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§ UMMARY

A raview of the chemiatry of blanthraguinones
and related compounds haz bown presented in Fart A of
thisz ohmpter.

Four armpounds have besn lsolsted from the oot
bark of (psxdn xlamea Lam., which is dageribed in Fert
E. From the n-hexXam sxtract, two compounds ldentlfiad
a% lupanl and chrysophanosl have been cbtaimad. T
baneEens axtract afforded two new hrdraryantnraguinone
derivatives. The structurs of cna of them proviaionally
named af Jeizlampin, has besn studisd ord 1t By beeh
shown to be ralated to blanthpragulnoras.

24 Part Gy tha puclear magheila resolanos speciro=
fcopic tudies of Drnty ssven hydroxyanthraqeinones and
Ghelr derivatives have wan despribed and the results
disgugxed.

The syniheses of three mev hydroxyanthraquinone

darivativad have besn presaniad in Part D.
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GHEK1STRY OF THE BXANTHRALUINONES AND
HELATED _ COMPOUNDS




Anong the paturally sccurring quinons derivatives,
anthraquinenes are by r'ar the lurgesat 1a nwaber and are
alze widely distrimted . 4n fungs, ilnhens, higher plants,
inzecta, and even in wirerals, While o considerabls number
of pobantlisl ussd of antbraguinone derivatives bave besn
suggeated, the main chemical interast appeara to have been
aonfined to ihe sluoldation of their stmotures. S

During the last dedads, howower, a hew group of
Tungsl pigments with bigh melseular weight has coas to
1ight. They have beon designated blanthraquincnes,
indicating that their xtructures asntailn twe anthraqui-
nons undtes7®

It is interaating to nots that dost of thess
mould produats are sasocisted perdiculsyly with
RlYertiolllain-oymmetinies secticn of the Pendcilids,

and more sipeclally with the apecisa Panialllius isisndicun
Sepp wWhidk produzs a most renarkabis group of scolouring
- patters,.

The story of the ahsnistry of dManthraquinhones
Probably starts with the isclation of surofusarin in
1937 rron Fuaaritp sulporig by Raistrick and ou-mrhrn?
But wery littls was lowwn sbeut the senstitution of thia
qoupound exeept that 1t had an ampirioeasl forsula,
Caplizolin, contalned two methoxyl groups and did not
malt below 260°. Frem the genseal properties, it was
suspeated o be » polyhproxy blantheaquinone®
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In 1949, Prof. Retstriok® in his Bakertan lecturs

made & remurkable statement: "4 number of monld nelonring
mattors,stiadlly fnereasing 1h mmber and having high
nelting points, are almost asrtainly rolyhypiroxy éianthra-
Juinoned, and seme of them are olearly derivatives of
modin®. Two soapounds, rugulosin {I}Emd panloilliopsin
(12)7 which Raistriek msutienss in his lacture, was of
Tundamsntal importance froz the atyuctursl point of visv.
Tn retrospeat, this early work ean be goneidered to possess
Mttle pore than historiosl impertanas, but it servad well
te satahlish the faot thet rogulnein e penicilliopain,
although bwhaving as closely related to anthraquinones,
Were more aowplex than the simplar nexbers of the sariaa.
The chamistyy wof panlcillispain is of particular intersst
a¥ here lies the miszing 1ink of twe soarlex guinonas
ayatams, nainly skyrin (X1) a mould product? and hyperi-
o1n°~1% (1¥) the interesting phossdynsmic comstituent of
the plant Hypericum daxforaium [inn and sther Hyperiescess.
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The first systematic and serious investigation
on the bianthraguinones started almeost simultaneously
and independently by Raistrick'' ™ and his group in
London and Shibata and his sehool in Tokyo:r*= % 1n
19863, x‘mn Endothia mm.&m (Murr.) Anderson and
Anderson, s plant pathogenic fungus which causes an
epidemic ddisease chestmut-blight, Shibata and co-werkers
isolated two colouring matters and designated them
endothianin and radicalisin., Later on it was noticed
that all the properties of endothianin and radicalisin
resemble those of skyrin of W Jslandicum Sopp
and rugulosin of P.rugulesum Thom respectively, which had
been studied earlier by Raistriek and co-workers, butv was
not published at that time. Since then, a number of
bianthraquinones and closely related compounds -have been
isolated, all from the moulds and their structures have
been elucidated. They have been listed in Table I.

ct
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Oxyskyrin

4 Skyrinol

P

Penicillium |
islandicum Sopp

P.rugulosum Thom

P,brunneum Udagawa !
P.wortmanni Klﬁcker!
P.tardum Thom

Penicilliopsis

clavariaeformis
Solms -Laubach

Endothia parasitics
(Murr.) Anderson
and Anderson

E.fluens Shear and
Stevens

P.1lslandicum Sopp

1
i

Endothia parasitica |

(Murr.) Anderson

and Anderson

P islandicum Sopp

18




Table I Contd.

Name Structure Qccurrence Bof, No.

........... j_______--_---__-______---___-_~-_----_--T-NA._--_----_

Iridoskyrin P dsilandicum: Sopp. i 13,2824

< H
Rugulosin P.rugulosum Thom 134514 .23,
3 (» ] )
: OH O OH ? s 25,26
P.wortmanni Klocker |
u:‘) O‘O P.tardum Thom 19
- 3 s b, brunne um Udagawa | 20
HyC OH Endothia parasitica; 14
O‘O H (Murr.) Anderson
{ and Anderson

Endothia fluens 14
Shear and Stevens

Luteoskyrin

P.islandicum Sopp 18,26-31
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Name Structure Cccurrence Ref. No
.................... A e L L e b SRR e
!
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Rubroskyrin P.islandicum Sopp 12413 ,18,
' 2er2n 31
CHy
X . : ;
Lumiluteo Photo-oxidation 25782
skyrin product of luteosky-
rin
R
XIT
Fusaroskyrin Fusarium Sp. 33
CHz
XTI
Erythroskyrin Cogliz1OgN Penicillium islandi- | 12
cum Sopp
Aurofusarin Caoto0015 Fusarium culmorum S EG)
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_ODHETIFUTION

The primury faster ocontrolliing the determination
6f the strusture of the dlanthraguinesss resides in
obtadning and identifying ths two rimpler anthraguinons
poleoties. Thevmal dscomposition of the wolsoule sarves
this purpess 1n many cefes. Thus ruguiosin (I) gave
emodin (V) and uhmnphnmlwtt}!‘a’ga But Alrideakyrin

¢euld da sublinmd unchanges at 260° at high vaouum,l?

Tha most successful mathed of obtaining the two
fragments, hewsvar, came from the surprising observation
that skyrin (III), when treated with alkeline sodium
dithionite, uwndergoss = smooth reduetive oluavage to
glve two moleculan of encdink? This expsrimental
svidenas gould be explainesd lsgionlly by postdlating
that the molecule of akyrin sonsists of two emodin
molasiias linked together in sweh a way that both quinons
groupinge are Intsot and sise the six Rydroxyl groupe as
wall af the two Gemmthyl growpe. It may also be mshtlched
that during their work on sentosides A & B (XIVa) tha
activa Zlyonaidsa of the laxstive ssnna drugs of comneras,
Etoll and u-.ul:n---rmrl:'n-hmt'la'ut ahowed that theas substances snd
their corresponding aglyoonss aennidines & & B {XIVb)
undergo redustive cleavage on treatsent with wlkeline
sodivm dithionlite to give (X¥a and XVb).
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XY a R=CgH)lg
EY b R=H

¥ o R=CgH; 05 SENNOSIDES A and B
A b R=H SENNIDINES A and B

While most of these blanthraguinones readily
underge reduative oleavage by the astien of sodiwe dikhio-
nite, drastie sonditicns are sometimes necessary in sertain
canes.?3 Thus iridoskyrinl? and 4,4 -dinpdvexy.bisnthra-
quinona (1,1' Y% yere rirat reported to ba atable againat
‘the aotion of sodium dithionite., Later studies hy Shibats
ot al.23 showed thet these compounds alsa underge redaative
fissien when tha reactien mixbures wvers heated.

A Tew other methods have also besnt vaasd for the
structural slusidation of thess geonpownds. Identification
of the pigwents in microohemical soals by paper chromato.
graphy has besn widely smployed by Bhibatm and his Inhul}g'gﬂ
dtudies af the Infrared and ultraviolst speotrp have been
invariably valuable, but the finsl struoture: of the oompo.mds
ware confirmed malnly from the exhaustive olwmical and
degradative sxperismnts. Thus rugulosin, on heating with



aopper ohresdte and quinolime’d afforded emctim sné
chrysaphans)l. Treatsent of rugulpsin with sine and
hydrochlorio soid gave shrysophusel.?® Lumitutesekyrin,
whioh was resistant te reduotive claavage by alkalire
sodium dithisnits, on maating with gipo and hpdroshlorio
aaid yislded 1elandicin.?® Aubtroskyrin oh treatmsnt

with ging and glacial sowtie acidl® gave a redused
produtt whish an tharmal degompoaition or on treateent
with cone. Hp804 gave iﬂdulm:l'a'% Rugulnein on
fatalytic hydroganation in prewenes of palledivm bHlask
gave tatrchydrorugulesin, whish d1d not give beek rugulo.
pin en =rial oxidetion, but could be thermally decomposed
in vaouo to give ohrysspbaneli®*?® 2he pyridine sdéstion
produat of akyrin also undsrgoes a cleavage by hydrogena~
tion in presends of palladium black giviag rise to -mml:l.l:fi'3
Zino dust distillation of both rugulesinld and panioillic-
poin’ yielded S-methylenthracens.

Compounds having spolic hydroxyls ars mostly
soluble in podium oarborate’® and sometimes even in sodium
Mnumu?‘%’ﬂa Rugulesin, lumilutesslyrin sta, sasily
fora dlacetates by the motion of acetyl ohloride or ncetis
004d25:38 o prolongsd heating with sedlum Aydroxide

aodution, rugnlesin afforded ahrysephanol.t?

1t may e wxpecbed that aertain properties of the
sisplar anthraguinonss will wndergo modifigations on
acilensation te the blanthraguinenss, prazumsrly because



of tha interastion of the LHwe units 4in the sywtem. Thus
irldeskyrin, though arising I'rom two islandicin molety
doss not exhibit any fluovescenoel? 1 glacinl asetio
a0ld. Magnesium aoetate in alechol, which normaliy gives
charsdtaristio ocolawr reastion wvith hydroxy-anthragquinonss
having at lsast ons o-nydroxyl mma,ﬁ predusess an arange
eolour with sigrin ard oxy skyrin, violst red with irido~
skyrin and gresn golour with rubreakyrin, s positive
indication of their quinoncid struoture. But rugulsain,
lutesakyrin, erythroskyrin, and psnieilliopsin de not
raspont te the magmaiun scetats test aboving their pone
quinenodd struetures.® Dut Iusilutesskyrin is reporwed
toc glva 2 3ky-bhlue coleuwr with magnesium adetate,

Tha actien of corneentrated -ulplmuu_ acid on the
blanthraguinenos and %he related coopeunds has besn preved
to be very interesting. Al the cempoiumds having nob-
quinonsid stracturss are readily dshydrated to give
suRpounds having troae quinonpld yproperties. Thus ragulo.
ain gave d:l.mhrﬂruru;ulnﬂn].'ﬁ*ga Rubroskyrin wvas converted
to trideskyrin'® whils lutessikyrin producsd lslandioin and
tradonkyrin.®®  Baduced rubreakyrin,hovever, producsd
iridoakyTin and Lalandiein’® on trestwent vith conc.Maio4.

This debydration reactich could also be affected by formic
IGM!M
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A peguliar solour reattion was observed en
treating wikyrin with oonc, HaB804. Okyrin desorided by
Ralstrisk’® vas dimorphic,- srystallising eithar as
orange rods or bexagonal yellow platas,. The former gave
A desy OiRTTy-red ooleur with oonn. HES04, whish within
fou seoomds ahanged teo stable smarali-green. Tha latter.
hovavery gave jonedintaly an saarald-gyeen colour with
sona. HgS804. Halstrick considered that the grean eolour.
ation of ekyrin aolution resulted from the interzotiosn -
vetwaen p=hydroxyls cof the two emcdin moistiss.

He further obanrved thet akyTin formed & methylated
or sathylated ocompound with methansl or sthanel sither on
long stamding in the aleoholla solution, or by beiling a
solution of hexa-acabyl akyrin with alesohel gontaining
neng, Ag804. Dimethyl and dlsthyl akyrine . having two
alkoxyles,.were inxclubls 1n ajuesus coarbonats showving the
bloaking of the two P-hydroxyls, but they were readily
hydrolyssd by alkalf or by glaodal sqgetic acid $o regene-
Tate skyrin,

Shd bate, hovever, prapared genuine Hpf' = dlpwthyl-
sther of akyrin by the adction of disscaethane on skyrin
and showed that this was rosistant to alkaline hydrolysis-®

This purxliing bebaviour of :krr!.ﬁ (1il) with
aotia, HofBg and aleohie]l was zuccessfully sxplained by
Bhivatn and co-workers by postulating = pseudofsomorisation

14l
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of the ssructure. They yroposed® ihy strustural fermulae
{IVIa and XVIh} for the isomerised compoumds and namwed
then pesudsskyrin (XVIs R=l) and pasudoskyrin disliyl
stbher (X¥ID HR=CHy or Coig). Furthar study vos made

by Tanaka™ who abowed that on trantimnt with geld cona.

EgdDq for s feaw minutes, aky*in 1%melf was iscmarised to
pisudoskyrin (X¥Via).

Brockmannl? postulated that the pyranol {EVie)
&nd 1ty wethyl etner (IVib) weuld in oenn. HgS0y glve a
doubly positive prryliuwm cation (XVIX),

¥ a rR=H




He observed that the initial red sslour of askyrin
with cong. HpSOy wes similar to that given by the synthetic
gompound {X¥I11) and explained that ainse no pyryliom
ontleon goculd be formed in strwature (IVIII) on trestaent
with eong. HpS04,the eolsur remsined red only,

Although the ohange of aolouration from red to
gresn in donhd. HpSO04 13 a charagteristic resstisn indicating
pssudoiscmerisation of skyrin, 1t was subsaquently found by
wmadel sxperihsnts that the phanomensn dspends on ths prassnae
of frae hydroxyls in tha ‘pars’ poaition as well asforths’
position of the bianthragquinone linkage e# in skyrin.d

After getiing the two fragments, the questien
rounins as to how te looadw tha omrbon-oarben linksge.
That the -0 linkage presant 1n swbstituted dianthrones
could e hroksn by reductiva 2leavage was ahown by Stoll
and cowworkers.2d  The prollem of tha aeonstitutien of
siyrin thos resclved 1ltaslif into the difficult decilsion
as to waloh of the fres positions® %1% 4 gaoh of the
twe mclagules of ewedin (V1) are jJolmmd togethmr in the
skyrin molsqula{XIl), The only ohemical evidence was
that v-aogainilc aald methyl ether (XIX) vas obtained by
the oxtdabion of the methyl sther of siyrin'? (IXIal.
This sxelnded the pessibility of linkage at 1 or 2

positien of the anthraquinene moleculs and strongly
sagzested that the linkage would be present batwsen
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can

¢ v
H ] H
? It o
H{O g‘@ CH3
IT R”R=H 0
IT =a R= c}::H3 il

B and B' positicn (methyl in B) of the esmedin moleties of
skyrin.lé The 0.0 linkege in skyrin was Tinally proved by
the synthesiz of 35,9'.dimethyl sther of skyrin by tha
Tlimann copdensation of B-hromo.smpdin trimethyl ather
follewed by partial demethylation.

After the struoture of skyrin was ssteblishad, the
sliwidation of atraoturss of other compounds in thia series
was solleved with greater sams, malnly thmough their inter-
relaticnabip, whish havs besn sslematieoally shown in Fig.l.

It can be expected that skyrin and 1ta derivatives
should show optleal aetivity diw to restrictad retation
cf moleoule in snalogy with that obssrwed in some blanthra-
quinones snd blanthrecens derivatives by Ball at al,*Fr3%
Howsver, no optical rotabion had Deen obuarved in skyrin
spd ite derivatives ac far.’® pat rugnlosin and lutec=-
akyrin showed pptioal rotation.
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BIO0RNESIS

Seshadr1#yil gopuidared that ovsellinis unit,
an invariakle gomponent of the Ilohen aulds and depsidonas
¢ould give riss %o many of the fungal products. He postu-
lated that in the gase of ithe snthraquinones o 318-dinydroxy-
phthalie woid it ia combined with a second Op wnit whigh
has undergons graster modification, In this acheaw
"frangula' emodin group is the earliest to be avolved
bBlogenetically and others arise by further changes suah
6 nuelear oxidations, redugtions and methylation.

+
+ cO0H
O
X
HOCC
H 0 CHaR HO. CO0H CHaR
' —— |
¢ OO o . = CO0N
a3} J:]J - O H H
XL XNHT,
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However, no sxperimental evidence has bean
ohiained so far to substamtinte Bhis Rypothasis.

The aostate hypotheais of bleaynthesis with whioh
the names of Collis,® Rohinsen,3 and sirohdd are chiefly
asspolated, d¢lajim that many of the fubhgal setabolitas and
in particular the quinonss, are huilt up fyom ohaine of
acetate units combined in some ogsed with methylatiosn by
03 undts. This theory, which eriginated ag a result of
inductive rsasoning from strustural comparisen of m lsrge
nunbet of natural producta hasz been extsnsively supportad
by experixental evidsnces using 14 ans 18; lakeliled
acstate as the precurser,45-48

Ths recsant finding of the partieipation of
malonate in fatty acid synthesls nas; however, brought
about a new trend of thinklong abhout the biosynthesils of
pestatecderived compoimds. Prom the sxperimzentally
confirmed examplen of S.msthyl salfaoylie acid,d%80
orzallenic acid,Fli62 oxptetracyoline,®™ the genorald.
sation that the so-¢nlled anetate derived compounds are
gotually made up fTom an adyl-~cosnsyme A derivative
Boting as a priber on the condensaticn of malonyl units,
aan be made wilth grest acoonfidence.

Recantly, ﬂahnmh,m from tha results of
sxperimenta performed with a culture of Pepnleilliom
Jalisndiouy #opp hsk shown that in the dlosynthesis of
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islandioin, one sctivabted seetata unit initlates the
condensation of seven salonate units to form the anthra-
qiinens in an ovarall racticn. The biosynthesia of
rugulesin in Panfsillive syqeleplum was atudied by
gnibate and Tiekawe.5% Their studies showsd that Tugu-
losfin is bdiosyninesigsed by the head-te-tall condensation
of fourtesn malonate wnits with releass of carbon~dinxlde
and twe unite of sostate whioh form prafatentially the
terminal Cg-units.

COSCoA

-~
\\ COoH

Me’COS Co ——= “CH3

RUGULOSIN
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1t oan be sasily seen Shat the chamionl struature
of' the plpmanta disgussed in this chapter mugresta a close
blosynthetical inter.relaticn betwesn them, An intareating
paktern of Lhe blosyntheticnl ategez wan put ferwerd by
Shidata® to slupidats the foraatien of anthraquinanes,
bManthraquinenss and the related plgesnts of Papnlclllils

Sdlsgdlass, FPa=rugnlpgug and soma sther relatad fungl,
This has basn susmarised od representsd in ®™g.2.

It may be noted that hyperiaoin bey strikingly
alose Mlationandip with thess fungal producta. From the
present state of knowledge, bowsver, it is not posxible
%0 EAY LT in nature tiw blanthrwguinonas and plgssnts of
the hyperieln family arlse by similer reuts, though the
Sinmllarity between their structures can bardly ba fortul.
tous. It 13 quite pomsible that future will bring to
light more compeunds, which may serve as niseing links
of the bicaynthatic sshauws for these o types of
acoplex qulnones.

KV
547673 (047)
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e ||r .I"{j



CHz COOH

COOH
(+) reduct

CHs

co,)
—> EMODIN

EHy

RUGULOSIN OXYSKYRIN <— SKYRIN PENICILLIOPSIN
o
[x]pirges SKYRINOL V
OH OH OH
HO’ HO ‘OO CHy }
| -
R 1 o g e
i
OH OH OH OH
(ENOL FORM)

|
HYPERICIN PROTOHYPERICIN PENICILLIOPSIN }

OH#%8 0 OH (0] (o] 0
COOH (—) reduct
H‘. O‘O oy H“ i =
HO CHy

FLAVOSKYRIN dimer dimer
[x],-295° o] (o]
CHRYSOPHANOL 1o :
0 0 T [0}

CHy
dimer [o]
[o]
IRIDOSKYRIN ISLANDJCIN LUTEOSKYRIN RUBROSKYRIN

(o], -880°

FIG-1:2



1.

2,

4,

8,
e

B,
10,

1l.
12.

13.

18.

16,

17.

15
REFBRENCE

R.H.Thomaon, Naturally oceurr wulinansa
Butterworths Selentific Publientions, Londan(1857),

R.H.Thomson in Comparative Bleshamistry, Yol.IXX
Bd. DY W.Florkin and k.3.Masem, 5.3, Aeademic Prexs

K.Venkptarameh, Pestrohrift irthuy Stell, Pirkhauncery
Hanel {1967}, 9,380,

5. 8htbata in Reoent Frogrees in the Chomistry of
Kabtural sand S8ynthatie Colouring Matters and Eelatad
Flelds. Bd. by T.5,0ore, H.B.Joshl, 4.V,3unthankar,
and B.D.Tilak, Academic Press, p.1d1(1962).

J.¥, Azhley, E.C.Hnbbs and H. ReSstriok, Biochem. J.
2i, 288 (1bs7). ’

H.Ralstriek, Frao. Roy.Seqa., 18894, 141 {1848).
A+E.ORford and H,Rafatriok, Bloohem. J., {34,790 (1240),
il Brockmann and Eggerm, Proa.Chem.Boe,., 304 (1987).
H.droalosnn and Egsers, sngew.Ghem., §7, 706 (1955%.
H.Brooksann and Eggers, Chem.Bew,, §1, B1, 548 {108R).
B.H.Howard and jf,Raistrick, Bloohem. 7., B8, 56(1B54),
BH.H.Howard and H.Rajstrick, Ricchem. J., fi7, "159(1084),

J.Bresn, J.C.Dasre, H.Raistriek and & 3mith,

8,8hibate, 0.Tanaka, 8 Chihere, and M.Mitsubsshi,
phara.Bull, Texys, ], 302 (198},

3.8hibats, T.Murakami, f.Tanaka, #.Chinara, and
M.Sumimote, Pharm. Bull., Tokyp, §, 274 (1D65),

d.2hibata, 0.7 and I.Eitagawa, Fharm,Bull.,
Tokyo, 3, 278 (1984),

U.TI,I:I.EEI. ahd C. K. m‘h‘ thimlh‘ Tﬂml
2, 984 (1985),

S.0hivate, M.Taklde and T.Naisjisms, pharm.Bull.,
Tﬂm‘ _&‘ E* {19‘5-5}-



ig.

0.

21,

al.

23,

24,

48,

A,

29,

Y. Yamatwto, A.Hamaguehi, Y. to and B,Imal
T Pharm,Sob,, Japan, N, 1498 (1088). )

8.8hibats apnd 9.Udagaws, Chen.Phatwm.Bull
i}, 403 {1983). ' ' '

B.Anibate, T.Murakamd, 0.Tanaka, G.Chihars,
F.Eitagawa, M.3umlmcto and U,Xamelo, Pharm.Bull.,
Tokyo, &, 160 (1P5E),

8.8 bata, N.Yakidn, 0.0hta, and T,Kurosu,
Pharu.ﬂuﬁ., Tokyo, £, 578 tlgs’r}.

B.381lbata T-m&m, T.Kltagaywa ani T.Ei.lhi,
Fharm.l!uli., Tokyo, 4, 111 (1668Y,

S.8hibata, J.5hojl, O. Ohta, and N.Watanabe,
Phnrm.nuli., Teokyo, §, 380 Zmrm.

Sedhibate, T.Murakeaoi, W.Takide, Pharm,Buil.,
Tokyo, 4, 303 (1055). .

8. dhibasa, I.Kurskand, I.Kitegawe and W.Takido,
"roeg. m-u!.dr, JI}IH' Hi (1988,

1.Tatguno, M.Toukieka, Y.Sakai, Y.Susuki, and

3,8hibata and Y,Kitagawa, Pharm.Bull., %o
3, 200 (1986), ' g S0k

Y.Yosamnte, T.yasanmote, B.Kanemote, ¥.Tanimichi
and K.Kikui, J.Fhars.soe., Japan, 7§, 670 (19867,

ﬂ.ﬂhiha‘l-l. I-Kitl‘“ﬂ' Ht"ilhikl'"l‘ Phars. Btﬂ.l-'
&, 383 (15857,

5.5hibata and I.Kitaguwa, Fharm,iull., Tekys,
8, 884 (1940).

H.3ndbata and Itlimml' mpm.nﬂlr' ﬂ,m{lﬂl}.

S.Fujise, S.Hishida, N.2hibata, S.Matsusda, Chenistry &
Industry, London, 1754 (1881,

A.8%0ll and Helfenuteln, Helv.Chim.iate, §3, 313{1950))

A.5t0ll and H,Beokey in Zsohmelister. ProZress in tha
Chemiatry of Natural Predusts, Vol.VII, Springer,
Vienpa, p.2428 (1@80),



Y.hsahine and 8, s5hibata, Chaslatzy of Lichen
dubatanass, Japan lmh{:r for the Promotion of
ciznce, Tokyo (1H54).

¢, Tanaka, Cham, Phaym.Bull,, §, 213 {(1968).
M.Takido, Phatm.full., Tekyo, 4y 48 (1888).
F.Ball and D.G.Waring, J.Cham.So0d., 2689 (1049),
¥.Bell, W.H.D. Mergan, J.Chem.8na., 1963 (1080).

G.Heﬁlaklntan and T-Hn&.'hﬂui. J-3014Iﬂd- &'v'
134, 71 (19803,

K.ighoramurihy and 1.B.Gaahadrd, J.Bel.Ind.ilews.,
134 . 114 (19584).

J.H.Collie, J.Cham.3ec., 1R06 (LEO7).

A,Rebinsen, "The Strustural Helatiens of Hatural
producta’, Ciareandon Presy, nxford, 1955,

A.J.Bireh and F.W.Danovan, Auwntral:J,Chamletry,
%, W0(1963) 5 A.J.Biroh, Prograws in the themiatry of
rigsnla Matural Products, Vol,XIV, 188 {1o87).

A.J.Biroh, J.Chem.8ca., 4773 (1988).

S.Ehrenskard and 3.Gatanbeck, Maln Leotures, XVIIth
Intern,Congr. urs & Applied Chem., I, 99 (1960).

P.".Bhumph, Ann.Rev. Blochem., 29, 961 (1Des),

§.0atenback, Aeta ghem.Scsnd., i, 141),19R6(1988);
Ipid., 14, 102, 298 (1960); Ibvid., J14,330{(1860)}

JD. B0 Lock ahd H.M.8malley, Prod.Chem.Boe,,200(1881),

.ﬁ.-J-mI‘ﬂh ﬂlicu.‘rn m ﬂ-“-ﬂ*ﬂurﬂ" Ghiﬂ- & Ind-i’
Lendon, 792 (1961).

L.Moabach, Naturwisa,, 48, 528 (1981]).
R.Bantley and J,5,.Heil, Froo.Cham.Soc,,111 (1961).
S.Gatenbeok, Acta.Chem.Stamd., 36, 10563 (1963%.

3,hibata end I.Ikekavwa, Chem, & Ind,, Londnn,
380 (ipe2).

&l



CHAPTRA I (PART B)

GHEMICAL INVSTIGATION OF CASSIA SIAMEA LaM,
LSOHETITUTION OF CASGTAMIN
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The sanna drugs oconsisting of the plants of
Cagnis speaies have baon wall-lnrwn for esnturiss as
one of the most rellable lazatives.l=® Besides this,
RUNSYIUS USsR a.§. oooling agent in eye affeotion,
rouedy agalnst laprosy, tusour damaging capacity eoto.
ar'e attributed %o Capylis plants and bleolagloal prepara-
tion of the pericary named ma 'Senokot' is alfo reperteds o

Notwithstanding the repuirticons which the Senna
drugs have snjoyed for reveral centurias, an? 1ittla
informetion on the chemlcal investigation of the activae
senstitusnts aTe availabie. Dragendarsf® in 1368
abiributed tha aativity of senns tn a substanes callad
CGathartio aold, whisch was subsequently found“*7*® ta e
5 mizturs of anthraguinones and their glycosides. Binll
and {:r{:n-1-|r||:|rrIt:nl.'t':"‘a"al have made cutetanding aontributien in
the ahwmietry of xerme d»ugs by isoleting twe main
active prinoiples in pura arystalline forms, ¥hich wers
designated as sennoxides A and B (Ia). By a saries of
earaful sxparisents, they astablished the atrugtirss of
boih these sterieisemarides and alge those of the
aglycones moennidines A and H (Ib}.
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A third aative glycoside in snnll gasunt was
aloe $solatadi®11d put sts aomstitution has not been
raported.

It nay be mentioned that ohewmioal exawinatl om
of senha has been confined tn two maln varisties -
Gasslp grgustifodis and Gasais Agutdfnlis.“+? The
isolation of rhein {1,R-dihydroxyanthraguinoene-3-
parboxylle acid) hes baen reported frow Jaepis pneusti-
folis, G. retieulsts, C.fistuls snd G, alata.' Recently
Takidol? reported thw ifaclation of chrysophannl, emodin
and a hew anthrajuinors, cbtusifolin from Caszle chiunl-
folia. The latter was shown te have the censtitubtion(iI].

HO @ OCHs
a8bs
I
5]
I
HO O On
&la
P
i CHs
ANTHRONE FORM AHTHRGNOL FORM
[ — 4
IIT

Exaept the isolatien of chrysarcbin (111} from the
woed32;14 ana yogitostarsl from the meeds*d of Gaesin

Aiamag, no work appears to have bosn dene with this plant,

A

3
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ERLSRIEL_ WORE

The pressnt work was undertaken with the root
vary of Casyia ailsmws 7am, {(Lagumincsan), a plant whioh
grows in planty in the btate of Mahmraszh¥ra, AS a
result of ths pressnt investigation, four dompounds -
ola tritarpene snd Ythras hydrazxyanthraquinsne derivatives,
have zo far best lsclated.

x tion: o *

The root bark on eaxtrasoting with nehaxeane produced,
a dark brown selid, which was chromatsgraphed cver neutral
aluning ang sluted with different solvents. Frow the pet.
sther {40-80°}) sluats, a soild wer obtained, whish oryeta-
1ifeed froa ether-itethanol as oolourless nesdles, Canlign®,
M.p.210-2110; ()30 & 26°, Tt gave a pesitive Liebermann-
Burahard test {(vielet}, a yellew goleour with tatrenitro-
mathana and a light ¥ed coleur with trighlersagetic aaid.
Tiw Anfrarsd spaatrum showed strong absorption at 3400,
3470, 1n28 em~l {hydroxyl), 1640 and #87 am+l(eharscteri-
stie of a vinylidine group }ﬂﬁﬁgj?ﬂ From the mono-
acotyl derivative , Cagflge0a, m.p. 2189, G030 + 489 and
the bencoats, OpHpi0s, m.p. 208%, @ZC + 62°, the
compound was found te bw identioal with lupsel (IV), a
pentagyelic triterpane. The compourd showed no depression
in mplting point whan adwixed with an guthentic aapple



of lupeel and their IE spactra ware superinposabls.

it nuy bs sentlioned that this 1i» the firat
tritarpene ifsolated so far from the Sgacia plants.
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After the meparation of lupenl, the anlumn was
aluted with benzena, wvhen a pink band gradually separated.
From the benzane-ethyl nostate sluate, on removal of the
solvent under vacuum, an orangs Ted coloured compaund was
obtained which coryztallised frow athanol an dark yellow
lenilets, 11004, m.p. 198°, *The homogeneity of tha
ermpound was confirmed from thin layer ohromategraphy,
uping bengene-scetone (B0120) as the solvent aystex
which showed a singls Bpot (RBe 0.92)., It gave a poxitive
Borntregerts test faor hrﬂm:ranthnquimnu,n a brown
red colodr with ferrlo ghloride and an orsnge Solour with
methenolic magnesium acetate.l® It was incoluble in

| aguaous sodivm oarbonste, but dissolved resdily in modium
| hydroxide soluticn giving a reddish violst colour. It

[ gave reddish viclet oolour in aconcentrated sulphuarie acid.
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The goapoutd sasily fermed a diacetate, C1ofiL06,
.3, 2070 and a dimathyl ether, COy7H)40q Bup. 195:1969,
thus showing the presshas of two hydroxyl groups in the
meivcula. Kubn-Roth sstimation showed the pressnce of
ong C-(Ha group.

The infrared spestrum of the csmvound ahewed
strong absorptions at 1672 om~l {unchelated carbonyl},
1635 om~1 (chelatwd oarbonyl) and L8688 am=l (phenyl
band), ¥ The ultrariolet spastrum showed. mex. at 227,
266, 278, 2B7, and 437 ayx (log € 4.6%, 4.98, 4,02, 4,04,
4,06), indicating tha qempound to be a 1,B-Aihydirexy-
anthragquinone derivative.iC (Fig, 1.6). The dimethyl
ether showed Amax. at 294, 267, 275 and 388 =u (leg
€ 4.84, 4.5, 4.2, 3.97), {Fig. 1.7).

All the above preparties of the oompound indi.
cated similarity with those of ohrysophanol (V).

P

The nuclear magnatic rescoance spectra of the
dlagetats and tha dimethyl ether, determinad in deutarre
chlaoficrm walng tetramethylsilane as interns] refsrence,
war in full sgresment with the sbeove gonclusion.



Bleotronic intsgration coenfirmed the preasngs of a total
of fourtesn protons in both the derivativea. The methyl
sther spactrum showed & singls aignal 2t 8,17 {6) indi-
cating two aesthoxyl groups and a signel at 7.83 7 (3)
indficating an aroxatic methyl group. Correspondingly,
twe »ignals at 7.8 7 (B8) {twe soetory groups) and at
7.86 T{3) (ong aromatic methyl group) wav dlacernible
fron the spestrun of the noetate. The spectra of the
parent hypdroxyanthraguinone, detcrnined ifn dloXane ,showed
two signais at = 1.321 and - 1,14 T resreaanting two
chalatad hydrozyl groups.

A authentis sample of chrysophanol was obtalned
thrrugh the aourteay of Prof. K. Venkataraman, whieh
showed no deprassien in mixed meiting point with the
arppound. The infeared and OV spectra were suparimposable.

The banzsna sxtraat oi' the root bark after remeval
of the selvent under vacuwn affarded an erange.red solid
in about 1% yleid. Preliminary colour reactions shewed
tha presenca of hydtoxy~anthraquinone darivatives in tha
plgment. 2y thin-layw? chromatogrsphy, thitee distinct
spota sorresponding %o Ryt 0,58, 0,78 and 0.53 were
obtained, 4ill of them showed ocrange to plnk coloured
apots When spraysd with aloohnllc magnesinm acetate
indicaking the pressnce of at lasst thres oowpoiunds in ths



efude beneeps extract. The compounds baving Ry values
.82, 0.73 and 0.83 were deaignuted as Compounds A, B,
and C respentively. But the saparation and iseclation of
thers gompounds in pure form on a praparative suale
pramuntsd condlderables difficultisas, It was, howaver 2
obsarvad that from the cruds sxtract, the Compomd A
could be maparatsd by repeatsd extregtion with n-hexsns,
but tha aclvent extratstion msthod was not sucesasful in
the separaticn ol the other two compounda. The use of
dllute alkaldl in the separatien of thase compounda wes
nf littla sifept. Both the ¢oxpounds wers insolubls in
sodiun bioarbonata. They alowly went into ¥olutlen in
hot sadinm osrbonate and ware highly selubls in diluta
godine hydroxide sclutlon giving intonse viclet colonr.

Ciffarent obregatog® phic technigues reportad for
the aaparatisn of anthreguinohes were attempted. The
ahrematography over ignited magnesis in scstsane solutisn
vas ufed by Brigge?l for the isolation of a numbar of
anthraquinons pigmnts fyom the plants of Coprosma Lelus.
Magnesiua oarbonate has been usred to saparate the plzments
from Comatuls peatinatis.~* Caloium hydregen phosphate
¥as used mainly by the Japanese Zroup of workera for tha
isoletion and purificatien of hydroxyanthraqulnons deri-
vatives,12+37  gut in the prasent case, hone of the above
mathods even with the use of differant solvent ayatems

was sakisfactory. ¥lorsx column alse did not give any
keod separsticon,



Comparatively dettar resulis wera achieved
by chrematography over ailion gel. 3y elutlon with
banzens followed by benEene«ethyl acetats and finslly
ethyl aoetate, purs sanples of Compounds A and B
eenld be obtalned, though the last fractions consistad
of tha mixture of Compounds ¥ snd ¢, With neutral alu-
nina weing the wsaxa solvent system, tha sepsration of
Compounia A wnd 2 was alac satiafactory, But the dso-
lation of Compound C gould be schisved in a vary small
amcunt only. The yislde of the hydrexysnthraquinones
wara low} conslderabla anount of tShe compounds being
firmly beid by the column.

Cnmpounda § and B obtained by the above metheds
ware purified by rechromeatagraphy.

Frem the colour reactiona and other physisal
and ohamical propertiea, Compound A was readily identi-
fiad am ohryscpianol.

Compound 3 waoa, howewveyr, e Feund to be a new
anthragquinons derivative and the nepe "Usmsiamin® is
propossd for 1t.
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GUNBTIIUTLON GF CASATAMIE

Cassiamin vas obtained frem the sthyl acetats
fraotien of the silica gel chrematograrhy as well as
frem the hriiht reddizh oranga band onf the alimina
chropatography by elution with the some zolvent. Tt
could be crystaliissd from tetr:hydrofuran-methanol.
ather as bright orangs yellow microerystala or from
acetone-bentaie a3 red mioraorystels. The twe types
of grystals, both melting with decomposition at 388.47°
(dariening from 340%) gave identioal Ay valuss (0.73)
in thin.layer chromatography. Thelr infrarsd and ultra-
violet mpsctra wars superimposable and the pixed melting
pelnt wvas undeprexssd.

Cagpianin eould be sublimed at high vaouum

(10s? mm &t %60-970°) when erange vad micro-crystals
were opdtained. It oould alse be purified by adetylation
ané mnboyquant alkalime hydrolysis of its acetata,

Froperties and solour reagtince of Cassiamin

Cassiumin is insolubls in pat.ether, n-haxsoa,
oyeleheXans and saroontetraghlerids, sparingly selubls
in ether, methanoi, sthanel, bengsns, and tolusnwei

mnderately soluble in aostons, ohlnroform, ethyl acetzts
and glaeinl aostle acid, It i3 easily soluble in tetra-
hyérofuran, dieoxans, avslobexsnons and pyridine.



Cassiomin gives sheracterigtic anleur readtions
of hydroxyanthirequincnss. It gives o positive Borntrager
tast {pink). It ia insoluble in aqueous sadium Mloarbo
ngte (M%) and cold gndium carbonate (55). In sodiun
onrbonate it alowly goea into selution on heating, giving
a4 viclet goloursd solution. In agwecud somenis alse it
dissclves slowly giving o vielat aclour, Howwver,; in
diluts soéium hydroxide (§5) or potassium hydroxide (B§)
it readlly dlasolves giving an intense viclet golrur, With
congantrated sulphurio seid, oassiamih produces an intense
reddish violet aolour, whigh remains inchanged by the
addition of boric asid. HMagnesium adetats in alochol
produces a pink solour with cassiazin.iB

Indleatlon of at¥re quinoneid strusturs was also
obtained by the observation of the desp violet oolewr
of caaslamin 1n wedium hydyoxide changing te orangs red
on treatment with sodivm dithionite. on pasating alr
thrrugh the alkalire solution, the original viclst oolowr
is readily restored. The viclest colour in smmonin 1w
aimilarly ohangsd to orsnge rad by the addition of ming
dant.

Cawsiaxin gives ne charaoteristio oolour with
zircenlua nitrate in dilute hydrochlorio add aslution.
This obxervatinn rules cut the posaibility of cassiemin
having two hydroxyls in orthe positiona.®@ In glacial
asetle acld solution of casslamin, no flusrescence han
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boen obeeXved in droad dmy light indiosting thot the
A-hFiroxyl groops in aassismin do not have a 1,4
relatinnlh:l.p.m'“ fimwmver, a 1ight gresnish yellow
Tluorosaenss could be observed under witravinlet light.
Caszlamin in etbmnslic solution gives rnly & brown-red
colour with farric ohlnride, It dosms not Taspond to
Bargsllini test, which is characteristio of vicinal
trinydrexy groups .38

Coselomin dows net show any gharacteristic
bluish green solour with furfursl and concentrated
sulphuric acid, thus ruling out the Podsibility of twm
belng an anthrom derivative.?® The hydroxysnthronss
as wall as hydroxydianthrones normally give o yellow
oolour with sodium hydrexide, > 37 ynile casstamin
iemediately forma an intense violet selution in scdium
hydrexide,

Molaoulay foredle of Cassigmin

Elezentary ahalysis of caaslamin and 1ta daid-
vativea agreaesd mors or lesaz vith the formuia,t17H12,,1408
oT CUgpfizplp for ousaisuin, It contained no nitroges.
Kuhn-Roth oxidation shewed aassiawin to contain 6,08
Cutwthyl group which may indicate the prassnce of st
least one C.mathyl group with a C19 formuls and at least
tvo with the Jpo formuls. Cassismin gontained ne
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oethoxyl group. Adotive hpdregen deterpinegtion was not
possible dus %0 its lnwelubilisy An diglyme.

Holeoular weight determination by Rast owthed
was not suwocemaful dwe to the insalobllity of omsalemin
in aoamphor oF sXaltonwe,

{m methylation with dimethyl sulphate-potassium
oarboliate-age tone, caralamin afforded an arange yellow
methyl ether, m.p. 396-98%. Acetyletlon with acetic
anhyiride and a few drcps of perchierie acid or enncen-

tratad sulphuria agid ylelded s yallow aca¥ate, m.p.
190+83° {(softening from 1709),

The molsoulay foruula of cassisanin oould be
sffectively datarainad froe the WMR apsotra of casslamin
and itd derivatives.

The ¥ME apeoctrum cof oagziaxin in dirczans solution
ahowed four signals at -2.29, -2.14, ~1,27 and «1,83,*
all exchangeables with Dz", whioh could be atiributsd to
four glslinted hydrexyl groups.

The ANR spectrum of the methyl ether in deuters-
ohlorefora (Fig. 1.3) showed thres aignais in the sethoxyl
rsfioh at 6.01, €.056 and .3 and onse »ignal at 7.8E5 in the
aromstie methyl ragion. The intansities of thexzs four
signals verse in the ratio 11213 respectively.

¥ Chaplonl shifts indioated are all in 7 sonls.
Tatrasethylsllans was sed ag the internsl raferanos.
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In the spectrum of Yhe acatate (Fig, 1.4) thara
wvers ne signals in the region B te 77 showing the ateencs
ol ahy =CHpO. geeuping in ne molsguls. Yhare wers mignals
at 7.8, 7.68, 7.84 and 7.9Q with vhe Intenaity ratis of
2111 8,

Froxz the oomparative stuly of tha spectra of the
nathyl sther and the acetate, it was svident that the
greup of signals at 6.01, 5.068 and 8.3 in the methyl athar
spsatruz wera shiftad in the aocetate apactrum to positions
7.8, 7.66 and 7.84 reapectively. The hydroxyl groups in
gassiamin vhioh vers methylated in the folmer wera &1l
agetylated in the lattar cawa, Therefors, if the woaker
signal at 6.0) 4in the sethyl ather speotiuz and that at
7.06 in the wcetate apscirum reprusant aingls mathyl
groups, it can be assmeed that oasslamin has five hydroxyl
groups ani twn xethyl groups 1n the aromatio rings. Tie
faot that four signals wers observed in the regien - 1,83
to = 2,20 would xeks 1¢ likely thet four ent eof' the flve
hydroxyls are ahelated to owrbonyl groups.

Protan count by slsotranio integration further
showed that thore ars sewen arcmatie protara 1n beth the
pethyl etbhary and the acetate of assstanin.

Yhis goncluajon anbomatioally rulss put thm
Cy7 formila for eessiawit as this camot acoomacdate
alghtesn protons (sevan arnmatilc protons, five hydroxyls



and two arometio methyls) shown by the EMR speotirs,
Tharafore, only tha other foermula, Cgaf1a0p can be
agsignad to ossaiamin. Thame findings ware substan-
tially supported later by other methods. The thernister
miorcaethed, whish depanda upon the application of
olegtro-oamotio huhniqu-,gu showed cnsalemin tos have

a high molagular weight, though the results ware rather

anoma 1o .

The earrsciness of the solscular fermula for
casslanin was finally and Ascisively proved by mass
speatroacepic method {kindly determinsd by Dr. J. S,
Shannon, Civision of Coal Beswarah, C.2.1.R.0. Australis),
widah showed the molaocular weight of oasalemin te be 533,
exaatly as rejuired by the forwula, GapHialo.

The molsoular formula, CzoHis0g plates oaw:ianin
an an unusdally complax hydresyanthraquinone derivative.
Further data, as will ba smesn later, showwd cassiemin
tn be closely related to bianthraguinenas., It mey be
noted that all the bBlanthraguincnes so far iseigtsad ars
eamantislly wouls products. GCassSamin, should,therofeve,
be tha firet sxample of u hydroxy anthraquinons darivalive

haring such a high malaguler waight so far isolated froa
the plant world.



Mltravinlat and Infrazred speotze of Casaiamin
and_dts Jerivatives

The ultraviolek and visible spectza of sasalamin
and ita derivatives also indiaate that it is & hydroxy-
anthraquinons. The light absorptisn speotra of osssiamin
in different solvents show: the folloving maxima(Table I)
{Fig. 1.5 & 1.8).

FARLE. X
Solvent Agax, @i lng ¢
Ethansl 228,259,204, 4.92,4.80,4.69,
418 4.61
G‘nuln‘b!&hdld §%|mfgg' :.gﬁ%!a?ﬁﬁzi?nﬁl 1
lﬂlmiﬂ Al . “ .
530,800° a.4daqd
5% Sedium hydroxids 256,260,280 1.9, 4,7,4.84
azo, 80’ a.sha kel

s e gy el - e e o e ek g e A

Absance of abwarpiion near 330 sy indicster that
cassiomdn ia not a l,9-nqphthoquinens derivative, eines
all tha known 1,4~paphthoquinones show charsoteriatic
absorptions in this Hliﬂn.ag'm Tos naphiboguinons
strusture for cassisain is further rulad gsut by the
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apsotrua of Ats redustively aostylated produst which
ahows aAmax at ﬂw, m, 3'?3.' m| ﬂﬁ and 380 L "TH
(h’ ' i.aﬂ, 4.84' 5!“3. ﬂiﬂt 3;“. 3-33} m‘- 1&‘)*

Broo¥matn and Budde®® opsayved that the abserption
apscira of the reduotively agetylated quincnes and hpdroxy-
quinones resagble the apsetya of the pawent hpdrpesrbons.
It war orther shown by Fltﬂn'd.hunaa that raductively
acatylated hydroxy-sphoquincnes do ot abserd beyond
ARD mi. The pressnt results from the W speotra showed
that osexiamin im moTa likaly to ba an anthragquinone
dorivative.

It was shewn by Vesnkataraman and oo-verkers®-h 4
that quinensa in thelr lsttc forn shov a oharTacteristie
abaorptisn in the vinible Tregien. This obeervation osn be
utilised to determine the basis ring skeleton of quinemes,
as the leuoo naphthoquinones and anthraguinenes abserb at
different wave lengtha. The lewce vet spsoira of oasslamin
xlno indigate it to be anh anthraguinons derifative. It haa
max at 403, 480 ou (log * 4.53, 4.48) (Fig. 1.8),

A will be seen from Table I , cassismin 1teslf

thows maxima at 228, 389, 288 and 448 ou, whiah ix in -
agresaent ¥ith a 1,8-dthydrexyanthraquinene ohronophors
Brigas and aollatoratora®® foumd that in the ultraviclet
spaotra of hyfiroxyanthraquisonss, the najor abicrption

band due %o the onrbonyl greup of the quincnoid nucleus



in greaktly affected by the nunber of fres <-hydroxyl
groupa, the presengs ol j-hydrexyl groups having little
sffsct. Thus in hydroxyanthraquinonss containing ke fres
«-Nydroxyl , this band ceosursnear 60 au, with one frees
Anydroxyl Mear 410 my and with twe push groups near

430 my. This chservation was fully supported by
Birkinshaw.d0 He alse whowed that in the wnthraquineues
having thres or four fres «-hydroxyl groups, the above
pentionsd bapde give place to new bands in the 490, E10 mu
ragion. Ilt:uh-.r"!l showved further that hydrexyanthraguinenes
with l,4-dfhydroxy groups in the molecule sxhibdt a shift
in the visidls reglon, the adsorpiion maxima appesaring
sbove 480 mu.

From ths azbove diseuzsion, it would be logical
te assioew that osssiamin does Dot asontalin a syaten having
thrae fras «.hydrozyl groups in the sass anthragquinens
unit, A I,d-dihydroxyanthraguinons aystem 1r alse llkely
tn be abwant in cassiamin,

The abacrption apeotra of the methyl ether and
acetate of casdlaxin has basn shewn in Table II (Fig. 1.7
and 1.8, '

AR LR 11
Compaumd Amaxy Mg log *
Casalmein 723,768, 4,78, 4.69
pantamathyl sther aBc, 330 4,81, 4,18
Cas:lamin 262, D40 4.9, 4.6

pentaasetate

- [Frr—— rap——T e

- - g A
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The mathyl ethar of ¢caaaisnin shows no abssrption
nexing above JB0 mu indicating the akssnes of any fres
Ff=Rydroxyl group. The smpactrum of the asetats of saisigmin
aleo leads to similor conalwiien that casslamin iy a
hriroxyanthraquinons derivative,

The light abaorption spsctra »f the blanthraguis
none derivatives have neot bean extenaively statdlad, 37,38
it is interesting %o mote that disnhydre.rugulesin which
is bullt up from twe ohrysophanol units, hes a very aimilar
Apsotrnute that of the latter. DBut the abserption in disn.
hydrerigulesin ia far »ere intenss than that of ohrysephanol.
S8iaiinr ralaklionshbip sxists in the sase of bis-nor-diznhydro-
Tugulosin and ohrysasin snd alee in irideskyrin and
1slandigin,

The infrared spectra of sassiamin and it deri.
vatlvea are nlao 1n good agresment with the ssqumpticn
that sassianiy ccntalns a 1,28-dihydrexy-anthraquinone
aystom, 19,3941 fThy infrared speetrudpf eassiamin in
nujoel mail (Fig. 1.10) ahows peak at 3880 cn~i(hydrexyl),
1672 cm~l (unchelated carbonyl), 2823 on=-1 (chelated
carbonyl} and 1600 em~l {phenyl)., The pentamethyl etber
in nujol sull {Fig. 1.11) snd chlorofern solution shews
absorphion banda at 1872 em“l (unghalated carbenyl) and
1300 am=l (phanyl band), vhersas the aoetate of ceacianin
in nujol mull (Fig. 1,12} shovs peaks st 1769 om~l{scatate),
1870 am*l {unohalated derkonyl) and 1508 om=l (phanyl),
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Tho absstas of absorptlon near 1833 om~l in ihe last twe
armpounds glearly indiszatssthat the shelating hydroxyl
Eroupd have all beenn subetituted. ~Cassiomin in dioxans
shows paaks at 3500, 1672, 1636 and 1800 om~l,

Further, a 1,B-dihypiroxy structure 1s alaso to be
sxpented on phytophsmioal groumds sinces all hydrexy-
anthraquinogex so far obtalned from the aasslm planta
have at Ieast two hydroxyls in 1,6 positions.t

A remariabils property of gassiamin is its optical
nativity. The pentaasetate of cassiamin shaved optigal
rotayion (x)igg - 189.5° (meavured on a Parkin-Elwer
141 Polarimetsr),

Cazalamin i3 stadble sgninst the actian of atrong
alkall and cencentrated sulphwric aoldy it oould be
receverd2 unadhanged even atter heating it with conoentra-
ted sulphurio acid far 2 hours and 104 sediuw hydroxide
for & hours on a water Bath (aftar acldifieatien),

Zane dust distillokion of aszszianin yielded
F-mothyl snihracans, n.p.ﬂﬂlﬂ identified from ite infra-
rad (Fig.1.123) and uwltraviolet speotra (Fig.l.9) in
comparison with an authentla sample. The mized melting
point of beth the samples wan undeprvased., It may be
wentionsd that Rugulostn®d and Penicilliepsin,® whioh
are siosaly ™lated to blanthraguinorss also give 2~
methylesnthracens on sips dust 4distillation.

y
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Ay desoribed earliar, cassiamin on methylatisn
with dimsthyisulphate-potassium, garDonate «agnbone,
produced an orangs yellow pentamethyl ether, GaplsgOg,
B.p. 3086909, It was lnsoluble in wediuve carbonste
and sodium hydroxide solutions and geve no apagifia
¢olour with alaenhelie magbesium sostate.

Methiylation of cassiamin with diasomethane in
etheraal selution prodused a acapound whish anelyaed
T'eT a sonometbyl ether, CalHzodo, m.p. 1BR.80°, It
wan insclabls even in hot sodium garbonata zplution
{unlike camninmin), This indicated that a pP-hydroxyl
EYcup may be Pressant in owssiamin which sooounts for its
solublility in war ayeous sodlium aardonate soluticn. The
aonomethyl athar wan easily soluble in dilute sodium
hydroxide sclution giving a violed aoleur. With alccholile
BAgnedlum soqatate, 1t prodused a pink colour. The ultrae
¥iolet spectrun of the vompound showed rmax, at 237,264,
276, 285, A10-490 mu (log & 4.43, 4.88, 4.5, 4.84, 4,18).
The infrared spsotrws showdd peaks at 1872 om~l {unchelnted
earbenyl), 1823 ¢m~l {(ohelated earbonyl), and 1600 om-l
(phanyl) (Fig. 1.14}.

With agetie anhydrids in preassncs of acnesntrated
sulphuris aold or perchloric aoid, sassinmin swsily farmed
& panta-atetate, Cynlan0ly, m.p. IB2B30 (acfisning From
170°3,
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The penta-agatate could he deageatrylabed by
heating with aquecus scdivm hpdrexids (5%) to produse
aaselamin, Bat attexpt to deagstylate the penta-soetate
by refluxing with sethancl gemtaining » few dreps of
goncentrated sulphurie avid affordsd a partinlly dease-
tylatied produst. The yellew cospeund melting at 217.14°
{saftening at am.an?”). analysed for vaspiamin dnaocstate,
Cyqligy0yy. The Light abserptien spectrum of the eompound
ahoved Maax. st 335, 288, 284, 340, and 415425 mu (Jog
4,6, 4,7, 4.01, 4,34) {Mg. 1.8), The infrared spactrum
in nujel aull showed peaks at 1768 om~l (phenolio aoetate),
167¢ ca~l {unohatigbdl easdenyl), 1694 sm~* (snhelated
asrbonyl), and 1598 em-l (phenyl) (Fig. 1.15). The NMR
apectium of the compound taken in dsulsrochlorsfern showsd
twe signals at - 3,689 (1} and = 5.5 7 (1}, indicating
the presenos of two chalated hydroxyls in tha ceapound.

Cassiamin 1is reasonebly seadle against the aotlon
of oxidiming agenta liks obremid aold or alkaline silver
oxide. After shaking a diweilyl fermamide solutlen of
sapsiamin with ehropie asid and w few 4drops of soncentraw
ted sulphurio soid for 24 hours-eassiamin could ba
racovered unchanged. Axidatien af camsianin with alkaline
silver pxide afforded a deafk goloursd sompsund. The grude
compoity] gave & positive test with patamsim lodlde -
potassivm iedats reagent(vielat), which indicated the
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presanse of a onThoxylis greup. But the aoid aauld not
b iaoletad in pure stote. MNomt of the original oaeslamin
¥al reoowsIsd unabianged.

Chromla satd exidation of the acetats of gasalamin
in glaclal agetin moid and scetic anhydride also falled te
give any ochnolusive result, The presstm of oarboxyiio
#rodp In the product was detected by potassive indide
potassiinm icdate reagant, On decpetylation of this
cogpewust with aqueous alkalS, a small amount of the
product malling above 3602 was obtained which gave
$luilar golour resotions as camziamin, It was scluble
in podlum biourbohate (&%) and gave a powitive test for
earbuoxylis group. But 1t could not be izalated in enffi.
elent amoumt for gharscterisatisnm, In moat of tha expert.
xants, casslomin gould be reocvdred wnghanged after
denoetylaticn of the ohromio moid oxidstion product of
vasnismin panta-.asatata,

As Indlecated beforw, oxsalamin gives in ¢old
vat with sodium ditblonite fn sodiun hydrexids, frem
whish the original cnmpound omild be TadovaT™ed by re-
exidising with air. In the preliminary eXperimenta,
whlch wers garried out at room temperature, no appreaindle
changes in the produst enuld he detagted. It may be
zantionod that both irideskyrin and 4y4" d1ihydr oxy-
blapthrayulnone~(1,1') were first beliaved o be stabls



against the aotion of alkeline sodim dithdenste.Z7r38)44
Mors 4drastic oconditions wers mecesaary in thome ansen.

A malution of cassismin in pyridime with agueous
podium dithiandte and sodium hydroxids was beated oo a
water bath for € hours. Examination of the product nh
thin layer ochromaf$sgraphy indicated the presence of two
spots {Be (.98 and 0.73). The sompound naving the Rf:

0.52 waz colleoted apd purified by solumn chromatugraphy
over alusing. The orange red comprund, m,p. 184.B5° was
identifisd as erysophansl., The infrared (Fig.l1.16) snd
ultraviolet spectra wars supsrimpodable with an authentio
sample of ghrysophanel and there was no depresaion in
mized melting point.

The iselation of shrysophsnol from the socdiua
dithionite reasticn produst of caseiamin gave s poxitive
indication that this uwnit is present in the parent
gompound, It may be mentiotad that the ultraviolet spaotrs
of cassisnin and ohrysophanel are very similar, though the
abaerption in the former ars muoh sore intanee than the
latter, Thé partial structure of ocaselemin could now he

aonveniently expressed:ss

HO

0 oM y
O.@ r ~CisHe %8
CHg
o

-

k|
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Since easeiamin eontains five hydrozy) BroupsE
and two aromatic methyl groups, it may e sXpected that
the other part of tha meletuls wruld acssunt for remsin.
ing thres hyiroxyls snd oos sromatio methyl Ereup.
Attsmp® to lmolate the segond fraguent gave An impure
product; it vas obtalned frew the sodiva csrbonate
aoluble Iragtion of the reductive clapvage preodust. It
gave a positive Bﬁmtul;-r'- reaction. 0n thip layer
abromatography, the coapound moved along with caasiamin
and pure smodin {Ay =0,.73). Singe the oompeind aeuld
not be further purifiod duv te ita poor yleld, a direat
aemparison with enodln was net possible, Bat s1] its
propertiss strongly suggestad its aimilarity with smedin.
It gave A reddish pink eslowr with slesholie BAZTENL vt~
acetate and redédish violat golour with sodiwuw hydroxide
and conasntraied sulpharie asid. All thess osleur
reactions were given by a pure sasmple of smodin,

Mlike parent cassiamin, it was aasily solubls
in oeld sedium earbonate indigating the Presence of »
P-hydroxyl group in tihe cempound, It did not shaw any
characteristic oclour with siraomium nitrate thus rui:l.n.g
out the possibllity of L2 hawing twn hydrexyia in orthe
positions., A l,dedihydroxy systam in the cozpound was
zﬁm iess probable sinde 1% 414 not anow any flusrascsrios
in glacial acetic asid in broad day 1ight,



The ultravinlet apsotra of the compound was very
similar %a emcdin and oasslamin. Thw infrared spesotra
in najol gull showed peaks st 1670 and 1820 em-1 indi-
sating that it war & ), S-dihydrexyanthraquinons derivative,
put the resolution in the Ffinger print region was poor,

1t may be retalled jhat the presande ol four
chelated hysroxyls in oasalamin are discernible from the
NMR apeotPum. Sinos two of these hydroxyls are present in
cehrysephansl unit {n 1,8 positiens), it would be 1ozieal
tc suppess from the Toregoimg disgusalon that the other
tuo chelated hydroxpls, whieh ape present in the second
frajyoant hos alao a L B.4ikydroxy relationship. Thia
would place the rifth hydrexyl in sassiamin as a f-hypdroxyl
in the sacond unlt vhish alse magounts for the farmatlen

of monows thyl ethar of sasviamin by the aotion of dia-
somsthatie. '

Further, the presenos of a doublet at 2.38 1 (1)
wilth s ¢oupling constant of 4.8 cps in the psntumathyl
ethar of guasiamin would strongly suggeet the presence of
a Aysten {(VII) in ocassiamdn {vide Chapter I-C).
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Thiz wouid suggest the partial struoture of the
second fragment in caszlaain to be (VIIL). Since none of

HO Q OH
-{H
SOSMM
[ {

it}

the hydroxyanthraguinenss #o0 far iszoloted from plants have
A of~mathyl aubstitutien, the methyl grenp in tha second
fragment ahould de in 8 or 7 pesitione and considering all
the facts the wmeat probable formula of this unit wruld be
l,E,E-trihrﬂm#-ﬁ ~aothylanthraguinons (emodin}.

Prevlsionally aceeptlng that the seconhd fragmant
ix smodin, tha problem of the conatitution ol gaasiamin now
Tefolves iteelf lnte the ALffioult décision as to how the
two units are Joined togsther in the casslomin wolaculs.
At present, ne sxperimental evifenos is avallable to daclde
this polnt, zo that, of tiw posalbls structures of casaiamin,
(IX) and (X) are advanaes merwly to indicate tha type of
atruoture which saaslomin may poszibly peoasens.
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Eithsr of thess strustures offers s sakisfaokory
s#Xplanation of many of the propertias of cmesimmin thet
have bssn regorded. Alithough from the pressnt state ef
our knowledge, such ¢ conclupion must be sccepted with
reasrvation, there seems to be Little doubl: that the
eomplete sluoidation of tha siruoture of this complax
guinons will opan a new flald of intarest in the chemintry
of naturally scourring quinonssx,

Zoppound C

Yory littls werk aould he aarried out en the
aconstitution of tha compound ¢ having Re valus .53, Ald
attenpts to obtein e pure crystalline compound An suffiol-
snt amount has failed ao far. The pureat sample was an
erange red selid vhieh remained unohanged upko 2809, At
highar tempersture, it darkened witheot shewing any defi.
hite mel¥ing pelnt. The anlour reactiona were very similar
%0 onsdlanin, hut the ultraviclet spectras of the compound
in various selvents wers aunbstantially different from
oansiamin (Table TIL).

2 ADLE . IIX
Salveant h“ y DR
Ethanol 235, 268, J0E, IP6-405
Conosntrated sulphurio 238, 282.272, 796, 330,
acid 40N -418, 50O, 530, €00
5 ssdinm hydroxide 1254236, 266, 320 , 410,806

= |nflMxion

U P G e o O g e e S A vk ey e T A s W
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The infrared apedtrun of Compound C inh nuwlel
mull ahowsd pesks wé 3580 on*l (nydroxyl), 1625 gm-1
(¢chelnted oardonyl}, and 1602 on~l (phanyl).

Frem all the praperties 2o far wiudied, 1t
seeas prokable that this 1s also a Nnew hydroxyanthrae.
quinons derivative having & kigh molacular weight.
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EXFPERIMELNTAL

For analysls, the vompounds were dried ower
phoRphorous panfexide under vaswm et 100% for £.8 heurs.
A1l welting poimta ave ineoriweted. Speciflc rotatlons
ware taiten in shleroform solutisn. The infrared apectra
wers reoerded on s MNrkin.Blmar Infracord Spectrophoto.
getar, Model 1I3TE; the compounds were axamined am
paraffin nmulls unlseas othervise stotad. The ultraviclet
epadtra wers detarnined on a Perkin.Elmer 2K Spastro=
photometer in 95§ athsnel solutien. The NMR epectra
vare detarmined in deuterachlorofeorm scluticn on a
Yarilan A~80 Spactrophotomster. The NMA spsctruy of
casslanin was taken in dioxXahwe uu.lutinn- In gll cases,
totrusathylelilane was ured ay the internzl referance.

Houtral alwins of Aifferant grades standardised
agoording to the methed of Erovkmannd® was used in

aolumn chromatogzaphy.

A mixture of ailion zwl (preyared and ptandar.
dised in Shiw laboratory by Dr. D.KE. Ben abd co-workers)
and salciux sulphate {B.D.H.) in the Tatio A6 IE waa
used for preparing plates forF thin layar ohromategraphy.
Banzano=acetons (80:120) wak used s the solvant system.
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The powdarad dry root bark {2 ki) of Caisla-
sismes Tawm was exhaustively sxtrTacted (Soxhlet) with
n-hexare, folloved by benzans. Tha differant extraota
wars golleatasd and sxanined separately.

n-fegace exiesqbs

igg pR N LENE DL AR

Frow the n«hexane exteact after ramoval of the
gnlvent, s dark vad sclld was obtalbed (18 g., O.758).
4 porticn (8 g) of Shis was taken In pat.ether (40-60°)
and pasmed through a oolumn of aluminae (Grade ITI, 100 gJ).
Elution with pet.ether (40.807) afforded an almest.
anlourless solid, It was followed by bonzens (40 x 10 =l1),
bensena~athyl adedate (8150} (40 x 10 ml) and ethyl
acetats rospestively, when s pink bsnd gradually moved,
From the benda’m«athyl sostets fraction, a second compaund
(orangs Ted) was obtainad,

The yellowish solid ahtalned by elution with
pat.ather was purifisd by rethrometography over a asoond
golunhn of aluming. Tt was Cinally crystallised froa a
mixture of ether-mathanol as colourlssy needles, m.p.
210-315%, GIE0 + 28% (0, 8.5), IR spectrum: 3800,

3430, 1640, 1186, 1345, 1110, 1047, 1028, 987, 977,
and 887 em=l,
Analysis: Pounds C, BI,. Iy M, J1.5.

CapHpa0 »euutress C, B4.4y K, 11.8%.



The acetate (n.p. 2387 )20 + 489, and the
benzoate m.p. 265%, h)ﬁu » 629, of lupeol were
praparei socording to the methods dwseribed in Chapter
III.

Amolation of abrysophapol

The ssaond gompound odtainsd rrom the benzens -
athyl acetats waz purified by chromatography over a
column of saleinn hydrogen phoaghate in benzens, Mn
arystallisation frox ethancl, the compound wad obtained
az dark yellow leaflsts, m.p. 198° (TIC* Rfr 0,52)
(31t.% a.p. 1968°). It showed all tha ¢olnur reastions
of hydroxyanthraguinomea, IR apsotrum: 1872, 1628,
1698, 1867, 1270, 1306, 1183, 1085, 1093, 203, 876,
840, B2O, and 788 om-i.

Analysisy Younty G, 70.8; H, 4.1
ClsHi004 requivest C, 70.9; H, 4.0%.

Mathylation of ghrysophansl

Chrysophanel (8O0 mg) in dry aostona (100 ml}
was refluxed vith ashydreud potaasium sarbonete{3 g)
and dimethyl aulphate (1.5 ml) for 20 ko', The mixture
was filtered and wasbed with het aowtons (57 ml). The
Iiltrate and. tha washings wame distilled off to drynees.
The residus s»n orystallilasticn fm athansl gave orange
nesdles {EON mg), m.p. 195087,
* TIC = thir layer chrcmatography.

al



Analysisi Foundy ¢, 74.4; H, B.3. -00Hy 20.3.
CyqH1404 requires: G, 78.3) H, 8.0. -O0My 14,9%,

Apetylation of ehrysephsno}

Chrysophanol (200 mg) vas diasclved 1h scetlc
anhydride (17 ml) sand & few dropa of boaronw~trifluoride
etharita wers added st roomn temperature. Aafter 34 hr.,
the solullon was poursd into groshed ice (£0 g). Tha
yellow solid was riltered, washed and drisd (23C mg).
crystallisution frem athancol gave yellow platesx, m.p.

207%, IR speatrmm 1767, 1870, 1585, 1260, 1200, 102
and 888 om~i.

Analys iz Poumdy C, €7.7; H, 4.0:.G0CHy 24.1.
C1pH1408 requires) O, 97.4y H, 4.2%,-ChCH3 35.¥%.

Aftar dxbaustive sxtraction with ne-haxane, the
root berk of Cassisa sismiis was sxtracted with benzsne
{so¥hlet) for soveral days. *The orange red solutlon,
aftar rentval of the sclvent, afforded sn crangs red
eolid (A0 g). Thin layer ohFomatography showsd ¥thrae
apots oorresponding to Bf1 0.%8, 0.73 and 0.53(deslg-
nated as Compounds A, ¥ and ¢ respactively). Aan
eliguet portion of the solid (8 g) wes extructed with

¥
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500 xl. of n-hezans for 48 ar (soxhlet). The n-haxare
solutien (brown) on remeoval of the sSolvent Fielded an
arange-yullew enlid (0,3 g) vhidh was resdily identified
ag chryasophansl.

The insolubla srange Tsd snlid, oontzining
Coppoun B {sawziamin) and Cempound C, howevar,. sonld
not be asparcated by sclvent sxtraction prooelums.
Pifferent columns using ignited magnesia {in acetone
selution) ¢sleiunm hydrogen phosphate (bonzene -
ohlaroforz) wera not natisafoatory for the maparatien
of tha tye aompounds, Chromatography over sillioz zed
end mautral plamina column (Orode IV) gave batter

reczulka,

The orangs red solid (8 g) was passed through
& golumn of silica gal (10 g} in heonzens solutisn,
Eluticn was ¢conbiinved successively with benzene,
benaens«s thylacetate and sthyl acetatey 10 X 50 ml
fragtlone of ssch wers anllacted. From the beanrene -
frastion, en orangs ysllow solid wam ebtalned which
after reorystailisntion fron ethabel welted at 193849,
1t war subsequantly idsntlified sa chrysophsancl.

The benssxw-athyl acetats Iracticn afferdsd an
oTangs yellow zolid (1L x) (A3 0,73} whioh was further
puritisd by rechrematofraphy over =z Spsond ooclumh. The
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latter fractions obtzained by slution with benzens-athyl
agatate and sthyl acotats vare svidently sixtures,sincs
they gave iwo xpots on thim layer shrematosraphy (Re !
.72 and ©.82},

Casplamin gould aiye be obtuined by chromato-
graphy of the aruda benxens sxtyact (6 g) over nautral
aluminag (grade IV, 100 ) wsing succsssively the solvent
systems nf benzeme, bengpisethyl asetats, othyl acetate,and
athyl seatate-aoetia I;I:I.d. The pink band gZave chryzo-
pheticl on sintien uﬂh hnnul-th:r!. soetate. Elutien
of the orangs red ‘band with ethyl acetats and subsequent
rewoysl of the solwnt yislded enaslamin (0.8 g). m
contimung the elatien with othyl soetate, a mixture of
cpasiamin and Compovuid O was olkningd. Finully the
colunn was wvashed with nﬁu‘l ntﬁh sontelning a faw
dreps of acetls agid, vhen lninir the mizture of the twe
compounds was obtaimed (3.5 g).

Ozerianin (Rgs 0,73 edtained by wither of thesa
wathods wan orystallised fyam tetrabpdrofuran-methsnol
mixture, a¥ oraige yellow micro platea, n.p. 355-87°
(darkaning from 3407}, It gave & desp violak solution
in sodiux hyiroxlids and & Peddish violst sciution in
conasntrated sulphurie apid. IR apachruwss 3320, 1672,
1623, 1600, 1286, 1364, 1827, 1188, 1162, 1103, 1087,
1049, 956, 983, 503, 875, BAG, B4Y, R0, 783 and 7ES om-l,
{in nujol null).



53

Analrysiss Foutd Q' 38-.‘ H' 3.8. G-ﬂﬂg E.O, A2

~0CHg absent, MHel.wt. &2 (by mass
apeetroscoplo method),

CapHipllp requiress G, 68.% H, 3.6. C.CHg 6.7%,’
Mol, wt. BuR.

Eopneynd Q.

Attexpts te ilsolate the Oanpound C Ry 0,.852)
in pure Cfoww by further ohromatogrenphy gave an orange
hrewn aolid, which was erystallised from tstrahydroluran-
methanol sz’ orangs red xioro plates, m.p.}ﬂm“ {darkaning
from 780}, 1t was insolubls in sedium bicarbonate, bab
disanlved slowly in B8 sodiun ¢arbonote on hesting. It
wia readlly seluble in sodliva hydroxide scolution giving
an intenze vislat celsw'. In concentrated aulpharic acid,
it forted a reddish vielet sclutien. IR Zpectrumi 3780,
iazs, 1é02, 1336, 1870, 118§, 1i62, 1104, 10BS, o8, 938,
840, 843 and 757 ea-i.

1g adid op gasaiagin

A selution of osseiamin {(0.05 g} 1n concentrated
salphuric aoid (2 ml) was heated on = water Path for 2 hr.
It war conled and poured cver ice (iC gY. Tha ssparatad
polid was fiitered, washed with water and drisd (0.04 g).
Cryatalitaption from tetrahydrofuran gave crangs Yellow
wiora plates, m.p. 3BR.64° (TLE, Res 073} It was
Adentifisd as casalemin.



A selution of cassiumin (30 mg) in 10% spdium
hydroxids {8 ol) was heated on n water Bath far 8 hr.
The vislet polution was soolad, naldifisd and the pracl-
pltated soliid was collacted. Orystallisation from tetrs-
nydrofuran-xethansl gave orange yellow miero.platas,
Mm.p. 358-54%, It wam 18entified as caszsiamin.

ti  sans

Caspinmin (0.3 g) was intimstely mixed with
zine dusat (10 g) and the mizture vaz packed in e allice
tube together with puwaice stonss to impart porosity te
tha packing. The tubse was unifermly heatsd at 400 =420
and 8 ateady stysam of hydr¥coigen was pasasd thrnugh the
tube. After 4 hr. the strawwooloured subllmate (0,02 g)
from the ¢onler part of ithe tubs was enllaated and
aryatelliaed from sloohel in slmest oclourisss laaflets,
W.ps 20E°, The mized galting point with an authantie
saxpls of 2-methylanthracens was wdepreazsd. IR spaotrum:
1636, 1308, 1271, 1178, 1040, 967, 980, 909, 898, 87,
ROB and 742 an~l.

Analyalst Foundy O, 93.57 H, 6.4.
G112 requires: @, 93,75 H, 8.2 %,



dethylation of danileadd

Coagismin {1 ¢) in anhydrous asetone (30 ml)
waa rafluxed with frashly 4istilled dimethy]l sulphate
(10 ml} and freshly ignited potassiuve sarbonate (B0 g)
for 20 hr, The mixture was filgoerad bnt, the reszldue
waded well with hot acetone and the noetone diatlliad
off fran the filtrata. The arange product was oanllacted,
drisd and taken in bengene. The bengene seluticn wag
chromatogrephed over a columm of alumina. The orange
yallow solld obtainsd aftar ramoval of benzena eluate
was recrystallised asveral times from tetrahydrefarana-
ma thanol mixture to glve bright orange yellow micro-plotes,
m.p. 396-98°. IR apeatrums 1672, 1600, 1583, 1330, 1379,
1247, 3211, 1183, 1089, 1088, 290, 841 z2nd TE ow-l.

Analysiss Fotmds Q, 70,B¢ H, 5.2, -0UHa 4.8,
CagBopCyg reguiress €, 70.% H, 4.8 £ -0CHEz 26,1,

Ma tion of onae with real dinzcoe thane

Hitromomethyl uwrea (2.5 £) was added to a mizture
of aquecus {AO% KOE) {8 pl) and ether (300 ml)} at &7,
The yellow sthaticl dlascaethans sclutlan wvas drisé over
KNH pellets and dscanted to an athersal solutien(S00 nl)
sontaining cassiswin 0.5 g). The mixture was kept at O°
for 48 hr. The excess of dlaxomethane was destroyed by
o Taw drops of glaalal asoetle acid and the separated
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orange Tad salid was Filtered off, Tha ether solution
was ocnnosntyated and the produsts obtained wals mixed
with the orange rad snlid, After saveral rearystalli-
aatiunl;; :;':1::: ?"i'ﬂuia mizroscopic £rystals wers obbained,
MaPa 1RR.B0%, It formsd 2 reddish violat solutien with
conasntrated sulphurice zold. IR spectruss 1672, 1823,
1598, 1321, 13e0, 1212, 1162, 1063, 1 20, 06O, @0n, and
842 qn-l.

analysist Foundy &, 68,73 Hy 4.B.

GalHpg09 requires; C, 89.4; H, 3.8 %,

Acetylation of cassigwin

Pethpd 4. Cassismin (0.3 g) in acetic anhydride
(20 ml) wam treated with a Tew drops of perchloric aold
st roon tenpsTatura. This was illowed to mband overnight
and then pourad over srushad les. The yellow preciplitste
was colleatad, washed and dried (0.8 g). It was oryste.
1lined £¥om ethanol in pale yellow wiorcacopic plates,
n.p. 182820 (softaning fram 1709}, ()oae = - 160.8°
(o, 1.0} {measured on a Perkin.EKlmer Polarimeter in
ehloraforn solution). IR epectrume 1768, 1670, 1588,
1318, 1248, 1178, 1123, 1088, 1042, 610 and 826 om~).

Analysis: Foupdl C, &8.By H, 4.0, -CrCHy 30.44
Mol,wt.s587,738 (thermister micro-method}.

CqoH28014 Teyuiresy o, 63.8% H, 2.9 .GCHp 20,54,
Mol ,wt. 738.
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¥athod B. A mizture of ommslanin (0.5 g) in
pcetio anhydride {30 ml) nnd a fov dropa of coneantratad
sulphuric asid was refluded for 3 L. The sclution was
¢ooled, and poursd over orushed ioe. The precipitnts
was collented, washed and dried {0.53 g). It orysta-
llised from ethanol in pals yellow mlarcacopls platas,
m.ps 182.83° (softening frem 170%).

The infrared and wlbravielet spasgira werwe
identieal with the aeetate sbtrined by the method A
and there was ne dspression in mixed malting paint,

Banaetzlation of spealseis

Casplanin soetate (0.4 g) was heated for B hr.
with rquecus 5% sodlum hyiroxide {40 ml) en o boiling
wotar bath iIn an atmoapherse of nitrogen. The reaction
mixtura was onoled and ssidifisd with dilute sulphurie
acid mnd the resunlting pracipltats wasm csagulated by
hasting on a watar bath fer 30 minutes. The reaulting
»nlid was filtsred, wanhad and dried, Crystallisatinon
Ifron tetrahydrefurati methancl gave orange yallovw mlcre-
plates, n.p. 358.58° (darkening from 340°). Xt was
idantiflied as ocassiamin,

Anﬂl:fﬂlll Foundy G.- 48,85 H’ 3.8,
Gaoﬂlgﬂg “qm..l c-.. EE.Q; H' 3.3-

Paztdal deagetyiation of gaspienin agetate

A solution of aassiamin acetate (0.2 g) in methanol
(100 ml} and a fav drops »f aongantratad sulphario acld was
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reflumd for 3 hr. The solution was opucentrated o a
1ittle voluske and then poured into watelr. The yeliow
aniid was golleoted, washed and dried. It cretallised
fom athanol as yellow mdaPo-platen, m.p. 212-147
{scftaning at 20870}, IR spectrumy 37320, 1768, 1870,
1824, 1588, 1218, 1983, 1380, 11385, 1080, 1048, #18,
870, 830, 786 and 768 cm-l,

Analyaial Foundy G, 87.17; H, 3.94, -CCCHp 12.
Mol.wt, 649 (thermister micrp-mathod).

Ca4i23071 requiresy C, 97.4¢ H, 3.6, -COCHy 14%.
Hﬁl. wt. 803,

A mixture of e¢ms:ifamin (0.1 g), dimethyl formamide
{4 ml), Crog (0.1 2) and concentrated sulphuric aaid
{Z-3 drops} was shaken at room temperature for 24 hr,
The mixture was dilutad with water, thw produst woa
collected, washad and dried (0,08 g). It waa methylated
by dimathyl aulphats {1 ml), anhydrous potassium carbonate
{1 8) and acstone (2C¢ ml). The methylatad product was
ahronategrephsd over a short column of alumina. The
banzens aluates vas svaporatad in vaoue and the resalting
26118 {0.08 g} orystallised from ohlorsform-methansl
a8 crange ysllow miore plates, m,.p. 293-849, It wan
1dentified as casslomin pentazethyl sthar.



Chremic seld sxidation of csssiamin psnta-asetate

Casnianin penta-acetate (0.5 g} was dlssolvad
at 55-600 in 4 mixturs of glacial weoetic acid (2B ml)
and aoetis anhydyride (25 ml), The timpnrature wal
maintained at 56-809, while a selution of Crly (1 g)
in wetar (1 ml) and glecinl acetlo acld {26 ml) wa=
added with conatant mtilrring over a peried of 0.5 IT.
The bath teapsrature: was then raisad to 65.709 and
malntained at thias texperature fer 3 hr. The deep gresn
golutisn was poursd inte water (300 ml) and left in a
rafrigerator overnight, after which this was extracted
wits ehloroform, {3 x 200 ml), The reddish browvmn
chloreforn solutlon was washed with watar and then
extracted with 5% sodium biearbenata gelutisn{s x 50 ml).

godium bicarbonats soluble rragtion

The sodinm bicarbonate ascluble fractiocn wae
acldiffed with dilute hydroghleric agid snd re-exirdcded
with ¢hlcrofovm, The chlerofers selutirn was washad with
water and drisd aver anhydrous sedium sulphate. The dark
7o llow coloured gompound, obtained after the Mmoval of
chloroforn {0,044 g} could not ha obtained in pure stats
by eryatallisation. It wai thearefors desacatylanted by
honting with 8% scdlwm hydroxide sclution for 2 hr and
the dezmetylated profuct (0.02 §)} wae recrystallised from

Bl



tetrahydrofuran-methanol as dark yellew mieroscoplc
plates, m.p. >380%. It ahewed n positive potsasium
lodide-potansionm Lodnte test (vinlat) for Qarbexylic
agid, But the saspls war not suffielsnt for enalysia.
If apanbrums333); 1888, 1460, 1408, 1280, 1200, 1175,
1114, 1083, 90, anod 548 om-1,
dodiup bloarbopsts inzolubls (ragtion

After sxtyaotion with sedium blearbonnts, ths
ehlorofem layar vas vashed well with water, and dried.
over sodimx sulphate. rn removsl of the sclvent, a
deTk ywllow scldd (C.3 g) was obtained. ihis was deacety-
lated hy beating with B3 sodium hydroxide solution foz
4 hr. aud the arangs red aplid ohtained on aeidifleation
was orystallised from tetrabyirefuran-methancly orange
miero.plates, m.p, 363-58° {darkensing from 3407). This
wal ldentified l.,lr.ﬁulim:l.n-

Ahalysise Founds (0, 88.8; 1, 3.8,
OypR1s05 requives ¢+ ¢, 68,9y H, 3.8,

31Ivdr nitrate (1.58 £) 1n wvater (10 x1) was
troated with caustic moda (0.34 g) in water (10 ml).
Ths zepureted giiver oxide was filtered, vaahed free
from nitrate wnd transferrsd to m besksr containing
water (20 ml). Spdiwe hydroxide (1.26 g2} waz ndded
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with vigorous atirring and the temparature of the
mixtu~e wan maintsined at 78°, Casaiamin (P,4 2) wan
introduesd and the atirring was contimued for 1 hr.
The mixture was filtered hot. The residus of allver
wag washed well} with Yot watar, On acidifieatlon af
the filstrats snd washings, a brown precipitate wos
abtainsd, This was trasted with 5% ardium bizarbonste
solution. Astddfication of the filtarsd solutlen
vielded a guawy brown solid (0.03 g) whish aowld not
be purifisd fuyther by orystallisatinn. Tha aruds
coppound gave s poeitive teat for cerboxyl greup with
potassium lodide-potassium . - .~ : . lodate roagent
{violet).

The scdiva bhicarbonate ilhaolubls fraction (.03 g)
w2o erystallised from tetrahyirofuran-methanol us orange
yellow miaroplates, m.p. 353=-83°. It was readily iden-
+1fied ua samzienin.

Adx oxidation of the slkeline yat of cassiamin

Hathod As Cassiamin (160 mg) was diszolved in
2% asdium hydroxide solution (3 ml) and the exoess of
sodium hydrosulphite (1 g) was added in emnall portions
at room temperaturs with oscasional stirving, After
0,8 he. the selution was filsared and oxidised by pasalng
zir. The solution was aoildified and the yellcwlah
precipitata axtracted with shloreform, Tha chloreinim
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pelutlon dried, and svaperated in vaous, The product
aryatallised from tetrahydrofuran-methatol mixture as
¢range red microcryutals, m.p. 3B3-88% (TIC Ny 0,73),
It was fdentificd as pasziamin.

Hathod B, Casziamin (1 g} was taken 1n pyridine
(6 ml) and 8% sodium hydrexide (3 mi) and sedium -
sithionite (10 g) ves ndded to it. The mixzturs was
heated with ooommions) stirring on a water bath for
6 hr, It was oooled, a0idified and sxtracted with
chloroform. The ghlorofnm solutien was washed with
water and then sxtracted with Ef sodius carbonmate
{6 x 2¢ ml).

Shlerolorns sxtragt

Frem the chlornform solution, on removael of tha
golvent, an orangs red selid wag obtsined whioh gave two
distinet apots (hp 0.2 and 0.73} on thin layer chromato=-
graphy. This was axtraatsd vith h-hexanes 100 ml{raflux)
and the n-hexane extrast, after concentration to a little
voluse wai passad through a solmun of alumina {nsutral,
grade IV) 10 g). Elutlen was unﬁmud vith bensens and
bengune-athylacetate. From the benzans-ethyl acetate
fraetlon, an orange red scolld (0.03 g) was ohtalned. This
on orystalllaation from ethanol gave dark yellaw leaflats,
M.p. 194-88% (TIC Rpa 0.62).
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Lt was readily identified as chrysophanol.
Anaiysis 1 Founds ¢, 70.45 H, 4.2.
GigHlo04 requirest G, 70,94 H, 3.98.

The nebexans insoluble fraction (0.8 g) was Ts-
oryatallisad frea tstrahydfofursn-sethanol sas orwnge
yallow mloro plates, m.p. 354.58° (Sarkening frem 3407),

Ihis was Jdentifled aa oasslemin.

Coid andiur garbopate selubls fradtion

The aquecus sodiun earbonate selution wad acidlfiad
and extractesd with chloroform. The erganis liyor was sapera=
tad, washed with water and drilsd over sodlum sulphate. fn
renoval of the sclvent, an nrange reé compound {0.015 g}
vas obteined. It welted at ABE-40C (darkening at 223%),
Further attempt te purify thiz material by recryetalli-
sation 414 not afford sny crystalline compound. On thin
layar chromategraphy, it gave = single spot (Rys 0.73}.

Purs emedin gleo showed the same Rf valus whan the came
salvant ayeten (banzefie-acetons B03120) wan uded.

Regdugt tion of cass

Asduotively sostylated oasslimmin was preparsd
by rafluxing s mixturs of caselamin penta-acetate{(0.05 g}y
azcwtlic aphydrida (10 ml), frashly fumsed sodlium acatats
(0.3 g) and xing duat (0.8 g) for 2 hr, The product was
resrystallized frem sthenol, m.p. 298-2307,
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CHAPTER I {PART ()

STUDIES ON NUCTRAR MAGNETIC RESCHANCE
SPE OF_HYDROXYANTHRAGUINONE AND THEIR

RERIVATIVES
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in view of the svarl inaressing wppiication of
oualear magnetic regalands apestrasaopy i the struato-
ral slucidation of organia sompsunds, theair day-to-dny
use cannct be over emphasised, However, the use of
thls important teel in thea fisld of hydroxyanthraqui-
hone derivatlves swems to Do yet unexplered. The
work described in this chapter eabodies a study of the
speotra of twenty.seven hydrexyanthraquinonss and their
derivativex.

Hast of thess miﬂdllnﬂ aynthexised in the
laborstory aof Prof, K. Venkataraman, The purity of the
oompouAda was assertained from the melting pointa. The
spagtra were recorded af 4 Yarian A-80 spaatrophotomaster.
in moat eases, dentercohlsrnform, prapared by tha actinsn
of sodivm decterazide o trighleroscetophanons ascerding
to the method of F.M.Msir and &.Oepakumer’ wal wied as
anlvent. Ietramethylailame was used a3 intersial refler-
Gnce in all oases. In scid cases of hydroxyanthraqui.
nones, dioxans wed used sx the selwvent.

asylte_and Discussigp

The spectra of snthraquinenes are desgribed in
Table 1. The ohemionl skhifts indicated are all on the
T eozle.
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Aable 1 Gontd.
1,88 u 2 58 Hts
OCHy 2,30 n 2 6,7 H's
[ﬁ s .80 s 1 3 K
e 4,00 " 3 OCHg
. 8,11 » a BCHg
& 7.22 q 2 wCHrya
.70 L 3 CH3
- 2,70 " 1 ahelated CH
1.88 m 2 5,8 H's
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The NMH spsatrua of sntheaqninones gives twe
groups of signals centerad at 1.73 and 2,42, correspon-
ding tc an ioBg pattern, Yn the spsotra of 1ts Seriva-
tives discuased delow only the BOFe apparsnt changes
caussd ¥y the subptituent groupa are accosldersd in
addition to the absorpilons of the substitoente them-
solves, ainos thess are thw most valcables from the
strustural peint of view., #hen: only ome ring is subatil-
tuted, the Agll; systen dus tTo the other iw ignered. A
detiailed study of thw nore gomplaXx ABC Lype of pattern
has alsc not been considersd. The spastral data of
1,8-&ihydroxy-9-snthrona {XI1I) and 1,2,3,4-tetrahydro.
S-methylanthraquinens (X173} stw alwp presentsd in the
Tabis and the poksible avelgresnts [ivan.

e tho thy o

The sabeorption bands of the methoxyl groups of
most of the compounds axemitwd frll in a very narrow
reglon &8.98 to 6.13, Out of Yhese only «A~mthoxye
anthrequinens (1) shows a methexyl signal below &
(aotuslly at E.96). With inereasing substitutisn of
mothoxyls thess signals mawe alightl)y upflald. The
observad shilts are readlly raSlonalissd in terms of
the eleotron donor agtion of theae groups. The metho-
zyl groups of slizarin dimathyl stber (IIY) abeord



ant 6,08, 0,312 p.p.m., uprield osospared to that of
«(=prtnoXFanthraguinons, whils thoss of purpurin tri-
methyl ather (IV} ocacur at §.04, 85.08 wnd 6.1%2; the
latter pignals baing seovenisnily assigned Lo the

4,1 and 2 substituents rexpsstively. Similarly,

1,3, 8-trizethoxyanthraquinans (¥) shows absorptions

at .04, 3.07 and 6,00, vhiak ars dus to the methoxyls
at 2,1 ond 3 poxitions, Thess assignnents are aade on
the consideration that «.aathoixyl groups in contrast to
thome at B-pusiticns, should oome under the deshielding
sffact of the quinons earbonyl fumations.. Howaver,
this sesns %0 ba a miner effeet since sonll changes in
alegtroh distyibution in ™ aromatic ring seem to
compansate for the Jdiffewdoes batwssn the twe positions
arising from the long range sffent of the carbonyl
groups, Thua, as mentlonad sarlier, alizerin dimethyi
sther (III) shows cnly ons mothexyl signal. In the
spotra of ehrysophansl dimethyl ether (VI1), smodin
trioethyl ether (V1I) sod quinalizarin tetramathyl
gther (IX}, the methexyls appear as unresolvad banda

in the rangs 8.06 to 6.1,

The aromatic protons of these ocompounds show
aharadtaristlc shifts saseoelzted with the oxygenation
of such molecules,d The proton ortho to the methoxyl

graup in o .-xethoxyanthraquinons (I1)is about O0.48 p.p.u.

75



uplield from the average position of its other p-protons.
The same iz trus for alizarin dioethyl sther {III) and
1,4+dime thoxy-d-gthylanthracuinene (X). In purpurin
trimetnyl stbher {IV) tha yroton at pomition 3 abtaorb

at 3,28,1.s. abe \iﬁ@ upfield aompsared to

thoze at positions & mpd 7, indloating the Influence

of twe mathoxyl groups in orths positions. The similerly
aitusted pretems of 1, 2, B-trimsthoxyanthraquinone (V)
and emedin trimethyl ether (VII) sbacrh almwet sxaatly
in the sewe place. Without a finer analysis of the
epectra, At is not poanibles to may if the chemical shifta
czusted by thoss groups are sdlitiva. However, spince they
are (uite large, they may be of gonsiderabls help in
atructural work for the resognition of oxygenation

patterna.

In going frem excdin srimsthyl sther (VII) to
the corresponding acid (VIII) £t im obsarved that all
the aromatic aigoals are sbifted downfield and that the
differencs in ohemioal shift betwesn the «,= and =
protors in sither of the twe rings becomes lorger. The
oomplate assignoenta for the aremmtic srotons of thess
two compounds ars reasdlly given in the light of thess
conaiderations.



Asgtoxyanthraguinanes

The spettra of acetoxyanthraquinonss ars veary
sinilar te thows of the wethexy derivetives alihough
the absorption of the aromatie protons are nll anifted
deownfield in domparisph with the latter, Thus the
proton at pesition 4 of 1,3-discetoxyanthraguinens (XII)
absorbs at 2.11, more than 0.3 p.p.m. u,pﬂ.llda from the
average position of tha m: #-proton #iknals, and
the Z.proton signal appenvs at 2,.B8, nearly 0,48 p.p.m.
upfisld from those dus to the rest of the f.proton
sigrals. Thase diamagnetic shifts of the aroantic
srotol absorptlons are thid weakar than thoda due Lo
methaoxyl groupd which are atronge? elsctron donors.
Consequantly, the differentlaticrn of various Cypes of
4~ of f~ protons becomss wore diffioult in the spactra
of the acatoxy derivatives, Eoodin triscetate (XXIII)
glves two overlapping bansa fer the «- and f= pairs of
rrotons. Although the unsmbigusus ssalgnmanta for the
diffargnt zignals ix thess greup can be resdily given,
thay oldarly suggest the dsarensed uwsfulnears of scetnte
derivatives for struptural analysls of unknewn hyrdroxys
enthraguinones.

fn the othar hend, the aignala dus to - and p-
anatoxy greups theasslves afs readily differentiatad.



The 1 and 3 acstoxy groups of 1,3-dlacstoxy enthraqui.
nens (XZII} abmorb at 7.57 and 7.7 reapectively.

The s(«gontoxy groups shov up usvally at
7.67 % 0.07 and fratotexyls at 7.88 £ 0.08. As in
the case of the nthnmntﬁrqﬂmul, thias &1fferencs
arizas from the Inet that i-nuhstitmntn ars ¢loaer
t¢ the oarbenyl groups than the p-substitusnts. The
induced megnetis fisld due to diamegnetic circulations
of the oarbonyl /7 -elsotrotw is parallel to she
applied fisld in and Daar the plane of the molscuis
and &imindsnes wapldly with the Inoreasing distanos.
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CHAPIER 1§ (PART D)

BEYNTHRSIS OF S0ME

HEW HYDROXTANTHRAQUINONE DERIVATIVES




uring the progress of work on tha structure of
eassiamin (vide Part B), it vas felt nacessary to synthe.
2ime a faw 1,Budibhydrexyanthraguinens derivatives and
wtuady thelr proparties., As s vesult, the following three
new compounds have bsan prapared: {a) 1,B-dihypiroxy-2=-
hydroxyme thylanthragiuinone {I); (b) 1,8-dihyiroxyantihra-
quincne -Z-oarboxylia acid (1I)3 and (o) 1,8-digcetoxy-2.
neotoxymethyl-3~mathylanthraquinene (I311).

9§ g
,_e::-”"“‘ml,.f“‘ S, CODH
Iy
Q-:“q__-"d"ﬂ.._nf |"“~«,::'-5i
0
I n
HaCOC 0 COCHs
i i ~LHUCDCHR
LIT
L'\“!-.-" "'\-\._.-"'-.

- "B" e H':Ha
Il

Tha schems of synthesiaing these compounds has
boen repressnted in Charte 1 and 2. A seriss of Teaoticns
are involved in this schexs, btut they normally progesd
smoothly giving good ylelds,

=4
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Yor the synthesas of Ccmpounds (I) and (II),
A-pathylanthraquinens {IV}, « common dys inteTmediste
was used as the starting material, Nisration of 2.
wethylanthraquinona to the dinivre stage gave & alxture
of 1,8-31nitro. sod 1,3-4104tro.d-eethylanthraquinens
{V & Y1), which eould be Eeparated sasily by teking
sdvantage of thely differencs in solubility in ceoncen-
trated sulphurie acld, The 1,8.4indtro compound (V) en
reduction with sodimm sulghlie ylaldad L,B-diamino-f.
methylanthraquinsne (VII) whioh was purified by ohroma-
tography. The lutter on dissntisation and mubseyvent
beiling with 40% sulphurie wald afforded 1,B.dihpiraxy-
*=-pathylanthrequinons (VIII), 7This was easily ncetylated
te the eorresponding l,8-disgetoxy.S-methylanthraquinons (IX),

It may be mentionsd here that the replacemsnt of
Lthe nitro group bY saetoxy group under Frisdel.grafts*
conditieons in prezeznces of baren-triflvorids etherate, which
has bhesn disousded in Chapisr X0 was firat attempted on
the dinitro coaprund using different reacticn conditions.
But beth 1,8-dinitro-E.oethylsnthraquinone as wall as iis
lewer nemologue, 3, 8.dinitreanthraquinone, failed to give
any acetate sater under any of thase conditions.

HowaveT, a gensral viessrration was mads during
this saries of stuwdiws. The nermal method of acetylatian
nl hydroxyanthraguinonss consists of the use of sulphurie
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acid, perchloric aaid, pyridine, and sadium scetate.
Beron=-trifiuoride oan wize ke used convenlsntly, singe
31l the model experiments abowed that She acetylatlen
with sostic anhyéride in pressnas of borons-triflueride
procesds smoothly, Thus, l,!-ﬂhrd.rwmthrnquinnm.
l,s-dihrﬂru:r-ﬂ-nthylmthnqm {ohryaophanlo acid),
1,B-dihrﬂru:r-ﬂ,a-dinnthwlnnkhraquinnha ESve #Xellant

© yialds of the corvsaponding saostatas.

In at attampt to obtaln l,8-dissetnzyanthragui-
nona-2woarboxylic agid {(IX) directly from 1,B-dispcetoxy.
2-methylasnthraquinons, the latter was subjsotad to
ahremlc 24ld oxidation in acetic mold-costic anhydride
nizture. The asthyl grougs, however, appesred to be
purprisingly resistmnt to oxidation by abromic neld.
Thix behaviour of l,B-dlacetoyy -2-methylsnthraguinona is
Atrongly reminiscent of that of ths sowtates of morindone
{1, 5,6 -trihydroxy -2t thylanthraguinene }, 1 cyanodontin
(1,4,5,8,E-tetranydroxy-2-aethylanthraguinons),* and
catenarin (1,4,6,B.tetranyirexy«Buaathylanthraquinons )3
In all thess cozes, the oethyl groups were in ortho
poritlons with respect to ona of the avetoxy groups.

1,8-Diaeetoxy.3-unthylanthraquinone (IX} was
tharefors converiad by bromination with ¥-bromesussing -
mide and Manseyl paroxide in carhon tetraghlaride o
the webrome aompoyund. It may be menticned that N-bromo-
succinimide bag besn waed sxtensively for the bromination
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of Bothylene and matayl groups partisulearly in the side-
ehaln breminaticn of arometie hydrogarbons.® However,
the firet apylica¥icon to an antiraquimens derivative

was the brominssion of rubisdin disostats to the gorras.
ponding F-bromn methyl sompound by Yenkatabvaman and co-

warkers. b

In the prasent sane, 1 Bedincatoxy-"-netlhyl-
anthraquinsne was soxveFiad by trsatment with }-bromo-
puocinimide 4o the webresls ctmpound (X) which on refluxing
with sodium acatate-aoadic ashydride for twe hours yielled
1,8-discetoxy-E-asetozymeihylanthraquinony (X1}, Thia
was hydrolysed by refluxing the ethannlle solution with
a few 4Arops of oconcsntFaisd swlphuria nold. The 1,B-
dihydroxy-3-hyiroxymsthylanthraquinens (1) thus obtained
was not aufficisnt for snalysis. I vas insolubla in eold
Bé sodiwn osrbolabe, Wk rwadily dissolved in 84 sodium
hydroxide solution givimg a yaddish vioclat colowrswith
aoncentrated sulpburie asid it forzwd a reddish violet
solution. aleoholic magoeyive esatats produged s raddish
pink anlpur,

1,8-Dirastoxy«d-aoetosyne thy Lantoraquinone (XI)
vas naxt oxidised by milver exidw iz presanos of sodium
hydroxide o 1,B-dihFéirexyantbhraquinony-2-carboxylic agid
(DI}, m.pe Z11o18 .
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In 7 modal experivent of llver oxide: sxidation
in pressnce of sedium hydroxids, lueidin (IIZ) was
oxidisad as dessribed by w.‘ Es msported that
by exidgtion with silwver oxide (1 mols) and moéltm
hydrdxide st 78° for 1 br., lueidin (1 mols) was cenverted
to munjistin {XX) in an ylald of 35-40K.

Hovawar, tha RMH spestrum of the goapound

sbtainad by the adeove proaedura raveslsd that thera waa
no sexpsoted carbexyl group in the product. The MR
spagtrun in deuters ehlorofors ahewed signals st - 3.67
and - 2,8 7T , beth axohangesbis with Dad, but 2 third
wignel at the aldshyds reglon at « ©.17 ¥ wan not exchan-
goable. This indionted that tha psxtdatinn had talken
plade enly upte the aldehyda stage, Finzlly this
compound wae idenbif'led es nor«demnncanthal {1,35=-
dihyiroxy-2-formylanthraquinona} {(XKi).

Recaly, similar observation has alse bean
reported by Hirose ,7 who further showed that in the
oxidatinn of lucidin, the use of 1 wels of zllver oxide



gave nor-damicanthal in an yield of 27% and with 2 molas

of silver pxide, mmn]istin vas formed.

2, 3-Dimethylenthraquinene (XI1) was used as the
atarting matarial for the synthosis ef the third compound,
1,8.d1a08toxy=-2=acatoxymethyl-2-ne thylanthraguinone (III),
{Chart 2)., Nitration with 2 moles of nitric meld{da, 1.8}
gave a mixture of 1,B-dinltro-2,3.dimethylanthraguincens
(X111} and 1,6=dinltre-2,2-diasthylanthraquinons (XIV)
which were separated by their d&iffersnoe in selubility
in concentrated aulphurie acid and glaoial scetia acid.

Reduction of 1,B-dinitro«2,d-dimethylanthraguincns
with sodium sulphlde yleided the sorresponding 1,B-djamine
sompound (XV). The latter on dlusotization and hyérolysis
gave the gsorresponding dihnydroxy cempeund {XVI}, which waz
agetylated teo give 1,B-dlacetony-R,3.dimethylanthraqul-
notw (XVII)., o-Brominetion vith N-bromcsuccinimide and
eatalytic amount of bensoyl peroxide yielded 1,B.disoetoxy
Zebromoms thyl -3-methylanthraquinens (XvIi1} which on
hasting with sedivn asetats and aaetic anhydride gave
1,8+d1a08 t0XY 2eann toxyme thy led-ms thy lanthraquinene (135},
H.D. }6243’&



FREERIMENT AL,

1,8.0Andtro.na thytanthraquinone (V), m.p.202.93°
and ), E-dinditro-2-methylanthraquincne, m.p. 348-48°, vere
prepared by nitrating 2.-pethylanthraquincons (XV) and
separating the two tsowers.® Reductien of 1,8-dimitro-2.
pathylanthragquinens vith sodium :ulphidoa gave 1,8.
2iamine-S-methyianthraquinons {VI1), m.p.206.072, in

agx yiald,

1,B-D1hydpexy-S.eetiylanthraquinone VIII)

1,8-Dianino-Z2unethylanthraquinone (2.2 g) in
conasntrated sulpouris aocld (35 ml) was gooled to B
and diasobized with s nixture of sodiun nitrite (2.3 §)
and ccnesntrated sulphuric scid (40 ml). The Aiazonlum
salt solution vas poursd over orushed fee (200 g) and
then wdded to s Moiling solution of 408 suiphuric aoid.
The uixture vas gantly boilsd for 1 hr., cooled and
diluted with watar (200 ml). The yellow pracipltate was
enllucted, washed snd dried (1.8 g). Crystallisation from
zlanknl II.“- greyish yellow rneedliea, m.p. 1765-76°9. JRH
spettrum 1868, 1830, 1%, 1270, 1160, 1040 and B48 om™l.

Analysias Foundy C, 70.8; H, 2.9,
C1p8i00, Tequires: Cy T0.9; H, 3,0%,
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1,8-Dingetoxy-A.methylantheaguinone  (IX)

Matbad A A mixture of 1,B-dihydroxy=2-
me thylanthraqaisone (0.8 &) in acetlo enhydride {18 ml)
and pyridine (.5 ml) wes heatad on 5 water bath for 2 hr.
Aftar 34 B¥,, the Teadgtien mlxture was poursd into crushed
ice {80 g). The yellow sollid was filtored, washead with
water and dried (0.EL g). Imsorystallisation from aleshal
guve Yollew naedlas, n.p. R01-208%. IR spectrum: 1754,
1878, 1600, 1328, 1276, 1168, l042, 1020, PED, OO, 866,
and 823 am*}.’

Analysisy Foundy 0, 67.4; H, 4.1.
C1gf140¢ requirem ¢, 67.% H, 4.2%,

Eatkod A. i,8-Fihpdroxy-"-methylanthraguainene
{1 g} vas talkeh In acebic anpydride ( 156 ml) to whiah a
faw drops of freshly distilled boron-triflusride wera
edded. After 84 hr., the reaaction mixturs was poured
over orushud fce (5 g). The yellew eelid was filtared,
wathed and d¥iled, Nearytellization from alachol gave
yollow naedlise, W.p. 201-202°, |

Infrared apeotrun of the compound wah super-
imponable with that of the aoetete obtained by the
Method A, and thaTe wad no depression in mixed melting
point.

In modal wxperimenta, 1,8-dihydroxyanthragqul-
nona, 1,8-dihydroxy.2,3-dimethylanthraquinorne and 1,8
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dihpdroxy-3-gethylanthraquinens (chrysophanol) vere
#imilorly scetylated by agetio anhyiridde in preasnce
of boron-triflusrids.

y PR L A AN W bt B ehs ."._-‘_ i e L kR PR Y L) S
quinong with acetip snhydride in pregsngs. of horen-

To I,8-dinltro-T-uethylanthrajuinens (0.2 g}
in agetiec anhydride, a faw drops of beron-triflucride
atharats were added and the resction mixture kept at
room texpdrature for 42 hr. The solutisn was poured
aovar ¢rushed ice snd the yellow solid formed was Tilt-
ored, washed and drimd, It waa erystallised from glaclal
acetic aeid az yellow nesdles, m.p, 292-93°, Infrarad
gpoetra of the recryatallised sumpls s» well ms the crude

product wars stiperimposabls with that of the atarting
matarial.

In anothar axperimant, the resatlon mixture was
heated on a water-hath for é hr., but no aontate was
formed, Model sxzperiasnts with 1,8-dinltroanthraquinene
algc falled te ylald the sorrespending soestate.

Aal=Diacatoxy-2-bropometirisnthracuinony (X)
1,8-Dindetoxy~T-msthylanthraguinons {1.25 g) wes
rafluxad with j-bromosucainimide (i g} snd banzoyl-
peTaxide {2.085 g} in carhon tetrachloride (107 ml) far
24 hr. The solvant was distilled off ang the residus



wathed with hot water and dried (3.4 g). It was chronato-
graphed over s saall anlumn of alusina Iin banzens and

the bromine cantaining {ragation was celleated. o removal
8f tha molven¥, a greyish yellsw solid was ohtained{0.8 g),
Gryatallienbisn from garbon teiraohloride gava pale yallow
leaflets, N.p. 1805879,

1,8-Dincetoxy-2.asstoxyme thy lenthraquinene (X}

4 mizxturs of 1,Bdiavetoxy-2-brosonsthylanthragul.
none (3,8 I.‘.i, freshly fused scdium asetate (0.5 ) and
agetic suhydride (A ml) was refluxed for 2 hr. The
rasetion mun s ooolad and peoured into water. The
Erayish solid vas filtsred, wathtﬁ and dried (0.4 £).
Crystallisation fiem ethanol gove yellow plates, m.p.
163-94%, I speotrums 178E, 1675, 16068, 1223, 177°%,
1183, 1087, 1040, 1018, 983, 980, 903, 362, 203, and
748 an-l. '

Analysiss Youndy C, 63,4y H, 4.3,

CriHiats nqul.ﬁu g, 83,63 H, 4,1%,

Atsaweind sheomis sold oxtfalion of L.R-dlagetoxy-
Z=mp kY lankEadiinons

Ta » salukion of L,3-disgetoxy-2-nethylanthres
guwlnonw (IX) () g) in gleoisl zsetie moild (80 ml) and
asetia ankpiride m ul) muintained at S7-84%9, a moluticn
of Oros (2 ) An wmber (1.8 al) and glaclal aostic moid



{20 ml) was added in saall pertiens during ¢.5 hr. with
constant stirring. The reastion mixtiure was hested for
ancther 3 hr. at 80.88°, The mslution was cooled ahd
pourad into ice water (200 al)., Tre ywllow preoipitate
vas filtered, weshad and drisd. COrystallisation Ifrem
ethanol gave pale yellow nesdles, m.p. 201.302%. It was
idantified a» the starting zaterisl.

$\iyar oxlde oxidation of lugidih (XIX) ve nop-
4amnzoanthal {XX3)

81lver nitrats (0,136} in weter (I m1) waw
tragtad with sodiuve hydroxide (0034 g). The precipitated
allver oxide was filtersd, washed and transfarred to a
beaker gontaining 10 ml of water, Hodium hydroxide (N.136 g)
wee pdded with vigorouws stirring. The teaperature of the
mizture was maintained at 78% and lustdin (XIX, 0.1 g)
val ingroduasd. Atirring was gobtipmd for 1 hr. and the
mizturs filtersd hot, The residus of silver was warhed
well with hot vater. Tha Iiltrate snd washings ware
acidified and ths yellow presipltate was Ureated with
& sodivm earbonete. Acidifigation of the filtarsd solutien
gave an orauge red soiid (0,011 g) which showed a positive
tent for osrboXxyl growp with potassium lodide-potassivm
lodete reagent. The residus {0.04 g) was ~reorystallised
from sthancl as yellow meadles, m.p. 230.223° (11t.7 m.n.
221.229%) IR speotruw:1878, 1648, 1634, 1600 und 1882 om-l.
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wadhed thnmuﬂ;lr with warm water. The flltrate and
weshings were acidified, end the ysllew precipitate
was dissolved in ¥ aquweous scdivwa Bloarborate. dcidie
Ficetlon of the filtersd solution and arystallisatien
of the praeipitate (0.1 g} from gladial azcotic agid
gave yullow nesdles, m.p. 211-13°%. The compound geve
a brown red colour in modium blaarbonate, a ¥wiolet
colowr in sodivm oarbonate ond a reddisn viclet oolour
1t gcnowitrated sulphuric ecld. It gave a reddish pirple
coloeur with methanslie magnesium noetata. IR apantyum;
1700, 1856, 1820, 1896, 1380, 1280, 1%0, 1160, 1076,
1038, 21, BY3, 857, 84D usnd 750 oo~l.

Analyxisy Foundy E‘ Eaili Hl‘ a.u,
C158p0s requiress C, 83,4; H, 2.8%,

2y BaDinitro.3, 3-dimsthylantirucuinons (XTIT)

Thia compound was prepared by nitration of A ydm
dimethy lanthraquinens (1 mole, 1003} in sulphurie aeid
with fuming nitric a¢id (2.2 moles)., Tha I,@dinitrp-
and 1,}dinitrﬂuﬂ,mw1nmqmm {(XI1I & XIV)
wers saparatesd by their -ﬂlﬂlﬂlﬂhl sclubilitisn in

conosntrated sulphurie aefd, 1,8-Dinitro,2,3.dimethyl-
anthraguinons after orystalliswtion from glacisl soebic
acid melted at 260-62% (113 m,p. 263.266°),

ATinlysis: Pourd: 0, 89.1i3 H, 2.7y N, B.4.
C1ei100g82 requirem: G, B8.%y H, 3.1} N, B.64%,
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1,8.Diawine.2,J-dinethylanthraguinone (IV)

1,8-Dinitre.d,-dinsthylanthraquinons (3.5 g)
wal made inte a paste with sodlun sulphids (30 g) and
wvater {1 ml). The pasta was diluted with water (100 ml}
and the reseticn mixturs was refluxed for 2 hr. The bright
violst red orystallins product was filtered, wadked and
arisd¢ (1,8 g)j orystallisaticn from O-dichlorobenzsna
gave violet red needles, m.p. 188-180°. IR spectram
3400, 080, 1880, 1288, 1878, 1330, 12680, 1010, and
B85 ameb.
Analysis 1 Founds G, 73.6; B, 85.23 N, 10,8,
CigH14Ma0g requirssms ©, 72.2y H, 8.3y R, 10.5%.

haBaDihadReAyd, 3=0ipothvlanthesautacne (XVI)

A sclution of 1,8-dianinc-2,3.dimethylanthraqui.
notw (1.B g) in cencentrated sulphurie acid (20 ml)
wes coolsd to 8% and diazntised with sodlum nitrite(l.S )
in conoentrated sulphuric acid {18 mi'. After 1 hr., the
reactisn mixture was poured over crushed ioe {100 ml).
Ths dissoniva soliation thus obteined was added in
portions te a boiling 40f sulphurie ecid aolutien (76 ml)
at 140-487, The mixture was beated at this tsaperature
for 1 ne. The pellow precipitate was filtersd, washed
and dried (1.1 g), w,p. 193.84°. IR spectrum; 1605,1818,
1898, 1262, 1290, 1380, 1188, 1100, 1156, 800, 240, 7E2.
Analyaiae Foundy @, 7.1y B, 4.7.
£318H1704 requirest G, 71.8) H, 4.65.



1,8-Diadetoxy-2,3-d1mmthylanthraquinona (XV1I}

1,B-Dibydroxy, 2,3-dinsthylanthraquinons (.8 g)
was acetylated by ncetia anhydride and n few drops of
peatahleric agid at room tempdrature for 1 hr, The yellow
acetate (0,83 g} was recrystallisad from acetic asid as
pals yellow nesdlan, m.p. 221.223°. Acetylation ef
{X¥I) with acetie anhydride in pressnoe of beron-triflu-
oride alsoc pmﬁuud (Iﬂ:_[] in guantitative yleld. IR
apeotrums 3760, 870, 1895, 1876, 1190 and S50 om*l,

Analyslas Foundy G, 68.85; H, 4.2.
Canﬁlﬁoﬁ ﬂqﬂiﬂil a' 5513] H‘ ilﬁi

ppquinons (KVIII)

A mizture of 1,B-disoetoxy=2,3-dimethylanthragitli=-
nare .7 g), Hebromosnacinimide {0.41 g}, and bencoyl
paroxide {n,02 g) in oarbon tetrachloride (7€ ml) wers
refluxed for 34 hr, The sclvent was Temoved am® the
residus weshed with watar, dollasted and dried. The
yellowish grey compound (0,7 g} was taken in benhzene and
chromatographad over alumine, The Traetien gontaining
tiw bromo ocompound was dollsoted, Ihe sclvant was removad
and the residue (0.4 g wes aryatallised from ocatbon
tatrachloride, m.p. 182,067,

Analysi & Founds Br, 19.85.

CagH; gfgBr Tequiras: Br, 18.8%,

104
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3,8-Disgetoxy.2-n0etoxyme thyl 3 -aethylant hraquinone (111)

A mivture of 1,B-discetoxy-d-hropomsthy]-2-
mathylantsraquinors (0.28 g), freshly fused sodiun
pegtete (0.4 E) and pdetic snhydride (10 ml) was
mflﬁd for 2 hr. The reaotisn mixTure wam conlsd
ahd poured over arusbed ice (50 g). Tha pale yoallew
product was tollected, washad and Aried (0.19 g).
Crystallizaticn from ethanol gave yellow nesdles, mw.p.
162-83%, The compound gave a violst molution with 8
godium hydroxide and a reddish vilolst selution with
congantrated sulphuria asid. With metharolic Dregoesium
agetate 1t gave & reddish pink selowr. IR Epaotrumy
1760, 1678, 1598, 1330, 1866, 1180, 1083, lo&d, ©72,
@18, 887, 829, BlO, and 780 om-l,

m:.?aiﬂ' Foundi G, M-l‘ H, 4,8, - Gﬂﬂ’Ha ac. v
Cgaﬂlﬂﬁa r.‘qu,-“ll ﬂ,. “t"‘i H' 4-“- - ﬂﬂﬂHa 31-355;1
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A NOVEL BORON THIFLUDRILE CATALYSED HEAGTION
REFLACEMENT OF A NITRO GROUP BY AGETOXY GROUP

UNDER FRIEDEL CHAFEZE' CONDITIONS




SUNMARY

The aeope and limitations as well et the
zeahspniam of a new Tesction of nitro coapownds,
the Peplacenent of nitro group by asatexy group
under Frisdel COrafts® 2onditions, have besn studiad.
The reaction is found to be a2 genaral ona for ali-
phatia nitro aompounds but is not spplicable in the
case of arcmatie nitro gsempounds. The remetlien with
cptieslly aotive nitro cempounds procesds mostly with
retention of coniigurstion. Nitriicion ¢ould not be
detacind a3 4 reactlon produnt., Ths mechanlsnm of tha
raagtion has besn atudied on the light of the snbove
rlndings.
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Hoecently, a nav resction for nitro-compounds
wal discovered in the Divisicn of Blochemistry of this
Laboratory. Manse Ram et al.,l reporved that 3p-nitre-
18,20 ~oxido wfi-pregnens (I} vhen trectsd with beron-

trifluoride and acetio snhydride afforded 3p,18,308-
trisgetoxy-S-pragnone (I11).

AcO Ty

The boron trifluoride-gatalywed replacement of
a nitro.greup dy an asetexy group at positing 2B was
rather wwxpeetsd and gconstituted a hitharto unknewn
reaction in organie chemistry. Tha resotion appesrad
to be a genaral ome; since nitromethane (II1) was alse



-

reported to ylald methy) ecatate (IV) mader ajmilar
treatzant.*

BFy , Ac,O
CHy NO, =i > CH30COCH,

AL s

It wo¥ dealdsd tn make zeme further studies on the
saops end limitations of the reaction as well as on the
machanism invelved. The investigator was particalarly
interested in uming tha resction %o synthesise 1,8-
dinyéroxyanthraquineis derivatives from tha #48l1ly svai-
labla 1,8-dinitreanthraquinene « a potentizl intarmediats
in the aynthesis of saveral hydroxy-anthraguinone dord.-
vativea (vide Chapter I).

Boeps of the reastion

Freliminary sxperimants ware carried out with
a nunber of aliphatic and aromatice nitro-compra ndn using
X085 of nestlo anhydride and squimslay Proportions of
boron trifiuoride and the nitro.gompeunds. It was found
that the reaation provesded sooothly with alfphatic
nitro-sompounds at 0-28% and was over in a faw minutes

§iving rise 1o corresponding acetats esters in A6-B
yields (Table 1),
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TADLE I
Nitro-compoundn Frodust Yield* {£)
CHyMer CHHOCOCR 40w 50
UHalHA NG CHACHAOCOCH, 458
-~ GHOLOCH, 50
HUE G
HaC 0
z CHz HEC;"_ CHa T
HEC Hﬂg HEE \_\-ﬂ'ﬂ-ﬂﬂg 43‘-55
FC' TH, HC—Chg
ﬂHa“'fH-iﬁl'al's-ﬂHa GHEH“GE ﬁcﬂ 8642
-ﬂ "~
NO, - ¢-CHa

(GH3) (CHglg

- e S gy ke ol o e L I e g I ks ey e -k ko - ek e - - L1 Y

* Ylelds wers satimated feem the IR apeatra,



ity

Arnmztis nltro-ocmpounds were inart to %the
Taagtion condlticns. Thus nitrotensseng and 4-bitreo.
biphanyl were ragoverad unchanged aven after refluxing
the reaction nixture evernight, HNelther vms 1t possible
to deteot appreciable ameunts of 1,8-dlacetoxy~anthya.
guinons after prelonged treatment of 1,8-dinitye-
anthraguinene with boron trifluvoride and saetie ankydride.
In the case of l-nitre-naphthalens, however, the farmatien
of a small swount of naphthyl acetats could be detected
in IR apectrum,

dtoiohlometly

For deternining the stelohiometry of ths reaction,
acetile anhydrids was kept in excass but the preporticns
of %the niltre~ocapound and boren triflunrids were variad.
The results are sueasriszed in Tabls II.



JLABLE I

T o W P o o S e i e il g gy WPk S iyl ke e ke ke i g ke g W e s e B ke ey sl

Eliro-oompound AFrz-stherate: Tield of the
neatnta® (€)Y
CHaliog {1 mole) /3 mois 33
1 nels 49
2 molea &0
3 Moles 81
Mgt CHg
Ml NOp ] mols) ¥2 bole o7
HatTHy
1 mola ]
2 molas - 58

.- T L o i kB gl il s - - L L X

* Calealeted from the IR spactra.

Eighey conmentrations of boren trifluorids
did not inorease the yislds significsntly.
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Hechanisy of regction

Thres types of mpohanizms could be considerad
fop the rsplacemsnt regstion. In saeh of these wecha-
nisms, an eleotrephilic attack {by BFy or CHato*) on
the nagatively charged oxygen of the nitro-group 1sa
podtulatead as the initial step.

@ O o
Fi-"foe + E:R—T=g
0 —E

¥

i3
Where E= BF; . or CHaCO

The intarmadlate (V) ecan than lead to the
acetate by three different mechanisms,

(4) A bimelecular nucisophilic displacement {Sy%)t

0% Yp fr%;g

0
——> CHyCOOR + N2~
0—E

g

This will lesd to an inveraion of cenfiguratiosn.



(B) & unimolecular Ayl type of reagtion invelving
a earbonlum ions

0
AP o
n—%’=0 R+ NY
| : ~0E
OF
i

B
R + oa® — = ROAc

This mechanisn 1y expsoted o proaesed with

racenlsation with paztisl ratankion or inversion.

{€C) An intramoleouiar Sgl type of reavtlon invelving
en eey¥l«fiitre Intersediate of the type VI,

Hormally ons would aXpest a camplste retantion
of configuratien in this maghanliso.
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In the cass of 3p-nitro- Ab.sterold (1) reported
by Manez Pam et al., the 3f~aoetoxy compound (IX) wus
nbtalhad axclunmivaly with retsntion of configuratien.
This okaarvabion, wnfortunately, cannot be *sgarded ag
n criterien for seleoting the machanism, ad 1t iz known
that & nuelaophilic diaplacement at position 3§ in a
Alestereld in most cages proceed with retantion of

cnnfiguratieon invelving the stzbillsed 3,8«cyslostarcld
catlon {ViI}.2
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1% waa, therafors, peceszary Lo propare an
optically active aliphatlie nitrosocompound to settle
the question of mechanism. BEsth {+} and (=) I-nitro-
cctone wvere prepared easentially according to procedurs
of Korndlum #% al.®, but using the technigus of prepa-
ring the nitro-ogtans with sodium nitrite from the
optioally astive oetyl iodidez in en aprotic aclvent
such as dimathyliforsamide.®

It was foupd that mosrtly the conflgurztlon was
ratainad. However, in all experiments thers waos sooe
racemlsation remohing upto the extent of 35F depending
on the conditions of the resotien, Scme racemizztion
vad alse obzarved in the racovarad nitro-compomd from
the rasctisn mixture.

Thise atudies exoluded the trus bimelscular mechs-
niam {A) as a possibility, but no distinction was poszible
botwasn the meshenism® (B) and (G) on the basle of optical
rotation of tha products.

It vas nedensary to eXanine the reaction products
te determine whetkar oy nitrite ilon could be detected in
ajuwsous solution aféer decomporing the reaction mixture
with aqueout hivarbonads. Acserding te the mechanisms (i)
and (B) the nitragen frex the nitro-nompoimnd is sxpected
to be aliminaited sither as the anicn es in {lil"a,lll‘{!;»£ ) ox



113
as a reactive aqetyl nitrite, CHgCNRDa, which should
be hydrolysed tc tha Nty anlon during the working up.
It was howsver not possibla to datect any nitrite ion

in the sgoeous phase despite”all attampts.

In mechanism (C) the nitrogen ik axpected to
be eliminated as the nitrosyl cation (H0*), Spectro.
photometria detarmination of the nitroayl eetilcn which
is reported teo have & strohg band at 20 mud was not
successlul Deocsuss of the abserption of the nitro.-
compounds An this region. Attsmpta to trap the WOV
¢atlon from the yeaction mixturs with the aid of a
suitabls nuelesophile suzh ax the dimethyl ether of
Tescreinnl resuited in the reqovery of only the EF3
salt of rescrainel dimsethy) ether as s arystslline
produot,

The reastion was then run with beanzoyl schloride
in plads of acetic achyiride with continuous flushing
of the rasetion mixture with enhydrour carben dlcxide
to remcve any HO* formed as the gassous nitrosyl
chloride. Ths gasss frem the resction mixturs were
bubiiled through s-pinens with the antipipation thet
any nitroayl chloride will e trapped. There was no
plnens -pitroso.chleride formation in the trap indloating

that nitrosyl ohlerids was not relossed from the rescetion
mixtgte.,
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From the data it appears that the Yercn Lrifluos
ride~catalysed Yoplacemant of & nitro-group by an
moptexy group is a rather complex reaction. Altheugh
it has not beeh poaszible to establish the ocorrest meaha-
nisE from the data, the abaence of nitrite lon strongly
indieates that the unimeleoular mechanism (H) may not
be of any major significanas. The intrFamolesculsy
mechahism {C} appears to be attraotive, aithough ne
direct ovideneos eould e obtalhed on the relesse of Ho',
The racenisation nf the nitro~sompourd gy be #Xplalned
by an snolizstion vhilch may take place with aass under
the reaction ecnditions.

—C — NZ _— — C=0N
II "-\-\_‘? ] ""-\.OE
E

Unfortunately, it has not been posaible mo far
to prepare en optically aotive tertiary nitro-compeund
without the enmiisable sative d-hyirogen. The aterean
chemical behaviour of such a oompound may sstablish the
mechanisgm conclusively.



Anhydrous sluminium chlaride was aleo found fo
¢atalyes the rea¢tion. Hewever, the ¥Yislds were poor
and the prooessing of the reaction mixture pressnted
difrisuitiss., A mixture of acetlo anhydrides and per-
chlaorie acid gave enly a tracs amount of mathyl sostate
reem nitrewebhane,. With hilghes nltro=-compounds, however,
no peatate esaters acould be isnlated in appraciabla
smounts.

It is probabls that the contribution to reson-
anos in aromatie nitro-compeunds by tha osnmnlaal
strunture (IX) may be respondible for the fallure of
the reaction, The aarben nitrogen bond 1n (IX) has a
more pronounced deoulle bend character than in ths caese
of aliphatic nitro.compounds ' and 1a wers diffisult to
braak.
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E A FPERIMNERTAL

Nitromethane zmitrupMpm, nitrobensele,
nitronaphthalans and 4-paitroabiphenyl wers oommereial
sanples which wvere drled and purified by redistillaticn
of racrystallisation. Ritro-ethane wan prevared from
othyl 1odids mrd aillver niteites socording to tha alassis
onl method,® Hitrooyolohexans wes obtained by redustisn
of l-brome-1-Altre-syclohsxane’! which was obtalned from
oyo lohexanotis oxXime acoording to the method of Iffland
apd Criner.?

All the rsagents wars freshly dlatilled. The
rapdtions wers aarried out in gladr stoppered flaaks
unless otheTvims apagified. To detsmmine the yields,
ths resetions ware run an follows)

Aliquots of 0,1 mols of the nitre comppunds
ware added to an lce-00ld mixture of 0.3 - 0.8 moles of
agetic anhkydride and 0.1 mols of oron-triflucride. The
rezation mixture wed YMept at room tenmp. for 30 min. and
then poursd inte 200800 ml. of ice cold B aqueous
sodiua biggrboonate with vigoreous stirring., The mixtures
was thon sxtracted with feur #50 ml. portiens of ather.
Tha athareal extraots were washed with water, drisd
ovar snidlum sulphate and the séher removed carefuily

{through o fraotionating doluen in case of nitromsthane
and nitrosthane).
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The residue was dried again on snhydrous
fingrmaliom sulphats, distilled and the quantity of the
diatillate mewsured. The IR apscirynof the distillats
vak taken and fyom the ratic of adsorbance detarmined
near 1740 cm~4 (sster) and 1853 om-! (nitrod, the proper.
ptlona of the noetate epter and the nitro compounds
formed were ealcilated. Standard curves wers alse
obialned for synthetiec mixtures of ths nitrn Somuound
and the agetats esters in propertisns of 217, 416, B,
€14 and 713,

Exanination of the distillate by vapour phuse
chromatography on a Perkin-Xlmer Vapour Fractometer,
Model 154 D nn suceinic agid polyester of Alsthylane
glycol golumn revealsd tiw presance of cnly two paaks
with refention times corresponding to the scatate sster
and the nitre aompound. No other product could ba
détacted in tha vapour phase ehromptograms. The Tela-
tive proportion of the ester and the nitre compound as
determined by the VPC methed agresd within sxperimerital
limits - with the IR speotra.

Table 1 summarisas the results obtained with
anms aliphetie mMidro ochpoumds. In the sxperiments
wvith arematie hitre esompoundd, the conditions were
2inila¥. Howaver, the reattion mixturs vas refluxed
for 2.24 hours. In oase of l-nitro-nephthalene, the



IR apectral sxaminstien of the residus frem the sther
sxtraats revealed tha sxistanse of a sagll peak at
1751 em*l. Howsvar, it was net pessibls to isolabe
tie compound in sipgndfleant ameunts.

For detarmination of stoiahicmetry, the
apnditions of tha experiment were ildentical ¥ith that
in case of aliphatic nlire compounds, nnly the amount
of boronu~triflveride etharate was varisd (Isble IX).
Ihe () apd {=}-3-piire octansr

The {+) and {-) octyl iodides were preparad
acgording to the method of Kormblum et al,™1% frem
{=} and (+). -Z-potancls by passing anhydrous hydrcgen
1cdide into thw alonkoly for € bowrs at 09, The
optizally sotive alachols weara diluted with racemic

F-oetanols.

Tre (+} alechol enployed had a #pediIic rotation
of GOF® + 7,70 ava tie (-) slochol, a rotatien of
(«)R% - 2.8°, They wera vonvertes intc the sorrespon.
ding nitre scmpotunds through the iodides In the following
HANDGTY '

An pliquoet of 20 g. of the active lodide wan
added %0 a mixturs of sofdium nitrite (8 g) and urea(d g)
in dimethyl faTmamida (600 ml) at a temp. of 4°. The
reaction mixture vas atirred at 35.40° for 4 heurs and
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worked wp aaeording to the sethod of Kornblun™rd to
¥iald 8-% g. of the coarrezponding nitre compnundsa. The
spsaific rotation of the nitro ceompound obtained from
tha dextro. and lasvorotatory lodides weds {ﬂ]ﬂa - 2,8
and ()58 + 6.0°,

There were mubjlozted to the aetion of boron.
triflooride and asetia anhydride in the menner descrided
@arlier. The reaction with the lasvo-rotatory nitre
gompound was Tun at 26°% zné that with the dextre at
0-8Y for 30 minntas, The products were Lsolated in
the manoery desoribed befora and chroxatographed aver
grade I alumina. Kight petrolsum ether (40.50°) olutad
the estar and the wireactad nitrs oompeund was gluted
with mixtures ol ethsr.. and shlorofomm. The ¢luata
portions ware gurefully evaporsted, and the acetats
fragtion tooled. IE apeetra of thess fractions indioatad
thet they wars slmost pure dontaihing less than &S of
nitro compound. Tha produst: wers purified ﬁr diatillaticn,

Bpeeifie robtation of products froem (-) 2-nitro-
netane) -

{«} fuoetylagetate, b }E0 = - 0.839;

rezzverad () Hmitru-outam,{q}%s = - 780,

Epagifio votation nf (=) Zeoctrilacetate obtained
direstly from (») %-sotanel, {#}%5 m . 1,49,
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8pagific retatien of products from (+) Z-nitro-
potangs - _
25 o
(+] Zuootyl acetabe, (), = + J.4 .
reoovered (+) Z-nitro.eqtans, ﬁ&}%ﬁ "+ E.?ﬂ.
(+) 2-cotylacetats prepared from {+} Z-catanel,
ﬁi}%ﬁ =+ 3,7,

Detegtion of nitrite anion (Hog)

The agueous hicarbonats from the rezetion mixture
wns haatad after seidification with sulphuric acid. Thers
was oo svelution of niirous fuses indiazting that nitrits
was not present. TIhs reactlon nixture heowever gave
fusble spot tast for nitrite® but 1t was found that
nitre qospounds nlse £ive similay feabls spot tests.

Dateotlon of the NOT sation

The reastion with Z-nitro propana was repeatad
in proaence of 0.1 mals of dinmethyl ather »f reaznrsinnl,
An immedlate violst btrown colour wes obtzined and oryatals
ptarted saparaking. After keeping the mixture overnizht,

the yellow arystals wera filterad, and washed with sther,
n.p. 300.308%.

M‘-ﬂl’lhl !m‘ u‘ ﬁ;ﬂ'; H' "iMi fhliﬂ.ﬂl E-ml
Ual&‘-.fﬂ!‘ Era- uﬂlﬂﬂ" E' “-Ei H‘ 4!“. R“Si{lu‘ Ea“-
Hitregen -~ absent.



In s model experiment without the additien of
: ’ “*ﬁ;f}fninilar yellow erystals,
;;:§:m560~368°, wuie fornnd;n On recrystallisation from
acetone, the salt yielded another product, m.p. 159°
(residue 3.0%). | '

B/

The reaction was run with nitromethane (0.1 mole)
and benzoyl chloride (0.3 mole) and boren-trifiucride
atherate (0.1 mole). Dry carbondioxide was bubbled
through the reaction mixture and passed through a trap
containing «-pinene kept in ice-salt mixture. After one
hour, the «-pinene in the trap was recovered unchanged.
o nitrosochloride formation could be detected in the
IR spectra., The reaction mixture after working up
contained methyl benzoate as revealed by IR bands,
(1710, 1875, 826, 766 and 686 cm=1).
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SV MMARY

Two psntacyaliq triterpenas characterised
&0 lugeol and betulin bave been isclated from thlr
patrelaun ethar and ether extraats Trespectivaly of
the bark of £, dalbergiclies. DBesldes thease, a
gaponin has deel obtalmed from the aleobwlie extragt
nf tha bark vhich sn hydrolysia prodused ansths r
triterpens, ldentified am Peatyrin. Ths Migar molety
vas fournd to gonsist of gluoose and arabincde. The
®lmultarenus ocaurrence of lupecl, betulim and p-
nnyTin, appears to be interesting from the visw polut
cf blogenesia.



ugsinie dalbergicidng Benth (N.0.lLeguminoseney
Hindi = Gandani Marathl - Tiwas) is a aoderats-slsed
deoiduous tras found in many perts of India. Various
nedicinal propertiss have beent magribed to dirferent
parts ef the tres.,l The bark when incised, furnishbes
kino iike sxwiaticn, which le useiul in dimrrhoes,
dyaantery and lepreay.

Very 1ittle attention has so far been given
towards its ebemianl examinatlon. Wnils the pressnt
verk with the bark of thw plant was in progreas,
la}.a:rilhal ot al.? reaported the ifamalstion of homoferye-
1¥in (5, 7-dihpdroxy-2! 4% -dimethoxyxiagflavanone} and
gugenin, » v i3¢fluvansne, from ths acetonw exbraat
of the hoartwood of O . dnlbergisidgs- Froa the various
degradative sspsriments ougenin was showvn to be 8,2 4%
tribydrozy«Ysmathoxy-f-mothyl.igpilavancone.

Ibe Fresent Work

The preasnt atudy was underfsken with the bark
of Qusainis dalbergioides, made available from Ehandesh,
through the sourdesy of the Forest Utiiisation 0fficar,
Poona (Maharwshtra 3tate), The 4Ty powderad hark was
sxtracted auedessively at room temperatuwre with pet.
ettmr (40-807), stber and aleohol.
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Exapination of Peb,wther extraots
Jaslation of Compound 4 (Iuzeel)

The total pat.ether ox¥rast on removal of the
solvent was ohteined aw a 1ight yellow semi-solid mzse
whigh aould nst be sasily orystalitised frow any organte
nolvent. This wes anromatographed threugh alumina twise
ard the profdust obtained from the benzena eluate, after
removal of the solvant, orystalliszad from ather-ssthanel
as colonrless needles, m.p. 210-211%. This vas designated
Al Compeound A. The hoosgenlity of tiw (rapound A wvas
asgertalined from thin layer ehromatography on silica gel
with methylsns chloride as thae solvent and ghlorosulphanie
2014 a5 developing reagent when a singls spot with R[10.66
was obtalned. While thers was no apeailfio coleur with
FaCly, Compound A rsusponded to positive Liebermann -
Burohard sest (violat}, A chlorofeorz solutlion of the
aubstarce prodused a yellow oolour with tetranitromethans,
indionting the preswnoe of unsaturation in the compound.
With trichlorosestio asid, it gave a light-rad ¢olonr and
wvhen varmed with sdetyi ohlerids and slpe ohloride, a pale
reddish-purple gslour was produced.

From the elementary analysis, the wolsauler
fornula wae found to be CagHpg0. It was eoptioally aotive
naving GOJ° + 98° and ceatained one active hydrogen. It
did oot show uny spesific abssrption in the OV region
{220.400 mu), Infrared speotrun of the comppund talen in
nujol mul) shewed streng peaks at 3600, 3420, 1028 em=l

e
o3



(hydroxyl), 1840 au~l xnd 867 en-1 (gharacteristia of a
vinylidine group, }.ﬂﬂnjliii

08 stetylation with acetiq mnhydride and pyvidine
Compound A formed a monoasetyl derivative, oclourissa
resdlas from sther . pat.ether, Uggiigaln, m.p. EMIG‘;
(<337 + 4%, The acetate showed atveng pesks at 1728,
1253 el (asetate), 1840 snd 836 qnel {vinglidine group)
(in CHC1z} i the infrared spectrim. It oasily formed
a benzontas with benzoyl ohloride and prridine, oryatalli.

3ing fTom alaohnl as galourlsss besdles, ConHgiba, B.p.
263.64°, (B0 + 82°,

The abeve physios) and obamionl propertiss,
atrongly sugyestsd the similarity of Compound A with
iupesl (I}, a panteaysllc triterpans.

CH,

o,

The nuplear sagnetic resonance apsatrum of
Cogpound A - adetats in aerben tatrachloride was talen
1n a Yardan A.80 Spectrophotomster using tetramethyl
#illane as the intermal standard amt the prassnos of 53

protons in the molaguls (ncwtate) was osnfizrmed* {Table I}.
¥ Chemloal shift valuas cited are on the 7 sonle. 1491
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TABLE I
Chemical Peak Ho. of Fossibis
ls!r;:f;s muitiplieity hydrogens araignosnts
i . " e tm e
8.33 Doublet } 5 . Gy
B.4b6 Doublat
E.BB nresolved 1 (-ﬁl-nﬂn}
8,03  Einglat 3 ~OC0GHg
8.33 Singlek a CHg _
2.44- unresolvsd mothylens protons

2,7%  waltiplet

2,58 singlet

9,08 ninglet

8.18 umrezolved quartst 12

hrthrr- wethyl
groups (6)

- - L L L] L ki ke e e sl ey ey Y e

The idsntity eof Compound 4 was finally oonfirmsd
vith an anihentiv sample of lupas) (ebtsined from Dr.
P.LK. Bhattasharyya) vhish gave a zupsrimpescsbiz IR spectrs
and thers was pa dapression in the oixed melting roint of
the sompaads.
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Exanisgbion of gther sxiraots

Izolat of J und 3 }

The oombined ether-axtract was m light red
coloured solution, which on removal ef the solvent
prodused 2 semi-pelid gumsy residus, This was ohrems-
tographad over alumina and from tha bpenzsne elugts, a
13ght rellew sclid u.p. 188820 was obtained, whigh
reaponded %o all the Jolour resctions of triterpans,
but produoed two distinct spots {Rfv 0.66, 0.23) in
thin-layer chromatography. BEBvidently this was s mixture
of a% lesst tWe qompouns and henae the product was oare-
T'ully reshromatographed over slomina, and the different
eluates exaoimed. ¥rom the pei.sther-bensene (95:8)
fraetion, a sclid wes obtalned vhich gave o single spot
in thin layer chrematography. It orystallissd from ather-
pet.etiar as golourleas needlem, m.p. 210.311°, identified
as lupsol (I} frem 1ts amalywia, mixed m.p. and IR with an
authentic sample.

Frem the bensete-pet.ather (80:30) and bensene
fractione a megond compounds was obtained, which was puri-
{lsd by rechromstography. It grystellissd from stheruepat.
A3h6T as atout colourlsss needles, m.p. 252.539, The
uniformity of the subatance was oconfirmed from thin laysr
chromatography when it produced a wingls epot having Rf:0.22,
This wae designated as Compound B. ILike lupeel{Compound A,
Compounpd B alse reaponded to cnlour reaations of tritarpasnes.
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With tstranitromethare, it gave a yallow colour indicating
the preassnoe of unsaturgtion in the ssleadle.

The wolagular formula of Compound 3 was foumd from
the elemsniary snalysis sa Ganﬂﬁgﬁg.ﬁd}ga + 18,89, It
aohtained two active hydrogens. Like Compnund i, Compound
B also 41d not shew mny =pseciiic abescrption in the UY
reglicn (280400 wu)., Infrared spectrmm in nujel mmt]
showed strong peake at 3480, 1037 cm-l (hydroxyl), 1640
and R80 em~l (vinylidine gmupﬁ‘s

With acetlo anhydride and pyridins, Compound B
produnced u diacetate, (3485404, m.p. 218197, ()20 + 240,
1t shewed strong absnrption at 1736, 1240 o™ (sostate),
1642 om*l and 880 cm~) {vinylidine; in the IR spectrum
taker in mujol mull. It exaily formed a dibenvoate,
Ceafpnl4y BaPs 180-81° (ﬂ}%n + 4a®,

A8 in the previaus oama, the FMH speotrum of
Compound B - sostats was taken in garben tetrachloride
apluticn whish eonfirmed ths tetal preton grunt in the
poleculs corresponding to li, thua establishing the parent
wloohel having &0 protens (Tadla IX)(riq 3-2)

1t will be imteresking %o obearve thut the pattern
of signals in the FMR of fwo apectra (Geapound 4 and B -
acotates) wers very similay and a aloser atudy would show
that the Qompound B « acetate had cne lsas tertiary mathyl
dreup than Gompowmd A-acetate. It bad alsc twe sgetyl groups
instead of ona as in the gase of Compound A-acetate, . o
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TABLE II

gk v - - Sy skl e iyl v o B N gy e gy e v e T ) S . ek g g A il gy

Chemicol Pesgk ¥o. of Foaaikhls
._E,r_l E f)ts multiplicity hyirogens an:zignments
f.33 . doublat } - - Gy
B,44 doublet
5.62  unreselved 1 G000
€.00  quadruples a Oy -0
B.OO singlat a -0COCKD
2.03 ainglut a' -0GNCHS
2,32  siaglst 3 " CHg
S.4-  unresolved "
4.8 muleiplet methyiens protons
2,92 -einglst 3
.08 1inglat : 3 tartiary methyls({E)
2.1 unrass ved. 9

whieh are discernible in the NMR apeotra. Purther it nad
two pretonm en & oarbon atom bound to exyzen st 6, whigh

1s abaent in the onse of Compound A~zdetates. This ehservad
difference would correspond to the replacement of a teTt1lnny
eathyl groun by a -CHgCE group 4n geing frew Compoumd & to
Compound B. This indioated that the Ccmpound m might be
betulin (II) which 4iffers frem lupsel (I) in enly hawing

4 ~CHgGH at pouitien 17 instend of a mathyl group,
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T R=H
I R=0H

The avtion of formic aedd on Cowmpound B was next
atudied, It is well-known that ello-betulin, an isomer af
botulin 1s forued®:? whan betulin 1n trested with formie
asid, the mechanism of icomerisaticn bsing suggestad by
Davy ot nLB a3 followa

HEC% _..--"":HE- H'-'F"“-a '-_,':Hg
+
HY
| s w
'EHEDH
Ir g
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In the preasnt case the Jeapound B, on treatuent
with 53% formis a¢id for % heurs, prodused a formate,
eryeizllising from bergene me colourisss stout nesdles,

u.p. 30%.310°, analysing for OyEpo0s, (OFF » 5%, The

IR spsstram in nujel whowed streng peaks at 1714 em™l
Itamhi&,' but ne bands mesr 1340 em~3 and 880 om-i
mdiuﬁ':l,.u "Hn abrenoe of vinylidine group in the molsoule.
The formate em hydrolyeia, produced en Llscmer of Compound ¥,
aryatallising from alechol as steut needles, m.p. 260-81°,
and nnklrlm.rur Captlgn0g3 H]%ﬂ + 47°, whioh showed strong
peaks in the IR ut 3400, 1040 om} (hydroxyl}, but no
absorption near 1840 and 880 om*l. The acetats of this
lsomer hod m.p. 78.70°, whieh showed in its spectrum
strong bamds at 1730 and 1350 om~* {acetade) and had

30 + &0, |

Tha FMR speotra of this sostata (Table Iil) CRfg3-3) &
Fhat of Compound B.acetate (Twble IX) showwd many inkeresting
charagteristicn. Yhe formsr showed no aignale for'= CHy group
in the E.5%-8.45 Meglon as well pa sny sigoal st B.232¢ >~ Cd3).
There ware two asetate signala in the Cempound B aewtats
vhick had besn replosed by a singla acetats signal in the
ppegizum of the i1acwerised product. Alsc Bhe total number
of tartiary methyl groups had inarsased frow & toc 7 in
going from Compownd B-acetuts to the noetate of thes izoweris
sed produnt, Tis observad difTersncs Iin the HMR apentra
was consistent with the miulin.allobstulin transformaticn.



ALLDBETULIN ACETATE

N

‘I FPM
FIG.3-3

= AMYRIN ACETATE

=3
aad
—




133

il B B LII
e A e B e e e e R e e
Chemicol Taak Ho. of Poynibla
fﬁﬂ” multiplicity hydrogens ASsignnenty
&8 broad 1 «éﬂ-.oun
6. 55 quadraplet 2 =l =0
6,68  singlet 1 L-0-go
8.08  singlat a -0CNCEx
8,3- unreso lved methylets protons
8,83 mulsiplat
.0 singlet 3 7
B.13. singlat ]
9.17 ainglat 3 r tertiary
9.2 singlet 3 wothyls (7)
g.82 sing let E‘J

ol - b 2 -

- L D —— — i

Authantia samples of twtulin wers obtmined through
tha courtesy of Pref. Djerassl and alsc frem Prof, (Mra)
A. Uhattaries.

The Compound B showed myperimposabic IR spectrem
with that of authentia bewulin and there was no deprasaion
in the wizsd welting poins.
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Examination of alacholic extrant:

anlat £ g (B~
abar L3 £ is

The alookslic extroot was obtained as a dark
brown selutisn from whioh the molvant was Temnved under
vaouum, During this prozess, oonsiderable amount of
rrothing was sbserved snd finally a blownish resineuns
substanos was obtained, The substanss en shaking with
water produced stable f¥athing having characteristie
nonayeonbh strusture, auggesting the presance of donsider-
able amount of ssponin. Inapite of varlous attempte, the
sapohiin gould not be obtalnad in a eryatalline form,
though a hearly aclourlsss produdt oould be preparsd by
ehargoaling I1n alaoohal and repsated pragipitation with
ethur. The ethanelic solution of the saponin was, thers-
fore, hydrolyssd with 2¥ aulpharie acld when the aglycone
was obtained ma derk brown precipitate. It wan {iltarsd,
vashad free of aeid, snd dried. The filtrate wos Joapt
seprrately Tor the exepinotion of the sugers, The dark
coloured aglycons was extracted in a moxhlet with ghlorcs
forn mnd the ghloroferm sxtraot was chroaatographed ovepr
alumina in the usuzl way. From the benzers aluste =
aslourlsas substancs vas obtained which was fuxtlmr
purifisd by rechromstography snd finally by cryatalilisatich.
It orystallised from sther-methancl mizture ak coleurless
Beedles, M.p. 194-186° and was designated as Compound (.



Like Cospounds A and 3, tha Compownd C alse responded to
charsateristic dolour resations of kritarpenes

Yrow slepentary analysis, the solacular formuls
wan foumd to be CapMpp0, k}%‘“ + 83°, It was optioally
astive and showed ne abworption in the UV {(220-500 mx)
apeatrum,. ‘The infrared apsctyum of Compound C ahewsd EtYehg
peaka at 2680, 1029 om*l (hydrexyl) but no peaks near 1640
snd 880 om~l indicating Shw abssnce of any vinylidine group
in the mpleatls. However, the presence of wisaturation in
the woleouls wez indicated from the tetranitromathane
reagtion, in whizh a yellow colour was produded.

gy acetylation with agetic anhydride snd pyridine,
n moNo adetats wan foraed, crystaliising from ather-pet.
sther as shining colourlsss needlas, CgoHpgla, m.p.237-38°,
@IS0 + #1°, In the IR spactrum, it showed wiroeng characteri.
gtie bands at 1720 em-l , 1247 an*l for acetate grouping.
Compennd € eiso produced s monobshaoate, CypHg.Oz, B.p.
2982, )80 + 80®,

For the variotus physiesl and chemiaal propertisa,
the aubstanoce was beliaved te be fidentioal with p-amyrin(¥V}.
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The FHR spaatrum of Compound C-asetate in aarbon
tetrachloride selution (Table IV) was alse in good sgres-
went with jeaayrin aoetate Fig 3%

M ABLE IV

i oy il gy s oy - O e ek ek e e . e e -

Chamical Pgak bm,. of Foaaibls

shjr fs  muitipliecity hydregans asslgrents
[T]
4,85 triplat 1 .1
i
E.8 triplat 1 wCH-O00
2.04 ainglat ) ~COCH
g.&; multiplet mathylenie protons

B.76 ainglet
8,88  ainglat
U 9.0 singlet
5,12  bhroad singlet

tartinry methyls (B)

B o w o

- - Lk ] Ny kP e P b ik By gl e

An guthwntic sampls of P-amyrin wan available through
the eourtesy ef Dr. 8.0. Bhattacharyys, whieh showed super-
iaposaitla . IR spooctra with Compotind C and thers was no
deyressden in ths mixed mwlting point.

The acidic flltrate from the smponin bydrolysis
was dewp brownish red in colour, in aliquet part of this
ralution was peutralised with BaCng and filtered. The
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brevo-red filtrate was chargonlad when a colsurisss solution
vis obtainad which was conaentrated by freasxe dérying. Thie
§2ve poaltive Molisch's teat for sugar and reduced Fenling's
aolution. The purs sugar fraotion aculd also be separatad
from the saponin hydrolysite: by treatment vith o ¢hloroe
forn solution of meihyl di-n.eotyl amine,® the inorgamie
inpuritioa ferming acid salt with the azine whioh Temsined

in the ghlorofors laysr wheraas ths aqueous solution cente-
ined tha sugar motaty. In the present study, the qualitae
tive charasterisatlisn of the mugars was carried by oirgular
papar chromatography acasrding to the methnd onf Gird -tal:.m'u
snd also by deacending paper ahromatogrephy.l2 In the former
aadsy the aystam nobutancl-scetnne-water {3017011D) was

mada uze of, while anilire.diphenylamine-pheospharie acid

¥as uked as the spraying agent. In the case of descanding
abrnmatography, the szelvent aystam used waz n-butanel-weter.
ethanol (E1114);wiil2 anlline hydrogen phithalate or silver
bpitrate was uied for ldentificakicn of the augar spots, In
both the cesses; two sugars were detacted which aoPraaponiad
to flugaze and arubincnlu', the former pradaminsting and wers

confirmed by paraliel spotting of the suthentic sugar
solutiens.,
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EXPERIMHRNFTAL

Heutral aluming of different grades stondevdiged
asaering to Brockmann's pethod*Syl4 Vel ussd in shromatow
graphy. Tn thin-laysr ahrometography, methylens shisrids
was yawd as the solvent system and the devalopmant wes
dana with shlsresaclphonia asid. Sther phyaioal oeaAEuUrw-
ments wers Saken sagentislly as described in Chaptar I.

Holatien of Genprumd A (Lupeol)

The dried, povdersd bark (1.5 kg) of Sugslnic
Seikergialdes Benth was extraoted with pet.sther (bap.
40-809) at roou tempersture, Exrtrootisn was repeated
until the pet.ether solukion becamy solpurless. The
sclvent was distilled off under wasuua, Tha refulting
fumcy solid (ylald 7.8 g., 0.B%) was dsken in pat.ether
(B.p. 40<80%) and pansed through a colimn of alumina
{Urads II, 209 g). The columt was First washsd with
400 Wl of pat.ether (b.p. 40.80°) when a Negligible
smeunt of & ywllow odly slunte was obtuined. RElutien
was oontinued with a mizturs of pet.ether-bangsns {111,
200 ml) and finally with purs benzens (Bon al). The
benzens fraeticn on remcval of the sslvent gave a oolour.
less solid, o.p. 184-80° (yleld 2.8 g). It was further
purifisd by rechromatography over a ssaspd eelusn of
alumina (Grade Il 46 g) 1in banzens kclutien and finally



134
2rystallised froa a nixturs of ether-methanel, whan it
was obbaliwd an golowrless needles, m.p. 210-11%
)y + 26° (0, 2,00} {24878 n.p, 219-13°, (), + 298P
(TIC Bf =0.86),] It gave s violet solowr with Licberzam.
Burchard reagant and o yallow colour with tatranitro-
aethnng, aid respondsd to solowr resctions of tritsrpens,

ipfrared spectrum: 2600, 3420, 1640, 1196, 11ln,
1070, 3047, 1028, 987, 977, 929 and 887 onm+l,

Audlyniygy Foundy C, 83.8) R, 11.7.
Capipg0 requiras ¢, 34.43 H, 11,8%,

Aca¥zia¥ign of Goanound 'A! (Lupsol aoutate)

Gompoand A (300 mgx) was warmed with mcetic
anhydride (10 x1) and pyridine (. =l) o8 s wabter bath
fer 2 hrs. Aftsr 24 hra. the resction mixture was poured
inte loe~water and the shining solld which separated wvas
filtersd, vwnshed with water, dried (370 mg) and erysta-
1lised from a mixture ~f ¢ thar-pet.ether (b.p. 40.60°),
when glistening solourlsss nesdles wers obtalned, m.p.
214.18% @)B° + 48° (¢, 2.2 11618 pp, m1.100,

(a)p + 42%] (ric AP wo.82).

Infrared spsctrumi {in chloreform), 2080, 1725,

1640, 1368, 1200, 118, 1104, 1013, 978, and B26 om~l.

Alalrnis: Found ; U, BI.B; H,ll.a;ﬂﬂm{a. Q;S,W 445,
Coglgals requiress C, 81,9 N,11.1;C00Hg 9.186,M4 488,

Jeonzazlatizpn nf comoound A (lupssl bengoate)
A mixture of Compourd A4 (20 ng), ary pyridine(.8 =1)
and banzoyl chlorlde (1 ml) was heated ap & vater bath fap
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ones hour. The solution wak ¢ooled and poured inte orushwd
ice, The white oily 10lid was taimn in sther and the ethar
solution weshed well with sueocus sodium sarbonata (55350 ml)
and then again with water, The ather laysr was driad over
anhydrpus sodium sulphate, filterwd and ether removed. The
renidiual solid (53 mg) was arystallised Irom ethanol, whan
solourisss nesdles were cbtained, m.p. 263.64%, 5-:)30 + 889,
(ay 1.8) [18¢.2F a,p, 267-48%; )y + 88%] .

Agalysis:  Foundy ¢, 83,43 Bhd.1.
OyApets requiresa: O, 83.7; H,10.2%,

Jsclatien of gempound B (Betulin)

Aftar sxtraction with pet.sther tiw bark of
D.dalkarginides ves axhaustively sxtraoied with sther at
reom temperature. The birown red sthsr extract, en reseval
of tbw sclvant affordsd & semi-solld guemy residus; ylsld
B.78 g. (D.,85). The substance (4.5 g) vas taven in Densens
and chromatographed over alumina (Grade 11, 150 g).

From the bensens aluate, a light yollow aelid, m.p.
189.939 (yleld 3.8 g) vas obtelned whioh showsd twe spots
en thin layws ohromatojraphy. It was taken in o mixture
of bangens and pet.efber (8 ml} and psessd over a coluwn of
aluaine {100 g) in pet.sther (40-800). Elution with pet.
ethar was followad by pet.sther-bensens mixture (28535, 90110,
B0t40, 80463, 0180}, 40 2 10 ml of sash fraotion was
aollacted And sxamined separatsly. Finally the column
was slutsd with pora benzers (B0 ml).
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The pet, sther-bensese (951 5) fraction afforded
s oolourless solld (.2 g) which gave a aingle apot(Rf10.66).
It wan arystallised from ether«pat.sthor as golouxliess
nesdles, m.p. 210119} (4]%“ + 26° (o, 1.93),

ARalysia: Fownds ¢, 84,8y H, 11,7,

Cagtignl reqguires Gy B4.49 H, 11.84,

It was idantifisd ar lupecl isolatad from the pat.
ather extrasy,

From the pei.athar-benzene (20180) and benzens
fraotions, o ¢olourless sclid {2,8 z) was ohtained on
removal of the solvant. Tt gave 2 single spot on thin
laysr ohromateogrophy (R€0,22). It erystallised from s
mixturs of etherspet.stiay as atout colourless needles,

Ry FRAEIP, (-:}EL*. 12,80, [135.30 n.p. 200.89, (<), + 17.5‘@'},
{a¢, 2,01)] It gave a violet colour with Lisbermann Burchard
reagent and a yilow sclour with tetranttremethane.

infrared spectrum) W60, 3380, 3200, 1840, 1336,
1396, 140, 1188, 1188, 1140, 11068, 1080, 1037, 1410, 986,
973, W45, 923, 915, 8% cu+l,

Apalysis:s  Founds C, B1.2; H, 11,3; MW 449,

CopgoCs Tequiresy ¢, 81.3; H, 11.3%; MW 443,

Aqstrietien of Compound B (Batulin disgetate)

A mixture of Compound B (200 mg), scetic anhydride
(8 ml) and pyridine {1 ml) was heated on a wvater-bath for
& hrs. The reaction mfxture was kept overnight and the
shining nasdles wiich separated wers riltered, washed with
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water, dried (308 mg), orystallised frox a mixture of
sther-sathanol, when it vas ebtalned as oslourlass nesdlsx,
Bepa B1B.19°, mﬁf’ + 84° (o, 2.0) [nt%su.p. 317-189,
)y + 28°]
Infrared spectrums 1735, 1848, 1310, 1240, 1180,
1108, 1086, 1030, 1018, 983, 47, 98, 503, and BSD ca~l.
Analyaisr  Foundy ¢, 77.%; H,10.5;-C0CHg 16.088.
OodlipeC4 Fequirems ©, 77.8; H,10.33~000H) 16.384,

Berzoylstion of Compouns B (Batulin dibemsoats)
A wizture of Compound B (%5 g), pyridine (& ml)
and bepsoyl oblorids (2 nml) heated on a water bath for

2 hrn. After 24 hrs., the ‘vepotion mixture was poured into
crushed lem, The assparated ollyY selid was sugoeszively
washed with sodium anrbonste molutisn (8%) and water,

deied (100 wg) and orystallised from othanol as celourlass
needles, u.p. 180-81% («)20 + 42° (s, 2.01) [21%.” m.p.
181%, {(a)p + 43,287 ].

ALSlYR1ay Founds ¢, 81,0; H, B.5,
C44Hgu0y requires ¢, 81.13 H, 6.9,

Aatian of formie pcid on Gopuowpd B (Rllebatulin formste )
CoMpound B {400 ng) wes reflumad with formla acid
(99%, 15 ml) for 90 ainutes oh an oil bath at 1509, The
readtion mixture was cooled and poured into erusled los.
The white #elid (308 mg} was filtersd and asryatallised froa
bensens, When stout needlss were obtainsd, m,p. 306-310%;
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1
P + 80° (o, 2,02}, [114.% ap.@1a127, @p° « m,8%],

Infrarsd speotroms 1780, 1714, 1383, 1319, 1185,
1149, 1220, 1040, 1088, 1013, D83, 985, 949, 93l, 912, and
897 am~l,

Aualvaiss  Poundy O, 78.8; H, 10.8

Cals.lor CaiifgnOy. Oy 79,13 H, 10.7%.

Preparatisn of sllobetilin frow allo-betulin foTmate

Toe formate (30" ng) obtained in the previous
sxpa¥iments was taksn in slecholic potessiuw hydroxide
(£, 18 ml) solution and the rescticn mixture wam heatad
oh A weter bath, Bengsie ¥as sluovwly added untll a glwar
solutlion wvas abtalred, Aiftar 30 minutes, the beanzens and
aloshol wers distillad off until s coleurlass seiid eterted
separating out. 7The flask was couled and tha preduct
delleoted at the Filtsr (182 mg). Rearystallisation from
alanbnl wfforded stout colourlass nesdlss, mn.p. W0-619,
(2 « 47° (0, 2.08) [115.5 m.p. 60.61%; (etip + 40.38°
{TLC Rf:0.38)]

Infrared speotruas 3400, 1300, 1983, 1208, 1140,
1079, 1040, 100, 092, O7R, 4D, BER, 910, and 772 em-l.

Alalyaid: Foundy ¢, 81L.3g¢ K, 11.2.
Ganiisolg requirem C, B1.3; H, 11.3%.

Tha above mentionsd alochsl (100 ag) was heated
with acetie aphydirids {6 ml)} sund pyridine (1 m1) on a
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water bath for 3 hra, The resstion mizture was goolsd
and poured inte grushed iee., The vhite solld was cellected
ard gried Q056 mg). It arysteliised from athar as fine
nesdles, w.p. B2 E0 + 80%(a, 2.12), [148.6 a,p.
27-TRY &)p + BA167)

Intrared spestrams 1730, 1860, 1203, 1142, 1034,
1028, 979, 938, BO5, and BOE om-l,

ADRlyRis? Foundy C, 7.1} H, 10.7 =l0CHg B.3.

OapiigaCy Teuuires: C, 79.2; H, 10.8 CNCHa 2.8%,

Isclation of Ceapound ¢ {(B-amyrin)

After the sxtractich with niht:r, tha hark was
Tinally extracted with rectifled mpirit, Tha dark brown
splution was conoshAtrated 'in vacus' (40 om) whan a

rasidons substance (13.5 g) vas obtained., It produced
frething on shalling with water, but the saponin asuld not
be iaplated in pure form. The substence (10 g) waa taken
in sthanol (300 m1) and 2N Hpil8y (200 =1} was added te it,
Aftar heading on o water bath for B8 hra., the dark brown
folid vhioh separatsd was filtared, washed frae of watsd,
and dried {# g). The filtrate wet tented asparntely

fer the sugsrs.

The dark brown solid was succezsively extraoted
{saoxhlot) with n.hexans, ethar, bensmans, and shloroform,
Extraotion with the first three sclventa afforded very
Hittls solid. The dark red chlorefnrm aslution was
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concentrated and passed threugh a solwan of alumina
{Grade II, 160 g}, 1t wam ¢luted with bencens, when

a eoleurless subatance (1.5 3) vas ohbtained. This was
I'arthey purifisd by rechrematography which finglly
eryatallised from a mixture of sthar-pathanel as colour.
leus nendles, n,p. 196-980; ()30 + 83° (o) 3.1) [15t,18
mop. 196-98% ), + 26°] (1L Rfi0.68),

Infyarsd apectrum: 3630, 1300; 1188, 1140, 1098,
1029, 7, 622, BRE, 815, and 7968 ow~i.

Aoslysiet Foundi: C, 83,9 H; 11,7,
Gﬂwﬁ' qulirlll G| Mi“ H| 11-“;

Asekydation of Cowpound g

Compoumd ¢ (B00 mg) vas bented with zoetlc anhydrilde
(18 ml) and pyridine (1 ml) on & water bati for 2 orwe, Tha
Teantion mix ture wad coulsd and pouted lnte iae water. The
golourless aslid was collected, waalwd vith vater and dried
{(i08 mg). 1t grystallised from s nixture of ather-pet.
ather as shining colourless needles, m.p.237-38%; (()5° + ga®
ta, 2.8, [ 11615 n.p. 208-39°; («)p + B2°],

ADRLYSLg: Foundy Q, 81.%; Hy1l.%y O0CHs, 8.8,
CgoHpaOp requires: d, 81,83 H,1l.1; COCRgy 9.1%.
Sensoylation of und G

Compounid © (LO0 mg) was benkeylated by heating
with bsnweyl ehloride {2 ml) and pyridine (&5 nl) on a
water.bath for 1 hour, The product (lO0B mglwves orystallised
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from ether«pet.ether niztars {l1l) as glistening needles,
®B.Pe. JRELQAP0, i-d%,l' + 80° (g, 2.2) [ 21t.28 p.p.23R.3E°,
{dip + o ],

Abalysins Found: G, 83.63 H, 10.4.

CgpBpgylp requires: C, 83.7¢ H, 10.3%8.

A part of the filtrate from tha acid hydrelyslz
produst of the sthanol axtract was earefully naatrmlissd
with barium garbenats and filtered. The brown Ted filtrate
wad ohsrgoalad till solourlsss. The squecus filltrake was
aposantraisd by frecss drying.

An Improvad tachnique wes ased in subssivent
sxperisenty whetahy the inorganic impuritiss wara o
remaved by treating the filtrate frea the hydrelysia
produnt with & ahleraform solutien of methyl di-n-oetylamine,
aebtained threugh the courtesy of Dr. J.L.Bose. The nsutral
aqueona layer was decolsurised by oharcoal end concsntrated
by freqexs drying.

Twe methods, namely clveular papsr ghromatography
and dsagending papur echromatograbhy were uwasd for the
detsction and identifiastion of the zuzalrfs.

Cirsular paper ohromstography

The mathod of 3iri et al. (loe.cl%) was used with
a lithle medifisation iR the apparatus, In s pneumatia
trough (90 ex dianster) sovered with a g£lass plate, a
patric dish (16 om diasetsr) woas iwpt as the container
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Tor the develsaping splvent and gz the suppert for the
paper (18 om dizmeter). The inalda of the chamber was
kept saturatsd with the solvent vapour, by Keeping s
leyafr of the solvent in a small beckar.

Ciroulpr filter paper (Whatmsn XNo.l} 18 om. iR
diometer was used, Tha solutlion for shromategraphy wad
prepared by diszolving 10217 mg. of the mugar mixture
{sclated 32 above) In ) ml. of water, Standard seluklen
of known sugard, giucoss, xyloes, arabinoss and galachose,
ware prepared by 4issolving 10 ag of eaoch sogar in 1 ml
weter. Tha solvant mizture ussd vas n-butancl-agzetane-
watar (20t1OcH0 ),

Tha solvent was allowed te tin =2 distance of about
12 on from the gentre through & wenk during 1 hr. The
Paper was Tamoved and dried st rocw temperature, For
bettar resolution, the irrlgation was repeated once more.
Afhsr the paper was 4ried in air, the pralticns of asugars
wore rapdersd visible by wpplying andline-diphenylasine-
phoasphoris seid reagent and heating et 100-108° for n few
ninutas.

Glusose (Rf5.53) and arabinoss (Rfo.€3) ware
dateoted by this methed. This wasr sonfirmed by rubning

the shrrmatography alobg with authentio sanples of the
twe BUEATE.
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Rugcending paver chromatoglapnr

This wu carried on a Whathan filtar papar Xo.l,
G5 an, lant'nhl_lﬁ agn. wids. The ;lhlrutul_ulud vab
Same ad that dezariped in Eough and Jnﬁl {1ne. ¢it). The
sclvsat ayatan, n-butansl.water-sthencl (B1l:4) was used,
The spraying reagent uged s (1) anlline hycrogen phthlate
or {i1) allwver nityate resgent.

fhe pressnge of gluwose and arabincss 14 the
hydrolysis predudt ware ¢onfirmed by parallsl spotting
of authentie gluocoss and arabinose aolutions.
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