and some importent sspects of them are reviewed at this
stage.

Kenyom and his co=workers ' O-)2 stulied the resctions of resc-
unbmﬁmmmmmﬂmmwmm
by winolecular slkylecxygen fission, Dismutation reactiony bige
ether formation and ethyl ether formation were observed under eppwo=
priste cmditions, 498 ey fomd® that 2,4,6«trinethaxyliphenyle
metliancl (34) moted as a powerful aralkyleting agent towards & variety
of compounds, Wien (34) was allowed to stand at room tempersture for
several days in ethanol containing 1,5% sulphuwric seid, 2,4,6,2',4",6'-
hexame thoxytriphenylmethene (%) end bensaldehyde were obtained, It
was cbeerved’ *O2 ihat the wnimolecular heterolysis was facilitated by
the presence of wlectron relessing substituents, Thus, 2,4-
dinethaxydiphenylmethamol () &xd 1= (2, 4=dinethoxyphonyl Jethanol (37)
reacted with & faoility between those of the corresponding 2« ar 4=
moncmetheaxy= and 2,4,6-trimethaxy- compounds, end 4-methyldiphenyle
methancl (38) and 2,4 ,6-trimethyldiphenylmethanol (39) rescted less



oM

(34)

(36)

22,

e . : OMe MeO
gD
OMe OH _ e MeO

(35)

OMe OH

(37)

e, T”'Q
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readily than the amslogous methoxyesubstituted compounds,

Nunexous other resctions of bemsyl alochols, for exsmple,
hydrogenalysis with chloroalwminive iydrides,’’ ccudensstion with
phenols, ! resstion with sulphinie ssid,”” and resction with thice
sulphate>® have been stulied but sre not of direst interest to the
preseut work and ave not disoussed.

Manganese dicxide has been used extensively for the oxidatiom
of allylic and bensylic slechols to aldehydes mnd ketones, ! o0
Hessal and his co=vorkers®® axidised tri-gemeihylpeltogmel (27,
R = Me) to trieQ-methylpeltogmone (40) with mangsnese dioxids in
chleroform, Mangmnese dioxide has been employed for axidizing

OMe

MeO

(40)

selectively only me of the hydrexyl growps in d101s.S' Whether

the oxidstion of bansyl alcohols with memgmnese diaxide proceeds
mmmmumwummu—”m

m.a
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Extractives from the heartwood of A, gambagei contained a
considereble propertion of intractable phenolic materisl, appavently
polymeric in nature,

74843 /4 1=Tetrahydroxyflavenol (10, R = OH) wes isolated from
the ether extractive and further flavonol was obtained from the cold
ethanol percolate, The structure of the flavomol was established by
degradation with potessiwm hydroxide, by acetylation which gave the
penta~acetate (10, R = OAs) and by methylation which gave penta~
methoxyflavone (10, R = (Mie), In the microedegradation botih 3,4«
dihydraxybenzoic acid and pyrogallol were identified,

(41)

The ether extractive was found to oontain 7,8,3'.,4'-tetra=
hydroxydihydroflavemol (41), chromatographically identical with the
recenic dihydrofisvonol from A, ex0glss.! The strusture of the
dihydroflavonol from A, csmbagei snd A, gxcelgs was established by
methylation with methyl iodide-acetone-potassium carbonate, with
dime thyl sulphate-acetone-potassium carbonate or with diasmmethane
which gave 3,7,8,3'y4'=pentanethoxyflavene (10, R = Clie) identical
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with a sample prepared fram 7,8,3',4'~te‘ramethoxyflavonel, Dehy-
drogenation of the dihydroflavamol therefore ccours very easily,
Row and Sestry®’ reported the occurrence of this dihydroflavemol in
the heartwood of Albigzis odorstissimp. For reasons which shall be
presented below it is believed that the presence of the dihydroe
flavemol in this Albigzig wood has not been established,

The cold ethenol percolate contained & small proportion of
moncmeric leucoanthoeyanidin which was also present in the acetone

extractive, and wes identified s melacamcidin (15, R = H) by paper
ohromatographic examination and ultraviclet light abscrption spectra
of the leucoanthocyanidin emd the derived anthooyanidin (11). Using

an suthentic mofm.a.;v.uwxmm ohloridd a
spectroscopic estimation of the yield of the anthocyanidin derived
from the crude natural lsuscanthocyanidin was made (Found: 34.9%).
Oonfirmation of the identification of melasasidin by preparation of
derivatives could not be achieved owing to difficulties encountered
in separating the crude memomer from ascompanying polymer,

The cold ethanol percolate of the heartwood was shown by
paper chromatogrephy to contain two other momomerie leusoanthooyanidins,
iscmelagacidin and O-ethylisomelacacidin, Qeethylisomelasacidin, an
artefact very readily fommed fyom iscmelacsoidin and the ethancl used
in the extraction procedure,’ wes easily separated from melacacidin
by counter-current procedures because of its enhanced distribution
ratio in the ethyl acetate/phosphate buffer system, As in the case
of melacacidin, the orude momomer could not be separated from the



eseompanying polymer,

The sapwood contained & mmuch smeller proportien of the flavemol
and dihydrofisvencl, and slgo yielded a small quantity of recemie
748,35 4 ' wtotrabydrexyflavenone (42), The structure of the flsvanone
wen estebliched by degradation with potassium Mydroxide and by methyls-
tlon which gave 7,8,3',4 '~tetramethaxyflavancne, The ommpownd gve

(42)

& blusepurple colour rhen sulmitted to the Herowits test for flave-
u-.“'e The flavenone wnderwent ¢ base catalysed ring cpening
4o the corresponding chaloone as was evidenced by cbeervation of its
wltveviolet speotrum which showed & bathoohramie shift of 40 mu in
the absorption meximwm of the lengewsve band en eddition of base,

The bewk of A, geubased did not contain any essily isolable
flavemodds, A ligt-somsitive aliphatie ester was found in the
extractive,

Exiznetives Lrom joscis Salicinie.

Ageods Bl ASANE wes found to camtain 7,8,3',4'-tetralydroxy-
favenol (10, R » 0H) and (2)=7,8,3" 4 '=totrahyiroxyiihydroflsvancl
(41). Auisliging wes also found to contain (=)=7,8,3' 4'-tetre=
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Heartwood = Sgywoed = Bark

Aliphatic ester (7)

| | |

Flavomol (= )eDihydros (= )=Flavancme
flavonol

L]

Flavenol (*)-Dihydro= Meolacacidin Isomelas Owothyle
flavonol oacidin
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hydroxyflavencne (42) and the corresponding chalcone (clanin )‘.2
A small quantity of recemic flavanone was also isclated, The bark
of the wood sample contained a eimnamic soid, possibly caffeic aecid,

The flavenol and dihydroflavomol were very convenisntly se- |
parated by chromatography over cellulose powder using chlorofome
ethanolewater as the seluting solvent,

(=)=T4843" 4 '-Tetrahydroflavancne has not been previously
isolated, Its laevorotation indicates that it possesses the 28-
mﬂmﬂm“ (42) like other optically active flavenones obtained
from natural sources, lMethylation was accompanied by racemization
as the resulting 7,8,3',4'-tetramethoxyflavanone was indistinguishable
from a synthetic l-ph."‘

The existence of optically sctive and recemic flavamone in a
gingle species further supports previous ohnntim“ that eptiecally
aotive flavanones are readily racemised to (=)-flavancnes by the
sotion of a0id, alksli or by thermal meams, This ready recemization
is ascribed to the ease of the chalcome-flavanone interconversion,
The presence of racemic flavancme in Agagia species, and particularly
the occurrence of the lsevoretatory form in A, galiging, supports
the suggestion! that oksnin (6) cbtained from A, harponhylls wes
in fast formed from this flavancme during isclation and it is
probable therefore that 7,8,3',4'-tetrahyiroxyflavancne is a constitue
ent of A, harpophylls heartwood,

Most probably the racemic 7,8,3',4'-tetrahyiraxydilydroflavonol
(41) isoleted from A, salicine and A, ossbaspi was optically active



Leacia salicing
Heartwood Sapwood Bark
Caffeic acid
(=)eFlavenone  Flavomol Chalcone

(2)-Flavancne (=)=Dihydroflavonol Flavonol
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in vivo but suffered racemization during the extraction procedure
presunsbly by way of a chaloome-type intermediate (43).

OH
HO X OH | eH
LI L,
0
ké3n
The reported cocurrence d 7,8,3",4'stetrahyirexydihydroe
flavonol in Albigsis eloratissima®’ rests mot on iselation of
the compound but om methylation of a browm gum, which was said to
give (+)=3,7,8,3',4 '=pentanethoxyflavanone, Methylation of a
dihydroflavencl to a 3-methexyflavanome is without precedent.
When dehydrogenation cocurs though, methylation leads to a 3=
methoxyflavene a8 discussed above in comnection with the structure
of 7,8,3' /4 '=tetrahydraxydihydroflavonol and also discussed later
(page 41) 4n comnection with the attempted synthesis of izgnge3-
mothoxyflavenone, The m.p., wavelengths of ultraviolet light
sbeorption maxima, and carbonyl siretohing frequency of the methylae
tion product reported as "(+)e3,7,8,3' 4 '«pentavethoxyflavancne” are
consistent with its being 3,7,8,3',4 '=pentamethexyflavene (refor
Table 2), On this basis then, the reccrded rotation is evidently
erronecus, Other pussling fealwres of the "dihydroflavemol" chemistry
ere also explicable if the methylation product is the pentemethoxy=
flavone, Thus pertial demethylation of the pentamethoxyflavene with
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with aluminium ohloride is wexpeptional and would accownt far the
phenolic material, m,p. 140-142°, reconverted into the pentamethoxy-
flavone by diazcmetheane, Demethylation of the pentamethoxyflavone
with hydrogen iodide oould lead to the tetralydroxyflavonol monoe
nydrete, consistent with the snalyticel data, and again comverted by
dissomethane into the pentamethoxyflavome, It is clear also from
the manhd data that the synthetic "pentamethoxyflavemone" had
suffered dehydrogenation and is likewise the pentamethoxyflavome,
The results cbtained by Row and Sestry®

the presence in the brown gum of either 7,8,3',4'=tetrahydraxy=

3 are therefore consistent with

flavenol or ~dihydroflavemel (or both) but do mot distinguish between
these posaibilities, '

3.Methoxyflavane 153° 250,347 1625

g4~ 3-le thoxyflavancone 110° 268 1665
(synthetio)

Siethoxyflavanone |  146-148° | 248,346 1623

(Row and Sastry)

Simple procedures frequantly suffice for the Bélation of pure
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compovnds fram sapwoods and heartwoods,”*® but with Agacis gsmbesei

and Agacis salicing the extrastives were complex end only small quan-
tities of pure compounds were isolated after preliminary extrastiom
with different solvents, followed by countersourrent distributiom,
and then preperative paper chromatography,

The co=ogourrence of flavonoid compounds with the same hydroxy-
lation pattern, and & simple chemical interrelationship lends further
support to current views on their h:luynthu:ln." v13,14
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SYNTUESIS , STERECCHEMISTRY AND CCNFORMATION OF (5) 2,3mgige3e

It has been shown both by chemical and physical methods that
naturally ocourring dihydroflavemols and those synthesized by
chemical reduction of flavonols and by ring closure of suitable
precursors have the 2.3-m-omﬁmntm.’°'”'67 These come
pounds are the thermodynemically more stable iscmexs,’> The gige
isomers in this series have not been fully charssterized, ®1>>»

In the present work a convenient synthesis of a 2,5-gige3
methoxyflavenone is desoribed, A possible route to the symthesis
of a 2,5 ,=¢lg=)=hydroxyflavancne is discussed,

2,3-0i8-3,7,8,3",4'=Pentanothoxyflavanone (46).

3,748,3" 4 'ePentanethoxyflavene (44) was conveniently prepared
by oyolisation® of 2'ehydroxye3,4,3!,4'=tetranethoxychaloone and
methylation of the resulting flavonel,

Hydrogenation of flavonols at high temperatures and pressures
represents the only suitable method for the preparation of 2, =gis-
flavane3,4 ,~gig=diols, The catalyst used for this hydrogenation is
Reney mickel, Thewe &re, howsver, mary complicstioms imvelved in

thnuuotthuutdqlt.“ Low yields of the gis-gig-diols are

usually obtained and undesirable side reactions such as hydrogemoly-
IHMWWMGWIMMHth.‘, Very
little is known about the meghanism of this hydrogenation of a planar
molecule, A ocatalyst described as nickel boride'C was found to be
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excellent for the reduction of the flavove (44) to the gig-cise

diol derivative (45)., A much higher yield (69% as compared to

16 with Raney nickel) was obtained and a shorter ressction time (12
hr es compared to 22 hr with Remey nickel) was vequived, Another
mmummmu&wtmmm-m
tion, The catalyst sppears to work well with other flavones and
flavenols'|' and eould be used for df-unsaturated ketunes in flavo-
noids of most types.

was found to be dimorphic, Examples of dimorphism have been reported
fn etber fleven compouade, 017" derivarive

The 1,m.re spectrum of the amA(tmu 3) was emalysed by &
first order procedure and established the configuration of the 3=
nethoxyflavan-4-ol (45) as 2,3egig~3,4-gis. The resonsnce of the
j=proton appeared a8 a quartet with spinespin coupling cmnstants
I3 09 o/s md Jy 4 4.5 o/ss The signal ?ﬁtth- 4proton wes a
doublet with Jy 4 4.4, o/s. The signal of(2-proten vas unresolved
and appeared as a single peak,

The hydrexyl group at Gy in the flavanedeol (45) is part of a
benzyl alechol system and should underge oxidation readily with
nanganese dioxide, a specific reagent for the oxidation of allylie
and benzylio aloohols, The cxidation of tri-Q-methylpeltogymol with
this reagnt has already been disoussed in the introduotion, Bloch!~
used X-ray orystallography to study the various forms of manganese
dioxide and suggested that only the « and Y forms of manganese dicxide
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are "agctive" enough for the cxidatiom of allylie and benzylic aleoochols,
For the purposes of the present work "active" mangsnese dioxide was
mmdbyth.uthdotltmwumm.”

The mechanism of this oxidation reaction is net fully wnder-
stood, Evans’| suggested that carboniwm ions probably play mn impore
tant role and that the compounds that are more readily oxidiszed are
thmihﬂmﬂdhmﬂtofmthmnhbhmxmm;
The resstion is said’! to be triphasic = sbsorption of substrate,
oxidation, and desorption of product, Pratt and van der 0-11.‘0
studied the oxidation of a variety of phenylearbinols and proposed a
free-radical mechanism (Fig, 6). Critter, Dupre and Wallace'® preposed

-

Iv & IIx
n!cam + o-m-o—an,aon ¢+ HOwlin=20

| .

RBC=0 + HO+Mn=0 e—[nzt';a]-n-no-lh-m

Big. 6

a mechanism which is based on the presence of cationic impurities
in manganese dioxide,

Oxidation of the 3-methoxyflavanedeol (45) to the 3-methoxyw
flavanone (46) proceeded smoothly, The resction was followed by
determining the infrared spectra of aliquots of the reaction mixture
taken cut a8 the reaction proceeded, A similar oxidation with nickel

peroxideT4 gave & mixture of J-methoxyflaveamone and 3-methoxyflavone,
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The n.m,r, speotmm (Teble 3 and Fig, 7) established the
2,3=configuration #8 gis, The sbsarption arising from the 2. and
J= protons appeared a8 an AD quartet with spinespin coupling constant
Jp,3 25 6/8s Decsuse of the grewter deshielding by the 2-aryl
group than by the carbonyl the 2-proten resonance occcurs at a lower
field than that of the Jeprotom,”’ If we use the conformation for
J-gubstituted flavanones (24) postulated by Philbin and Mﬂ’s
in which the dihedral angle of the 2ax, Jeq = substituents is close
to 60°, then ths caloulated coupling censient from the Karplus
equation is 1.7 ¢/s. Thus the observed value of the 2,3=-soupling
constant in this gigs-compound in which the methexyl group is =xial
is scsamodated by conformation (24) without sppreciable distortion,

The ultreviolet light sbeorption spectrum (Fig, 8) showed
s meximum ot 206 mi, The band is ssscoiated with absorption in
the benzoyl grouping (47), The introduction of methoxyl groups into
the A ring primarily increases the rescnance contribution of this
ring and tends to increase the wavelength and intensity of maximum
absorption of the band, '’




220 - - 250

°8¢

200 250 300 350 480 c/s

Fig, To
The 60 Mc/s n.m,r, spectrum of 2,3-cis=-3,7,8,3',4!-pentamethoxy-

flavenone in deuterochloroform,
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270 2680 290 300 30 A
M

Fig, 8,
Ultraviolet absorption spectrum of 2,5-Cis=

3,748, 3" y4!-pentanethoxyflavanone in ethenol.

L]
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Catalytic hydrogsnation over nickel boride and reduction with
sodium borohydride in methanol of 2,3-gige3-methoxyflavencne (45)
gave in both cases, 2,3-gis-3,4-gige=3methexyflevansd=ol (45). The
gis-gig-product is expected with satalytie hydrogenation but the pre=
ponderance of this produst in the case of redudtion with sodium beoro-
hydride has to be explained,

The concepts of "sterio approach control" and “product
unlwtmmvmmwmmmm”u
explain the reduction products of substituted cyclchexsncnes. Daue
ben's hypothesis'® en reductions with complex hydrides wes based on
the assumption that solvation of the borohydride iom did oocour in a
solvent such as methanol, This assumption was oriticized by Vheelexr
and Huffumn'® vho olaimed that the borohydride iam is not solvated.
However, the findings of Eliel and Hsubenstook ' strongly suggest
that borohydride is soivated in at least some of the commen solvents
used for redustions as this seems the most likely explanatiem for
the varistion in steric result.

The use in the reduction reaction of the flavenone of sodiwm
borchydride end methanol does lead to stereospecificity of reduction
as cnly one compound was isolated and in high yield, An explanation
in texms of Dauben's concept of "sterie epproach control" sppears to
be preferable here to explain the all giseproduct, The approach of
a fairly large solvated borchydride species from the equatorial side
is subject to steric interference by the neignbouring sxial methoxyl
group (Fig, 9). It is probsble then that in the transition state the
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gttacking solvated borohydride species approsches from the axial
side,

ax

e CH,

Lige 9a

Attempts to epimerige 2,3=gis-3-methoxyflavancme (46) to
the irans-isomer (49) were unsuccessful, Dehydrogenation ocourred
readily in most of the epimerization experiments studied, leading to
the production of the 3-methoxyflavene (50).

Attempts to synthesize the iranseiscmer (49) were also wn-
successful, Methylation of 2,3-irgng-dihydreflavencl (58) by several
methods including ome used recently for the methylation of sugar
hydroxyl m“ did not give the desired 3-methoxyflavancme (49)
but the 3-methoxyflsveme (50), Methylation of a dihydroflavemol to
8 3-methoxyflavancme is without precedent, although, when dehydrogenas
tion oscours, methylation leads to the J-methoxyflavone,

Gyelisstion of 2'ehydraxyeds3,4,3!,4 =pentanethoxyehaloone
(48) wnder nowmel Algar-Flynn-Oyamada (AFO) reaction conditions gave
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a compound whose physical properties were comsistent with ite being
3474843" ;4 '=pentamethoxyflavone (50), Recent work by Philbin and
hex cosworkers'l showed that cxidstion of 2'shydroxyeded! §latrie
methaxyehalcone (51) under AFO conditions gave 2d=hydroxybensyle

2,4 ,6=trime thoxycoumaren-3-one (52) in 80% yield, Our result can be
reconciled with this if the existence of & controlling steric effect
n' the behaviour of 6'emethoxychalcones is accepted., The mechanisn 2
of production of flavomols (56) and surcmes (54) involves the produce
tion of a ketone-epoxide (53) from which a dihydroflavonol (55, route
i) or a "hydrated-aurone"” (54, route II) is formed, The presence of

2 methoxyl substituent in the 6'eposition of the ehaloone displaces

the ketoegroup from the plane of the nucleus, This is said to produce
steric inhibition of rescnance from the 2'=0 =ion which promotes
activation of the geeaxbon of the chalocone, ’ A hydrexyl group in
the 2= or 4= position causes resonance expulsion of the P-epexide bond
with oonsequent dihydroflavenol fommatiom, 2

O=--.
h O \! "‘\( t} /,
OH ‘|t ) \\
| — I
ol A b4 ¥
0+CH:CH-Ar Co-C H——;,c H—Ar

(53) \
‘ Ar 0 Ar
OH I | OH
(55) (56)
0 0



; Isple 3.
Chemical shifts and coupling constsnts of beterccyclic ring protoms of

3.gubsti tuted
ad_J.4-disvbgtituted flavens,
No. Compownd a".t. 2,5 | T34 'a ; ; wmg
5 Flavane4=ol (e 0.9 |45 4,92 | 6,33 | 5,07 | gis-cis
46 Flavanone Cife 2.5 4,58 | 6,07 cis
HaBH, reduction | e 1.0 44 4,87 | 6,28 | 5,02 | gis~gis
of (46) |
58 Dihydroflavemel | OH 12,1 54T | 4,93 Ixans
61 3eicetoxyflavan | Ole 1.5 4,87 4,56 | 6,90 | gig
Refc

B4
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2,350 T,0,3' 4 =0 trame thonyd by drof Lavomol

Cyclisation of 2«hydroxy=3,4=3' 4 '=totranethoxyohaloone (57)
to the corresponding 2,3-irans-dihydroflavenol (58) was eiffected with
benzyltrimethylammenium hydrexide (Tritem B) and hydrogen m in
ethanol by the method of Brown mm.w This method is su-
perior to the oxidative ring closure with alkaline hydrogen peroxide
(AFO resetion conditions) and to the alternative oyclisation of

ace toxychalcone dibromide with aguecus acetone and agueous sodium
carbonate, The difficulty with the AFO reaction procedure usually
arises from the insolubility of the potassium and sodium salts of
2'<hydroxyohaloones, Substitution of benzyltrimethylammenium hydroxe
ide for sodium or potassium hydroxide yields salts that are more
soluble which enables oyolisations to proceed well,>"
The n.m.r, speotrua of the dihydroflavonol confirmed its 2,%
irsps-configuration (Table 3). The value of the 2,3-coupling constant
1ies olose to the upper limit observed” for the intersstion of 1,2

diaxial protoms, The high value for this coupling constant lends
Munmmhmun”thﬂmwmtm
exolusively in the oonformation with the 2,3-substituents equatorial,
The spectrum also gives evidence for the presence of strong intra=
moleoular hydrogen bomding between the J<hydroxyl group and the
carbonyl group, The signal of the hydrexyl proton in the correspone
ding 3ehydrexyflavan’’ is centred at t 8,0, The downfield shift of
this protem in the dihydroflavencl by 4.1 p.,p.n. is asoribed as being
due to a large extent to strong intramelecular hydrogen bonding, The
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| (60)
(59) |

OMe
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OMe P
Me0
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theoreticel basis fer such hydrogenebond shifts has been discussed by
Bornstein, Pople and Soimeider.’>

The gisegig-diol (59) required for oxidation wes prepered by
catalytio (nickel beride) hydrogenation of the corrmsponding flavomel.
It was discovered that prolonged hydrogenation resulted in hydrogenoly-
mﬂmwmwgmno‘uﬁmmmdw
S-hydrexyflaven (61, R = H),

Oxidation of the gig-gigediol (59) with mangmmese dioxide
requized & longer period of time then for the 3-methoxyflavanedwol
(45) probadly because of the presence of streng intramclecular hydrogen
bonding in the former, The strustural sssigment of the oxidation
produst, 2,3-gigedihydrofiavoncl (60), is based on its infraved spec~
tral data (Table 4), its lower stability compared to the irsns-iscmer
and its decomposition product,

The jrsn@edihydroflavonol (58) appears to be the thermodynamically
more stable isomer, The instability of the gis-isomer is attributed
to the stereochemical arrangement of the 2-hydrogen atom and the 3=
hydroxyl group, Their irans anti-parallel (disxial) conformation
facilitates delydration to the flavome, In the gige3wmethoxyflavancne
& frans disxial arrangment exists between the 2-hydrogen stam and
the 3-methoxyl group but dehydration is not possible in this case
and the oompound is relatively more stable,



de.

(44)

gige J=lie thaxyflavanone
(45)

rang-3=-lydroxyflavenone
(58)

8ig~S-Hydroxyilavancne
(60)

gg 1627 (Wajol)

1665 (Wajol ), oa 1665 (CHU1,)

1680 (Mujol), 1680 (em,)

g8 1680 (mjol)




Our interest in the resctivity of benzyl alechols arose from
the observed differences in chemical properties between melacagidin
(62) end its 4-epimer iscmelasacidin (63),

(62) (63)

The benzylic 4=hydroxyl group is quasi-equatorial in melacacidin
and quasi-axial in isomelscacidin when the two molecules are in their
preferred oonformations and this has been confimmed by n.m.r, ﬂ:ldmu.”
Apart from this sterio comsideration, there are two other sssociated
factors which may contribute to the resstivity of the bensylie hydroxyl
group in melacecidin and iscmelacacidin = an sctivating group in the
pars position and the presence of & neighbouring hydroxyl group.

The reactivity of benzyl alochols is attributed to their muy
to form benzyl carbonium ions which are stabilized by rescnance,
Electron releasing groups in the pgrg position further stabilize the

electron deficient arcmatic ly-iu.“ Olarkelewis me that
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® ®

Fig. 10

when the bensylic hydrexyl group in the sbove flaven-3,4-diols is
quasi-axial resonance stabilization of the incipient carbomiwm ien
is possible end hence formation of carbonium ion (& resctive species)
is favoured, The quasi-equatorial conformation of the 4-hydroxyl group
(62) venders the formation of the carbonium iom less favoursble probe
ably because the vacant peorbital is directed away from the meorbital
system of the aromatic ring, The acidity of a quasi-pquatorial
hydroxyl group may be expected to be higher tham the epimerie gquasi-
axial hydroxyl group because the eleotromic requirements for enhanced
ﬂﬂﬁmhmdt&n!&uﬂmﬁmﬂfm.ﬂ
Further stabiliszation of the 4-carbonium iom is possible by neighbour-
ing group participation and this should be more favoursble in the case
of isomelacscidin (63) where the leaving group and the neighbouring
group are in a ixens anti-parallel arrengement, This propossl would
also account for the retention of configuration observed in ethyl -
or methyleether fomatien,

The above naturally ocourring leucoanthooymnidins are too come
plex for elucidation of the contribution of the various factors
influencing resctivity and so it is desirable to synthesise simpler
related systems of knmowm configuration and to study their reactioms,
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To study the electronic effects alome a series of simple benzyl
alochols of the phenylpropm-ieol type (64) is demirable, MNodel
ocompounds for the flavan system which will show steric as well as
electronic effects sre tetralin derivatives, The tetralin dicls,
especially those with & Jearyl substituent would be very interesting
anslogues of the flaven esystem.

The reason for this investigation was primarily to provide
an explanation of the significant difference in the reastivity of
the 4-hydroxyl group in melacacidin and isomelacacidin in some
sensitive resctions, This difference is most clearly seen in the
formation of benzyl ether and it was decided to extend the study to
the fomation of methyl ether in model benzyl alechols, This is a
very wide field for investigation snd a start has been made by syn=
thesis of model compowads and study of their behaviour which has

provided experimentsl support for scme of the reasons for the
difference in chemical reactivity of the flavandiols,
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Samples of high purity are required for steveochemical and reac-
tivity studies and purification in a lot of cases presented a major
problem, The purification procedures and precautions ave referrved to
in the experimental seotiom,

1<Phenyipropaneleol and the related pemethyle and pemethoxye
derivatives were prepared by standard procedures,

1=(3 A-Dime thoxyohenyl Jozopane1=0l [64, & = 3,4 (ue),]

This was prepared by reaction of ethylmagnesium bromide and
veratraldehyde by the method of Roberti, York and MacCregor,® It
was found however, that to obtain very pure samples of the benzyl
aloohol, the exact mmount of Crignard reagent had to be determined by
titration,

1=(2.4 6-Trine thoxyohenyl joxopene1=ol [64, R = 2,4,6(Cie),]

Resotion of phosphorus exychleride, formanilide and phloro-
gluainol trimethyl ether gave 2,4,6-trimethoxybensaldelyds,’® The
benzyl alcchol was best prepared from the aldehyde by resction with
ethylmagnesium bromide, careful decomposition of the complex and
fractionation of the product under reduced presswre in an atomoaphere

of nitrogen,

A=jivizoxy=1,2.3 d-te trshydronaphthalene (65, R = H)
Reduotion of detetralome with lithium aluminivm hydride pro-
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ceeded smoothly to give the tetralol (65) in high yield,

gis-1,2-Didpdraxye1,2,3 A-totralyironaphthalens (66, R = X)

142-Dihydronaphthalene (71) was prepared by dehydration of
dmtetralol (65, R = H) with potessium hydrogen sulphate, gis-
Hydroxylation of this olefin was then carried out by Voodward's
procedure with fodine and silver acetate in wet scetic 80id.’6 mis
mothod depends em the ability of a neighbouring carbexyl group te
interact with a carbonium iom, When the solvent containe at least
a molar proportion of water the intermediste opens to give a gis-
product,’! The hydrexylation is envisaged a8 ocoowrring in several
stages.>0%®? poastion between iodine end silver acetate is said
to preduse the following speciess 0k =12 + 1009, mmter
aotion of T© with dinydronaphthalene produces the species (72).
igans-Disxial opening of this bridged iodmiwm ion gives the ixmuse
iodoscetate (73). This reacts with acetexyl growp partisipstion to
glve the ayolic oxeniwm ion (74) with inversion of eonfiguwration,
Undex moist oonditions this iom must be hydrolysed by atteck upen
the acetyl carbon abom, Alkaline hydrolysis of the monoscetate (75)
then gives the gig-diol (76).

Hydroxylation of the dihydrensphtbalens (71) with potassium
pernanganate’® gave & lower yield and an impure product,

The gis-dtacetate end the gig-carbonate of the disl were pre-
pared for n.m.r, studies.




(76)
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lzme-1,2-Dihydroxy-1,2,3,4- to trahydronaphthalene (67, R = X)

The frang-diol was prepared by irang-scetaxylation of 1,2«
dihydronaphthalens’! followed by reduction with lithiwn aluminium
hydride of the diacetate, Low ylelds of the diel ware obtained from
this reastion, Naphthalene was obtained &8 a side produst, The
resction probably procesds through a cyolic oxemiwm iem (77) ns
attack by an asetate ion then would give a frans-product,

(77)

The irsns-discetate and the irgng-carbonate of the diol were
prepared for n.m.r, studies,

Ny arcEyebepe thoxvel 2,3 4-t0 trahydronaphthalene (65, R = (i)
Galethoxytetralin (78) was prepared in ercellent yields by the
method of Stork > by reducing Penaphthyl methyl ether with W4 Raney
nickel under very mild asidic oonditions, The reduction proceeded
very repidly end it wes found that less hydrogsnolysis coourred when
methanol was used as solvent instead of ethamol, Oxidation of 6e
methaxytetralin with chromic acid gave the ketame (79). Redustion of
this Jetone with 1ithiws aluminium hydride gave the 6.nethoxytetralol
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(65, R = Oig), Flatinum oxide was found to be an unrelisble catalyst
for the sbove veduetion, In ome such reduction G-methoxydecalol was
produced,

in alternative route to 6-methoxytetralol fram Gemethexytetralin
involved ssetoxylation of the sctivated bensylie leposition with lead
tetra~acetate snd subsequent redustion of the tetralyl acetate (80)
with lithim aluminivm hydride,

gig=1,2-Dinydrony=6nethoxy=1,2,3,4=te trahydronephthalens (66, & = Qie)

giseFydroxylation of T-methaxy=1,2-dihydrensphthalene (81) with
osmium tetrexide proceeded mmoothly to give the gigediol (66, R = (Me)
in good yield and in a high state of purity, This sterecspecific
hydroxylation is thought to proceed through sn csmate ester complex’’
(62).

iE8g-1,2-Dihydraxyeb-nothoxy-1,2,3,4= tetralydronaphthalene (67, R = Qie)

izans-Hydroxylation of T-methoxy=1,2-dihydrenaphthalene (31)
oould not be ashieved successfully with perfommiec acid, The dihyiroe
naphthalene (61) underwent undesirable side reactions in the presence
of formic acid used in the hydreaxylation procedure,

The epexide (83) of the dihydrenaphthalene (81) wae prepared
wm«--&&mmum-utu." izang-Hydrolytie
ring opening of the epoxide ring was effected in dimethyl sulphoxide
under basis aonditions,’” In base-oatalysed epexide-oleavage rease
tions large rate enhancements are produced with dimethyl sulphoxide
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MeQ

(78)
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(83)

a8 solvent because of its high polarity and low solvating power for
nulu." In a system such as this, one would expect the rule of

diaxial opening to be ohm.w There is mm-”'” to suggest that
the diaxial opening involves fission of the benzylic  Ce0 bond
preferentially..

(68, r = H),

The preperation of ethylspehydrexy-pYediphenylbutyrate (84) by
the Reformatsky resction of deaxybensoin and ethyl bromoacetate'  C
was the first step in the synthesis of this compound, Hydrolysis of
the ester and dehydration of the resulting P=hydroxy aeid with hydriedie
acid and red phosphorus gave febenzyloinnamic acid (85), The reduce
tion of this bensyloinnamic acid was carried out with 5% palladiwm
on charcoal oatalyst, Both Ramey niockel and nickel boride were found
to be wnsatisfactory for this reduction, [(Y-Diphenylbutyris asid
(86) was cyolised in high yields to 1-oxo=3-phenyltetralin (87) with

phosphorus pentachloride amnd stannio chloride, This methed of
01

oyolisstion, firet used by Jolmson'
tetralone, was found to be superior to that using concentrated sulphuric

for the preparation of ds
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EtOOC

(84)
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OH
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aoid, Reduction of the keteme (87) with lithium aluminium hydride
gave ‘lehydroxy=3-phenyltetralin,

The n.n.r, spectrum of the compound (Table 7) indicated that
the 1= and 3= protons were diaxial, This seems to suggest that the
reduction of the ketome (87) with lithium aluminium hydride in diethyl
ether gives as the predominant produst, the compound with the 1=
hydroxyl group equatorial, Eliel and Hs:benstook ' > found that the
sterecchemistry of the redustion of 3,3,5 trimethylcyclohexancne with
lithiwm aluminium hydride in diethyl ether was iAdependent of the
proportion of reactants mnd the order of their addition, mnd gave in

all cases, 55 = 3% of the axial aloohol,

1.2-Dihyviroxye3-phenyl=1,2,3 4-tetrahvironashihalens (69,70, R = K)
Two routes to the synthesis of 1,2«dihydroxye3’=phenyltetralins
have been investigated.
() Oxidation of 1-oxo-3-phenyltetralin (83) with selenium diaxide
under mild conditions gave a mixture of 1,2-nsphthaquinone (89) and
2«hydroxy=1,4-naphthaquinone (90), Mixtures of this kind have been
reported for the oxidation of the corresponding Jemethyl compound with
seleniwm dioxide,'®’ Compound (90) wes charecterized as its methoxyl
derivative (92). The 1,2-naphthaquinone (89) appesared to enolize
easily and reduotion with lithium aluminium hydride gave 1,2edihydroxye
3-phenyldihydronaphthalene (91).

(11) Bromination of conformationally rigid ketones under suitable
conditions is said to furnish axial cebramoketones.'™ peo)acenent
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(93) (94)
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of the bramine atom with an scetoxyl group and reduction of the
acetate with lithium aluminium hydride should furmish ome or more diols
in this series, There are snalogies for these reactions in the flavan
uri_u.ﬂ
1-0xoe3-phenyltetralin was smoothly converted into the G
bromoketone (93) with a chilled solution of bromine in ether, Re-
plagement of the bromine atoms by acetoxyl groups by heating with
potassiun acetate in acetic acid gave only small yields of 2-acetoxy-1-

oxoe3ephenyltetralin (94) and this, only after prolenged heating.
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It is ssoumed that a half-chair confomation is gemerally adope
ted by the veduced ring in preference to a halfeboat conformation
owing to lowsr repulsive nonebonded interestions involved in the
fomar, 19901965107 myg 4 a.r, spectrm of tehydraxy-1,2,3,4-tetra-
hydronaphthalene (Fig, 11) gives & strong indication that the raduced
ring 18 not a rigid halfeshair, but a rapidly inverting halfechair,
The remsomance of the benzylie feproton appears as a hroad band oentred
at 7 5,55 (Tadle 6). If the averaging effects resuliing from inversion
were not present the signal of this proten would have appoaved as a
quartet (X part of ABX system).

In tetrahydromaphthalene itself it would be reascnable to assume
that equal proportions of senformations (95) and (96) are mwsent but
the observed spectral data of 1-hydraxy=1,2,3,4=tetrahydronaphthalene
at room temperature does not pemit estimatiom of the relative popue
lation of the two conformations, 7This ean only be ashieved by a study

4 a
1 E
e Al
a .:’ f ¢ g 7_L %
e— —
1 P — ———
e: E :/ - , N Z <
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= a

(35) ( 96)
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The 60 Me/s n,m,r, spectrum of 1-hydroxy-1,2,3,4=-tetrehydro~

naphthaelene in carbon tetrach;oride.
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of the nam.z, spectrum deternined st low temperatures ' vhere the
rate of the chair-ghair intercorversion is slowed sufficiently se
that the meon lifetime in any given conformation is larger than the
inverse frequency separation due to the two kinds of hydrogens,

Prom a study of socale models and by analogy with oyclohsxene
1h1r,“1tummtmmmummgwm
is the boat farm (Pig. 12), Te caloulated valus of AF (from k
value) for the process A— B (Fig. 12) is 5,3 keal,/mole for cyolo=
m.“ For oyolchexame it is 10,1 hﬂ.fml.."m The average
1ifotime at 25° of a cyclchexene molecule before inversion is of the
order of 10°7 ses, and for eyclohexane it is 2,6 x 10™ see, 2
Tetrahydronaphthalens is a much more rigid system tham cyolohexene
and oyclohexsne and the sverage lifetime of a partioular confarmatiom
would be expected to be much higher especially when substituents are
introduced into the reduced ring. The presence of intremcleculsr
hydrogen bonding (as with dicls) will also centribute to the incvease
in 1ifetime of & particular conformation, A higher AF value for
interconversion is also expected in this system especially whem sub-
stituents are present as this will increase the mumber of eclipeing
interactions in the transition state, O

The spectra of 1,2edisubstituted tetralin derivatives were
analysed by first-order procedures, The benzylic leproton showed a
olean doublet, The 2eprotom constitutes the X part of am ABXY system
(fig. 13), Diols ave not very convenient compounds to use for m.m.r,

work because of their low solubility in carben tetrachloride and
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Fig, 12,

Diagrammeatic representation of the interconversion

barrier in tetrahydronaphthalene,



OAcC
.-0OAc

1H

.9L9

2H

3§0 cls

160 220 270 330

Fige 13
The 60 Mc/s n.m,r, spectrum of tetralin-gcis-diol diacetate

in deuterochloroform,
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deuterated chloroform, Diol diasetates are much more suitable because
of their higher sclubility snd becsuse the resomance lines associated
ﬂmthmmuthmﬁlmhhmmmnumdu-
placed downfield from the other protoms (deshielding effects of
acetate group).

The n.u,r, spectral dsta presented in Table 6 allow some general-
{zations to be made on the correlation between observed spin-spin
coupling constants and configurations of the tetralin dicls and di-
acetates., A clear distinetion is found between the coupling constants

for the 1,2-gis=- and 1,2-fxgns - compounds. The 1,2-gis coupling
constents have vaiues close to 3.4 ¢/s whereas values greater than
5.6 ¢/s ave found for the ixang-ccmpounds,

The valence-bond o=slectron calculation of Karplus>'?' 'O which
uses & noneionio six electron six orbital fragment (HOC'H) to deterwine
the contast interaction gives an approximate relation between the
coupling censtant (J) md the dihedral angle (f), Far a C=C bond

J

e = A+ D Cesp + C Cos2p

length of 1,543 4° and sp° hyliridized carbon, the constants A = 4,22,
B = «0,5 and C = 4,5 ¢/s, In principle then, the Karplus equation
ean be used to predict spin-spin coupling constants approximately.
Bmlr,mmuadmmgmmhmhmdto
evaluate dihedral angles snd these approximate values can be used to
deternine the conformation of molecules,:
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Table 5 shows the various dihedral angles for Ce! and Ce2

protons messured on Drieding models together with the caloulated
coupling constants,

Bend conformation 1ax 20q 1ax 2mx 1eq 2ax feq 2eq
Dihedral angle 52 172 53 62
Coupling constants (Q/ll) 2.8 9.0 2.7 1.5

For tetralin irmns-discetate the observed ecoupling comstant

J.'"mtmtth-m-upungm the hydrogens in
the two halfeghair confornations (95 and 96).

Jea + Jeo = 27, , = 105 (ealoulated)

Jan + Jee = H1.!' - 11,2 (observed)

As the parameters of the Karplus equstion are stromgly dependent on

the nature of the «CHelHe fragaent to which it is applied and decause
data on other tetralin devivatives are not available, it is difficult
to decide from the sbove whether the two halfschair eonformations ave
thermodynemically equivalent and therefore equally populated, It is
doubtful though that the two rapidly imvewting conformations will be



Compound 1 2 1,2 T T T T

- e v | w -
65, B=H ax 5455 | 825 | 8,25 | T.26
65, R=0CH o 5.30 | 8,12 | 8,12 | T.27
66, Rl o o cis | 33 s | 355 03 | 1.2
m OAc Qo cis 3.4 3.05 | 477 | 7,96 | 7.03
99 Carbonate cis | 7.8 4,25 | 4,84 | 7.95 | T.18
67, B=k o o ixas | 3,2 S.44 | 6,25 | 7.98 | T.14
m‘f:‘:ﬂ OAc OAc izens | 5.6 3.93 | 4,82 | 7.90 | T.10
100 Carbonate izems | 10,6 4,79 | 5.75 | T.04 | T7.04
66, ReclEy i ® sis | 34 | 5.39 ﬁ':%e:a: a.::’ c';-i
67, R=(CTy o OH Ixms | c810.4 | 5.48 | =62 | e

*ol
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equally populated as the asetoxyl groups will prefer equatorial
conformations, The two halfechair confarmations exre better appre-
eisted from the projection formulae (97,98), the view as seen along
the 1-2 bond being showm,

OAc(ax)

AcO(e
H(eq) #I AcO(eq)
OAc(ax) H(ax)
(97) (98)
memmmuotm"zwt
that the conformation with two hydrexyl groups equatorial will be
move populated, It can be shown that sbout 80% of tetralineirgnsediol
(67, R=H) resides in the confomation with the two hydrexyl groups
equatorial, This rewveals tho greater repulsion of the asetoxyl groups
than the hydroxyl groups in the gmuche crientatiom and alse the
strength of the hydrogen bond in the dicl, Intramelecular hydrogen
bonding would increase the lifetime of the conformation with the
hydroxyl groups in the equatorial positioms,
For the gis-diols md discetates the dihedrel angles fame
and flea ave very nearly equal md so a value for J, , of about 2,8
¢/s is expected, This is in general agreement with the cbserved
velue (3.4 o/s), although the slightly higher cbserved value could be
utmmtoimtmmﬂmwmnmmum
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discetates,

The n.n.r. spectra of the carbonates of gig- and trans-
tetrali =1,2-diols showed the benzylic i=proton as s doublet with
9,2 748 o/s for gise and J, ,2 10,6 ¢/s for the irgns-carbonate.
First-order analysis of the resonance of the 2-methine protom gave
.2 7.8 o/ (gis) and J, ,2 10,6 ¢/s (ixans). These values are much
larger than those generally observed for the diols and diascetates
(Table 6), and slse much larger tham the values that would be exe
pected from the Karplus equation (Jap = 2,8 ¢/s and Ja,a = 9,0 o/s),
This indicates comsiderable distortiom of the half-ghair conformatiom.

0—C
NS
\0

(99) (100)

Seale models show that the carbonates possess rigid eonformatioms,
For the gigecarbonate (w)mm:.,’,ormo/-mtmu
consideradble Jecrease in dihedral angle has cccurred, GSecale models
show that in the {rgnse-carbenate (100) the 1« and 2« protons are
rigidly sxial in type.

The n.m,.r, spectra (Fig, 14 and Table 7) of 1=hydroxy3=
phenyltetralin (101) and its acetate showed the benzylic 1-proton as
& symetrical quartet (X part of ABXY system). The resonance of the
2-methylene protoms (4B part of ABXY) was found to be too cemplex %o
anslyse by firsteorder procedures and spin=spin decoupling experiments
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did not simplify the signals,

H

.o

(101)
Ifitnmdthﬁl.'hh-thcmnmu-lh“

then the J values arve Mﬁﬂ."{ Thens

Iy om * Jy2eq " 16,2 ¢/s (cbmerved for acetate)
’1.2: + .11.2“ = 16,4 o/s (observed for alechol)
Yiex 20 * Max 2ax * 11.8 o/s (caloulated)

Yieq 20x * Yieq 20q = 4,2 o/s (oslculated),

These values show that the bensylic i-protom is axial, and if it is
assumed that the preferved conformatiom of the bully J=phemyl group
is equatorial then the 1= and 3= protons are diaxial and gig, The
n..r. spectrum (Pig., 14) also gives & strong indication that the
pystem is & rigid ome and not a repidly inverting ome, The 3-phenyl
group anchors the reduced ring of the molecule in & fixed confamas=
tion,
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“

Subst, Steweoshen, Mex 2ax |Tax 2 | W | 2| W | 4
(101) Ol sis 10,3 6.1 5,06 |7.79 |T.0T | 7.07
Aoetate of )
(101) Ok gis 9.9 6.3 3,81 [T.T5 [6.95 |6.95

”L
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2CH,

75 150 200 250 300 3% ~ 00as

The 60 Mc/s n.m,r, spectrum of 1-acetoxy=3-phenyltetralin in
deuterochloroform,
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Besotivity of MNedel Denay] Aloohols.

The product amalysis study with 1-phenylpropanei-ol and
derivatives showed that our ability to do a careful investigation
of the requirements for methyleether formation was severely limited
by the fact that flexible systems such as these undergo faster come
peting reactions which seem: to predaminate,

In benzsyl alechols of this type alkyleaxygen heterolysis
cccurs readily especially when an electron releasing group is present
in the orthe or parsa positiom as this will fecilitate rescnance
stabilization of the incipient carboniwm ion, The fate of the ocar-
bonium ion will depend upon the conditions of the reaction but one
might anticipate the following reactions:

1) Loss of a proton leading to formation of olefin,

(44) Acidecatalysed reasction of the olefin with the carbonium iom
to give a dihydro-dimer,

(141) Acidecatalysed formetion of bis-ether,

(iv) Disproportionation to a phenylpropane derivative,

(v) Methyleether fomatiom,

Formation of olefin was observed in every case with these

simple benzyl alochols,
1« (3 A=Dimethoxyphenyl )propanei=ol [64, R = 3.4((&)2] under=
went further acid-catalysed reaction to the dimer (102), Analogous

reactions have been reported in the nmtun.“"“



e

MeO

MeO @—C H==C—CH,
o o
' OMe

(102)

1«(2,4 6= trimethoxyphenyl propan-t-ol [64, R = 2,4 ,6((ie),]
was found to be an extremsly resctive bemuyl aleohol, In the presence
of even very small smoumts of soid it suffered dehydrationm rapidly.
When the bensyl sloohol was heated with methenel in the complete
absence of scid no observable change took place ae was evidenced by
vapour phese chromatographic snalysis, Under very mild asidio condi-
tione and high bensyl aloohol comoentration, bisel=(24,6=trimethoxy-
phexylpropyl Jether (103) was foxmed,

OMe MeO

MeO @—c H—0—CH @mqe
MeO

OMe Cz“s Csz

(103)

Urder ctrenger scidie conditicnc the bensyl alochol underwent
o disproportionation reaction to give 1,1edie(2,4 6=trirethoxyphenyl)
propame (105), In oxder to postulate a possidle mechenism for the
formation of the disproporticnation product, the veastions of 1,3,5-

trine thaxybenzene with 1=(2,4,6-trimethoxyphenyl )propan=1-ol,
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soetaldehyde and propionaldehyde in methancl under acidic eonditions
wore studied, The formation of the diphenylpropane (105) was obe
pserved only in the reaction with the benzyl aleohol,

Kresge and Chisng' 2 aonsidered the protomatien of 1,3,5«
trime thoxybensene under acidic conditioms %o be on carbom and with
good evidence, Schubert and Quaschia''2*''* used n.n.r, deta as
dirvect evidence for the Ceprotamated strueture (104), The reaction
between 1,3,5-trimethoxybensene and the benzyl alochol can be ene
visaged as shom in Fig, 15. The fomation of the diphenylpropane
from the benzyl aleohol and methanol under asidic conditions cam be
suggested as proceeding through the intermediate (106),

The resctivity studies on these simple benszyl alochols with
respect to methyleether formaiion show that these behawe differently
compared to the more rigid benzyl alcchol systems, Vhether methyle
ether formatiem oscurs to a very small extent or not is not lmowm,

The reastions do show the marked effect of activating grtho and para
groups on alkyleoxygen heterolysis,

The tetralols and theralin-i . 2-dicls are closer analogues
to the flaven system and ome might anticipate methyleether fommation
with some of these benzyl alochols, Humerous difficulties arcse in
establishment of the best conditioms for methyleether formmation, "here
possible, the products of the reactions were isclated and analysed,
Thin-layer chromatographic analysis and n.m.r, spectral analysis proved
invaluable in this respect.

{-Hydroxytetralin (65, R = ) was found to be stable under
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Fig.15

' ® H H
Meo Me OMe OMeMeO
MeQ OMe

(104 )

OMe Meo
® —_—
Me0 CH OMe
\ s
OMe CEHS MeQ
OMe MeO
MeQO CH OMe
(108),
CoHg  OMe
' OMe ciy OMe
@
M) A Oe
OMe (H—CHg
Gon

(106 )
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the conditions used for methyl-ether formation, It formed & sulphame
(107). However, the conditions for the formation of sulphones ave

not so rigid as the more sensitive reastion with very dilute methanolis
acids,

l-Hydroxy-6-nethexytetralin (65, R = oun,) uwmderwent dehydra=
tion to T-methoxye1,2edihydronaphthalene (81) readily even in the
presence of traces of asid, Two other undesirable though interesting
compounds were isolated, Under very low asid concentrations and high
concentrations of the tetralol, bise(6-methoxy-1,2,3,4=tetrahydroele
napthyl Jether (110) was formed, The structure of the compound was
confimed by n.m.r, spectral evidence, |

If the mechanism of formation of the big-ether (110) shown
in (Pig, 16) is acceptable them smy difference in basicity between
methanol and f-methoxytetralol (108) has to be explained becsuse in
the reaction mixture there will exist a competition between these two
for the species (109), From the present work it appears thet in a
reaction mixture where the concentration of 6-methoxytetralol is ree
latively high ( > 1M) the basicity of the tetralel is much greater
than that of methanol possibly due to the presence of a strong elestron
releasing substituent in the pgrg positiem,

The bis-ether (110) was foumd to be umstable under relatively
strong scidic conditions, Vhen heated with 1% methanolic hydrochlorie
a0id it geve Temethoxye1,2-dihydronaphthalere (81) as the major
product, A small amount 0f 2e(6e=methoxy=1,2,3 4etetrahydrosi-naphthyl )=
3 y4=dihydro=bene thoxynaphthalene (111) was also present, in suthentie



(107)
Fig.16
OH @
CH;O + CHBOCEQ
(108) J’ (109)

i_ CH30 T

©CHO l

(110) OCH,



sample of this dihydrodimer was prepaved by dehydration of 6-methoxye
Setralol (108) with 46% squeous hydrobromic seid)’?

-liethoxytetralol in sironger acidic solutions ( > 0,2%)
did not give the bhigeether, The presence of the olefin and the
dihydroedimer (111) was noted.

'lllll OMe
ol | -
MeO OMe MeO s l

(111) (112)

It became obvious from the above work that for methyleether
formation and isclation a low tetralol concentration and & very low
aoid concentration was required, 1,6-Dimethoxytetralin (112) was obe
tained in high yield when the tetralel (0,125 solution) was treated
with 0,001% methanclic scetic aoid, The structure of the wethyl
ether was aseigned en n.m.r, spectral evidence (see experimental
section),

The methyl ether (112) was found to be umstable under even
mildly aeidic conditions, When heated with 0,1% methamolic hyiro-
chloric scid it decemposed to give the olefin (81), The reastion is
indicative of the extreme lability of the benzyliec methaxyl group,

The tetralinedicls (66, 67, R = H) did not forn methyl ethers,
The gig-diol, on prolenged hesting with 37 methanolie hydroshlorie
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uu.nmummmmmu.mmmt
(resction mixture probably contaminated with water), The epimerisation
probably proceeds through an oxcnium iom intermediate. in intermediate
ofthﬂkindﬂwopmﬂhr!mll“tommqlhmn
axygenated estrogens,

6-liothoxytetralin diols (66, 67, R = eun,)m found to be
more reactive than their unsubstituted analogues, Vhen heated in the
presence of 0,1% methamolic hyérvehlerie 2oid the diols trumed a red
colour. The redness is attributed to fomation of a conjugated keto-

oompound (113),
0
m ’
Cl
®
MeO/ g

(113)

The resstivity of gise1,2-dihydroxy-6-methoxytetralin (66,

R = (Me) was of particular interest to the present work as this system
is a relatively close analogue of melacacidin, The n.m.r. spectral
analysis of the reaction produst of this dicl with 0,01% methanolie
hydroohloric acid showed the presence of & mixture of gige and irms-
totralyl methyl ethexs (115, 116), The signal of the temethoxyl group
was centred at t 6,84 and that of the G-methaxyl growp ot ¥ 6,25, A
symetrical doublet centred at T 5,85 with spin-spin eoupling oonstant
3 2 3.3, o/s was sssigned to the benzylie leproton of the gig-methyl
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ether (115). The benzylic feproton of the corresponding gis-diel
(refer Table 6) showed & doublet centred st t 5,43, This downfield
shift in the case of the diol is attributed to greater deshielding
of the benzylisc 1=proton by the hydrogenebonded hydrexyl group than
by the methexyl group, A quartet centred at © 6,03 with Spin-spis
‘P“"H“B-‘ ok ca. 35 and T4 ofs

was assigned
to the emside :.-p;u s e ot S aetigd-others,

A possible mechanism for the formation of the gise mnd
trang-methyl ethers is proposed (Fig. 17)., ILoss of the bemsylio
1-hydrexyl group by acid-catalysed alkyl=cxygem heterolysis resulis
in the formstion of a carbonium iom (114) which is stabilized by
resonance, Since the three bonds attached to the cemt¥al carbon
of & carbonium iop are cosplansr, the mioleophile (methamol) ean
attack fyrom either side to give & mixture of gise and irgnse |
products (a,'l mechaniem), in 8,2 meohanism proseeding through
axenium iom (117) would aseount for the inversion of sonfiguratiomn
and the igmns~product,’”

In the irspgediol (67, R = Qlie) there is the possibility of
greater neighbouring group participation because of the favourable
gterecchemical arrangement of the bydroxyl groups, However, the
small emownts of pure irgpsediol available did not allow any detailed
study with this compound,

| The studies with the tetralin cowpourds show the greater
reactivity of the 6-methoxytetralol as ccmpared to the corresponding
diols., This is attributed to the greater rigidity of the reduced



Fig. 17
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ring and to the presence of strong intramclecular hydrogem bonding
in the case of the diols, lelasasidin does not ~eaot with methancliec
acetic soid and this was also noted in the oase of the gisediol (66,
R = Gie). Williams'' observed the presence of two ethyl ethers in
the resction of melacacidin with ethanolic hydrochleric asid, A
similar cbservation was made with the tetrelinegisedicl, A mechanism
gimilar to that outlined above (Fig, 17) can be cuggested for the
formation of %the gis-gig-and gig-trang-etnyl ethers in thu case of
melagacidin,

The present investigation suggests that more rigid systems
(3wphenyltetralins ), where the hydraxyl groups have fixed conformas
tions (see p.72) should provide better model compounds for a detailed
atudy of the sterecchemical oontributions to reastivity,

The presence of an astivating group in the pary position on
reactivity is shown e¢learly in the yresent work, As the electronic
eamtributions from the fused aromatie ring are the same in melacacidin
and isomelsgmcidin the greater reactivity of the latter is attribuied
to the confarmation of the bensylic hydroxyl group (quasi-sxial) and
to the presence of a meighbouring fraps-hydroxyl grouy,






The nuclear magnetic rescmance speotra were recorded
by Dée T. Mol, Spotswood and Mr, R.L. Paltridge with a Varian
D.P, 60 instrument at 60 Mo/s, The spectra were calibrated
with a Muirhead-Wigan decade oscillator (D890A) using side
bands genersted from the signal of tetramethylsilane used as
internal standard,

The infrared spectra were recorded with PerkineElmer
Spectrameters (137 and 237),

The ultraviolet spectra were recorded with a Perkine
Flmer Model 137 UV spectrophotometer and an Optica recording
spectrophotameter,

Vapour phase chiomatographic analyses were carried out
wsing & Perkin-Elmer Model 800 gas chromatograph with flame
ionization detector amd three feet Apiezon colums,

Counterourrent distribution experiments were carried out
using a Towers 50=tube (50 mi) sutematic countercwrvent distrie
bution apparatue,

Microanalyses were carried out by the C.5.I.R.0, Mioro=
analytical Service under the supervision of Dr, W, Zi.-n-;



EXIRACTION WQRE

Senexsl xperimental Conditions.
Sziging of Vool ssmples.

Vood specimens were collected by Mr, W.T. Jones, C,5,I.R.0.,
Brisbane, from botanically identified Agsgis csmbagsi (herbarium
mmber WTJ 899) and Agagis salicing (sample mumber 6128) and supplied
by the courtesy of the C,S5,I.R,0, Chemical Research Leboratories,
¥elbourne,

Hot extractions of the wood material were caxried out in a
eylindrical stainless-steel container totally emclosed within a staine
less-steel shell with a copper coil water condenser at the top, The
detachable bottom portion served as & boiler and receiver for extract
from the wood, The wool container had & hole in the bottom and cone
densed solvent percolated direotly through to the receiver, As the
container was completely surrounded by the vapowr of boiling solvent
in an enclosed system, the extruction ocourred at the beiling point
of the solvemt,

Cold extractions were effected by continuous percolation of
cold solvent through the wood sample in the steel container,

All solvents used in extraction work were redistilled before
use, The wood samples were ground to a powder before extrasction,
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Paper Chromatography.

Analytical paper chromatography was carried out om Whatman
No, 1 paper by the descending teclmique, The paper was not equilibrated
with the solvent and no special temperature regulation procedure wes
used,

The three main developing solvents used weres (1) sece
Butanol-water (2) 2% Acetic scid-wster (3) Butanel-olesoetic
acidewater (41115) (BAW), BAW was made up immediately before use,

R, values are given with respect to the point of maximm
concentration except where streaks ocour and these are given as a
renge from the rear to the fromt of the spot,

The following resgents were used for the detection of poly-
phenols en chromatograms:

(a) 1% solution of ferric chloride in ethanol .

(») Ferric chloride-potassium ferricyanide reagent.

(e) % Tolusne-p=sulphonic acid was used for detecting leuco=
anthooyanidins,

Preparative paper chramatography was carried out on Whatman
204 paper and 1/16 in, seed test paper.

(1) Sapwood,

The milled sapwood (1500 g) was extracted with hot hexane
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before percolation with cold ethanol, The ethanol extractive (16,8 g)
was sparingly soluble (0,3 g) in ether and was extracted with scetome,
The acetone-soluble residue (7,9 g) wes mixed with a little warm
ethyl soetate and filtered from undissolved brown powder (3.3 g)
wvhich, after purification on a cellulose column, was found by paper
chromatography to consist mainly of 7,8,3',4'«tetrahydroxy~flavenol
and =dihydroflavenol.

The ethyl acetate soluble portion (4.6 g) was dissolved in
methanol (10 ml) end stresked on two seed test papers (18 x 22 x 1/16
in.). Development with ascending 2% acetic acid gave & light browm
non-flucrescent sone (Ry, 0,23=0.35) frem which erude 7,8,3',4'-
tetrahydraxyflavanone (0.4 g) was obtained,

W‘lmn (1500 g)

I 1

Hexane Extraot Cold Ethanol Extract
3.5 ‘ 160‘ &
[ [ 1 I 1
Benzene Ether Acetone Benzene , Ether,
Seluble Soluble Soluble Acetone Insoluble
0.5 ¢ 05 & T9 ¢ 8 g
Ethyl icetate Ethyl Acetate
Soluble Insoluble
35 & 3.3 8
I Crude Flavonol snd
Dihydroflavonol
P?mﬂw Paper
hromatography
Flavanone
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Identification of Corstituents
£2)=7.8,5" 4 =Toteabvizaxyfiavenons (42)

Attempts to orystallize the crude flavemone from water and
from an scetone-methanol mixture (111 v/v)"‘
Preparative psper chromatography on Whatman 3 paper gave a chroma=
tographically homogeneous semple whioh was used for further study,

The flavanone had Ry 0,77 (i = E,0) and Ry, 0,23 (2% acetic seid).

were umsuccessful,

It gave & magenta colour with Mg/HCl said to be characteristic of
flavenones, A peaper chromatogram of the flavenone developed with
27 soetic acid was dried and sprayed with a 2% solution of sodium boro=
hydride in methancl, After some minutes the chromatogram was fumed
with hydrochleriec acid gas. A blusepurple spot (R, 0.25) appeared
slovly and was completely developed in 3 minutes, The test is sald
to be very useful for the detectiom of nmuul.“"’

Light ebsorption in 95% ethanols A _ 293 mu (log ¢ 4,13),
Apyy 256 mu (log ¢ 3.40), and an inflection at 235 mp (log e 4.15).
Addition of & drop of 1N NaCH resulted in & bathochromie shift of
40 myt in the adscrption meximum of the longwwave band, Shimokarie
yama® reported for the racenie campound in 9% ethamols A, &b 23
(1og & 4.15) mnd 291 mu (log 4.12), and A, ot 257 mu (log & 3.30).
The infrared spectrum (fujol) showed a strong sharp carbonyl absorp=
tion at 1650 a’,

Mioro-degradation of the flavanone with potassium hydrexide
wnder anhydrous conditiom for 15 minutes gave 3,4=dihydroxybenzoic
acid, A spot on the paper chromatogram st Ry 0,53 (2% scetic acid)
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was possibly dus to the presence in the degredatiom produst of 3,4
dihydroxybenzaldehyde.

Methylation of the crude flavamome (0.1 g) in asetone with
methyl iodide (2 ml) and potassium carbonate (1.5 g) gave 7,8,3',4'%
pentanethoxyflavanone, m,p. 140-142°, and undepressed by admixture
vith synthetic 7,8,3" 4'-tetralyéroxyfievancns ,* mp. 143°,

tetxehviracrlihydrofiaveonol, (41)

The flavonol and dihydroflavencl were purified by chrome~
tography over powdered cellulose end identified by mierodegradation
and camparative paper chromatography with authentic samples exe
tracted from the heartwood of A, cembasei snd A, salicina.

G4) _ Heartwood,

The milled heartwood (7200 g) of A, csmbagei wes extracted
by contimuous hot pereolatiom with 1ight petrolewm (bep. 40-60°) for
24 hr and gave a vhi%e emarphous powder (1.2 g, 0,01%) and an orange
waxy extractive (60 g, 0,8%). The white amorphous substance is
possibly a triterpene but its presence in small quantities and the
diffioul ty encountered in purifying it precluded further investigatiom,

Ether extraction of the heartwood for 30 hr gave a brown
solid (48 g, 0.T%). Percolation to exhaustion with cold ethanol gave
a viscous extractive (335 g, 4.T%) and percolation with hot acetone
for 20 hr then yielded a dark resimous extractive (229 g, 3%).
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The ether extractive (48 g) was digested with hot ether
(300 ml) and an wdissolved mixture (12,4 g) of 7,8,3',4'=tetrahydrexy=
flavonol ané-dihydroflavencl wes removed by filiration; it was se- |
paratod by treetment with hot methamol into o frastion rich in
flaverol (8.3 g) and & frection rich in dihydroflavemol (1.8 g).
These were identified by psper chromatographic comparison with the
compounds isolated from A, gxoelsa’ 8 well e8 by degradaticn and
prepaxation of derivatives (below). The pertion of the ether exe
tractive that was readily saluble in ether contaired a considersble
emourt of intractable phemolie material , spperently polymerie in
nature as evidenced by extensive stresking in paper chromatogroms
of the fractions from the cuumtercurrent distribution of the material,
(see block disgrem,)

BTHER ml:nm (48 g)

|
Ether Ether sparingly

Soluble soluble
55 & 124 ¢
Counterourrent r \
distribution Flavenol Dihydro=
| —
T 1«10 T11-20 T 2332 T 3534 T 45«50
2.5 8 1.5 ¢ 7.‘ [ 4 6.7 ¢ 52 &
Polymeric Polymeriec Leucoanthooyamidins Flavonol

Anthocyanidine Dihydroe=
Polymerie material flavonecl

Polymerin
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The viscous residue (335 g) from the ethamol percolate was
extracted with hot etlyl scetate (ga 600 ml) and the soluble portion
(110 g) was distributed between eothyl acetate wnd 0,06TM phosphate
buffer at pH 7,0 in a 50 tube (50 ml) comtercusrent machine, Tubes
28«46 gave a crude mixtuve of 7,8,3',4'=tetrahydragy=flaveancl and
«dihydroflavonol (10,2 g).

The ethyl acetate-scluble portiem (17.3 g) fram tubes 12-27
was sulmitted to another countercuwsrent distribution, Tubes 5«23
(peak at T 20) in the second distribution were found to comtain
melavacidin, Ry 0,47 (27 soetic acid) and isomelacacidin, Ry 057,
identified by comparative paper chromatographic examination, and
cengentration gave a residve (1.2 g). Tubus ﬂ-;o were found by
vaper chromatograpiic examination to contain some Qeethyliscmelacas
gidin,

Table ehowing coumnterouwrrent distridbution of M

polynhenols.
Tube Extent Peak Tube Ry (2% Acetic Aeid) Identity
1«14 ' Streaks . Polymeric
15 « 2% 20 0,47 Melacacidin
0,57 Iscmelacacidin
Streaks Polymers
24 - 30 7 0.55 Owathylisomel .
Streaks Prlymers
31 - 50 4 0,01 Fiavemol

0,04 Dihydroflavenol
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COLD DTHANOL EXTRACTIVE (335 g)

l 1
Ethyl Acetate Soluble Ethyl Acetate Imsoluble
M1 ¢ 223.8 g

|

Counercurrent Distribution

|

o 119 T 1227 T 2046 4750

15.5 ¢ 29.1 g “la 19¢
Coumtercurrent Selubility miquu
Distribution

Crude Flavomol and Dihydroflavonol
10.2 g
T 15«23 T 2430
1.2 1
crude m Qeethylisomelacacidin

The ethyl acetate-soluble portion (65 g) of the acetone
extoactive was sulmitted inm 4wo portions %o cowmtersurrent distrie
bution between othyl ssetate and 0,067M- phosphate buffer (pH 7).
Tubes 15«25 which contained melacacidin and iscmelacacidin were
oambined and the residus (15.3 g) submitted to another countercurrent
distribution, From this, s light browmn residue (3.4 g), eontaining
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a mixture of melacagidin and iscmelacsocidin was cbtained, Attempts
to seperate melacacidin and isomelacacidin by cowmtercurrent distris -
bution were unsuccessful, In the separetion of Qeethyliscmelacacidin
from melacecidin and its d-spimer, isemelscacidin by countercurrent
distribution procedures use was made of the enhanced distributiom
ratio of Qeethyliscmelecacidin in the ethyl acetate-water system.
Owethylisomelacacidin was an artefast from isomelacacidin amnd ethanol.
The presence of a considerable proportion of intractable polymerie
phenolic material presented further difficulties in separating the

crude monomers,

ACETONE EXTRACT (229 g)

Hot Ethyl Acetate Soluble
(65 &)

Comntercurrent distribution

i

! 1

I ¥ T
T 1-14 T 15=25 T 26=37  T38.44 T45=50
10 g 5.3 ¢ ‘—,——‘ Te2 8
Melacacidin
Isomelacacidin
Polymeric Sube, g
Melasagpidin
Isomelacacidin
Ethyhimlmm
Cowmterourrent ge portionepolymeric
Distribution
T 13=30
354 8

Crude Melacacidin and
Isomelascacidin
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Table showing counterourrent distribution of mm

Rolyphenols
Tube extent Peak Tube Ry (24 Acetic acid) Identity
1«12 Streaks Polymeric
15« 30 25 0.47 Melacasidin
0,58 Isomelaocacidin
30 -« 50 Dark brown resin

The ether soluble portiom of the dry ethmol extractive
showed the presence in it of ketomio flavomoids and the Linistedt and

Exdtman method of umuu“"

was carried out, The ethereal solu=
tion was shaken successively with saturated agueous sodium bicar-
bonate, with a saturated solution of sodium earbonate, with dilute
sodiwn hydroxide (0,2%) end then with stronger sodium hydroxide
solution (5%)., Each aqueous extrect was acidified with dilute sule
phuric acid and extracted with ether, Almost all the ketomie
flavenoid was found in the sodium carbonate extrast (4.2 g)e The
erude ketomic flavemoid wes chromatographed on magnesium trisilicate
and gave a bright yellow amorphous compound (1.3 g) which wes shown
by paper chromatographic examination and methylation to be 7,8,3',4'-

tetrahydroxyflavonol,
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' The erude flavemel (1.0 g) isclated from the ether extractiom
was chromatographed twice over magnesol using water saturated ethyl
acetate as the eluting solvent, A yellow amorphous material (0,2 g)
was obtained, The flavonol gave & streak on paper chromatograms
(Rp 0a35 = 0,51, Bu’GH = H,0) and & bright yellow flucrescence under
ultraviolet light, The infrared speotrum of the flavomol (inm Nujol)
showed & broad Oail absorption band and & carbonyl band st 1620 eu” ',
Hirhssmer and Vagner '° pointed out that in flavones substituted at
041, ring B becomes & p-substituted bensene ring and the spectrum
shows bands at 810 and 830 eu”' which represents the Y-vibration of
the p-substituted ring B, The above flavonol showsd sbsorption peaks
at 840, 820, 788, and 745 o', Comparison with the infraved spece
trum of quercetin suggested the posaibility of a 3 ,4«hydroxylation

pattern in ring B,

Alkald, Pupdop:

Microedegradation with potassium hydroxide under anhydrous
conditions for twenty minutes gave pyrogallol and 3,4edihydroxybene
soic aoid, identified by comparisen of E’ with that of authentie
samples and by spraying with 1% alccholic ferrie chloride (green
with 3,4=dihydroxybenzoic acid - R, 0,46 in 27 avetic acid, yellows
brown with pyrogallel = Ry 0.61),
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318,54 ~Pentampootoxyiiavane.

The crude flavonol (0.6 g) was scetylated with acetic anlye
dride (6 ml) and sodium acetate (1 g). Crystallisation (twice) of
the crude penta-acetoxyflavene from ethenol gave yellow prisms,
nepe 173-173° (118,117 mop, 173°),

The erude flavonol (1,12 g) was methylated in dry acetone
with axcess dimethyl sulphate (4 ml) end potsssium carbonate (8 g)
for 16 hr, Repeated orystallization of the crude produst (1,08 g)
from ethenol gave 3,7,8,3',4 'spentanethoxyflavone a8 white needles,
RePe 153° alene and when mixed with a synthetic l-:mtl.l..“2

(Founds C, 64,45 H, 5.5, Calo, for Cofl,Ous Cy 6455 H, 5.4).

Iight absorption in 95% ethamols A _ &t 250 my (e 22,600) md 347
mp (e 21,800), and inflection at 318 mp (e 14,300)s Agyn 86 278 myu
(¢ 5,200), The infrared spestrum (Nujol) showed v, &b 1625 -,

£)=7,8,3" 4" Doixahvizaviihviroflavonol.

The erude dihydroflavencl isolated above was purified by
chromatography over cellulose powder using chlerofcrmemethanolewater
(2713110) a8 the eluant, 20 Further purification wes oarried out by
preparative paper chromatogrephy using Vhatman 20{ paper, The com=
pound in ethanol gave a stable deep-red colour with Mg/HCl, A
chromatographically homogeneous sample gave a positive result in a
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2 It was ohromae-

test said to be specific for dihydroflavonols,
tographically indistinguishsble from the material obtained from
mT On paper chromatograms it gave a blue flucrescence
under wltraviclet light, Ry 0,79 (BuCHeH,0), Ry, 0,70 (BAW), It had
[x], 0° (0.25% in ethancl), The dihydreflavenol was found to be
unstable to traces of agid, and paper chromatograns, when sprayed
with ethmolic ¥ tolusne-g-sulphonic acid, gave a yellow colour

mw'

Methylation of the dilydroflavemel (0.2 g) in dry acetone
vith dimethyl sulphate (1.5 ml) and potassium carbonato (2 g) under
nitrogen (the mixture twmed yellow immediatel:) gave 3,7,8,3',4'-
pentanethaxyflavene (0.1 g)y Repe 152-153°, slone end when mixed
with authentie 3,7,8,3',4'=penvame thoxyflavane,

Methylation of the dihydroflavemol with dissamethane and
also with methyl MW&H carbonate gave the same
product,

Methylation of the dihydroflavemol frem A, excelsa, also gave
the pentamethoxyflavone, m.p. 151°, not depressed by admixture with
authentic meterial, but depressed by authentic (=)e7,8,3',4'=tetras
umWM. n.p. 166°,

lelacagidin.
The crude melagacidin was purified for further investigation
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by preparative paper chromatography on Whatman 3MM paper using 2%
sootic soid ss the developing solvent, R 0,45, and R, 0,42 (mu"0E.
“2")' Light sbeorption in 9% ethamols A . 263 my and A, 256,
Attempted ovystellizaiions of erude melasasidin from ethanel
and asetic ascid were unsuccessful as extensive polymerisation cocurred
when the solution was left stamding. A solution in methanol was
left starding at 0% for six mon*hs and deposited a orystalline materw
ial, m.p, 84-86" which is possibly a partial methylation product of
the fiavane3 4-diol,

ala8.3%4 =Pentabydroxyllavciu chlorids.

When heated with SWeiClepropane2-0l (1314 v/v) the leuco-
anthooyanidin developed & bwight ved colour (A, in 95% ethamol:542
mp). The snthooyanidin foxmed was identified by comparative paper
chromstograshy with an suthentic sample of 3,7,8,3',4‘epentas
hydrexyflavylium oiloride,! It had Ry 0od0 (B-HC1-90% fommdo seid,
131 v/v) end ‘urned blue when sprayed with & 1% solution of alwmine
ium chlaride and when exposed to amonia vapour,

Using the suthemtic sample of the amthooymmidin (A 542
mj, 10g & = 5,97 and extinotion 0,699 of a solution containing 0,006 g
in 250 ml of 95% ethanol) estimation of the yield of the mthosyanidin
derived from the natural lencoanthooyanidin was made,

(Mn ,4.”) .
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Attenpts to obtain a crystalline dorivative by methylatiom
of the orude flavane3 d-dicl were unsuccessful mainly due to diffie
culty encountered in separation of the methylated naterial Zyom the
accompanying polymeric subotances.

Crude melacaeidin (1 g) was methylated using methyl iodide-
tetralydrofurane-potassiun caxrbonate, The product was worked up in
the usual way and chromatographed over deastivated alumina but the
light yellow oil (0,2 g) obtained, failed to crystsllise, This
mothylated produet was acetylatod using acetic anhydride and pyridine
but all attenpis to cxystallisze the produet were unsuccessful,

{ail) Bepk.
The milled back (1360 g) was extrooted Wy continuous hot

percolation with hot sgotone for 20 hr and gawo 7.2 g of a lumpy
brown deposit and 87.4 g of viscous extraotive. The bdrown solid wes
soluble in dilute alkali but inscluble in all the common organic sole
vents, It is possible that the solid is a resin seid,

The visoous residue (89.4 g) was leeched with ethey and
the ether soluble bright yollow solid (6.3 g) was chromatographed
over alumina and gave a yellow oil (4.8 g), bey. 120%/tm, The ccue
pound was found to be pemciiive to sunlight (a samplo comtaining 2 mgs
in 10 ml of benzene ‘wmed from yellow to colourless within # hr),
The infraved spectrum of the oil suggested that it was possidly an
aliphatioc ester,
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Extraction of JoSgiS SElMoinfe
(1) _Jeariwood,

The heartwood of A, Saligine was extracted by Olarkelewis?
and the block diagram shows how further separation was carried out,
The method of separation is similar to that desoribed fer A, cambasei.

HEARTWOOD (3540 g)

T 1

Hexane Ether Ethyl Acetate Aoetone Ethaneol

T.7 & 18.8 ¢ 79.3 & 48 g 1358 g
Digested with water and
extracted with ethyl
acetate
2 g
Countercurrent Distribution (Ithylacetate/water pHT)
| 90 transfers
Fractions 1=27 F 28«49 F 5060 P 6190
15 ¢ 9010 £ 2.2 g
Dissolved in methanol _
Preparative paper chromatography
Seed test papers (27 ascetic acid)
1 2 3 4 5 6 and 7

0.32 g 0.2 8 0.25 g 10‘5 4 10‘ (1 ‘o“ g
Flavancme Flavanone Flavenol

Dihydro= Dihydro-

flavonol flavonol



A portion of section 4 from the sbove paper chromatogram
(1,36 g) was chromatographed over cellulose powder. The partly
purified material (1.11 g) was submitted to preparative paper chramae
togrephy using Whatman 3¢ paper with descending 2% acetic acid for
5 hr, Exsmination of the paper under ultraviolet light showed seven

Preparative Chrematography

I I 1 I I 1

Tail  End Bright blue Brown Light Light Blue Ieading

Bright Yellow Dihydroflavonol Grey DBrowmn
Flavonol Light
(non=fluorescent) Ry g:g- poea

Flavancne

The nom=fluorescent brown band (R, 0.25 - 0,35) was excised,
extracted with ethanol, and the ethancl removed, The dry extract
(0.5 g) was suspended in water and the aguecus solution extracted
contimuously with ether, Removal of ether left a dark brown powder
(0,36 g) consisting mainly of 7,8,3',4'=tetrahydroxyflavencne R, 0,25
(2% soetic aeid), Ry 0,72 (butaneieol),

The campound wac identified Wy its degradstion products, its
infraved and ultraviolet spectra and by methylation to the tetra
methoxyflavanone (see preceding seotion on isclation of this flaves

none from A, cambagei).
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A convenient method of separating the flavomel from the
dihydroflavonol has been found and will be described here, Zome 6
(2.7 g) from the seed test paper ochromatogram above was purified by
pessage through a cellulose column using water saturated ethyl ase-
tate a8 the eluant, A second chromatogrephy over cellulose powder
using ohlororomm; ethanolswater (27:3:10 by volume) a# the eluting
lnlmtuo was carried out, Fraotion 1 gave pure dihydroflavonol
(0406 &), Ry, UT6 (Pu®OH-H,0), Fractioms 2 %o 8 (1.0 g) contained
s mixture of flavomol and divydroflavenol, Ry Os#4, By 0,76 (Pu®CH-H,0),
Fractions 9 to 12 gave pure flavemol (0.45 g).

The flavemol and dihydroflavonol were ldentified by compera=
tive paper chromatographic examination, micro-degredation amnd methyl=

Iﬂ“ .

(1) Bazk.
The bark of A, salicing (1674 g) was extracted with light

petrolewm (b.p. 40-60°) (5.8 g of oily extrective) followed by pere
colation o exhaustion with cold ethamol (12,6 g of red extrastive).
The ether soluble portion of the dry ethanol extractive showed the
presence of & cinnamic eoid, R, 0.29, 0.66 (270 asetic acid) Rp 0,86
(3u®0H), The two blue fluorescent spots appear to be the gige end
frmg-forne of the cimnemic acid, This is possidly caffeio aeid,
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{i44) Sapwoods

The sapwood of A, gelioing (2770 g) was extracted by Clarke
Lunt'.i.:.2 The ethyl acetate extractive gave, after cowmtercurrent
distribution end preparative paper chromstography, (=)e7,8,3',4'
tetrahydroxyflavenone, m.p. 126-127° (water), [:];7- 1.9° (1%
in vecw), [«Ji= 11,6° (1% in scetons—water, 111), The strusture
of the compound wes established” by degradstion and methylation, and
by its n.m.r. specirum which showed the X quartet typicel of the
ABX spectra of flaveanones,



Suliydroxye3,d=dine thoxyacetophencne' -- (13 g) and verstral-
dehyde (11 g) in ethanol (130 ml) were condensed with the aid of
potassium hydroxide (25 g, 507 solution) as deseribed by Crabtree
and Robinson. 22 The precipitated 2'ehydroxye3,4,3',4'=tetre-
methaxyohaloone (20,2 g) erystallized from 90/ ethanol in slender
yellow needles (14,6 g, 64%), m.p, 125° (116.'2 n.p. 125°).

ZuL834 -PentenethoxyCiavone (44)
The foregoing chalcone (14.6 g) was eonverted into the

flavonol with alksline hydrogen peroxide as described by King and
Bottemloy.,’ The flavenol exystallised from methanol in yellow prisme
(4.9 &, 330), mep. 219-221° (14%,” m.p. 220.221°), Methylatiom of

the flavenol (4,9 g) with dimetiyl sulphate (3 g) end amhydrous
potassimm osrbenate (30 g) imoscetone (150 ml) for 5 Ik gave 3,7,8,3',4%
pentsaethoxyflavane which orystallized from mothamol in needles (3.5

g 69%), mep. 155° (14%.° map. 151°),

2u3=0ire3,4 m0in-3,1.0,3" 4 ~Pantame thoxy flavan=4=0], (45)
(a) Reduotion with Ramey nickel estalyst,

W5 Raney mickel catalyst was prepaved by the method of Ade
kins and Billiea'?! and stored wnder ethanol at 0° for ome month, A
amall portion of this was then desctivated further by heating under

reflux in ethanol for 8 hr, A !11 mixture of this desctivated and
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the one month old Raney nickel was used for the redustiom reaction,
3,7,8,3" 4tePentanethoxyflavone (1 g) was dissolved in
ethanol (80 ml) and hydrogensted for 22 hr at 100° and 100 stm, over
the Remey niockel (1 g) descrided above, Semoval of the catalyst by
filtration and concentration of the filtrate gave 2,3=0is-3,4-cis-

3.1.8,3"' 4 '~pentane shoxyiigvape4-0l (9,15 g, 16%)s Crystallizatiom
fram ethenol gave fine white needles, m.p, 151-152°,

(v) Reduction with nickel boride catalyst,

The nickel boride catalyst was prepared in the agueous state
by the method of Hxown and Browm, " Nickel ssetate (1.2 g) was
Mﬂdumumn)namnmnﬂ:nm-m. To the
magnetically stirred solution, 30ml of a 1M solution of sodium boros
hydride in water was added slowly over 50 seconds, Vhen the vigorous
effervescence had subsided the nic'ml boride was stirred for a Nure
ther minute and then collected with the aid of a centrifuge, It was
waghed several times with water and them with ethamol,

3,748 ,3" 4 \ePentamethoxyflavone (0,77 g) in etnamol (100 ml)
was hydrogenated for 12 hr at 80° and 70 atm, over the nickel boride
eatalyst deseribed sbove, Removal of the catalyst by filtration
and concentration of the filtrate gave a white crystalline eampound
(0.33 g, 697) which was chromatographed over desotivated alumina
(20 g containing 10/ by weight of water), Crxystallisation frem
methenol then gave 2,3-0is-3.4~0is-3,7.8,3' .4 '~pentane thoxyLlavan=4=ol
a8 opaque prisms, m.p. 151%

(Founds C, 64,3 H, 6.4s Cpofly40, requires C, 63,83 H, 6,4%),
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The n.m,r, spectrum (in m/m CDC1, and after D,0 ex-
change) showed the 3 as a quartet centred at v 6,33 with coupling
oonstants J, 5 0.9 ofs and Jy 4 4.5 o/s, The 45 showed a doublet
centred at ¥ 5,07 with coupling constent Jy 4 4.4 ofs., The signal
of the 2 was a singlet at 7 4,92, The aromatic methoxyl groups
sbearbed at © 6,08 and the Jemethoxyl appeared at T 6,99, The axoe
matic protens showed a multiplet centred at 3 3,16,

Dimoxphisp in 2,3-oise3.4~618-3,7,8,3" 4 -pentane thoxyllavan=d=ol.

The flavane4=0l desoribed above appeared to be dimoxrphie,
It crystallized from chloroform,cerbon tetrachloride or chloroforme
oarbon tetrashloride mixtures as small wiite needles, m.p. 127-128%,
From methanol it orystallised as opaque white prisms, m.p. 151-152°,
Mixed m.p. of & 131 mixture of compound m.p. 127-128° with compound
Bepe 151=152° showed no depression of the m.p. of the latter, The
individual campounds and & 131 mixture were spotted on thinelayer
silica gel plates and developed by ascending method using 5% ethanol/
chloroform, A single spot appeared in each case when the plate was
fumed with iodine, ulthrnupohmm-mn,ulu.

2.3-018-3,7,8,3" 4 '-pentemethoxyflavancne (46)
(a) Oxidation with mangsnese dioxide,

"iotive" mangmnese dioxide was prepared by the method of
Attenburrow and his co=workers®’ and heated at 100° for 15 mins be-

fore each oxidatiom,
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The foregoing flavaned-ol (0.7 g) was oxidized with fimely
powdered manganese dicxide (10 g) im ehloroferm (120 ml) for 11 hr
during which time the hydroxyl band disappeared from the infraved
speotra of aliquots of the solution, Filtration of the manganese
dioxide and evaporation of the chloroform under reduced pressure gave
a light yellow viscous oil (0.45 g, 66%). A further 9,005 g of
yellow oil was obtained when the manganese dioxide was suspended
in water, decomposed with sulpbur dioxide, and extracted with chloro-
form, The yellow oil exrystallised om trituration with methanol (2 ml),
Further recrystallizations from methanol gave pure 2,3-0i8-3,7,8,3%'.4'~
pextamethoxyflavanone a8 white prisms (0.2 g), meps 109,5-110,5°

(Founds G, 64,1y H, 6.1s Cpgfl,00, Tequires C, 64,25 H, 5.9),

The n.m,.r, spectrun (in am,) showed a one proton doublet
(5 part of AB system) centved at T 4,58 due to the 2H, with coupling
oonstant Ip,3 2,5 o/s, The 3 appeared s a doublet at v 6,07 being
partly obscured by the aromatic methoxyl protons which showed an ine
tense abscrption at t 6,08, The sbeorption of the 3-methoxyl protomns
cccurred at t 6,59 and the aromatio protons showed a multiplet cene
tred at v 2,98,

light sbsorption in 957 ethanols A . at 268 mp (2o &
4,25), The infraved spectr . showed: v . (Wujel) 1665 w™,
Vage (OECLg) 1665 en™ (carbonyl).

(v) Oxidation with nickel peroxide,
Nickel peroxide was prepared by the method of Nakagawa,
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Konaka and Nekata.'? A solution of sodium hydroxide (4.2 g) in
sodium hypochlorite (30 ml of & 6% solution) was added dropwise to
a solution of nickel sulphete (13 g) in weter (30 ml) end stirred
for 15 mins at 25°, The resulting nickel peroxide was collected by
filtration, washed with water, dried over amhydrous caleium chloride
end crushed to & fine powder (6 g),

24 3-0if=34=48~T,8 ,3' y4 '=Pentanethoxyflavaned=ol (0.5 &)
was oxidized with niokel percxide (2 g) in benmene (50 ml) for 5 hr,
Removal of the nickel peroxide by filtration and evaporation of the
benzene gave & bright yellow oil (0,3 g). light sbeorption of the
produst in 95¢ ethanols Mooy 250, 350, and 290 mp and A, &t 278
my, This shows that a mixture of 3,7,8,3!,4 '-pentanethoxyflavone
and 3,7,8,3" 4 '=pentamethoxyflavanone is present, The infrared spec-
trun (imjol) showed vy, ut 1630 ea™' nd 1670 ea™ ',

Beduction of 2,3-018-3,7,8,3",4 '=Pentaneti axylavenong,
(a) Reduction with sodium borohydride,

Sodiwm borohydride (0,2 g) was slowly added to & solution
of 2,3-g48+3,7,8,3" y4'=pentamethioxyflavenone (0,25 g) in methancl
(100 m3), The mixture was shaken gently for & { hr and left to stand
overnight st room temperature, A drop of acetic acid was then added
to deccmpose any umreacted sodium boxohydride, On reduction of
volume, white, needle-shaped crystals (0,2 g, 80%) separated out,
Chromatography over deactivated alumina (20 g containing 107 by weight
of water) gave & single oompound, 2,3=gige3 4=gif=3,7,8,3" 4 '~pentan
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methoxyflavan-4-ol, as the 507 benzene/ether eluate, The flavaned=
ol erystallized from methancl as needles, m,.p. 127.128%, The n.n.r,
spectmm (mm,)shandtho 3 a8 & quartet centred at v 6,28
with eoupling constants JEJ 1.0 ¢/a and 5.4 4,4, o/a, The signal
of the 41 was a doublet centred at t 5.02 with coupling constant
J5'4 4,2 o/s and the 2 showed a singlet at t 4,87, The aromatic
methoxyl protons asbsorbed at t 6,08 and 3-methoxyl protons apresared
at v 6,86, The benzylic hydroxyl proton appeared surprisingly as a
aplit peak centwed at T 7,55, The avomatic protons showed & miltie
plet centred at v 2,99,

(b) Redustion with niokel boride,

The {lavamene (0,08 g) in ethancl (50 ml) was hyirogenated
catalytically at room temperature amnd 35 atm, hydrogen pressure
using nickel boride, The resotion product (0,064 g, 80%) was chramae
tographed over déectivated mlumina, The flavan-4-ol crystallized
from methanol as white prisms, m.p. 152” slone and when mixed with

a sanple of 2,3-0i8=3,4-gi83,7,8,3" 4 '=pentane thoxyflavened-ol,

2.3 trans-1,8,% " 4 '=To trane thoxydihydrofiavonol (58)
2'aliydroxye=3,4,3',4' ~tetrane thoxyohaloone (12,0 g), 40%
squecus benzyltrimethylemmonium hydroxide (Tritem B) (40 g) and
aquecus ethanol (300 ml of 70%) were treated at 0° with hydrogen
peroxide (90 ml, Oﬁ).m The reaction mixture was stirred for 3 hr
and aqueous sodium bisulphite (60 ml, 4%) wes added followed by
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dilute hydrochlorie acid (50 ml), The temperature was maintained at
ga 10° throughout the additions, The light yellow campmmd which
precipitated was collected, washed with agueous ethsmol (40 m), 50%)
and orystallized frem methanol to give 2,3-trans.7,8,3',4'-tetra~
me thaxydihydroflavonol a8 white needles (8,1 g, 64,5%), m.p. 166°
(lit:‘/-.p. 1“’). (Dt ””{{

The dihydroflavonel slowly oxidized to the corresponding
flavonol vhen left standing in solution at room temperature, Oxie-
dation to the flavonol cetwrred much merw readily on an aluming
column,

light sbsorption in 95% ethamel: Rt 206 mp.v_ (m,)
3460-'1 (om), 1680 -"" (e = ¢)s The n.u.r, spectrmm (in m,)
showed mn intence resonance centred at © 6,10 dus to thea methoxy
groups, & ome proton doublet cemtred at T 5,47 with spinespin coupe
1ling constant "2,3 12,3 o/s dve to the 3 and another doublet cene
mn:hs}ﬂthmumommm:a',ﬂn./-mu
the 2H, A ome-protem doublet at T 3.29 was assigned to the 2'-H
of the B ring and another st T 2,30 was sssigned to the SH (deshieclded
because adjsoent %o the carbomyl group). The griho spin-spin coup=
lhsmt-hhigﬁ'mu“otﬂnqmctsdull. The abe
mmo:mi;:s}'mmwutts.mmmm
by the singlet at v 3.90 due to the 3-hydrexyl group and also by the
sbsorption of the chloroform present in ‘the solvent,
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Atteupted swmtiesis of 2,.3-cis- lakle
(60)

Zud-ois=3 dvoise1,0,3" 4 ~To tranethoxyioven=3 4=dio) (59)

- 7,8,3" /4 'Totrane thoxyflavemol (2 ¢) in ethmsol (125 ml)
wes hydrogensted for 20 hr at 90°/70 stm ., over nickel boride csta-
lyst.T” Removes of the catalyst by filtwstion end conventretion of
the filtrate gave & light yellow oil which was vhrumatographed over
deactivated alumina, Flution with 507 bensene/ether gave the gise
gig=tiol which crystallized slovly irom this solvent mixture as
priems (0.9 & 45%), mepe 132-133°, (it.,% mop. 135-136°), T atal
also erystallized from bensene/ether as ueedles, m.p. 84=85" (possibly
dimerphie) v, (in OHGL,) + 3540 an”', md & broad bend of lower
intensity centwed at 3400 o™l (OHesess0)s

Prolonged hydrogenation of 7,8,37,4'stetranethoxyflavonol
resulted in hydrogemolysis of the bensylie lyirexyl group md the
corresponding gig-flavane3-0l was produced, The compound crystallized
from ethanol a8 needles, m.p. 123=125° (11%.'% 118-119°), .
(Magod)s 3540 em™ ",

Acetylation of the faregoing flavane3-ol gave the acetate
a8 prisms, m.p. 138-139° (111.15 m.p. 157°)s The n.a,r, spectrum

(in m,) showed an intense singlet at © 8,10 due to the aretoxyl
methoxyl absorphion ab v 6:10. The 3H (Y 456 ) anot 4-CHy

Hroun, 1
i'l" 6Go) showed absorphons l-'zp;‘ul of RBX spin Syskems. The
2-proton oloubler occurred at ¥ 487 (Ja3 ea 12 ¢/s) andl the

aromakie Prol'nl\s absorbesl as o mu"‘-.Plef" cenkred o T 3-17,



Qxidation of 2,%-0is-3,4-ci8-7,8,3" 4 =totrane thoxyflavane13 d=diol
xith menganese dioxide.

The diol (0.75 &) was oxidized with finely powdered mangsnese
dioxide (8 g) in ochloroform (100 ml) for 24 hr dwring which time &
carbonyl band (1680 ca™') appeared in the infrared spectra of aliquots
of the solutien, Filtration of the mangenese dioxide and evaporation
of the chloroform under reduced pnum gave a yellow viscous oil
(0.6 &, 80%).

The compound was found to be very umstable and attempts to
orystallize it or chromatograph it resulted in further decompositiom,
The n.n.r, spectra of the product did not show the AB quartet typiecal
of the spectra of dihydroflavemols, The infrared speotrum (vﬂ 1630
') and wltraviolet spectrum (A, 240 and 350 mp) showed that the
gis-dihydroflavenol had decomposed possibly to the coerresponding
flavone during the working up end purificafiom procedures,

Attempted gynthesis of 2,3-trans-3,7,6,3".4'~pentame thoxyflavanong.
(1) Methylation of the 3-hydraxyl group.
(a) With methyl icdide and barium oxide in dimethyl sulphoxide.

2,3=transe7,8,3",4 ‘= te trane thoxydihydroflavonol (0.5 g) in
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dimethyl sulphoxide (15 ml) was methylated with methyl iodide and
barim oxide®! st room temperature for 3 deys., The reaction mixture
was then worked up, An ultraviclet spectrum of the godust indicated
that dehydrogenation and methylation to the pentamethoxyflavome had
ocourred,

(») With boron triflucride and diasomethane

The ixsns-dihydroflavemol (0.1 g) and borem triflucride
(1 érop) were dissolved in ice cold methyleme chlaride and the mix-
ture cooled further in en ice-salt bath, A cold ethereal solution
of diasomethane (from 0,2 g of nitrosomethylurea) was added dropwise
to the mixture which was then left to stand in an icesbath for 2 hr,
The reaction mixture was washed with 2N potassium hydroxide sclution
with water and then dried (NayS0,). Removal of solvent and ro—
tography of the residue over silics gel gave & yellow compound (0.04 g)
as the bensene/ether eluate, The compound showed en intemse yellow
fluorescence under ultraviolet light, Light absorption in 957% ethamol:
Apay 268, 365 mpe This showed that a large proportion of the produsct
was the tetramethoxyflavomol (pentamethoxyflavene shows a blue fluore
escence under ultraviolet light and ite ultraviolet spectrum shows

Apge 8% 250 mnd 34T ma)e

(11)  Cyolimation of 2'=hydroxysde3,4,3!,4'=pentanethaxychalcone

2 taliydroxy=te3,4,3" 4 '-pentane thaxychaloone ‘(48) Was pree
pared by condensing together 2-hydraxye «,3,detrinethoxyasetophenond >
and veratraldehyde with the aid of & 507 solution of potassium
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hydroxide (yield: 50%)., Cyolimation of the chaloone (48) with alke~

line hydrogen peroxide gave a yellow smorphous compound (yields 107%).
Light ebsorption in 95% ethamols A, &t 250, 350 muy A, st 20
m. The infrared spectrum (Nujol) showed an interse carbonyl abscrpe
tion at 1630 on”'. This suggested that the product was the Semethoxye

flavone (50) and not the desired 3-methoxyflavamone (49),

Attempted epimerizataon of 2,3-018-3,7,08,3'.4 '~pentanethaxyflayancne
Xo the 2,3-irers-jagmer.
BEpimerization reastions were carried out on a small scale

‘and the products were identified either spectroscopically or by thine
layer chromatography,

(1) Attempted thermal epimerisations were carried out by heating
the gis-flavenone in methancl at reflux temperatures, Themmal epi-
merizations were carried oul both in the presence of air and under
nitrogen, The resction time in cach case was %/4 hr, In all cases,
ultraviolet speciroscopy and thinelayer chromatography showed the
presence of only two compounds in the reastion mixture, the gige
flavenone and the carresponding 3-methoxy-f{lavone,

(11) Attempted epimorisation on an alumina colum was also carried
out, The gis-flavanone (0,07 g) was chrematographed on slightly de=
sotivated alumina (15 g containing 5% by weight of water), Elution
with 507 benzene/ether gave the seme flavancne (0,06 g),.

(441)  No change was observed when the compound was heated for 2
minutes at 40° with 0,57 methamolic sulphuric aeid,
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(iv) No change was observed when & dilute methanslic solution

of the flavamene was heated wnder mitrogen for 2 min at 50° in the
presence of sodium acetate, 'hen the resction was carried out in
the presence of air the reaction mixture turned a light yellow and
thin-laysr chromatogrephic examination showed the presence of a
small amount of 3wmethexyflavone,

(v) Attempta to epimerize the gis-ococmpound by heating with bene
gene and tolueme at reflux temperatures were unsuccessful ,

(vi) Epimerization resctions with catalytic amounts of boren
trifluoride were also wnsuccessful,



i=Phenvipropan-1=0l (64, R = H)

_ Propiophencne (36.2 g, bepe 100-102°/18 mn) was reduced
with sodium borohydride and gave 1-phenylpropan-ie-ol as a colourless
oil (28,9 g, T8.5%), beps 101-102%/13mm, n 3' 1,5195 (118."%T w.p,
106-108°/18 mm). |

1+ (peliothyl phenyl Jpropeneteol (64, R = pelis)

m Friedel and Crafts reaction using propiomic anhydride | '
(65 &), smhydrous aluminir= hloride (150 g) and dry tolueme (300
ml) gave petolylethyl ketome (63.2 g, 85.5%; beps 131-134°%/21 mn),
The ketome (26,6 &) in methanol (200 ml) was reduced to the corve-
sponding alochol (22,7 g, 64») with an alkaline solution of soiium |
borohydride (4 g in 30 ml of 0,20 sodium hydroxide). Fractionation

gave & colourless oil, b.p. 80-81%/0,3 m (11t.'% v.p. 114%/12-13 m),

Wthmphwl)pnm-'l-ﬂ (64, R = rlho)
This benzyl aloohol was prepared by the method of Allred,

Somnenberg snd Winstein. 2} To the Orignard reegent prepared from
pebromoaniscle (50 g, bepe. 1“'/16 mu, n ? 1.5646) and uml;ﬁ
(6.5 g) in ether (200 ml) was added, as rapidly as possible, freshly
distilled propionaldehyde (15.5 g) in ether (200 ml), After am
additional stirring time of £ hr, the resction mixture was decomposed
with a saturated solution of amonium chloride to give Y= (p-methoxy=
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phenyl )propan-1-ol as & light yellow oil (31.0 g, 70%). Fractiona-
tion under reduced pressure gave & colourless oil, b.p. 102°/0,7 m,
n 23 15100 (116,129 bop. 120,5121%/4 mm, u J° 1.5257).

1=(3.4=Dinethoxvobenyl Juropan-1=0} {64, R = 3,4(Ge), ]

Ethyl magnesium bromide was prepared from ethyl bromide
(45 m1, 0,6 mole) and magnesium turnings (14,5 g, 0.6 mole), The
smount of Grignard reagent formed was estimated by titration. The
reaction mixture was allowed to attain room temperature and the mage
nesium particles ponitﬂ to settle, A 10 ml sample was collected
with the aid of a pipette and added to a conical flask containing 100
ml of distilled water, Sufficient standard acid (0.24K) was added,
the solution heated to 50°, and the excess acid was then back titrated
with standard sodium hydroxide (15,5 ml of 0,19N). The titratiom
results indicated that 0,36 equivalents (47,7 g) of ethyl magnesiwm
bromide was formed,

Ethyl magnesium bromide (47.7 g, 0.36 mole) was reacted with
half the equivalent smount of veratraldehyde > (30 g, 0,16 mole) and
the resulting ocomplex was decomposed with a saturated solutiom of
enmonium chloride to give 1e(3,4=dimethoxyphenyl Jpropan-ieol as a
light yellow oil, Distillation gave & colourless oil (22 g, 627).
For reactivity studies further purification was carried out by frace
tdonation, b.ps 106-107%/1,3 m, n 27 1,528 (116.%° bep, 10221037
0,2 mm),
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1=(2.4,6=Txine thoxypbenyl Joropsne1=0). (64, R=2,4,6 (e ), ]

Phloreglueinol trimethyl ether was prepared by methylation
of phleroglucinol by the methed of Clarkelewis, »

2,4 ,6=trime thoxybenzaldehyde was prepared by the method of
Yemyon and Mason,’C Phosphorus oxyohlaride (7 ¢) was added to &
solution of phloroglucinol trimethyl ether (14 g) and formsnilide
(10 g) in dry ether (100 ml), The reaction mixture was left standing
at room temperature overnight, the solvent then removed, the residue
decomposed with aqueous sodium hydroxide (600 ml, 5%) end the alkas
line solution steam distilled. Om cooling, the men-volatile residue
precipitated out, Crystallization from benzene-petroleum ether (b.p.
60-80°) gave shiny yellow elongmted plates (9.2 g, 64%), m.p. 120°
(114.%° m.p, 118°),

Ethyl magnesium bromide was prepaved from ethyl bwomide (8 g,
0,072 mole) and magnesiwm (1.7 g, 0.072 mole) in dry ether (100 ml).
2,4 ,6-Trime thaxybengaldehyde (7.2 g, 0,036 mole) in dry bemsene (150 ml)
was slowly added to a stirred solution of the Crignard reagent over
the period of an hour, Stirring was contimued for a further half
hour, the reaction mixture allowed to stand overmight at room tempe
erature and decomposed with a saturated solution of smmenium chleride,
The ether-bensene layer was separated, the aqueous layer extracted
with ether and the cambined organic extracts washed with water and
dried cu!sod. Removal of the solvent under reduced pressure and
distillation of the residue under nitrogen gave 1=(2.4.6-trimethoxye
phenyl Joropsne1=0l & viscous oil (8.0 g, 96%). Careful fracticnation
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under nitrogen gmve a sample which showed & single peak when injeo-
ted in the vapour phase chramatograph, b.p. 14!'/2.7 mm, n :’ 1.5

(Founds 0, 64,95 ¥, 79, C457,,0, vequires C, 63.7, H, 8,0%).

This benzyl alechol 18 wery reactive and has to be stored
at 0° under nitrogen, It deoomposes when left standing at room
temperature,

The abuve banzyl alcchol was also prepared by reductiom of
1=(2,4 ,6=trimethoxyphenyl )propan-1-mme, To a solution of phleroglu-
oinol trimethyl ether (30 g) in drxy ether (150 ml) was added pow-
dered sino chloride (4 g) and ethyl oyanide (19.6 g). A fast stream
of dry hydrochloric aoid gas was bubbled through the solutiom for 4
hr and the resctiom mixture was left standing at 0° for 2 days,

The slender white needles of the ketimine hydrochleride which separae
ted out were collected, washed with ether and decomposed by beiling
in water for 2 hr, The resulting ketome crystallised from methanol
(charcoal) in colourless prisms (4.5 g, 11.2%), m.p. 82.83°,

1« (2,4 ,6=Trime thaxyphonyl )propan-1emme (4 g) was reduced
with lithiwm aluminium hydride (2 g) to give 1e(2,4,6etrimethaxy-
phenyl )propan-1-ol 88 & viseous oil (2,6 g, 65%), bep. 160=163°/7
mm, n :’ 1.5289,

{p) _Tetralols snd tetralin dicls.
l=fivizoxyel 2,3, 4=totralvizonaphihalene (65, R = H)

Commercial d=tetralone was purified by distillation umder
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reduoed pressure, b.p. 127-129%/13 mm, n )7 1,569 (148,

120-122%/9 mm, n 20 1,5704),

d=Tetralone (43.5 g) was reduce? with lithium aluminium
hydride (10 g) to give 1-hydracgyel,2,3,4tetrahydronaphthalene
(3.4 € TTE), baps 134=135%/13.5 m, n 1° 1.5637 (11t.' wop,
89°/1 ma n g‘o 1.5642),

The n.u.r, Spectrum (in CCl,) showed the bemsylie 1=proton
a8 & broad wnsplit peak at ¥ 5.55, a four proton multiplet centred
at t© 8,25 dmtnm'mm‘ndnhnﬂmlﬂwknt?.%
(wn,). The benzylic hydroxy) proton eppesred as a singlet at © 6,62
and the aromatioc protoms showed & multiplet centred at v 2,99.

1-Hydroxy=1,2,3,4-tetrahyirmaphthalane was also prapared
by exidation of tetralin with lead tetrascetate 2 and reduction of
the resulting 1-tetralyl . acetate with lithiwm sluminium hydride,

bePe

01821,2,~Dihvirary=1,2,34=tetxahuiraanohthalene (66, R = 1)
1=liydroxy-1,2,3 4=tetrahydronaphthalene (25 g) was heated

at 110° for 4 hr in the presence of potassium hydrogen sulphate (5 g)

to give 3,4=dihydronaphthalene (13.5 g, 61%), bepe 90-92°/16 m,

a 3% 1,5025 (1ata">" wops 70-72%1 mm, u 3° 1.5620),

(1) Hydrexylation weing potassium permengspate.
gis-Hydroxylation of 3,4-dihydrenaphthalene was ocarried out
initially by the method of Streus end Rehwbacher’C using potassiwm

permengsnate, The method was found to be unsatisfactory as low
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yields (gg 17%) mnd mixtuves of gis end ixgns isamers were obtained
(see nam.r, data below), |

mua;.W(hM,)dhhﬂ (1eaflets from
bensene, m,p. 102°) showed the bensylic leprotom as & quartet, cene
tred ot ¥ 5,43 (triplet after deuteriwn axide exshangs), One would
have expected a symmetricsl doublet for the 1-proten after deuterium
oxide exchange, The presence of a triplet indicates a mixture of
gigs~ and ipsns-diols. Osloulsted (approximately) spinespin eouplink
constants Jy , (giz) 3.3 o/n md J, 2 (izms) 9.2 o/s. The signal
of 2H was & quintet centred at v 6,28, the S-methylene protons showed
a multiplet centred at T 8,13, and the resonmoee of the 4<bensylie
protans appeared at ¥ 7,20, The arcmatic protoms showed & multiplet
at T 2,79 '

(1)  Hvirocdation by the Weodwed procedune®®+®?

To a solution of 3,4=dilydrenaphthalene (10 g, 0,077 mole)
in glacial asetio soid (300 ml) containing 2.5 ml of water, silver
acetate (32,3 g, 0.195 mole) was added, Over the period of a half
hour finely pulverised iodine (19.5 g, 0,077 mole) wes added, and
the reastion mixture stirred vigorously at room temperature until
all the iodine was comsumed, and then for a further 3 kr at %0°,
The reaction mixture was cocled and the precipitated silver salis
filtered off and washed with ether, KHemoval of the solvemts gave a
yollow oil (10,5 &)

A pertion of the foregoing mixture of momoe mnd ~diacetates
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(5 g) was dissolved in ethamol (50 ml) and heated under reflux with
aqueous sodium hydroxide (20 ml of 40%) for 1 hr, Vater (100 ml)
was added, the ethanol removed by distillation under reduced pressure
and the residue extracted with chloroform (2 x 100 ml), The come
bined extracts were washed with sodium bisulphite (30 ml of 40%) and
dried (x-'zso4). Removal of the ehleroform gave the crude diol as

a browm oil (3,1 g, 527%)s Chromatography over alumina (ether ss
eluant) and orystallisation from bensens gave gige1,2-dihydroxy=
1,2,3,4=totrahydranaphthalene s shiny white plates, m.p. 102°
(11£.% m.p. 102°).

ois=1,2,=Dinge toxy=1,2,3,4= tetrahydiropaphthalene.

The foregoing diol (0.1 g) was acetylated with acetic anhy=
dride (4 ml) and pyridine (2 ml) for 48 hr at room temperature,
The reaction mixture was poured slowly onto a mixture of ice and
water and worked wp in the usual way, The gigediscetate orystallised
fram petroleun ether (b.p. 60-80°) as plates (0.115 g, 76%), mepe
79280 (11t.%0 mop. 78.6=79.2).

The nu.r, spectrum (in cm,) showed the benzylic protom
as a doublet centred at T 5,85 with spin-spin eoupling constant
I 2 3.4 of/s, The 2-proton signel was & multiplet (X part of ABXY
system) at 7 4,77 and the benzylic 4=protoms sppeared as s two protem
maltiplet centred at T T7.03. Acetaxyl protons showed absorptions at
% 7492, 7.96 and partly obscursd the multiplet centred at ¢ 7.96 due

to the J-methylene group, The resonance of the arcmatic protons
appeared at T 2.80.
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Sarbonate of cis-1.2-dilvirgrye1.2.3.4-tetrahvizenaohthalene (99)
Preparation of the carbonate of the gis-diol was caxried
out by the method of King and Claxkelewis® with slight medificsticns,
Ethylohloroformate (2 ml) in benzene (7 ml, centaining &
little dioxan), was slowly added to an ice-cooled solution of the
gig-diol (0,1 g) in triethylemine (2 ml), The reaction mixture was
allowed to stand at room temperature for am hr and extracted with
ether. The combined extracts were washed thoroughly with water and
dried (m4). Removal of the ether and erystallimation of the
resicue fron petroleum ether (b.p, 60-80°) gave the cisegarbonate

as white plates (0,06 g, 51.5%), m.pe 81°

(Mdl c,’ 69.5' H, 5.6. 011n1°o’ mm c' "l’. H! 5!%).

The infrared spectrum (in Nujol) showed Vomo at 1785 u".

The n.a,r, spectrum (in GDG'.I.’) showed the benzylic 1-Hias a
doublet centred at v 4,25 with spinespin coupling eenstant J, .2 7.8
¢/s., The 2-proton signal was a quintet (X part of ABXY system)
centred at v 4,84 and the benzylic 4eprotons sppeared as a multiplet
centred at © 7.18, The 3-methylene protons showed a multiplet cen-
tred at T 7.95 and the rescnance of the aromatic protons appeared
at © 2,67,

trans-1,2=Dihyiroxy=1,2.3,4=tetrahvizonachihalene (67, R = H)

The first step in the irgns hydroxylation - frsng acetoxy-
lation « was carried out by the method of c:mm“anth-lmt
modifications, 1,2-Dihydrenaphthalene (10 g), lead tetrascetate
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(40 g) and acetio acid (40 ml) were stirred together vigorously for
1 hr at 70°, The reastion mixture was poured intv water, extracted
with ether and the ccubined ether extracts washed with water and
dried (lm!.o‘). Removal of ether gave a light bwown oil (9 g)
containing a mixture of diacetoxytetrahydronaphthalene and naphe
thalene,

The caude mixtuwe from the above asetoxylation (9 g) was
reduced with lithiwm aluminiwm hydride (3 g), and the product
ghromatographed over alumina, Naphthalene (g& 2 g) way vemoved
almost entively in the earlier fractions and the diol (3.2 g, 25%
overall yield) was eluted with 507 ether/bensene, The irgye-diol
arystallized from benzene as meedles, m.p. 112° (11t.'° m,p, 112
135°),

The n.u.r, speotrum (in cm,) showed the benzylic feproton
a8 & doublet centred at T 5.44 with spinespin coupling constant
Iy 2 8.2 o/s, The signal of the J=mwthyleme protons was & multiplet
centred at + 7,96 and the 4-benmylie protons appeared as a quartet
centred at v T.14. A {hree-pruton multiplet centred at t 6,23 was
due to the two hydvoxyl protons and the protom at the 2eposition,
The resomsnce of the aromatic protons was centred at © 2,71,

trans=1,2,~Diage toxy=1,2.3,4=te trehyaronaph thal ene.

The foregoing ivgng-diol (0,15 g) was acetylated with scetic
anhydride and pyridine, Irang-1,2,-diacetoxytetralin orystallized
from petroleum ether (b.y. 60-800) in colourless prisms (0,12 g, 79%),
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n.p. 85° (ut.’o n.p. 84°),

The n.u.r, spectrum (in om,) showed tho benzylic feproton
a8 & doublet centred at T 5,93 with spin-spin coupling constant 9y ,2
5.6 ¢/s, The signal of the 2-proton was a multiplet contred at + 4,82
and the benzylic 4-protoms showed a two-protom triplet (wmresolved)
at T 7,10, Acotaxyl groupe showed sbsorptioms at T 7.89, 7.96 and
partly obsewred the multiplet centred at v 7.90 due to the Jemethylene
group, The aromatic protoms showed an intense resonance at + 2,80,

Sarbonate of trans-1.2-dibvdroxrel,2,3.4-tetrakydrnaphihalene (100)

The carbenate nf the izsns-diol was prepared es described
above for the gisedicl. The transegsrbonate cryutallized frem petroe
leum other (b.p. 60-80°) as plates (yields 43%), mep. 114=116%, v
(Mujol) 1765 en"'s The izengecarbonste sppeared to be less stable
then the gig-carbonate and Aecuamposed when clramatographed over
alumina,

The ngu.re Spectim (in ODCl,) showed the bemsylic leproton
as a doublet emntwed al v 4,79 with spinespin coupling constant 9 .2
ag 10,6 o/s, The 2-proton signal was & multiplet (X part of ABXY
system) centred at © 5,75 sud the benzylic 4eprotons appeared as a
mltiplet centred at T 7,04, The 3-methylene protons showed a multie
plet centred ai v 7,84, The resonance of the aromatic protons

speckrum Showed Fhat Fhe procluck woes o

appeared at v 2,75, The

mixbure o4 <3 — ond traus- carbonates (ga. 1:1),

P T



. rab saphthelene (65, R = Qlie)
padiothoxynaphthalene (m.p. 71°), prepared by methylation of
fenaphthol with methanol and eomc, sulphuric scid, was reduced to
Gumethorytotral in with Raney nickel by the method of Suomk,”®

To a suspension of Pensphthyl methyl ether (20 g) in mee
thanol (100 ml) was added V4 Renmey nioke:'2* (seversl ml in methemol)
and glacial sowtic aoid (2 ml), The mixture was hydrogenated at
100°/100 atm, for one hr and the catslyst removed by filtration.
Removal of the solvent and distillation gave G-methoxyteiralin a8 &
colowrless eil (17.9 g, OTF) bup. 126-128%/15 m, u 20 1,5433 (14,7
beps 134=137°/17 mn), (lesn hydrogenclysis of the methaxy swoup
coowrred in this reasctiom when methancl was used as seolvent instesd

of ethanol, It was found that incresse in resction #ime also re-
sulted in inorease in hydrogemolysis, )

Chromic asid (18 g) in water (10 ml) and glepial acetic asid
(50 m1) was added with stirring at 5-10° to Gemeihoxytetralin (18 g)
in glacial acetic seid (100 mIN'7° The additium took 1§ Mo ad the
reaction mixture wus stirred fur a further 2 hr and then left to
stand at room tenpureture overnight, The acetic acid was removed
wnder veduced pressure, the residue dissolved in water (5000 ml) end
extracied repestedly with ether, The combined ether extrscts were
washed with agueous posassiwn carbonate (10%), water, and then dried
(Mg80,)s Removal of ethur und distillation of the yesidue gave &
yoliow oil which solidified on onoling (6.7 & 34%) bp. 163-166°

(1444133 y,p, 164-166%), 1-Oxoeb-methoxy=1,2,3 d=totrahydonapiie
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thalene orystallized from bensene-petroleum ether (b.p. eo-ob') in
yellow platee (4.9 &), meDe TT° (111-‘” nepe T75°).

6-dio thoxytetralme (10 g) in éxy ether (300 ml) was Te-
duced with lithivm aluminium hydride (2,2 g) in ether (100 ml), The
complex formed was decomposed with water, the ether layer separated
and the agueous layer extracted with ether, The combined ether ex-
tracts were washed thoroughly with water (6 x 100 ml) and dried
(N8,80,)s Removal of the sclvent and frastionaticn of the residue
under nitrogen gave 1-hydroxye=Gemethoxye!,2,3,4-tetrehyironaphthalene
as & colourless visoous oil (7 Gy 69%), bepe 130%/1.5 mm, n 20 15632
11t.1" vop. 175%/16 m),

(Pounds C, 74.1) E, Te9e Calo, for Oy H D08 C, T3.9¢ H, 7.8%).

The nee.r, Speoteum (in cm,) showed a single broad peak
et T 5,30 (benzylic leproton), & miltiplet ventred at v 8,12 (2=
end 3-methylene protoms, hydresyl protom), en maresclved signal at
T 7.27 (benzylie 4.0n2), an intense resonence st T 6,24 (methoxyl)
und & mltiplet centved at ¥ 3,07 (aromatie protoms),

Reduction uf the Gemethoxytetralone was also carried out
cataiyticaily using platimem cxide, This wos found %o b an wne
reliable method as the presence of 6.methoxydecalol was noted in one
of the reductions,

An elternative route to 6-methoxytetralol involved asetoxy-
laiion of Gemethoxytotralin with lead tetra-ssetate’ ' and subse-
quent edustion of the tetralyl acetste (beps 156-160%/6m, 14%.'"
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bepe 144=149°/3 m) with 1ithium sluminium hydride (overall yield:
g8 30%).

nashthalene (111)

{=lydraxy-t-nothoxy=1,2,3 4-tetrahydrenaphthalene (1 g) vas
shaken with hydrobremie acid (20 ml, 48%, v/v) for 3 hr, > The
solution turned pink after a few minutes and after 5 hr a light
brown ball was farmed, This was collected mnd cxystallised from

petroleun ether (b.p. 40-60°) to give the dimer ss flat prisms (0.51 g,
51%), meps T8-76° (it n.p. 75-74°). light absorption in 95%
ethanols A 275 my (log ¢ 4.24), The n.am.r, spectrum (in ODBI,)
showed & one proten singlet at v 3,86 dus %o the benzylic olefinie
proton, a multiplet centred at ¥ 8,06 (six methylene protens) and a
triplet centred at T 7.25 due to the frmmu protons, The methexyl
protons showed an intemse signal at v 6,26 and the resonance of the

eromatic protoms was centred at T 3,24,

(664 R = (uie)
leHydroxy-6=net!oxy=1,2,3,4=tetrahyd ronaphthalene (4 g) was

dehydrated with powdered potessiwm bisulphftte (1 g) by heating at

110° for a half hour, Distillation gave 7-methoxy=1,2-dilydronaphe

thalens (2,6 g, 72%) a8 a pale yellow oil, b.p. 134%/16 m, n go 1.56%

(118, vop. 94-95%/2-3 mm, n 265 1,5837),
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Cisehydroxylation of this olefin was oarried out using
osmium tetroxide, The olefin (0,95 g) in ether (%0 ml) and pyridine
(3 ml) was ulM to a cold solution of osmium tetrexide (1.5 g) in
ether (40 ml), The mixture set to & brown mass almost immedistely
and was left to stand at 0° for em hour, The adduct was collected,
washed with ether and shaken with mammitol (10 g) in 107 aqueous
potassium hydroxide (100 ml), After 15 hr the reaction mixture was
extracted with methylene chlaride, the combined extracts washed with
water and dried (n.zso‘). Removal of the solvent and erystallizes
tion of the residue from benzene gave ois-1 2-dihydroxyeG-methoxye

12,34 tetraldzonaphthialene 8 colourless needles (0,84 g, 73),
mepe 117.5-118,5°,

(Founds C, 67.55 H, Tohe Cy4H,40; Tequives C, 68,0y H, T+37).

The n.m.r, spectrum (in uml,) showed the benzylic 1=proton
a8 & doublet centred at v 5,39 with spin-spin coupling constant J.' .2
3.4 o/s, & seven-proten multiplet between v 7.08 mnd t 8,28 (3.0H,,
4,CH,, 2-0f (om), 1cH(0f), ssi{sl) ), intense signal at v 6,22
(methoxyl) snd & multiplet centred at v 3,07 due to armmatic protons,

transe] 2-Dilyizoxy=6-ne thoxy=1,2,3,4=-te trahydronsphthalene (67,
R = Olis)

Irans hydroxylation of 3,4edihydronaphthalene was carried
out by preparation of the epoxide and then effecting irmns~hydrolytic
ring opening of this cxivane using dimethyl sulphoxide as solvent,”’

T=Methaxye1,2-dihydrenaphthalene (1 g) in chloroform (30 ml)
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and perbenseie s0id®® (0,95 g) 4n chloroform (50 m1) were stixred
together for 1 hr at 0°, The reaction mixture wes left standing
at 0° for 20 hr, then washed with squeous sodiwm hydroxide (3 x

30 ml) and water and dried,

The crude epoxide from the above reaction was hydrolysed
for 6 hr at 80° with 0,3V potassium hyirexide in 057 dimethylsul-
phaxide., The reaction mixture was worked up in the usual way and
a 1ight brown oil (0,8 g, 66%) was obtained, Chramatography over
desotivated alumina and orystallization from ether-petrolewm ether
gave trans-1,2=dihydroxy=G-methoxy-1.2.3.4-tetrahydronaphthalens
as solourless plates, m.p. 119-120’.

(Vounds C, 68,0y Hy Te3s CyqHly,0, vequizes C, 67,8y H, Te37).
The n.u.r, spectrum (in m,) showed the benzylic 1«

proton as a doublet centred at v 5,48 with spin-spin coupling eme

stant J, , g8 10,4 ¢ofs, a seven proten multiplet between ¥ 7,02

and % 8,13 (due to 3,0H,, 4.0H,, as8g{an), 1=0f and 20f), an ine
tense signal at v 6,22 (methexyl) and a multiplet centred at v 2,91

due to aramatic protoms.

FAhyl=pehydroxys§T-diphenylbutyrate was synthesized by the
Refarmatsky resction as described by Spring'  but with slight
modifications, |

Decxybensedn'®° (60 g) in dry toluene (250 ml) was placed
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in a flask containing shiny zine wool (22 g, cleaned by washing with
5% hydrobremic seid, water, alochol and esetone and drying for an
hour at 100°), The mixture was gently heated and stirved vigorously
with the addition of a little redistilled ethyl bromoasetate (b.p.
60°%/16 m, n 27 1,4512), The resction mixture was brought slowly to
reflux temperature when a vigorous reaoction set in, The heating

was discontinued and the remaining ethyl bromoacetate (total 54 g)
was added at @ rate which kept the reastion mixture at reflux temp=
erature, After additiom, heating wnder reflux was carried out for

& further 2 hr when the solid zinc complex separated out, The re-
action mixture was cooled, the complex decomposed with ice-cold
sulphuric acid (15%) the separated toluene layer collected and washed
with dilute sulphurie scid and dried, Evaporation of the toluene gave
a yellow solid residue (45 g, 54%). Chromatography over alumina and
orystallization from petrolewm ether (b.p. 60=80°) gave ethyl-p-
hydroxy=fY~diphenylbutyrate as slender needles (30 g), mepy 56°
(11£."% n.p. 57-56°).

The foregoing ester (15 g) was hydrolysed with potassium
hydroxide (10 g), water (50 ml) and ethanol (100 ml), PeHydroxy
BYediphenylbutyric acid erystallized from 85¢ ethanol as needles
(10,3 8, 76.5%), m.p. 120° (1“-100 n.p. 120%),

pelydroxy=f Yediphenylbutyric acid (6 g) was refluxed for
3 hr, with red phesphorus (5 g) and hydriodic seid (50 ml, 5%%). The
resction mixture was cooled, diluted with water, the aquecus layer
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decanted and the visocous red residue extrected with dilute potassiwm
hydroxide, The Blkaline solution was acidified and worked up, fe
Benzyloirmemio asid (4.3 g, T7%) crystallised from 85% ethanol as
colourless prisms (3.1 &), m.pe 169° (118,'% n.p, 165°).

The foresoing hensylscimnamic asid (10 g) was hydrogenated
in glacial acetic meid (60 ml) with 5% palladium on charcoal catalyst
(2.5 g) at room tempersature and 10 atm, hydrogen pressure for 1} hr,
BY-Diphenylbutyrie acid (9.1 g, 90%) orystallized from petrolewm
ether (b.p. 60-80°) as colourless prisms (6,8 g), m.p. 95«96° fnt!
95°).

00

The oyclization procedure of the foregoing scid was carried
out an desoribed by Johmson'C' for the preparation of detetralene,
pY«Diphenylbutyric acid (6 g, 0,025 mole) was dissolved in dry thioe
phene-free bensere (60 ml), Teo this cooled stirred solution phose
phorus pentachloride (6.3 g, 0.03 mole) was added during & fow mine
utes, After the addition, the resction mixture wps heated under
nﬂufwﬁiﬁ.tﬂdt@rmmtmmdmnmu
=10 using an ice-salt mixture, Anhydrous stanmic chleride (13.2 g,
6 ml, 0,05 mole) in dry bensmene (30 ml) was added slowly to the ree-
action mixtuve, the temperature being maintained below 15°, The
reantion mixture was then stirmed at 0.10° for a # hr and the come
plex decamposed by the additiom of 100 g of ice followed by come,
hydrochloric scid (50 ml), The two phase mixture was heated under
reflux until no hydroohloric scid gas was evolved (about # hr),

It was cooled, the separated benzene layer colledted amd the agueocus
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layer extracted with ether, The combined bensene-ether extracts
vere washed with water, 107 aqueous sodium carbanate, again with
water and finally with a saturated solution of sodium chloride and
then dried, Removal of the solvent gave ecxo=3ephenyle1,2,3,4-
tetrahydronaphthalene a8 & yellow oil which cxystallized on trie
turation with petroleum ether (b.p. 60-80") ss colourless prims

(5.1 & 92%), mepe 65-66° (118,19 mep. 65°), v, (Mujol) 1665 am™"

(o=0).
(Founds C, 86,7y H, 6.4, Calo, for O, .M, 00 C, 86,55 H, 6.47),

Cyelization of PY-diphenylbutyric acid with eonc, sulphuriec
aoid gave & lower yield ( ¢ 30%) of the ketonme,
1eOxo=3ephonyltetrelin (1.5 g) in dry ether (50 ml) wae
reduced with lithium aluminimm hydride (U.z g) in ether (100 md)
to johyizgeyeSphenyle1.2,3.4-tetrahyirorashthalene (1.3 &, 86%)
Orystallisation from petrolewm ether (b.p. 60-80°) gave fine white
needles, n,p, 11 3.5«114,5°,

(m C, 85.55 H, Te2e 0151160 requires C, ”01' Ht 70%).

Mna.r.m(um,)mmmum
benzylic leproton as & quartet (X part of ABXY gystem) centred at
% 5,06 with the sum of the spinespin coupling cemstants J,, + Jy,
16.4 o/s. A thres-proton multiplet centred at T 7.79 was essigned
to the 2-methylene protons end the i=hydroxyl protem, The benzylic
mt-m-lmgmunv?.lﬂudthomtumm
sbsorbed at T 2,55, Double irradiation experiments to simplify the
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signals of the methylene protons (AB of ABXY) were unsuccessful,
Synthesis of PY-diphenylbutyric was carried out at th- oute
set by the method of Bremn end Mans, > dePhenyloimnamic scid was
reduced with Rmmey nickel to dfediphenylpropionic acid whioch was
converted into the propamcl derivative by Beauvault-Blane reduction
of the corresponding ester, Reastion of the propanol with hydro=
bromic acid gave diphenyl propyl bromide which was converted to fY-
diphenylbutyric acid through the nitrile, This method, however, was
found to be unsatisfactory as the yields egppecially in the latter

steps were very low.

1=Agetoxy=3-phenyl=1.2.3,4=te trahydronaphihalene.
{-Hydroxy=S=phenyltetralin (0,25 g) was scetylated with

acetic: emhydride (4 ml) and pyridine (2 ml) at roam temperature for

27 hr and the resction mixture worked up in the usual way, I-Acetomye

3=phenvl=1,2,3,4-tetralydronaphthalene orystallized from petraleum
ether (b,p. 60-80°) as colourless needles (0.1 g, 347), m.p. 76°,

(Founds C, 81,03 H, 6.Ts Cqqfl,50, requires C, 61,2 H, 6,8%),

The n.m.r, spectrum (in GDB15) gshowed the resomance of the
benzylic 1-proton as & quartet (X part of ABXY system) centred at
t 3,81 with the sum of spinespin coupling constants J‘x + I 16,2
¢/s. The 2-methylene protoms showed a multiplet (4B part of the ABXY
system), partly obscuxed by the acetaxyl group absorption and centred
at 7 7.75. A three-proton multiplet centred at t 6,95 was assigned
tothlhmynoprotulntosnd%. The acetoxyl group protons
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showed an injense resonance at 7 7.86 and the aromatic protons
abaorbed at v 2.8,

Le $ COU 60 Ll msh

iatrahydronephthalens (69, 70 R = H)

Two routes to the synthesis of 1,2-dihydroxy=3«phenyl-
tetralins have been investigated.

(1) Sxidation of l=oxo-3-phenyl=1.2,3,4=tetrahvdronaobthalene

Hith selenium dioxide.

1=0xo=3=phenyl tetralin (1 g) was oxidized with selenium
dioxide (1 g) in moist dioxan (25 ml) at 60° for 3 hr. The resction
mixture was poured into water, extracted with ether and the combined
ether extracts washed with saturated aqueous potassium carbonate,
water and dried (Mg80,). The red oily residue cbtained on removal
of the ether ocxystallized from ethancl in red needles (0.4 g). The
oxidation produet appeared to be a mixture of two compounds and frace
tional orystallization gave a campound, m.p. 160-161“, T (Mujol)
1650, 1680 en™' (oarbonyl), no hydroxyl sbsorption, Light sbsorpe
tion in 95% ethanol: A.‘nassm(wauma). The physical data
is consistent with the compound being the 1,2«naphthaquinone (89)
(11¢.'% n.p, 156°),

(Founds C, 81,3 H, 4,2, Calo. for C,cH, 0. C, 82,05 Hy 4.3%)s

The second oompound from the sbove oxidation was 2-hydroxy=
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Sephanyle1 A-naphthaquinone (90) (uharssterised as showm below),
Hixtures of thio kind have been reported in the oxidation of T-gxo=

S thyl=1,2,3,4=totralydronaphthalone with selenium dicxide, O’

The mixture of nuphthaquinones (1 g) frem the selenium
diaxido oxidation was reduced with an exdeas of 1ithiua aluminium
hydride (0,25 g)s The reaction mixture was worked up in the usual
way and them sepsrated into a phemolic frastion (soluble in sguecus
podimm hydroxide) and a nonephenolic freotiom (ether layer after
extraction with sodiwm hydraxide),

The ether layer (nomephemolic) was weshed thoroughly with
water and dried (Ma,80,). The residue obtained om removal of ether
wes ohrematographed over alumina (60 g), Frections 4 to 11 (bensene/
ether eluant) were combined, the solvents remcved and the residue
(0.5 g) triturated with bensene when & white smorphous materisl
seperated out, Crystallisation from carbon tetrachleride gave 1,2-
(7) a8 slender needles,

Bepe 112-11 )..

(Found: G, 78,13 H, 5.8. a‘l‘n‘l‘w requires C, 7783 H, 6,1%) .
The infraved spectum stoved a bhroad hydroxyl sbesorption peak at
uson"hutnmxmu-.

S=ildnony=3-phapd=1.4-naphthaguinons (50)
The phenolic frastion frem the above reduction was worked
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up mnd a yeliow oil (0,25 g) was obtained, Orystallisation from
etherepetroloun other (b.p. 40-60°) gave 2-hydrcmy=3-phenylel,d=
naphthaquinone (90) as prisms (0,15 &), m.pe 146147° (118,17

mepe 147°), The infraved spectrum (Fujol) showed a sharp absorp-
tdon st 3400 au”' (OH) and two carbenyl pesks ot 1630 and 650 cu” ',
Mothylation of the maphthnquinome (0.15 g) with methyl iodide-acetone-
potassium carbonate for 3 hr gave 2-imethexyle3-phemylel,d-naphtha~
quinone which erystallized from etherepetroleum ether (b.p. 60-80°)

e prisus (0,1 &, 64%), meps 122-123° (118> m.p. 1224125°).

(Founds ©C, T7.6y H, 4.7, Cale, for 0, H, .04 ¢, TT.3 X, 4,6%).

(93)

To & chilled sciution of lecxo=3-phenyltetralin (1 g) in
ether (100 ml) was added a few drops of a cold ethereal solution of
bromine, The solution was stirred wntil the reaction started (} min)
and the colour of the bromine disappeared, The remaining portion of
the bromine solution (total 0,72 g, 0.24 ml in 25 ml of ether) was
then introduced dropwise into the resction mixture, After the
sddition (3 hx) the reaction mixture was stirred for a further { hr
and the ether removed, 1=Qxoe2-bramoe3-phenvitetralin (1.3 &, 96%)
erystallized from petrolewm ether (b.p. 40-60°) as light yellow
prisme, m.p. 144.145°,

(11)

(!Imﬂa C, “s,’ H, 40”' Br, 26.5. 51‘n1Fr requires C, 63.83
H, 4,325 Br, 26.6/)s The infraved spectrum showed a strong sbsorp-
tion at 1675 eu™' (carbomyl) and & marked sbsorption st 745 an”'



1,

(94)

The foregoing bromoketone (0,25 g) was heated with acetie
aoid and anhydrous potassium acetate at 65° for 6 hr, The resctiem
mnixture showed no changs, However, prolenged heating (70 hr) at
65° gave a mmall amount of the acetexyl compound (94) as evidenced
by the infraved spectrum which showsd two carbonyl sbsorption peaks
(1675 ™', 1730 ™),




Reactions were carried out inm anhydrous methanolic hydroe
ghloric acid and methamolic assetic acid in sealed ampules, The
reastion temperatures and acid concentrations (w/w) ave specified,

Vapour phase chromatography (V.’.C.) was used to indicate
purity and to follow the path of the reastions of the simple bensmyl
alochols, Ail samples ocontaining amhydrous hydrochloric acid were
pessed through an ion-exchange amberlite IRA 400 resmin colwm (re-
generated with sodium oarbonate solution) before injection into the
vapour phere chrematogrenh,

Thin-layer chrouatography was »sed extensiwvely as a guide
in product anslyses. Thinelayer plates were coated with Kieselgel
¢ approximately 490 u thick, The plates were activated at 80° for
10 hr, The plates were developed with ehloroform and an "overrun®
period of 10 min was used, The Ry, value of a particular compomnd
varied slightly from plate to plate snd, wmless otherwise indicated,
the identity of compounds that were formed in the reactions were
confirmed by running them alongeide sthentic samples, The carpounds
on the plates were revesled by exposiwe to iodine vepour which gave
yellow to browm spots,

Solvents and Reagents.
B.D.H, Peagent grade acetic acid was purified by distiilas
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tion from polassium permanganate through a fractionating columm,
The distillate wan dried over triacetyl borate and redistilled from
the barate, The main frantion, b.p. 116-117° was collected, Solu- -
tions of methanolic acetic soid were prepared directly before use.
Anhydrous methanolic hydrochlorio scid was prepared by
passing dry hydrochloric acid gee through dry redistilled A.R, methe
anol, The acidity of the solution was detexmined by titration with
& standard solution of sodium hydroxide, The agid solution was
stoved at 0°,
Semples of olefins for V,P,0, work were prepared directly
befcre use by dehydration of the corresponding benzyl aloohols with
potassium hydrogen sulphate.

Phenviprooans1=0l (64, R = H),

This showed no change when heated at 40° for 6 hr with
nethanol containing %' scetic acid, After two days with 1% methanclic
mmwmuu‘-umwimmm

Jo(poliothylphenyl Jpropancizol (64, R = p-lie)
Reaction temperature 40°
Methanolis HO1 acid cone, 1%
Senzyl aleohol eone, 0,1

After 24 hr 7,P,C, analysis showed that sbout 407 conversion to the
clefin had cocwred, After 35, hr the chrumatogram showed 5 peaks
with retention times:
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4 min 37 sec (propaneiecl), 4 min 48 sec (unkmowmn),
4 min 57 sec (olefin),

1= (-lie thoxyphenyl Jpropanet-cl (64, R = palie0),

The reactivity of this compound was found to be greater
than that of the foregving compound but the reaction products ape
peared to be of the same type,

1=(3,4=Dimo thoxyoheny) \propan=1=al [64, R = 3,4(que), ]
(1) Reaction temp, 4°

Reaction time 48 hr

Acetic asid ocne. 1%

Propan=1-0l oone, 0.1

V.P.,C, analysis showed the presence of four compounds with reten=
tion times:

(a) 3 min 4 sec (minor « wmlmown)

(b) 3 min 50 sec (major - wnvescted alochol)
(e) 4 min (major - olefin)

(@) 4 min 50 sec (minor - unlmowm).

(14) Conditions as for (1) except 17 methanolic HCl used, After
3 hr the reaction mixture showed the presence of & little of the
olefin, After 19} hr however, the reaction mixture showed the pre-
gsence of two other compounds with retention times almost the same
as the two unknown peaks in (1).
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(114) The propanel=ol (1 g) was heated with 27 methanolic HC1
for 10 hr at 50°, The resction mixture was allowed to stand at
room temperature for 2 days and then worked up, The product cryse
tallised from methanol a8 white needles, m,p, 94°, The infraved
spectrum (¥ujol) showed no hydrexyl absorptiom but a peak at 1610
! (o = o). ILight sbecrption in 950 ethanols A 208 mu, A,
255 my, The compound is probsbly the dimer (102) of the olefin,

(W' C, 7"1! H, 7.9 Bﬂﬂ.o‘ requires C, T4.% H, 70%).
Moleculer weight (Rest) : 290,

1=(2.4,6=Trine thoxyphony) Joronan=1-0l, [64, R = 2,4,6(qe);]

The formation of & mmber of campounds was noted in this
caae,
(1) Dehydration to the olefin ocourved even under very low cone

centrations of aeid,

(41) Under relatively streng scidie conditions ( > ¥f) a dise
proportiomtion produst, 1,l=di=(2.4.6=trinethoxyphenyl Joxopane
(105) was formed (yield: gg 5%). The compound crystallimed from me-
thanol es white prisms, m.p. 127-128°,

(Founds C, 66,95 H, TeSe OpyliggOf Toquizes C, 67,0y H, To5%)s The
n.m.r, spectrun (in 0C1,) showed a symmetrical triplet centred at

% 9.22 (methyl protoms), a quartet centred at v 8,02 (methylene pro-
tons) and an intense signal at v 6,37 (methoxyls), A triplet cen=

. 4red at T 5.49 wes assigned to the methine protom and mn intense
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resonance at t 4,07 to the aromatic protons, The relative integrated
intensities over the spectrum were 3 : 23 18 ¢ 11 4,

(144)  Under very mild seidic conditions (0.1%) and high propane
=0l ccncentrations (gg 27) the formation of bisels (2.4 S=trimethoxye

Wh“ (103) was noted, The big-ether crystallized from
methanol @8 colourless prisms (yield : ga 10%), m.p. 144-145°,

(Found: ©, 66,23 H, T.9s 0pys0, vequives G, 66,33 By T.9%)s The
n.n,r, spectrum (in cm,) showed 2 1 & 2 1 1 triplet centred st

¥ 9,28 (methyl protoms), a quintet centved st T 8,08 (methylene pro=
tons ), an intense signal centred st v 6,30 (2,6,2,6' methoxyls) and
a signal at T 6,17 (4,4' methoxyls), A triplet centred at v 5.44
was assigned to the ether linkage protons and en intense resonance
at T 3,90 to the aromatic protwns, The relative integrated intensi-
ties over the spectrm were 6 1 4 ¢ 18 1 2 ¢ 4,

(iv)  Resetion temp, 40°
HO1l eonc, 1
Propan=1-0l conc, 0,1

The reaction mixture ttrmed yellow witkin 15 sec of the addi
tion of soid, V.P.0, analyois of the resction mixture after 1} hr
showed ome major peak (unrescted propansi=ol, retention time: 4 min
25 sec) snd two minor peaks (2 min 32 sec - olefin, 5 min 36 sec -
wknown), Thinelayer chromatographic anslysis showed that the une
known campound was probably the disprepertionation produot (105),

Ry 0438,
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(v) A sample of the propanetenl in methanol (0,1M) iu the abe
sence oflnipldidnutlhwmow.dhmmmmtw

18 hr at 40°,

(vi) 1,3,5=trimethoxybenzene was reacted with an excess of the
propan=1=0l in methanol under scidic (17) conditionc end e reactiom
pizture worked up, The m.p., infraved mmmn,mu nf the
product were identioal with that of the diphemylpropare (105), Ree
asction of the trimethoxybenzene with moetaldehyde and with propion-
gldehyde under similar oonditions did not give the diphenylpropeane,

l-Byirany=1.2.3 4-te trahvdronaphibalene (65, B = H)

The tetralol did not show any cbservable change when reacted
with % methanolic asetic acid or 1% methamolie HC1 acid even after
54 hr,

It formed a sulphone (107) when heated with sodium pe
toluenesulphinate dihydrate, dil, HC1l acid amd scetic acid, The
sulphone crystallimed out slowly from the reaction mixture, m.p.

127-129°,

(Founds C, 71.8) Hy 6.5, 0,.H,.80, requires C, 71,5 H, 6.3)s The
infrared spoctmum (Mujol) showed & strong sbsorption at 1130 om™ '

(s = o) but no hydrexyl abserption,

Selio thoxy=1=hydreerel,2,3 4=tetrahydronaphthalene (65, R = Ciie)
(1) The tetralol (0.4) in 17 methanolic HC1 eoid was heated

for 18 hr at 40°, Product melysis showed that T-methoxye1,2-
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and iFs dimer were

dihydro-naphthalene[wss the predominant products. The n.m.r. 8pece
trum (in cmn,) showed & twoeprotan multiplet centred at v 7.89
(3-me thylene protons), a quartet at % 7,22 (bensylic protoms), a
signal at T 6,22 (methoxyl), and & multiplet centred at t 4,10
(olefinic 2eproton), A doublet centred at 7 3,58 with coupling
constant J 9.9 o/s was assigned to the benzylie i=proton (olefinie).
A multiplet centred at v 5,23 was due to the aromatic protoms, The
integrated intensities over the spectrum were 2 1 23 331811 3o
(11)  Reaction (i) was repeated but & time of 1} hr was used,
Product analysis showed that the dihydromaphthalere (R, 0,83) and &
suall emount of 2«(6-methoxy-1,2,3,4=tetrahydrostienaphthyl =3 4=
dihydroe6-ne thoxynaphthalene (111) (n, 0.78) was present in the ree
action mixture,

(141)  The tetralol (1.2i) in 0,001% methanolic HCl acid was al-
lowed to stamd at room temperature for two days, bise(G-letloxy-

12,3, 4=te tralydro=1=naphilyl Jother (110) orystallized out slowly frem
the resction mixture as needles (ga 5% yield), m.p. 99=100°,

(Founds C, T7.73 H, TeBs CpoHpc0y Tequires G, 78413 H, T.T%). The
n.a,r, spectrum (in m,) showed & multiplet centred at t 8,01 due
to the methylene protons, a partly resolved triplet centred at ¢ 7,26
(benzylic protons), and a resonance at ¥ 6,25 (methoxyls), A tripe
let centred at © 5,44 was assigned to the protons in the ether linke
age and a multiplet at © 3,07 was assigned to the arcmatic protoms,
'Lhintlmhdmm“rthlmemmau4|6|2:6.
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The bisw-ether (0,02 g) in 1% methanolic HC1 acid (3 ml) wes
heated at 40° for 18 hr, The resction mixture showed the presence
of three compoundss (a) T7e-methoxy-1,2edihydronaphthalene, R, 0,81
(mejor), (b) the dihydrodimer (111), R, 0,72 (minor), (o) w-
rescted bigeether, Ry, 0,21 (minor),

(iv) A sample of the tetralol (0,4M) in methanol was heated at
40° for 6 hr, No changs was observed,

(v) The tetralol (0,06M) in % methanclic scetic acid was heated
at 40° for 1 hr, Product analysis showed the presence of the dihydro=
naphthalenge, unreacted tetralol and a compound at Ry 0,37 (methyl
ether 7).

(vi)  The tetwalol (0.125M) in 0,001% methanclic scetic acid was
heated at 40° for 24 hr, Thin-layer ehramatography showed the pres
mofmoumldl,o.ﬂ. The reaction was stopped and the
solvent and scid completely removed, The n.m.r. spectrum (in 001,)
of the product (methyl ether) showed a multiplet centred at 7 8,14
(methylene protons), a broad wmresolved band at T 7,35 (benmylic 4=
protons ), two intense signals at + 6,71 (benmylic 1emethoxyl) and

T 6,29 (6emothoxyl), and & broad band at v 5,86 (benmylic 1eproton),
The abserption of the aromatie protons was centred at + 3,33, The
relative integrated intensities over the spectrum were 4 ¢ 2 1 5 ¢
3¢1: 3

The tetralyl methyl ether was found to be unstable in the
presence of even small smownts of meid, When heated with 0,15
methanolic HOl moid it decomposed to give the dihydronaphthalene (81).
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1.2=Dibrdpaxy=1,2,34=te txahironaphthalene (66,67, R = 1)

The tetralin gise ard irmge- diols were found to be very
gtable under the conditions used for methyl-ether formation, Howe
ever, prolonged heating of the gig- diol (R, 0,41 in 17 ethmole
chloroform) with % metkamolic HC1 acid gave & little of the frsns-
ddol (R, 0,33) (resotion mixture was probably contaninated with
wvater even though precautions were taken to exclude water from the
reaction),

1) The gig~ and ipgms~ diols (C.05M) in 0.1 methanolic HC1
a0id were heated at 40° for 15 hr, The reaction mixtures turmed rcd

in colour, The infrared spectra of the reaction products showed
gtrong sheorption at gg 1700 ! (oarbomyl).

(11) Both diols were found to be unreactive in the presence of
1% methmnolic acetic acid,

(114) The gige diol (0,1M) in 0,01% methanclie FO1 ceid vas heated
at 40° for 12 hr and the solvent and acid removed, The n.a.r. Spece
trua (in m,) of the product showed a multiplet centred at v 7.93
(3-methylene protons, 2-hydrexyl proten md 2eproton), a triplet
oentred at t 7.13 (bensylic 4=protons), & resenance at t 6,84 (me-
thoxyl group of methyl ether) and a signal at T 6,25 (6-methoxyl).
A doublet centred at v 5.85 was assigned to the benzylic leproton of
the gigemethyl ether, A quartet cemtred at © 6.03 was assiged to
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the benzyliec leproten of the gise and irans. methyl etharn, The
aromatic protoms showed a multiplet at t 3,00
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