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SUMMARY

Four new compounds were .is‘ol'ated from Neorautanenia amboensis, three
minor isoflavanoids, the deliydrorotenoids DEHYDRODOLINEONE, NEBOENSINONE
and NAMBINONE, and the isoflavone glycoside AMBONIN. In addition four known
isoflavanoids, NEODULIN, NEOTENONE,. PACHYRRHIZIN and DEHYDRO-
N‘E‘OTENONE were also isolated from N.‘ amboensis., This dissertation is con- A'
cerned with: | | |

) (1) ' ~ The e1u01datlon of the structures of the new compounds mentioned

above by chemmal and physical methods.

(ii) Nuclear magnetic resonance studies on hydroxybenzofurans and
related phenolic derivatives of natural ‘isoflayanoids with special reference to

the relation betWeen»a.nion shift and chemical structure.

A summary is given below of the most 1mportant results wh1ch were ob-.
tained and wh1ch represent a contribution to our knowledge of the isoflavanoids

~and the physmal methods used in their structural elucidations.

(i) (a)' THE ISOFLAVONE GLYCOSIDE AMBONIN (I)

The glyc051de ambonm (I) was obtamed as the ma]or constltuent from
N. .amboenS1s Hydrolysis of ambonin w1th 'dilute sulphuric acid afforded. the ,
'aglycone DAIDZEIN (II) (7, 4'- d1hydroxy1sof1avone) Vmax. (cm 1) 3160(hydroxy1), :
;162.1‘ (a :"B - unsa-turated ketone) and two sugars, glucose and a pentose.
‘ Me,thylationrof (D) gave 7,4’ —DIMETHOXYISOFLAVONE (I, Vmax. 1625cm )
(o« K 8 - unsaturated ketone) Alkaline hydrogen peroxide ox1datlon of (III)
gave - FORMIC ACID, 4 - METHOXY SALICYLIC ACID (IV) and 4- METHOXY

BjENZOIC ACID (V) which estabhshed the structure of (II) beyond any doubt,

Catalytlc hydrogenatlon of (III) over 10% Pd/C gave two products

. 7,4'-DIMETHOXYISOFLAVANONE (VIII) and 7,4' - DIMETHOXYISOFLAVAN(IX)
| I)/Iethylation of ambonin (I) with dimethyl sulphate a.fforded an oily product which
was hydrolysed with hydrochlorlc a01d to y1e1d FORMONONETIN (X)

(7 -hydroxy - 4' - methoxyisoflavone) vV max. (cm 1) : 3100 (hydroxyl),

1628 ( o : g -unsaturated ketone), which established that the sugar moiety is

attached to the aglycone! daidzein (II),as a disaccharide in the 7 -po'sition. .

The separation of the sugars. of the glycoside ambonin (I) was success-

“fully achieved by chromatography of the neutralised, evaporated hydrolysate on a




column of powdered cellulose. The second;suger trom the- column was found to
be o - D - GLUCOSE. The f1rst sugar from the column, | |

SUGAR X l: ]21+ 8. 2°, ‘was obtamed as a syrup and could not be induced to
crystalhse Acetylation of the sugar afforded the acet0xy derivative as a colour-
less 011. The mass Spectra of sugar X and its acetoxy derivative as well as the
NMR spectrum of the latter strongly indicated that the su'gar is most likely a

Ve
pentose.

(b) THE DEHYDROROTENOID DEHYDRODOLINEONE C19H100g

The infrared spectrum of DEHYDRODOLINEONE (XVI), clearly shows

the presence of a methylenedioxy group, 'max. A(cm‘ﬂl): 936, 1032 and 1156',
which was further substantiated by a positive Labat test for this group and an'
a : B -unsaturated ketone ‘Vmaxo 1634 cm™1. The ultraviolet spectrum shows
the presence of a benzofuran system, *max. 237 m po(log e 4.42) Hrydrogenatio'n.
of (XVI) over 10% Pd/C in ethyl acetate afforded DIHYDRODOLINEONE (XXIX).

The saturation of the 6a; 12a-double bond of (XVI) increa'sed the carbonyl fre-
quency of (XVI), Y max. 1634 cm_1 _to 1659 cm-1 for (XXIX) as expected. |

" The ox1dat10n of (XVI) with n- amyl nitrite in glacial acetic ac1d gave

7 i 'NEBOENSINONE (XVII) (see under (c) ), 1dentlca1 in every way w1th the natural

product The mass- Spectral fragmentation pattern of (XVI) (M334) is in full
agreement with the proposed structure for thls compound.

(c ) THE DEHYDROROTENO]D NEBOENSINONE C19H801

The mfrared spectrum of NEBOENSINONE (XVII) shows in add1t1on to the
1

absorptlon band_;f.‘at Vmax. 1639 cm ( oé:‘: B -unsaturated ketone) the
presence of.an ‘o ': 8- unsaturated lactone group at"1724 cm L. The presence
of a methylenedmxy group is shown by the absorptlon bands at  “max. 930

1028 and 1155 em™1, The ultrav1olet spectrum of (XVII) “Amax. _mu (log e )
252 (4.10) and 262 (4.12) (benzofuran and carbonyl) also has a very high o
absorption band at 404 (3.85). As this compound is identical in all respects

with the oxidation produc't"of (XVI) (see under (b))theure can be little,doubt as to

i the structure of this compound, which i's also in full agreement with data
obtamed from its mass spectrum (M 348)

(d) THE DEHYDROROTENOID NAMBINONE C20H1207

JAn accurate mass—spectral molecular weight determination showed that
»NAMBINONE‘(XVIII) has a formula of C20H1207 (M364). As with neboensinone(XVII)

the .infrared spectrurn shows the presence of an -a : B -unsaturated ketone at

-1

“Ynax. 1650 cm ' and a lactone at ‘max. 1735 cm-l. I contrast




to dehydrodolineone (XVI) and neboensin'one (XVII) the infrared spectrum shows
no bands for a‘ methylenedioxy group, but absorption bands'at Vvmax. 2920,
2850 and 1457 cm™1! indicate the presence of methoxyl groups. The ultraviolet

>‘max.

spectrum of this compound is virtually identical to that of neboensinone,
“my (log.-e ) : 258 (4.04) (benzofuran and-ketone) and 406 (3. 51), Suggestmg a
S1m11ar structure The mass- spectral fragmentation pattern is also in full -
-agreement with the-proposed structure for this compound. Due to the fact that A
only very small amounts of this compound is available from the natural source,
extensive chemical investigation was impossible. Because of the insolubility
of these compounds in most organic solvents used in NMR-spectral studies, the

latter was also excluded as a possible method for conf1rm1ng the tentat1ve struc-

ture suggested

(e) MASS-SPECTRAL FRAGMENTATION PATTERNS OF ISOFLAVANOIDS

AND DEHYDROROTENOIDS

; _‘In order to obtain more information on the mass-spectral fragmentation

" patterns of isoflavanoids and related compounds, studies on the fragmentation
patterns’ of seven isoflavanoids and three dehydrorotenoids were undertaken. It
‘was found that these compounds are relatively stable to electron 1mpact The

' most pronounced cleavage mode of the 1soflavanones and derivatives is via a
retro- Diels' - Alder" f;‘agmentatlon of the molecule-,r In the case of Kthe furo-
coumarins the retro-Diels-Alder fragmentation pattern is not an important
"'prOcess'due to the stabilization effect of ‘the 3, 4= double bond. . The llo‘ss of

carbon monoxide is the breakdown pathway mostly favoured for these compounds.
The stability of the dehydrorotenmds is due to the 6a, 12a double bond which
causes a high degree of conjugation and’ very little fragmentatmn occurs. VT.-he
major breakdown paths for the dehydrorotenmds.are v1a_L the loss of a hydr.ogen 4

atom and the elimination of carbon monoxide.

(i) () THE SYNTHESIS OF HYDROXYBENZOFURANS

. Three hydroXybenzofurans were synthesize~d The preparation.of ;

6- HYDROXY , 4, 6 - DIHYDROXY—, and 6, 7- DIHYDROXY - 2, 3- DIHYDRO—
| BENZOFURAN -3 ONE (X;XXIV) (XLI) and (XLVI) according to known methods
is described. - Acetylation of (XXXIV), (XLI) and (XLVI) with acetic anhydride in

pyridine and hydrogenation of the acetoxy derivatives over Pd/C at 60°-70°C




under 4 atmospheres pressure afforded 6 - ACETOXY -, 4, 6 -DIACETOXY - and
6, 7T-DIACETOXY -2, 3-DIHYDROBENZOFURAN, (XXXVI), (XLIII) and
(XLVIII) respectively. B

By refluxing compounds (XXXVI), (XLII) and (XLVIHI) in-dry benzene

. A
- with' DDQ (2, 3- dic,\loro-5, 6 - dicyano - 1, 4 - benzoquinone) for different periods

- of time afforded 6 - ACETOXY -, 4,6 - DIACETOXY - sind

6, 7 DIACETOXYBENZOFURAN (XLIX), (L) and (LI) respectlvely in good y1e1ds
This is to the best of our knowledge the first.instance where a high potent1a1 ‘
gumone (DDQ) was used to dehydrogenate ‘d1hydrobenzofuran compounds. It was
‘feundthat the hydroxybenzofnré,ns are very sensitive to oxygen in alkaline medium
which exeluded the use of alkali for the hydrolysis of the acetoxybenzofurans.

The reductivv'e' cleav‘é.ge of the acetyi groups with lithium :aluminium hydride in
ether under a n1trogen atmosphere ylelded the correspondmg hydroxybenzofura.ns
6 - HYDROXY , 4,6- DIHYDROXY - . .and 6,7 -DIHYDROXYBENZOFURAN,

(LII), (LII) and (LIV) respectively. . '

(b) PHENOLIC DERIVATIVES OF ISOFLAVANOI'DS

‘The preparation of the phenollc compounds PACHYRRHIZINOL (LV), the
DEOXYBENZOIN OF DEHYDRONEOTENONE (LVI) and FORMONONETIN (X)
from the 1sof1avan01ds pachyrrh1z1n (XIII), dehydroneotenone (XV) and in the

" case of formononetln from the gly0081de ambomn (1), is descr1bed

(c) NUCLEAR MAGNETIC RESONANCE STUDIES OF HYDROXY—
" BENZOFURANS AND RELATED COMPOQUNDS —

Nuclear magnetle resonance studies of hydroxybenzofurans and related
cor'nprounds-\:)vere undertaken in whieh extensive use was made of the relatively
new anion shift technique in order to establish whether this method ¢dn be ,,uség
. as an aid in the structui'al elucidation of isoflavanoids and related compounds.

The nuclear magnetic res,on,ance anion shift data obtained from ten phenolic com-
‘pou.nds are given and discussed (Chapter 7). In benzefuran compounds long~range
Spin-spin coupling between the protons in pOS1t10ns 3 and 7-was observed,

a fact which can be very useful in detecting substitution in these positions.
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INTRODUCTION

The genus Neorautanenia belongs to the tribus Phaseoleae of the sub-

famlly Pap1110natae of the Legumlnosae The Leg_u,_mmosae has proved to be
~ one of the ricliest sources of isoflavanoids. The genera M,nn(:in_lse‘a, Milletia,
Lonehecarpus,‘ Tephrosia and Derris, , wWhich also belong'to the siib“—family Pa.—
' pilionatae, ‘are known to be very potent fish-poisonous plants. Theserplants are

also very toxic to-insects, the Derris genus for example has been commercially
" Verp'leited as ‘an insecticide It has been established that the tox1c propertles of
' these plants are due to a group of chemlcally closely related compounds the
roten01ds of which the most 1mportant 1s rotenone from wh1ch the name of the

group is derived.

The Neorautanema spec1es occur in several regions of the Republic as well

as in Central Afr1ca The Natlonal Herbarlum lists elght Neorautanema species:

(1)
(@)
(3)

N, amboensis Schinz.
. ‘
N
(4) 'N. deserticola C.A. Sm.
N
N
N
N

. brachypus (Harms) C. A Sm.

. coriacea C A Sm.-

(5) 'N. edulis C.A. Sm.

(6) ' N. ficifolia (Benth.) C.-A, Sm..
(7) 1
-(8)

.‘lugardii (N.E, Br.) C.A. Sm.
. pseudopachyrrhiza (Harms) Milne Redhead.

Several taxonomists hold"the view that the elassiﬁcation of the Neorautanenia
species as given above should be revised as they are convinced that N, edulis-
and-N, coriacea are variations of the same speciee that N. ficifolia andN
" deserticola are 1dentlca1 and that N, brachypus and N. lugardii are: varlatlons
of N. amboensm Althoughthe four Neor-autanenla species which have been in- |
~vestigated so far have one or more 1soflavan01ds in common the. basm 1sof1ava— : ‘
~ noid pattern of each species. differ conS1derab1y (Table A) and this fact can be of .

" considerable taxonomic 1mporta.nce in the re-classification of -this species.

Three Neorautanema spec1es have been mvestlgated in this department

44 55. 30, 31

N amboen51s N. flc1fol1a andN eduhs

N, am.boen51s occurs in




|

the Kruger National Park near Shingwidzi and Tshokwane and also in the Khomas
" Highlands in South West Africa. N. ficifolia occurs in the Bothavillé (O.F.S.)
and adjoining districts ais well as in the Pretoria district. The third species,
N. édﬁlis; which was also the first of the three species to be investigated, occurs
in‘ ﬂ;e northern_‘ Soutpansberg bushveld and Koedoesrand areas in the Transvaal. '
It is known that N. edulis and N. ficifolia are fish—poisonptis plahts, but the toxic
pfopérties df N. ‘am'b‘oenSi‘s; if any, are not known as no.tests in this ;'.eg'a»rd have
. been carried bilt.' N. pseudopachyrrhiza, which occurs in Tanzania, ‘is to the
best bf our knowledge-the only Neoréutaneni-a.species which has been investigated
outside the Republic by Crombie et al. 15 This species is also reported to be
toxic to i.'msécts’° The Neorautanenia spec.ies are chéracterized by their excep-
tionally large roots (tubers), which often attain 4weights of 40 to 60 pounds.”

A variéty of isoflavanoids and rotenoids have been isolated from the four
Neorautanenia species which have so far been investigated and the results to

‘date aré summarized..‘in Table A.

TABLE A.

Isoflavanoids and rotenoids isolated ffoni the Neorautanenia species.

Compound  © o . N N N . N. pseudo-

’ i L ' lamboen‘sis edulis ficifolia pachyrrhiza
Neodulin ‘ : g | + o+ - - '
‘Neotehc‘me" | o + + .. + . o+
Pachyrrhizin : + ‘ + - 7 .
Dehydrc?)neqtendne | + o ‘  + B - L -
Neofolin . C- - ' + o
Ficinin | . - - + .

| Neficin. . - o n ;. -

iNeps’eudin - , - - B +
Dolineone : - - - +
Dehydrodolineone + | - - -
.Netl)oensinone o | ' + » - - -
Nambinone + - - ’ - ' S
Daidzein (as the | + - -0 _
7-O-glycoside ’
amboenin) '




From Table A it can be seen that the furoisoflavanone neotenone is com-

mon to all four N. species. N. amboensis and N. edulis have four isoflavanoids
in common and it is worth mentioning that the ‘pterocarpan,,v neodulin, was pre-
viously thought to be characteristic for N, edulisn N, amboensis has a remark-
ably rich variety of isoflavanoids and rotenoids, i.e. a pterocarpan (needulin),

a furocoumarin (pachyrrhizin), an isofla\fone (dehydroneotenone), an isoflavanone
(neoten'one'-.)‘as well as three new dehydrorotenoids dehydrodolineone 'neboen— ‘
sinone and nambinone, the latter two representmg a new class of compound. wh1ch “
contain 1soflavone and coumarm structures In add1t1on a d1hydroxylsoflavone
(daidzein) was also 1solated from N. amboen51s as the new 7-O-glycoside am-
bonin, which,. to the best of our knowledge is reported for the first time from the
Neorautanema species. Itis remarkable that an isoflavone (da1dze1n) of such

a relatlvely S1mple structure should be assoc1ated with the more complex furoiso-
flavan01ds ‘and dehydrorotenoids. The b1ogenetlc relat1onsh1ps -of the compounds

~ isolated from. N. amboensis' and thelother N. species raise 1nterest1ng quest1ons

and 'should prove to be a very promising field of study.

The three dehydroroteno1ds from N. amboenS1s mentioned above are the.
'flrst natural dehydroroteno1ds that have been isolated and, .in add1t10n the dehydroj
roten01ds neboensmone and nambmone represent an ent1rely new (keto—‘ .
' lactone) type of roten01d The isolation of an isoflavanone (neotenone) and its
correspondmg rotenoid (dolineene) from the same plant, N, pseudopachyrrh1za 15
was- the first fully authenticated 1nstance where these two compounds were shown
to occur together. In this regard itis mterestmg to- note that the correspondmg |
- dehydro- compounds i.e. dehydroneotenone and dehydrodolmeonef also oc,cur
together in N. amboensis. All the furoisoflauanoids and rotenoids iso‘lated from
N. amboensis and N. ..pseudopachyrrhiz‘a possess a methylenedioxy group except
the isoflavanone nepseudin (from N. pSeudopachyrrhiza) andjthe rotenoid nam—
b1none (from N. amboensis) which have two methoxyl groups. in lieu of a
methylenedioxy group. From a b1osynthetlcal pomt of view. the syntheS1s of

rotenoids from 1soflavano1ds appears very attractlveﬂ

N. edilis was extensively examined by several workers but no rotenoids
could be foun_d'. - In the case of ‘N. ficifolia, which is still being investigated,
three 'minor compounds compound A m.p. 230°C comp‘ound B m.p. 270°C

and compound X m. p. 400°C were isolated but were not further 1nvest1gated 44

Of these three compounds any .one or all three m1ght pOSS1bly be roten01ds




It was found that the relative proportions of the compounds isolated’ from
N. amboenS1s varied considerably durmg the different seasons. Neodulin, for
example, was only found in very small quantities from plant material collected
during May, whereas the relative proportion of this compound increased con-
siderably from. plant material obtained during January. This seasonal variation
-in the relative abundance of the components are also known to occur in the other
three N species, Due to this seasonal fluctuations in the relative abundance of
these compounds it is Very important to examme batches of the plant material
throughout the plant's growth cycle as certain components espec1ally in the case

of the minor ,const1tuents, can easily be overlooked°

Four of the 1soflavan01ds isolated from N. amboenS1s are known com-

: pounds which have prev1ously been isolated. 15,30 Chemical degradatlon of
the new glycoside ambonin showed the aglycone to be the known 7, 4'- d1hydroxy—
isoflavone (da1dze1n) which was first isolated by Walz? from soya beans (Soja
h1sp1da) The sugar moiety was found to be a d1sacchar1de (glucose + a pentose)

attached to the.7- p031t10n of the aglycone.

l. :The structural elucidations of the thiee new dehydrorotenoids isolated
from‘ N. amboensis were mainly achieved by spectrophotometric methods as a
- result of the very s»mall quantirt-ies 'of materials that were av'ailable which pre-
cluded conventional chem1cal methods of 1nvest1gat10n -In this regard extensive
use was .made of mass- spectral data obtained from related compounds i.e. 4
1sof1avan01ds The final proof for the structures advanced for these dehydro—
roten01ds w1ll have to await further chemical and spectrophotometrlc exam1nat1ons

when more materlal becomes avallable or total synthesis.

A new route for ‘the synthesis of hydroxybenzofurans was’ also developed ‘
: Nuclear magnetic resonance studies of the hydroxybenzofurans and related com- i
pounds usmg the relatlvely new anion sh1ft techmque -afforded much mformatlon

as to the poss1ble apphcatmn of this method as an aid in the structural elucidation

of 1soflavano1ds and related compounds
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STRUCTURE OF THE GLYCOSIDE AMBONIN (I) |

A, GENERAL

The glycoside'ambonin (I) was obtained as the major constituent from .
N,amboensis as a white crystalline compound melting point 230° - 2320C (from
water), The drying of ambonin at 110°C for 16 hours loweéred the melting -point
to 225.5° - 227.5°C with a corresponding loss of weight, 4indicating the presenoe
of water of -crystallisation Ambonin (I) is the only isoflavone glyc051de that has
been isolated so far from any of the three Neorautanenia species, N. edulis,

No ficifolia and N, amboensis, which have been 1nvest1gated in this department.

The infrared spectrum- of ambonin (plate 1) shows ‘strong absorptiOn bands
at  ¥max. (cm'l) : 3340 '(hydroxyl)‘; 1630 ( 8 : B - unsaturated ketone);1615,
1‘563', 1515 (aromatic). The ultra\}iolet spectrum of ambonin shows absorption

" bands at >‘max. (mi ) (loge ): 232 (4 30) ( a i B - unsaturated ketone);

262 (4,46), and 3021 (3. 94) (aromatlc)

Gemstm and sophoricoside 1 2 the 7- and 4' glucomdes of gemstem
(5, 7 4' - trlhydroxylsoflavone) have very similar ultraviolet spectra Analy‘sis
~ showed that: ambonm contams no methoxyl - or C - methyl groups,,l but, phenolic
hydroxyl groups, Ambonm has -a_specific rotation of I: :I v - 173.80ina 0,02 M,

potassmm hydrox1de solut1on and gave a posmve Mohsch test.

B.. HYDROLYSIS OF AMBONIN (I)."3’4’ 5

;Hydrolysis of (I) with dilute sulphuric. acid ‘ai‘forded_th‘e agiycone daidzein
(II) (7, 4'- dihyd-roxyisoﬂavone) m. p. 3300 - 333°C (deoomp )jas“ :a;white amor- -
’ vphous powder 7,8,9,10 Thin- layer chromatography of the neutralised f11trate

showed the presence of two sugars.

Disaccharide (glucosé + pentose)

() R =

(I). R = H.



10.

The infrared spéctrum of daidzein (II) (plate 1) has strong bands at Ymax.
(cm'l) : 3160 (phenolic hydroxyl); 1621 ( o : B - unsaturated ketone);
1598, 1587, 1513 (aromatic); 1235 (hydroxyl). Ultraviolet spectrum Amax.
myu (log e ); ° 2321 (4.22); 249 (4.30) ( « : B - unsaturated ketone);
300 (3. 87) (dromatic). |

Infrared and ultraviolet spectroscopic examination of flavanoids is very
informative and can yield much information about the compounds. Isoflavones.
havefairly. characterlstlc ultraviolet spectra and’ the1r infrared spectra usually show

strong mulnple bands in the 1400 - 1600 cm -1 region.

The most distinctive difference between isoflavones and flavones is in their

2,8, Flavbnes' (a) and flavonols generally exhibit high in-

ultraviolet lépectra.

tensity absorption in the 320- 380 rn u region (Band II) and a lower intensity in the
- 240 270 my region (Band I). The position and 1ntens1ty of the absorption of
each of these bands vary with the relative resonance contributions of the benzoyl

v(b), cmnamoyl (c) and pyrone ring (d) groupings to the total resonance of the fla-

vone molecule.

(c) - . (d)

Although these groupingsv interact, Band II is ‘mainly associated with ab-
sorption in the cinnamoyl grouping (c) and Band I with absorption in the benzoyl

grouping (b),.,11

-




11.

In isoflavones (e) the phenyl ring at position 3 is not conjugatedWith the
pyrone carbonyl group. Consequeritly, Band.II which in‘flavones is associated
with the conJugated lateral B rmg (c), is e1ther absent or cons1derab1y dimi- |
. n1shed in 1ntenS1ty in the spectra of isoflavones. Isoflavones therefore, show;s.' '
one mtense absorption max1mum at 240-270 m y (Band .I) and a peak or: in- -

~ flection at 290-330 mu (Band II) of much lower -intensity.

Band II is thus of diagnostic value since isoflavones show weaker ab-
sorption'than is shown by their flavone analogues Isoflavanones show absorp- 7

-tion which is not very dlfferent from that of lsoflavones 12 ,13

The ultraviolet and in’frared spectra of daidzein (II) thus strongly indi-

cated that the compound was an hydroxyisoflavone.

C..  METHYLATION OF DAID‘Z'EIN.(II) 9,10, 14.

Methylat1on of (II) with d1methy1 sulphate in dry acetone’ and the subse-
quent chromatography of the reaction product on alumina afforded the pure
"'methoxy derlvatlve of daldzem (111). Analys1s showed that the compound con-
- tains two methoxyl groups and thus establlshed that daldzem is a d1hydroxy—

- .isoflavone.

’(C‘H3)2 SO4

<

(1)

R R . e e s v ) tee e . . N , \

FEFEE R |

The infrared spectrum of 7,4'-dimethoxydaidzein (III) (plate i) shoyved
- no hydroxyl groups and has absorption bands at . Vmax. (cm~1): 1625( a :B

- unsaturated ketone); 1597, 1560 and 1510 (aromatic).‘
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(a) AMBONIN (I)

8000 4000
wavenumber

(c) 7,4' - DIMETHOXYDAIDZEIN (III)

12.




D. (i) ALKALINE HYDROGEN PEROXIDE OXIDATION OF
7,4' - DIMETHOXYDAIDZEIN (I11)15

The usual methods of isoflavone degradation are shown below.

OH~ .

N
v

‘ﬁi
Ethyl formate

(f): R=H
(i) : R=CHg
e OH
. Ps\y_g,\\ » H202

OH , ~_ OCH3 COOH
) + : ‘ \ + ‘ B

o ‘ COOH '

. (8) (h) - (i) k)
Isoflavones (e) are generally stable towards acidic ',reagents and basic . 7

hydrolysis is usually more informative. Alkaline hydrolysis under mild conditions”
will usually ‘transform an isoflavone into the corresponding deoxybenzoin (f) and
formic acid. This reaction is diagnostic for an isoflavone and may be confirmed
- by resynthesis of the isoflavone ijorh the deoxybenzoin (f) with ethyl formate 16 ‘

or ethyl ofthoformate”. Vigorous alkaline hydrolysis of the deoxybenzoin (f)

leads to the formation of the phenol (g) and the phenylacetic acid (h).

Alkaline hydrogen peroxide oxidation of the fully methylated deoxybenzoin

(i) leads to the formation of the two acids (j) and (k).

The alkaline hydrogen peroxide oxidation of (III) afforded the two acids
4—methoxy salicylic acid (IV) and 4- methoxy benzoic acid (V). A positive test

for formic acidl8 was also obtained.

o COOR
_ . COOR
(1) 1) OH /H209 >
2) H+ N
CH30 OH
QCHz
, (IV):R=H (V):R=H
CHoNy . VI):R=CH (VII) : R=CHj
(IV) + (V) CHaNp | o 3 |



(ii) METHYLATION OF THE ACIDS (IV) AND (V)

Methylation of the acids (IV) and (V) in anhydrous ether with diazomethane
yielded the corresponding methyl esters, 4- methoxy methyl salicylafe (VI) and
4-methoxy methyl benzoate (VII). ' o

Evaporation of the ether gave the esters (VI) and (VII) as an oily residue.
The residue was taken up in benzene and separated by extracting with cold pot-
- assium hydroxide solution., Acidification of the alkaline layer gave (VI) and the

ester (VII) was obtained from the benzene layer.

Hydrolysis of the esters (VI) gmd (VII) with dilute sodium hydrbxide solution
at room temperéfﬁre and acidification afforded the acids (IV) and (V), which were
} p051t1vely 1dent1f1ed by comparison with authentic samples (1nfrared melting |
points and Rf values). The structure of the aglyf:one of ambonin (I) was thus
iunambiguously proved as 7, 4' - dihydroxyisbf1a§one (daidzein) (11) 7 8, 9, 10‘
Daidzein was first isolated by Walz7 from soya beans (SO]a h1Sp1da) as the 7 0-
glucoside daldzm and subsequently also from the roots of Peuraria thunberglana

Benth. 19 as well as from several other members of this spe01es

E. HYDROGENATION (023 DIMETHOXYDAIDZEIN ~(III)

Catalytlc hydrogenatmn of isoflavones can lead to a variety of products, -

. depending on the catalyst and solvent used 12,20 Hydrogenatlon of (III) in ethyl
acetate over 10% Pd/C catalyst until the hydrogen absorption ceased, yiveldéd

two products, 7, 4 - dlmethoxylsoflavanone (VIII)12 and 7, 4'- dimet.hox.yisoflavan» :
(IX) 12, ‘

_OCHg

VIII
HO (VIII)

Pd/C




Infrared spectrum of (VIII) "m’ax, (cm'l) : 1664 (carbonyl); 1595,

' 1563, 1510 (aromatic).

Infrared spectrum of (X) Vmax. (cm~1): 1602, 1572, 1510 and 1500

(aromatic).

F.  METHYLATION OF AMBONIN ()14 -

In order to ascertain whether the sugar moiety is attached tothe aglycone
as a disaccharide or as two monosaccharides ambonin was methylated with
dimethyl sulphate in acetone. The fully methylyated derivative of ambonin was
obtained as an oil which was hydrolysed with hydrochloric acid in methanol '
The hydrolys1s yielded a crystalline product which was positively 1dent1f1ed by
its ultraviolet and infrared spectra, melting point and acetoxy derivative (7-
acetoxy - 4' -tnethoxyisoflavone)'(XI) m. p 1700-171°C as 7- hydfoxy 4'-
methexyisoﬂavone (forirhononetih) (X). Formononetm (X)is a naturally occurrmg
1sof1avone which has been isolated from subterranean clover (Trifolium subter-

raneum L.)9 a.nd from Ononis spinosa L 8,9 a5 the glucoside ononin.

OR'
@  L.(CH3)250
2) H+
' (X) R =H;R = CH3
CH3CO0)20 c
(X) (CH3CO)20 . (XI) R = CH3CO R' = CHj

) It was thus established that the sugar m01ety is attached to the aglycone f’

(IT) at the 7- pos1t10n as a dlsaccharlde

Formononetin (X) infrared spectrum' Ymax., (Cm',l):' 3100 (phenolic
. hydroxyl); 1628 ( « : B - unsaturated ketone); 1612, 1600, 1590, 1562 and -
1510 (ar’omatic). |

Uitr’avidlet spectrum Amax. my. (loge ): 249 (4.45); 255 (4.44);
302 (4.03),

7- Acetoxyformononetm (XI) infrared spectrum Ymax. (cm_lf):

1747 (O -acetyl); 1637 ( «:: 2 unsaturated ketone); 1610, 1565 and 1513 (aro-

matic). -
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G. SEPARATION AND IDENTIFICATION OF THE CONSTITUENT
MONOSACCHARIDES 21

' The neutralised filtrate from the acid hydrolysis of ambonin (I) was eva-
porated under diminished pressure at 40°C until a syrup was obtained. The in-
dividual monasaccharides were very successfully separated by chromatography
of the sugar mixture on a column of powdered cellulose, as described by Hough
‘ ef al. 21, using acetone - water and methanol - water mixtures as eluents, rI"he
eluate fractions from the column were examined by thin-layer chromahography

using kieselguhr plates buffered with sodium acetate.

Combination oflfhe appropriate first fractions of acetone-water eluate
from the column, fraction 1, yielded a colourless syrup which consisted of the
monosaccharide sugar X. After a small transition zone the second-monosac’cha—‘
ride was obtained from the column, fraction 2 using a methanol-water mixture
‘as eluent. Thin-layer chromatography (TLC) of this sugar showed that it had the
same R¢. value and colour- reaction. (with p- amsaldehyde sulphuric amd) as
glucose. The sugar was obtained crystalline from methahol—acetone and posi-

- tively identified from its melﬁng point, mixed melting point, osazone and spe-

cific rotation as a- -, D - glucose.

Despite all efforts sugar X (fraction 1 from- column) could not be induced_
to crystalhse Addition of dry acetone to the syrup dlssolved 1n the minimum
amount of absolute methanol caused the sugar to precxpltate as-a fine whlte
amorphous powder which was, howevér, found to be highly hygroscopm, TLC
of the sugar showed that it has approXimately the same Rf value 7as“rhamr.16se
Sugar X has a characterlstlc colour reaction with amsaldehyde sulphurlc acid re—
agent. Upon heating, the spot first becomes red-violet, then turns blue and then
reverts back to the original red—violet colour after approximately 12 hours at .
room t'emperature’., Comparison of sugar X on TL,C‘ platés with other availabie
mouosaccharidés showed that it is not any of the following: fructose, sorbose,
galactose, manhosé; ribose, arabinose, xylose or rhamnose. The high Rf

value of sugar X indicated fchalf.‘it"might possibly be a,;pentdse or deoxy. sugar.

The syrup (dried under high vacuum) gave a specific rotation value of
+ 8.20 in aqueous solution at 21°C. The phenylhydrazone derivative of the
sugar was obtained as a brown resinous compound which yielded an amorphous

product m.p. 70°-80°C. The p-nitrobenzoate derivative Was obtained as a yel-
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low crystalline product m.p. 70°-75°C. Tests for deoxy sugars were all nega-
tive. 'Acetylation of the syrup and purification by preparative TLC22 afforded

the sugar X acetate as a colourless oil.’

The NMR spectrum of the acetoxy derivative (in CDClg) integrated for
18 protoris, six low field protons with resonances centred at T = 3.89; 4. 54;
5.24; 5.44; 5.65 and 5. 80, and four three—proton.signals at 1 = 17.82;7.83;
7.85 and 7.97 which are in the characteristic range for the chemical shifts
of carbohydrate acetoxyl groups 23, ‘This data is thus in agreement for a pentose

acetoxyl derivative.

The mass spectra of sugar X and its acetoxyl derivative further indicated
that the sugar is a pentose. 24a, 25; 26, 27. The data of the mass spectra are

given in Table 1

TABLE 1

Sugar X | m/e [ 132 [ 119 {101 | 91 | 86 | 73| 60 | 59| 40
K% | 5| 4| 11 | 15 | 23 |100| 57 | 28] 35

'

Acetoxy- | m/e | 259 | 216 | 170 |156 [145 | 139 | 128 |110 |103 | 97|85| 43},
Derivative (% | 34 5 9 8 6| 10| 9| 11| 5| 4] 4{100}

I = relative abundance.

Very little work has been done on the frag‘mentatlon patterns of carbo-
hydrates. As may be expected 26, 27 the parent molecular ion (at m/e 150 for
a pentose) could not be observed. The peak at m/e 132 is in agreement with the ‘
M™- 18  ion which could be expected by the loss of H50 from the M* ion |
(m/e 150) for a pentose.

The ion at m/e 119 may be due to the loss of CH,OH from m/e 150.
A possible fragmentation pattern for the forma_tion of the base peak at m/e 73

is shown below. 26

-: Cg Hg Oy

m/e 150 m/e 91 — 22 /e 73,

As a result of the low volatﬂity of carbohydrates and their thermal labi-
lity most mass spectrometry work on carbohydrates has been done mainly on the

more volatile derivatives such as the methyl and phenyl ethers, acetates and
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acetonides. The spectra of all these derivatives are subject to certain limita-

tions, the most notable being the absence of a measurable molecular ion.

In the spectra of carbohydrate acetate derivatives there are three ions
(at m/e 43, 103 and 145) which are derived from the acetate groups and which are
characteristic among polyacetate spectra. 24a The peak at m/e 43 is due to the
acetylium ion CH?,COJr and it forms the base peak in all of the published spectre.
The other two peaks at m/e 103 and m/e 145 are the di- and triacetyloxonium ions.
CH,CO - O - COCH4 CH3CO - O - COCHg4

'+ 7 COCH3
m/e 103 - ‘
- m/e 145

- In the spectrum of the efc'etoxy d_erivative‘of sugar X (Table 1) all three
these pea;ks are present, the peak at m/e 43 being the base peak. The-molecular
'icn peak at m/e 318 (for a pentose tetra-acetate) is not visible. The highest mass
peak is at m/e 259 (M+'— 59')“ The fragmentatlon processes for this compound
may poss1bly be interpreted as shown below

CH3C02; -CH3COv:

m/e 318 (M+) m/e 259 m/e 216

- | -2 CH4COOH
- (CH3CO,H+CH,CO:) (m = T74.7)

m/e 139

CH4CO,.

v

16 -CH3COOH5 m/e 156 m/e 97
- HCOOH

(m 134)

¥

m/e 170 i %

~ CH4COOH
(m 71.2)

v
m/e 110

Where m is the corres_pcnding metastable peak.

" Due to-limited time no further work was done on. sugar X, but it is envi—
saged that further work will be done in this department to determme the structure
of sugar X. _The complete structure of the glycoside ambonin (1) thus remains to

be established.
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In this regard it may be mentioned that Malhotra ef a1 28 recently i'sdiated
a new glyp'oside, lanceolarin, the 7—apiog1udoside of the iéoflavbng biochanin - A,
~ The branched chain sugar apiose (a pen'tose) has previously b{een found in only-
3 flavone glycosides, lanceolarin being the first isoflavone glycoside which con-
tains apios.e. It is just possible that sugar X may also be a‘bi'anch‘ed chain sugar

similar to apiose.
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CHAPTER 3.

KNOWN ISOFLAVANOIDS FROM N, AMBOENSIS.

THE STRUCTURAL ELUC]DATION OF THREE NEW .
DEHYDROROTENOIDS ‘

A. i INTRODUCTION
B. DEHYDRODOLINEONE
C. .  NEBOENSINONE

D. NAMBINONE




I. . KNOWN ISOFLAVANOIDS FROM N, AMBOENSIS.

In this investigation‘fo}ur known isoflavanoids were isolated ffom N. am- -
boensis, the pterocarpan neodulin (XII), the furocoumarin pachyrrhizin (XIII.),

the furoisoflavanone neotenone(XIV) and the furoisoflavone dehydroneotenone (XV).

"Neoduliﬁn (XII) has previously been found to occur only in N, edulis, 239,30

from which theother three, (XII),(XIV)and(XV)were also isolated. 30, 31, 32.

In addition pachyrrhizin (XIII), neotenone (XIV) and dehydroneotenone (XV) have

15, 33, 34

also been isolated from Pachyrrhizus erosus and Neorautanenia

pseudopachyrrhiza. 19

®v) (XV)

II, THE STRUCTURAL ELUC]DATION OF THREE NEW DEHYDRO:
ROTENOIDS: DEHYDRODOLINEONE «(XVI), NEBOENSINONE (XVII)
- AND NAMBINONE (XVIII).

A, INTRODUCTION

- Prior to this investigation only ten natural rotenoids were lmown\@m’ 39,

36, 37. They all have methoxyl groups at positions 2 and 3 with the exception
of pachyrrhizone (XXVII) 3% and dolineone (XXVIII) 15 Wwhich have a methylene-
dioxy group in these positions. The structures of the known rotenoids are given

below.
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 Rotenone (XIX) : R = H; R = CHj
_ Sumatrol (XX) : R =OH; R'= CHg
~ Amorphigenin (XXI) : R = H; R' = CHyOH

- Deguelin (XXII) : R = H - 'Elliptone (XXIV) : R = H
o - Toxicarol (XXII) : R = OH : - Malagcol (XXV) : R = OH

4 . R y |
Munduserone (XXVI) Pachyrrhizone (XXVII) : R = OCHg
' Dolineoffé{XXVIII): R = H
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Amorphigenin (XXI) C23 Hgo O7, the aglycone of the first rotenoid

glycoside amorphin,was the latest of the rotenoids thus far isolated, 36

The three new rotenoids isolated in this investigation,dehydrodolineone (XVI),
neboensinone (XVII) and nambinone (XVIII) are the first natural 6a, 12a -
- dehydrorotenoids that have been isolated and in addition neboensinone (XVII) and
nambinone (XVIII) represent to the best of our moWIedge also the first

“keto-lactone type of rotenoid that has been isolated.

(XVII)

0]

(XV1I)
| These rotenoids occur in extremely small quantities in N. amboenS1s
_from approx1mately 70 kg dried raw material 80 mg (XVI), 110 mg (XVII) and

*:3 mg (XVIII) were obtained. The isolation of these compounds also presented -
major pi'ohlems The most successful method was found to be by slow fractlonal
crystalhsatmn from the resinous acetone extract. Due to the small amounts
of materlal available no extensive chemical mvestlgatic)hs were possible on these
'compounds and the structural e1u01dat10ns of these rotenmds were mainly ach1eved

by:means of infrared-, ultraviolet- and mass spectrometry.

The solubility of these dehydrorotenoids* was found to be extremely low in
all the common organic solvents. Even in solvents such as pyridine and chmethyl
/’sulphox1de the solubility of these compounds is in the order of 1 mg per 0.5 ml
at a temperature of 100°C. As a result the NMR spectra of these rotenoids

could unfortunately not be obtained and the determination of 'their specific
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rotations was also not possible. The Rogers and Calamari 38 and Durham 39
tests for rotenoids were negative for these compounds, a fact which is attributed
to the low solubility of these compounds. It is also not certain whether these

tests apply to dehydrorotenoids.

'B. , DEHYDRODOLINEONE (XVI) C19H1(0g.

. Dehydrodolineone (XVI) was obtained as pale yellow needles from chloro-
~form m. p. 280°C (decomp.). In solution dehydrodolineone has a light-green
ﬂuorescence‘unde'r ultraviolet light. Infrared spectrum (plate 2), Vmax.

‘  (Cm'l):1634 ( o : ‘B - unsaturated carbonyl); 1605, 1542 and 1500 (aromatic);

1156, 1032 and 936 (methylenedioxy group). .

>‘r:nax. (mu.) (log e )in CHoCly :

Ultraviolet spectrum (plate 3) -
237 (4.42)( o B—unsaturated carbonyl and benzofuran); 274 (4.22) and 310

(4.18) aromatic) Mass 334.

Analysis showed that the compound contained no methoxyl or C-methyl
groups, which facilitated the structural yelucidation, The molecular formula
C19H10Og .is in exact agreement with its molecular: weight (334), obtained

by mass specti‘émetry.

The presence of a methylenedioxy group was shown by the positive
Labat40 ‘chromotropic acid 41 and pthrogluci~n6142 tests and by the characteris-
tic absorpfion> bands for a methylenedioxy group in the infrared spe‘ctrum43’ 44

- (plate 2) Table 2.
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TABLE 2.

Infrared absorption maxima of the methylenedioxy group.

Compound Ymax. (cm™1) Reference
Dehydrodolineone (XVI) 936, 1032, 1156
Neboensinone  (XVII) . 930, 1028, 1155
Nambinone (XVIII) - - -
Neofolin (XXX) 941, 1033, 1199 44
Ficinin (“ficifolin') 930, 1030, 1196 o
Neficin 930, 1030, 1196 44
Pachyrrhizin (XIII) 936, 1039, . 1191 29, 36, 32, 34
~ Neotenone (XIV) 930, 1033, 1182 30
Dehydroneotenone (XV) . v 942, ‘1042, 1190 30
Neodulin (XII) | 915, 1040, 1166 29, 30
Tlatlancuayin .= S -, 1051,, 1162 98
Pterocarpin - _ -, . 1037, 1165 ' 99
* Jamaicin - 933, 1034, - | 100
Pisatin -~ . . 945, 1047, 1163 101
“Sophorol o 939, 1044, - 102
: .An @ : B - uﬁsaturated ketone is clearly .s'hown by the characteristic

band at 1634 cm™! in the mfraréd,Spectrum (plate 2).15,36,45,46.  The intense

absorption band at 237 mu (log € = '4.42) in the ultraviolet spectrun}iof ;

‘ dehydrodolineone (XVI) (plate 3) is ascribed to-both: the o« :R - unsaturated

keto-carbonyl group and the benzofuran system as it is well known that these
‘systems absorb in the 230- 260 m u région. ;5’ 30,44,47-54.  pe ultraviolet
Spectrufn of this compound (plate 3) closely _i"'ésembl‘es that of 6a, 712a—
dehydropachyrrhizc;ne' 35 (XXV1Ib) whicﬁ suggests . a similar structure. Ultra;iolét

data are presented in Table 3 for comparison purposes.




Ultraviolet absorption maxima of rotenoids and rotenoid derivatives

TABLE 3. -

Compound Mmax. mij (log e« ) Referénce
Dehydrodolineone (XVI) 237(4.42) - , 274(4.22)5 310(4.18) -
Neboen‘sinoneA(XVII)i 252(4.10)  262(4.12) ; 274(4.17); 302(4.19) 5 404(3. 85)

Nambinone (XVIII) 258(4. 04) - . 274(4.04); 296(3.98) ; 4.06(3.51‘)

Rotenone (XIX) 236(4.18) 5 244(4.11) ; - ; 295(4.23) ; - 45
Rotenone (XIX) (c) ) | 265(4. 40) ; - ; 298(4.33) ; 345(3.95) 46
Sumatrol (XX) 235(4.22) - ; - ; 298(4.36) ;- 103
Amorphigenin (XXI) . |236(4.14) 5 242(4.09) ; - ; 293(4.22) ;- 36
Dehydroai‘morphigenin (XXTI (b))[238(4.45) - ; 279(4.37) 5 309(4.25) - - 36
Amorphigeninket°,‘(§%‘zzf) 261‘(4.,'37) ; 2§8(4,36); 298(4.29) 340(3,91) 36
Deguelin (XXII) - - . 269(4.47) 5 315(3.97) -; . - 103

o - ‘Toxi‘ca*ro,l (XXIIT) - - . 272(4.54) 5 297(4.05) .- 103
Dehydro- o~ Toxicarol(XXII)(b))|237(4.43) 5, .~ - ; 270(4.61) 5 280(4.61) ; 332(4.17) 45
Dehydro-«-malaccol (XXV) (b)) 233(4.45) ; 257(‘4.43) ; . ; 31'5(4=° 16) - . 104
Pachyrrhizone (XXVII) |2424.65) 5 - . 284(3.93); - ; 334(3.50) 35
Dehydropachyrrhizone(XXV'IIV)(b)“') 248(4040) - ; 275(4034) ; 314(4.18) - 35 °
| Pachyrrhizonone (XXVII) (c) )~ {225(4.62) ; 263(4.25) ; 278(4.32); 301(4.38) ; 412(3.90) 35
Dolineone (XXVIII) 237(4. 56) - 275(3. 84) ; 71) 335(3°50) 15

305(3.

"G3




(XXI (b) ) (XIX (c) )

(XXIII (b)) (XXI (¢) )
(XXV (b) ) . (XXVII (c) )
(XXVII (b)) :

It has been found that in the catalytic hydrogenation of furoisoflavanocids .
the'furan double bond is easily hydrogenated, whereas the double bord of the
pyrone ring often necessitates the use of more drastic conditions- such as higher

29, 30-32, 34, 44,.55. Hydrogenation ofl"H"éhy,dro_

temperature and pressure.
dolineone (XVI) over 10% Pd/C' in ethyi acetate until the absorption of hydrogen
ceased, afforded a small amount of colourless crystals m.p. 149°C, probably
dihydrodolineone (XXIX) C39Hj40g, infrared spectrum  ¥max. (crﬁ'l) :2850;
1659 (keto-carbonyl); 1610, 1575, 1503 (aromatic): 1160, 1030, 933 (methylene-
dioxy group). ‘As ekpected, the“saturation of the 6a, 12a - double bond if‘lcreaéed

the carbonyl frequency of dehydrodolineone (XVI) (1634 cm™ 1_) to 1659 cm-1
15, 30, 56 -

(XVI) S N

Pd/C

(XXIX) |

~ Oxidation of dehydrodolineone (XVI) with n-amyl nitrite preSentéd further
evidence in favour of structiufe\(XVI) for this compound, (see under neboensinone

(XVII), C.)

Crombie and Whiting15 synthesized dehydrodolineorie (XVI) byAdehydro— 4
genating dolineone (XXVIII), isolated by them from N. pseudopachyrrhiza, with

active MnOg and the data of the synthetic 6a, 12a - dehydrodolineone m.p. 270°C
(decomp.) Vmax. (cm~1): 1639 ( a : B - unsaturated ketone): 1613, 1587,
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1538 and 1499 (aromatic)- are in agreement w1th that of natural dehydrodohneone
isolated in this _investigation, m.p. 280°C (decomp.) V max. (cm'l) 1634

( o« : B - unsaturated ketone); 1605, 1578, 1542 and 1500 (aromatic). .

C. - NEBOENSINONE (XVII) C1gHgOy.

Neboensinone (XV:II) was obtained as a jellow crystallin_e compound (from .
,chloroform)"m. p. 350°C (decomp. ). It'has an intense green fluorescence in
solution under ulltraviolet lgightf.« Infrared spectrum (plate 2) 'Vm‘axA. (cm'l):'

1724 (lact'one);-:16'39( o : B - unsaturated. ketone); 1618, 1540, 1504 (aromatic)‘;4
1155 , 102‘8, 930 (methylenedioxy group). Ultraviolet spectrum (plate 3),

(in CHyCly), “‘max. mii (log € ): 252 (4';10) ( a: B - unsaturated carbo'nyl
+ benzofuran); 262 (4.12), 274 (4.17) and’ 302 (4.19) (aromatic); 404 (3 85) (lac—

tone). Mass- spectral molecular weight 348.

(XVII)

As: in the case of dehydrodolineone (XVI),neboensmone (XVII) also gave
p031t1ve Labat40 chromotroplc ac1d41 and phloroglucinol 42. tests for a methylene—

dioxy group, wh1ch were further substantiated by the characterlstlc absorptmn

~ bands for a methylened1oxy group 43, 44 in? the mfrared spectrum (plate 2),

~ Table 2. Ana1y81s also showed that this compound contains no methoxyl - or c

C-methyl groups. In add1t1on to the absorptmn band of an a : B - unsaturated

- ,45,46
1 15’ 36 . the infrared spectrum (plate 2) also

-1 15,.36,44-46

carbonyl group | at 16390m
.shows . the presence of a lactone group at 1724 cm
(cf, rotenonone 1730 cm'l(lactone)., pachyrrh1zonone 1745:cm'1~(1a'cto.ne) )
The compound was found to be soluble in a 10% methanolic potassium h‘ydroi‘fde
solution and upon the evaporatmn of the methanol and acidification the unchanged
compound was again obtained, a reaction wh1ch is characterlstlc for. . a: -B -

unsaturated lactones. 30 44 A57‘

" The ultraviolet spectrum of neboensinone (XVII) (plate 3) is strikingly - .
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similar-to that of the keto-lactone derivative of pachyrrhizone (XXVID),

pachyrrhizonone (XXVII (c) ), 35 (Table 3), which suggested a similar structure.
Both neboensinone (XVII) and pé\hyrrhizonone (XXVII (c) ) have an exceptionally

. strong absorption maximum in the 410 m u  region.

The proposed molecular formula of neboensinone, C19Hg 07, is in
exact agreement with the mass-spectral molecular welght of 348 which indicated
the replacement of two hydrogen atoms by an oxygen atom in the formula of
dehydrodohneone A (XVI) C19Hj0 Og (M334), a proposal which was further sub-
stantiated by the presence of the additional lactone absorptlon band in the infrared

spectrum of rieboensinone (plate 2) compared to that of dehydrodolineone (plate 2). |

In order to estabhsh the valldlty of this propesal, dehydrodohneone was
oxidised 15,35, 36,46 with n- amyl nitrite in glacial acetic acid. The product
from thls reaction was found to be identical to natural neboensinone (XVII)

(m. p infrared-, ultravmlet and mass spectra, and Rf values)

X1y Ce L (XVID)

" The oxidation of the active methylene group at 'position 6 in (XVI) to the
"6 ¢ B '~ unsaturated lactone in (XVII) further established the 5, 6,. 6a 12a
and 12 sequence of oxygen and carbon atoms in dehydrodolmeone (XVI) and also

~ unambiguously proved the: structure of neboensinene (XVII).

D. NAMBINONE (XVIII) C20H1207 .

Nambmone (XVIII) was obtamed as a deep yellow crystalhne compound
m. p. 400°C (decomp ) and. it has a pale yellow fluorescence in solution under
ultraviolet light. Infrared spectrum (plate 2y V- max (cm”™ 1) 2920 2850
(methoxyl); 1735 (lactone)"1650 (o = B unsaturated carbonyl) 1622, 1550 .

and 1530 (aromatlc) 1457 (methoxyl group).
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'Ultraﬁ_/iole't spectrum (plate 3) (in CHzclz), Amax. m n{loge ): 258
(4. 04) benzofuran and carbonyl); 274 (4.04) and 296 (3. 98) -(aromatic); 406(3.51)

a

(lactone). ‘Mass-spectral molecu_lar weight 364.

As a result of the very small amount of nambinone which was available
(£ 3 mg) no analysis or chemical reactions werevpossible and consequently the
structural elucidation of this compound was attempted purely by making use of
physical methods An accurate mass- spectral molecular weight determination
showed that the compound has a molecular formula of C20H1o 07 (required

364.058293, found 364. 058510)

The mfrared spectrum of nambinone?(XVIII) has the same general absorp—
tion pattern as dehydro’dolineone and neboensinone (plate 2) and also clearly
- shows the presence of an o : B - unsaturated carbonyl at 1650 cm -1.15,36,45,.
46 andl'an'oc' : B - unsaturated lactone at 1735 em~1) 15,36,44-46 as in the
case of neboensinone (XVII) (plate 2). In contrast to dehydrodohneone and
neboensinone the characteristic methylenedioxy group absorption bands are absent .
in the infrared spectrum of nambinone, ‘but s:trong absorption bands at 2920,
} 2850 and 1457 cm mdicate the presence of methoxyl groups43 Wthh is
further substant1ated by the mass spectrum of this compound (see Chapter 4).
" The molecular weight. of nambinone (XVIII) 364, is 16 mass units higher than the
B molecular Weight of neboensinOne' (348) which the. accurate molecular weight
determmatlon showed to be due to an addltional C and 4H atoms and not to an -
' oxygen atom. This is in exact agreement w1th the replacement of the methylene—

‘dioxy group "of neboensinone (XVII) with two methoxyl groups.

‘In addltlon the ultraviolet spectrum of nambmone (XVIII) (plate 3)- 1s
v1rtually identical to that of neboensinone (plate 3) which further mdicates the

close structural relationship b.etween these two compou_nds°

(X VIID)
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\

The proposed structure of nambinone (XVII) is thus in complete agree-
ment with the infrared- and ultraviolet spectral data. The mass-spectral
fregmentation pattern of nainbinone is also completely reconcilable with the sug-

gested structure (see Chapter 4.)

The methoxyl groups of nambinone were assigned to positions 2 and 3 from’
biogenetic considerations, as ~all the known rotenoids (vx;ith methoxyl groups) .
.have these groups attached to these positions. Due to the close ‘biogenetic re-
lationship of nambinone with dehydrodohneone and neboensinone it is also
suggested that nambinone has a linear D/E ring fusion and not angular as in the

case of elliptone (XXIV) and malaccol (XXV).

Confirmation for the proposed structure of nambinone, when more mate-
rial becomes available, can be obtalned from NMR data if a more soluble. der1—

vative of nambinone can be syntheswed

It is interesting to note that the dehydrorotenoids and the keto-lactone
rotenoids have very high melting point ranges, 220°-280°C and 3000-400°C re-
Spectively. It has also been found that as the case with dehydrodolineone,
‘neboensmone and nambinone, the’ solubility of the keto- lactone der1vat1ves of
+ pachyrrhizone (XXXVII (c) )35 and amorphlgenm (XXI (c) )36 is very low in

most known solvents.

Further evidence as to the structures of compounds (XVI), (XVII) and’
(XVIII) was obtained from the mass-spectral fragmentation patterns of these

compounds, which are discussed. in. the following-chapter..
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THE INVESTIGATION OF THE MASS-SPECTRAL FRAGMENTATION
PATTERNS OF ISOFLAVANOIDS AND ROTENOIDS

L. ISOFLAVANOIDS

A, INTRODUCTION

Although alfairly recent development, the application of mass spectro-
metfy in ‘organic chemistry has proved to be a very powerful tool in the structural
clucidations of natural products such as the steroids, triterpenes, aliphatic com-
pounds, amino acids, alkaloids and flavanoids. In many cases the accurate mo-
lecular welght of a compound and hence 'the molecular formula can be obtamed
from the Spectrum, A further advantage of this technique is the very Small
samples needed for the dctermination of a spectrum, which is often of consider-

able importance especially if only a small amount of material is available.

In order to facilitate the ‘interpretation Aof the mass spectra of the dehydrc~ ‘
- rotenoids deixydr.odolineone (XVI), neboensinone (XVII) and nambinone (XVI‘II),

a study of ‘the ~fragmcntation patterns of the isoflavanoids isolated frcm N. am-
boensis and N. ficifolia 44,45 was undertaken. Isoflavanoids and flavanoids do

not possess sites of facile bond fission and the relative high stability of these

compounds to electron; 1mpact is reflected in the high abundance of their mole- - '

cular jons. 24P, 58, 59, 60

B, SPECTRAL DATA OF ISOFLAVANOIDS -

The relevant data are'given’in Tables 4 and 5. Metastable ions are in-

dicated by m.




34.

TABLE 4
Néotenone (XIV) Dehydroneotenone Pachyrrhizin Neofolin (XXX)
(XV) (XIII)
(Isoflavanone) (Isoflavone) (furocoumarin) (furocoumarin)
m/e I m/e | I m/e 1 m/e . I
339 4.8 337 21 337" 20. 0 367 24.0
338(M*) | 23.0 336(M*) | 100 336(M+) |100.0 | 366(M*) [100.0
1179 11.4 335 5.0 321 10.0 351 6.2
178 {100.0 321 3.5 319 5.0 338 | 7.0
165 7.0 307 10.0 305 5.5 | 323 21.0
163. 6.4 306 15..0 294 9.0 307 7.5
160 3.1 305 74.0 293 42.0 280 8.2
149.3(m)| - 293 6.0 291 7.5 229 8.5
133 13.2 291 10.0 265 15.0 183 | 10.4
108.5(m)| - 265 4.0 | 239.3m)| - 169 15.5
105" 2.8 263 9.0 207 5.0 |[161.5 | 11.0
93.7(m)| = - 235 5.0 199 17.5 149 4.6
77 4.4 211 5.0.| 179 - 7.0 4 |s6.3
44 5.4 176 . 12.0 168 10.5 28 91.6
160 5.0 :
28 | 16.8 175 15.0 154 | 17.0
- 161 24.0 150 5.5
160 6.0 | 146.5 8.5
152.5 17.0 | 103.5 5.5
152 9.0 75 6.5
132 5.5 53 10.0
53 | 7.0 | 28 21.0
28 27.0
Where Mt = molecular parent ion

relative intensities




Neotenane (XXXI) Tetrahydrdneofolin Neodulin (XII)
XXXI
(Isoflavan) (—Dihycirocoulr)narin) JPterc;carpan)
m/e I m/e I m/e { I
327 20. 3 371 18.8 309 10
326(MT) | 100.0 370(M™1) 82,7 308(M™) 100
178 33.7 343 17.0 307 14.5
165 | 4.8 342 74,2 201 8.0
163 3.2 327 6.0 275(m) | -
149, 5(m) - - 316(m) - 265 . 4.0
133 5.2- 312. 8(m) - 171 6.0
69 4.8 299 19.0 162 - 14.5
28 1 21.4 223 5.8 158 '10.4
193 9.5 28 8.3
102 76. 3 ‘ "
180 12.7
179 100. 0
177 27.0
149 9.2
8 1 12.0
44 30.4
28, 52.6
Wh‘ex"e Mt = molecular parent ion
I = relative.intensities
C. -NEOTENONE(XIV)

The major fragmentation route of neotenone (XIV) is via a zetfo-Diels-

Alder breakdown to givethe ién (b)at m/e.,i;zs(base peak) substantiated by the meta-

stable ion at m/e 93.7 and the jon (a) at m/e 160.
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_ C=0
— o
| . X0

(a) m/e 160

(XIV) m/e 338

CH
(d) m/e 163 - ‘ ‘
. | . o/ .
L | o CH, |
o - CHO :

N m 108.5 (c)- m/e 165

X

O
I(llH .
CHz
-CO . L = CO

(e) m/e 133 ~ ————» CqH50" =~ ——— 3 CygH5"

m/e 105 | - m/e 77
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The loss of a methyl group from (b) m/e 178 gives the ion (d) at m/e 163
which in turn forms the ion (e) at m/e 133 due to the loss of formaldehyde,
breakdown pathways which are confirmed by the appropriate metastable peaks
at m/e 149.3 and m/e 108.5 respectively. It has been found 61 that the methy-
lene.dioxy group is relativelly stable to electron impact and ions associated with

© its cleavage are usually small.

D.  DEHYDRONEOTENONE (XV)

The parent molecular ion at m/e 336 forms the base peak which shows
the high stability of this compound. The next most abundant peak is due to the
loss of a methoxyl group from the parent molecular ion to form the ion (f) at

m/e 305.

(XV) m/e 336 | A () m/e 305

A retro-Diels-Alder fragmentation of the parent ion results in the for-
mation of the ions (g) and (h) at m/e 160 and m/e 176 respecfively, but this break-
down process. is not $6 prominent as in the case of neotenone (XIV). Possible
‘routes for the formation of the peaks at m/e 132 and m/e 161 from the ions (8)

. and (h) afe .shown below,

The transfer of the acetylerﬁc side chain hydrogen atom of the ion (h)
‘m/e 176 and the subsequent elimination of the two carbon atoms may account

" for the ion at m/e 152,

The eliinination of a methyl group from the molecular ion at m/e 336 - .
gives rise to the ion (k) at m/e 321, which may lose CO to form (1) m/e 293.. The

loss of formaldehyde from (k) may be responsible for the peak (m) at~m/e 291.
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. The further elimination of CH3O from (1) and CO from (m) gives the ion (n)
at m/e 263.A1ternativé positions for the loss of CO are available as illustrated in

the scheme shown below.

(XV) m/e 336

- - CH3

l ‘e
No NS

I +

(k) m/e 321

ool

(1) m/e 293

-CH O

(n) m/e 263
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The ion at m/e 265 is possibly formed by the elimination of CO from (1)
m/e 293. The loss of CHy0 from m/e 265 will afford the ion m/e 235. The ion
at m/e 235 can also be formed by the loss of CO from (n) m/e 263.

The species at m/e 307 (p) may be due to the loss of CO from the (M-1)
ion (o) m/e 335.

(0) m/e 335

A retro-Diels-Alder fragmentation of (0) m/e 335 can yield the ion (g)
m/e 160 and the ion at m/e 175. It is suggested that the peaks at m/e 161 and
m/e 175 may be formed as the result of a retro-Diels-Alder fragmentation of the
parent molecular ion fn/ e 336 with a concémitant hydrogen atom shift., The peak

at m/e 152.5 is a doubly charged ion (m/e 305).

E. ~PACHYRRHIZIN (XIII)

This cdmpound is also very sfable to electron impact, the base peak being
the parent molecular ion (m/e 336). As with dehydroneotenone (XV) the loss ,,
of the methoxyl g_rbup from the molecular ‘ion affbrds the specﬁie,b: (q) at m/e 305.
The elimination of CO from the parent molecular ion (m/e 336) affords the ion (1)

at m/e 308, which appears in the 's.pééltrum as a doubly charged ion at m/e 154.

T
Bew
O

(XII) m/e 336 ‘ CH30

%

l—-OCH3 | (r) m/e 154 ( 332

(q) m/e 305
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The breakdown of tixe_ parent ion mi/e 336 via the loss of a methyl group
yields the ion (s) m/e 321 which by the elimination of CO, gives the peak (t) at
m/e 293. The loss of CO from (t) affords the ion (u) m/e 265, a transition which
is substantiated by the metastable peak at"r‘n/e 239.3. The formation of the spe-
cies at m/e 207 can be explained by the expulsion of CO and CH50O from (u) The
peaks at m/e 168, 146, 5 and 103.5 are doubly charged ions

m/e 336 , (s) m/e 321

(u) m/e 265
- (t) m/e 293

F. NEQFOLIN (XXX) 44,85

The fragmentation of neofolin (XXX) is analogous to that of pachyrrhizin.
As there are alternative positions for the elimination of methoxyl-, methyl and
co gréups the‘fragmentatioh patterns shown below is merely an illustration of |
one such pathway. The peaks at m/e 183, 169 and 161. 5 are doubly charged . ions.

" The base peak is férrﬁed by tile parent vmolecula.r ion m/e 366.




(XXX) m/e 366 , (v) m/e 351

-

-co - o | -co

OCHg3s
CH30
P
(W) m/e 338 ' . (x) m/e 323°
- OCH3 f\f{;’

(y) m/e 307

A possible route for the formation of the species at m/e 280 is via the loss

of a methyl- and a CO group from (X) m/e 323.
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G. NEOTENANE (Xxx1)31

As with neotenone the major fragmentation pattern. of this compound is

via a retro-Diels-Alder fragmentation with the formation of the species (a') at

m/e 178. The parent molecular ion forms the base peak at m/e 326. The elimi-
nation of 13 mass units from (a') affords the ion (b') at m/e 165. The loss of a
methyl group from (a') to yield the peak (c') at m/e 163 is confirmed by the

appropriate metastable peak at m/e 149.5. Elimination of formaldehyde from ‘

(c') will account for the ion (d') at m/e 133.

-

I
CH,,

(XXXI) m/e 326

(@' m/e 178

~ . CHg
m 149.5

+
. . |
. 0
CH . CHz .
{
CH2

, (b") m/e 165
(c') m/e 163 '

- CH90

@ }n/e 133
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H.  TETRAHYDRONEOFOLIN (XxXXIp 55

Tetrahydroneofolin is subject to a pronounced retro-Diels-Alder frag-
' méntation to give the species (e') at m/e 192 which in turn loses 15 and 28 mass

units. to yield the peg-l_(s (f') m/e 177 and (g') m/e'149 respectively.

O
VCH3OO> -

A
P
L.
. =0
(XXXII) »‘m/e 370 () m/e 192
-+ CHj
. L ‘ | 0 _
S - CO - _ S
CH L ' o |(|3H o+ 4
lc|=o ‘ | . ce0
(g') m/e 149 .. Y _fr'n/e 177

R "A second nriajor breakdown pattern of (XXXI;) isa pfoﬂounced loss of
carbon monoxide to yield the ion (h}) m/e 342 (confirméd by-tﬁe metastaﬁle beak
at m/e 316) which further breaks down by the successive loss of a methyl group
_ (substant1ated by the metastable peak at m/e 312. 8) and CO to form the ions
(i') and (j") at m/e 327 and 299 respectively.

Aé with neofolin there are alternative groups‘ﬁ"Om which eliminations

can oceur, and the scheme below illustrates only one possible breakdown route.




+
+ » , I .
. -CO %\ )
XXXII CT———l)
( ) m 316 Lo N
m/e 370 _ OCHg (}

CH3O
(h") m/e 342
-+ CHg
‘m 312-8
- co T ] |
c—— N o : +
‘ : 0

(4. m/e 299 - | (i') m/e 327

Studies by Pelter et al;.’ 59,60 op flavanoids, isoflavonols and isdflayah_s
showed that in addition to the retro-Diels-Alder fragmentation pattern a 'seeohd i
major breakdown mode is operative in many of these compounds. This frage -
mentation pattern involves the homolytlc fission of the C3 - C4 bond whlch gives
‘rise to a. dlradlcal in whxch both electrons are stabilised by mesomerism with
the adJacent benzene rings. A hydrogen atom transfer then occurs, as shown
below, to give the correspondiﬁg fragments of which éither are capable of
carrying the positive charge. In tetra‘hydrox;eofolin this breakdown 'parth yields
the ion (k') m/e i79 which forms the base peak.




OCH4

(XXXII) m/e 370

NEODULIN (XII) 31

The high stability of the pterocarpans (coumarano chroma.ns) are shown
L by the resmtance to fragmentation of these compounds under electron 1mpact The
‘,kloss of a hydrogen atom is favoured to form the M-1 ion (1') at m/e 307.. The

parent molecular ion at m/e 308 forms the base peak

(XI) m/e 308 . ('Y m/e 307
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With reference to work done by Pelter et al. 60 5n pterocarpin the fol-

lowing fragmentation processes are proposed for neodulin (XII).

(XII) m/e 3084 ’ (m') m/e 162

The loss of 17 mass units from the parent ion m/e 308 to form the ion (n')

m/e 291 is confirmed by the metastable peak at m/e 275.

m/e 308 : : . (n"): m/e 291

The formation of the ions (o') and (p') at m/e 171 and 158 respectively
| may possibly be by the fragméntation of the M-1 ion (1') and may be rationalised

as shown. 60
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=
<

h4

+
(0" m/e 171

—

(p') m/e 158

II. .~ THE MASS SPECTRA OF THE DEHYDROROTENOIDS,
- DEHYDRODOLINEONE, NEBOENSINONE AND NAMBINONE

The mass-spectral data for dehydrodolineone (XVI), neboensinone (XVII) :
and nambinone (X._VII'I) are given in Table 6, (plate 4). The data rf‘or the rotehoid
pachyrrhizone (XXVII) were obtained from a publication by Reed and Wilson. 62 ,
The dehydrérotenoids also have alternétive positions from which groups such as
CO and *CHg can bé eliminated, but fpr the sake of convenience only one route

is given in each case.




"TABLE_ 6

I

molecular parent ion

= relative intensities.

Dehydrodolineone | Neboensinone Nambinone Pachyrrhizone
(XVI) (XVII) (XVIII) (XXVII)
m/e I m/e m/e m/e  I :
335: 21.1 349 | 20.0 | 365 367 10.5
334(M*)| 100.0 | 348(M*){100.0. 364(M*) | 100.0 - 366(M*)| 36.5
333 26 347 8.1 | 350 191 | 6.5
332(m) - .320 5.3 349 190 9.0 -
306 7.2 319 230 | 334.4(m)| 177 19.3
305 30.0 | 294.2(m) 321 176 100. 0
276 3.1 234 5.4 | 295.4(m) 175 | 59.8
249 2.5 174 | 12.0 | 203 163 | 9.0
167 14.0 173.5 | 7.5 | 278 162 | 6.2
166.5 7.1 160 9.3 | 267.3(m) 161 4.4
160 53| 159.5 | 6.8 | 250 147 | 7.9
132 5.0 132 - | 3.8 | 182 133 3.7

77 2.8 | -+ 116 4.0 | 160
76 5.1 85 | 5.2 |- 85

69 4.3 71 7.0 71
28 17.3 69 4.5 69
57 5.1 57
43 | . 3.5 55
28 17.2 43
28
‘Where MT =
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A. DEHYDRODOLINEONE (XVI)

In dehydrodolineone (XVI) very little fragmentation occurs as the retro—
Diels- Adler breakdown pattefn is not operative. Due to the stability of this
compound a loss of a hydrogen atom from the parent molecular ibh, m/e 334
(base peak), is favoured to form the M-1 peak (q')ﬁat m/e 333, (confirmed by
the metastable peak at m/e 332). The loss, of COI"from the ion (') and from the
parent ion m/é 334 affords the ions (r') m/e 305, which is the major breakdown
route of this compound, and the ion (s'") at rh/e 306. ’/I‘he'peak at m/e 276 is
' p0531b1y formed by the expulsmn of CHzO from the methylenedloxy group of the’
s ion (s') m/e 306. " '

(XVD) m/e 334

- (q") m/e 333

;,CQ. - CO

LT,

(s') m/e 306 o (r') m/é 305
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The cleavage of the y- - pyrone ring affords the species (t') at m/e 160
which undergoes further fragrhentation by the loss of CO to form the peak (u')

m/e 132,

i

‘ ’ C=0
— LKL

(XVI) m/e 334 - (t') m/e 160

-

- CO

- (u') m/e 132 |

‘The peaks at m/e 167 and 166.5 are doubly charged ions.

'B. NEB OENSINONE (XV1I)

, The fragmentatlon pattern of neboensmone parent ‘molecular ion

’m/e 348 (base peak, closely resembles that of dehydrodolmeone The loss of a
hydrogen atom from m/e 348 affords the ion at m/e 347 which in turn gives the
ion at m/e 319 by the loss of CO. The elimination of CO from the parent mole-
cular ion,confirmed by the metastable peak at m/e 294, 2,gi\}es rise to the ion (v'")

at m/e 320. The peak at m/e 234 is probably formed by the successive loss of

two CO g'roups and formaldehyde (from the rﬁethylened10xy group) from the ion (v')
m/e 320. |
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. -Co
—H 5 /e 347 =3 m/e 319

_ (XVII) m/e 348

-CO
m 294.2

‘m/e 234

(v') m/e 320
: )

As with dehydrodolineone (XVI) the fi‘agmentation of the ¥ - pyrone ring
leads to the formation of the. ion (t') m/e 160, which b’re'aks down further by the

loss of CO to form the ion (u ) m/e 132 (see under dehydrodohneone) Doubly

charged ions are found at m/e 174, 173.5 and 159 5.

C. »NAMBINONE (XVIID)

The base pe‘ak. in the spectrum of nambinone is also formed'by the parent
molecular ion at m/e 364. The transition from m/e 364 to the species (w') at
m/e 349 corr_espon_ds to the loss of a methyl radical, a transition which is
substantiated by a metastabie peak at ,'mv/ e 334:4. The.elimin.ation of CO from
(w') affords the ion (x') at m/e 321 which in turn breaks down by the-expulsi_on
of CO to yield the peak (y') at m/e 293, both these transitions are confirmed
by the appropriate metastable peaks at m/e 295-4 and 2673 respectively.

The subsequent decomposition of (y') by the loss of a methyl radical gives the
ien (z'j at m/e 278 which breaks down by the elimination of 28 mass units to

yield the ion (a") at m/e 250. The possib-le Toutes of fragmentation are given below.
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(XVII) * m/e 364 . (w') m/e 349
-CO
m 2954
OCHg
+
0
| N
CTOTY e
. S0
- toM/ m 267-3
(y') m/e 293 © (x') m/e 321

_]+'0
Il“' 0 - : .
rCr 1Y =2 |
kO/K/I\O/ , : - N T
(z') m/e 278

(a") m/e 250 )
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Fragmentation of the 'y - pyrone ring of the parent molecular ion also
yields the peak (t') m/e 160 (see under dehydrodolineone A.) The peak at m/e 350
is possibly due to the (M+1) - 15 ion and the peak at m/e 182 is the doubly charged
parent molecular ion (m/e 364). Both nambinone and neboensinone have peaks at
"m/e 160, 85, 71, 69, 57 and 43 which indicate the similarity in structure of these
compounds. The possible fragmentation pattern of nambinone as suggested above
" is thus in complete agreement with the proposed structure for this compound

(Chapter 3 II, D).

D. CONC LUSIONS

The mass spectra of the isoflavanoids investigated in this work show that

t A’r.:“general modes of fragmentation,are in agreement with similar types of
compounds. 58-62 Neotenone, neotenane and tetrahydroneofolin undergo a pro-
nounced retro—Diels—Alder,fragmjentation'of the heterocyclic ring, a cleavage
which is less prominent in dehydroneotenone as a result of the stabilisation effect

" of the 2, 3-double bond of the pyrone ring. 24b,62. [ hag been found 98762 that
the elimination of methoxyl groups from oxyg‘en» heterocycles by the fission of the
phenyl-oxygen bond doeé not readily occur. This was also found to be true for
the compounds. investigated in this work, with the notable exception of dehydro—

neotenone where the loss of the methoxyl group from the parent molecular ion is

the major breakdown path, in fact the only one possible,

-

'The retro-Diels-Alder breakdown mode is not an important process. in
the case of the furocoumarins pachyrrhizin and neofolin since the rupture of the
.-& -pyrone ring is prevénted by the 3, 4 - double bond. 24b The major frag- |
mentation mode of the furocoumarins is the pronounced elimination of carbon
monoxide, The relatively insignificant breakdown of the isoflavanoids and the
fact that most of these compounde have the parent moleoular ion as the base
peak clearly shows the stability of these compounds. (Tabies 4 and 5).

Studies on the fragmentation patterns of rotenoids by Reed.and Wilson62

showed that ¢he major breakdown patt.ern‘of these compounds is via a -
retro-Diels-Alder fragmentation of the y - pyrone Vr&ing to yield the corresponding
fragments. All the rotenoids which have methoxyl groups' in the 2 - and 3 positions
give the ion m/e 192 as their base peak 36 62 which corresponds to the
dlmethoxychromene group common to all of these (see Chapter 3). In the case

of pachyrrhizone, (XXVII) (Table 6). which has a methylenedioxy group attached
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to positions 2 and 3 ( gt)f dolineone (XXVIII), dehydrodolineone (XVI) and

neboensinone (XVII) , the base peak is formed by the ion at in/e 176 which cor-

responds to the methylenedioxychromene group.

In contrast to the rotenoids the retro-Diels-Alder fragmentation is not

aﬁ important process in the breakdown of the dehydrorotenoids investigated in

this work as; a result of the 6a, 12a -double bond which tends to prevent the
collaps4e of the y -pyrone ring. In this regard the dehydrorotenoids can be
compared to the isoflavones ( cf. dehydroneotenone)58-62 and the furocoumarins
pach‘yr‘rhizin and neofolin. As with the furocoumarins the major breakdown path

of the dehydrorotenoids is the pronounced loss of carbon monoxidé. The ion

(a) = (g) = (t') at m/e 160 is present in the spectra of all the compounds examined
which contains a furo - Y-~ chromanone ring system (neotenone dehydroneotenone,
dehydrodolmeone neboensmone and nambmone Tables 4, 6). This peak (m/e 160)
can thus possibly serve as a very useful mdlca’uon as to the presence of such a
ring system in isoflavanoids, rotenoids and related compounds. The corres-
ponding ion in the spectrum of pachyrrhlzone (XXVII) (Table 6) is at m/ e 190

due to the additional methoxyl group in position 8.

The possible routes for the formation of the most prominent peaks in the :
mass spectra of the dehydrorotenoids (XVI), (XVII) and (XVIII) are completely
reconcilable with the proposed structures for these compounds (Chapter 3).
Despite their high stability to electron impact, the mass spectra of isoflavanoids,
rotenoids and related compounds can yield very valuable information which could

facilitate the structure elucidation of these types of compounds considerably.
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L THE SYNTHESfS OF HYDROXYBENZOFURANS -

A, PREPARATION OF ACETOXY -2, 3-DIHYDROBENZOFURANS.

(i) 6 ~ACETOXY -2, 3-DIHYDROBENZOFURAN (XXXVI)

6 - Hydroxy - 2, 3 - dihydrobenzofuran - 3 - one (XXXIV) was prepared by a
Friedel-Crafts reaction with resorcinol (XXXIII) and chloroacetyl chloride in

, 66 e . . s -
63,’ 64, 65, Acetylation of (XXXIV) with acetic anhydride in pyridine

nitrobenzene.
mediﬁm gave 3, 6 - diacetoxybenzofuran (XXXV). Hydrogenation of (XXXV) in
glacial acetic acid over 30% Pd/C catalyst®7 at 70°C and 4 atmospheres pres-

sure afforded 6 ~ acetoxy - 2, 3 - dihydrobenzofuran (XXXVI) 65,

N7

/@ C1CHjy COCIL
o o AlClg

| (XXXIII)
(CH3C0)2 0
v
) ' AcOx ) ‘
~OAc A Pd/C ‘ » OAc
(XXXVI) : (XXXV)

(ii) 4,6 -DIACETOXY -2, 3 -DIHYDROBENZOFURAN (XLIII).

A Hoesch reaction between phloroglucinol (XXXVII) and chloroacetonitrile
produced 2,4,6 - trihydroxyphenyl chloromethylketimine hydrochloride (XXXVIII)
which was converted to the corresponding ketimine sulphate (XXXIX). Hydrqusis

Vof (XXXIX) yielded . 2, 4, 6- trihydrogy - a- éhloroacetophenone (XL) which
on heating under reflux in water gave 4, 6 -~ dihydroxy - 2, 3 - dihydro-

benzofuran - 3 - one (XLI)'66, 68, 69
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H H
CICHCN ¢ ‘szCi
HO OH Hel HO , (I)\II? 2¢
(XXXVII) R T (XXXVII)
1,50,

OH
C-CHg-Cl
|O ¢ Ho O
HO OH
(XL)
HyO
. . OH : OAc N OAe
- O§— (CH3CO)2 0, AcON Cm
—2
OH "OAc e OAc
(XLI) ’ (XLII) (XLIII)

Acetylation of (XLI) with acetic an}iydride: in pyridine gave
3,4,6 —friacetoxybenzofuran (XLII)69 which on hydrogenation in glacial acetic
acid over 30% palladium-charcoal cétalyst at 60° - 70°C under 4 atmospheres

pressufe afforded 4, 6, - diacetoxy-2,3 - dihydrobenzofufan (XLIII) 69.

(iii) 6,7-DIACETOXY-2,3- DIHYDROBENZOF URAN (XLVIII)

‘On heating pyrogallol (XLIV) with monochloroacetic acid and phosphorus
oxychloride at 60°-70°C w - chlorogallacetophenone (XLV) was obtained which

was cyclised by heating with sodium acetate in ethanol to yield
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6,7 -dihydroxy -2, 3 - dihydrobenzéfuran - 3-one(XLVI)35,68,70,71, 72.

Acetylation of (XLVI) with acetic anhydride in pyridine at room temperature

gave 3,6, 7- triacetoxybeniofuran (XLVII) 70, Hydrogenation over 30% Pd/C

as under (i) and (ii) afforded 6, 7 - diacetoxy - 2, 3 - dihydrobenzofuran (XLVIII)70,72,

o)
\ ] ~ ,
C1CHo COOH , N C - (%sz 0O
1 - Cl E—
HO on FPOB yo OH - OH
OH h OH : OH ‘
(XLIV) (XLV) | (XLVI)
(CH3€0),0
AcO
e H2
Pd/C
- OAc
(XLVIN) ’ (XL
B. © QUINONE DEHYDROGENATION OF 2,3 -DIHYDROBENZOF URANS 73

) INTROD UCTION

Quinones are amongst the most powerful organic hydrogen acceptors
known at present. Although'the use of a quinone for dehydrogenation was first
reporfed as early as 1930, 74 this method for the dehydrogenation of organic
compounds has received limited attention in the past. In thel last decade the.
use of this method has steadily increased, especially since a variety of high
potenfial quinones became available which were found to be ve'ry useful in the-

‘dehydrogenation of hydroaromatic compounds.

Braude, Jackman and Linstead 79, 76 studied the mechanism of this re-

action and established that the dehydrogenation of hydroaromatic compounds by
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quinones proceeds by way of a two stage ionic process.

RHp + @ —S¥ "RH* + QH"™ fast > g+ Quy

In the first and rate—determining step abstraction of hydrogen occurs as
a hydfid.e.ion, and is followed by the rapid transfer of a proton from the resulting -
conjugate acid of the aromatic hydrocarbon to the quinol anion. It has been found 75
that electron withdrawing substituents enhance the dehydrogenating reactiv.ityrof
quinones. The substituents o-f’atquinone- affect the oxidationjreduction potential
of th'e quinone yvhich has been correlated with the dehydi‘ogenating power of the
quinone. It has been established that quinones with high redox potentials are the

most powerful acceptors of hydrogen in dehydrogenatlon reactlons

7 Quinones are generally to a higher or lesser dlegree susceptible to various
side reactions which’may compete with the dehydrogenation process and in some
cases may even completely overshadow the dehydrogenatwn process.in some
systems. The most common side reactions are a Diels- Alder reaction (dlene
add1t10n)7f7 78,— nucleophilic substltutlon (with halogenated qu1nones)79 and \
nucleophlhc addition (in unsubstituted quinones). Desplte these side reactlons

it is possible to dehydrogenate a wide variety of compounds by the ]ud1c1ous .' '

ch01ce of a sultable quinone.

Chloraml (tetrachloro 1,4~ benzoqumone) has been employed most fre— g
quently ‘as an acceptor in dehydrogenation reactlons 80-82 put it is not as reactlve
‘as the high potential quinones which are available at present. The ox1dat10n ‘
potential of 2, 3 - dichloro -5,6-dicyano-1,4 -henonuinone is c.a. 1, O“\Q‘/; S
compared to the 0, 7 1V for chloranil. In the dehydrogenation of tétralin;\‘ o

2,3 —Vdichlor,o ~5,6- dicyano - 1, 4 - benzoquinone reacts 5,500 times fa\s'te‘r than
c:‘lolranil. - ‘

The three most useful high potential quinones known today are
2,3- dxchloro 5,6-dicyano-1,4 - benzoqumone (DDQ) (a),
tetrachloro - 1,2 - benzoquinone, (b) and '

3,3', 5,5' - tetrachloro-4,4' - diphenoquinone (c}. |
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0 ® Cl
Cl CN - Tl N_.O
cl CN ¢l
0 Cl
(a) (b) (c)

DDQ (a) is regarded as one of the most powerful dienophiles known today

and has found wide applications as an acceptor in dehydrogenations reactions 83_88.

The use of quinones  in the preparation of furans has received very little
attention and only one reference in this regard was found in the hterature where
chloranil was used in the dehydrogenatlon of 3 -phenyl-~2,5- d1hydrofuran which
gave only a 10% yield of the corresponding furan 89, Dehydrogenation of the same
compound with sulphur in dirnethylformamide gave a much better yield. The
dehydrogenatlon of dihydrofuran compounds to the correspondmg furans was also

90 and Davies et al, 95 69,70 by using a column packed ‘with

achleved by Baxter
palladium - charcoal catalyst through which they.sublimed their respective

dihydrofuran compounds.

The work carried out in this investigation ié, to the best of our knowledge,
the first where dihydrofuran compounds were successfully dehydrogenated by

‘means of a high potential quinone.

.

(I PREPARATION OF ACETOXYBENZOFURANS BY QUINONE
DEHYDROGENATION - ,

The dehydrogenation of 6 - acetoxy - 2, 3 - dihydrobenzofuran (XXXVI) with
chloranil in benzene was not successful as only approximately 1%

6 - acetoxybenzofuran (XLIX) was obtaine;d after 112 hours. _

Dehydrogenation of 6 - acetoxy - 2, 3 = dihydrobenzofuran (XXXVI),
4,6 -diacetoxy -2, 3 - dihydrobenzofuran (XLIII) and
6,7 - diacetoxy - 2, 3 - dihydrobenzofuran (XLVIII) with DDQ in benzene to the cor-
responding acetoxybenzofnrans (XLIX), (-L) and (LI) proved to be very suc-

cessful and good yields were obtained.

L]
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oL = O
: OAc 42 brs. - Q ~OAc

(XXXVI) (XLIX)

DDQ

124 hrs.
(X LIII) (@

DDQ

7’
OAc 86 hrs. ‘
OAc | OAc

(XLVII) , ‘ (L)

The reactions were carried out under strictly anhydrous conditions by
refluxing the compounds in sodium-dried benzene (10-60 ml) with DDQ, as itis -
known 91 that DDQ is very sensitive to hydrolysis by moisture, resultirig in the

liberation of hydrocyanic acid.

In order to establish the optimum reaction conditions. for each compound
different mole ratios of the cbmpounds to DDQ were used. It was found that with |

a mole ratio of 1:1 the reac@io'ns did not go to completion, probably as the result
of side reactions. Some of the side reaction products were isolated, but they
"’ were not investigated in any great detail as these types of complex compounds
represent a field of study in their own right. As expected the réac‘tion of DDQ
with the respective hydroxy - 2, 3 - dihydrobenzofurans immediately led to the /

, fbrmation of complex compounds. The relevant data obtained from the different

dehydrogenation reactions are given in Table 7.
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TABLE 7
) %k
Compound Compd. :DDQ Time (hrs)| Yield % Total .,
mole ratio ’ Yield %
(XXXVI) 1:1 24 71 92
" 1:1 36 77 88
" 1:1.5 36. 81 84
" 1:1.5 42 . 52.6 52.6
(XLIII) 1:1 ‘ 26 63 - 90
" 1:1.3 26 74 89
" 1:1.5 124 87 87
(XLVIII) 1:1 ' 38 76 94
" 1°:1.25 38 81 89
" 1:1.3 46 84 . 87
" 1: 1,5 86 - 62 62

Yield %* = % dehydrogenated compound

Total Yield %**= Total material recovered.

From the table it can be seen that the dehydr_ogenation re'actions proceed
rapidly at first but then slows ddwn considerably and relatively long tim-’;s‘ar’e
required for the reactions to go to completion. The yields from the rgactions,
with the notable exception of'(X-LIII), are adversély influenced by the time factor
and the excess DDQ required for the completion of the reactions as these factors

favour the side reactions.

(a)  6- ACETOXYBENZOFURAN (XLIX)

6 - Acetoxybenzofuran was obtained as long colourless needles m. p.
440 - 459C in a 52.6% yield. Infrared spectrum (plate 5), “Mmax. ‘(cm—l):
1751 (aée’cyl);l_GlO, 1594 and 1537 (arc)mgtic). Ultraviolet sgectrum (plate 6),
Amax. m u (log € ) :244 (4.05) (benzofuran); 250! (4. 0:1) (benzofuran);
278 (3.47) and 284 (3.45) (aromatic). - | |




6,7-DIACETOXYBENZOFURAN (LI)
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(b)  4,6-DIACETOXYBENZOFURAN (L)

This compound was obtained as a light yellow oil in a 87% yield. Infrared

spectrum (plate 5) - ¥ max. (cm—l) :1760 (acetyl); 1623,1598 and 1537 (aromatic).

A

Ultraviolet spectrum (plate 6), ‘max. myu (loge- ): 247 (4.05) (benzofuran);

2721 (3.34) and 281 (3.28) (aromatic).

(c)  6,7<DIACETOXYBENZOFURAN (LI) 35

Dehydrogenation of (XLVII) afforded (LI) as colourless needles ,
m.p. 97°C-98°C in a 62% yield. Infrared spectrum (plate 5); Y max. (cm'_l);
1762 (acetyl); 1625, 1598 and 1540 (aromatic). Ultraviolet spectrum (plate 6)
“‘max. myu- (loge ): 244 (3. 96) (benzofuran); 272 (3.13) and 281 (3. 04)

(aromatic).

The ultraviolet spectra of the acetoxy - 2, 3 - dihydrobenzofurans (XXXVI),
(XLII) and (XLVIII) showed no absorption in the 240-250 mu region in contrast
to the acetoxybenzofurans (XLIX), (L) and (LI) (plate 6) which show strong ab-
sorption in this region. This is in full agreement with the assignment of these

bands to a benzofuran structure. 30, 44,47-53,

c. PREPARATION OF HYDROXYBENZOFURANS.

~The hydrolysisrof the acetoxybenzofurans with alkali proved to be un; 7
suitable as only small yields were obtaihed. In the case of
6,7 - diacetoxybenzofuran (LI) it was found that the hydrolysis product
6,7- dihydro:;:ybe"nzofuran (LIV) is extremely unstable in alkaline medium in the
presence-of oxygen. It immediately oxidised and resinified with the result that

no product was obtained.

" The hydrolysis of the acetoxybenzofurans (XLIX), (L) and (LI) were suc-
cessfully achieved by the reductive cleavage of the acetyl groups v;/ith lithium‘,
aluminium hydride 92, LiAIH4 was added to the compounds dissolved in ether
and kept under nitrogen at 10°C. After three minutes the excess LiAIHy was
destroyed by ageous ether, water and hydrochloric acid while still working in a
nifrogen atmosphere. In acidic medium the hydroxybenzofurans were found to be

stable and the reaction products were worked up in the usual manner.




OAc

(LI)

§.

@{) 6 ~HYDROXYBENZOFURAN (LID 93 e

This compound was obtamed as colourless prisms m. p. 57° 58°C
,(58% y1e1d) Infrared spectrum (plate 7), “max. (c'm _). 3325 (hydroxyl);
1620, 1600, 1538 and 1510 (aromatic). Ultraviolet spectrum (plate 8),
Amax. my (log~ € ):244(4.10) and 251 (4.09) (benzofuran); 288 (3.72)

(aromafic).

(ii) 4,6 -DIHYDROXYBENZOFURAN (LIII)

A yield of 64% waé obtained for (LIII) m. p." 1219 -122°C. Infrared . ‘
spectrum (plate ’f), "Vméx. (cm'l)‘ : 3285 (hyd'roxyl)- 1635, 1610 and 1517 (aromatic).
Ultraviolet spectrum (plate 8), }‘max m (log € ):226 (4.40); 2491 (4. 04) and
254 (4.07) (benzofuran); 2871 (2. 80) (aromatic).

(iii) 6,7~ DIHYDROXYBENZOFURAN (L1V) 35

The LiAIH4 reduction of (LI) afforded 6,7 - dihydroxybenzofuran as
clusters of needles from _benzehe, m.p. 739-749C - (Yield 62%). Infrared spectrum

(plate 7), "’;{Jax. (cm™1): 3380 ¢hydroxyl); 1630, 1613, 1550 and 1518 (aromatic).
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The ultraviolet spéctrum of (LIV) was recorded in iso-octane as it was
found that this compound rapidly decomposed in ethanol, probably as a result

of oxidation.

Ultraviolet spectrum (plate 8); *max. mu (log € ): 251 (3. 88)
-(benzofuran); 276 (3.16) and 286 (3. 03) (aromatic).

6,7- Dihy.droxybenzofuran (LIV) was found to be unstable when in contact
with oxygen and.that it ‘s'lowly decomposed over a period of 1-2 months. ' This

compound was consequently stored under nitrogen.

A qualitative test for benzofurans was developed which seems quite pro-

mising (see experimental section).

. II. = SYNTHESIS OF PHENOLIC DERIVATIVES OF NATURAL ISOF LAVANOIDS
A. PREPARATION OF PACHYRRHIZINOL (LV)
The reduction of:a B - unsaturated lactones by lithium aluminium

hydride 30,44 94-96 results in the cleavage of the « - pyrone ring to yield
either.the o : B -unsaturated-or a« : g -saturated diol®7 or both. The
reaction conditions for the reduction of pachyrrhizin (XIII) 30,32 were found to
be critical and in a series of experiments the best results wére obtéiné‘d‘by’ using
the reverse proceduré. Lithium aluminium hydride was added to pachyrrhiz'm
dissolved in tetfahydrofuran in a nitrogen atmosphere at a temperé.ture of 50°C. .
TAhe‘ o : B -unsaturated diol, pachyrrhizinol (LV) 4

B - :.(6 - hydroxybenzofuran - 5) - - (2'-methoxy - 4", 5' methylenedioxyphenyl)
allyl alcohol was obtained in a 22% yield m. p. 203°-204°C. The reduction of
2131 - dihydropachyrrhizin was unsuccessful and no products were lisollated. In the
case of the furocoumarin neofolin 44, 55 (8 - methoxy pachyrrhizin) and
dihydroneofolir‘l‘ sir‘nilaf reductions with  LiAIH, proceeded smoothly and the

respective diols were obtained in good yields.

(XIII)
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Pachyrrhizinol (LV): Infrared spectrum, Vmax. (cm™1y:
3350, 3060 (hydroxyl); 1618, 1503 (aromatic);1165,1037 and 938 (methylenedioxy
group).

B. PREPARATION OF THE DEVOXYBENZOII.\I
OF DEHYDRONEOTENONE (LVI)15

The deoxybenzoin of dehydroneotenone (LVI) ' X
6 -hydroxy -5 - (2‘ - methoxy - 4'5' methylenedioxyphenylacetyl) benzofuran
m.p. 161.59C -.162.5°C was obtained by refluxing dehydroneotenone (XV) in an.

ethanolic potassium hydi‘dxide solution for 3 hours under a nitrogen atmosphere.

(XV) S (LVI)

Infrared spectrum of (LVI):  “max. (cm"l): 1641 (c'helated)qa‘.r‘b,onyl); o
1598, 1545, and 1518 (aromatic); 1163, 1038 and 933 (m'ethylenedioxy‘gro!up).'. 7

C. PREPARATION kOF FORMONONETIN (X)

The preparation of this compound is discussed.in Chapter 2 F.




CHAPTER 6

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY
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ANUC'I_;EAR MAGNETIC RESONANCE SPECTROSCOPY

INTRODUCTION
. , o

Since the first measurements in nuclear magnetic resonance (NMR)
spectroscopy were made in 1945, this technique has found wide applications
in the different fields of physics and chemistry. NMR spectroscbpy is now
recognized as one v'of the most important methods for the structu'rél elucidation

a,nd,determination' of the stereochemistry of organic compounds.

PRINCIPLES OF NMR SPECTROSCOPY

A. . MAGNETIC PROPERTIES OF ATOMIC NUCLEI

" ~_. The afomic nuclei of approximately half of.the known isotopes possess an ‘
intrinsic mechanical spin or angular 'm'omentoum. The total angular mementum :
~depends on the nuclear spin or spin number I, which may have values of o, %V,

or larger integral multiples of 1 depending on the particular nucleus. Since

ran electrical charge- is associated ‘v'vith atdmic nuclei, the spin of an étomic ‘
nucleus (I > o) ‘produces a magnetic field whose axis cOin'cideskwith the axis.of
spin so that a nuclear magnetic moméﬁt u results. A spinning nucleus may °
thus be considered as a tiny bar magnét, Nuclei with;I=.—zl,— can be desg_l;ibed as.
spinning spherical bodies possessing uniform charge distributions aﬁa.,;'ihclude |
H1, c13, N15, F19 and P31 which are particularly useful in organic chemistry.
The most common elyemlen"c isotopes in organic chemistry are HI, c12 ang 016
of Which ohly H! nuclei (protons) can give NMR signals as Clz and 016 are non-
magnetic (I = 0). NMR studies are thus, with a few exceptions, o'hlly' concerned

with prd‘tons.

In é static uniform magnetic field Hy, a magnetic nucleus '(I and u ¥ O)
may take up any one of (2I+1) orientations .with respect to the direction of the
applied magnetic field.' A proton (I=3%) is thus restricted to only two possible
orientations. As a result of the spin'angular momentum that a nucleus possesses
the axis of the nuclear magnet is not aligned exactly parallel or anti-parallel
with respect to the applied'magnetic field and the force exerted by thé applied
field will ténd to reorientate it. ’ljhis causes the axis of spin of the nuclear
magnet to precess around the direction of the applied field. The freQuency of
this precessional motion is directly p’roportional to the magnetic.:moment - u

~ of the nucleus and to the strength of the applied field.

Q
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B. THEORY OF NMR SPECTROSCOPY

The two possible orientations which a proton can assume in a uniform
magnetic field can be described as a low energy orientation in which the nuclear
magnetic moment is aligned parallel to the field, and a high energy orientation

in which the nuclear magnetic moment is aligned anti-parallel to the field.

When a proton is placed in a strong unifo‘rm magnetic field Hj and
subjected to a second fluctuating magnetic field H, whic_h is applied at righf
angles to Ho and which is of the same frequency as the precessing nucleus,
absorption or emission of energy by the nucleus can occur. Energy is absorbed
if the angle of precessing nucleus (relétive to Hy) is caused to change from the
parallel orientation (low energy levél).tq‘ the anti-parallel orientation (High energy
level.) The frequency  of the electromagnetic radiation which will effect such
transitions is given by thé equation.

o YHy
2

where v is the gyromagnetic ratio, a fundamental nuclear constant.

Electromagnetic radiation theory shows that the proBability of a transition
from the lower energy state to the higher Sfate by absorption of eﬁergy is equal to
the probability of transition downwards by radiatioﬁ—induced em‘jgsion. If, in
a collection of nuclei of the same:isotope, the numberé of nuclei in each
energy state were equal, the rate of transitions up and down would be equal and
there would be no net absorption or emission. In a static uniform magnetic
field, however, a c,oliection bf nuclei are not equally distributed'betWeen the |
possibwlie energy states, they tend to assume a Boltzmann distribution with a very
small bﬁt finite excess in favour of‘ the lower energjr state, which permits a net
observable absorption of energy from the radiofrequency field, since the number
of upward transitions (absorption) is now slightly greater than downward
transitions. '

If a collection of protons is'irradiaated,. the rate of absorption is initiallym.
greater than the rate of emiéSion as a result of the small excess of protons in |
the lower energy state. The original excess of protons in thé lower energy
state may steadily diminish until the two energy states are equally »populated_.l |
The intensity of the absorption signal will accordingly dwindle and vanish com-

- pletely. This type of behaviour, known as saturation, is sometimes observed.
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There exist, however, various types of radiationless transitions by
which a nucleus in a higher energy state returns to a lower state. These
transitions are called relaxation processes which maintain an excess of nuclei
in the lower energy state, a condition which is necessary for the observation

of NMR signals.

When a collection of nuclei a’«é’ placed in a strong uniform magnetic field
and subjected to the radiofrequency field :0f the o.scillator, the absorption of the
radiofrequency energy, which occurs at particular combinations of the oSCillia\to'r
" frequency and the megnetic field strength, is measured by a suitable detector.
The absorption signal so obtained is usualilir, measured at a constant radio- .
frequency as a function of the strength of the magnetic field, i.e. the oscillator
frequency remains constant while the strength‘of the 'applied magnetic field is

varied.

C. APPLICATIONS OF NMR IN ORGANIC CHEMISTRY.

(i) SHIELDING MECHANISMS

With a few exceptions*, the mlejor application of NMR in organic .chem‘istry.
involves the study of protons." Thez' rnagnetic field strength at which a nucleus
absorbs energy of a particular radiofrequencyis primarily determined by the
- nucleus. "To a very small extent, however, the resonance frequency of a
.nucleus is dependent on its nioledular (i.e. electronic) environment. Protons
in different positions in a molecule absorb at slightly different magnetic field
strengths at a particular frequency. This is because the extranuclear electrons
magnetically screen (shield) the nucleus. The total shielding effect is directly

proportional to the magnitude of the applied field, as expressed in the equation.

Hi = Ho ( 1= Gi )

where Hj is the field at nucleus i, Ho the applied magnetic field and o; the

nondimensional shielding or screening constant of nucleus i.

Electronic shielding of protons arises from ihe circulations of electrons
about the nuclei and bonds which are in‘duced by the applied rn'agnetic field.
‘The three types of electronic shielding are due to local diamagnetic currents,
diamagnetic currents inrneighbouring anisotropic groupings and interatomic

-diamagnetic currents.
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In local diamagnetic shielding the induced circulation of electrons about
a nucleus is in such a direction as to produce a secondary magnetic field,
the centre (i.e. in the region of the nucleus) of which is opposed to the applied
magnetic field. The resultant field experienced by the nucleus is thus slightly
less than the applied magnetic field. The degree of local diamagnetic shielding
is dependent on the electron density around the nucléus concerned, the higher
the electron density the larger the shielding effect and consequently the higher
. the external field ( © - value) at which the nucleus absorbs. The inductive effect
of electronegative substituent groups in saturated molecules will decrease the -
electron density around a neighbouring nucleus (i. e. decreasing the shielding

effect) and cause a downfield shift of the signal.

The second type of electronic shielding mey arise from the circulations
of electrons about neighbouring atoms when they are specifically orientated with
respect to the applied field. The induced secondary field may lead to the sh1e1dmg
or deshielding of nearby protons Electrons associated with nuclei such as
carbon, nitrogen and oxygen often play an important role in determining the
shielding of neighbouring protons. Examples are the high diamagnetic shielding

of acetylenic protons and the greatly reduced shielding of aldehydic protons.

The interatomic diamagnetic shielding effect is concerned with certain
structures which allow the circulation of electrons over a number of atoms.
Aromatic structures contain large closed circuits of ‘i1 electrons in which strong

dlamagnetlc currents are induced by the applied magnetlc field, flgure 1.

B

The induced secondary magnetic field at the centre of a benzene molecule is

Fig. 1.

.opposed to the applied magnetic field but parallel to the field at the positions of
the aromatic protons. The ring-current effect thus deshields the aromatic protons

or any such groups orientated in the plane of the benzene ring. Protons or groups
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occupying positions above or below the centre of the aromatic ring may how-

ever be highly shielded.

All three shielding mechanisms are the result of induced secondary
magnetic fields the magnitudes of which are directly proportional to the strength

of the applied magnetic field.

(ii) THE CHEMICAL SHIF.T

Protons in the usual types of organic environments have relative re-
sonance frequencies spread over about 600 cycles per second (cps) at a niagnetic
field strength of about 14,000 ga{uss. At thie field strength protons absorb at a
frequency of about 60 x 106'cps. This spread is thusvequivalent te approximately
10 parts per million (ppm). The resonance frequency of a given proton or ‘ '
group of protons cannot be obtained directly from the instrument because the
absolute strength of the applied magnetic field cannot be determined to the
required degree of accuracy (one part in 108), The relative values for proton
signals can however be readily determined with an accuracy of about 1 cps

by using a suitable reference compound as a standard.

The most suitable internal reference compound at present is tetra—
methylsﬂane (CH3)48i, (TMS).  All the protons in TMS absorb at the same
magnetic field strength and TMS has the added advantage that its absorption line
occurs at a higher field strength (taken as Ocps) than all the common types of
orgamc protons. ‘As TMS is insoluble in Dzo it cannot be used with this solvent.

Sodium 2,2 - dlmethyl 2 - silapentane - 5 - sulphonate (DSS),

(CHg)3 Si CHy CH,y CH,y QHZ SO3 Na, is a suitable aqueous and d1methy1

sulphoxide soluble reference compound.

The separation of the resonance frequencies of nuclei in different struc-
tural environments from the absorption Signal of the reference compound is
termed the chemical shift. The chemical shift values can be expressed.in w .
different units. The symbol commonly used for the cps scale is v and the dif—‘(
ference between two signal poeitions (in cps) is designated as vAv ., ' There
are also two other ways of expressing the magnetic field strength scale other

than in cps, the delta (§:) and tau ( t ) scales. The chemical shift parameter

- is independent of the magnetic field strength and oscillator frequency and is

defined by equation (1).
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6 = (Vi -  Vr)ecpsx108 (1)
Oscillator frequency (cps)

where Vi = resonance frequency of ngucleus i

V r = resonance frequency of the reference compound

The & scale, which is dimensionless, is expressed in parts per million

(ppm) to give convenient numbers. The 7t chemical shift parameter is given
by equation (2) - l |
T= 10 -8 @)

As it is now conventicnal to present spectra with the magnetic fieid strength
‘increasing from left to right the T scale, whose numbers also increase from
left to right and mostly gives positive values, is often preferred to the v and S
scales whose values increase from right to left. The larger the numerical

value of 1 , the greater the magnetic shielding of the nucleus to which ithrefe"rs.-

The NMR spectrum of a given organic compound thus reveals the number
of different molecular (electronic) environments in which protons or group’s of
protons are located from the number of absorption bands‘ The intensity of the
absorptlon of a signal is proportional to the number of nucle1 causmg that par-
ticular signal. The relative number of nuc1e1 in each dlfferent envxronment can
thus-be obtained from the relatlve areas under the 81gnals but it must be- noted
that these areas reveal only the rat1o of the number of nuclei causing each

. Signal.

(iii) ~ FACTORS WHICH INFLUENCE- THE CHEMICAL SHIFT

In general the chemical shift parameter ¥ t. will be a function of the
shielding effects for any given nucleus or group of nuclei as described under
C(). There are however other factors which can influence the chemical shift

parameter.

(a)  SOLVENT EFFECTS.

.In solution the positicne of the resonance signals of a particular molecule
are affected by the surrounding m‘ole'éul'e"s The proton chemlcal shifts of aro-
matic compounds dissolved in non-aromatic solvents and vice versa have
been found to be strongly concentration dependent. By extrapolating to 1nf1n1te
dilution the effect of the nelghbourmg molecules can be ascertained. In general

two different effects can be distinguished.
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(1) Shifts due to a difference in the bulk diamagnetic susceptibility of the

solute and the solvent.

(2) Shifts arising from intermolecular interactions between solute molecules
or between solute and solvent molecules. An example of this kind is that of
nydrogen bonding which gives rise to pronounced proton chemical shifts. Protons
attached to oxygen, nitrogen and sulphur as in:alcohols, phenols, carboxylic
acids, eno}s amines, amides and sulphydryl compounds are commonly considered
to be active hydrogens. The positions of the resonances of such protons depend
on the extent of intermolecular hydrogen bongmg, concentration, temperature

and the nature of the solvent.

(b) ~ CHEMICAL EXCHANGE

An example of chemical exchange is when a hydroxyl proton exchanges with
similar protons"so that in a certain period of time this proton is attached to a
number of different molecules. For example in the absence of acidic or basic
_ catalysts the NMR spectrum of a mixture of ethanol and water possesses absorp-
tion signals which are chal;acteristic ~fcr the protons of water and the nydroxylic
protons of ethanol. If a trace of acid or base is added to the mixture these ‘two
signals coalesce to a single sharp line as a result of the rapid proton exchange
between water and ethanol which Aaverages the shielding of the protons in each
environment. At intermediete 'rates‘of exchange the mutusl absorption signal
may occur as a broad peak. The rate of chemical exchange and the position
of the mutual abscrption signal is also dependent on the concentration, tempera-
ture and the nature of the solvent. Protons attached to nitrogen and sulpnur “
are also subject to chemical exchange and influenced by the same factors as
described above for hydroxylic protons.

D. ELECTRON COUPLED SPIN SPIN INTERACTIONS ‘
(SPIN-SPIN COUPLING)

As previously. explamed dlfferently situated magnetic nuclei within a
molecule give rise to resonance signals chemically shlfted from one another as
a result of differences in electronic shielding. The 1ntens1t1es of the absorption
bands, as given by the areas which they enclose, is the ratio of the number of
protons in each group. The low resolution spectrum of ethanol shows three
absorption peaks in an area ratio of 1:2:3 arising from the hydroxyl methylene

and methyl “protons respectively.
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.Under higher resolutikon however, the signals of ethanol attrlib‘uted to the
methylene and methyl protons appear as multiplets whose relative areas are still
2:3 respectively. The spacings of the three components of the methyl group
triplet are exactly equal to the spacings of the four components of the methylene
group quartet.. The areas of the components of each mult1plet approx1mate to
simple integral ratios of 1:2:1 for the trlplet and 1:3:3:1. for the quartet " The

observation of these splitting patterns can be explained as follows.

The two methylene proton_s can assume four possible spin arrangements
- of which. two arrangements are equivalent, thus giving a total of three different

spin arrangements,figure .2(a) )

— —

— ——

> — G
— Po— —_— e —3
— —> . —_— — =

e ' L — G

—_— & —_—

—_  —

(a) ' (b)

Fig. 2 Posmble spin arrangements of (a) methylene protons and
“(b) methyl protons
The magnetic effects of these three arrangements are transmltted to
the methyl group protons primarily by means of the bonding electrons so- that the
~ methyl prqtons will in effect be subjected to three different effective magnetic
fields. There will thus he three equally spaced transition energies (frequencies)
for the methyl protens, and since two spin arrangements are equivalent it follows

~ -that the intensities of the three transitions will be 1:2:1 in.the methyl triplet.

In the Same manner we find that the protons of the methyl group have
e1ght posmble spm arrangements of which there are two sets of three equivalent

arrangements (f1g 2b), a total of four different arrangements thus accounting

Each pair of peaks of the multiplets is separated by exactly the same
distance and this separation is known as. the coupling censtant J. The magmtude
of J is mdependent of the strength of the applied magnetic field. Although the
abserption posmon of a group (in cps) is changed with different field strengths, ‘the

- value of J remains constant. Values of J are always expressed in cps. The
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numerical value of J is dependent on the gyromagnetic ratio of the nuclei and on
the structural relationship of the groups involved. The magnitude of J decreases
sharply as the number of intervening bonds between the interacting nuclei increases.
Spin—Spin coupling usually occurs across one, two or three bonds although long-
range coupling across four or even five bonds are known to occur in certain

systems .

The‘number of absorption signals expected.in each multiplet when two
groups of protons interact can be predicted if the difference in chemical shifts
( Av ) between these groups is at least six times the value of J and if each

~proton in one group is coupled equally to each and every-proton in the second
group. When these condit.i.ons are met, the resulting patterns are said to be

"first order" and the simple multiplicity rules, given below, apply.

(1) The nuclei of an equivalent group (e.g. the three protons of the methyl

group in ethanoh) do not interact with each other to cause observable multiplicity.

(2) The multiplicity of peaks in the band arising» from a group of equivalent
protons is determmed by the neighbouring groups of equivalent protons and is
given by the formula (2nI+1) where n is the number of equivalent protons

(I = 3) in the neighbouring groups.

(3) . The relat1ve intensities of a multlplet are symmetric about the mldpomt
of the band (chemlcal shift value) and are separated from each other by the

coupling constant. -

E.  COMPLEX SPIN-SPIN INTERACTIONS

Interacting prot'ons for which the difference in chemical shifts is of
approximately the same magnitude as the coupling constant give complicated
spectra; that are usually unrecogmzable in terms of the simple splitting rules
glven under D. In many cases a mathemat1cal analysis of the spectral data is
requlred in order to obtain accurate values for the chemical shifts of the protons
and the couphng constants. .In the analyS1s of complex spectra 1nteract1ng
~ groups of nuclei are b_'y»conve.ntlon labeled An Bmeoonooin (1n’order of increasing

v value) if they have aﬁpproximately the sarne cherni'c‘al shift values and
XnYmeeeowson . . if the chemical shift values are very much different from
A, B.... .o 'the subscripts refer to the number of nuclei in the group. Equi-
valent nuclei are aSS1g‘ned the same letter Thus ethyl bromide is an AyBjg sys—

tem, vinyl bromide an ABC system and 1,3,5- trlﬂuorobenzene an’ AgX3 system.
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I. ANION SHIFTS OF HYDROXYBENZOFURANS AND
 RELATED COMPOUNDS

A, INTRODUC TION

It has been proved that the -7 -electron density (charge density) on
the carbon atoms of aromatiq rings has an important effect on the chemical
shifts .of the protons which aré attached to these carbon atoms. 107-111 Fraenkel -
et al. 112 presented evidence that the changes m chemical shifts of protons are
approximately proportional to the excess m-electron density (A° q) on the ’
carbon atoms of conjugated molecules to which the protons are attached.  This
relationship.-is given by the expfessibn | ;

p=k(bg) (1)

&

i ,wﬁere At is the differjénce in chemical shift from that of benzene, Aq the
excess in chargé density ffrc:)m unity (iunity being the'charge density on benzene
: carbon atoms)'a.nd k isra constant -estimated at 10.7 'ppm/electron. As a
general statement it can thus be said that an’increase in the electron den81ty
on a carbon atom will mcrease the shielding of a proten attached to it

resultmg in a high field chemlcal shift of the proton.

Schaefer and Schneiderl'.13 found that the abovemehtioned rélationéhip /

~ was applicable to various arbmatig compounds by correlating the calculated
charge densities with the observed chemical shifts. This relationship was .
however not alwaysl applicabie to heterocyclic and, polycyclic afomatic compounds,
InA'fapplying equation' (1) to the evaluation of charge densities, discrepanciés are
often encountered which are attributed to significant additional effects. 113,114

These additional contributions are due to:

(a) The magnetic anisotropy of Stibstituents or of hetero atoms in the
aromatic ring. v ‘

‘ (b) ‘ Ring-current effects'of néighbouring rings in polycyclic_arématic
compounds.

(c) Inductive effects.

(dn Ion association effects of arematic rings.

(e) Solvent effects.

Large contributions arising from any one or combination of these effects

seriously limit the reliability of the charge density evaluations.
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107, 108 114, 115 1nd10ated differences

Studies on substituted benzenes
in the electron .,oharge distributions at the ortho, meta and para _positions which
appeared to be closely associated with‘the substituents. The differences in the
electron densities at these positions are ascribed to inductive and mesomeric -
effects caused by the substit;uents. 108 The mesomeric effects caused by electron-
donatmg substituents produce high field shifts for protens in the ortho and.para
positions whereas the mesomeric contributions of eLectronerithdrawing

substituents cause low field shifts for pretens. in these positions. Similar ’

but smaller changes in shifts are obtained for. protons in '.the meta position.

Ballantine and Pilli.ngerl16 investigated a large number of suhstituted
phenolic compounds in order to ascertain the shielding values of different
substituents. They analysed jche chemlcal shift values of the aromatic protons

.of the compounds. in terms of additive substituent sh1e1d1ng values. They found
-that the substituent shield;"‘ﬁ‘g constants so obtained for the different substituents

~ can be used with considerable success in predicting the chemical shift values o

of aromatic protons., They‘also found that these shielding constants cannot be

used with equal success for certain structural types‘such as flavones, iso-

flavones and heterocyclic compounds containing a benzofuran system and they

ascribed this fact to the influence of long*range maghetic anisotropic' effects .

In recently pubhshed papers by Brownll? and by nghet and nghet118

the anion shift techmque was described in Wthh they showed that the chem1ca1
shifts of the aromatic protons of phenols experience a h1gh field shlft when the
phenols dissociate to form the corresponding phenoxide ions. This -high field
shift (anion shift) of the aromatic protons was found to be character,isft'ic of the'
positions of the protens relative to the phenolic hydroxyl group. As it has
. generally been found that th\e anion shifts of protons are affected the most in the
orthd and para positions, it has been suggested 117 118 that these shifts are due
to the increased electron charge denS1t1es at these posmons which are contributed
‘by the mesomeric structures of the phenohc compound. It was also found 118
that the substitution‘ pattern of fhe ,compound"conce‘rned considerably influenced

the values of the anion shifts.

Dimethyl sulphoxide was found to be the most suitable solvent for deter-
mining anion sh1fts as conS1derab1y higher shift values are obtamed in this solvent

compared to methanol or deuterated chloroform. The ranges for the maximum
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anion shifts for alkyl and alkoxyl substituted phenbls in dimethyl sulphoxide

solution are given 118

as ortho: 0.42 - 0.59 ppm; meta : 0.19- 0. 38 ppm;
para: 0.71-0.79 ppm. Phenols which have a carbonyl group or vinylogous
carbonyl system para to the phenolic hydroxyl group showed anion shifts in

the ranges orthe :0.60-0.84 ppm and meta: 0.22 - 0.47 ppm.

By using the anion shift tfechnique Highet and Highet 118 were able to
determine the exact position of the phenoli¢ hydroxyl group in the alkaloid
amaryllisine. Pachler et al. 119 gshowed that the previdusly proposed structure.
of the phenolic af)orphine alkaloid, rogersine, was inc_ofrect. As the NMR
spectra of certain closeiy related phenolic aporphine ualk‘aloid\s are virtually
identical, the small differen;:es did not permit f;he assignment of the position
of the phenolic hydroxyl groﬁp in rogersine. The anion shift data obtained
from closely related compounds enabled them to locate the exact position of the
hydroxyl group, provmg rogersine to be N-methyl-laurotetanine. Sub_sequent
‘anion shift stu(_hes by Baarschers and Pachler 2 in the aporphme alkaloid
field showed the value of this method in the structural elucidations of these

compounds.

This technique may prove to be a very valuable aid in the structural
elucidations of all types of phenolic compounds, especiallgr if anion shift data A
of closely related compounds ar{,e‘available. This study of the anion shifts of‘
hydi‘bxybenzofurans and related compdunds was ﬁndertaken mainly 1n order' to
ascertain whether this method can be used to faéilitate the structural elucidations

of natural isoflavanoids and related ’compounds.;

B. , ASSIGNMENTS OF THE PROTON RESONANCES

The structures of the hydroxybenzofurans and related compounds which"

were mvestlgated are given below ' (See. Chapter 5).

(LIII) ' (LIV) ~ OH

Os ‘ ' o o)
E;()*OH OH - No OH

(XXXIV) | (XLI) (xLy1) OH

AN
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(LVID)

The. NMR data obtained from d‘imethyi sulphoxide solutions for these compounds

are summarized in Table 8.

‘ TABLE 8.
T - VALUES FOR (CH3)2 SO SOLUTIONS

.Compound | "1 - Values of groups at positions . _ :
No. . 2 3 4 5 7 Coupling constants (cps)
(LI) | 2.20(3.18]2.50(3.08 | 2.86 | J2g =2.0; Jg7 = 1.0
d45 = 874; Jg7 =2.1
(LIII) 2.37(3.11| - |3.69 | 3.47 | Ja3=2.2; J37=0.9
J57=2.0
(LIV) 2.19(3.20|3.11 | 3.04 | - Jo3=2.05 045 = 8.2
(KXXIV) | 5.28] - [2.493.33 | 3.42| Jg5=8.2;J47 = 1.0; J57 = 2.0
" ‘ ERma - llg‘
(XLI) 5.46 | - | - |4.10 | 4.10
(XLVD) | 5.23| - |2.94]3.30 - | Jg5=8.1
3 47 s 6 8
(Lvir)) | 3-74(2.03(2.42| 3.11 | 3.20| J3q = 9.5;J56 = 8.0
: | Ssg ="1.2;Sgg =1.9

(i) 6-HYDROXYBENZOFURAN (LII)

In the NMR sf)ec'trumbf this compound (plate 9) the,.furah rmg protons
( T=2.20and T = 3.18) are identified by their spin-spin coupling
’ (Jog = 2. O'.cps). The sigﬁal at lower field is assigned to the proton in position 2,
next to the electronegative oxygen atom. ‘12.13,‘ 122 » The three aromatic protons
between T =2.50 and T =3.08 are easily assigned from their spllitting.
patterns. The protons in the 4 and 5 positions ( © =2.50and 't = 3.08 res-
pectively) are.ortho coupléd (J45 = 8.4 cps) and appear basically as.an AB éystem

where oneof them (5, at higher field) exhibits a further small meta splitting
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(J57 = 2.1 cps), the para coupling (J47) not being resolved. The, T values for
the protons in positions 4 and 5 are determined from an AB-analysis after re-
moving the small meta coupling. The relatively high 1 -values for the protons
in positions 5 and 7 are as expected as it is known that hydroxyl substitﬁents
- 107, 110,111, 114,116, 123 shift the resonances of ortho and para arematic protons
to higher field by approximately 0.5 ppm.‘ The hydroxyl pro.ton”sig':‘lalris at
T = 0.4. The resonances of the protons in positiens 3 ( T = 3.18) énd.

7 (T =2.86) show long-range coupling (J37 = 1.0 cps), see under C).

(i) 4,6 -DIHYDROXYBENZOFURAN (LIII)

The resonances at T =2.37 and T = 3.11 (plate 9) are assigned to the
furan ring protons in positions 2 and 3 respeciively (J23 = 2.2 cps) as described
under 6—hydroxyben‘zofuran., The aromatic protons in pdsitions 5and 7 are
meta coupled (J57 = 2.0 éps) and as expected.their resonances appeér ata
relatively high field ( T =3.69and T =3.47) as they are subject to the
addi‘pive subéﬁituent effects of the two hydroxyl groups (see under (i) ). The signal

~at lower field exhibits long-range coupling (J37 = 0.9 cps) and is assigned to the |

protori in position 7 (svee under C). The hydroxyl protons appear as two

broadened peaks at T =0.19 and <t = 0.65, (not shown in the spectrum). -

(iii) 6,7 -DIHYDROXYBENZOFURAN (LIV)

The aromatic protons of this compound in positions 4 and 5 (plafe 9)
‘constitute an AB‘s‘ys,tem with 7T- valuesat v =3.04and. v =3.11 (Jg5 = 8‘.12 cps).
The A doubiet (at lower field) is assigned to the proton in position 5 from anion

’ shift‘ data (see under D(iji);) The doublets at T = 2.19and T =3.20(Jg3=2.0cps)
are assigned to the furan protons in positions 2 and 3 respectively as described

under (i). - The two hy’droxyl protons é,ppear as a singleline at T = 0.94. "
(ivy HYDROXY - 2,3 - DIHYDROBENZOFURAN - 2~ ONES (XXXIV),
(XLI) AND (XLVI)

- The aromatic pfo_to’ns of these cohrnpounds.are assigned. in a similar
mé.npér from their chemical shifts and coupling constants as described abO\}e for
the hydfoxybenzofuransa The degenerate spectrum of 4, 6 - dihydroxy - - ‘
2,3- dihydrobenzofu‘fan'— 3-one (XLI) is deceptively simple and the aromatic

'prﬂoft;ons (in positions 5 and 7) accidentally have the same t© -values ( v =4.10).

The tvwl/o~proton“methy1ene signals have 't - values of 5.28, 5.46 and 5.27 for
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compounds (XXXIV), (XLI) and (XLVI) respectively. The NMR data for these

compounds are summarized in Table 8.

(v) 7 - HYDROXYCOUMARIN (LVII)124

.In the NMR spectrum of this compound the o - pyrone ring protons in
positions 3 and 4 constitute an AB system with t - values at t =2,03 and

T = 3.74 of which the one at higher field is assigned to the proton in position
3. 1210, 125 The three aromatic protons in positions 5, 6 and 8 ( T =2.42,

T = 3.11and T = 3.20 respectively) constitute a three-spin system and are
easily assigned from their splitting patterns. The protons in the 5 and 6 positions
are ortho coupled (J5¢ = 8.0 cps) and appear basically as an AB system of which‘
the doublet at higher field, (6, ortho to the hydroxyl group, see under (i) ),
exhibits a further small meta splitting (Sgg = 1.9 cps) and the one at lower
field shows a small para splitting (S5g = 1.2 cps). The 1 - values for the
protons in positions 5 and 6 are determined from an AB - analysis after removing

the small meta and para spin-spin splittings.

(vij ACETOXY DERIVATIVES

7 ‘vThe NMR data of the acetoxy ‘derivatives of compounds (LII), (LIII),
(LIV), (XXXIV), (XLI) and (XLVI) are summarized in Table 9. The spectra 6f
compounds (XLIX) - (LI) are presented in plate 10. The assignments of the
protons of the acetoxy derivatives are made in a similar manner as for the
hydroXybérizofurans from (a) long-range coupling, (b) substituent effects and
(c) splitting patterns and are summarized as follows.Compound (XLIX) (a) and (c);
~(L) () and (e); - (L1) (b) and (c); - (XXXV) (¢); (XLI) (b); - (XLVII) (b). The

structures of these compounds are given below.

(XLIX) : R=R;=Rg=H

R2 : (L) : R=Rj =H; Ry =0OAc
(L)  : Rj=Ry=H;R =0Ac
OAc (XXXV) : R=Ry=H;R; = OAc

(XLII) :. R=H; Rj =R = OAc
(XLVI) : Rg=H; R =R; = OAc
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TABLE 9

T- VALUES FOR CDCl3 SOLUTIONS

Compound T - Values of groups at positions
No. : -
\ o] 9 3 4 5 6 7 Coupling constants (cps)
(XLIX) 2.39(3.28[2.46[3.01 | 7.72{2.68 | J93=2.0;J37 =1.0
° Ja5=8.5;J57 = 2.0
(L) 2.45(3.38[7.80(3.10 | 7.75(2.76 | Ja3=2.2;J37 = 1.0
| Jdg7 =1.8
(LI) 2.40(3.26(2.58(2.94 | 7.71[7.63 | Jo3=2.0; Jy5 = 8.5
(XXXV) 1.97(7.74|2.49(2.99 | 7.71]2.75 | J45=8.3;J57 = 1.9
(XLII) 2.0 |7.76|7.76|3.16 | 7.71]2.82 | J57 =1.8
(XLVID) - | 1.94|7.72|2.61(2.92 | 7.72|7.66 | J45=8.5"
C.  LONG-RANGE SPIN-SPIN COUPLING

The s‘ignals of the protons in positions 3 and 7 of compounds (LII),

' (LI'II), (XLIX) and (L) (plates 9 and 10) exhibit additional splitting whereas

this splitting patterrr is not observed in compounds (LI), (LIV), (plates 9 and 10)
and in the spectra of the hydroxy -2, 3 dihydrobenzofuran - 3 - ones and the1r
acetoxy derlvatlves where -only one of the protons in.positions 3 and 7 is present.
This additional splitting can thus only be due to long-range couphng between

‘the protons in positions 3 and 7 (J37 = 0.9 - 1.0 cps). Similar long-range
couplings were also observed in indene and benzlofuran1.26, quinolines 127,

128, indole and car‘bazc_)le129 which is in _complete'

‘methylnitronaphtalenes .
agreement with our findings. In all these compounds . the long-range coupling
p}a‘th'i_s over bonds. Wh.ich have a planar zig-zag arrangement. 130,131,

- The observation of long-range coupling between the protons in positions 3 and 7
considerably facilitated the ass1gnments of the protons in the relevant compounds

mentioned above, and should also prove to be very useful in detectmg substitution
in position 8 (which 1s equlvalent to posmon 7 in benzofurans) in fur01soflavano1ds

or in compounds posessmg a benzofuran system.
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D. ANION SHIFTS OF HYDROXYBENZOF URANS

92.

It was found by Pachler et al. 119 that a good method of studying anion

shifts is by successively adding small amounts of concentrated alkali (NaOD)

solution to the compound dissolved in dimethyl sulphoxide and recording the

spectrum after each addition of alkali.

tained versus the relative amount of alkali added, expressed as

By plotting the chemical shifts so ob-

T - values

versus mole alkali per mole compound, considerably facilitates the interpre-

tation of the data obtained. This method can be most valuable in the assignments

of the proton resonances and can also yield much additional inforrhation as re-

gards the dissociation sequence of the phenolic hydroxyl groups of compounds

possessing two or more such groups.

1-7 (plates-11 - 14).

These graphs are given in figures

The maximum anion shift data obtained for the compounds mentioned

undér B(i) - (v) are given in Table 10.

TABLE 10.

MAXIMUM VALUES OF ANION SHIFTS

Compound Maximum shift (ppm) for protons at positions
No. 2 3 4 5 6 7 8
(LII) 0.38n| 0.21n {0.35m 0.370 - 0.536 -
(LIII) 0.49n| 0.22n - 0.690,0 - 0.750,p| -
(LIV) 0.45n) 0.33n 0..40m,p 0.680,m - - -
(XXX1IV) - - 0.27m [0.480 - - 0.670 -
(XLI) - - - lo.800,0 - | o0.8000]| -
(XLVI) - - 0.41m,p|0.420,m - - -
(LVII) - 0.5In | 0.25n }0.39m 0.450 - 0,550

The designations o, m, p indicate that there is a hydroxyl group res-

pectively in the ortho, meta and para position relative to the proton concerned

while n indicates a hydroxyl group (or groups) on the neighbouring aromatic

ring.
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(i) 6 - HYDROXYBENZOFURAN (LII)

The mesomeric structures of the phenoxide ion of 6 - hydroxybenzofuran

which affect the chemical shifts of the protons in positions 7, 5 and 2 are given

0L on oL

In figure 1 (plate 11) it can be seen that the proton in positiori 7 shows the

below

largest high field shift (0.53 ppm) whereas the protons in positions 2,4 and 5
have approximately the same maximum anion shift values, 0. 38, 0.35 and

0. 37 ppm respectively.

(ii) 4,6 - DIHYDROXYBENZOFURAN (LIII)

The mesomeric structures which influence the chemical shifts of the

‘protons in positions 7,5 and 2 are shown below.

The large high field shifts of the protons in positions 5 (0.69 ppm) and

7 (0.75 ppm) (figure 2 plate 11) are as exbected as the dissociation of both

the hydroxyl groups affect these protons (see mesomeric structures abo{re).

The dissociation sequence of the hydroxyl groups cannot be determinéd from the

plots of the anion shift values.
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It was found that the aromatic hydrogen atoms in positions 5 and 7 are
readily exchanged by deuterium atoms if an NaOD solution is used, and conse-
quently an NaOH solution was used in the determination of the anion shift
values for this compound. This deuterium - hydrogen exchange was not ob-
served in any of the 6 - and'6, 7 ;'hydroxy compounds investigated in this work,

which is in complete agreement with the work done by Hand and Horowitz132'

1:133,134 4 the hydrogen-deuterium exchange in resorcinols

and Massicot et a
and related compounds. They132 found that the combined activating effects. of.
two or more meta oriehtated hydroxyl groups sufficed for ready. exchange of
protons. ortho and para to them, while protons of aromatic rings containing.only

one hydroxyl group or two adjacent hydroxyl groups did not exchange.

(iii) 6,7-DIHYDROXYBENZOFURAN (LIV)

The relevant phenoxide mesomeric structures for the di-anion of this

compound are given below.

From figure 3 (plate 12) it can b‘e‘ seen that after the addition of approximately

1 mole equivalent alkali one of the two aromatic protons (5) shows a large high
field shift to very hearly its’ maximum shift value,(O.\6‘8 ppm). On further
addition of alkali there is a very small increase in the shift value for this

proton whereas the other protons (in positions 2, 3 and 4) continue to shift to
high field. As bofh the aromatic protons (in positions. 4 and 5) are theoretically
subject to mesomeric effects, as shown in the étruétures above,it is reasonable

- to expect that their maximum anion shift values should bé approxirhately

the same. One of the aromatic protons (4) howe'vef has a comparatively low
shift value (0.40 ppm) and the shape of its curve (compared to that of proton 5)
indicates that it is not subject to mesomeric effects. This indi_cates that only one
of the hydroxyl groups dissociates. In order to test this proposal potentiometric
titrations were carried out on several phenolié compounds which established that
only one of the hydroxyl groups of 6,;7— dihydroxybenzofuran does disSQciate, (see

under E).
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HYDROXY -2, 3 -DIHYDROBENZOFURAN -3-ONES

The relevant mesomeric structures for these compounds, (XXXIV),
(XLI) and (XLVI) can be written in a similar manner as shown for the hydroxy—
benzofurans. The maximum anjon shift values of the methylene protons for
these compounds could not be determined as the water resonance obscured the
final shift values of the methylene group. The approximate maximum shift
values obtained for the methylene groups of compounds (XLI) and (XLVI) are
0.24 ppm and 0. 32 ppm respectwely

{iv) 6 - HYDROXY -2,3-DIHYDROBENZOF URAN -3 - ONE (XXXIV)

The aromatic protons of this compound show a constant rate of increase
in their shift values, figure 4 (plate 12). As expected the profons in: positions
5 and 7 have the highest anion shift values (O 48 ppm and 0 67 ppm respectlvely)
as they are ortho to the hydroxyl group.

(v) 4, 6 - DIHYDROXY - 2, 3.- DIHYDROBE_NZOFURAN -3 - ONE (XLI)

The large 'mékimum anion shift values obtained for the aromaitic protons
in positions 5 and 7 '('0. 80 ppm) of this compound, figure 5'('p1ate 13), is ascribed:
to the combined effects of the hydroxyl groups. The hydrogen atoms in positions ’
5 and 7 are also exchénged by deuterium atoms, but not to such a marked extent -

as was found for 4, 6 -dihydroxybenzofuran.

vi) 6,7 —DIHYDROXY—Z, 3- DIHYDROBENZOFURAN - 3 - ONE (XLVI)

The dissociation of the hydroxyl groups 1n posmons 6 and 7 of this com—'
pound can readily be seen from the anion shift- values of the aromatic protons in
positions 4 ahd 5>, ’figure 6 (plate 13). The hydroxyl group in position 6 dis-
sociates first as the resonance of the proton in position 5 shifts to very nearly
its maximum anion shift value (ortho anion effect) Whereas the proton in position
4 has a very small shift value after thebsddition of approximately 1 mole
equivalent alkali. On forther additioh of alkali the dissociation of the second
_hydroxyl group (in position' 7) then begins as the proton in position 4 shows a
sharp increase in its shift values (paraA anion effect) while the proton in position
5 hardly shows any further increase in its shift value. The maximum shift values

for protons 4 and 5 are 0.41 ppm and 0. 42 pprh respectively.
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(vii) 7 - HYDROXYCOUMARIN (LVII)

The protons in positions 3, 6 and 8 in this compound have the highest
anion shift values, 0.51 ppm, 0.45 ppm and 0.55 ppm respectively. This is
in accordance with the mesomeric contributions as shown in the structures be-

low.

The anion shift value for the proton in position 5 (0. 39 ppm) is in agreement with
the values reported by Highet and Highet 118 for meta shifts in compounds which
‘have a vinylogous acyl group-para to the hydroxyl group. The anion shift values

of the protons of this comp‘ound is graphically presented in figure 7 (plate 14).

E. - POTENTIOMETRIC TITRATIONS OF HYDROXYBENZOFURANS

- Potentiometric titrations were carried out on several phenohc compounds
1nclud1ng 4,6- dihydroxy - 2,3~ dlhydrobenzofura.n - 3 - one (XLI), 4,6~ dlhydroxy—
benzofuran (LIII) 6,7 - d1hydroxy 2 3- dlhydrobenzofuran -3 one (XLVI) and
6 7= d1hydroxybenzofuran (LIV)." These compounds dlssolved in dlm’éthyl .
sulphomde were ‘titrated with a NaOH solut1on and the results were plotted as
mV versus mole alkah per mole compound The graphs are glven in f1gures 8

and Y (plate 15). I 1om blank titrations it was estabhshed that any decrease in

the elope of a curve is due to a dilution effect.

From figure 8 it can clearly be seen that both the hydroxyl groups of
":compounds (XLI) and (LIII) d1ssoc1ate ‘The curve of 6,7 - dihydroxy - .
2,3- d1hydrobenzofuran -3-one(XLVI) (figure 9, plate 15) shows that after the dis-
sociation of the first hydroxyl group (sharp increase in the slope of the cu‘rve
after the addition of 1 mole equivalent alkali), - the second hydroxyl group slowly
dissociafes (gradual increase in the slope of the curve on further addition of

alkali). The fact that both the hydroxyl groups of this compound dissociate is

in full agreement with the anion shift data obtained for this compound, (see under

D(vi).) In the case of 6,7 - dihydroxybenzofuran (LIV), (figure 9, plate 15) the
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curve clearly shows that only one hydroxyl group d1ssoc1ates After the addition

of approx1mately 1 mole equ1va1ent alkali a single sharp increase in potential is

obtamed after which, on further addition of alkali, the slope of the curve has a
steady downwards trend (dilution effect). ' ' -

F. DISCUSSION

‘ The anion shifts observed for the furan ring protons of compounds (LII),
(LII) and (LIV) are as expected. The proton in position 2, which is ‘affected by
mesomerism, always shows a greater effect than the proton in position 3, " The
two compounds. with one 6 - hydroxyl substituent, (LII) apd (XXXIV), Show anion
shifts for the protons in positions 4 and 7 which ar-e within the ranges given by
Highet and Highet. 118 Of these two compounds compound (XXXIV), which has a
carbonyl group para to hydroxyl group, shows larger anionv shift values for the
ortho protons in positions 5 and 7. The shift values found for the proten in
position 5 of these compounds are however unusually small for an ortho effect.
The 4, 6 - dihydroxy compounds, (LIII) and (XLI), vexhibit effects within the |
expected ranges. The anion shifts of the protensin positions 5 and 7 are subject -

to the cumulative effects of the two hydroxyl groups.

The interpretation of the results obtained for the 6,7 - dihydroxy
cempounds (LIV) and (XLVI) appears to be difficult Both the hydroxyl groups
of 6,7 - dihydroxy -2, 3 - d1hydrobenzofuran - 3-one (XLVI) d1ssomate as
evidenced by the anion shift data (fig. 6, plate 13) and the potentiometric
titration (fig. 9, plate 15). The second step in the potentiometric curve of this
. compound appears rather diffuse in contrast to the anion shift results which
are quite normal. This may be due to the differences in experimental conditions

(concentrations). -From the anion sh1ft data of thls compound it follows that the
hydroxyl group in position 6 d1ss001ates first. The total shifts observed are
however lower than expected In contrast to the compound mentioned above,
(XLVI), only one of the hydroxyl groups of 6,7 - dihydroxybenzofuran (LIV)
dissociates, a fact which is proved by the anion shift data (fig. 3 plate 12) and

the potentiometric titration results (fig. 9, plate 15). From the facts that the
~ hydroxyl group in position 6 of compound (XLVI) dissociates first and that

the dnion shift value of the proton in position 2 of 6, 7 - dihydroxybenzofuran (LIV)
4 agrees well with the shift value observed for the corresponding proton in
“6--hydroxybenzofuran (LII) we cqnclude thatit is the hydroxyl group in position 6

of 6,7 - dihydroxybenzofuran (LIV) which dissociates as the proton in position 2
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of this compound will not be subject to mesomeric contributions on the dis-
sociation of the hydroxyl group in position 7. The magnitudes of the anion shifts

~ observed for the 6,7 - dihydroxy compounds do not fit into any simple s¢heme.

Although some- general features can be observed for the anion shifts of the
hydroxybenzofurans and hydroxy - dihydrobenzofuran - 3 - ones which are in good
- agreement With the values given by Highet and Highet 118 pno séheme could be
designed which could accommodate all the data obtained. It is particularly
the/6, 7- dihydroxy compounds (LIV) and (XLVI) which show exceptional be-

haviour due to the ortho relationship of the two hydroxyl groups.

II. ANION SHIFTS OF PHENOLIC DERIVATIVES OF NATURAL
ISOF LAVANOIDS "

The structures of the phenolic isoflavanoid derivatives pachyrrhizino]l (LV),
the deoxybenzoin of dehydroneotenone (LVD), formonohetin (X) and neofolinol (LVIII‘)
are given below. Purely-for the sake of convenience the same'nomenclatu'ré used

for the furoisoflavanoids (Chapter 3) is also used for their phenolic derivatives

(LVIII) o ' (X)

The NMR data of these compounds, obtained from dimethyl sulphoxide solutions .
are summarized in Table1l The data of neofolinol (LVIII) are taken from a

publication by Brink et al. 9.
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A, ASSIGNMENTS OF THE PROTON RESONANCES

(1) PACHYRRHIZINOL (LV)

The low field part of the spectrum (plate 16) contains the signals of nine
protons. The furan ring protons ( T = 2.18 and'T = 3.12) are identified by
their Spin—Spin coupling (Jongn = 2.1 cps). The lower signal is a"ssigr.xed to the
proton in position 2" next to the electronegative oxygen atom 121a; 122 1pe
‘ré.sonances at relatively high field ( T = 3.16 andt = 3.29) are assigned to the
proi:ons' in positions 2' and 5' respectively aé it is known that rﬁethylenedioxy135
methoxyl and hydroxyl 107,110,114, 116, 123, substituents shift the resonances of
ortho and para aromatic protons to higher field.  The signal at 7=2.90 is
assigned to the proton in posi.tion 8 as the resonance shows lon'g—fang spin-spin
coupling (Jgng= 1.0 cpé) (see under IC). The low field signal at © =2.25is :
assigned to the aromatié proton in posftion 5 (from anion shift data). The two~
proton signal at T = 3. 98 is characteristic for a methylenedioxy group. 135-1317
The remaining low field signal at 7.= 3.09 must thus be due to the olefinic
Aproton in position 4. The two proton signal at © = 5.52 and the three-proton

signal at 1-=6.21 are assigned to the methylene - and methoxyl groups res-

‘pectively. The phenolic hydroxyl proton resonance is'at T = 0. 3.

(ii) DEOXYBENZOIN OF DEHYDRONEOTENONE (LVI)

The assignments of the protons of this compounds (plate 16) are made in
a similar rhanner as described above. The signals at 1=2.27 and .1 =3.21
are assigned to the furan ring protons in poéitions‘ 2" and 3" respectively. The
proton in position 3" clearly shows long-range coupling with the ’pro'ton in
position 8 ( T-= 3.06) (Jgng '=0.9 cps). The signals at higher field ( t= 3.35
and T = 3. 39) are assigned to the protons in positions 2', and 5' fespectively
as described under (i). The remaining lbw'figld signal at T = 1. 80 must thus
be due to the proton in position 5. The low T -value of this proton is ascribed to
deshielding by the anisotropic carbonyl gr’oup' 138 ortho’ to this proton. The two-
pr(;ton resonance at 1 =4.18 is chafacterisfic for the methylenedioxsr gi‘oupl35_137

and the three-proton signal (methoxyl group) is located at .7 =.6.41. The re-

maining two-proton signal at t = 5.75 is thus assigned to the methylene protons.




TABLE 11

T- VALUES FOR (CH3)2 SO SOLUTIONS

| Compound No. L Z - VALUES OF GROUPS AT POSITIONS _y
2n 3" 4 5 | 8 2! 5' CHy OCHg -OCH2-O-  J (cps)
(LV) 2.18 3.12 3.09 |2.25| 2.90 | 3.16 | 3.29 5.52 | 6.21 | 3.98 . |Jgngn=2.1;J31=1.0
(LVI) 2.27 | 3.21 - ]1.80 | 3.06 | 3.35 | 3.39 (5.75 6.41 | 4. 18 Jongn=2.1; Jgug= 0.9
(‘L\}III) 2.24 |3.18| 3.14 |2.59 - 3.27 | 3.33‘ ‘- - -
2 5 | 6 s | 26| a5 |
(X) 1.63) 1.96 '3.00 | 3.05 2.43 | 2.96 - - 6 18 - Jsé =8.8; Jgg=2.0
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(iii) FORMONONETIN (X) 139

The aromatic protons in positions 5, 6 and 8 ( © = 1. 96, T =3.00and
T.= 3. 05 respectively) constitute a three-spin system which appears basically as

an AB system. The assignments of these protons are easily made from their

" splitting patterns. The protons in positions 5 and 6 are ortho coupled (J56=8. 8cps)

and one of them (6, at higher field) exhibits a further small meta splitting
(Jgg = 2.0 cps), the para coupling (J5g) not being resolved. The © - values for

the proton in positions 5 and 6 were determined from an AB-analysis after ‘

© removing the small meta coupling. The relatively low 1 - Value for the proton

in position 5 is ascribed to deshielding py' the anisotropic carbonyl group in
position 4. The one-proton signal at loweet field, 1.=1.63 is assigried to the '
proton in position 2. The low 7T - value of this proton is caused by the inductive
effect of the neighbouring electroneégative ring oxygen atom and a mesomeric

effect originating in the :4'- carbonyl group as shown below.

| o . 0" ,
S -4

This value isin good agreement with these found for similar compounds 139 -
(genistein and biochanin A). The resonances of corresponding protons in similar
compounds which do not have a 4 - carbonyl group appear at conS1derab1y hlgher

T -values( T =3.7-3. 8)1210 142,

The aromatic protons in pOS1t1ons 2'6' and 3'5' constitute an AA’BB' i
system which approximates a 31mple AB system the doublets of which are located

at 1 =2, 43 and 1= 2.96. The h1gher field doublet is ass1gned to the protons

in positions 3' and 5' as they are ortho to thé methoxyl group, 107,110, 114, 116, 123

B, ANION SHIFTS OF COMPOUNDS (L.V), (LVI) ANDAX)

The maximum anion shift data obtained for compounds (LV),' (LVI), 7

(X) and neofflinol (LVIIN)5® are given in Table 12.
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TABLE 12

MAXIMUM VALUES OF ANION SHIFTS

Proton Maximum shifts (ppm) for Compound No.

; {LV) (LVI) (LVIII) X)
an 0.43n 0.54n 0.38n -
3" . 0.31n 0.42n 0.26 n -

2 - - - | 0.39n
4 - 0.13 - -0.19 | I
5 0.61m | 0.73m 0.50m | 0.37 m
6 - - - - 0.60 0
8 0640 | 0.750 | - 0.84 0
2! o1 | oan 0.07 0.05
3 S . - 0.06
5' 0.09 | 0.11 - 0.01 0. 06
Y - - - 0.05

‘The designations o, m, p and n have the same meaning  as in.

Table 10. - ;-

(i) PACHYRRHIZINOL (LV)

. .In figure 10 (plate 14) it can be seen that the protons in positions 8, 5 .
" and, 2"z have the largest high field shifts with maximum anion shift values of »‘
0. 64, 0.61 and 0.43 ppm respectively. The relevant mesomeric structures
for the benzofuran part 6f the molecule can be written in a similar _rhanner as
for 6 - hydroxybenzofuran. It is important to note that the meta anion éhift '
value 0.61 ppm (proton 5) is approximétely the s"ame as the ortho aﬁion shift
- value, 0.64 ppm (proten 8)\,' a fact which. éannét be accounted for at present.
As expected the dissociatioﬁ ‘of the phenolic hydroxyl group has har.d:ly.any i
| effect on the protons in positions 4, 2' and 5' (Table 12). The pro'ton‘ in pééitioh '
-4 shows a small negative (low field) shift. 95,119; 140“ The unambiguous
assignments of the protens. in positions 4 and 5 are made possible by the anion
- shift data as a result of thé fact that of théSe two protons enly the pro'ton in
position 5 is expected to have a significant anion shift. value. . The anion shift.

' data of similar compounds, (LVI) and (LVIII) clearly show that only the protons
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attached to the benzofuran part of the molecule are significantly influenced by

the dissociation of the phenolic hydroxyl group.

(ii) DEOXYBENZOIN OF DEHYDRONEOTENONE (LVTI)

The anion shift values of this compound figure 11 (plate 17), are very
similar to the values obtained for pachyrrhizinol (LV). The protons in positions
8, 5 and 2'" have the highest anion shift values, 0.75, 0.73 and 0.54 ppm
respectively. As in the case of pachyrrhizinol the meta and ortho anion shifts
(protons 5 and 8) are of the same magnitude while the protons in positions 2' and

' 5' are hardly affected.

(iif) FORMONONETIN (X)

As expected the aromatic protons ortho to the hydroxyl group, in
positions 6 and 8, have the highest maximum anion shift values, 0. 60 and 0. 84
ppm respectively, figure 12 (plate 17). The protons in positions 2 and 5 have
approximately the same shift values, 0.39 and 0. 37 ppm. -Very small shifts
are obtained for the aromatic protons in positions 2', 3', 5' and 6' (no mesoméric
contributions). The slight backward shift which is observed in some of the curves

after passing the equivalence pomt can pOSS1bly be ascrlbed to a dilution
effect 117,119

(I11) GENERAL CONCLUSIONS

The maximum anion shift values which. were obtained for the compouhds
investigated irll“this work are in good agreement with the anion shift values '
found by other authors. 117-120 I compounds (X), (XXXIV), (LII) and (LVII),
which have two ortho protons with respect to the'hyd:roxyl group, the proton in
position 7 (position 8 for compounds (X) and (LVII) has the higher anion shift
value of the two. The relatively high meta anion shift values of the hydroxy-
benzofurans and the ‘phenolic derivatives of the isoflavanoids are also in
agreement with the high meta anion shlft values found by Highet and Highet118
for phenols which have vinylogous am'{ groups para to the hydroxyl groups.

It appears that the furan ring in phenolic benzofuran compounds has a similar
effect on the magnitude of the meta anion shift. As only a few compounds have

been studied it is not possible to draw any definite conclusions in this regard.

In compounds (LV) and (LVI) the anion shift values of the protons in the

ortho and meta positions (positions 8.and 5) are approximately the same. It
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therefore appears that the-anion shift technique is not a suitable method to
distinguish ‘between these protons in compounds of this type. In furo-
isoflavanoids the proton in position 8 can easily be identified as a result of the

long-range coupling between this preton and the proton in position 3".

It has been found 1175118 that the anion shift values are dependent on
the entire substitution pattern of the compound concerned and that the substituent
shielding values are in turn influenced by contributions from inductive, reso-
nance, hetero atoms, steric and magnetic effects. 113,114,116 Substituents ortho
to the hydroxyl group as well as solvent effects may also s1gn1flcant1y influence

the anion shift values.

As a result of the ;lir'n'ited_- amount of information which is at’.pr‘esent
available on 'the effects which substituents and the other factors mentioned above
have on the ‘anion shifts of protons, it must be strcngly emphasised that con-
siderable care should be taken in using this method for structural elucidations
unless anion shift data of clcsely related compounds are available. This may"

prove to be especially true-in the case of heterocyclic compounds Where S

'~ additional effects may be expected. .

(IV) _EXPERIMENTAL

.Tne NMR spectra were recorded. on a pre-calibrated Varian A-60
spectrorneter (prcbe temperature 350C). Compounds (XXXV), (XLII), (XLVII),
(XLIX), (L) and (LI) were determmed in deuterochloroform (dllute solutions)
with tetramethylsﬂane (TMS) as internal reference. D1methy1 sulphox1de was
used as solvent in the anion shift studles with ‘sodium 2,2 - d1methyl 2=
silapentane - 5 - sulphonate (DSS) as internal reference. The chemical shifts
are eipreSsed in ppm :on the 1. scale (w1th TTMS or T pgg = 10.00) and

are estimated to be accurate to + 0. 02 ppm.

N

The anion shifts were studied by successwely adding small portions -
(approximately 10% of. the equivalent amount) of alkali (+ 5N Na OD‘solutmn)
to the compound and recording the low field part of the spect’rurn'a‘fter each
addition until no further changes were observed. The NaOD soiution was pre-

pared by adding sodium to D,0.
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Special precautions, howéver, had to be taken in the anioﬁ shift deter-—
minations of 6, 7 - dihydroxybenzofuran (LII). It was found that this coinpound
is extremely sensitive to oxygeﬁ in alkaline medium, it immediately oxidises
and resinifies in the presence of oxygen. ' The experiment was accordingly carried
out under a nitrogen atmosphere, using oxygen-free dimethyl sulpoxide and
Na OD solutions. As a result of the hydrogen - deuterium excharige of the aro-

matic protons of 4, 6 - dihydroxybenzofuran (LIII), a NaOH solution was used.

AB systems were analysed according to the usual procedure 108,141
Three—spiﬁ systems of aromatic protons were reduced to AB patterns, as

described, and analysed as such.

The potentiom'etfic titrations were carried out with a "Radiometer type -
TTT le' automatic titrator. The compounds were dissolved in.dimethyl |

"sulphoxide and titrated with a 1N NaOH solution under a nitrogen atmosphere.
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A, GENERAL

Unless specified to the contrary, melting points are corrected. Infrared
spectra refer to KBr discs and were recorded on a Unicam SP 200 spectrophoto-
meter. Ultraviolet spectra were determined in spectroscopically pure ethanol,
except where otherwise stated, and were recorded on a Zeiss PMQ 1I
spectrophotometer.. Optical rotations were determined with a Hilger-Watts M412
polarimeter. Activated alumina refers to Riedel-de-Haen ';Alumina for
Chromatography" treated with 2N hydrochloric acid, washed with water until
neutral, dried and activated' at 220°C fof 24 hours. Thin-layer ¢hromatography
refers to Silica Gel G (Merck) and Kieselguhr G (Merck) buffered with Asodium
acetate (0.02 M) (layer thickness 0.3 mm) activated at 110°C for 35 minutes.
Where the multiple develdpment technique was used the factor is given in
parentheses. Vanillin - sulphl.lricra,cid spray reagent refers to vanillin (1g)
and sulphuric acid (1.5 ml) dissolved in 35 ml 96% ethanol. Anisaldehyde -
sulphuric acid spray reagent refers to p-anisaldehyde (1.5 ml) and sulphuric
acid (1.5 ml) dissolved in 27 ml 96% ethanql. The thin-layer plates were -
developed by heating for 10 - 20 minutes at 100°C. The mass spectra were
recorded on a A.E.I. MS9 mass spectrometer. The micro-analysis were‘done

by Janssen Pharmaceutica, Beerse, Belgium and iby the C.S.1.R., Pretoria.

B, + PREPARATION AND EXTRACTION OF PIANT MATERIAL

Roots of N. amboensis were obtained from the Khomas highlands in
South West Africa during April and May and from the Kruger National Park,
near Shingwidzi and Tshokwane, during January and May. .After removal of the
ba;rk, the roots were sliced, sun-dried and ground to pass 100 mesh. Approxi-
mately 70 kg of the ground material was extracted in 5 kg portions with hot
acetone for 24 hours. The acetone extracts were concentrated under diminished
pressure to a third of its original volume. The extracts were left to evaborate
slowly at room tembperature and after 10-14 days the resinous brown syrup
slowly started to crystallise. Treatment of the syrup with the minimum amount
of cold methanol and filtration afforded a small amount of crystalline material,
Product A. The methanol filtrate yielded a further small amount of crystalline

- material after 5-6 days which was filtered and added to Product A.

-
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C. ISOLATION AND PURIFICATION OF THE GLYCOSIDE
AMBONIN (I)

After several attempts a very successful method was found for the iso-
‘lation of the glycoside ambonin. The methanol filtrate from which Product A
was obtained, was evaporated until a resinous syrup was obtained. This syrup
was ‘repeatedly extracted with boiling benzene until all the benzene soluble
corﬁpounds were removed. The excess b'enzene'was ?evaporated from the ‘benzene
insoluble residue. After cooling cold methanol was added to the behzene ir'lsolubl‘e
~ residue to form a layer a quarter of an inch thick on top of the resinous product.

The resinous syrup slowly started to cryétallise and with the addition of further

small quantities of cold methanol fhe entire resinous product was obtained
crystalline after 10 —v12 days. | The crystalline product was filtered and washed
with emall amounts of cold methanol. | A white crystalline compound was obtained
which consisted mainly of the glycoside embonin. Evaporation of the methanol
from the filtrate and treating the residue with cold methanol as described above
afforded a further crop of glycoside. The yield of impure glycoside from 5.8 kg)
plant material was 11.0 g. The benzene soluble fraction as well as the benzene J
insoluble fraction, froﬁ which the glycoside was obtained, were combined,

concentrated and kept for further processing (Residue A).

~ After two recrystallisations from methanol and seven crystallisations from
distilled water the glycoside AMBONIN (I) was obtained pure as white needles -
m.p. 230°-232°C. On drying ambonin at 110°C for 16 hours the meltmg pomt
was lowered to 225.5%~227.5°C with a corresponding loss of welght which
showed the presence of water of crystallisation, Ambonin [ :| - 73.8° (in
’O 02 M KOH solution).

C26H28013 + $Hp0 (557.5) Cale: ~ C, 55.97; H, 5.24
Found: C, 55.87; H, 4.97
C, 56.21; H, 5.04

Thin-layer chromatography (Silica Gel G) of ambonin ; (solvent system
ethyl acetate - methyl ethyl ketone - methanol (5:3:2) ') showed only one spot,
R¢ 0. 39, which had a light-green fluorescence under ultraviolet light. With

. vanillin-sulphuric acid a yellow spot was obtained.




D. SEPARATION OF THE KNOWN ISOFLAVANOIDS

BY COLUMN CHROMATOGRAPHY

The 'revsinous syrup from which the glycoside was obtained, Residue A
(see under C) was mixed with activated alumiﬁa (100g alumina to the extract
obtained from each kilogram plant material) to give a dry porous mixture which
was éuccessively-—extracted in a soxhlet with petroleum ether (8 hours) and
benzene (8 hours). The petroleum ether extract deposited a yellow waxy preci-
pitate.wlhich crystallised on trituration with ether, Product B. Evaporation of
the benzene extract and trituration with ether afforded a brown—yelléw crystalline
product,‘ Product C. The totail &ield of crude crystalline material obtained
(excluding the 'glycéside ambonin) was approximately 0.18% calculated on the

dry plant material.

The crude crystalline mixture (3g), Product B, was chromatographed on
activated alumina (300g) with benzene as eluent to separate neodulin, neotenone,

pachyrrhizin-and dehydroneotenone.

FRACTION 1

A colourless band on the cblumn Which showed anintense purple
fluorescence on the column and-in solution under ultraviolet 1ight.. A colourless
crystalline product was obtained which on rechromatography and crystallisation
from benzene afforded NEODULIN (XII) m. p. 225. 5°C as colourless needles.
(110 mg). | o '

FRACTION 2

A colourless band on the column which had a cream colour under ul;cra-
violet light. Rechromatography of the compound obtained from this fraction
and recrystallisation from benzene yielded NEOTENONE (XIV) as white needles
m.p. 179.5°-180.5°C (950 mg). "

FRACTION 3

A light yellow band on the column which showed an intense green
fluorescence under ultraviolet light on the column and in solution. The product’
of this fraction was rechromatographed several times and recrystalli's‘ed. from
benzene. PACHYRRHIZIN (XIII) melting point 206.5° - 207. 5°C was obtained as

yellow—green needles (1. 25g).
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FRACTION 4

A cream-coloured band on the column under ultraviolet light which eluted
slowly from the column. Rechromatography of this compound and recrystallisation
from benzene afforded Dehydroneotenone (XV) melting point 239. 5°_— 240.5°C as

w

white needles (45 mg).

" Thin-layer chromatography gave the following Rf values on Silica Gel G

plates with benzene-chloroform (1:1) as the solvent system:

Neodulin R¢ 0.57; neotenone Rq 0. 32; pachyrrhizin Ry 0. 20; dehydroneotenone.
Rf 0.10. The colour reactions with \}anillin—sulphuric acid spray reagent gave the
- following: neodulin, blué; neotenone, khaki-grey; pachyrrhizin- grey—yellow;A

dehydroneotenone, grey—yeliow. ,

Product C (benzene extract frofn soxhlets) was dissolved in the minimum
Hamount of ether and left for 24 h(v)urs, filtered and the crystalline material so
obtained was combined with Product A (see under B). Chrom.atography on activated
alumina of thelfiltrate gave the same compounds as Product B as described

above.

E, - SEPARATION OF THE DEHYDROROTENOIDS

When Product A (1.5g) crystalline product obtained from the fractional ,
crystallisaition of the acetone extract, see under B) was dissolved in bénzéne a
" viscous solution was obtained. The viscods solution was filtered and the filtrate

‘was chromatographed on activated alumina: (300g)‘w'i‘th benzene as eluent.

FRACTION ‘1

A A colourless band on the colunfn’ which had a cream coiour under
ultraviolet light. In solution this fraction had an ingenée light-green fluorescence
under ultraviolet light. Rechromatography of this fraction and recrystallisation
from benzene affordgd DEHYDRODOLINEONE (XVI) melting poin@ 28060 (decomp. )

as white-yellow needles (80 mg).

C19H100¢ (334.3) Calc. :'C, 68.26; H, 3.01; - OCHg, 0.0
Found : C, 68.01; H, 3.07; - OCH3, 0.0
Molecular weight 334. ‘




FRACTION 2

Consisted mainly of neotenone.

FRACTION 3

Consisted mainly of pachyrrhizin.

 FRACTION 4

A light yellow band on the column which showed an intense yello{v-green
fluorescence on the column and an intense\ éreen fluorescence in solution under
ultraviolet light. Evaporation of the benzene afforded a yellow crystalline com-
pound which was rechromatographed on alumina. The product so obtained was
found to be impure and the compound was consequeritly purified loy pre‘parative‘
thin-layer chromatography on Silica Gel G plates with benzene ae elnent.
NEBOENSINONE (XVII) was obtained as fine yellow needles Inelting point 350°C

(decomp.) 110 mg).

C19HgO7 (348.2) Cale. : C, 65.52; H, 2.31; - OCHg, 0.0.
Found : C, 64.37; H, 2.51; - OCHg, 0.0,
Molecular weight 348.
(The low carbon value may possibly be due to incomplete combustion as a

result of the high melting point of neboensinone).

FRAC TION 5

A yellow band on the column which did not show any fluorescence under
ultraviolet light and which eluted very slowly with benzene. The band was
censequently eluted with chloroform. In solution the compound showed a faint
yellow fluorescence under ultraviolet light. The compound was purified by
preparative thin—layer chromatography on Silica Gel G plates with benzene ~
chloroform (1:1) as the solvent system. NAMBINONE (XVIII) was obtained as a
fine deep yellow crystalline compound melting point 400°C (decomp.) (4 mg),

molecular weight 364.

Thin- laye—r chromatography of the dehydroroten01ds on Silica Gel G
(solvent system benzene chloroform (1 1) gave the following Rf values
dehydrodolmeone Rf0.27; neboensmone RfO 25; nambinone Rf 0. 09. The colour
reactlons with vamlhn sulphurlc acid spray reagent are: dehydrodohneone

grey -blue; neboensinone, yellow; nambinone, grey
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STRUCTURAL ELUCIDATION OF AMBONIN (I)

A, ACETYLATION OF AMBONIN (I)

Ambonin (400 mg) was dissolved in dry pyridine (5ml), acetic anhydride (9 ml)

was added and the reaction mixture was heated on a water bathfor 1 hour.

The mixture was cooled, ice . water (200 ml) was added and after 2 hours the
precipitate was filtered off, washed with dilute cold hydrochloric acid, water °
until neutral and dried. The product was chromatographed on activated alumina with
methanol as eluent. Evaporation of the eluate afforded a colourless oil which solidified

after 2 weeks in a vacuum desiccator as a glassy solid m.p. 95° - 979 C.

'B. HYDROLYSIS OF AMBONIN 345 om awater bath,

by refluxin
e (26%)
Ambonin (4g) was dissolved in distilled water (120 ml), was slowly added

('d.ropwise) to the solution and refluxed on a waterbath for 4.5 hours. The white
precipitate which formed (aglycone) was filtered and washed with water. On further
heating the filtrate for a further 3 hours a small amount of precipitate was formedA.
which was filtered and added to the first batch. Crystallisation from ﬁlethanol gave

DAIDZEIN (II) m. - P 3300-3339C (lit. 10 320° - 325° C) as white needles. Yield 1.78g.

Thin- layer chromatography of daidzein showed only one spot Rf0.75 which
had a light-blue fluorescence under ultraviolet light. With vanillin-sulphuric acid
a faint yellow spot was obtained. (Silica Gel G, solvent system: ethyl acetate -.

methyl ethyl ketone ~ methanol (5:3:2).

C. METHYLATION OF DAIDZEIN (II) 14

Daidzein (1.5g) was dissolved in anhydrous acetone (550 ml, daidzein is
not very soluble in acetone) by heating under reflux on a waterbath under anhydrous
conditions. Anhydrous potassium carbonate (prepared by heating for 12 hours at
1400 - 150°C) (15. 0 g) was added to the acetone mixture. Dimethyl sulphate (18. 0 ml)
was added dropwise to the reaction mixture over a period of 60 minutes at a tem-
perature of SO?C with stirring. The reaction mixture was heated under reflux for
a further 9 hours, cooled and filtered. Evaporation of the acetone filtrate afforded
an oily residue to which a solution of 5% potﬁssi’um hydroxide (50 ml) was added to
decompose the excess dirhethyl sulphate. After 5 hours at room temperature a
crystalline product was obtained which was filtered, washed with distilled water

and dried.
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The crystalline product was chromatographed on activated alumina (200g)
with benzene as eluent. The first fraction yielded an oily by-product. Fraction 2
showed a blue-green fluorescence on the column under ultraviolet light. Evaporation
of the eluate (fraction 2) afforded a white crystalline compound which was obtained
pure after recrystallisations from benzene (2x) as white needles,
DIMETHOXYDAIDZEIN (III) (7, 4' - dimethoxyisoflavone) m. p. 163.5- 164.5°C
(lit. 9 1620 - 163°C). Yield 1.2 g.

C17H14 04 (282.2) Cale. : C, 72.36; H, 5.00; -OCHg, 21.98
Found : C, 72.25; H, 4.97; - OCHg 22.10.

D, ACETYLATION OF DAIDZEIN (IT)

Daidzein ~(‘150 mg} was dissolved in dry pyridine (5ml), acetic anhydride '
(5 ml) was added and the reaction mixture was heatea on a water bath for 45
minutes, cooled and poured'into ice water (206 ’ml).- The precipitate was filtered,
washed with a cold dilute hydrochloric acid, water and dried. After recrystallisa-
tion from ‘benzene- methanol (1:1).7,4' -DIACETOXYDAIDZ'EIN was obtained as
white needles m. p. 187°-188°C (lit. 10 187°C). |

E. (i) ALKALINE HYDROGEN PEROXIDE OXIDATION OF
DIMETHOXYDAIDZEIN (IT) 15

D1methoxyda1dze1n (1.12 g) was added to a mixture of ethanol (98 ml),
water (24 ml), potassmm hydrox1de (6.5g) and a solution of 30% hydrogen
peroxide (''Perhydrol") (14 ml) with stirring at room temperature until all the
dimethoxydaidzein was dissolved, (60 riqinutes). The mixture was slowly heated
up to 40°C and stirred for a further 60 minutes at this temperature after which
three further amounts of 30% hydrogen peroxide solution (7 ml) b&;;(added with
10 minute intervaisi The temperatui'e of the reaction mixture was raised to
40° - 45°C and étirred for another 45 minutes, after which the temperature
of the reaction mixture was finally ih’creased to 70°C and stirred for 15 minutes,
cooled and acidified with concentrated hydrochloric acid. Evaporation of the
eihanol under diminished pressure afforded a precipitate (545 mg) which was
filtered and washed with cold water. uRecrystallisatio’n of the crystalline preci-
pitate from benzene - petrole’uni ether (1:2) gave colourless nee‘dles. The ethanol

distillate from the reaction mixture gave a positive test for formic acid. 18
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Thin-layer chromatography of the crystalline product showed the
presehce of two carboxylicacids. Silica Gel G, 110°C /45 minutes, solvent
system benzene-methanol (3:1) (3x) : R 0.11 (purple-brown spot) and Rf 0. 17
(yellow spot). Spray reagent hydrogen peroxide - ferric chloride (Method:
spray with 0.5% aqueous 30% hydrogen peroxide solution, dry at 105°C and
spray with a 2% aqueous ferric chloride solution and heat at 110°C for 20-30

minutes.)

The acids could not be separated by fractionational crystallisation.

(i) METHYLATION OF THE CARBOXYLIC ACIDS WITH
DIAZOMETHANE

The mixture of the two acids, obtained under (i) above, (540 mg) was
dissolved in ether (65 ml) and cooled in ice. Diazald (p— toluenesulphonyl -
- = N - methyl -, N - nitrosamide) (10.7g) was dissolved in ether’ (160 ml) and
. cooled in a freezing mixfure of ice and salt. To this cooled mixture a solution
of potassium hydroxide (2g) dissolved in 96% ethanol (50 ml) was added. After
10 minutes the diazomethane-ether solution was distilled (dropwise) into the
flask containing the carboxylic acid solution until gas evolution ceased. The
ether was eva{ﬁorated and the residue was taken up in benzene (200 ml) and
extracted with a 5% sodium bicarbonate solution (3x100 ml) and washed with
water (5x100 ml). (Acidification of the sodium bicarbonate layer gave no
precipitat'e). The benzene solution was subsequently extracted with a cold
6% solution of potassium hydroxide (4x50 ml). The alkaline layer was separated,
acidified with concentrated hydrochloric acid and extracted with ether (3x100 ml).
The ethér layer was washed with water, dried over anhydrous sodium sulphate |
and evaporated. A colourless oil (4 - methoxy methyl salicylate (VI) ) was

obtained which did not crystallise.

The benzene layer(aftef extraction with alkali) was washed with water,
dried over anhydrous sodium sulphate and evaporated. ‘A colourless oil
(4 - methoxy methyl benzoate (VII) ) was obtained which also could not be induced

to crystallise,

(iii) HYDROLYSIS OF THE METHYL ESTERS"

The oily product obtained from the alkaline fraction (E (ii) ),
4 - methoxy methyl salicylate (VI),was hydrolysed with a 10% solution of sodium

hydroxide for 4 days at room temperature. The alkaline mixture was acidified
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with concentrated hydrochloric acid and extracted with ether (3x200 ml). The
ether layer was washed with water, dried over anhydrous sodium sulphate and
evaporated. A crystalline product was obtainéd which was recrystallised from
benzene-methanol (9:1) to give 4 - METHOXY SALICYLIC ACID (IV) as colourless
needles m.p. 157°-158°C (lit. 105 1579¢) Rf 0.11 (purple—brown spot, see

. under E(i) ).

The oily product (4 - methoxy methyl benzoaté (VII) ) obtained from
the benzene layer (E (ii) ) was hydrolysed as described above with a 10% sodium
hydroxide solution. The product was worked up as described above. Recrystal‘—
lisation from benzene afforded 4 - METHOXY BENZOIC ACID (V) as c'olourless
needles m. p. 179°-180°C (lit. 106 184°C), Rf 0. 17 (yellow spot, see under E (i) ).

F. ~ HYDROGENATION OF DIMETHOXYDAIDZEIN (i) 12

Dimethoxydaidzein (400 mg) was dissolved in ethyl acetate (50'm1) and -,
hydrogenated over 10% Pd/C (600 mg) (previously saturated with hydrogen) until
absorption of hydrogen ceased. The catalyst was removgd by filtering through
a column of celite and the filtrate was evaporated. An oin“ product was obtained

which was chromatographed on activated alumina (200 g) with benzene as eluent.

FRACTION 1

A c}_;.;)lqurless band on the column which showed a light purple ﬂuorescence
under ultraviolet light. Evaporation of:the eluate and recrystallisation from
benzene afforded- 7,4'- DIMETHOXYISOFLAVAN (IX) m.p. 111°-112°C
(lit. 1% 1120-113°C) as white needles.

FRACTION 2

"A colourless band on the column which had a light purple fquoriescence
under ultraviolet light. Evaporation of the eluate and recrystallisatioﬁ from
benzene gave 7,4' - DIMETHOXYISOFLAVANONE (VIID) m.p. 125°-126°C
(lit. 12 1250 - 1260C) as white needles.

FRACTION 3

A colourless band on the column which showed a blue-green fluorescence
under ultraviolet light. This fraction consisted of a small amount of unchanged

7,4' - dimethoxydaidzein.
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Thin-layer chromatography (Silica Gel G, eluent benzene (2x) vanillin-

sulphuric acid spray reagent.

7,4' - dimethoxyisoflavanone Rf 0.24 (grey spot)
7,4' - dimethoxyisoflavan Rf 0.75 (red spot)

G.(i) METHYLATION OF AMBONIN (1) 14

Ambonin (Zg) was added to dry acetone (200 ml) (ambonin is very slightly
soluble in acetone) and refluxed on a water:bath (anhydrous conditions).
Anhydrous potassium carbonate (20g) (heated at 150°C for 12 hours) was added to
the mixture. Diinéthyl sulphate (30 ml) was added over a period of 60 minutes to
the mixture v({ith étirring at 500C. The reaction mixtuAre was heated for 9 hours
under reflux (‘withstirring) qooléd and left overnight. The mixture was filtered
ahd the acek”tone"ﬁltré.te was evaporated. A solution of 5% potassium hydroxide’
© (150 ml) was added to the oily residue obtained after evaporation and left for 7
hours at room temperature to decompose.the excess dimethyl sulphate. The
reaction mixture was extracted with benzene, the benzene layer was separated,
washed with water, dried over anhydrous s'odium‘ sulphate and evaporated. A

light yellow oil was obtained which did not crystallise.

(ii) ~ _HYDROLYSIS OF METHYLATED AMBONIN -

The oily produét which was obtained under (i) was dissolved in methanol,
3N hydrobhloric acid (20 ml) was added and the reaction mixture was heated on
awafer bath. fof 3 hoprs, The methanol was evaporated under reduced pressure,
distillec-l‘ water was a@ded to the residue and the precipitate that formed was fil-

tered off and washed With Watgr, .

Recrystallisation from methanol (3x) afforded FORMONONETIN (X)
(7 - hydroxy - 4' - methoxyisoflavanone) m. p. 256° - 256°C (lit. 9 258°C) as white
needles. - '

H. ACETYLATION OF FORMONONETIN (X) ¢

Fofmonpnetin (180 mg) was dissolved in dry pyridine (3ml), acetic
ahhydride (5 ml) was édded to the mixture and heated on.a water bath for 1 hour. .
. After cooling ice'.‘" water (100 ml) was added to the reédﬁoﬁ mixture and left for
2 hours. The p}ecipitate was ﬁl,teréd, washed with distilled water and dried.
Recrystallisation from methanol (4x) afforded.Acetylformononetin.(XI)
(7 - acetoxy - 4' - methoxyisoflavone) m. p. 170° - 171°C (lit. 9 1700—17100) as ,

white needles.
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I. =~ SEPARATION AND IDENTIFICATION OF THE
CONSTITUENT MONOSACCHARIDES

The filtrate from the acid, hydrolysis of ambonin was neutralised with
finely powdered barium carbonate and filtered. The neutral aqungus solution was
heated at 60°C with decolourising charcoal (""Norit NK'), filtered and evaporated
- at 40°C under reduced pressure. Thin-layer chromatography of the cdlourless
syrup so obtained revealed the presence of two sugars, Rf 0.32 (blue spot) and
R¢ 0; 75 (red-violet spot). (Kieselguhr G buffered with sodium acetate (0. 02 m),
solvent syStem ethyl acetate - isopropanol - water (65:23:12) and spray reagent
p- ani‘saldehyde - sulphuric acid, see Chapter 8 under general). The colour
reaétion of the sugar R¢ 0.75 is characteristic as it first turned viole_t—red,

\ tﬁen blue and finally it reverted back to its original red-violet colour on standing

-at room temperature for approximately 12 hours.

A column packed with powdered cellulose was used for fhe separation of
the sugars. 21 Cellulose, washed with acetone, ether and methanol, dried and
paSsed'through a .iOQ mesh sieve, was tightly and uniformly packed in a column
(3. 3 cm diameter) to a height of 40 cm in a solvent mixture of acetone-water
(95:5 v /). (The uniformity of the packing can be tested by placing bromocresol -
green indibator on the column and eluting with acetone—wéter (95:5 v /v ). The
column is regarded as satisfactory for uée if the dye elutes in the form of a -

regular horizontal band).

The sugar mixture (3g Syrup) was introduced on the column as a thin

-+ . aqueous syrup and eluted with an acetone-water (95:5 v/V) solvent mixture.

The eluate was fractionated in 50 ml portions and each portion was examined by
th{éfi\;'niayer chromatography. The appr&pfiate first fractionated portionswere
combined (1.9 liter); fraction 1, and evaporated at 40°C under diminished pres-
sure. A colourless syrup was obtained (6. 96 g) which consisted of the
.monosaccharide, sugar X (R¢ 0.75, red-violet spot). ‘After a transition zone

~ (600 ml) which consisted of both monosacéharides, the second sugar was obtained
(Rf 0.32, blue spot) by elut;ng the column with a methanol-water (95:5 V/V)
solvent mixture, (550 ml), fraction 2. This sugar had the same R¢ value (0. 32) -

and gave the same colour reaction (blue spot) as glucose. The syrup

(fraction 2) was obtained‘crystalline from methanol-acetone (9:1). The crystal-

-line product was recrystallised from methanol, m. p. 147°C. The osazone derivative
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. 20
of this sugar m.p. 204°C and optical rotation [a] D+ 1129 to + 52° further
positively identified the sugar as o« - D - GLUCOSE.

‘ Despite all éfforts the sugar X (fraction 1) could not be induced to crystal-
lise. Addition of dry acetone to the syrup dissolved in the minimum amount of
absolute methanol caused the sugar to precipitate as a fine amorphous white
powder which could not be isolated as it was found to be highly hygroscopic. The

21

syrup (dried under high vacuum) gave a optical rotation value of [a] +8.20

. D
(in water).

Sugar X (260 mg) was heated on a waterbath for one hour with.acetic
anhydride (2 ml) and dry»pyr'idin‘e (1.5 ml). The reaction mixture was poured
into a mixture of ice water and dilute hydrochloric acid. The oily product
which~separated was extracted'with ether, the ether layer washed successively.
with a 5% sblution of sodium bicarbonate, water and finally dried over anhydrous
sodium sulphate. Evapora;tion of the ether afforded the acetoxy derivative of
sugar X as a light-yellow oil. The sugar acetate was purified by preparative .
thin-layer chromatography 22 (Silica Gel G, eluent benzene - methanol (93 :7)).
The pure acetoxy derivative of sugar X was obtained as a colouriess oil which was

dried in vacuo.

The mass-spectral - and NMR data of the acetate indicated the sugar to

be a pentoée (Chapter 2 G).
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STRUCTURE ELUCIDATION OF DEHYDRODOLINEONE
AND NEBOENSINONE

A, HYDROGENATION OF DEHYDRODOLINEONE

~ 'B. OXIDATION OF DEHYDRODOLINEONE WITH
N-AMYL NITRITE



STRUCTURAL ELUCIDATION OF DEHYDRODOLINEONE
AND NEBOENSINONE

A, HYDROGENATION OF DEHYDRODOLINEONE (XVI)

Dehydrodolineone (25 mg) was hydrogenated in+ethyl acetate (15 ml) over
10% Pd/C catalyst, previously saturated with hydrogen, until absorption of hydrogen

‘ceased. The catalyst was removed by filtering through a short column packed with .

celite and the eluate was evaporated. A waxy residue was obtained which was

“taken up in henzene and chromatographed on activated alumina (50 g) with benzene

as eluent. Evaporation of the eluate afforded DIHYDRODOLINEONE (XXIX)
m.p. 149°C as white needles (1.5 mg).

B.  OXIDATION OF DEHYDRODOLINEONE (XVI) WITH
N-AMYL NITRITE 29

Dehydrodolineone (15 mg) was dissolved in warm glacial acetic acid (5 ml)

and cooled in a freezing mixture to - 50 C. Freshly prepared n—amylinitrite

' (0 5 ml) was added before the compound crystalhsed The reaction mixture was

kept at 0°C for one hour and then allowed to warm to room. temperature. A small
amount of a yellow crystalhne material precipitated and was filtered. The
reaction mixture was extracted w1th benzene, washed w1th water and dried over |
anhydrous sodium sulphate° Evaporation of the benzene afforded a yellow
cryetalline compound which was combined with the yellow precipitate which was.
filtered off, dissolved in. benzene and chromatogra"phed on activated alumina

(50 g) with benzene as eluent. Evaporation of the eluate gave a yellow crystalline
compound (4 mg) which was purified by preparative thin-layer chromatography |
(Silica Gel G). NEBOENSINONE (XVII) m.p. 350°C (decomp.) was obtained a

fine yellov{/ needles (1.5 mg), identical in every way with the natural product.’
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I SYNTHESIS OF HYDROXYBENZOFURANS

A, SYNTHESIS OF 6 - HYDROXYBENZOFURAN (LID

(i) ~ PREPARATION OF 6- HYDROXY - ..
2,3-DIHYDROBENZOFURAN - 3 - ONE (XXXIV) 63-66

Chloroacetyl chloride (28 25 g) was added dropw1se durmg 90 minutes to
a stlrred mixture of resorcinol (250 ml) at a temperature of 50° - 550C., The
mlxture was stirred for a further 15 minutes at this temperature, cooled and
poured into an excess of ice and dilute hydrochloric acid and set aside overnight.
The organic layer was separated and extracted with 1N aqueous sodium hydroxide
>(300 ml). The alkaline extract was acidified with concentrated hydrochloric acid
and the precipitate wasfiltered and washed with cold water. The crystalline
product was dissolved in' ethanol and refluxed with decolourising charcoal (2 g)
for 30 m1nutes on a water.bath. The charcoal was f11tered through a short
column of Cehte and the ethanol was evaporated under reduced pressure
Recrystallisation (twice) from methanol afforded 6 - HYDROXY-2,3- DIHYDRO—
BENZOFURAN - 3 - ONE (XXXIV) (8 g) as golden yellow plates . .
m.p. 243° - 244° ¢ (lit. 852450y,

(ii) PREPARATION OF 3,6 —DIACETOXYBENZOFURAN (XXXV)

6— Hydroxy - 2, 3 - dihydrobenzofuran - 3 - one (8 g) was dissolved in dry
redistilled pyridine (30 ml) and acetic anhydride 40 ml) was. added under stirring
and coohng After 24 hours at room temperature the mixture was st1rred 1nto
ice water (350 ml) and left for 2 hours. The yellow precipitate formed was
filtered off and washed with cold dilute hydrochloric acid, dlstllled water until
neutral and then dried. ' The crystalline product was taken up in methanol and
chromatographed on a short column of unactlvated alumma Evaporatlon of the
methanol and recrystallisation from methanol-water (2:1) gave

3,6- DIACETOXYBENZOFURAN (XXXV) (7 g) as white needles m. p. 80° - 81°C

o (ht 810 C)

(iii) ‘ PREPARATION OF 6 - ACETOXY 2,3- DIHYDROBENZOFURAN (XXXVI)

3 6 ~ Diacetoxybenzofuran (7 g) was hydrogenated in glacial acetic acid (30 ml)
over 30% palladium - charcoal catalyst (0.5g) at 60°-70°C under 4 atmospheres

_pressure for 3 hours. (The Pd/C catalyst was prepared according to the method

of Linstead and Thomas®7 , catalyst d, which was dried at 110°C for 20 hours).
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The catalyst was removed by filtering through a short column of Celite,
methanol (4x200 ml) was added to the filtrate and evaporated under reduced
pressure. A yellow-green oil was obtained to which water (30 ml) was added.
After 36 hours a crystalline product was obtained which was filtered and washed
with cold water. Recrystallisation from methanol - water (3-1) (2x) afforded

6 - ACETOXY -2, 3-DIHYDROBENZOFURAN (XXXVI) (2 3g) as white needles
m.p. 73.5°-174.5°C (lit. 69 730- 7400)

(iv) PREPARATION OF 6 - ACETOXYBENZOFURAN LXLIX) BY
- QUINONE DEHYDROGENATION -

(a) - WITH CHLORANIL -

6 - A_cetoky -2,3- dihydrobenzofuran (250 mgv)w‘a‘s, added to chloranil
(tetrachloro - 1,4 - benzoquinone) (345 mg), 1:1 mole, in a f‘l"ask_:vtrhich was equipped
“with a condenser with a calcium chloride guard tube and a nitrogen inlet tube.

Pure sodium-dried benzene was added to the mixture until a homogenous solution -
‘was ‘obtained (20 ml). The reaction mixture was neated under reflux under-a .
nitrogen atmosphere with stirring° The progre'ss of the reaction was periodically
tested by taking a drop from the red—'browfn reaction mixture and heating it with
5N sodium hydroxide solution ( 1 ml) on a waterbath. A pink-red colour showed
the presence of unreacted chloranil 80 After 52 hours under reflux and 60 hoursA
at room temperature the test for chloranil was st111 pOS1t1ve Theureaotion
mixture was chromatographed on a short column of unactlvated alumina. The
benzene eluate was washed with a saturated solu_t1on of sodium bisulphite to
remove any unreacted chioranrl, washed with;w‘ater, and dried:over anhydrous
sodium sulphate. :Evaporation of the benaene‘ gave:a crystalline‘ product

- m.p. 64°-68°C. Thin-layer ohromatography (Silica Gel G) showed that the
product con51sted mamly of the startmg material, . 6- acetoxy - 2, 3 dihydrobenzofuran

- and only a small amount (+ 1%) of 6 - acetoxybenzofuran.

“(b). WITH DDQ (2,3~ DICHLORO 5,6~ DICYANO 1,4 - BENZOQUINONE)

6 Acetoxy - 2, 3 - dihydrobenzofuran (2. 3g) was added ‘to DDQ (4 39¢)

;o (1 :1.5 mole) in a flask equlpped with a condenser and a calciumchloride tube.

~° Pure, sod1um dried benzene (30 ml) was added to the mixture and heated under -

reflux w1th stirring.- (It is important to work under strlctly anhydrous condltlons

as DDQ is hydrolysed by water with the liberation of hydrocyamc ac1d).
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Initially the reaction mixture had a brown-green colour and after approximately
60 minutes a brown precipitate began ;co‘ form which consisted mainly of the
quinol, (2, 3 - dichloro - 5,6 -dicyano - 1,4 - benzoquinol, DDK) which is insoluble
in benzen'e.- As the reaction progressed the colour of the reaction mixture
changed from brown-green to brown-red. The mixture was refluxed for 42 hours,
cooled and the precipitate filtered off , washed with hot benzene, dried and
weighed. The weight of the precipitate (3. 38g) showed that, besides the expected
quinol DDK (theoretlcal amount 2.972 g) benzene insoluble by products were

also formed

The brown-red filtrate was chromatographed on a short column unactivated
‘alumina with benzene as eluent to remove the excess DDQ. Evaporation of the
benzene .afforded a yellow-green oil which rapidly solidified. The crystalline
product was triturated with cold petroleum ether and filtered. Recrystallisation
of the petroleum ether insoluble product from benzene—betroleum ether (1:9)
gave a crystalline compound (25 mg) m. p 213° -216°C as yellow needles,
probably a complex by-product which was not investigated further. The
petroleum ether filtrate was chromatographed on unactivated alumina with
petroleum ether as eluent. Evaporation of the solvent and crystallisation of
the product from petroleum ether gavﬁe"_AG —ACETOXYBENZOFURAN (XLIX)
m.p. 44°-45°C as long colourless needles. Yield 1.21 g (52.6% theor.)

C10HgOg (176.17) Calc.: C, 68.17 ; H, 4.58
‘Found : C, 68.01 " H 4.69
Th1n layer chromatography (Slhca Gel G) with benzene (2x) as eluent
and van1111n sulphuric a01d spray reagent gave the followmg colour reactions and

, ‘Rf values:

6 - Acetoxybenzofura;l R¢ 0. 19 (blue spot)
6 -acetoxy-2,3- déhydrobenzofuran R¢ 0. 09 (red spot)
by-product , - Rf 0.02 (green-brown spot)

" (V) PREPARATION OF 6- HYDROXYBENZOFURANJLII)

6- Acetoxybenzofuran (1.1g) dlssolved in dry ether (35 ml) was added to
a suspension of lithium aluminium hydride (500 mg) in dry ether (40 ml) by means
of a dropping funnel with stirring err a period of 1 minute at 10°C while a

cont,inuous‘stream of nitrogen was passed through the reaction mixture and
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apparatus. After 3 minutes the excess lithium alurninium hydride was decom-
posed by the addition of moist ether (60 ml) and water. The aluminium complexes
were decomposed by the subsequent addition of 2N hydrochloric acid (100 ml)
Awhile still working under a nitrogen atmosphere. The ether layer was separated
and the aqueous layer was extracted with ether (3x100 ml). The ether fractions
 were combined and washed neutral with water (7x100 ml), dried over anhydrous
sodium sulphate and evaporated. A yellow oil was obtained (760.'mg)f which was
kept at O°C for 24 hours, trlturated with cold benzene and filtered. Evaporation
_ of the benzene gave an oil which slowly crystallised (3 days). The crystalline '
product was dissolved in petrolenm ether (250 ml), filtered and the petroleum
ether filtrate was concentrated to 50 ml. After 6 hours a-crystalline compound
was obtained which was filtered off. Recrystalhsatmn ‘of the erystalline com-
pound from petroleum ether afforded 6 - HYDROXYBENZOFURAN (LIT)
“m.p. 57°-58°C (lit. 93 560C) as long flat colourless needles A green colour

‘reaction was obtained with metha.nohc ferric chlorlde Y;eld 484 mg (58% theor.)

) ASYNTHESIS OF 4,6 - DIHYDROXYBENZOFURAN (LIID

PREPARATION OF 4,6 - DIHNYDROXY -2, 3~ DIHYDROBENZOFURAN -
.3 - ONE (XLILGG 68,69

'Chloroacetomtrﬂe (17 g) was added to phlorogluomol (25g) dissolved in
dry ether (130 ml) with stlrrmg and dry hydrogen chloride gas was passed through

the mixture for 6.5 nours.~

- The ether layer was decanted from the yellow prec1p1tate 2,4, 6 -
trihydroxyphenyl chloromethylketimine hydrochlor1de (XXXVII).) and the
ketimine hydrochloride was dissolved in distilled water (200 ml) and the solution

T ‘extracted with ether (2x100 ml). The aqueous layer was separated and acidified
with 50% sulphuric acid (100 ml). After approxlnlately 15 minutes the
ketimine sulphate (XXXIX) started to precipitate as a yellow crystalline compound.
The mixture was kebt overnight, the eolid was filtered and Washed with cold
water (400 ml). The ketimine sulphate was taken up in water (400 ml) and
refluxed for a further 3 hours. A red precipitate was obtained which was
. “ filtered off and recrystallised twice from water-ethanol (51)
- 4,6-DIHYDROXY-2,3- DIHYDROBENZOFURAN- 3 - ONE (XLI)
m. p.248° - 253°C (1it. 66 250°C) was obtained as light pink.needles. Yield 15 g.
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(i) PREPARATION OF 3.4,6- TRIACETOXYBENZO FURAN (XLIN®?

A 4,6 - Dihydroxy - 2, 3 - dihydrobenzofuran - 3 - one (10g) was dissolved
in dry pyridine (35ml), acetic anhydride (100 ml) was added with stirring and
the mixture was kept for a further 16 hours at room temperature The reaction
mixture was poured into ice-water and after 2 hours the precipitate was filtered
- off, washed with cold dilute hydrochloric acid, water and dried. Crystallisation -
of the product from ethanol yielded 3,4,6 - TRIACETOXYBENZOFURAN (XLII)
m. p. 1o3° 104°C (1it59 102°C) as white needles, yield 13. 75g.

(iii) PREPARATION OF 4,6 - DIACETOXY 2,3- DIHYDROBENZOFURAN
(XLIII)6 . ~

3,4,6- Triacetoxybenzofuran (13.75g) was hydrogenated in glamal acetic'

acid 6ver 30% Pd/C (1g) (catalyst d)87 (see under A (iii) ) at 600~ 70°C under 4

C atmospheres pressure for 8 hours. The catalyst was removed by filtration through

a Celite column methanol (4x200ml) was added to the filtrate and evaporated
under dimlnlshed pressure. A light-yellow oil was obtained which was taken up
in, ether, washed with 5% sodium bicarbonate solution (3x50ml) and dried over
anhydrous sodium sulphate. Evaporation of the ether and crystallisation irom
benzene-ether (1:5) gave 4,6 -DIACETOXY -2, 3 - DIHYDROBENZOF URAN (XLIII)
“m.p. 68°- 69°c (lit. 89 69°C). as white needles, yield 8.8g.

(iv)w ' PREPARATION OF 4,6~ DIACETOXYBENZOFURAN (L) BY
QUINONE DEHYDROGENATION

A mixture of 4,6 - diacetoxy - 2, 3 - dihydrobenzofuran (3. 0 g) and DDQ
(4.32g) (1:1.5mole) was dissolved in sodium~dried benzene (60 ml) and heated

~under reflux with stirring, (anhydrous conditions, see under A(iv) b). The

+ ", reaction mixture 'had a brown-green colour, and after 5 minutes a fine brown

g precipitate began to form which -consisted mainly of the berizene-insoluble

‘ quinol, DDK. The colour of the reaction mixture gradually changed from brown—
green to brown—red as the reaction time increased. The progress of the reaction
was followed by thin-layer chromatography (Silica Gel G, solvent systen benzene—

chloroform (1:1), vanillm sulphuric acid reagent).

_T’he reaction mixture was heated under reflux for 124 hours, cooled and
filtered. AThe filtered precipitate was washed with hot benzene, dried and

weighed (3° 03g, theoretical 2.90g). The difference in yveight from the theoretical
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amount showed fhe presence of benzene-insoluble complex by-products. The.

.brown-red filtrate was chromatographed on unactivated alumina with benzene as
eluent to remove the excess DDQ. Evaporation of the solvent under reduced pres-
sure afforded 4,6 - DIACETOXYBENZOFURAN (L) as a light-yellow oil. Yield
2.61 g (87% theor.).

- C12Hj005(234.2) Cale.:C, 61.53; H, 4.30
; Found : C, 61.41;H, 4.36

Thin-layer chromatography (Silica Gel G, benzene-chloroform (1:1),
v’anillip—sulphurfc acid spray reagent): 4, 6 - diacetoxybenzofuran: R¢ 0. 19 (blue spot)

-4,6 - diacetoxy - 2, 3 - dihydrobenzofuran: R 0. 14 (red spot).

(v) PREPARATION OF 4,6 -DIHYDROXYBENZOFURAN (LIII)

4,6 - Diacetoxybenzofuran (1. 45 g)) dissolved in dry ether (40 ml) was
added to a suspension of lithium aluminium hydride (900 mg) in dry ether (40 ml)
with Stirririg over a period of 1 minute at 10°C while nitrogen was passed through
the reaction mixture and apparatus. After 5 minutes the excess lithium aluminium
hydride— was decomposed by the addition of moist ether (100 ml) and water, (10 ml).
The aluminiufn complexes were decomposed by the addition of 2N hydrochloric
acid (150 ml) whilst still working under a nitrogen afmosphefé. | (4, 6 - Dihydroxy -
benzofuran is sensitive to oxygen in alkaline medium and oxidizes rapidly to form
a red-brown oxidation product). The ether layei‘ was separated and the aquebus
layer was extracted with ether (3 x 100 ml). The ether fractions were combined
and washed with water (7x100ml), dried over‘a}nhydrous sodium sulphate and
evaporated. A light pink-brown oil was obtained (905 mg theor. 935 mg) which
crystallised on standing after 24 hours. After three recrystallisations from
benzene (the compound is not very solubie in benzene) = 7o TSR

4,6 -DIHYDROXYBENZOFURAN (LIII) m. p. 121°-122°C was obtained as light
pink ‘pr;isms.,v Yield 643 mg (64%'theor.)

Iz
<

. - CgHgOg3 (150.13)  Cale. : C, 64.00;H, 4.03
| " Found : C, 64.02;H 4.06

. Thin-layer chromatography (Silica Gel G} with benzene-methanol - glaéial
acetic acid (90:7:3) as eluent and a 0.1% methanolic "Fast blue salt BB" solution

-as spray reagent.
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" 4, 6 - dihydroxybenzofuran Ry 0. 18 (red-violet spot) (The plate was heated

for 8 minutes ait 1000C after spraying).

A red-brown colour reaction was obtained with a methanolic ferric chloride

solution.

C. . SYNTHESIS OF 6,7 -DIHYDROXYBENZQOFURAN (LIV)

(i) PREPARATION OF 6,7 - DIHYDROXY 2,3- -DIHYDROBENZOFURAN .
- 3- ONE (XLVI)35 68,70,71

A stirred mixture 6f anhydrous pyrogallol (50 g), monochloroacetic acid (40g)
was heated at 600 - 700C for 5.5 hours. The reaction mixture was cooled and ice
, water (300 ml) was added and left for 15 minutes. The mixture was heated until
the dark brown solid dissolved, and after clarification (charcoal (10g)) and
- filt.ration of the charcoal, the mixture was left for 24 hours at 0°C. The crystal-
line material which separated was filtered off, washed with a small amount of
cold water and dfied Pure {;u- CHLOROGALLACETOPHENONE (XLV) was
obtained as hght ~brown needles m. p. 168°-169°C (lit.-68:70 1690C). Yield 20.5 g.

w. = Chlorogallaceto.phenone (20.5¢g) was dissolved in ethanol (250 ml),
sodium acetate (25g) was added and the mixture was heated under reflux for -
5.5 hours;' The ethanol Waé evaporated under reduced pressure and distilled
water (120 ml) was added to the solid residue. After approximately 16 hours the
crystallin_e product was filtered and washed with water. The product was taken
up in ethanol (400 ml) and chromatographed oh unactivated neutral alufnina. The
eluate was concentrated and left overnight.’ Filtration afforded pure (7
6,7 -DIHYDROXY -2, 3 - DIHYDROBENZOFURAN 3- ONE (XLVI) m. p.2299- 230°C
(lit. 70 229°C) as yellow plates. Yield 12 g.

(ii) PREPARATION OF 3,6,7 - TRIACETOXYBENZOFURAN (XLVI)70

6,7 -Dihydroxy - 2, 3 - dihydrobenzofurarn - 3 - one (8g) was dissolved in dry
pyr.idine (30 ml).and acetic anhydride (80 ml) was added while stirring. After 11
hours at room temperature the red solution was poured into ice water.(400 ml)
and left overnight. The yellow precipitate was filtered, washed with dilute cold
hydrochloric acid, then water until neutral and finally dried. Recrystallisation
from ethanol-water (1:1) gave 3,6,7 - TRIACETOXYBENZOFURAN (XLVII)

m.p. 105°-106° C (lit. 79 105.5°C) as white needles. Yield 10.0g. |




(iiif PREPARATION OF 6,7 -DIACETOXY -

2,3 -DIHYDROBENZOFURAN (XLvIII) 70,72

'3,6,7- Triacetoxybenzofuran (10g) was hydrogenated in glacial acetic
acid (30 ml) over 30% Pd/C 67 (see under A (iii) ) at a temperature of 60° - 70°C
under 4 atmospheres bressure for 6 hours. The catalyst was filtered through a
" short column of Celite, .methanol (4x200 ml) was added to the filtrate and'eva- :
porated under reduced pressure. - A hght yellow oil was obtained which
solidified after 2 hours. The crystalline product was dissolved in chlorofofm (250m1)
and washed with 5,5%_sodiam bicarbonate soluﬁon (3x100 ml), water and dried over
anhydrous sodium‘sulphat‘e‘. Evaporation of thé chloroform afforded-a light yellow
oil which slowly solidiﬁed.. Recrystallisation",(m’/ice) from methanol gave
6,7-DIACETOXY -2, 3-DIHYDROBENZOFURAN (XLVIII) m. p. 1146 -115°C
(1it. 70 116°C) as white needles. Yield 7.0g. '

(ivy PREPARATION OF 6,7 - DIACETOXYBENZOFURAN (LI) BY
'QUINONE DEHYDROGENATION

A fnixture of 6,7 - diacetoxy - 2, 3 - dihydrobenzofuran (4. 0g) and
DDQ (5.76g) (1:1.5 mole) was dissolved in sodium-dried benzene (25 ml) and
heated under reflux with stirring (anhydrous conditions, see under A (iv) (b).)
Initially the reaction mixture had a dark brown-green colour and after 2 hours
a pfecipitate began to form which consisted mainly of the beniene -insoluble
quinol DDK." As the reaction time increased the colour of the mixture changed -
to bi‘own—red.’ The reaction mixture was heated for 86 hours with st;rring.
On cooling a red-brown viscous oily ﬁroduct was obtained. Benzene (>50 ml)f was
added to the reaction mixture, heated under reflux, cboled and filtered. The
red-brown filtrate was chromatographed on unactivated neutral aiumina with
benzene as éluent to remove the excess DDQ. Evaporation of the gluate afforded

a light-yellow oil which rapidly solidified (2.48g).

- The benzene-insoluble product was dissolved in benzene-chloroform (1:1)
(50 m.l) and chromatographed as described above. " A further amount 248 mg) of
the light—"yellow oil was obtained which was added to the first crob (2.48¢g).
Recrystallisation (2x) of the crystalline product from benzene-petroleurh ether (1:4)
gave pure 6,7 - DIACETOXYBENZOFURAN (LI) m. p. 97.@50 ~'98.5°C -
| (lit. 3% 96°-97°C) as coldurless needles. Yield 2. 5g (62 % theor. )




C12H1005 (234.2) Cale. : C, 61.53; H, 4.30
Found : C, 61.50; H, 4.21

Thin-layer chromatography (Silica Gel G, solvent system benzene -
chloroform (3:2), spray reagent vanillin - sulphuric acid)
6,7- dig,petoxybenzofuran ¢ R¢ 0.16 (blue spot)
6,7- diééetoxy -2, 3 -dihydrobenzofuran : R¢ 0.08 (réd spot).

W) PREPARATION OF 6, 7-DIHYDROXYBENZOFURAN (LIV)

6,7 - Diacetoxybenzofuran (1.0g) dissolved in dry ether (35 ml) was added -
to a suspension of lithium aluminium hydride (750 mg) in dry ether (40 ml) with

} stirring over a period of 1 minute at 10°C while nitrogen was passed through the

' reaction mixture and a-pparatus After 3 minutes the excess lithium aluminium

hydride was decomposed by the addition of moist ether (100 ml) and water (15 ml).
The aluminium complexes were decomposed by the addition of 2N hydrochlorlc acid
(150 ml) whilst still working under a nitrogen atmosphere.

(6,7 - Dihydrobenzofuran is extremely sensitive to oxygen in alkaline medium

and upon contact immediately oxidizes aﬁd rgsiﬁifie.s). The ether layer was
separated and the aqueous layer was extracted with ether. The ether fractions
‘were combired and was,Héd'with water (7x100ml), dried over anhydrogs sodium -
sulphate and evaporated. A light-yellow oil waé obtained which slowly soii‘dified.
After recrystalhsatlon from anhydrous benzene (3x) 6,7-DIHYDROXY-
BENZOFURAN (LIV) .m.p. 73°- 74°C (lit. 35 72, 50- 74°C) was obtained as thick

colourless needles which crystallised as rosettes. Yield 402 mg (62% theor. )

CgHgOs (150.13) Calc. : C, 64.00; H, 4.03
Found : C, 64.17; H 4.03

Thin-layer chromatography (Silica Gel G, solvent system benzene -
methanol - glacial acetic acid (90:7:3), spray reagent 0.1% methaholic

"Fast blue salt BB" solution heated at 100°C for 8 minutes):
6,7 = dihydroxybenzofuran R¢ 0.28 (grey-blue spot)

A Dark-brown precipitate was obtained with methanolic ferric chloride

solution.




I1, QUALITATIVE TEST FOR SUBSTITUTED BENZOFURANS

A few crystals of the compound are dissolved in 0.3 ml 96% ethanol to
which 0.4 ml 40% sulphuric acid is added. Concentrated sulphuric acid (2 ml)
is then carefully added (down the side of the test tube) so as to form 2 layers. The
formation of a red or purple-red ring between the layers indicate the presence of
a benzofuran compound. On mixing the layers by shaking, a uniform red to red-
violet colour is obtained. Dihydrobenzofurans give a light-green or light-yellow
colour reaction (negativs result). Benzofurans with substituents attached to the

furan ring (positions 2 and 3) also give negatwe tests

IIIL. SYNTHESIS OF PHENOLIC DERIVATIVES OF .
NATURAL ISOFLAVANOIDS

A. - PREPARATION OF PACHYRRHIZINOL (LV) 30,44, 94-96

Pachyrrhizin (XIII) (250 mg) was dissolved in dry tetrahydrofuran (60 ml)
in a flask equipped with a condenser and a nitrogen inlet tube. A suspension of
lithium aluminium hydride (250 mg) in dry tetrahydrofuran (50 ml) was added to the
pachyrrhizin solution over a period of 5 minutes with stirring at a temperature of
500 - 55°C while nitrogen was passed thi'ough the reaction mixture. After a further
5 minutes the excess lithium aluminium hydride was decomposed by the addition-
of ethle acetate (100 ml) and water (10 ml). The solvent mixture was evaporated
under reduced pressure and 10% sulphuric acid (40 ml) was added to the residue
to decompose the aluminium complexes. The solution was ext’récted with ether
(4 x 100 ml), the ether layer Was washed with a 5% solution of sodium bicarbonate,
water and dried over anhydrous sodium sulphate.- Evaporation of the ether and
recrystallisation of the residue from benzene - acetone (6:4)'afforded'
PACHYRRHIZINOL (LV) m. p. 203°-204°C (lit. 30532 201°C) as colourless
needles. Yield 55 mg (22% theor.)

(ii) PREPARATION OF THE DEOXYBENZOIN OF
DEHYDRONEOTENONE (LVD15

Dehydroneotenone (XV).(GOO mg) was added to a solution of 5% methanolic
potassium hydroxide (60 fnl) and refluxed for 3 hours at under a nitrogen atmosphere.
After cooling the reaction mixture was acidified with concentrated hydrochloric
acid and the methanol was evaporated under reduced pressure. Distilled water

(100 ml) was added to the residue and the solution was extracted with ether (4x100 ml),
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the ethereal layer was washed with water, dried over anhydrous sodium sulphate
and evaporated. The crystalline residue was taken up in benzene and
chromatographed on unactivated alumina with benzene as eluent. Evaporation of
the eluate and recrystallisation of the residue from benzene (3x) afforded the
DEOXYBENZOIN (LVI) m.p. 161.5°-162.5°C (lit. 15 1620 -163°C) as yellow
needles. Yield 322 mg.

(iii) PREPARATION OF FORMONONETIN (X)

The preparation of formononetin is discussed in Chapter 9 G.
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