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- SUMMARY.
In connection with their studies on the alkaloids of Athero-

gperma moschatum Labill., Bick, Clezy and Crow'o reported the

'.1solgt;on of three nev alkaloids, atherqsperminine,_sperﬁatheridine
'and atherospermidine, which they chgracterized but on‘whioh they
carried out no sﬁructuralfinvestigatione. | |

. Atherosperminine has now beeu.ahownvto be 1dentiga1 with the
known alkaloid; 1-N,N*dimethylam;noethyl-3,4—6imethoxyphenahthrene57

(1) whioh had béeﬁ,previonsly isoleted from gggptocérya'angp;atg
| 64

C.7T.¥hito. Spqrmatheridine vas identified with liriocdenine
(1i). %he chemical and spectral properties'of atherospermidine
1ndioated'struc£ures (iii) or (iv) for this compound; synthetic
oxperinents proved the former was corvect.

" 0f the further bases isolated from A.moschatum, chemical,

gpectral and synthetic evidence allowed the assignment of struct-
ures (v) and (vi) to methoxyastherosperminine and atheroline,
respectively. The tentative etructures (vii), (vii1) end (ix)
vere proposed for atherospernocline, spermatherine and moschate
oline, respectively,Aon the basis of chemiocal and apectrographic
proporties. | |

- It was suggested that the’yellow colour of the heértwood

of A.mogohatum, which restricts its use in the paper-pulp in-

dustry, was due to the presence of the yellow alkeloids sperma-

theridine (1i) and atherospermidine (iv).

The major alkaloid of Dryadodaphne novoguinsensis (Perk.)



n
aal S

. R=H ‘ ’ ii. R =H :
o iii. R = OMe :

vi vii

HO
MeO

vii. A R=H,;R=Me orvice versa



Smith, dryadine, was reisolated and the Hofmann degradation of
this compound was repeated. Analytical, n.m.r. and mass spectral
data, together with chemfcal evidence which had previously been ob-

taine625

, allowed the tentative structure (x) to be proposed for
this compound. |

Threa minor alkaloids vere isolated from this plant; one was
ehown to be identical with epermatheridine (11) and one with
atheroline (vi). The third, alkaloid D, was isolated in minute

eamount and ite spectral properties indicated a novel structure.

X.
0
MeO
OMe
RO R
M
OMe OMe
0]

xi. R= glucose



A non-slkeloidal constituent of Atherosperma mosohatum

}prOVed jdentical with liriodendrine (xi), a-lignan‘glyooside
'previouslybisolatqus from Liriodendron tuligﬁteéa, L.
Some_taxonomic problems associated with certain New South

Wales Daphnandra species vere investigated.
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MEMORAEDUM.

Throughout this work enalytical samples were dried at
90°/0.o3 mm Hg over phosphorus pentoxide for 12 hours unless
stated otherwise. Microanalyses were carried'oﬁt by the Austral-
1an'M1croanalytieal Service. Infra~red Spectra were deternined
in nujol mulls or in chloroform solution on a Perkin-Elmer Model
221 1.r. Spectrophotometer. Ultra-violet and visible speotra
vere determined on a Perkin-Rlmer Model 4000 A Spectrometer.
N.m.r. spectra were determined on a Varian A 60 Spectrometer
(unless otherwise stated) using tétrametbylsilane as internal
reference. The chemiocal shifts were expressed in parts per
millien on the § =scale.

All evaporations were carried out under reduced pressure

unless stéted otherwise.



Alkaloid~bearing plants of the Australian Monimiacese héve
generally yielded alkaloids of the bisbenzylisoquinoline type.
For this reason 8 brief-outline of the qhemistry ofvthis class of
compound will be presentéd; a more detailed acgount may be found in
a eompléte and thorough reviev by Grundon’.

The bisbenzylisoquinoline molecule consists of two benzyl-
1eoquinoi1ne moieties linked dy one, two or three oxygen atoms;
these ether bridges are believed to arise by intermolecular dehydro-
genation of two molecules of 1-(4-hydroxybenzyl)-6,7-dihydroxy-1,2,3,
»4-tetrahydroisoquinoline’3 in which the new C-0 bond is formed by “
phenolic coupling at nuclear positions ortho to0 hydroxyl groups.
The route which the dehydtogenation follows leads to the elassific~
ation of.bisbenzyliaoquinoline alkaloids into several different

classes.

HN OH
. (__,,//’

OH

Scheme 1.1

Dehydrogenation via pathway 1 (Scheme 1.I) leads to the struct-

ure (1.I) containing one diphenylether linkage (dauricine class); the



2.
formation of tv;c ether bridges by pathways 1 and 3 or by pathways
2 and 3 leads to struoture (1.II) (berbamine class) and gtructure .
{'(1.if1') ‘(oxyacanthine .elass) respeotively. In ‘all.'three molecules
the two 1aoq§1holix;e portions and/oi- the two benzyl portions sre

linked ("head-to-head" linkage).




OR RO
R-N OR N-R

@)=
RO

An alternative methé@ of linkege is illustrated in Scheme 1.2.
Here an 1sbqu1noline and bénzyl portion are linked by ether bridges
("head-to-tail® linkage).

Scheme 1.2

Coupling via pathways 4 and 5 leads to the structurally symmetric-
al molecule 1.V (isochondrodendrine class) whilst thaf by pathways 5

and 6 gives the unsymmetrical structure 1.V (curine class).
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1.1V

A gmgll number of bisbenzylisoquinoline bases have been shown
to oontain three diaryl ether bridges, two of which aye oontained in
a dibenzo-1,4édiox1n eyatem; a.g.,vnamethyltrzlobinez(1.VI).  Insul-
arine’ (isVII).oontaina three ethor bridges, two of which are in a
depsidan nucleus whilst tiliacorine? (1.vIII) eoﬁtaina a dibenzo=1,
4~dioxin pystem and the benzyliec portions are linked directly rather

than through the usual ether bridge.
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1. VI (R=H,R'=Me or vice versa)
The structural investigation of & bisbengylisoquinoline by
chemical means involves splitting the molecule horizontslly (path-
way 7 in Scheme %.3) with the preservation of the ether bridges and

vertically (pathway 8 in Scheme 1.3) in which the ether bridges are
broken.

|
IB
o 0
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R-N 0 0 N-R
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— ]
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o 0]
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Scheme 1.3



The horizontal cleavage 1z achieved by exhaustivs methylation
vhich leads to distilbene derivative_s (e.g. 1.IX) which upon
ogonolysis yield 5,4'-di;formyl-z-methoxy-d1ph\eny.1ether (1.X) and
4,5,5',6'~tetraformyl-2,2',3'~trinethoxydiphonylether (1.XI) in the
case of compounds linked "head-to-head" by two diphenyl ether link-
‘ages. In the case 6! ‘compounds linked "head-to-tail" (e.g. curine
class) a similar seqﬁence of reactions leads to 5,6,4'-triformyl-2,3-
dimethoxydiphenylether (1.XII) and f.5,5'-triformyl-?,2'&d1methoxy-
diphenylether (1.XIII).

. / OMe MeO X
OMe ‘
| i |
O~
MeO '

11X
OMe
OHC CHO OMe Me0 CHO
"M OHC 0 “CHO
CHO o
1.X 1.°X1

o

e0
OHC 0 CHO
CHO o _OMe Me0 CHO

1.X1




It is readily scen (Scheme 1,4) that this series of reactions
alone yould_not_ﬂietinguish betveen alkaloids of the berbamine eléas
{1.x17) aﬁd those of the oxyscanthine olaée-(1;xv). Purthermore the
_loéa of the astmgt:io centres a- énd b means that no.conclusions can

‘be drawn as to the sterscochemistry of the original molecule.

1. X1V

Exhaustive
methylation

OMe MeO X
OMe
-0
0

1.X 1. X1




1. X + 1. XI

= OMe MeO X
0 Me

Exhaustive
methylation

OMe MeO
MeN OMe N-Me
a 0 b :
. 8]
' MeO

1.XV

Scheme 1.4
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Both these grgbleme vere resolved by Tbmitas who applied the
reductive fission of diphenylether linkeges with sodiun in 1iquid
ammonia to molecules of the bisbenzylisoquinoline type. Prom
O-methylborbamines (1.XIV) he isolated a non-phenolic and s phenclic
product; the former was shown to be (-)=1-(4-methoxybenzyl)-6,7-
dimethoxy~-2-methyl=1,2,3,4-tetrahydroisoquinoline (1.xv1). The
pheﬁolic product (1.XVII) was dextrorotatory and contained two

phenolic groups; it wae converted to the known compound (1.XVIII).

Me
QN{Me
+ 1©

1. XVi : 1.XVII 1.XVII



M.

On the other hand O-methyloxyacanthine7 (1.XV) yielded two
‘phenolic products, one dextrorotatory and the other leavorotatory;
the former (1.XIX) was identificd as the dnantiomer of the known
alkaloid (-)-armepavine vhilat the latter (1.XX) was converted to
the trimethoxy compound (1.XVI). Obﬁethyloxyaeanthine vas therefore
assigned “he structure 1.XV 4in which the asymmetric.centrea L ané
b were paired (+,«), whilst O-methylberbamine had structure 1.XIV

in vhich the asymmetric centres a and b were paired (=,+).

1. X1IX , 1.XX
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After this reaction was applied to several bisbenzyliso-
quinolines there emerged the important conclusion that reductive
fission of bisbenzylisoquinolines occurs at spécitic c—obbohdé to
produce derivatives of 1-(4yh&droxybenzy1)46,7ad1hydroxya1,2,3,4—
tetrahydroisoquinoline (1.XXI), i.e. this reaction 1s the re§éraai
of the suggested bioaynthétio pathvay'sc Furthermore,.the eleav-:
"age furnished unité‘which retained the configuration about the
‘asymmetric centres (a and b) and since the absolute configuration
of key (mono)benzyltetrahydroiaoquinolines had been establiaheds,
the absolute configuration about the asymmetric centres a and b®

in the bisbenzylisoquinoline molecule automatically followedg.

HO
HO NH

HO

1. XX

The positions of phenoliq hydfoxy groups in the molecule are
established by labelling these groipings by O-ethylation followed
by a repetition of the above degradations and identification of the

10 furnished 5,4'-aiformyl-2-ethoxy-

producté. Thus O-ethylberbemine
diphenylether (1.XXII) after Hofmann degrudation and (-)-1-(4-ecthoxy-

benzyl )=-6-T~dinethoxy~2-nethyl-1,2, 3, 4=tetrahydroisoquinoline (1.XXIII)
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upon cleavage with sodium in liquid ammonia; the phenol group of

berbamine is, therefore, at position 4".

MeO
MeQ N-Me
OHC CHO
0
OEt _ EtO
1. XXH : - 1. XXl

,Physioal methods of structure determinatton have emerged as
valuable toola in the elucidation of the structure of bisbenzyliso-
quinolines. Useful correlations between the resonance positions oé
methoxyl and methylimino groups and the chemical and stereochemicél
structure of biabenzy%ieoquinoline.moleoules have been'dbteined from
a study of the n.m.r. spe&tra of sgverai b886811a

Normally methoxyl résonancea oceour around © 3.8 ppm dbut in the
spectrum of a biabenzylieoquinoline.they may be found between
5 4.00 ppm_and % 3.00 ppm. Pable 1.1 shows the resonance positions

of methoxyl and Nemethyl protons for selected compounds of the

berbamine and oxyacenthine classes.



TABLE 1.

I'

Name

O-Methylrepandine
O-Methyloxyacanthine
Isotetrandrine

Tetrandrine

Formula

1. XXIV(+,+)
1.XX;V(+,-)
1.xxv(=, +)

4"
3.95
3.95
3.90
3:95

OMe
6

3:T75
3.79

3.73

6!

3.40
3.60
3:63
3.35

7
3: 05
5:20
3.18
3.18

N.M.R. Spectra QgrBisbenzylieoquinolines’1n (PPH, 5 ).

14.

BMe

 2'
2.55
2,65
2:60
2.59

2

2.55

2.55

2.28

2;30
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The assignments were made when an sxamination of molecular
modele.showed that methoxyl groups on position 4" were least likely
to be affected by ring-currents generated in adjacent aromatic rings
vhilst that on‘position 7 was able, and ih somne cases forced, t0 paass
closely over the adjacent aromatic ring B and was therefore assigned
the high-field resonance. By the same token, resonances around
6§ 3.50 ppm were assigned to the methoxyl group on position 6' rather
than that on position 6 because the former is held in an environment
more closely analogous to that on position 7. For bases of the oxy-
acanthine cless the Nemethyl resonances both ocourred around ¢ 2.55 ppn
whilst bases of the berbamine class gave well-separated peaks around
62.55 ppm and 62.30 ppm; the latter was assigned to the methylimino
group on position 2. A further useful regularify vas that when the
asymmetric centres were peired (+,+) or (=,=) the 6'-methoxyl resonance
occurred sround © 3.40 ppm whilst the peiring (+,=) or (-,+) gave a
value near § 3.60 ppm.

The detaiied interpretation ¢f the speotra of bases of the
curine/1sochondodendrine classes wes more difficult because moleocular
models of these classea of alkaloides showed considerably more flex-
ibiiity than for the beibamine§oxyaeanthine classes. In all cases
moleculsr coﬁformations could ﬁe found which accounted for the
;egularitiéa in the spectral data but it was not immediately obwvious
vhy these conformaticns were more probable than others which would
;be éxpeoted to lead to differéqt results. All resonances of N~-methyl

groups were found between 6 2.50 ppm and © 2.13 ppm.
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In e recent paper12, empirical correlations were drawvn between
the 0.R.D. ourves and the configuration pf bisbenzyliscquinolines of
known structure and contiguratioh,thus enabling predictions to be
nade as to the configuration o2 nev alkaloids.

"~ A1l the bases gave rise to broadly similar 0.R.D. curveé,except
for alkaloids of the oxyacanthine class in which the aeymmetfic
centres 8 and ) were paired (S,S;+,+), and for alkaloids of the

' berbamine class with the pairing (S,Rj+,-) or (R,S;=,+). Alkaloids

- 0f the oxyaéanthine'olass with the pairing (S,R;+,-) gave rilse to

' two positive Cotton effects with the second peak (~230 mu) three or
_four times greater then the f£irst (~ 270 my) (Pig. 1.I).  The pair-
ing (S,S;+,+) also gave rise to two positive Cotton effects; hovever;*
gome minor peaks and troughs occurred between the first Cotton effect
and the firet extrema of the'éecoﬁd Cotton effeot (Pig. 1.II).
Alkaloids of the Berbamﬁne class vith-asymmetric centres paired

" (R,Rj=,=) or (S,8;+,+) éave rise to two negative and two positive
Cotton effeeté respectively, the second peak being'éight to ten. times
greater than the first (Fig. 1.III). Compounds of this class with
centres paired (R,S8;-,+) showed minor extrema between the two Cotton
offects which were both positive (Pig. 1.IV).

Curine (1.XXVI) and its Gimethyl ether (R,R;=,=) had similar
negative rotatory dispersion ourves, with the second Cotton effect
three or four times as great as the first (Pig. 1.V). Chondrocurine
'r(ia22ViI) end 0,0-dimethylchondrocurine (s,R;+,-) gave Similer posit-

ivé cuives but the magnitude of the Cotton effeotls was not as great
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FIG. 1.1V

It immediately becomes obvious that the 0.R.D. curve and the

n.m.r. spectrum of a bisbenzylisoquinoline constitute a powerful com-

bination for structure determinafion.

However, since the correlations
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2nhdCE,

= -

(Chondrocurine)

1, XXVI R1 = ME;R3,=R2:HT‘ (a,b,- -/—)
1. XXVII R1 =R3 = H;RzzMe‘ (alb;+l-)

in both these measurements are empirical, chemical evidence is necess-

ary to confirm any proposed structure.
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Biosynthesis.

Much circumstantial evidence has acoumulated that the bisbenzyl-
1soquin011ne molecule is formed in the plant by the manner originslly
suggested by Faltis13, i.e. from two 1-(4-hydroxybenzyl)=6,7-dihydroxy-
1,2,3,4=-tetrahydroisoquinoline molecules. Thus, most of the alkaloids
wvhich have so far beon isolated may be accommodated in this scheme and
monobenzylisoquinolines as well as bisbenzylisoquinolines have been
found in the one plant.

. Barton and COhen14 discussed the formation of certain natural
products in terms of a unifying reaction mechanism « the coupling of
phenol radieals. The oxidation of phenols by one=electron transfer
oxidising agents affords phenol radicsls which are stadilised because
of the spread of the 044 electron over the ortho and para positions
of the aromatic nucleus; Once the phenol radioals have been gener-
ated they may be converted to stable molecular products by several
processes, one of whiéh involves self-coupling with the formation of
dimera. This may 1nvolv¢~carbon-oxygen, carbon-carbon or oxygen-
oxygen coupling. Carbon-carbon coupling may be ortho-ortho, ortho-
pera or para-para; the less common ecarbon-oxygen coupling involves
the coupl&ng of the oxygen atom of one phenol radical to nuelear
poaitionéiﬁrtho or para to the oxygen atom of a second phenol radical.
If the method of formation of the diaryl ether linkagée of bisbenzyl-
1éoquin011nes is considered in the light of this mechenism it is
réadily seen how the benzylic moiety (or 1soqu1nolin¢ moioty) of, say,

the oxyacanthine nolecule may erisc by phenol radical coupling
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(Scheme 1.5).

@}
o

It cen also be readily seen how the diaryl portion of tiliacorine

may arise by carbon-carbon coupling of phenol radicals (s cheme 1.6).

» + ‘ —> @
o o — OR RO

~ Scheme 1..6

Experiments involving the use of 14c’traoera=have been commenced
at the University of Tasmania and the results of these oxperiments

are awaited with great interest.
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Alkaloids of the Australiasn Monimiaceae:

' Plants of the family Monimiaceae include the cndemic Boryphora,

,Daghnapdga, Atherosperma end Dryadodaphne species, all of which ars

alkaloid conteining. The first two gonera have yielded only scikal-

oids of the bisbenzylisoquinpline type whilst Dgyadbdaphne novo-

'guineensis (Perk.) A.C.Smith has yielded spermatheridine and bia-

benzylisoguinoline bhases. Athorospermé moschatum iabill. has
yielded bases of the bisdbenzylisoquinoline, spermatheridine,.

aporphine end 1-R, R-dimethylaminoethylphenanthrene types (rable 1.2).

TABLE ],2.
Alkaloids of the Australian Monimisceae.
Plant Alkaloids Structure Refer-~
| . Zsolated ' ence.
Genus: Daphnandra
D.micrantha Micranthine 1.XXVIII 15,16.
Daphnoline 1 « XXIX 17,18,
Daphnendrine 1.3XX
B.dielsii Perkins Repanduline Unknown 18,19.
Rependinine (%)-Penuipine
O-Methylrepandine 1{.XXXI
(-)-Tenuipine 1.XXXII
D.repanduia F.Muell Repanduline Unknown 20
Repandine , 1. XXXTII
D.fenuipes Repanduline Unknown 18
Whian Whian State («)-Tenuipine - 1.XXXII

Porest) , .
(=)-Nortenuipine 1.XXXIV

Aromoline 1QXXXVII



e

Plant

D. tenuipes
(0Oakes State Porest)

Genus: Doryphora
D.aromatica(Bail.)Smith

D.sassgafras

Genust Atherosperma
A.mogschatum Labill.

Genus:

ggxadodaghne

D.novoguineensis
(Perk.) A.C.Smith

Alkaloids
Isolated

(+)=-Tenuipine
(+)=Nortenuipine
Repandinine

Daphnandrine
Daphnoline
Aromoline

‘Alkaloids

present;

Berbamine
Isototrandrine
Atheroépermoiine
Isocorydine
Spermatheridine
Atherospermidine
Atherosperminine

Methoxyathero-
sperminine

Atheroline
Moaehatoling
Alkalotd C

Dryadine
Spermatheridine
Alkaloid D
Atheroline

22.

Struecture Reference
1. XXXV 21
1.XXXVI

(¥)-Tenuipine

1.XXX 22
1.XXIX

1, XXXVIX

none isolsted 23
pure.

1. XXXVIII 24,10
1. XXXIX and this
1. XL thesis.
1.XL1

1.XL1X

1. XLIIT

1.XLIV

1.XLV

1, XLVI
1.XLVII(Tentative)
1.XILVIIX(Tentative)
Unknown 25 and
1.XLII this
Unknown thesis.
1.XLVI

The presence of alkaloids in the bark of trees of the Daphnandra

26

species was first reported by Bancroft“ .

Much later Pyman'® isolated



1. XXVIil R1= H,R,=Me or vice versa.

Ry= H,R,=Me or vice versa.

1. Xxx R":R‘:Me/ R2=R3=H.
1. XXXVIl R3=R,=H, Ry=Rp=Me.

C1UXXXI R =Me.
1. XXX 1 R=H.

23.



N-Me

1.XXXIl R =Me (a,b;-,-).
; 1.XXXV R =Me (ab;++).
f | 1.XXXIV R=zH (ab;-,-)

| 1.XXXVI RzH  (ab;+,+).

_-1.xxxvm R=H.
1.XXX1IX R=Me.

2‘.



25.

Poxu | 1.XLIL R=H. 1. XLV
- 1.XLUI R=0Me.

XLV RiMeRpsH.  ~ 1.XLVIl
1. XLVIH R15R2=H orviceversa. . .

1.XLV _ Ry=Me,Ry=0Me.



26.

three alkaloids from D.micrantha which he named daphnandrine,

daphnoline and micranthine and suggested tha molecular formulae
CygHzgOGNy  CyglycOcN, and Cy Hy OcN,, réspectively. He reported
the physical gonstants of these bases but carried out no structural
investigations. It is iﬁteresting to note that the dimeric form-
ulae suggested by Pyman came some years before the existence of the
bishenzylisoquinoline molecule was realised.

The chemistry of the remaining Daphnandra species, as well as
b.miefantha, have been gtudied by Bieck and his colleagues who have

also investigated the alkaloids of Atherosperma moschatum aend Dryado-

"daphne nbvoguineensis.
The alkaloidal content of Daphnandra micrantha was shown to vary

considerably with the time and place of collection of the bark

aample‘s’TB; the three bases reported by Pymen were obtained only

from a specimen of D.micrantha collected near Wauchope on the north-

ern New South Wales coast. D.micrentha grdwing north of this point

yielded lesaiand leés éf daﬁhnoline and daphnandriné until a specimen
collected af Draper's Crossing (near Brisbene, Queenaland) gave only
micranthine.‘ | |
‘Micranthine was shown tb belong to the rather small class of

bisbenzylisoquineline alkaloids which possessed e,dibehzo-1,4-dioxin
system17. Analysis indicated‘the formula 034H3606N2 (compare with
036532°6N2 proposed by Pymen) with one methylimino group and

two methoxyl groups. Two of the remaining oxygen atoms were

agsumed t0 be present as phenolic hydroxy groups and the third as a
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diaryl ether bdbridge.

Ozonolysis of 0,0,K-trimethylmicranthine methine (1.XLIX) gave
5,4'-diformyl-2-methoxy-diphenylether (1.L) 1na1§ating head~-to-tail
liﬁkage.of the two benzylisoqninol;ne moieties. Hofmann degrad-
afién of a second product from the ozonolysis yielded a product
whieh‘appeared to be a diformyldimethoxydivinyldibenzo-1,4—diox1n.

~ On bdbilogenetic grounds the Cambridge authors suggested the poss-
idble bisdenzylisogquinolines containing a dibenzo-1,4-dioxin system
linking the two isoquinoline portions vere ropresented by 1.LI,
1.LII and 1.LIII éince_alkaloids containing oxy substituents on
posit;on 5 had not previously been reported and were unlikely to .
arise from 1f(4-hydéoxybenzy1)—6,7-d1hydroxy-1,2,3.4-tetrahydroiso-

quinoline units.

1. XLIX



OHC

0
R

1.L R = Me
1.LIV.R = Et

CHO

28.
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1.LIUI R=HorMe
1.LV R = Me

Structure 1.LI was preforred for micranthine since 1.LII' and
1.LI;1.woula both yield & d1f0rmylmonomethoxyd1v1nyldibenzo-1,4—
dioxin. |

The isolation of 5,4'~d1fornyl-2-ethoxydiphenylother (1,TIV)
from 0,0-diethylmicranthine dimefhiodide by a sequence of reactions
similar to that described above establiéhed ?he position of one of
fhe phenolic'hydroxy groups. Tbe struc¥ure of micranthine was

fheféfore proposed as 1.LI in which R_ is H, o'i"R1 and R2 one is H

5

and the other Me, and of R, and R4 one is H and the other is Me.

3
Qhe application of the conventional aodium/liquid ammonia
f£ission t§ alkeloido containing the didenzo--1,4=dioxin system. was
not succesaful, prodadly because the 1ntermediate product contained

2 phenolic group vhich was capable of forming an 1n961ub19 sodium

sait. Recently, Inubushi, Wamura and Miyawak127

successfully
cleaved isotrilobine (1.IV) in two stages. The first invelved the

use of sodium/sodium hydride in 1iquid ammonia and produced the
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phenol 1.IVI wbich cogtained one diaryl other linkage. Methyl-

ation of this product tollowed by sodium/liquid anmonia fiasion pro-

duced the three products 1 LVII, 1.LVIII and 1.LIX (Scheme 1. 7) thuS“
establiehing the gtruoture of isotrilobine.

OMe

1O |
j N-Me
0 |

2
MeO
1.LVI
1 CH2N2
2.Na/Liquid NH4
Route 2 ' Route 1
fission : fission _
MeG MeO
N-Me MO N-Me
MeO MeO
1. LVl T.LVHI : 1. LIX

Scheme 1.7
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The application of this series of reactions tc 0,0, N-trimethyl-
micranthine is awaited with interest.
Daphnoline, daphnandrine and aromoline were all shown to be

16, differing only in the degree of methyl=-

related to oxyscanthine
ation. Their structures were established by Hofmann degradation

and sodium in liquid ammonia fission of their O-ethyl ethezsze.

Tenuig;ne and nor-tenuipine.

Tenuipine was first isolated as the laevorotatory isomer by

Bick, Taylor and Todd from the bark of Daphnendra tenuipes growing

in the Whian Whian State Forest, N-S.W.’B., The leaves of the same

tree yielded (-)-nortenuipine. Subsequently, (+)-tenuipine and
(+)=nortenuipine were isolated from the bark of 5Qtenuﬁgeg growingf
in Oakes‘Stéﬁe Fofesf;‘n.s.v.21. The taxonomic implication of .
these results will be discussed later. |

Tenuipine was shown to be & biébenzylieoquino;&ne aika101621
contaihing a methylenedioxy group, three methoxyl and t&o methy1- 
imino groups. Because of the occurrence of repanduline (vhich was
known to contain a methyienedioxy group in the benzyl portion of the

8

molecule36) in the seame tree, Bick, Taylor and ?oddl proposed that

tenuipine was represented either by 1.LX or 1,LXI{



@ " Meo

OJ
1.LX R =Me
1.LXI R=H

N-Me

‘This proposal was confirmed by Bick, Harley-Mason and

21

Vernengo®' who isolated repandulinic acid (1.LXII) as an oxidation

product of (+)=tenuipine.

O,H

1. LXH
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fhe n.m.r. speetrum of tenuipine (Table 1.1II) indicated
that 1ta strueture wae repreaented by 1.I1X rather than by 1.LXI.
The presenoe of two well-aeparated E-me*hvl resonancea indicated
that the alkaloid vas of the berbamine claaa, and the high value of
the 6'-methoxyl resonange euggasted that the asymmetrio centres were

paiaad (+,+)lar (-;-);

TABLE 1. III.

N.m.r. speetra of Tenuigine and Ror-tenuipine.

Pormula OMe ' WMe
4" 6 6! T 2t 2
Tenuipi_.ne 1.LX - 6-25 6065 6082 7-40 7065
Nortenuipine 1,IXIII - 6.22 - 6.67 - 7.37 7.68
12

The O.R.D. curve ofr(+)-teauip1ne indicated that the two
asymmetric centres were paired (S,8; +,+).

Nortenuipine contained two methoxyl groups and one phenolic -
aydroxy group. Methylation with diazomethane gave tenuipine..
N.m.r. evidence'’ (Table 1.III) indicated that the phenolic hydroxy
group was at position 7.

The presence of the methylenedioxy group complicated the cleav-
age of (+)-tenuipine with sodium in liquid ammonia’l. vClaysonzg '
showed that hydrocotarnine (1.IXIV) furnished (1.1XV); treatment of
(+)=tenuipine with sodium in liquid ammonia‘gave moatly phenolic
material from which (+)-armepavine (1.LXVI) was isolated. However,

this product could arise from 1.LXVII as a result of the cleavage



v
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Scheme.1.8
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of the methylenedioxy group (Pathway 1 in Scheme 1.8) or from

(. ILXVIII)via pathway 2.

OH
>|.Iqud NH3MeN
OMe

1. LX1V ‘ 1.LXV

Attempts to replace the methylenedioxy group by two methoxyls
produced only & small" quantity of the required product.

Repandnnne,isolated from D.tenuipes 21 (oakes State Porest)
-and D.dielsii18 was shown to be a racemic mixturé of (+)stenuipine

 and (-)-tenuipin92 .

Regandiné.
Repandine was first isolated by Bick and Whalley from Daphnandra

:egandulazo and was subsequently shown by Bick and Todd> to be a
stereolsomer of oxyacanthine. That the asymmetrie centres were
paired (S,S; +,+) was shown by the reduction of'O-ﬁéthylrepandine
(1.IXIX) with sodium in liquid apmonia>'.  Two deitrorotatory

froagments, (1.LXX) ané (1.LXXI), were obtained thus establishing
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the structure of O-methylrepandine as (1.IXIX). The phenolic

hydroxy group was placed.at position 4" as a result of degradét-

ive experiments on Ovethylrepandineso.'

1. LXX o 1.LXXI

In en sttempt to prepare the monohydrochloride of oxyacanthine
(1solated from a Berberis species), von Bruchhausen and Schulze>2
isolated a compound identical with repandine. The 1solation of this
base led von Bruchhausen33 to suggest that 1% arose from oxyacanthine

by a Walden inversion during treatment with hydrogen chloride. Bick
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and T0603° were unable to repeat this work and concluded that
repandine was not an artefact but that it actually occurred in
small amounts along with oxyaoanth;ne in at least one species of
Berberis. However, the problem still remains unresolved gqr,
“although two further worker534'35 have been unable to-repeat the
conversion o7 oxyacanthine into :epaﬁdine, Tomita31 h#e reported

the conversion on a sample of oxyeacanthine isolated from Borberis

tbunbargii.

Repanduline.

The novel yeliow bisbenzylisoquinoline, repanduline, has been

isolated from several Daphnandra species (see Table 1.II) the first

of which was Daphnandra repanﬁulazo.' The tenacious pmanner in vhich

‘this base retained solvent of crystallisation hindered the correct

interpretation of analytical data36'until it was orystallised from

carbon tetrachlorida’7. The amount of solvent of corystalligation

4n 8 sample thus crystallised ééa estimated by a dhlorine analysis;

the analytical data was consistent with the formula C .CC1

3771409772
- with one methoxyl and two methylimino groups. This molecular

4

Ho.C CO,H
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formula coupled with the isolation of repandulinic acid (1.LXX1I)

from the oxidation of repanduline36

wvas atrong evidence in favour
of a biabenzylieoqninolinevekeleton.
The presence of a carbonyl group in repanduline was indicated

1

by @ band at 1707 em  in its i.r. spectrum&WwWaSconfirmed by the

reduction to a hydroxy group with lithium alqminium hydride, and
the formation of a Grignard derivative’a.

Attempts to degrade repanduline by the Hofmann and Emde methods
'faileda’.redﬁctive fission with sodium in liquid ammonia furnished
in poor and variable yield a product, repandu10134’31 wh;ch analys-
ed for 026H2503N with two methoxyls and an Ne-methyl group but no'
methylenedioxy or.phenolio group. . By a comnsideration of the
analyticél data and spectroscopic and chemicsal propeitiee the

tentative structure (1.LXXIII) was proposed for this compound.

OH
OMe

Me-N

OMe

1.LXXIH ’

The tentative structure 1.LXXIV was proposed for repanduline37

on the basis 0f biogenetic considerations, N.M.R. data and the

isolation of the above degradation products.
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N-Me

1.LXXIV

The study of the alkaloids of Atherosperma moschatum and of

Drzaéodaphne novoguineensis embodies the major portion of this

thesis.
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2. JTHE MINOR ALKALOIDS OF THE BARK OF ATHEROSPERMA MOSCHATUM LABILL.

Atherosperma moschatum Labill., commonl& known as southern
sassafras, occurs abdbundantly in rain-forest regions of Tasmania
and Viotoria.  Endemic in Australia, it is a member of the family
Monimiaceae to which also belong the éndemio Daphnandras and
Doryphora species of Qﬁeensland and northérn New South Héléa.
Other representatives of the family Monimiaceae which have yielded
alkaloids include the Laurelia39 and Pneumus40 species from which
& number of asporphine alkaloids have been isolated.
_ The leaves and bark of sassafras have a marked aromatic odour;
the essential oils were investigated by scott?! who reported the
presence of safrole, ougenol methyl ether, pinene ahd camphor. it
~is 1ikely that these 0ils contridbute to the flaﬁour of the beverages
"sassafras tea" and "sassafras beer" which earlier settlers believed
to have marked curative properties. |

Economically, sassafras is of some importance in the manufacture
of clothes pegs and paper pulp. It is particularly suitable to the
former because of its low content of tannin and watgr-solublé, col-
oured material. Its use in the paper industry is, however,
restricted by its yéllow colour which is difficult to remove by
bleaching. Extensive hypochlorite treatment does reduce the col-
our dut higher costs make the proeess uneconomic. Un@er existing
local conditions of manufacture not more than 5% of sassafras is in-
corporated in pulp which is comprised chiefly of the Eucalypt

species E.regnans, E.delegatensis and BE.obliqua. A diecussion of
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the possible source of this yellow colour will be reserved until
later in this thesis. |

Sassafras is interesting in that 1t is probably the first
Augtralian trec from which an slkeloid was isolated. In 1861

Zeyer42

isolated a dase, atherospermine, for which he recorded the
melting point and suggested the formuls 03034005N2}‘ he carrief out
no chemicel investigation of the compound. Almost one hundred

10 shoved atherospermine to be

years later, Bick, Clezy and Crow
1dentical with berbemine vhich these asuthors isolated in 1.6 yield
_ from the bark. O-liethylberbamine was known to have structure 2.1I;
the position of the phenoclic hydroxyl group of berbamine had not
been fixed but only essumed to be at position 4". This assumption
was confirmed dy Bick; Clesy and Crow who isolated 2-ethoxy-S,4'-
aiformyldiphenylether (2.II) from the ozonolysis of O-ethyl-de-FK-
borbamine (2.II1) end (-)-O-ethylarmepavine (2.IV) ass one of the
products of clesvage of O-othylderbamine (2.V) by sodium in liquié‘
anmonia (Scheme 2.1).

Beaides berdbamine, the above authors reported the isolation
of several minor slkaloids including the known bases isotetrandrine
(2.I) end 1socorydine (2.VI) and the new dascs atherosperminine,

spermnatheridine and stherospermidine whose structures vere not

determined.

Both atherospermidine and spermatheridine wore yellow but were
readily reduced by zinc dust and acetic acid to colourleas compounds.

Analytical data indiceted that atherospermidine was a methoxysperua-



~Exhaustive
methylation

2,1 R=Me
2.V R=Et

Scheme 2.1

Na/Liquid NHy

CHO

OMe
OMe
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OMe 0]

Me - OMe <0 N OH
H
OH OMe
oMe OMe
2.VI ' 2.Vl

theridine and, on the assumption that they were isoquinoline alkale
oide, the low C/H ratio led Bick, Clezy and Croy to suggest a type
of structure similar té that of berderine (2.VII).

‘In the preaént investigation the three alkaloidu of unknown
étructnre were iaolatéd and geparated 5y 8 progess gimilar to that
previously descztheé‘ns several other minor alkaloids were also Ob-
tained. Briefiy, the imolation process was a8 follovws: @ chloro-
form colution of the alkaloid extract of sassafras bark wvas extract-.
ed with dilute alkali to remove phenolic basea. The chloroform
lgyer was evaporated to dryness and the berbamine removed from the
residue by fractional orystalligaetion from benzene; extraction of
the benzene mother liquors with dilute elksli removed the orypto-
phenolic bases. Paper chromatography of the non-phenolic fraction
indicated the presence of several alkalcids including one of Rt .83

and one of B£'0.903 the former, whose Bg vas the seme as that re-

ported for spermatheridine, showed s bright yellow fluorescence



44,

under u.v. light whilst the latter exhibited a deep orange
fluorescence and eorreépondea in Rf %0 atherospermidine. A third
spot of Rf 0.74 (atherosperminine) showed a bright blue flu-
orescence under u.v. light. The three alkaloids were readily
separated by Craig distribution in which the stationary phase was
chloroform and the mobile phase was dilute hydrochloric acid, the
concenﬁration of which was steadily increased from 0.1 - 5%.
Spermatheridine was the strongest base and distributed into 1%
acid whilst atherospermidine was extracted by 5% acid; athero-
sperminine temained in the chiordform layer and was readily separ-
ated from a fﬁrther}cbloﬁrless base, alkeloid B, by chromatography
ovéi alumina. The progress of the separation was readily follow-
ed because of the orange=yellow colour of spermatheridine in acid
éoiutién'and the pink colour of atherospermidine.

| Athefospermidiné énd sperméthefiﬁine vere furthér*purified
by_ciystallisatioh from chloreform. Analytieal ﬁefa on the two
-elkalo;ds end the similarity of their u.v. and visible light ab~
sorption spectra (Table 2.I) confirmed the suggestion' O that
éthéroeﬁermidine was é methoxyspermatheridine. Both bases 3éve a
positive methyleneﬂionygroup‘test with ohromottOpic'acf&43; the |
preéence of this group was also indicated by the i.r. spectrn -of
the two b§sés~44 which showod absorption bands at 1420, 1365, 1120,
1655 and 960 em~'. A band at 1657 cn”' was attributed to a highly-
conjugated kefcne groups the presence of the latter was confirmed

when the twd bases were converted to their respeective oximes,
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neither of which showed ~0H absorption in their 1.r.,spectré.

This lack of -OH absorptior will be referred to later.

TABLE 2.1.

U.V. and Visible Light Absorption Spectra of
Atherospermidine end Spermatheridine.

In Ethanol In 0.1N HC1
ny ' oM :
,)\ max log ¢ max 7‘ max log E max
Spezmatheridine 247.5 4.23% 256.5 4633
269 4.16 280 4.25
302 4.70 334 3470
_Atherospermidine 247 4.38 262.2 4.24
281 4.52 283 4.16

312 (inf) 3.95

In 1960, Buchanan and Diekey45 reported the presence of a

yéllow baseg liriodenine, in the heartwood of the magnoliaceous

tree Liriodendron tulipifera L. Liriodenine, which analysed for
6173903N, was oxidised by chromic acid to 1-=azaanthragquinone=4-
carboxylie aoid_(Q,VIII) which was readily decarboxylated to
t-azasnthraquinone (2.IX). These glithors belleved that portion
of the skeleton of liriodenine was anthraquinénoid;' the nature

of fhe remaining ring remainedvundéterhined but wvas 1nfer£ed from
the formation of an oxime, the suggested presence 0f a terminal
methyl group (i.r. spectrum) and the lack bf hydroxyl, methyléne—
dioxy or methoxyl groups in the molecule. On this basis Buchanan

and Dickey suggested the structure (2.X) for liriodenine recognising,
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however, that it was a rather unusual one for & natural product.

2.VIIl R=CO,H

Me

ZJX R=H

The presence of a methylenedioxy group in liriodenine vas

46

demonstrated by Taylor' who reinterpreted the experimental data

and suggested struoture (2.XI) for liriodenine. He confirmed this
_ gtructursl assignment through a facile and refined synthesis.

Working independently, two groups of workers in Taiwan47’48

isolated a yellow base from Hichelie compressa Maxim. yar formosans
and established its structure as (2.XI). Subsequently this base

was directly compared with liriodenine and shown to be identicsal.

The phye&cél properties of spermatheridine vere closely relat-

ed to those of liriodenine; direct comparison of the two compounds
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showed them to be identical. Under the name of liriodenine this

base was obtained from Michelia champaca Linn.48, from M.alba Dcﬁg,

and from Magnolia coco (Lour). DcSO (as well as from liriodendron
45); 51

tulipifera L. when isolated from Michelia compressa Maxim.

and from Y.compressa Maxim. var formosana Kanehira it was called
47

oxoushinsunine and micheline B47 regpectively. The name

spernatheridine is preferred for this elkaloid since it was the

original term under which it was described.

10 _
suggested the formula 018H13°4N. for

atherospermidine but the analytical data was also consistent with

Bick, Clezy and Crow

the formula 018H1104N; a similer analysis was obtained in the pres-
ent work. Analysis also demonstrated the presence 0f a methoxy
group, the position of which was indicated by a comparison of the
i.r. and n.n.r. spectra of atherospermidine and spermatheridine.

1

Both bases showed a stronmg band at 750 cm” ' in their i.r. spectra.

which was attridbuted to the C-H out-of-plane deformation of four

adjacent aromatic protonssg. However, & medium band at 861 cm”

1
in the spectrum of spermatheridine (attributed to the C-H out-of-
plane deformation of an isolated aromatic protonsz) vas missing
from that of atherospermidine. This fact could only be accounted
for if the methoxyl group of the latter was attached to ring A. )
Thus atherospermidine possessed either structure 2.XII or 2.XIII.
Because o0f the insolubility of atherospermidine and sperme-

theridine in the normal n.m.r. solvents their spectra were run in

trifluoroacetic acid. Spermatheridine showed an absorption in .the
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2.XIIL

arématic proton region of intensity one proton at relatively high
field (67.63 ppm)(Pig.2.1). A high-field aromatic proton resonance
in tﬁe spectra of aporphines (2.XIV) has been aesigne653 to the

proton on VG—B énd it seemed a reasonable conclusion that the reson-
ance}at 6 7«63 ppm in‘the spectrum of spermatheridine was also due

to the proton attached to C-3. The spectrum of atherospermidine
(F1g.2.2,) showed no resonance ebout ©7.63 ppm which further indicat-
ed that the structure of this base was represented either by 2.XII

or 2.XIiI.

Since the proposed structures of atherospermidine ecarried no
substituents on ring D, it would be expected that oxidation with
chromi¢c acid would yield 2 product identical with that from spermé-
theridine. Thus, atherospermidine yielded a carboxylic acid whose
i.r. spectrum was identical with the pudblished spectrun of 1-aza-
anthraquinone-4-carboxylic acta?? (2.VIII); +this acid was readily

decarboxylated to 1-azaanthraquinone45 (2.1x).
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Proof that atherospermidine possessed structure 2.XII came

. when 1t was shown that its properties were identiocal with those of
synthetio 1, 2-nethylencdioxy-3-methoxy-7=-0xo-dibenzo=(de,g)=quin-
oline (2.311). The synthesis (Scheme 2.2) involved the formation
of 1-(O-nitrobenzyl)-S-methoky-S,7-methy1enedicxy*3,A—dihydrbiso—
quinoline (2.XV). 2-Methoxy-3-4-methylenedioxyh55-@henethylam1nes4
(2.XVI) was condensed with O-nitrophenylacetyl chloride (2.XVII)

to yield the amide (2.XVIII) which readily underwent the Bischler-
Napieralski reaction with phosphorus pentoxide in dry toluene with
'the formation of (2.XV). Oxidation of this product with selenium
dioxide in acetic 801655 yielded 1=(0-nitrobenzoyl )e5«methoxy=6,7-

46 4,2 this

methylenedioxyisoquinoline (2.XIX). Catalytic reduction
compound gave the corresponding 1-(0%aminbbenzoyl)fderivative
(2.xx) thchvunQerwént the Pschorr cyclisation to yield 1,2-
mathylenedioxy-B;methoxy-7-oxodﬁbenzo-(de,g)-quinoline (2.XII).

rQha-étructurevthQS.demqnstrated for atherospermidine wes recent-
Lé proposed:indqundeqt1§ rqrvpailqpiﬁess, en alkaloi@jfrom the
vanbﬁaceous plant Guatteria psilopus. Through the kindness pf Dr.
Geiésman the two bases were directly compared and shpwn‘to be
hl;déﬂtipal.

46 suggested that the absence of -OH absorption in the

. Taylor
1.&. spectrum of liiiodenine oxime (2.xx1) vas due to hydrogén
bonding between the hydroxyl group and the nitrogen atom of the

isoguinoliné ring; the absence of fOH absorption in the spectrum
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OMe . CH,coCL OMe s
- 0 | NO, N 0 |
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of atherospermidine oxime (2.XXII) cen be regarded similarly.

2. XXI R=H 2. XX
2.XXIl R=OMe '

The third Atherosperma alkaloid, atherospermigine, failed to
crystallise; it waes isolated as a clear oil which repidly darken-
ed upon expdaure to the atmoéphefe. It was purified via its
picrate which crystallised as bright yellow needles analyeing for
62°H2302K-@6H307N3 with two methoxyl gioups. The properties of
this and other derivatives, in particular the u.v. spectrum of the
methiodide, resembled thoge reported for 1-K,N-dimethylaminoethyl-
3,4-diﬁethd:yphenanthrene (2.%x111), &n alkaloid isolated by Cook
and ﬁaynes from Cryptocarya angulata c.T.White57 (sece Table 2.2).

The n.m.r. spectrum of atherosperminine (Fig,Q.}) was in
accord with structure (2.XXII1), ané showed a peak of intensity
six protons at 6 2.25 Ppﬁ (Rﬂez), e complex multiplet symmeirical
about § 2.80 ppm (~CH,~CH,-), end two pesks each of intensity

three protons at 6 3.88 and §3.91 ppm ( 2 x OMe). In the aromatic
proton region a singlet of intensity one proton at § 7.1 ppm was

asoribed to the proton on C-2 and a complex multiplet of intensity
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one proton at § 9.67 ppm to that-on c-5.

TABLE 2.2.

Physicael Constents of Atherosperminine Derivatives
and 1-N.Q—Dimethxlaminoethil—z,g-dimethoxxghenanthréne

Derivatives.
5 1-N,B=-dimethylaminoethyl-
Atherosperminine 3, 4=8imethoxyphenanthrene
Methiodide; m.p. 274.5 = 275.5 281 - 282

Mothiodide; u.v. 312(4.08), 302(4.08) 312(4.09),304.5(4.09)
SPectrUm  599(4,08), 257(4.73) 256.5(4473),252.5(4.70 inf.)
251(4469); inf). o

Picrate; m.p. 188 - 189° '187.5 - 188

' The identity of the two alkaloids was finally proved by a
direct comparison of fhe picrates and hydriodides; the latter had
1dehtioal i.r. sgecfra anﬁ showed no melting point depression'uﬁon
admizture. Furthermore, ﬁoxmann degradation of atherosPGrmininé
yiéided a dimethoxyvinyiphenaﬂthrene, n.p. 80°, identicel with the
correaponding degradation product (2.xX1IV) of 1-N,Nédimethyiaminoethylr*
3,4-dimethoxyphenanthrene.

Alkaloid B was similar to atherosperminine in that it falled
té'CrystéIlise and was obtained as a colourless, viscous 0il which
darkened when exposed to the atmosphere. It was characterised as
1t§'picrate and methiodide. The latter analysed for C,.H,.0,N.CH,I

2172573 3
with three methoxy groups; its u.v. light absorption spectrum was
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closely related to that of“atheiospérminine methiodide (Table 2.3).
Théii.r. spectrum of the free:baee shoved absorption maxima at
| 2810 ané 2760 cm;1 attributed to a dimethylamino gfouping58.
Hofmann degradation produced 2 hasic, asmmoniacal-smelling gas.
presuﬁabijvtrimethylamine, and?é{nitrogenvfgee compound whose i.r.
spectrum showed thé pregsence of'a vinyl grouping. O;idation of
this compoﬁnd gave a non=acidic prodﬁqt (2.XXVIII) which showed =OH -
ébsorption in its i.r. spectrum, analysed for 01932005’ and gave
a positive glyecol testsga |

It wvas evident that alkaleid B was ae1T§,N;dimethylamiudethyi;
:}iimgthoxyphepgnthrene; the positions of the three methoxyl groups
remained only to be doternined.

v- If ve assume that these phenanthrene dérivgtives ére-formed

in nature frum the correspondiﬁg aporphines, then, on the basis
of Y%iogwnetiec theoryGo, poSitidna 3 and 4 should cazry OXy groups

as in (2.XXIII). Of the possible locations for the third methoxyl
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TABLE 2.5.
v.V. Absorptiqn Spectrum of Alkaloid vB.
EtOH EtOH
A max log ¢ mex A max log € max
295,.5 4.05 fep iy 4 4.52
284 4.03

group in alkaloid B, i.r. and n.m.r. spectroscopy indicated that
poaitidn 2 was the correct one. |

In the C-H out-of=plane bending region, the i.r. spectrum
of atherosperminine (2.XXIII) showed absorption maxima at 750 en™ !
{four aéjacent aromatic protonssz) and 860 cm”! (isolated aromatic

252). The first of these peaks appeared also in the

proton on C-
spoctrum of alkeloid B, but not the second. This indiceted that
rihg A of elksloid B was fully substituted and hence that all
three methoxy groups vere present in this particular ring.

A similar conclusion was resached upon examination of the
n.m.r. spectrum of alkeloid B (Fig. 2.4) which resembled that of
afherosperminine. It showed a reconance of intensity six protons
at 532.38dppm (ﬂMeg) and a complex muiﬁiplet symmetrical about
62.95 ppm (-CH2-CH2-). Three peaks, each of intensity three
" protons, occurred at § 3.96, 4.00 and 4.05 ppm (3 x OMe), whilst
in the aromatie proton region a series of peaks occurred between

§7.50 end 8.00 ppm, and a‘multiplet of intensity one proton at

- 89.83 ppm (55)- Thé absence of any resonance about §7.1 ppm
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further indicated that C-2 carried the third methoxy group.
Alkaloid B is thus & methoxyatherosperminine with structure

(2.'XXV). The degradation of alkaloid B must have followed the

. , ' - OMe
. MeO
) Me0 N Mey OH”
= .

2.XXVI -

route shown in Scheme 2.3.

KOHlHezt- '

KMDOL

~ Acetone

2.xvin T ) O 2LXXVIL

Scheme .‘2 .3
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The synthesis of 1-N,K-dimethylaminoethyl-2,3, 4-trimethoxy-
phenanthrene (2.XXV) involved the formation of 1,2,3-trimothoxy-
sporphine (2.X%IX) by standerd methods. The amide (2.XXX), formed

61 and O-nitrophenylacetyl-

fron 2,3,4-trimethoxy~ g -phenethylamine
chloride, undervent the Bischler-Napieralski reaction to form 1-
(0-nitrobenzyl)-5,6,7-trimethoxy-3, 4-dihydroisoquinoline (2.XXXI).
The methiodide of this compound was reduced to 1-(0-aminobénzyl)-
2-aetny1-5,6,7-tr1methoxy-1,2,3.4—tetrahyaro1§oqu1nolzne (2. XXX11)
vhich was converted to 1,2,3-trimethoxyaporphine by the Pschorr
cyclisation. Hofmann degradation of this compound gave 1-N,R-
dimethyleminoethyl-2,3,4=-trinethoxyphenanthrene (2.XXV) which prov-
ed identicsl with alkaloid B from a comparison of the physical
properties of the fres bases and their derivatives. 142y 3=Tri-
mothoxyaporphine methiodide (2.XXXI1I) crystallised from an acetone/
benzene mixture and retained denzene of crystallisation quite ten-
aclously. Only after drying over phogphorus pentoxide for 48 hou;Q
at 100° and 0.03 um Hg d1d the cowmpound enalyse for 0, H, O,NI.

_ The presence of half a molecule of benzene in the anslyticel samples
dried et 50° was supported by their n.m.r. spectra which showed a

singlet of intensity three protons at 6 7.31 ppm.

The renuaculaceous plant Thalictrum thunbergii D.C. contains

the alkaloid thalicthuherine62 (2.XXX1V), the only other recorded
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'alkaloid with the 1-am1noéthy1phehénthréne gkeleton.

From the phenolic alkaloids of A.moschatum two further yellow

alkaloids were 6btainéd for which the names atheroline and moschat-
olinévaie‘suggested.' They weré separated by éraig aistribution in
a manner similar to that outlined for the non-phenolic fraction.
Atheroline distributed into 0.1% acid whilst moschatoline was ex-

tracted by 0.5% acid.
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Atheroline crystallised from chloroform/ethanol egs orange
prisms which melted vith decomposition over a wide temperature
range (250—2600). Its i.r. spectrum showed carbonyl abeorption
at 1639 om~1; 4ts u.i. and visible light absorption spectra
(Table 2. 4) showed that it possessed a 7-oxo-dibenzo-(de,g)~
quinoline ekeleton.

A positive ferric chloride test an& an absorption band ét
3250 cm’1 in 1ts'1.r. spectrnmlindioaféd the presence of a phenolic
hydrozxy group. Treatmént of atheroline with acetic anhydride in
pyridine yielded O-acetylatheroline which crystallised from pyridine
as yellowv needles and analyeed'for ¢21H17°6N with one acetyl and
three methéxy groups. In the arométic proton region, the n.m.r.
spectrum of O-acetylatheroline (Fig.2.5) showed fhree oneaprqton
ainglets at 6 7.11, 8.20 and 8.80 ppm, and two one-proton doublets
(3 = 7 cps) centred at 5 7.64 and 8.80 ppm respectiQely. These

features were compatible with structure 2.XXXV, which had oxy



63,

TABLE 2.4.

U.V. and Visible Light Apsorption Spectra
' of Atheroline. o

In EtOH In 0. 05N _HC1 (EtOH/H,0 o) In 0.0§H NaOH( RtOH/

£0 )
. _20
nu mu : mu
xmaxA 1?3 € max M max 103 nex Mmex ;og €n
244 4.09 257 4.12 - 252 4.04
273 4.17 282 4.12 294 3.99
292(inf.) 3.96 | - - | 320 3.98
355 " 3.90 - -
380(4inf.) - 3.83. . 385 4.05 390 3.74
435 3.62 500  3.38 535 3. 46

subatituents at positions 1,2,9 and 10. The singlet at high field

vas asaigned to H 53, that at 6 8.20 ppm to Hé and that at 6 8.80 ppm

3
to H 53._ The doublets form an AB quartet arising from h4 and_ﬂs;

1
by comparison with pyridinesa, H

5 would be expeeted_at lover field
than 34, which was thgs assigned the.doublet around % 8.80 ppm. The
converaioh of atheroline into the known alkaloid 1,2,9,10=-tetra-
methoxy-7-oxo-dibenza-(de,g)-quinolin964(2.XXXVI) by methylation with
methyl iodide end methanolic sodium methoxide cqnfirmed the skeleton
of atheroline-énd the location of oxy substituents af positions'1,2,
9 and 10. | _ |

At first, the structure 2.XXXVIII was proposed for athefoline

on the baeis of its n.m.r. and u.v. epectra7a.

In the methoxyl
proton region of the spectrum of O-acetylatheroline (Pig.2.5) a peak

of intensity six protons occurred at 5 4.01 ppm and one of intensity
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90Me

2.XXxVv (R =Ac) ' 2 . XXXVII
2 . XXXVI (R: Me)

2. XXXVl (R=H)

thee protons at § 4.03 ppm. All three methoxyls thus gave almost
indistinguishable proton absorptions; with O-methylatheroline
(2.XXXVI) end glaucine> (2.XXXVII), however, three of the methoxyls
abgorded ét the same field, vhile the fourth absorbed at distinctly
higher field, although the difference in the case of O-methylathero-
lineAwas far less marked than in the case ofvglaucine. The high-
field methoxyl resonance in the spectrum of glaucine vas aasignedsé
to the methoxyl at positidn 1 since it was shielded by the adjacent
aromatic ring I. The same consideration should hold good for O-
methylatheroline (2.XXXVI) z2nd thue the three proton peak at

1) 5.95 ppm (Fig.2.6) was assigned to the methoxyl at position. 1, and
the nine~proton peak at 5 4.03 ppm to the remaining three methoxyls.

The absence of & peak around 8 3.95 ppm in the spectrum of O-acetyl
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atheroline indicated that this base had its acetoxy group located
at position 1 and that it was represented by (2.XXXV), while athero-
line vas represented by (2.XXXVIII).

The large dbathochromic shift of the absorption bands of the
u.ve. aﬁd visidle light absorption specfra of atheroline in alkali
as compared to those observed in neutral solution (Tab}e 2.4.) was
considered to support this proposal. . This shift was ascribed to
mesomeriem of the anion (2.XXXIX) formed by ionization of the phen-
olic group. The contributing form (2.XL) to the resonance hybrid
contains three aromatic rings as for (2.XXXIX) and should heve com-
perable energy to the latter form. This fact, together with the
distribution of charge between the two canonical forms; would be ex-
pected to produce & considerable deepening of colour of the anion

65, greater than if the hydroxyl

as compared to the neutral molecule
was located 'in any of the elternative positions 2,9 end 10, since
none of thege locations for the hydroxyl group would result in

anionsg with'contributing forms of so neearly equsl energy.

OMe

2. XXX1X ' 2.XL
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To confirm the proposed structure (2.XXXHIIi) for atheroline,
the total syntheeis of 1-hydroxy=2,9,10-trimethoxy«7-0x0-dibenzo~
(de,g)qquinolipe was attgmpted, but failed at the penultimate stage.
Throughout the synthesis the hydroxyl group was protected by benzyl-
ation; it was to be finally removed by hydrolytic cleavege with
boiling dilute sulphuric acidss. The synthesis (Scheme 2.4) in-
volved steps analogous to those outlined in the synthesis of athero-
spermidine. 1-(2'-Nitro-4',5'edimathoxybenzoyl)-6,7—dimeth0xy;sof
quinoline‘(z.xLV) wvas obtained in good yield but when it was shakén
in a hydrogen atmosphere in the presence of a Raney Nickel catalyst
and the reduction produst subjected to a Pschorr cyclisation a con-
siderable quantity of purple material was obtained and only a trace
of yellow, non-phenolic product. The latiter was heated under re-
flux in dilute sulphuric¢ acid to yield a pink solution which gave a
yellow compoﬁnd upon neutralization. Thie product gave a blue
colour in alkali - consideradly deepef than the colour of atheroline
in alkall. Prom these colour reactions it appeared that this small
quantity of material was, in fact, the required product dut its
identity could not be confirmed begause of insufficient material.
Its deeper blue colour in alkali as compared to that of atheroline
threw some doubt on the proposed siructure (2.XXXVIII) for the
latter.

Almost certainly the failure of the Pschorr cyclisation result-
ed from the debenzylation of (2.XLV) when the reduction of the nitro-

group was attempted. Attempts to reduce this group using aqueous
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sodium sulphide  or iron filings in acetic acid 8 eleo failed.

An alternative means of confirming the propossd structure of
‘atheroline involved the comparison of the properties of synthetic
 1=ethoxy=2,9,10-trimethoxy-T-ozo~dibenzo-(de,g)-quinoline (2.XLVI)
with those of O—eﬁhylatheroline. The synthesis involved steps
analogous to those outlined in Scheme 2.4 the reduction of the
nitro=group of the comppund corresponéing to (2.XLV), and subsequent
Pschorr,cxclisation, proceeded smoothly and the required product
(2.XLVI)l;as obtained.

e-ﬁthylatheroline, prepared by ethylation of atheroline wkth
ethyl/icdide‘and sodiumy?thoxide, melted at 210-212° whilst the
synthetic material (2.XILVI) melted at 196-198" ; a substantial de-
praession in melting point resulted when the two gompounds were mixed.
The i.r. spectra of the two compounds were closely related but sig-
rificant differences oeccurred in the T700-1C00 cm" region.

On the basis of this evidence, structure (2.XiVI) for C-ethyl-
atheroline was rejected and the proposed structure (2.XXXVIII) for
atheroline proved to be incorrect. A fu?ther two isomers of 1-
othoxy=2,9,10-trimethoxy~T=-oxo-dibenzo~(de,g)=-quinoline (2.XLVI)
vere prepared and their properties compared with those of O-ethyl-
atheroline. 1,2,9=Trimethoxy=10-cthoxy=T-0x0-ditenzo~(de,g)-quin-
qline (2.XIVI1) depressed the melting point of O-ethylathéroline
and the i.r. spectra of the two compounds, aslthough closely relaied,

were not identical. However, the i.r. spectra of 1,2,10=trimethoxy-

9=cthoxy~T-0x0-dibenzo-(de,g)_quinoline (2.XLVIII) was identical with
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that of O~ethylatheroline and the two compounds showed no mixed-
melting point depression. OC-Ethylatheroline is thérefore repres-

ented by structure 2.XLVIII and atheroline by 2.XLIX.

MeO Q MeO
MeO MeO

N
0
EtO Me0"
OMe OEt
2, XLVl ' 2.XLvVI 2.XLvil
“10OJO
MeO N
0
MeO
OR
2. XLIX (R=H)
2. L (R=Ac)

4 clue indicating the correct structure of atheroline, over-
looked in the initial assessment of the n.m.r. evidence, could now
be appreciated: whilst the aromatic proton resonances due to HB’

H, and Hg (Pigs.2.5 and 2.6) occurred at the same field for both

O-acetylatheroline and O-methylatheroline, resonances due to H8
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( §8.20 ppm) and H,, (5 8.80 ppm) in the spectrum of O-acetyl-
atheroline occurred at rather lower field than the corresponding
resonances in that of O-methylatheroline (% 7.93 ppm and 58.65 ppm
respectively. ) Furthermore, the down-field shift of the HB reson-
ance vas greater than that of the 811 resonance,

It is well established that electron-withdrawing groups attach-
ed to an aromatic nucleus produce downfield shifts of the resonance
positions of aromatic protons and thies shift is greater in the ortho-

80, Highet ang HighetGg have recent~

than the meta= or para-positions
ly reported that such is the case for the aromatic protons of a
phenol acetate as compared to these of the phenol whilst the reson-
ance ﬁositions of the aromatic protons of the phenol remain unchang-
ed upon the formation of the methyl ether. Taking these results
into consideration, the acetyl group of O—acetylatheroliné must dbe
in ring b, orﬁho to HS and meta to H 11 thus supporting the structure
(2,1) tor O-aoatylatheroline and (2. xm:x) for atheroline.
Recently, atheroline was isolated from gggggggg_gig;;ggg;;7o
a mqnimiaceous plant from New Caledonia. |
~Moschatoline failed to crystallise dbut formed a yellow crystal-
line acetate end & pink hydmchloride. Its u.v. and visible light ab-
sorption spectra {Table 2.5) clearly indicated thet it possessed a
7&oxo—d1benzo-(de,g)-quinoline skeleton; thisg was supportedmby the
i.raepectrum of O-acetylmoschatoline which showed absorption bands

-1 1

at 1775 cm and 1657 cm . The former was assighred to the ester

carbonyl. Moschatoline gave a negative methylenedioxy test and a
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positive test with ferric chioride.

TABLE 2.5.
U.V. and Visible Light Absorption Spectra of Moschatoline.
In EtOH In _0.05N HC1 EtQH Hag) In 0.05K Naongstog[Hagp
my my my '
)\ mnax log Emax )‘ max 108 Emax >‘ max 1°g Emax
237 4.47 246 4,37 247 4.42
272 4.41 281 4.40 283 4.31
315(inf.) 4.10 - - 310 4.25
374 3.55 . 390 3.63 407 3.99

440 3.67 496 3.36 517 3.33

The n.m.r. spectrum of O-acetylmoschatoline (Fig.2.7) showed
two methoxyl resonances (three-proton singlets at 5'3-91 and
54.11 ppm) and one acetyl group (three-proton singlet at § 2.50 ppm).
The absence of any one-proton singlet around 8‘7;10 ppm in the
aromatic prcton region indicated that C-3 carried a substituent.
Bilogenetic theoryso would predict that positions 1 and 2 would
carry oxy substituents and hencé ring A would be fully substituted.
This econclusion was supported by the i.r. spectrum of O-gcetyl-
mosohatoline which showed a medium band at 760 cu~' (C-H out-of-
plane deformation of four adjacent aromatic protonssz) and was con-
firmed when it was shogn that the physical properties of O-methyl-
moachatoline were identigal with those of synthetic 1,2,3-trimethoxy-

7-o0xo-dibenzo-(de,g)-quinoline (2.LI) prepared from 1-(0-nitrobenzyl)-

5,6 7=trimethoxy-3,4-dihydroisoquinoline (2.L1I)(Scheme 2.5).
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~ The n.m::; épéctiuﬁ ot‘O-methylnésohatoline (ﬁig.2f8) ghowed
thrée Qiatinct methoxﬁlrreeoﬁgnoéd ae?s 4.06, 4,10 end 4.18 ppm.
By obéﬁariaon vith the NeMe P speetruu of the apcrphine alkeloid
ccoteine’ ! (2. LIII) ﬁhe low-field methoxyl resonance was assigned
to the mothoxyl group on (-3, The high-field resonanae was
essigned to the methoxyl on 0-153: the remaining zesonancé uaa_
due to that on C=2. ‘

‘ In the n.m.r. Speetrun of 0—aoety1mcsehatoline one of the
methoxy groups resonated at oonaiderebly higher field (S 3.91% ppm)
than any of the methoxyl groups of O-methylmosohatoline. The
presence of the acetyl group therefore hed a pronounced effcct on

the position of the methoxy resonances thus enabling no correlation

to de made between the resonance positiong of the methoxyl groups



77.

OMe

<OL

MeQO
OMe

2.1l

of O-methylmoschatoline with those of O-acetylmoschatoline. How-
ever, the wide separation of the methoxyl resonances in the latter
ieada one to suggeat that these two groups are on positions 1 and
3.  Thus O-acetylmoschatoline is assigned the tentative struotv’e

2.LIV and moschatoline the structure 2.1V.

2. LIV (R=Ac)

2. LV (R=H)
The u.v. end visible light ebsorption spectra of moschatoline
(Table 2.5) lend. support to this proposal. The absorption dands

underwont a ba hochromic shift in ethenolic alksli as compared to



78.

thoase in ethanol; the magnitude of this shift was of the same
order as that obeeriea for atheroline and likewise was ascribed to
mesomerism of the anion. If the phenel grouping was at position
1 or % the contributing structures (2.IVI) and (2.LVII) to the
resonance hybrids of the respective anions (2.IVIII) and (2, LIX)
would each contain three aromatic rings and thus have similar
energies. Upon the addition of alkali, the u.v. and visibdble
light absorption bands of both compounds would thus be expected to
undergo bethochromic shifts of simtlar sagnitude dut these shifts
would be greater than if the phenol group was at position 2. In
the cese of the latter compound the contribdbuting structure (2.IX)
to the resonance hybrid of the enion (2.IXI) containe only one
aromatic ring and the energy difference between the two canonieal
formg would be expected to ﬁéntar greater than if the phenol group
vas at either of the alternative positions 1 or 3, but only slight-
ly less than that between the contridbuting structures (Q.LXII) and
(2.LXIII) to the resonance hybrid of the atheroline anion. Since
the shift observed for moschatoline is of similar megnitude to
that for atheroline the abovg conéideratione point to the phenol
grbup of moschatoline being placed at position 2.

Thin~layer chromatography of the cryptophenolic basss of
sassafras indicated that this fraction still contained consider-
able quantities of none-phenolic dages. Conséquently they wvere re-
dissolved in benzene and re-extracted with slkali. The alkall

extracts were vashed thoroughly with benzene, the washings combined



79.

2.Vl

Z2.LVI

T e,

2.LIX

2. LviE

OMe

X

2

2 .,.LXI



80.

MeO

2, X1 2.LX1l

with the original benzene layer and the solvent removed under re-
duced pressure. The residual non-phenolic bases were separated

by Craig distridbution. The early fractions contained gainly one .
compound (A') but failed to crystallise; treatment with acetic an-
hyéride in pyridine produbed no crystalline material bdbut thin-layer:
chromatography showed that & reaction must have occurred since the
majpr component showed an Rf of considerably greater magnitude
than for A'. It therefore seemed likely that an alcoholic hydroxy
group was present in A'.: Oxidation of A' with selenium dioxide
in acetio'écid produced a yellow, crystalline derivative identified
as sperﬁatheridine (2.x1). This evidence indicates that A' is

identical with micheline A (2.LXIV) an alkaloid isoclated from

Michelia compressa var formosana47.

An interesting biogenetic relationship (see Scheme 2.6) exists
between the alkaloids isolated from Atherosperma moschatum. The

spermatheridine typss presumably arise by oxidation of the
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' corresponding aporphine, possibly by way of the 7-hydroxy-aporphine
molecule; the 1-N,N-dimethylaminoethylphenanthrenes presumably
arise from gporphines by a‘natural Hofmann degradation. Barton72
et al. have shown that the methylenedioxy group arises in nature
f;om_atmethoxy‘group ortho to a phenolic hydroxy. If the »ropos-
. ed structure for moschatoline provés to be correct then it is like-

ly that this base is the direct biogenetic precursor of athero-

spermidine.

Sgheme 2.6

Possible Biogenetic Relationship of Atherosperma Alkaloids.

Bisbenzylisoquinoline

‘Tyrosine ———= aporphine — > T=hydroxyaporphine
1=, N~dime thylanino~ spermatheridine
ethylphenanthrene type
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" The application of tracer techniques to the biosynthesis of

the Atherosperma alkaloids should yield interesting results.

BXPERIMENTAL.
Isolation snd Separation of the Alkaloids.

A large scale extraction éf the bark of A.moschatum (32 kg)
was carried out by the-Diﬁiaion of Organic Chemistry, C.S.I.R.O.,
and involved percolation with warm ethanol followed by concentrat-
ion of the crude extract. This was poured into dilute sulphurioc
acid, the aoid mixture filtered and the filtrate basified (NH3,
pH 9) and extracted vith chloroform. The chloroform solution
of crude alkaloid was extracted with aqueous sodium hydroxide (5%,

4 x f% 1) to remove the phenolic alkaloids (175 g Fraction A). A
1arge quantity of dark, viscous material (Fraction B) which pepar-
ated between the sodium hydroxide and chloroform layers was set
aside. mhe chloroform was removed and the residusl s0lid heated
under feflux with benzene and filtered from insoluble material.
‘Yhen cooled, the filtrate deposited berbamine &s colourless needles.
Mosf of the berbamine was removed by repeated crystallisation.
(Total yield 500 g; Fraction C.)

The combined benzene mother liquors were then extracted with
aqueous sodium hydroxide (5%; 4 x 13 1) and washed vith water. The
aikali extract and wvater washings were combined, neutralized and ex-
‘tracted with chloroform to give the cryptophenolic bases (Praction D)

‘Removal of the benzene gave & deep brown solution with & highly
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aromatic odour similar to that of fresh aaseaffaa bark. S8ince
this solution evidently contained a large amount of essential oil
which had not been removed by earlier processes, it was dissolved
in chloroform and extracted with hydrochloric acid (5%; 5 x-2 1).
The first hydrochloric acid extract (Fraction E; 275 g) was kept
seperate from the remaining extracts (114 g; Fraction P) because
of the obviously higher concentration of atherospermidine and
spermatheridine in the latter;

A partial separation of the components of portion of PFraction
E (30 g) was achieved by Craig distribution in which chloroform
was the stationary phase and the mobile phase was dilute‘hydroe
chloric aoid, the concentration of which increased from 0.1% to
5%.. (Table 2.6). Material which distributed into the 0.1% -
5% hydrochloric acid failed to orystallise, whilét the 1% acid ex-
tfaot gave spermatheridine (63 mg).  Atherospermidine (50 mg) was

obtained from the 5% ascid extract.

TABLE 2.6. A
Lraig Distribution of Fraection E.

Transfer No. Acgid COncentrationhfﬁ).

1-23 0.1
24-47 , T 0.25
48-68 0.5
69-89 | 1.0
90-118 . 2.0

119-143 3.0

144295 | 5.0
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Chromatography on alumina of the material which remained in
the chloroform layer gave atherosperminine (0.8 g) and alkaloid B
(0.5 g), both of which were eluted by benzene and isolated as
picrates.

Because of the limited solubility of the latter compounds in
5% hydrochloric acid the remaining portion of Fraction E was dis-
solved in chloroform and extracted with acid of this concentration
(5 x 41). The acid layer gave 152 g of corude alkaloids which were
separated by Craig distridbution in a manner similar to that describe L
ed above. The chloroform=-soluble material (89 g) was chromato-
graphed on alumina; the material eluted by chloroform (52 g) was
combined and rechromatographed in bengene, the eluate from one
column of alumina (1% kg; 69 x 5.5 em) passing on to the top of a
second column (200 83 2.4 x 48 cm). Practions of 25 ml were
collected; the content of each fraction was analysed by-paper
chromatography using the system butanol : acetic acid‘s'watgf ‘
-(8(.)‘: 3+ 17 ¥/v). Practions 6-27 yielded alkeloid B (5,5 &) ena
fréctione 28-615 yielded atherosperminine (31 g). Chloroform (30%)
in benzene eluted isocorydine (2 g) m.p. 179-181° (acetone/pet.
spirit).

Thin-layer chromatography of the cryptophenolic fraction
(Praction D) and the non-phenolic fraction (Fraction E) showed that

complete separation of these two types of bases had not been achiev-

ed by the above process; although the cryptophenolic bases were

qoneentrated into the cryptophenoiie fraction considerable quantities
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of non-phenolic bases were still present. Fraction D (100 g)

was therefore re-dissolved in benzene and extracted with alkali

(2#4; 4 x 1 1). The alkali extract was washed thoroughly with
benzene and the vashings and original benzene solution evaporated
to dryness. The residual non~-phenolic materisl (21 g) was'separ-
»ated by Craig distribdbution. 'cblourleas material (5 I:H Fraction
AY) distfibuted into the 0.01% acid layer failed to crystallise.

An attempt to form & ecrystalline acetete (scotic anhydride/pyridine)
also failed but thin-layer chromstography on alumina (Pig.2.9) in-

dicated-that a reaction had occurred.

Origin

1 1=A"'

2 N '  2=A'after acetylation

Fig. 2.9
A portion of fraction A' (1 g) in acetic acid (10 ml) wes
- heated. two ﬁburs on the water bath with selenium dioxide (0.5 g).
The reaction mixture was poured into weter, basified (HHB) and ex-
tracted with chloreform. The chloroform extract was washed with
wvater, dried, and chrohatographed,over alumina. Yellow material
(0.25 g) was eluted which crystallised from chloroform as yellow
ricedles (0.1 g), m.p. 278—279°,.undepreeaed upon admixturo with
spermatheridine. Ite 1.r. spectrum was identical with that of
spermatheridine.

The phenolic fraction (Praction A) was separated by Craig
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distribution. Colourless material which failed to crystallise
vas isolated from fractions 1-12 (Teble 2. 7). . Atheroline
(150 mg) was 1selated from fractions 13=-170 whilst moschatoline dis-

tributed into the stronger acid fractions 243-350.

TABLE 2.7.
Craig Distridution of Phenolic RBases.
P?ransfer Ko. | Acid Concentration (ﬁ).
1-146 | 0.1
147-220 ' 0.25
221~37% ' ' : 0.5

Characterigatibn and Degradation of the Alkaloids.

1. Spermatheridine.
. Spermatheridine crystallised from chloroform as yellow needles,

MeDo 276-278° (decomp.), undepressed upon admizture with euthentic

liriodenine. (Pound: €, 73.95 H, 3.5. Calc. for C,. H,0,.N:

177973
C, 74.0; H, 3.3%). Its u.v. absorption spectrum shoved xiggﬂ
(log ¢, ) 247.5 (4.23), 269 (4.16), 302 mu(3.70) ana A0;1F HOL

(log € _, ) 256.5 (4.33) 280 (4.25) end 334 mu (3.70). Ite i.r.
' -1 . .
spectrum, which showed ) gzx 1657 ( >C=0) and 1480, 1420, 1365,

11!§, 1052 and 962 ( <8:) y was iéenticalvwith that of liriodenine.
2. Atherospermidine. |

| Atherospermidine'crystellieed from chloroform &s orange-yellow
needles, m.§a 275—276o (Gecomp.). (Found: C, 70.9; H, 3.8.

Calc. for C H O Ns

18 11 ¢4
)\ EvOH
mnax

¢, 70.8; H, 3.6%) Its u.v. absorption

spectrun shoved (log €., ) 247 (4.38), 281 (4.52) anda 312 mp
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0.1N HC1
(4nf.)(3.95) end Amax

262.2 (4.24) and 283 my (4.16).  The
hydrochloride crystallised es fine red needles, m.p; 256-2§8°-J
(deéomp.) and the oxime as yellow needles, m.p. 2344236.5°(decomp,).
Thé i.r. spectrum of atherospermidine showed \);§;1li657 (=¢=0),
1420, 1365, 1122, 1061 and 961 (Qﬁ;'), vhilst that of the oxime
showed neither carbonyl nor hydro;;i absorption.
Oxidation with Chromie Acid.

| Atherospermidine (200 mg) in 25 ml of 1 t 1 (v/v) cone. sulphur-
ic acid/water was heated for 13 hours on the water bath with chromic
oxide (0.4 g) aissolved in 2 ml of water and 8 ml of 131 (v/v)
cone. sulphuric acid/vater, then kept at room temperature for sever-
al hours. The solution was diluted with water and neutralized with
sodium bicaibonafe, filteredvfo remove some ¢rystalline inorganic
material, then extracted continuously with chloroform. Removal of
the chloroform yielded a light yellow material which formed a red

solution in smmenium hyéroxide. Sublimation of this compound at

1550/5 X 10‘3'mm Hg geve a product which decomposed at 300° and
vhose i.r. speetrum was identieal with that recorded for t-agza-

anthraqu1none~4scarbbiylic acid. VYhen this ecid was mixed with
reprecipitated sofium cardbonate and heated to 230° ‘at atmospheric

‘pressure A byight yellow sublimate was obtained, m.p. 27462770.

EtOH
nex max

(4.63), end whose 1.r. spectrum wes identical with the publinskeé

whose u.v. spectrum shoved A log ¢ 326 (3.67) and 250 mu

spectrum of 1-azaanthraqu1none.'
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3. Atherosperminine.

bAtherosperminine picrate crystallised from acetonq/methanol as

yellow needles, m p. 186-188°. The methiodide melted at 274.5 -

) BtOH
max

279 (4.08), 257 (4.73) and 251 my (inf.)(4.69). (Pounds €, 55.6,

276.5%)decomp.) and showed (10g €, ) 312 (4.08), 302(4.08),

H, 5.9. Calc. for 620H2302N.0H3I: ¢, 55.93 H, 5.8%). The 1.r.
spectrum of the hydriodide, m.p. 227-230 y was identical with that
of an authentic Sample of 1=N,N-dimethylaminoethyl=3,4-dimethoxy-
phenanthrene hydriodide, énd the two compounds‘shoged no mixed melt-
ing point depression. The picrates of the two compounds likewise
showed n6 mixed melting poiqt depression.

| 'The free base wes recovered as a brownish oil from the picrate
b& filtration of a chloroform solution through an alumina column.
4. A ikaloid B SMethoxgatherospérmiaine)
Alkaleid B failed to eryetalliee but formed a picrate, m-pe
161-162° (acetone/methanol) The methiodide melted at 243-245°

(deconp.) and shoved A M (10g £ ) 308 (4.11), 295.5 (4.05),

284 (4.03), 259 (4.80) and 217 my (4.52). v(Found: Cy 55.1;
H, 6.2 0, 9.75 N, 2.7; OMe, 18.6, after being dried at 50°/
0.03 mm for 4 hourg. Cale. for 021H2503N.CH I: ¢, 54.9; H, 5.8;
0, 10.0; N, 2.95 3 x OMe, 19.4%).
. The free base was recovered from the picrate as a clear oil,
rapidly darkening on exposure to the atmosphere, whoss i.r. spectrum
| | on™1 : ,Cl3 ’ . B
showed V = 2810, 27§0 (-N\CH3) and 750 (four adjacent aromatic.

protons).
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Hofmann Degradation.
Alkaloid B methiodide (1.2 g) was dissolved in water (750 ml)

and shaken with an exceas of freéhly prepared silver oxide for 1%
hoﬁrs. The precipitated silver ;odide and excesgs silver oxide of
were removed by filtration (filter aid) and the filtrate evaporated
to shall bulk (30 ml). To this was added a solution of potassium
hydroxide (5.25 g) in water (5 ml) and the resulting mixture wes
heated under reflux for 1 hour. Copious evolution of a dasic,
ammoniacal-smelling gas took place. | The aqueous solution was cool-
ed and the oil which hed sepaiétéd wasg eitraoted into chloroform.
The chloroform solution was dried.(MgSO4) and evaporated to dryness.
The resulting‘clear eil (0.5 g) showed sbsorption maxima at 3070,

T in dte i.rs spectrum and

1610, 1004, 913 on”' (CH=CH,) and 745 om"
yielded & picrate m.p. 100-101°,

This 0il (0.5 g) in acetone (25 m1) at 40° waévtreated drop-
wise with a solution of potassium permanganate (1 g) in acetone
(25 ml) and water (25 ml). The mixture was stirred at 40-42° for
33 hours, thén centrifuged to remove the manganese didxide. Remov~
al of the solvents in vacuo left a yellowish 0il which vas treated
vith dilute hydrochloric acid and extracted with chloroform. The
chloroform layer was extracted with 107 sodium carbonate solﬁtion,
washed with water, dried and evaporated to dryness to yield a pro-

duct (393 mg) which crystallised from bénzane, W.Do 87d89°.

(Pound: €, 69.6; H, 6.3. Calc. for °19“éo°5‘ C, 69.:5; H, 6.1%).

cm-1

nag 3290 (-OH) and it gave a positive

Its i.r. spectrum showed V
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glycol test with fuchsin/sulphuroua acid.
The 10% soaium carbonate extract yielded only a trace of

agidic material.

5. Atheroiine.

o Athefoline crystallised'from a chloroform/ethanol mixture as
oraﬁge priaﬁa, m;ﬁa 250-260° (deoomﬁ.) Its u.v. absorption
spectrun (Pable 2.4) waes typioal of the spermatheridine-type alkal-
| oids and 1ts i.r.vspgotrum showed V :2;1 1639 ( >C=0) ana 3250 (~OH).

"It gafé & positive test with ferric chloride but a negative test for

the methylenedioxy group with chromotropic acid.

O=Acetylatheroline. _
. Atheroline (50 mg) in anhydrous pyridine (5 ml) vas treated with

acetic anﬁydride (2 m1), allowed to stand overnight aﬁd then methanocl
was added to decompose thé excess of acetic anhydride. Evaporation
of the solution to;small'bulk yielded O-amcotylaetheroline as yellow

; needles, m.p. 190-195°,  (Found: €, 67.0; H, 4.7; 0CH,, 20.5.

galo, for 02151706N; C, 66.5; H, 4.5; 3 x OMe 24.0 %).

O-Methylatheroline.

. Atheroline (5 mg) in anhydrous methahol (15 ml) vas heated
under reflux for 1 hour with-methyl iodide (0.5 ml) end methanolic
godiun methoxide (0.02 g sodium in 0.5 ml methanol). A further
agdition of methyl iodide (0.5 ml) end sodium methoxide (0.5 m1)
was made and the reaction mixt@re heated a further hour and then
evaporated to dryness. Water was added and the mixture extracted

with chloroform, the chloroform was washed with 5% aqueous sodium
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hydroxide, then with water, dried and evaporated to”dryneea. The
regidue c¢rystallised upon trituration with acetone, m.p. 235-236°
un@epressed upon admixture with an authentic sample of the second

unnamed yellow pigment isolated from Liriodendron ﬁultpifera L45.

The i.r. spectra (in CH613) of the two bases were identical.

O-Etgz;athefoline.

. To alkaloid P {30 mg) in refluxing ethanol (150 ml) was added
an. othanolic solution of sodium ethoxide (0.2 ml; 0.6 g sodium in
15 ml ethanol) and ethyl iodide (0:2 ml). Upon the addition of
base the solution took on a pﬁrplish colour which gradually gave
way %o yellow as the reaction,proceeded.' After one heur a'furthér
addition of sodium ethoxide (0:2 ml) and:ethyl fodide (0:2 ml) was
mede end the mixture heated a fnrthei hour: The soiyent was ?emov&
éd uhder reduced piessure and the residue treated in a similar .
mannér to that deéoribed under O—methylatheroline.to yield O—ethylav
atheroline (20 mg) which crystallised from acetone as yellow needles,
MePe 210-212°, Its u.ve and visible absorptien apectra showed

Aot M (108 € pqy) 243 (4:45), 273 (4:48) 290 (ing:)(4: 22), 354 (3:92),

5 0+051 HC1(Et0H/Hp0)
max

_ max
380 (inf.)(3.96) end 430 mu - (3:.71),

(log € ) 257 (4:51), 286 (4.46), 385 (4:10) and 520 mu, (3:34),

typical of a spermatheridine=-type base. Its i.r: spectrum showed

cm=1

’
\)max

1638 em~ ! (>ec=0).

6. Moschazoline.
Moschatoline failed to orystalliée and wes isclated as & green-

ish-yellow sclid which turned pink in ecid end purple in alkali. It
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gave a positive test with ferric chloride but a negative .test for

the methylenedioxy group with chromotropic or gallic acidsﬂ

O-Acetxlmoechatoiine.
| Crude moschatoline (0.025 g) in pyridine (4 ml) was treated

" wikth acetic anhydride (1 ml) and allowed to stand at room tempera-
ture for 2% days. Methanol was added to décompose the excess oOf
acetic enhydride and the solvents were then remoied under reduced
pressure; the last trace of pyridine was removed by ézeotropic
distillation with benzene. Upon trituration with acetone the
residue crystallised as yellow prisms (17 ng), m.p. 190-200°, de-
preésed upon edmixture with O-acetylatheroiine. Its i.r. spectrum

-1

showed \’;:x 1775 (ester carbonyl), 1659 (conjugated carbonyl) and

760 o™’ (four adjacent aromatic protons).

O-Methxlmqschatoline.

Crude O-acetylmoschatoline (5 ﬁg) in methanol was heated under
reflux for & hour with methanolic sodium methoxide (0.02 g sodiﬁm in
0.5 ml methanol). Methyl iodide (1 ml) and further sodium methox-
ide (0.5 ml) were then added and the heating continued a further'v
% hour. One further addition of sodium methoxide (0.5 ml) and
methyl iodide (0.5 ml) was then made and the reaction mixture heated
a further hour after which it was evaporated to dryness, dissplved
in chloroform and extracted with 5% aqueoﬁé godium hydroxide. The
chloroform layer was washéd with water, dried and evaporated to dry-
neses. The residue was chromatographed over alumina; 15% chlbroform/

benzene eluted a small quantity of yellow material which crystallised
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from acstone, M.p. 187-190°, undepressed upon admixture with a syn-

thetic sample of 1,2,3-trimethoxy~T-oxo-dibenzo-(de,g)-quinoline.

The i.r. spectra of the two compounds (in CHCIB)'were identical.

Synthetic Experiments.

1. Synthesis of Atherospermidine.

1-Mgthoxy-2,3-methylenedioxybenzene.
Prepared according to K.N,Campbell, R.F.Hopper and E.K.Camp-

be1173,‘m.p.,41°.
2=Methoxy=3,4-methylenedioxy~ B-phensthylanmine.

Prepared according to T.R.Govindachari, S.Rajadurai, C.V.Ramadas

and,N,Viswanathansfa#

B.P. 108-118°/0.5 mm (Lit. 180°/0.5 mm).
Picrate m.p.216=218 (Lit. 216-218°)

N-[g -(2-Methoxy~-3,4~methylenedioxyphenyl)ethyl] -2'-nitrophenyl-
acetamide. '

0-Nitrophenylacetylchloride (0.816 g) in ether (6 ml) was added
dropwise to a cold, stirred mixture of 2-methoxy=-3,4-methylenedioxy-
B -phenethylenine (0.984 g) in ether (6 ml) and 10% aqueous sodium
hydroxide (6 ml). After this addition the reaction mixture was
stirred during % hour at room temperature, then the product vas
filtered off, washed with dilute sulphuric acid, and crystallised

ffom'ethanol. it had m.p. 157-158° and its i.r. spectrum showed

cm=1

Y pax

3282 (-NH) and 1643 (amide =Cs0). (Found: €, 60.6; H, 5.1.

Calc. for C, H, 0.N,5 C, 60.3; H, 5.0 %)
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1-(0-Nitrobenzyl)~-5-methoxy=-6, 7-methylenedioxy-3;4~-dihydroiso-
quinoline.
The above amide (2 g) in boiling toluene (500 ml) was treated

portionwise with phosphorus peﬁtoxide (20 g) during half an hour,
then the mixture was heated@ for a further half hour and cooled. The
toluene was decented from the solid residue; the latter was dissolv-
éd in water‘(SOD ml) and extracted with ether. The agueous layer
wvas basified (NHB) and the oily precipitate extracted into ether.
Removairof the efher left & red-brown residue (1 g) which formed
prisms 111.13..136;-138.o (from ether). (Found: €, 63.6; H, 5.0.

Cale. for C,.H, (O.N,3 C, 63.5; H, 4.7 4). Its u.v. absorption

speotrum showed kf":zﬁ (10g €, ) 305 (inf.)(3.82) end 280 mu(3.99),

which underwent a bathochromic shift upon the addition of acid to

acid ethanol
ANpex 346 mu.

e (O-NitrobenzOyl)-5-methoxv-6,7-methylenediogz-isoguinol1ne.

The dihydroisoguinoline (2 g) in acetic acid (20 m1) was heated
on’ the water bath with eelenium dioxide (0.96 g) for 3 hours, then
the solution was filte:ed and evaporated ‘to dryness. - The yellow
residue (1.5 g) was oﬁiomatographed over alumina (60 g); a mixture
of 5% chloroform/benzene eluted a yellow fraction (0:3 g) which
cryetailised from acetone as yellow prisms, m.p. 187-188°. Its
u.v., absorption spectrum showed Aﬁ:gﬁ (10g E:max) 270 (4:42) and
232 my (4:46), and its i.r. spectrum v °T' 1667 (=c=0), 1510 and.

max

1359. (~N0,).
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The above isoquinoline (280 mz) was suspended in abgolute
alcohol and shaken for 19 hours with a Raney HNickel catelyst in an
atmosbhere of hydrogen at atmospheric pressure énd'room temperature.
The catelyst was contrifuged off and the'supernatant ligquid evaporat-
ed to dryness. The residue (170 mg) in methanol (7 n1) and 10% sul-
phuric acid (7 ml) was cooled .and dimzotized with sodium nitrite sol-
ution (0.5 ml of N NaNO,). The solution was allowed to stand in the
cold during 15 minutes, then heated on the waterbdath a further 30 min-
ptes. Some red needles gseparated and the soiution took on a deep red
colour. It was cooled and basified (NHB) gnd the yellow precipitate
was extracted with chloyoform. Vhen the_extract wasg evaporated to
small bglk and cooled, fine yellow needles were obtained, m.p. 276~
278° (decomp.). (Founds G, 71.0; H, 3.7. Calc. for C,gH,,0,N:
Cy 70.8; H, 3.6 %)e Its u.v. and visible light absorption spectrum
showed AEEOM (105 ¢ ) 247 (4.33), 281 (4.46), 310 (in2.)(3.95),
380 (3.72) end 437 myu (3.93). The 4i.r. spe;trum of this materisl
was identicel with that of atherospermidine.

' fhe natural and synthetic materials showed no mixed-melting

point depression.

2. Synthesis of Alkalodid B.

2,3,4-Trimethoxy= B-phenethylamine.
61

This was prepared according to M.Erne and F.Ramirez .+ Picrate

m.p. 134=136° (Lit. 136~-137°).
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R={g8 ~(2 =Primothoxyphenyl)ethyl] -2'~nitrophenylacetanide.
O-Nitrophenylacetylchloride (0.816 g) in benzene (6 ml) was
added dropwlse over a ﬁqriod of 45 minutes to a cold, stirred mix~
ture of 2;3,4-tr1methoxy;F;-phencthylamine(1.044 g) in benzene
(6.m1) and 10% sodium hydroxide (6 ml). The product (900 mg) was
filtered off and recrystallised from ether, m.p. 105-106°. (Found:

19

C, 60.9; H, 5.8. Cale. for C,H,,0.N,s C, 61.0; H, 5.9 %.)
-1 |
3276 (-NH) and 1639 (amide carbonyl).

Its 1i.r. spectrum shoved \Vma

1,2, 3=-Trimethoxyaporphins.
Sodium borohydrids (0.45 g) was carefully added to a stirred

X

soluti§n of the above dihydroisoquinoline methiodide (0.73 g) in
methanol (10 ml) and water (1.0 ml). The mixture was stigfedlfor
1 hour at room temperature after which zinc dust (0.9 g) and sul-
phuric acid (10 ml, 10%) were added. _Thé resulting mixture was
sfirréd and heated on the water bath for 15 minutes, the excess of
zing cantrifuged off and the methanol removed under reduced
pressure. The acid solution wae basified (NH ) and extracted with
ether. Removal of the ether left a clear gum (460 mg) whose i.r.

-1 ‘ v
spectrum showed v ° ma 3359 (-mia). ‘This material (1.176 g) in

x
methanol (12.5 ml) and 10% sulphuric acid (12.5 ml) was diazotized
with a solution of sodium nitrite (0.2425 g) in water (1 wl). The
reac%ion“mixture was kept cbld for 15 minutes and then heated for

30 minutes on the water bath, Zinc dust (0.7 g) and concentrated
hydrochloric acid (1.8 ml) were then asdded and the mixture hcated

for a further 20 minutes to complete the reaction and remove the

methanol. The acid solution was basified aﬁd extracted with
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chloroform, the extract dried and evaporated to dryness to yield

8 clear oil (0.573% .g) which was chromatographed over alumina. Ben-

zéne eluted material which crystallised from petfoleum ether, m.p.
o BtOH

at 214~216° (acetone/benzene). (Pound, after being dried at 50°

(108 Emax) 277 my (4.26). The methiodide melted

and 100% for 12 hours/0.03 mm:-.C, 56.65 H, 5,7. Calc. for
0213260331.%06363 C, 56.95 H, 5.7 %. Found, after being dried at
100°/0.03 mm for 48 hourse: C, $4.2; H, 5.7. Cala. for

CpqHpg0NIt O, 54.03 H, 5.6 %) .

1-N, H-Dimethylaminoethyl-2, 3, 4-trimethoxyphenanthrens.

The above methiodide (96 mg) was dissolved in water and oon-
verted to the methchydroxide with freshly prepared silver oxide.v
The éxeaae of silver oxide and pfeciﬁitated'silver iodiée were then
removed by filtration (filter-aid) and the filtrate reduced in volume
%o 3 ml. Potassium hydroxide (1.5 g) in‘wafer (2 m1) was sdded, the
mixture heated under reflux for 1 hour, cooled and extracted with |
chloroform. The chloréform extract was dried and evaporated to
dryness to yield a clear oil vhich formed a pic:afe, &ap. 161—1640,
undepressed upen admixtureAwith alkaloid B picrate. The methio=-
dide, which meltedvat 248-250° (decomp.) showed no mixed-melting
point depression with alkaloid B methiodide. (Found, after being
dried at 50°/0.03 mm for 4 hours: €, 54.7; H, 5.9Q Calc. for
CyqHysOsN-CH,It €, 54.9; H, 5.8 $). Ite u.v. absorption
spec¢trun (ltgzga (108 €,,.) 306 (4.13), 294 (4.09), 282 (4.09) and
259 oy (4.80)) wvag identical with that of alkaloid B methiodide.
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The iqr{_spectrum of the free base was identical with the naturally

occurring material.

3; Attempted Synthesis of 1-Hydroxy=-2,9,10-trimethoxy-7=0xo--
dibenzo-(de,g)~quinoline. '

N-[f3 -{SaMethOxy~4ybenleonghenxlZethyll -2'=nitro-4',5'-dimethoxy-

phenylacetamide.
2-Hitro=-4,5-dimethoxyphenylacetic acid'4 (1.31 g) was suspend-

ed in dry chloroform and phosphorus pentachloride (2.5 g) was grad-.
ually added75. After 20 minutes the acid and most of the phosphor-
ug pentachloride head passed into solution wh}ch was then added drop-
wise to a coid, rapidly-stirred mixture of 3-methoxy-4-benzyloxy-
3 ~phenethylamine (1.7 g) in chloroform (10 ml) and 5% aqueous sod-
Cdum hydroxide'(40 ml) diluted with 20 ml of water. After half an
hour the chloroform layer was separated, the aqueous layer wés vash=
ed with chloroform and the oombined chloroform extracts were washed
with acid, dried end evaporafed to dryness. Trituration of the
residual deep~brown residue with methanol gave colourless needles
(0.8 g) which were removed and recrystallised from acetone, m.p.
155-156°,  (Pound: €,64.%; H,6.1 . Calc. for CogHog 07N,
Cy 65.0; H, 5.8 ).
'14(2'-Ni§ro-§'gﬁ'-dimethoxxhenle2—6-methogg-7~benzgloxx-§,i-
diliyaroisoouinolire. - | ~
The above emide (0.78 g) in dry chloroform (10 ml) was treated

‘'with an iee~cold suspensidn of phosphorus pentachloride (2.5.g) in

dry chloroform (10 mls), the reaction mixture was sealed in a tube
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and allowed to stand seven dayé-at room temperature. It was then
poured into iced water, the chlbrofOrm layer Qas seéarated end the
agueous layer washed with chloroform. The ohioroform.extracfs

were combined,'washed with water, dried and evaporated to dryness.
The.residue wvas exhaustively extracted with warm, dil, hydrochloric
acid, the écid extract ba91fiedA(NH3) end extracted.with chloroform.,
Removal of the chloroform gaveva reddish residue'whioh ocrystallised
upon treatment with ether, m.p. 183-185°. (Pound: C,g763

H, 5.6. Calc. for CEAHQSOSNZ;.vﬁ; 67.55 Hy 5.6 %). When this
dihyaroisoquinoline (0.37 g) in acetic acid (4 ml) was heated 10 min-
utes on the vater bath with selenium dioxide (0,14 g) an. orénges
yellow sclution resulted which was alloved to cool,. wes centrifug-
‘ed and poured,into’water. Extraction with chloroform gave a yellow
.abiution from which was obgained a crystalline product as fine yellow
ﬁeedleé, m.Ps 210—211O end yhgse i.r. epectrum ahowed no carbonyl

- absorption. (Found: C, 69.7; H, 5.4; O, 6.3; N, 18.5. Calc:

for  CpgH,,N,0.¢ C, 70.1; H, 5.45 0, 6.3; W, 18.0 7). |
1-(2'~N;£g0b4'gSf—dimethoxxbenzoxl)-6-methoxy-7~benzzloxyisoa

quinoline*S.

The above dihydroisoquinoline (0.5 g) in aceﬁié acid (10 ml1)
was heated with chromic oxide (0.5 g) on the water bath until an
. oxothermic reaction bggan. After coqling, the reaction mixture
was poured into water, basified (NHB)’ and extracted with chloroform.
The chloroform layer was washed with water, dried and evéporated to

dryness to yield a reddish residue which Qas dissolved in hot ethan-
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ol (1 ml1) and treated with a couple of drops of 50% aqueous sodium
hyérox;de, The solution took on a deep red colour which gradually‘
faded Qith the appearance of yellow needles. The heating was con-
- tinued a further ten minutes, the reaction mixtﬁre allowed to cool
and the product filtered off, m.p. 165-167°. (Pound:  €,65.9;

R, 4.7. Celo, for CoeHy W00t Cy 65.8; H, 4,6 %)

Attempted Eofmag;on of 1-Hydroxy-2,9,10-trimethoxy~7-0x0~dibenzo-

(de,g)=quinoline.

ihe'aboye benzoylisoquinoline (400 mg) was suspended in ¢thanol and
shaken 19 hours in.an atmosphere of hydrogen at’atmospheric pressure
and,rqom temperature in the presence of a. Raney'Nickel catalyst.

The catalyst was removed by centrifugation and the ethan01 solution
was evaporated to dryness. The residue (270_mg) in methanol (6 ml)
and 107 sulphuric ecid (6 ml) was cooled and ‘treated with N NaNo,
'(0;6~m1). The reaction mixture was allowed to stand in the‘refrigs

erator uvernigﬁt, then brought to room temperature'and héated under
reflux for & hour. The methanol was removed under reduced pressure

and‘the acid solution extracted with chloroform:  The chloroform
ezxtract was washed with water, ¢rigd_and evéporatéd to dryness. The
residue (20 mg) was heated under reflux for 3 thr vith 15% hydro-
chloric acid. The pink solution was cooled,‘neutralized with
sodium bicarbonate end extracted with chloroform: The chloroform

layer was washed with water, dried and evaporated to drynees. The

yellow residue vas soludble in 5% sodium hydroxide to give a deep

blue colour;"it also formed a blue’salt with aodium bicérbonate.
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47 1-Ethoxy-2 10—trimeth6 -T~0x0=dibenzo-{de l- uinoline.

1= (2'-Nitro-4';5 -dimethoxzbenle2-6-methoxx-1—ethox¥-2,g-dihxdrOu

isoguinoline.

Prepared accordlng %o R.H P.Manske, E.H. Charlesworth and Y. R,
Ashtora'®, . p. 180-181° (14%. 183-184°).

~(_!Nitro-4',5'-dimethoxybgnzoyl)-6-methoxy-7-ethoxyisoquinoline46.

The above dihydroisoquinoline (1 g) was added to chromic oxide
(1 g) in acetic acid (25 mls) and the mixture heated on the steam :
bath until an exothérmig reaction commenced. The reaction mixture
was then removed from the bath and allowed to cool, poured into
wvater, basified (NH3) and extracted with chloroform. The chloroform
extract was washed with water, dried and evaporated te dryness. The
" residue in ethanol (fv15-m1) was treated with a fow drops of 50% |
aqueous sodium hydroxide and heated on the wator bath; the soluti;n
iook on a deep red colour which gradually faded with the sprearance
of yellow prisms (200 mg), m.p. 164-166°. (Pound: C, 61;5;‘
H, 4,9;’ .Calc, for C,,H,qN, 7 Cy 61.25 H, 4.9 %). Its i.r.

-
spectrum showed V0~ 1676 ( C=0), 1520 and 1342 (-80,).

1-Ethbxz-2,2,1O—tgimethoxyej-oxo-dibenzo-(dg;g)fquinoline46.

The above material in absolute ethanol was shaken et room

temperature for twenty hours under one atmosphere of hydrogen in the
présence of a Ranazy Nickel catalyst. The datalyet was removed by
centrifugation, washed thoroughly with ethanol and the washings and
original supernatant liquid were combined and evaporated ﬁé dryness.
The residue (140 mg) was dissolved in methanol (7 ml) ané 10% sul-

phuric acid (7 ml) end diazotized with N sodium nitrite (0.6 mls);
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the solution was allowed to stand in the cold for # hour after
vhich it was heafed on the steam bath for & hour. The solution,
vhich developed a deep red colour, wés then cooled, basified (NHB).
and extracted with chloroform. The chloroform extract was washed
with water and dried to give a yellow reaidue which crystallised
from acotone as yellow needles (10 mg), m.p. 196-198°. Its u.v.
spectrunm showed AS°O0 (log € . ) 244 (4.45), 272.5 (4.49), 291
(4.22), 348 (4.03), 380 (inf.) (3.96) 427 mw (3.70) and
ig;ﬁsn'3°1(3‘°a/a2°) (t0g €, ) 257 (4.52), 285 (4.46), 385
(4.09) end 500 wP (3.33).

This materiael substantially depressed the melting point of
O-ethylatheroline and the i.r. spectra of the two compounds differ-

noticeably in the 700-1000 om™ ' region.

5. 132,9=Trimethoxy=10~ethoxy=7-0xo=dibenzo~(de,2)-quinoline:
1-(2'~Nitro-4'=othoxy=5"'=nethoxylbenzyl)=6, 7-dimethoxy=-3, 4~

dihydroisoquinoline.
Prepared according to G.Barger, J.Eisenbrand, IL.Eisenbrand

7T, m.p. 142-144° (1it. 142-143°).

and E.Schlittler
The experimental details for the remainder of the synthesis

Qere essentially the samé aé descrided above for 1-ethoxy=2,9,10-

trimethoxy-?-oxo-@ibenzo-(de,g)-quinoline

1-(2'~Nitro-4'-ethoxy-5'-methoxybenzoyl)-6, 7-dinethoxyisoguinoline.

M.p. 189-192°. (Pound: €, 61.0; H, 5.0. Calc. for

CpyHyoly00t Cy 61,25 H, 4.9 7).
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1,2,2-Trimethoxx»10~ethogy-7-oxo-dibenzo-§de,g}-guinoline.
Mep. 220-221°, (Pound: ¢, 68.,7; H, 5.4, Calc. for

021H19N05: ¢, 69.0; H, 5.2 %).. Its u.v. absorption spectrum

showed xﬁ;g“ (log ¢,,.) 244 (4.45), 272.5 (4.48), 291 (4.23),

350 (4.03), 380 (in£.)(3.96) and 428 (3.70) and

3 0« 05N HC1(BtO0H/H,0)
Npag_ | TOHVEE

(4412) and 500 my (3.36).

(log emax) 257 (4.51), 282 (4.47), 385

A gubstantial depresaibn in melting point resulted upon ad-
mixture with O<ethylatheroline. The i.r. spectra of the two com-
pounds were closely related but showed some differences about

1000 om™ ..

6. 1,2;10-Trinethoxy-9=ethoxy=7=oxo=dibenzo~(de,g)=quinoline:
1-(21=Nitro=4'=methoxy~5'=gthoxybenzyl)-6,7-dinethoxy=-3; 4=dihydro-

isoquinoline.
This was prepared according to G.Barger, J.Eisenbrand, L.

. Eisenbrand and B.Schlittler''. Mi.p. 170-172° (Iit. mip: 174=5°).

19(25-Nitgo-4‘-m6thoxye5‘-ethoxxhenzoyl)-6;7-dimg§hoxxisdguinoiine.
fhis was prepared from 1=(2'6nitro-45-methoxy+5;—eth6xyé
benzyl)<3,4-dihydroisoquinoline in a manner similar to that deserib-
ed under iéethoxy-2,9.10-trimethoxys7-oxo-dibenzo¥(de,g)équinoline.
Mip: 186-188°. (Found: ¢, 59.7; H, 5.0. Calc. for Cp H, N.Q:3HD
¢, 61:2; H, 4.9 %).
1.2,10-Trimethoxy~9~ethoxy=T-oxo=dibenzo~(de,g)-quinoline.

This compound was prepared from the above 1-benzoylisoquinoiine

by reactions similar to those described for 1=ethoxy-2,9,10-
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trimethoxy-T-oxo-dibenzo-(de,g)-quinoline. It crystallised from
acetone as yellow needles, Mm.Dp. 210-212°, undepressed upon admix-
ture with O-ethylatheroline. (Pound: ¢€6,69.0; H, 53, Calc.

for 021H19305= g, 69.0; H, 5.2 %.) The i.r, spectra of the two

compounds were identical as were their u.v, spectra.

-Triméthox -7-0xo-dib§nzc~ de,g)-quinoline.

1-‘0—Nitrobenzoxl2-216,I-trimethogzisoguinoline;

1-(O-Nitrobenzy1)-5,6.7—tr1methoxy¥3.4-d1hydroisoqu1noline
(0.5 g) in acetio acid (5 ml) was héated_on the steam bath for 2
hours with selenium dioxide (024 g). The reaction mixture was
allowed to cool, was centrifuged and evaporated to dryness. The
deep yellow residue was chromatographed over alumina. 5% Chloro-
form/benzene eluted 200 mg of material which crystallised from
ethanol gallight yellow needles, m.p.'117-118°.v (Pound: €, 62.0;
Hy 4.5. Cale. for CooH, OcN,: C, 62.1, H, 4.1 #). Ite i.r.

19715

: -1
spectrum shoved V °T_ 1687 (>¢=0), 1524 and 1348 (-§O,).

nax
1,2,3=Trimethoxy-T-oxo-dibenzo-(de,g)-quinoline.

This wes prepared in & similar maenner to the éorresponding
synthesis described: for 1-methqu-2,3—methylenédidxyb7—oxo-
didbenzo=(de,g)~quinoline. The product crystallised from acetone
as orange plates, @.p. 187-190°. (Found: C, 71.2; H, 4.8.

Cale. for CygH, 0,81 C, T1.03 H, 4.7 #). The i.r. spectrum of
- this materiel was identical with that of O-methylmoschatoline. Its

u.v., absorption spectrum showed xEtOH (1og ¢

max max) 234 (4.40),
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272, (4'.'5’4); 310 (in£.)(3.75) and 435 mu (3.90) and

‘xo.csm HC1(aq. EtOH)
max

465 oy (3.57).

: » . 0 (4.48) and
(208 €,,.) 236 (4.37), 280 (4.48)
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3. THE ALKALOIDS OF THE LEAVES AND HEARTWOOD OF A. MOSCHATUM.

i. Alkaloids of the Leaves.
10

Bick, Clezy and Crow igolated a small quantity of a orypto-

phenolic base from the leaves of A.moschatum which they named

epermathegine. Spermatherine crystalliaed from acetone-
petroleuﬁ?as needles, m.p. 124-125°, which decomposed to a brown
mass on exposure to light.

In an attempt to isolate further quantities of spermatherine
the extraction of a large'quanti;y of leaves was eairied out and
the alkaloids separated into phenolic, crypto-phenolio and non-
phenolic frations. The cryptophenolic baées wvere separated by
Craig distribution using chloroform as stationary phase and dilute
hydrochloric acid as the mobile phase. A new base, atherosperm-
oline, distributed into the 0.1% acid layer; the material which
vas extracted by 0.25% acid was combined and ageln separated by
Craig distribution. This time, however, the strength of the acid
phase was greatly reduced. Materisl which distributed into 0.001%
acid vas chromatographed over alumina. ,15%;Benzene/ohlofoform
eluted an amorphous compound whose Ry (0.64) on paper chromato-
graphy was 1dentiqal with that published for spermathé#ine and,
like the latter, the spot doveloped a brown colour after exposure
to iodine vapour. On this evidence the two compounds were thoughf
to be identical. The spermatherine which was isolated in this
work rapidly developed a brown colour upon exposure to the atmos-

phere. It formed a crystalline picrate and a crystalline |
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methiodide which analysed for 019321023.08 I.H20 with one methoxyl

3
‘group. The u.v. absorption spectrum of the methiodide (Table 3.1)

showed that it possessed a phenanthrere nucleus.

TABLE'§.1.
U.V. Abgsorption Spectrum of Spermatherine Methiodide.
EtOH . EtOH -
Xmax log Emax kmax 1log £max
365 5.34 278 4,02
346 3135 255.5 4.62
312.% 4.02 250 4.59

303 3.99

The n.m.r. spectrum of the free base (Fig. 3,I) confirmed
the presence of one methoxyl group (three—prdton singlet at
63.83 ppm); a resonance of intensity six protons at 6 2.45 ppm
was assigned to a dimethylamino grouping and a complex series of
peaks symmetrical about 53.07 ppm to a -0H2-0H29grouping. Thus
spermatherine possessed a 1-N,N=dimethyleminoethylphenanthrene
skeleton. A broad resonance at © 5.91 ppm in its n.n.r. spectrum
was assigned to a phenolic hydroxy group (although the i.r.
spectrum of spermatherine showed only very weak hydroxyl ab-
sorption). A singlet at & 7.25 ppm coincided with the resonance |
due to the chloroform proton but its intensity (integration 1.5
protons) vas far greater than that observed in previous spectra
and ves thought to be due to H, as well as to CHCl, (rig. 3.I).

A low~field multiplet of intensity one proton (69.67 ppm) vas
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assigned to 85.

If, as before,—the’assumption is made that this olass of al-
kaloids_arises from the corresponding aporphine, then spermatherine
vould cafry oxy substituents at C-3 and ¢~-4%°, This conclusion
was stuipported by its i.r. spectrum which showed a strong band at
750 cu™' (C=H out-of-plane bending of four adjacent aromatic
. protdnssg) an@ a weak band at 865 cm'1 (c-H out-of=plane bending
of an isolated aromatic protonsz).

The fofegoing gvideﬁce leads to the aseignmenf of the tentat-

ive structure (3.I) for spermatherine.

3.1 R1=H,R2=Me or‘vice’versg

Atheroepermoline orystallised from chloroform as colourless

prisms, m.p. 183-188°, [ot]:)e + 202° (C, 0.15 in CHCl,). The an-

alytical data pointed to the formula 035H3606ﬁ2‘CH°13 with one

methylinino end two methoxyl groups. This formula, together with

BtCH

the ultra-violet absorption spectrum12 ('kmax

284 my 3 log € fiax
3.97) indicated that the alkaloid belonged to the bisbenzyl!so-

quinoline series. The distinoct phenolic properties of athero ~
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spermoline were consistent with the presence 0f two phenolio
.groups, since alkaloids of this series with one such group were

‘0’1. The isolation of atherospermoline

usually cryptophenolic
from the cryptophenolic fraction is not readily explained. The |
two remaining oxygen atdms presunably link the two halves of the
molecule together and atherospermoline would thus appear to be-
long to one of the types of bisbenzylisoquinoline dases with two
diaryl bridges. ’

As outlined in the Introduction, the principal structural

12 to give rise to

types of these bases (3.1II = 3.V) were shown
broadly similar O.ﬁ.D. curves with two execeptions - type 3.II
“alkeloids in which the asymmetric centres (marked a and b) were
paired (S,8; +,+) or (RyR; =,=~) and type 3.III with the ﬁairing
'(R,S; -y+) or S5,R; +,«). The 0.R.D. curve for atherospermoline
was éf the general pattern (Pig. 3.2) so that the above conf:gur—
ational sub-types which gave rise to the exeeptional»and.more com-
plex 0.R.D. curves were e#clﬁded for this dase. Eurthermore, since
its 0.R.D. curve showed two positive Cotton effects, the configur-
ations (R,8; =-,+) of type 3.II and (>R,R; =y=) of type 3.III, which
Qould give-risé-to negative curves, were likewiae excluded.

- In the n.m.r. spectrum of atherospermoliue, the Nemethyl reson-

n for those bases of

ence at & 2.62 ppm fell within the range found
- type 3.11 which normally had two methylimino groups abéorbing near
.6.2.55 ppm, end glso for those of type 3.III, in which the two

methylimino peaks were well separated and appeared around § 2.3 ppm
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and § 2.6 ppm, but not for those of types 3.IV and 3.V.

.

152

[¢h10°

334

250 mw

1260

233

Fig. 3.2
Taken in

con;unction, the n.m.r. and O.R.D. evidence thus pointed either to

structural type 3.II with the- configuratlon (s R; +,-) or to type
" thet

3. 111 with the conflguration (5,85 +,+).
For alka101ds of type 3 II and 3.III 1t was shown
6 and 7 absorbed around % 3. 9, 3. 75 and

méthoxyls at p031t10ns 4"
315 ppm, respeétivel&, thle ones at position 6' absorbed near
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£3.35 or § 3.6 ppm depending on whether the asymmetric centres a
eand b hed the same or opposite sign. The atherospermoline
spectrum showed two" resonances, each of intensity three protons, at
§3.76 and § 3.30 ppm. These were assigned to methoxyls at pos-’
itions 6 and 6' respectively, and furthermore, the iatter vas sit-
uated in & molecule with asymmetric centres of the same sigﬁ. The
structure of atherospermoline was thus limited to type 3.III and
configuretion (§,8; +,+), with methoxyls at positions 6 and 6',
while positions 7 ond 4% were presumably occupied by two phenolic
hydroxyls.

0f the two methylimino resonances around % 2.3.and $2.6 ppm

normally shown by type 3.III alkalcids, the former was asaigned11

to the N-methyl at position 2 end the latter to that at position 2'.:

Atherospermoline had only one Ne-methyl group which absorbed at'
62.62 ppm and was thus located at position 2'; ‘the nitrogen at
posifion 2 was presumably in a éecondary amino group.

The foregoing evidence can be expressed by the tentative

5_H; a,b; +,+) for

structure and configuration (3.III, ri=g?=R
atherOSpérmoline.

Support for the above assignment came when atherospermoline
was converted into O,0-dimethylatherospermoline dimethiodide whose
i.r. spectrum was identical with that of tetrandrine dimethiodide
(3.vI).

O-Ethylatheroline was obtained as a non-crystalline gum by

treatment of atheroline with & large excess of diazcethane.

il
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EXPERIMENTAL.

Leaves of Atherosperma moschatum (53.5 Rg; dry veight) were
collected a% Maydena (Tas.), dried and extracted by werm methanol
percolation (C.8.I.R.0.). The extract was concentrated and shaken
with sulphuric acid (0.5%, 15 1.), the ascid layer filtered from in-
soludble material and basified with ammonia (pH 9). A flocculent
precipitaté fofmed which was allowed to settle in thé cold roon
ovérnight; the dark supernatant liquid was decanted and extracted
with chlproform. This extract was combined with é chloroform/
methanol solution of the residue and extracted with agueous sodium
hydrozxide (1%, 10 1) to remove the phenolic baseal(10 g)e The
organic layer waé evaporated.£o éryness aﬁd the residue ﬁas‘dis-
aolvg@ in benzene; <the resulting sclution was extracted with
aqueous sodium hydroxide (2%, 2 x 1.5 1). During this process &
thifd, ayrupyilayer formed which was kept separate; _ The alkali
laye; was weshed with benzene, madevacid with conc{ HC1l and then
basified with ammonia (pH 9). The.resulting mixture was extract-
ed with chloroform apd the chloroform layer vas washed‘éith water,
ﬁried and evaporated to drynesé to yleld the cryptophénplio bases
(a7 é). The benzene layer contained & considerabie quéntity of

esaential oll which was separated from the slkaloids by extracting
.the benzene solution with dil. hydrochloric acid (5%, 3 x 1 1;

0.5%, 3 % 1 1.). The acid layer yilelded the non-phenolic alkal-
oids (28 g). '

The eryptophenolic bases were separated on a Craig machine us-
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ing chloroform as the stationary phase amd increasing concentrat-
ions of dil. hydrochloric acid as the mobile phase. ‘PFractions

9-23 (0.1% hydrochlorig acid) yielded athefospermoline (0.5 g).
Practions 24«89 (0.1 - 9.25% HC1) were combined and the counter-
current distribution ropeated using hydrochlorie acid of a_lower ,
concentration. Fractions 19-99 (0.001% hydrochloric acid), which
all showed spots of Re 0.64 and 0.30 on paper chromatography, were
combined, dissolved in chloroform, and extrected with alkald. The
chloroform soluble material (4 g) was chrematographed over alumina
(120 g; acid washed, activity ~ III). 15% Benzene/chloroform
éluted-spermatherine as a brown, amorphbus‘compound vhich was pur-
ified @8 its picrate, m.p. 221-223° (acetone/methanol). It also
formed a methlodide which crystallised from acetone/bet; spirit,
m.p. 209-212° (decomp.). (Found: €, 53.2; H, 5.9; OCH,, 6.9.
Calec. for C O,N.CH

19 2172 3
Atherospermoline crystallised from chloroform as ¢olourless

1.H)0t C, 52.8; Hy 5.7; 1 x OCHy, 6¢8%).

prisms, m.p. 183-188°,, UX];B + 202° (¢ = 0.15; cale. for base

with CHCl, of crystaellisation). (Found: C, 61.9; H, 5.2;

3
N, 3.8 O, 14.2; OCH3, 8.9; NCHg, 2.2; €1, 15.7. Calc. for

635H5607H2 CHGl3

8.95 1 x NCHy, 2.1; Cl, 15.2). It gave a strong positive ferric

c, 6107; H’ 5-3; N, 4.0; 0, '307; 2 X OCHB,

chloride test anéd a negative methylenedioxy group test. The hydro-
’ chlorxde, MeDo 268—274 (decomp.) orystallised as fine, colourless

needles.
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0,0,N-Trimethylatherospermoline dimethiodide.
Atherospermoline (0.05 g) was dissolved in boiling methanol

(10 m1). and methyl iodide (0.15 ml) was added followed by methan-
olic sodium methbxide (0.006 g sodium in 0.15 ml methanol). The'
mixture was heated under reflux and similar quantities of sodium
methoxide and methyl iodide were added at intervals of six hours
until, in all, six such additions. had been made. The solvent was
then removed and the residue dissolved in hot wéter. As it cooled,
the solution deposited a white amorphous solid which was filtered
off, redissolved in hot water, boiled with copper turnings for 10
minutes and then filtered. The wvater was removed unﬁer reduced
preasure end the residue orystallised from ethanol, m.p; 236-240°
(@ecomp. ). | |

Tetrandrine dimethiodide, prepared in a similér»manner, had
m.ps 238-243° (decomp.); .4ts i.r. spectrum was identicel with.

that of 0,0,N-trimethylatherospermoline dimethiodide.
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(11) Alkaloids of the Heartwood.

As mentioned earlier, Atherosperma moschatum is of limited
use in the paper=-pulp industry because of its yellow colour. Ex-
périmenté performed on the heartwood showed that the yeliow colour
vas extractable with methanol and, moreover, was associated with
the basic fraction of the extract. The yellow constituents of
this fraction were separated on a Craig machine into twe highly
coloured sudstances which were further purified by crystallisation
from chloroform; They proved identical ﬁith the alkaloids sperma-
theridine (3.VII) and atherospermidine (3.VIII). No bisbenzyliso-
quinoline alkaloids were foundlin.tha heartwood; the only other

alkaloid obtained therefrom was atherosperminine (3.IX).

MeO
"Me0

MeO

3.VIl R=H

3.Vill R=0Me 3.1X A I

The presence of spermathoridine (3.VII) and enother unnamed

alkaloid (3.X) of similar structure in tulipwood45 (Liriodendron

- tulipifera L.) limits the use of this tree for papermeking in

America; a recent Russian report79

s however, indicates the success-~
ful use of tulipwood for making pulp by the calcium bisulphite pro-

cess.
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' EXPERIMEETAL. »

Pinely gréund gassafras heartwood (5.5 Kg) vas. exhaustively
extracted by cold percoletion with.methanol. The volume of the
..extract was reduced to 4 1 in vacuo, the temperature being kept
below 45°.  The concentrate vas moidified with concentrated
hydrochloric acid (5 mi) end the remainder of the methanol removed
in vacuo. The non-basic material was filtered off and the acid
filtrate, which contained the bulk of the coloured material, was
ﬁade alkaline with emmonia (pH 9). The yellow=-brown precipitate
was extracted iﬁto chloroform, and the extract washed with aqueous
alkali to remove phenolic bases. EVaporation_of the chloroform
extract left a yellow=-brown residue (4.3 g); ohromatography failed
to separate the yellow constituents. They were eventually esepar-
ated by Craig distripution between chloroform and dilute hydrochlor-
ic acid. The. aepara:aion could be followed.by the two pink bands
moving pxogre;sively along the tubes of the Craig machine. " Sperma-
theridine (28 mg) distributed into acid of lower étrength (1%) than
atherospermidine (11 mg; 5%). The yellow bases were further pur-
ified by crystallisation from chloroform and proved identical
(m:p:, mixed m.p., i.r. spectra) with semples of spernatheridine
and atherospermidine isolated from the bark of A.moschatum: When
evaporated to drynees, the chloroform layers of tubes 26«50 of the
Ciaig machiﬁe gave a yellowish oil which was chromatographed over
ﬁlumina; 15% chloroform/benzene eluted atherospermiﬁihe. isolated

as its picrate (30 mg), m.p. 188-189°.
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4., ALKALOIDS OF THE BARK OF DRYADODAPHNE NOVOGUINEENRSIS.

Drysdodephne novoguineensis (Perk.) A.C.Smith [native name

fancnya" (Gasup dialectﬂ grows at Aiyura in the Eastern High-

25

lands of New Guinea. - Taylor - reported the isolation from this

plant of a bisbenzylisoquinoline alkaloid for which the name

25 dryedine from the

dryaéine was suggested. He also isolated
bark of a tree growing in themitherton area of North Queensland.

This tree was morphologically similar to Daphnandra aromatica
LR e

and was assigned the provisional name Daphnandre new species

affiliated to aromatiggsz. Sudbsequent investigation showe683

that this plant was a Dryadodaphne species allied to Dryadodaphne

novoguineensis. (The genus Dryadodaphne is at prosent being re-

classified andextended.)e3 v

Taylor summarised his findings as follows:

"Dryadine analysed for 036H3806N2’ contained two methoxyl
and two methylimino groups, gave one active hydrogen in the
Zerewitinoff estimation and was soluble in the Clmisen crypto-
phenol reagent. The absorption maximum at 285 mp (€ = 8270)
in its u.v. spectrum was of the correct order for a bisbenzyl-
isoquinoline alksaloid. it gave negative reactions for a
secondary amine and the pheﬁodioxin ring system.

“Analyses on_pryadine 8till left one oxygen function un-
accounted for a;d if we assumed two diphenylether linkages, two

methoxyl and one phenolic group, it was assumed that this extra

oxygen function was present as a highly hindered phenolic group.
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Dryadine was uneffected by diazomethane and experiments towards

fully methylating the base were unsuccessful because no crystal-
line produets were obtgined. It was then decided to methylate
with dimethyl sﬁlphate and alkali and carry out the Hofmann de-

.gradation without isolat;ng the intermediate methosulphate.

This was done but no optically inactive methine base was form-

84). Therefore the crude

ed (compare with O-methyloxyacanthin
methine bases were methylated and a second Hofmann degradation
 carried out to yield a erystalline d—methyl—de-nhdryadipe,
036H32°6’ whicﬁ vas isomeric Sut not identical with the de=N=
compéunds derived from oxyacanthine (4.1)16, berbamine (4,11)82

)86, but like them it was optically inact-

and berbeerine (4,III
ive and crystallised with chloroform of orystallisation.

| "?roof that dr&éqine was a member of the bisbenzylisoquinoline
class of compounds with head-to-head and tail-to-tail ether |
bridges ceme from the oxidation of O—methyl-de-ﬁ—dryadine to
5,4;;dicarbo#y-2-methoxydipheny1ether (4.IV) and a second acid
isolated as its methyl ester (A), m.p. 215°.  Analyses on (A)
were not good but showed that it must be 023}124012 and there-
fore 1§omeric but not identical with 5,6,4',5'«tetracarbo-
methoxy-?,3,2'-trimethoxydipheny;ether'(4.V)87, m.p. 152°,

which can be derived from either the oxyacanthine or berbamine

class of slkaloids.

"Dryadine cannot be regarded as arising from Adiphenylethor

formation in the system (4.VII) since such derived compounds
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HO zc o C 02H ROZC OMe MeD C OZR
OMe R02C OMe CO;«’
o
4.1V 4V R=Me
4.Vl R=H

after O-methylation would yield 5,6,4',5'-tetracarboxy-2,3,2"'-
trimethoxydiphenylether (4.V1) on oxidation; therefore eight
possible bisbenzylisoquinoline skeletal structures are elimine-
ated. Dryadine can therefore be represented by the partial

formula (4.VIII)'Q.

The interpretation of the analytical data for dryadine prov-
ed diffioult because of the tenacious manner in which this com-
pound retained solvent of crystallisation. However, analyticél
data on material crystallised from a variety of solvents, reinforc-
ed by n.m.r. and mass spectral evidence, established the formula

37 4006N2 for dryadine and 1ndicated the presche of two methyl-
imino groups and three methoxyl groups rgther than two methylimino
and two methoxyl groups as suggested by Taylor. Thus analyses on
dryadine crystallised from»chloroform/methanol were congistent with
the formulae 03754006N2 H20 or 036H38°6N2’CH30H with two methyl-
imino and three methoxyl groups. At first the latter formula was
thought to be correct, because the n.m.r. spectrum of dryadine

crystallised from chloroform/methanol showed. a three-.

proton singlet at § 3.40 ppm; <this was believed to arise from
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methanol of eiyatallisétion, since this chemical shift was the
eame ag that for methanol. Howevor, the n.m.pr. spectrun of e
sample of dryadine cryatailiaed from. chloroform/isoproPanol

still showed this three-proton resonasnce thus indicating thst it
waa Gue to a methoxyl group in the dryadine molecule. Had dryadine

retained & molecule of isopropanol when thus crystallised, this

vould have been reBdily deteéted by the appearence of two three-
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proton resonances ground 5 1.20 ppm88 and the absence of a three-
proton singlet around § 3.40 ppm.

Anelyses on dryadine crystallised from benzene were consistent
with the formula 037H4006N2.V6 c6H6 with three methoxyl groups
whilst material crystallised from acetone analyesed for
H, L .O_N .1/2 CH_COCH., with three methoxyl groups. The presence

37406 2 3 3
of half a molecule of acetone of crystallisation in the latter

c

sample was supported by its n.m.r. spectrum which showed 8 reson-

83 a8 well as reson-

ance of intensity three protons at 5 2.13 ppn
ances attributed to thres methoxyi and two methylimino groups.

The foregoing evidence suggested that dryadine, 037H4006N2,
was isomeric with oxyscanthine and berbamine. This was supported
by its mass spectrum which showed a parent peak of m/e 608.

Dryadine was methylated in methanol with methyl iodide and
sodium methoxide to yield a fully methylated product which was de-
graded by the Hofmann method to 2 mixture of optically active O~
methyldryadine methines; further Hofmann degradation gave O-methyl-
de-N-dryadine, 036H3206' The n.m.». spectrunm of this compound
showed, @s expected, the presence of four methoxyl groﬁpe. Ox~-
idation with permanganate gave 5,4';dicarboxy-2-methoxy-dipheny1-
ether (4.IV); no product was obtained which corresponded to the

tetracarboxylic acid isolated by Taylor.

The three methoxyl groups of dryadine account for three oxygen
atoms, and if & further two are involved in ether linkages, then
the sixth must be present in the form of & phenolic hydroxy group.
This is consigstent with the cryptophenolic nature of dryadine.

- Purthermore, since O-methyl-de-N-dryadine is isomeric but not



126.

identical with either of the corresponding O—methyl-de—N—compounda"

derived from oxyacanthine or berbamine it is cencluded that y
dryadine differs from oxyacanthine (4.XIX) and berbamine (4,31)
either in the position of the oxy funotions or the position of the
ether linkage between the isoquinoline residues.

90 established the structures

Recently, Fujita and Tomimatsu
of thalicberine (4.IX) and O-methylthalicberine (4.X). These two

compounds conteined the unique 8«6' ether bridge.

4 IX R=H
4 X R=Me

The n.m.r. spectrum of O-methylth_alicberineg1 (Table 4.1)
shoved two almost coincident methoiyl resonances at §5 3.88 and
§ 3.85 ppm. The former was assigned to the methoxyl on position
47 and the latter to that on position 6. Mo other type of bis-
benzylisoquinoline showed methoxyl resonances which were nearly
-eo close to each other11._

.The n.m.r. spectrum of dryadine (Table 4.1) showed two co-

" ineident methoxyl resonances at § 3.87 ppm.



TABLE 4.1.

N.m.r. Spectra of Thalicberine, O-Methylthalicbherine
' and Dryadine. (PPM,§ )

Name - Formula OMe KMe
4n 6 7 V& 2! 2
Thalicberine 4.IX - 3.85  3.75 3.62 2.55 2,09
O—Methyl- 4.X% 3-88 3-85 3075 3064 2-55 2.10
thalicberine
Dryadine (Tentat- 3.87 3.87 - 3.40 2,63 2,20
' ive) : .
The wide separation of the N-methyl resenances ' in the

n.m.r. spectrum of dryadine lesds one to suggest that in the arrange-
ment of its diphenylether linkages, dryadine, like thalicberine, is
an analogue of berbamine (4.XI; a,b; -,+) rather than oxyacanthine

(4.XII; a,b; +,=). The similarity to the berbamine type is indic-

ated also by the behaviour on Hofmann degradationas; nene of the

optically inactive distilbene type of methine is obtained, in con-

84 andvrepandineso. The

trast to the behaviour of oxyacanthine
gsame skeleton as thalicberine (4.IX) can be thus inferred for
dryedine, although this assignment is made with some reservation
in the absence of more model compounds. If it is correct, O-
nethyldryadine and O-methylthalicberine must be dizmasteriomerie
to account for the considerable difference in specific rotation
of dryadine on the one hand (+404°) and thalicberine (+231°) and
O-methylthalicberine (+266°) on the other; also to account for

the difference in chemical shifts of the 7' methoxyl (&§a40, 362
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and 3.64 ppm, respectively). This difference may be compared
with that found11 for the T-methoxyls of the diastereomeric'pairs
oxyacanthine (4.XI¥; a,b; +,~) and repandine (4.XII; a,b; +,+)
eﬁd also tetrandrine (4.XIII; a,b; +,+) and isdtetrandfine
(4.XII1; a,b; =,+).

The O.R.D. curve of dryadine (Fig.{. 1) was of normal pattern
and showed two positive Cotton effects.

If dryadine is assigned the thalicberine skeleton, then the
tetracarboxylic acid arising from the oxidation of O-methylfde-ﬂ‘
dryadine would be identical with that (4.VI) from O-nethyl-de=N-
‘berbamine. Taylor found a considerably higher melting point for
the former compound as compared to the melting point reported in
the literature for the latter; this may not be sufficient evidence
to exclude the possibility of their identity.

The mass spectrum of dryadine showed daughter peaks at /e
226 and &/, 382 wﬁich woere believed to ariae by cracking vis path-
way 1 in Scheme 4.1. These peaks indicated that position 4"
parried a'methoxyl group and that the phenolic hydroxy group waé
véttaéhed to either of the isoquinoline moieties of dryadine, and
-thus lent partial support to the D.MaTe assignmente.

The foregoing evidence leads to the assignment 6f the tentat-
ive structure and éteredehemistry (4.x1v; é,R; +,=) to
dryadine. ‘

Additional information would no doubt be obtained by cleavage

0f the diphenyl ether bonds with sodium in liquid ammonia®.  How-
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4.75¢

1.56

. 4.%XI R=H
4.XHIl R=Me

241 280 296 A(mw)

Fig. 4.1,
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4.X1V

Scheme 4.1

ever, the phenolic group must first be alkylated before the re-
action will proceed satisfactorily. This group is cryptophenolic

and unreactive towardg diazomethane, as found by Taylor. Attempts
to form O-methyldryadine by the dequaternization of C-methyl-

dryedine dimethiodide with é'tlfnanolam:i.ne'g.’5 resulted in a mixture of

bases fgom which only a trace of crystalline material was obtained._
A eimilér deéuaterﬁizatibn’of Ooethylberbaminerdimethiodide afford-
ed O;éthylberbamine in high.yiald.

The cryptophenolin frection of the alkaloid extract of Drxadé—

daphne_novoguineensis yieldéd a small quantity of a yellow, optic-

ally inactive base, alkaloid D, which exhibited a bright, yellow-
green fluoresc¢ence under u.v. light. Alksloid D erystallised from
acetone/petfoleum apirit as yellov prisms, m.p. 198~201°, vhose
u.v. and visiblg light apsorption bands underwent & marked hypso-
chroéicishift in acid as compared to those in neutral solution

(Teble 4.2); this was manifested in the formation of a colourless
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hydrochloride. The i.r. spectrum of alkaloid D shoved maxims

at 3570 cm“ and 3380 cm'1 and these, coupled with a positive
ferric chloride test, indicated the presence of at leasé one phen-
olic hydroxy group. A band at 1633 cm-1 waé attributed to @&

' hydrogen-bonded or smide carbonyl.

TABLE 4.2.

U.v. and Visible Light Absorption Spectrum of
Alkaloid D.

xi:gﬂ, -y x::;dic EtOH’ n
270 , 251
278 (inf.) -
300 (inf.) 270 (inf.)
- 308
407 352

Alkaloid D sanalysed for 02232807 2 and contained two methoxy
and two methylimino groups. The presence of these groupings was
confirmed by the n.m.r. spectrum (Fig.4.II); Also in the n.m.r.
spectrum there was a complex splitting pattern between 6 2.56 ppm
énd ® 3.64 ppm; this was attributed to a -CH,-CH,~ grouping. The
integration showed fourteen protons between these frequencies; soix
are accounted for by the two methylimino groups, and the reméining
eight protons presumably result from two -CHZ'CHZ' groupings.

Since all alkaloids so far isolated from monimiaceous plants belong
~ to the isoquinoline group it seems likely that Alkaloid D would bde

an isoquinoline alkaloid. To account for two N-methyl and two
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-CHE-CHQ- groupings the alkaloid must contain two tetrahydroiso-
quinoline unita.

Alkaloid D gave a negative test for the methylenedioxy
group43.i Treatment of an ethanol solution of the base with ferric
chloride gave a purple colbur which gradﬁally faded with the appear-

ance of yellow needles. These were removed and'recryatallised from

ethanol. They ansglysed for C,,H,.0,N,.FeCl

22728°7"2 3+H,0 and melted at

170° with decomposition.

The i.r. spectrum of alkaloid D hydrochloride showed an ab-
sorption maximum at 1655 en~! as well as at 1633 em™'.  Thus we
have a decrease in colour associated with the formation of a car-
bonyl group.

Insufficient of Alkaloid D was isolated to perform degrgdat-

ive experiments but the evidence gathered so fa# indicates a unique
structure.

The non-phenolic alkaloid fraction of D.novoguineensis yielded

8 trace of spermatheridine.whilst the phenolic fraction gave athero-

line.
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EXPERIMENTAL.

Isolation and Separation of the Alknloids.

A crude alkaloid extraction of D.novoguineensis was carried

out by C.S5.1.R.0. according to Scheme 4.2.

The combined fractions A, B and C (201 g; contained occluded
chloioform) were extragtedywith chloroform in a Soxhlet extractor.
The chloroform solution was extracted with sodiuwm hydroxide (2%;
2x 2 1),Jwashed with water and dried. Most of the chloroform
was removed under reduced pressure leaving a deep=-brown residue
(Praction D). The alkali extract was made acid and allowed to
stand. Some brown, gummy material which separated was removed
by filtration and the filtrate was neutralized with ammonia and
extracted with chloroform. The chloroform extract was washed,
dried and evaporated to dryness to yield a deep brown residue of
phenolic aslkaloid (60 g; PFraction E).

Fraction D was dissolved in benzene and extracted with sodium
hydroxide (2%; 2 x 2 1). The alkali extract was neutralized and
extracted with chloroform; the latter was washed with water, dried
end eveporated to dryness to yleld the cryptophenolic alkaloids
(27 g; Praction F).  Evaporation of the benzene layer to small
bulk yielded dryadine as a colourless,_orysfalline compound (10 g)
which was removed. The benzene mother liquors yielded 27.5 g of
non-phenolic alkaloid which was chromatographed over alumina.
Chloroform/benzene (35%) eluted spermatheridine (50 mg) whilst

chloroform eluted dryadine (1 g).
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39 Kg of Ground Bark o
Extraoted with Five Batohes of MeOH at 40,

|

Extract Extrafted Bark
Concentrated to 9 1 Danpened with 500 ml
Added 100 md SN 82804 of 0,880 Nﬂg in 221
end 58 1 H,0 v Hy0 |
| Slurry with CHClg
Pilter Stand 2 days at room
tenperature
| |
Residue Piltrate g;ﬁter
o » I
Bﬂﬂifvfﬁﬂ3,pﬂ 9 g |
| Filtrate Bark
. I i ] | o '
Residue Piltrate gx;sact with ’%
: | 274
Bxtract with CHCl; ]
Extract with 28 H250, I ‘ I
Basify with 533 Aqueous CHC1g :
Extract with 65013 - extract ~___ Return toBark
Concentrate a 3 for ond -
Basify, KHa,pH 9 (and later
Extract with 3rd) extract
Concentrate
A B ¢

Schene 4.2.
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The cryptophenolic bases were separated by Craig distridbut-
ion in which chloroform was the stationary phase and the mobdbile
phase was hydrochleoric acid, the strength of which was gradually

increased from 0.001% to 1.0% (Table 4.3).

PABLE 4.3.
Pransfer No. Strength of HC1 (%).
0 - 74 0.001
75 - 148 0.0025
149 - 395 0.0
396 - 550 0.9025
551 - 600 0.05
651 - 750 0.5 .

751 = 851 1.0

The first ninety fractions contained very little alkaloid
and were combined. Every fourth fraction of the remainder was
englysed by thin-layer chromatography. Practions 91-190 (1.6 g)
all showed a bright yellow spot (Re O.4; 1% MeOH/CHCl3), exhibit-
ing a bright yellow-green fluorescence under u.v. light. ‘The
combined fractions were chromatographed over elumina (55 g).
Chloroform eluted a yellow fracfion which crystalliséd from
acetone/petroleum spirit as yellow prisms (150 mg; alkaloid D).

The phenolic alkaloids (27 g) were dissolved in 2% sodium

hydroxide and extracted continuously with chloroform for 24 hours.

The chloroform-soludble material was then extracted with ether in a
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Soxhlet extractor; the ether-soluble material (17.5 g) was kept
separate.

Upon acidification of the sodium hydroxide layer some brown
material preeipitatéd and was centrifuged off. The acid layer
vas neutralized (NaHCO3) and extracted with chloroform to yield
material (8 g) which was separated by Craig distribution in the

usual manner (Table 4.4).

TABLE 4.4.
Transfer KNo. Strength of HCl1 (%).
1 - 49 0.01
50 - 195 : 0.05
196 - end 0.1

Fractions 76-188 yielded atheroline (150 mg).

Characterization end Degradation of the Alkaloids.
1. Dryadine.

Dryadine crystallised from chloroform/methanol, acetone,
benzene and chloroform/isopropanol as heedles MePo 249-2510
(decomp.), &K];s + 404°(c, 1.51 in CHCIB). (Found for dryadine
crystallised from chloroform/methanol: ¢, 70.6; H, 6.7; N,‘4-4§

OMe, 14.7; NMe, 4.7%. Calc. for C OgN,-H,05 C, 70.9;

37840
H, 6.7; N, 4.5; 3 x OMe, 14.8; 2 x NMe, 4.8%. Pound for

dryadine crystallised from benzene: C, 73.7; H, 6.6; OMe, 14.7%.
Calc. for 03734006m2.1/3 CcHgt €, 73.8; H, 6.6, 3 x OMe, 14.7%.

Found for dryadine crystallised from acetone: ¢, 72.5; H, 6.6;
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OMe, 14.8. Cale. for C_.H,.O0.N,.1/2 CH

3774076 2 COCH,: €, 72.5; H, 6.6;

3 3
3 x OMe, 14.6)

Drysdine was soluble in Claisen's cryptophenol reagent and
gave negative tests for the methylenedioxy group and the dibenzo-

dioxin systen.

O-Methyl-de-N-dryadine.

Dryasdine (1.25 g) waé‘extracted by Soxhlet extraction into a
mixture of methanol (500 ml) methyl iodide (5 ml) and methenolie
sodium méthoxide (3.75 m13 3 g of sodium in 75 ml of methanol).
The reaction mixture was heated for gix hours under reflux and a
further addition of methyl iodide (5 nl) and sodium methoxide
(3.75 ml) was made. The refluxing was continued and the sddition
of methyl lodide and sodium methoxide was repeated at six-hourly
intervals until, in all, six such additions had been.mada. The
solvent and excess of methyl iodide were thep removed under re-
duced pressure and the residue was dissolved in boiling water,
heated for 10 minutes with copper powder, filtered and stored in
the refrigerator.  The amorphous O-methyldryadine dimethiodide which
separated was removed by filtration, redissolved in warm vafer and
shaken with freshly prepared silver oxide for 2 hours. The ex- -
cess of silver oxide and precipiteted silver iodide were then re~
moved by filtration (supercel) and the volume of the filtrate re-
duced to 30 ml. Potassium hydroxide (5625Yg) in water (5 ml) was

then added and the solution hested under reflux for 1 hoqr. The

O-methyldryzdine methines which separated upon cooling were remov-
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ed by filtration and converted to methiodides (0.82 g). A second
Hofmann dégraﬁation on this material gave O-methyl-de~N-dryadine
(0.33 g) which crystallised from chldrofqrm/acetic acid, m.p.
203-207°.  (Pound: C, 76.2; H, 5.7; 0, 18.5; OMe, 23.1%

Calc. for C .1/2 H,0: ¢, 75.8; H, 5.8; 0, 18.2;

3671329
4 x OMe 21.7%.)

xidation of O-Methyl-de-N-dryadine.

O-Methyl-de-N-dryadine (0.8 g) in acetone (30 ml) was treated
at room temperature with a solution of potassium permanganate (2 g)
in acetone (90 ml). After being stirred for 2 hours at room
temperature the reaction mixture still maintsined its pink colour-
ation and was subsequently heated 4 hours at 40° on thg water bath.
The precipitated manganese dioxide\was removed by centrifugation
and washed thoroughly with sodium bicarbonate. These washings
vere acidified and extracted with chloroform. The latter was wash-
ed with water, dried 2and eveporated to dryness. The residue
(0.5 g) was dissolved in acetone; . upon standing in the refriger-
ator this solution deposited white crystalline material whicﬁ was
removed by filtration and sublimed at 200°/1.0 x 10™° mm Hg to
yield 2 colourless sublimate of 5,4ﬂ-dioarboxy-z-methoxydiphenyl-
ether (30 nmg), m.p. 310° (decomp). Lit. m.p. 315°(decomp).

The acetone filtrate was evaporated to dryness end methylated

in methanol with diazomethane. The mixture of egters was chromato-

graphed over alumina; no crystalline material was obtained.
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Dequaternization of O-Ethylberbamine Dimethiodide.
O-Ethylberbamine dimethiodide (1 g) was heated at 165o with

ethanolamine (1.1 m1) for 20 minutes. The resulting mixture was
treated with 5% hydrochloric acid, basified (NHB) and extracted .
with chioroform. = The chloroform layer was washed with water,
dried and evaporated to dryness to yield & colourless residue
which erystallised from methanol as colourless prisms (0.8 g)
m.p. 186-188°. |

Attempted Dequaternization of O-Methyldryedine Dimethiodide.
Similar treatment of O-methyldryadine dimethiodide (1.25 g)

gave a brown, amorpbous residue (1.0 g) which was chromatographed
over alumina (40 g) in 254 chloroform/benzene. The earlier
fractions (0.7 g) failed to crystallise (thin-layer chromatography

indicated that they were mixtures) whilst the later fractions

BtOH

max 280 my .

crystallised from ether m.p. 168-1700, A

2e Sgermatheridine.

Spermatheridine crystallised from chloroform 8s yellow
needles, m.p. 271—275° (decomp.), undepressed upon admixture with

spermgtheridine from A.mogchetum. The two compounds showéd identic-

8l i.r. and u.v. spectra.

3. Alkaloid D.

Alkaloid D crystallised from aeetone/petroleum spirit
(60°-80°) as yellow prisms m.p. 198-201°. (Found: C, 60.6;
H, 6.4; N, 6.3; OMe, 14.2; NMe, 6.3%. Calc. for Coolipg0n Byt

c, 61.1; H, 6.5; N, 6.5; 2 x OMe 14.3; 2 x MMe, 6.9%.)
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It formed a cploufless hydrochloride, m.p. 260-261° and was sol-
uble in warm 5% aqueous sodium hydroxide. '

Preatment of an ethanol solution of Alkaleid D with ferrie
chloride solution produoed'a purple colour which, upon atanding,'
turned green with the appearance of yellov needles; these were
filtered off and recrystallised from ethanol, m.p. 170—175? (de-
gomp.). (Pound: €, 43.3; H, 4.3; OMe, 10.1; FMe, 4.5; Ash,
138, Cale. for C,,Hyg0,N,.FeCl

28°7"2
2 x OMe, 10.1; 2 x NMe, 4.9%.)

3+Hy0: Gy 42.9; H, 4.9;
Alkaloid D gave a negative test for the methylenedioxy

group.

4. Atheroline.
Atheroline orystallisedﬁfrom chlorofbrm/ethanol as orange
prisms, m.p. 250—260° (decomp.). Its i.r. spectrum was identic-

al with that of atheroline isolated from A moschatum.

cmlinmraat e ———
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5. PAXONOMIC . PROBLEMS. ASSOCIATED WITH THE NEVW SOUTH WALES
DAPHNANDRA SPECIES.

Tﬁe.problem of the.taxonomy of the N.S.w. Daphnandra species
arose when Bick, Harley-Mason and Vernengo isolated (+)=-tenuipine
(1 XXXV), (+)-nortenn1p1ne (1 XXXVI) and repandinine (tenuipine
racemate) from the bark of a tree described as D, tenuipes from

18 had previously iselated repanduline

which Bick, Taylor and Todd
(1.Lxx1v),'(-)—tenu1piﬁe (1.%XXX1I1) and aromoliné'(1.xxxv11). The
latter suthors also 1solated (-)-nortenuipine (1 XXXIV) from the
leaves of tge plent. The difterent ehemieai constituents may have
arisen as ayfesult of different environmental oonditions but Bick
euspecﬁed thét the two plants vere distinet specieé.

'Recently R.R. Sehodde (biiision'of Land Reéeaiéh énd Regional
Survey, C.8.I.R. 0.) undertook a botanioal survey 0of the Austrslian
Mbnimiaeeae and in partzoular the taxonomy of the R.5.W. Daghnandra
species. To obtain support for his taxonomic enalysis he forward-
ed to these laboratories for alkaloid analysis portions of twenty
herbarium specimens which hed been cdllected by eeveralvéther
botanisis as well as himself. It is to be emphasised that these
samples were merely labelled 1-20 ané we were unaware of Schodde's
opinion on the taxa.

The samples were extracted with Prolius' solution and the
alkaloids were isolated and separated into non-phenolic and phenolic
fractions. The former were aenglyscd by thin-layer chromatography

on alumine (Pig.5.1.); the results of these analyses (together



Sample No.a

1
18
7
17
2
3(bark)

15

20

Ydentity (Schodde)

D.tenuipes Perk.

" n

D.micrantha(Tul. )Benth.
L n I

D. tenuipes Perk.

D. johnsonii Schodde

n n

D.crypta Schodde

" n
” . L
f "
7" n

TABLE 5.1.

Collection Reference

FPloyd & Hayes,2 May 1957 ex Coff's

¥.T.Jones, BRIO5799-802
J.L.Boorman,N.5.%. 69730
F.A.Bailey, N.S.W. 67927
Betche; N.S.Y.,67922; TYPE
Schodde 3475

n 3475
Johnson_& Constable; TYPE

Schodde 3375
Schodde 3543
Story 6930
C.T.White 6884
Schodde 3540

143.

Alkaloid Analzsisb(See PFig.5.1) Group
(According
(-)Nortenuipine, tenuipine to
n - alkaloid
analysis)
” . n :
A

n _ "

Insufficient alkaloid isolated
Tenuipine, Unknowns Rf 0.41,0.15

nortenuipine.
Tenuipine, nortenuipine, . B

Unknown,R. 0.15, Unknown,Rf 0.8

Tenuipine, nortenuipine
Unknown,Re 0.15, Unknown,Re 0.8
Micranthine, Unknowns Ry 0.65, 0.75, 0.85

n n " 0.65,0.75, 0.85
" " " 0.65, 0.75, 0.85 c
" n *  0.65, 0.5, 0.85
L " 2 0,65, 0.75, 0.85



Sample No.®

8
9(bark)
9
10

. 11(vark)
11
13(bark)
13
16

12

14

a

Identity (Schodde)

Daphnandra aff.crypta or Nos.11,13

Daphnandra aff.micrantha(i.e. 7 & 17)
(i.e. 7 & 17)
" (i.e. 7 & 17)
Daphnandra spec.nov.or aff.crzgﬁa

n n "

n . n

L n B ) " ”
? n L] " "

1" 1" n i 7

Daphnandra intermediate between

tenuipes and species = samp.11,13
(?)Daphnandra,spec.nov.or aff.crypta

(1.0.= samples 11,13)

1 : n 7" " n

TABLE 5.1.

Collection Reference

Schodde 3525

Jones 2332

Schodde 3579
Schodde 3574

144.

Alkaloid Analzsisb(See Pig.5.1)

Grou
(According

¥.Forsyth,N.S5.V. 67893 Tenuipine to .
S.T.Blake 15898 Tenuipine, unknown, Rf 0.15 :iii;:ig)
" 15898 " n " 0.15 b

N.S.¥. 67896 " n " 0.15

Schodde 3575 Tenuipine, nortenuipine,unknown,ﬁf 0.77
Schodde 3575 Unknown R 0.14

Schodde 3525 (+)—Tenuipine,nortenuipine,umknown?fo.77 B

Unknown, Rf,0.14.

Unknown, Rf,0.14.

Unknown, Rf 0.14,nortenuipine, tenuipine) Either
Unknown, Rf 0.14, n " ‘Bor B

: All extractions were on leaf samples unless otherwise stated.

b:__Indicates major alkaloid.
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| Tenuipine

' | - Developing Solvent: CHCl3 + 005% EtNH

b= bark sample
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with Schodde's identity of samples 1-56) are summarised in

Tadble 5.1. )

|  Possibly the most exeiting feature is the agieement between
"phé taxonpmic,analysis on the one hend and the chemicalianalyeis
on the other.

157’6’17?18 of material

‘ P:ev;pua_ohemicai investigations .
de;cribed as Dophnandra micrantha have yielded mioranthine (1.XXVIII)
as the major aikaloid; according to Schodde, the type specimen of
_the species micrantha originelly deseribed by Tulasne (1857) vde~
longs to e d4istinct morphological species found onlj abaht Port
Macquarie, Taree end Wingham, and represented by samples 7 and 17.

I_These tio samplea contained only tenuipine and nortenuipine. The

. widespread specles which gives rise to mieranthine»(represented by

samples 4,5,6;19;20), customarily known as D:micrantha, has been
A‘g;ven‘the name D.crypta Schodae., o w. , |

Semple 1 yielded (-)-nortenuipine in high yield and since this
is the on1y laaf_eample'witb.nortendipine as the major alkaloid, it
ic elmost certainly the same as that extracted by Bick, Taylor end
Todd. Chemicelly, it is indistinguishable fréx; W (Tul.)
Bemth. (Samples 7 and 17).

The presence of (+)-tenuipine and nortenuipine in a;mple 13
(bark) (identical vith 11) indicated that it was the seme as that
extracted ﬁy B;ck,Harley-Masoh and Vernengo. This fofm or species
morphologicelly, comes close to the new D.crypta and séhodde was un-

certain whether to regard it as sgpecifically diatinot, However, it
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shows no relationship to D.crypta in alkaloid méke-up and, on this
basis, should be regarded as a distinct speoiea. Sample 16 contain-
ed the same unknown alkaloid =s samples 11 (leaf) end 13 (1eaf) and
_ ahowed, contrary to Schodde's analysia,»ns intermediacy in alkaloid
content between 11 and true D.tonuipes (Sample 1)..

Semples 8,9 and 10 were chemically indistinguishable although
Schodde believed that sample 8 belonged either to group E (samples
11,13,16) or is a hybrid between it and D.crypta.

The new species, D,johnsonii Schodde, from the Illawara district
of N.S.W., is quite distinct morphologically and this is reflected in
_its alkaloid propetties. It is allied distantly to D.tenuipes and
is the only species of the genus found (and confined) south of
sjdney.

Sohodde concluded that there were two morphological groupings
of the species of DPaphnandra in New Scuth Wales aﬁdAthis is certain-
ly supported by their alkaioid properties. Thus we have the g¢rypta
group with only oné widesp;ead species, cbntaining micfanthine as

major alkaloid, and the tenuipes group with apparently three locally

occurring allopatric species, tenuipes, micrantha and johnsonii; all

contain tenuipine and/or nortenuipine.

A third species group mey be represented by Samples 11, 13 and
16, with again only one apec;ea. |

Thus chemotaxonomy is a valuable tool in the classification of
the Daphnandra species. Schodde has gslso investigated the taxonomy

of the Dryadodaphne speciesSB- He conecluded that the specimen
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82

originally described by Webb as Daphnandre new species affiliat-

ed with aromatica was a Brxadodaghhe species ( which he has given

the provisional name Dryadodaphne gracilis Schodde): This con-

25

clusion was supported by Taylor vho isolated dryadine from Webbd's

material as well as from Dryadodaphne novoguineensis (Perk.) Smith.
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ggPERIMEHTAi;

Samples of the 20 Daphnandrs species were extracted with
Prolius' solution (2 x 160 ml) and the exiracts evaporated to
dryness. The residue in methanol was poured into a rapidly
stirred solution of sulphuric aecid (5%; 200 ml). The acid sol-
ution was filtered of non-baesic material and the -£iltrate was
basified (NHB; pH 9) 8nd extracted with chloroform. The chloro-
form solution was extracted with aqueous sodium hydroxide (2%,

30 ml), weshed with water, dried and evaporated to dryness (Table
5.2). - The residual alkaloid was analysed by thinelsyer chromato-
gfaphy on layérs of alumina (0.025 cm thick) which had been activat-
ed by heating in an oven at 75° for 14 hours. The compounds wera
visualised as brown spots by exposure to iodine vapour; a spray

of conc. sulphuric¢ acid containing a trace of cone. nitric acid

7 and the remaining

revealed micranthine as a blﬁe-green spot
alkaeloids as brown spots.

Semple 1 crystallised from benzene as needles which were
identified 8s nortenuipine by thin-leyer chromstography; the mater-
ial waa leevorotatory.
| Sample 13 was chromatographed on alumina in 10% ohloroform/
benzene. The earlier fractions yielded tenuipine (38 mg), ki];s,
+ 215° (G, 0.76 in CHCl,).

Chromatography of Sample 11 (leaf) gave a small quantity of

crystalline matefial (ex acetone) which. gave a strong positive

methylenedioxy test,
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TABLE 5.2.

. Sample No." ‘Mass of Semple(s). Mags of Non-phenolic
1 . 2,0 | 47.0
2 0.5 - 18
3(bark) | | 1.5 ‘ 39
3 4.5 72
4 2.2 ~ .. 18
5 2.7 __ } 34
6 2.0 59
7 2.0 3
8 1.5 . 38
9(bark) 0.3 | 10
9 1.3 39
10 . 2.5 - 28
11(vark) = 2.1 .. 156
"o | 2.5 84
12 | 7.0 | 260
13(vark) 1.0 276
13 - - 2.0 | 37
14 | 2.3 55 -
15 - 0.5 27
16 | ' 0.3 | 16
17 : . 1.7 .26
18 - 0.5 18
19 0.6 28
20 2.3 77

¢ All vere leaf samples unless stated otherwise.
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THE ISOLATION OF LIRIODENDRINE PROM A.MOSCHATUM.

Evaporation of a Prolius' solution extract of A.moschatum

yielded considerable quantities of & colourless, crystalline mat-
erial which did not possess alkaloid properties. The material was
not soluble to any appreciable extent in the normal_organic_gg;iﬂr_in o
vents or water but it was readily soluble in 50% agueous ethanol
from which it erystallised as colourless needles, m.D. 261-262°.

A positive Molisch test and a positive test for a glycol groupihg
1ndicated’the presence of a sugar residue. The compound showed
intense hydroxy absorption in its i.r. spectrum and readily formed
an acefate, m.Ds 124~125°, hpon treatment with acetic anhydride‘in
pyridine. The acetate analysed for 650H2606 with four methoxyl
and eight acetoxy groups; this analysis was compatible with its
n.m.r. spectrum (Fig.A.1). The acetate gave a positive Mafile

test92 (as did the free alcohol) which indicated the presence of

a syringyl residue (A.I).

O—

These properties were closely related to those of the lignan

glucoside, liriodendrine (A.II) which Pearl, Beyer and Dickey93

had isolated from Liriodendron tulipifera L.  Through the

courtesy of Dr.E.B.Dickey an authentic sample of liriodendrine was
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obtained and 1ts i.r. spectrum was identical with that of the mat-

erial isolated from Atherosperma moschatum; the two compounds

showed no melting point depression upon admixture.

Me0
RO

All. R =glucose

Dickey et a1.93 were able to hydrolyse liriodendrine to three
stereoisomeric aglycones which they named lirioresinol A, B and C,
m.P6. 21092110, 172-177° and 185—186°, respectively. Dilute acid
hydrolysis of the glycoside from A.moschatum gave crystalline mat-
erial, m.p. 200—210°, whose 1.r. spectrum was identicel with the
published spectrum of lirioresinol A. Paper chromatography of
the aqueocus acid solution indiecated the presence of glucose.

The comparatively strain-free cis- form (A.III) of the central
totrahydrofurofuren nucleus on which these lignens are built ig pre-
ferred to the puckered and strained trans- form (A.IV).  When the
cis- form is diagonally substituted four asymmetric centres result
which furnish three dl- pairs (A.V, A.VI and A.VII).

Recently, Gurevich, Kolosovvand.Shemyak1n94 deduced that lirio-~
dendrine possessed the configuration (A.VII). ‘he n.m.r. spectrum

of octe-0O=-acetyliiriodendrine (Pig.A.1) lends partiasl support for
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avi - aw | AV
' this deductioﬁ, et least in fhe'sense fhat configﬁration (A.vI)
'can.be rejected.  Thus ali.foui arométib-protons of the octa-0-
acetylliriodendrine resonate ?ﬁ exactly the same field which in-
dicates-that they are}held in precisely the same'chemical‘envirdn-
_ment. Mpleculaf'moﬁels revealéd thaf'thése conditions were satis-

 fied by the configurations (A.V) or (A.VII) but not by (A.VI).
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EXPERIMENTAL.

Papegﬁgprbmatograms were developed with the system ethyl/
acetatq/adé%io acid/water (9:2:2; v/v). The syringyl subetances
vere located by placing airéarieé chromatograms in a chlorine
atmosphere for 10 minutes after which they were sprayed with 10%
aqueous sodium sulphite (Mallle test).

Wet bark of A.moschatum (1.6 Kg) was ground and extracted with _
Prolius; solution (2 x 4.2 1). Concentration of the second extract
gave 4 g of crystelline materiel which was removed by filtration
" and recrystallised from 50% aqueous ethanol, m.p. 261-262°, R 0.2.

It gave 5 positive Molisch test, a positive glycol test with fuchsin/
sulphurous acid and =2 positive Matle test. Its melting point was

undepressed dpon sdmixture with liriodendrine and the two compounds
had identicsl i.r. spectra. _ _

| The acetate melted at 124-125°.. (Pound: €, 55.7; H, 5.7T;
OMe, 11.15 COGHB,.33.8. Calc. for 050H62°26= C, 55.7; H,l5-8;
4 x OMe, 11.5; 8 x COCHg, 31.9 4). Its u.v. abgorption spectrum

showed A\E'H (105 ¢ ) 272, (3.41), 230 mu. (4.20).

ﬁxdrélxsis with Dilute Acid.

The. glycoside (0.529 g) 4n hot water (40 ml) wes hea£ed on the
_8team bath for 2 hours vith 1§ hyerochloric acid (8 al). A brownish
deposit was thea Tijtered off and the filtrate allowed to stand over-
night. A deposit of colourless, crystalline materisl was removed
Ey:filtration and recrystailised froﬁ ethanol, m.p. 200—2100. Its

i.r., spectrum was identical with the published spectrum of lirio-
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rolinol'A93.

The sugar vas located on a paper chromatogram with aniline

hydrogen phthslate and had an Ry identical with that of glucoags.
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