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Memorandum

Microanalyses were carried out either by Australian Microanalytical
'~ Service, Melbourne, or by Dr. A. Campbell, Chemistry Department, Otago .
University, Dunedin, New Zealand. |

Melting points were determined on a Yanagimoto Seisakusho
Micro-Melting Point apparatus and are uncorrected.

Specific optical rotations were measured in chloroform solvent
{(unless otherwise specified) on a "PEPOL 60" Spectropolarimeﬁer.

Proton magnetic resonance (!H nmr) spectra were recorded on deutero-
chloroform solutions with tetramethylsilane as internal standard, at
100 MHz with a Jeol JNM-4H-100 spectrometer unless otherwise specified;.
the 270 MHz 'H nmr spectra were recorded with a Bruker HX-270 spectrometer.
Chemical shifts (§) are given in ppm, coupling constants are in Hertz (Hz),
and peaks are described as singlet (s), doublet (d), quartet (q) or
multiplet (m).

The carbon-13 nuclear magnetic resonance (!3C nmr) spectra were
determined with a Bruker HX-270 spectrometer operating at 67.89 MHz..
Chemical shifts (§) were‘measured in ppm. from internal tétramethylsilane.

Ultraviolet (uv) absorption spectra were recorded 6n éthanol
solutions with a Hitachi-Perkin-Elmer 124 spectrometér, and;extinqtion
coefficients are given in parenthesis.

Infrared spectra were reéordgd on chiorofozm solutions (unless
otherwise speéified) with a Beckman IR-33 spectgometer.

Low resolution mass spectra (ms) were run .on an EAI Quad'300,
employing an inlet tempera;ure of 250° and én.electpbn beam energy
maintained at 70 eV High resélution; high resolution mass spectra were
run on an A.E.I. MS 902 épectrometer or on a Vacuum General Micromass
7070 F spectrometer using the direct insertion technique. The source
temperature of the latter instrument was 200° and that of the former_

was 150°. In each instrument the electron beam energy was maintained
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at 70 eV. Peaks are listed in descending order of m/z ratio.

Thin-layer chromatography (tlc), preparative thin-layer’chromatograpby
(ptlc) and column chromatography were performed with Merck silica gel GF,g,
or CAMAG silica gel DSF-5, and the compounds were visualised Sy spraying
with iodoplatinate reagent or by examination under uv light. High-
performance liquid chromatography (hplc) was carried out on a 7.7 mm x
25 cm column with'octadecyl silane as a stationary phase, and with
buffered aqueous acetonitrile for elution at a flow rate 2 ml/min.

Solvents were purified by standard methods. Evaporation of solvents .
was carried out under reduced pressure.

Due té the small quantities available, elemental analyses on some
compounds could not be accomplished. In such cases, high resoiutiqn mass
spectra were used to determine molecular formulae whenever possible and

homogeneity on tlc was used as a criterion of purity.
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Abstract ) *

A detailéé phytochemical examination of the alkaloid content of
thrée species of the family Taxodiaceae, Athrotaxis cupressoides
D. Don, Athrotax;s selaginoides D. Don, ahd Athrotaxis laxifolia»
Hook has been undértaken.

A total of twelve alkaloids were isolated; the alkaloids proved
to have structures of the homoerythrina typg, and included fiQe
known bases previousiy isolated from other plants.' Spectroscopic
and chemical evidence for the structures of the seven new alkaloids
are presentéd in Chapter 1II.

The synthesis of the homoerythrina alkaloid skeleton has been
attempted by two different approaches as presented in Chapter III,
and the wérk done dn homoerythrina alkaloids has been briefly
reviewed in Chapter i.

Discaria toumatou and Discaria pubescens, members of the family

@ﬁémﬁpéeaé, have been investigated. The alkaloids present were found
‘to have the benzylisoquinoline type of structure, and tﬁe results
appear in Chapter IV. |

A preliminary investigatiqn of Hypserpa veillardii, a species
of the family Menispermaceae, has been made, and the results appear
in Chapter V. The known bisbenzylisoquinoline alkaloid[i]méETpé-

'was the only base to be isolated.
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l. General Introduction

The homoerythrina alkaloids are a relatively recently
established group, the first examples being isolated and identified
from Schelhammera pedunculata F. Muell in 19681'2. Schelhammerine

(I) and schelhammeridine (XI) were the first representatives of the

homoerythrina alkaloids to be structurally elucidated.

2. Occurrence and isolation

Hoﬁoerythrina alkaloids have been isolated from all three
species of Schelhammera (Liliaceae)2'4; from the leaves of a species
of Phelline([licaﬁeaé)%; from the roots and stems of certain species

5-7'10'11, pafticularly

of Cephalotaxus (Cephalotaxaceae)
C. wilsoniaﬁa Hayata in which they are the major alkaloids; and from
the leaves of a species of Dysoxyluh (MeliaCeae)13 {see Table I).

So far over 20 individual homoerythrina alkaloids have been isolated,

3,5

although the strdcture of two of them remains incomplete becau#e
of insufficient material. The alkaloids of known strﬁcturelare
shown in Figs. I, II, III, IV, and V. Within the three genera, the
alkaloid profile is fairly distinctive, with only 3—epischelhamm¢ricine
(IV) occurring iﬁ all three. |

The alkaloids have.been isolated fethéF}by alcohol.extraction
of dried plant materia12-7 or by either extraction of the basified
materia13. The crude mixture was then fractionated by countercurrent

distribution, followed by chromatographic purification and recrystal-

lisation.
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Fig. I Homoerythrina alkaloids: Al(6) alkene series.
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Ry R, Ry R, X Y Ref.
Schelhammeridine (XI) -CH, - OCH; - H " H, Hp 1,2
(XII) -CHp- OH H H, H, 2
3-Epischelhammeridine (XII) ~CHy - H OCH;4 H, H, 1,2
 1lla-Oxoschelhammeridine (XIV) ~CH,-  OCH; H H, 0 2
8-Oxoschelhammeridine (XV) ~CH, ~ OCH; H 0 sz 2

Fig. II - Homoerythrina alkaloids: 1,6 diene series



Rl. Rz R3' Rg. Ref.
Wilsonine (XVI) CH; CH3;. OCHj; H 3
3-Epiwilsonine (XVII) CHj3 CH,4 H OCHj 3,6,7,8
3~Methoxy~15,16-methylenedioxy -CH, - H OCH; 6,7

-6,7—epoxy-C-hdmoerythrinan—2(l)—

ene (XVIII)

Fig. III - Homoerythrina alkaloids: epoxy-A2(l) series



R, R, Ry R,
3-Epi-6,7-dihydrohomoerythraline -CH, - OCH; H
(XIX)
6,7-Dihydrohomoerythraline (XX) -CH, - H OCH4

6,7-Dihydrohomoerysotrine (XXI) CH, CH; OCH; H

Fig. IV -~ Homoerythrina alkaloids: 2(1l) alkene series

R=H (XXII) Ref. 3 Phellibiline (XXIV)

R=CH; (XXIII) Ref. 3

Ref.

Ref. 8,9



Isophellibilidine (XXIV) Ref. 15 Phellibilidine (XXV) Ref. 19

Fig. V - Homoerythrina alkaloids: lactone series



Table 1

Physical properties of homoerythrina alkaloids

Alkaloid ~ Formula mp (°C) [alg
Phellibiline (XXIV) ' C, gH, 1 NO; - : -
(XXII) | Cy6Hp NOg  186-188 +143
(XXIII) C, 7Hs 3NO3 133 +140
Phellibilidine (XXV) Cy ,Hp sNO,, 160-162 +76
Isophellibilidine (XXIV) Cy 7Hp 3NO,, 132 +204
8-Oxoschelhammeridine (XV) C;9H; gNG,, 170-171 +35
Ila;0xoschelhammeridine (XIV) C;gH; gNO, - 151-153 -47
Schelhammeridine (XI). . ', oHp NOg 118 -108
3-Epischelhammeridine (XIII) C;9H21N03 131-133 +24
Alkaloid 6 (XVIII) C, 9Hp 1NO,, 126 +63
3-Epischelhammericine (IV) C,9H3NO3 169-172° +123

170-171° +98

Schelhammericine (V) C,gH, 3NO, ' 76-77 +122

Alkaloid A (XIX) o - c19323ﬁ03 188-189° -100
d

Alkaloid I (XX) . Cl 9H2 3N03 260 +75

Plant sourceb

A
D
A,B,C,H,F,G,

D



Alkaloid

3-Epischelhaﬁmerine (II)
2-Epihomoerythratine (II)
Schelhammerine (I)
Homoerythratine (III)
(IX)

Alkaloid_B (VIII)

Wilsonine (XVI)
3-Epiwilsonine (XVII)
(VI)

(VII)

Alkaioid 2 (XXI)

Alkaloid 5 (X)

Table 1

Formula

Cy9Hj3NO,

. Cy19H23NOy

C;oH, 3NO,
Cy9H, 3NOy
Cy 9H; 3NO,,

C19H,5NO3

CoHp5NOy
CzoHy 5sNO,
CoHz7NO3

C,oHy7NO3g

C;Hy7NO3

C, 1 Hp gNO,,

continued

mp (°C)

1182-185

184-185
173-174
176

e
152-153
150-151
150-151
244 dec?
e

e
143-145°

100-101

(o]

+167
+172
+186
+75
+76
+111

+115

+58
+118
+122
+72

+91

b
Plant source



3solvent : chloroform.
bA,'S. pedunculata F. Muell; B, S. multiflora R. Br.; C, S. undulata
R. Br.; D, P. comosa Labill; E, P. billardieri; F, C. harringtonia
K. Koch var. harringtonia; G. C. wilsoniana Hay; H, D. lenticellare;
I. P. brachgphylla

Cpicrate.

dHydrochloride.

eNoncrystalline.
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3. Nomenclature

The nomenclature of the homoerythrina group cénstitutes a
problem, as only a few of the members have been given trivial names.
Since the structures of the homoerythrina group parallel those of the
- Erythrina group, Dyke and Quessy decided16 to refer to those members
not previously named as homo analogs of the corresponding Erythrina
alkaloids. The system of numbering shown in (xxvi) is used when the
homoeryfbrina structures are related to Erythrina structures, and when
this is not possible, the chemical abstracts numbering system shown in

(XXVII) is used.

XXVI XXVII
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4: Structural determination -

The structural determination of the first homoerythrina
alkaloids obtained from Schelhammera spp. was the subject of an
elegant series of@eggif_by the CSIRO group2 in Australia. The
structural elucidation was done mainly by nmr and mass spectroscopy
'and the absolute stereochemistry was confirmed by X-ray analysis Qf
schelhammerine hydrobromide. Details concerning the structural
elucidation of the known homoerythrina alkaloids have been briefly.
reviewed by Dyke.and QueséylG.

The mass spectroscépic fragmentation of schelhammerine and its
analogs is dominated by the cleavage of ring B; the other impo?tant
pathway involves retro- Diels-Adler fragmentation of ring D (see

scheme I).

Scheme I

Fragmentation of schelhammerine

. N\
N N
, -H
9[{43
CHO CH3
OH
m/z 181 . m/z 162

m/z 270



~The uv and ir spectra of the homoerythrina series are similar
to those of the corresponding Erythrina series. The uv spectra are
useful in differentiating between the 1,6 diene series and the

isolated olefine series.

Schelhammerine (I).

The stereochemistry of schelhammerine was studied by lOO'MHz

!H nmr spectroscopy in benzene-dg; solution. Evidence fqr the con-
figuration at C3 and the conformation of the cyclohexene ring was
obtained by determination of the coupling constant between C4ax-ﬁ

and C4eq-H. A double irradiation experiment was used to assign the
resonance signals and measure the coupling constant. The signal from
. the Cl1l olefinic proton, which resonated as a doublet at § 5.58

(J,,2 2.8 Hz), was a convenient starting point for a systematic
sequence of double irradiation experiments. The multiplet at § 4.3
could be assigned to the C2 proton by irradiation of the Cl-H
doublet, which collapsed the C2-H multiplet at'é 4.3 to a broadened
doublet (J,,3 3.0 Hz). Conversely irradiation of the C2-H multiplet
collapsed the Cl-H doublet to a singlet. By the same technique, a
value of 5.0 Hz for‘J3,ueq and 3.2 Hz for J3r“ax was obtained., which

indicated that the proton at C3 was equatorial; however, a value of

"12



3.0 Hz for J,,; did not allow a definite assignment of the stereo-
chemistry at C2, although the wvalue suggested that C2 was also
equatorial. A sequence of double resonance experiments indicated

a half-chair conformation for the cyclohexene ring.

13
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5. Synthesis

Synthetic work in the homoerythrina alkaloid area is proceeding

very slowly in several laboratories. Phenolic oxidative coupling plays

7

a key role in a reported synthesis of these alkaloids (see scheme II)l
The dienone (XXVIII), available by VOCI;-promoted coupling of the cor-
responding phenylisoquinoline derivative, was subjected to base-
catalysed fragmentation followed by borohydride reduction to give the
amine (XXIX) in 76% overall yield. Whereas oxidation of the trifluoro-
acetyl derivative of (XXIX) led to undesired products, direct oxidation
of the free amine (XXIX) gave the dienbne (XXX) cleanly in 45% yield,
together with compound (XXXI) in 15% yield. An improvement in yield

in the oxidation of (XXIX) to (XXX) using modified conditions has been

reported by another group of workersla.



Scheme II.

CHp

NCOCF,
1.1N NaOH
2. HCI-EtOH

3.NaBH-EtOH  CHP

OH

(XXVIII)

K;Fe(CN)s~NaHCO, , H,0,CH,Cl,

(XXX) - - | (XXXT)

45% yield " 15% yield
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6. Biosynthesis

The first two homoerythrina alkaloids to be isola'ted2 were
schelhammerine (I) and schelhammeridine (XI), and since various species
of Lilaceae also contain phenethylisoquinoiine alkaloids, it waé
suggestédz'5 that homoerythrina alkaloid derivatives are biosynthes-
ised along a pathway analogous to that followed by the Erythrina |
alkaloids (see scheme III). The phenethylisoquinoline (XXXIII)'coula
be derived from tyrosine and phenylalanine; these amino aqids are
precursors of other phenethylisoquinolines such as colchicine and
autumnaline, the biosynthesis of which has been established in broad
outline21. In these alkaloids Cl is derived from the carboxfl gréup
of phenylalanine, and a plausible precursor of the "phenyl" half qf
(XXXIII) is the aldehyde (XXXII). A para-para oxidative coupling of
(XXXIII) could afford the dienone (XXXIV) whiéh could undergo ring
cleévage and reduction to yield the amine (XXXV). The quinone:(XXXVI)
produced on oxidation could then uhdergo formation of homoerythrina
alkaloids. The quinone (XXXVI).is also suggestéd as the intermediate
precursor in the formation of the Cephalotaxus alkéloids by Powells,
Fitzgerald et a1.2. The labelling patterh expected from incorporation
of ;yrosine labelled at thg 2' and 3' positions is indicated in scheme
III. In a preliminary study, Batf.ersby20 has in fact established_that
(2'-1%C) tyrosihe, when fed to Schelhammera pedunculata plants, yielaed
schelhammeridine iabélléd solely at C8. Phenyialanine, cinnamic acid
and dopamine were alsobincorporated into this alkaloid, but ﬁo
degradations were reported. - Derivatives éf the amine (XXXV) and the
phenethylisoquinoline (XXXIIi) have been recently isqlated from the
leaves of a Dysoxylum species13 which also produces homoerythrina
alkaloids; these observations provide furthef eviaence to support the

biosynthetic pathway of homoerythrina alkaloids shown in scheme III.



Scheme III.

Suggested biosynthetic pathway of the homoerythrina alkaloids

'
3 /

| J_COOH |
NH2 ’ "s‘_.."
H ‘ CHO

Tyrosine

' COOH
@AN(H? HO Xy
H (XXXII)

|

Phenylalanine

HO

| "HO
CH, NH — ,
H .

OH (xxX1IV)

H .
l N
HO ' —
CH,0”
H
H (xxxv)

Schelhammeridine : | (XXXVII)

(XXXIII)
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1. 1Introduction.

1,2 . .
, and comprises

The éenus Athrotaxis is confined to Tasmania
the only rebresentatives in the southern hemisphere of the Taxodiaceae,
a rather small family that nevertheless contains some of the largest
and tallest tiees in the world: Sequoiadendron gigentum (Big Tree) and
S. semperviréns {(Californian Redwood) respectively. The_family is now
largely confined to eastern Asia and north America, but was once much
- more widely distributed as shown by fossil specimens, one of which
‘(Metaseguoia glyptost;obus) was found in recent times;still growing in
China. There are ten genera in the family Taxodiaceae, and the
distribution is shown in[iegle_g;
A. selaginoides D. Don, a native tree known locally as King Billy
Pine, is one of the three species of the genus Athrotaxis, the other two
species being A. cupressoides D. Don, whose common name is Pencil Pine,
and A. laxifolia Hook. The latter species, which occurs as isolatedv
trees, seems intermediate in many characters beﬁween‘A. selaginoides and
A. cupressoides{ A hybrid origin for A. laxifolia has been postulated,
but cytological studies showed no evidence for thisl. R
In the course of'a,survey of Tasmanian plantsB';B‘for alkaloids,
a moderately strong positive test.was observed for Aa. selaginoides'and
A. cupresseides, but A. laxifolia gave negative alkaloid tests. Alkaloid
-occurrences in this family -had been recorded in a couple of species (see
Table II)2 but.no.alkaloids had previously been isolated. Several
alkaleids have been isolated from other related families of the conifers;
such as Cephalotaxaceae, Taxaceae, and Pinaeeae.

Cepbalotaxﬁs’and homeerythrina alkaloids have been isolated from
the Cephalotaxaceae, especially from the genus Cephalotaxus4f8; the

" isolation of homoerythrina alkaloids from members of this genus has

been briefly reviewed in Chapter I. The more important alkaloids8 ere
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cephalotaxine (Ia) and harringtonine (Ib), isolated from the plant
C. harringtonia var. drupaceae. Harringtonine has shown significant

"inhibitory activity against experimental leukemia in nice.

Cephalotaxine (Ia) R

It
=}

Harringtonine (Ib) R

OH

The genus Taxus belongs to the family Taxaceae; the Taxus species
comprise .trees, known -commonly as the yews, which contain thevalka'loid
_ taxineg, the compound responsible for their toxic proper:.ties. Later
wo.rk9 showed that taxine is actually a mixture of two compounds,

taxine I (IIa) and taxine II (IIb).

(}Ac

o
“o—é—cn;cl:H-ph
N(CH,),

Taxine I (IIa) R = OH

Taxine II (IIb) R =H
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Two simple alkaloids have also been isolated from the Pinaceaellz

\pinidihg (I11) and g-pipecoline (IV), from the tree-Pinus sabiniana
‘Dougl, and related species. The stereochemistry of pinidine (III) was

determined by Hill et al.lo.

CH,

T2

Pinidine (III) a-Pipecoline (IV)

Some chemical work has been done on the heartwood of a. selaginoides.

The compounds hinokiresinol (va), agatharesinol (Vb) and a novel C174phenol,

| 2]
athrotaxin (Vc), were isolated by Daniels et al.” Another compound,

sugerisinol (Vd), was obtained but it appeared to be an artifact, since

none could be detected in small scale extracts.



e

OH

(va)

OH
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TABLE 1 - Alkaloid Survey of the Family Taxodiaceae

Rw - Root-wood Bk - Bark

Sb - Stem-bark

BOTANICAL NAME MONTH, PLACE OF COLLECTION PART(S) RESULT REFERENCE
Athrotaxis selaginoides D. an Apr; Private Garden, Hobart _ Lf + 1
(King Billy Piﬁe) May; Zeehan Lf,Bk 1
Athrotaxis cupressoides D. Don Feb; Mt. Rufus Lf I
Athrotaxis laxifolia Hook ~Dec; Mt. Read Lf,Bk 1
.Cunninghamia lanceolata Hook sd 3
Taxodium distichum Rich Oct; U.S.A. Rw,Rb 25

Sep; U.S.A. Sb,Fl,Lf,Tw 26; 27
Taxodium mucranatum Ten Sep} Mexico Lf,St,Fl 28
Féb; Botanical Garden, Hobart Lf,St,Bk 1
Seguoia'semperviren Endl Jun, U.S.A. Sb,Sst,Lf,Fl 26
Sequoiadendron gigéntum chh Nov; U.S.A. sd 28
Metasequbia glyptostrobus Hu & Chang Jun; U.S.A. St,Lf 26
Cryptomeria japonica D. Don Apr; New Zealand St,Lf,Fl 25
Lf - Lgaf St - Stem Fl - Fléwer Rb ‘- Root-bark Tw - Twig Sd ~ Seed

ve



TABLE 2 - Distribution of the Family Taxodiaceae

of Species

Genus Hemispheric ‘Place. No.
Distribution

Sequoia Nofthern Southern Oregon, Northern 1
California

Sequoiadendron Nor thern California - very restricted ‘l

Metasequoia Nofthern Central China - restricted 1

Cunninghamia Nor thern Southeastern China 2

Glyptostrobus " Northern Southeastern China 1

Cryptomeria Northern China, Japan 1

Taiwania Northern Formosa 1

Sciadopitys Northerﬁ Japan 1

Taxodium Nortﬁérn' Southern U.S.A., 3
Mexico

Athrotaxis Southern Tasmania 3

14



2. Results and discussion

2.1 Alkaloid content of Athrotaxis cupressoides.

Aa. cupressoides»Don (Pencil Pine) is a tree that gfows above
1000 m in central and western Tasmania. The plant material, twigs
'aﬁd leaves, was collected around the upper reach of the Ouse river
near:the Great Léke, Tasmania, in May, 1980. The extraction‘of the
fresh plant material waé carried out by standard means and had to
be completed as soon as possible to avoid a marked(é[mgnigﬁyl in
yield of alkaloids: they become undetectable in the plant material
after a few days. The crude alkaloids were separated by preparative
thin-layer chromatography (ptlc) supplemented by high-performance
liquid chromatography (hplc) in cases when the mixture could not be
separated by ptlc; a total of eleven alkaloids were isolated.

The@]?@iqigg}proved to have structures of the homoerythrina

type, and include five known bases: taxodine (1), which occurs in

15

Schelhammera spp. as alkaloid B and in Cephalotaxus harringtonia as

alkaloid V6; 3-epischelhammericine (2), also a constituent of the two

15 and alkaloid IV6

latter plants in which it is désignated alkaloid E
respectively, and of three further plants, C. wilsonianas, Dysloxylum
lenticellareZl; and Phelline comosa, in which it occurs as alkaloid

416; O-methylathrocupressine (3), present in P. comosa as alkaloid

316; 2-epihomoerythratine (4), found in S. pedunculata as alkaloid

Hls and in P. comosa as alkaloid 316, and finailf homoerythratine (5),
first isolated'from P;vbrachgphgllal7. The idenﬁity of these
-Athrotaxis bases has been confirmed by.the'agreement 6f their

physical data with reported.values, and by a direct comparison with
authentic specimens wherebthese were available.

Of the remaining alkaloids, the spectra of 2—hydroxytaxodine (6)

showed that it has a phenolic group and two methoxyls which, as in the



10
11
12

13

Taxodine (R, = Me, R,=R3=R,=Rg=H)
3-Epischelhammericine (R;-R;=CH,, R3=R,=Rg=H)
O-Methylathrocupressine (R;=R,=Me, R;=OMe, R,=Rg=H)
2-Epihomoerythratine (R,-R,=CH,, R3=Rg=H, R,=OH)
Homoerythratine (R;-R,=CH,, R3=R,=H, Rs=O0H)
2-Hydroxytaxodine (R,=Me, Ré=R3=R“=H, R5=0H)

2-Hydroxyisotaxodine (R;=Rg=R,=H, R,=Me, R5=0H)

2-Epihydroxyisotaxodine (R;=Rj=Rs=H, R,=Me, R,=OH)

Athrocupressine (R;=R,=Me, R3=OH, R,=Rg=H)
(R1=R3=R4=R5=H, R2=Me) .
2-Acetoxytaxodine (R;=R3=R,=H, R,=Me, Rg=0AcC)

2-Acetoxyisotaxodine (R;=R3=R,=H, R,=Me, R;=0Ac)

Schelhammerine (R;-R,=CH,, R3=Rg=H, R,=0H; MeOPat C-3)

27»
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ca;e of taxodine (;), must be attached to aromatic and aliphatié
carbons respectively from their 'H nmr proton resonances. However,
Zéhyd;oxytaxodine has an extra allylic alcohol group that can readily
be removed16 by convérsion to the corresponding chloride followéd by
LAH reduction. 1In the process a multiplet signal around § 4.3,
corresponding in chemical shift to a methine proton in thei?ﬁf?fﬂ?l
group of an allylic alcohol, is eliminated from the 4 nmr spe¢trum
of the product, which proved to be identical with taxodine (l1): the
alcohol group in 2—hydroxytaxodine must thus be located at C7 or C2.
A decision in favour of the latter alternative can be made from mass
spectrometry: the ms of 2-hydroxytaxodine (6) corrésponds very closely

15,16' and

with those of homoerythratine (5)17, 2-epihomoerythratine (4)
schelhammer ine (13)8, all of which have similar structures to (6) with
an allylic group at C2 and a methoxyl at C3. dn the other hand,

there are significaht differences in fragmentation pattern as compared
to the ms of analogous bases where the alcohol group is attached to c7
»inétead of C216; moreover, the Cl olefinic protons in the 'H nmr
spectra of the latter bases resonate at § 5.92 as compared to § 5.55
for 2—hydroxytéxoéine (6) . At the same time, this chemical shift for
the olefinic proton in (6) gives evidence for the configuration of the
hydroxyl group attached to the adjacent‘cz position: the c&rreﬁponding
values for the known alkaloids homoerythratine (5) and 2-epihomoeryth-
‘ratine (4), which differ only in the.orientation of their C2 hydroxyls;
are § 5.52and 5.78 respectively. On this basis,'the configuration
shown in (6) is proposed for 2-~-hydroxytaxodine with the alcohql gtpup
“trans to the C3 methoxyl as in homoerythratine (5), and this stereo-
chemistry ié supported by a comparison of the specific rotation of
2-hydroxytaxodine'(6,k+51.5°) with those of homoerythratine‘(s, +63.6°)

and 2-epihomoerythratine (4, +l7l°) measured. under comparable

conditions.
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2¥Hydroxyiso£axodine (7) is isomeric with 2-hydroxytaxodine (6),
and a séectroscopic comparison of the two alkaloids indicated that:
they have the same functional groups and closelyArelated structures
and ¢onfigurations. Their ms are almost identical, and furthermore,
the C3 methoxyl protons resonate at § 3.28 in the !H nﬁf spectra of
both bases, and also in that of the known alkaloid 2-epihomoerythratine
(4)15. With the epimeric configuration of the methoxyl, a value
around § 2.75 would be expected from analogy with schelhammerine (13)15,_
the C3 diastereomer of (4). On Barton oxidationla, 2-hydroxyisotaxodine
(7) gave a conjugated ketone whose !H nmr spect;um shows a peak at
§ 6.00 corresponding to an olefinic proton o to the carbonyl group; a
B-proton would be expected to resonate distinctly further'downfieldzo.
The conjugated ketone was closely similar to, although not idenﬁical
with that formed by a corresponding oxidation of 2-hydroxytaxodine,(6).
The alcohol gfoup in (7) must thus be located at C2, and furthermore
it must have the same configuration as that in 2-hydroxytaxodine (6)
from the optical rotation (+60.7°).of 2~-hydroxyisotaxodine (7), -and
from the chemical shift (§ 5.575) of the olefinic proton in its 'H nmr
spectrum. Wheh the allylic hydroxyl was removed from (7), the product
(10) proved to be isomeric with taxodine (1) and .closely similar to it
spectroscopically. The'mass spectra of (1) ana (10) are yirtually iﬁ—
distinguishable; there are, however, small but siénificant differences
in their other spectra, in particular to the chemical shifts of the
aromatic singlets in the 'H nmr spectra, and the mixed melting point
showed that the two bases are not identical. They evidently differ only
in the pattern of substituiion in their aromatic rings, and é correspond-
ing difference must also exist between the.alkaloids 2—hydroxytaxodine
(6) and 2-hydroxyisotaxodine (7). When the C3-H (ca. § 3.4) and the
Cl2-H protons (ca. § 2.2) of (7) were separately irradiated, the 'H nmr

spectrum revealed distinct nOe effects on the two aromatic singlets
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(§ 6.725 and 6.575), which must thus be located at-Cl5 and C18
respectively. The phenolic and methoxyl groups of 2-hydroxyisotaxodine
are in consequence attached at C17 and Cl6, in the reverse érrangement
to that of 2-hydroxytaxodine (6), and the structure and stereo-
cﬁemistry of 2-hydroxyisotaxodine is represented by (7).

2-Epihydroxyisotaxodine (8) could not be completely separated
from 2-hydroxytaxodine (6). It proved to be isomeric but not identical
with (6) and 2-hydroxyisotaxodine (7), and on Barton oxidationiit gave
a conjugated ketone corresponding to that from (7) , but different to the
ketone from (6). 2-Epihydroxyisotaxodine (8) and 2-hydroxyisotaxodine
(7) presumably differ only in the configuration of their allylic
alcohol groups, and this difference is borne out by the chemical shifts
of their Cl olefinic protons: 5 5.75 and 6.5.575 reépectively (cf. 6,
5, and 4 above) . |

Athrocupressine (9) is a lower|homologuej of the known alkaloid
0-methylathrocupressine (3), to which it shows a general similarity in
spectra. However, it has one less meth§xy1, but it has instead a
phenolic group from the bathochromic shift in its uv spectrum on
additién of alkali, and from its positive Gibbs reactionlg. The latter
observation indicates that the phenolic has a free para position and is
thus attached to Cl5 or to C18. The second alternative is evidently
the correct one, since irradiation of the only aromatic proton in the
19 nmr spectrum of (9) produced an nOe effect on a methine proton
resonating around § 3.3, which must be attached to the aliﬁhatic carbon
(C3) bearing the methoxyl group. The protons of the latter group have
the éame chemical shift (§ 3.28) as those of O-methylathrocupressine
(3), and the stefeochemistry at C3 for athrocupressine (9) must thus
be the same as iﬁ'(B), since the epimeric configuration éf the C3
methoxyl would result in a value around § 2.75 (cf. 13,8). The specific

rotation and the remaining spectroscopic data for athrocupressine are
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in full accord with the structure and stereoéhemistry shown in (9).

The alkaloids 2-acetoxytaxodine (11) and 2-acetoxyisotaxodine
(12) were obtained in very small amounts only, and could not be
satisfactorily separated from one another. Their spectra show a close
resemblance to those of 2-hydroxytaxodine (6) and 2-hydroxyisotaxodiﬁe
(7) except that additional abéorptions due to acetate ester groups are
present: in particular, a peak at 1730 cm~! and a singlet at Z.il in
their ir and !H nmr spectra respectively showed that (11) and (12) are
esters of alcohols rather than of phenols.' Intense ions in their ms
which may be formulated as (14) and (15)15 indicated that the acetoxy
groups are attached at C2; On basic hydrolysis, the alkaloids gave
products corresponding fo 2-hydroxytaxodine (6) and 2~hydroxyiso-
taxodine (7), and their structures may thus be represented by (11)
and (12) respectively.

Sinceiacetﬁéigcid'was used in the course of the extraction and
purification of the alkaloids, 2-acetoxytaxodine (1l1l) and 2-acetoxyiso-
taxodine (12) could conceivably be artifacts formed by acylation of
(6) and (7) respectively. To test this possibility, a rapid small
scale extraction of the fresh plant material was carried out aﬁd a
crude alkaloid fraction was isolated without the use of acetic acid.
The presence of (11) and (12) therein was established by the ms tech-
nigue of multiple metastable peak monitorin924.

+
N

—\: N
/

CH,0 " CH,0
Ac OAc

(14) m/z 236 (15) m/z 223
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2.2 Alkaloid content of Athroxis selaginoides.

. A. Selaginoides Don is.endemic in Tasmania, where it grows in
high rainfall and mountainous country of the centre and west; some
specimens attain 40 m in height and are over 1000 years old. The
tree is well known in Tasmania under the name of King Billy Pine for
its valuable soft-wood timberl'3'l3.

As in the case of A. cupressoides, the fresh plant material must
be extracted promptly and the alkaloids separated as rapidly as pos—'
sible to avoid loss. .Eight alkaloids were isolated by standard
procedures, of which the following homoerythrina bases had been found

to occur in A. cupressoides: taxodine (1)15’6

15'6, homoerythratine (5)17, 2-hydroxytaxodine (6), 2-hydroxyiso-

, 3—-epischelhammericine
(2)
taxodine (7), 2—epihydroxyisotéxodine (8) , and athrocupressine (9).

The first three| have) also been reported previously from various other

plants.

0
—&-OMe

1]

Selaginoidine (16) R
' (17) R = =CH,-OH
fhe spectroscopic data of the remaining base, which was named
selaginoidine (16), suggested a close relationship to.the homoerythrina

group: its nmr spectra showed signals corresponding in detail to those
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of carbons and hydrogens associated yith rings B, C, and D of the homo-
erythrina bases, and its mass spectruﬁ included peaks derived froﬁ
fragments of these rings. In particular, a methoxyl proton peak
'appeared in the 'H nmr spec;rumvat § 3.28, alﬁost identical with the
values for taxodine (1) and 3-epischelhammericine.(2) which have methoxyl
groups attached at C3 trans to the 5-14 bondls; on the other hand, the

C3 methoxyl peak in the spectrum of schelhammericine (13), which has the
cis arrangement of the methoxy group, appears at § 2.7415.

Apart from these similarities to the usual type of homoerythrina
alkaloid, selaginoidine (16) also shows some differences: its uv
spectfum suggested that it has a furan nucleus, and its ir and nmr
spectra gave evidence of a methyl ester group, whose presence was con-
firmed by intense M-58 and M-59 peaks in its mass spectrum, and by its
reduction with LAH to. a primary alcohol (17) with one less carbon atom.
With the exception of the ester carbonyl and the olefinic group of ring
D, selaginoidine has only four 592 carbons as shown by its !3C nmr spec~
trum, in comparison to the six aromatic carboﬁs of the homoerythrina
.alkaloids. The four signals, from three quaternary and one methine
carbon, correspond inlchemical shift tovthose bf a trisubstituted furan
nucleus, which is evidehtly fused on to ring B in placé of the usual
aromatic ring A 6f the homoerythrina alkaloids. The methine carbon
. resonates at § 122.2, and must occupy a R position in the trisubstituted
ringzz. This assignment is_supéorted by the chemical shift of the
proton attached to it:  the value § 6.82 in the !H nmr spectrum of (16)
is in harmony with thatvexpected for C3'-H in a furan bearing a carbo-
methoxy group at C2' and fused to a saturated ring at C4' and C5'23..
The signal at § 6.82 is the only one in ;he aromatic region, and it

undergoes a pronounced nOe effect on irradiation of a broad multiplet

around § 3.5, corresponding to the C3-H of ring D. These two methine
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protons must thus be close to one another in space; structure (16)
which follows from these observations is in full accord with all the
spectroscopic data for selaginoidine. Its specific rotation as compared
to those of taxodine (1) and 3-epischelhammericine (2) suggests that
(16) may also represent the absolute.cohfiguration.of selaginoidine.
From a previous in&estigation of the alkaloids of>A. selaginoidesl3,
a mixture of 2-acetoxytaxodine (1l) and.Z-acetoxyisotaxodine (12) Qas
isolated, but ;he plant material used in this study was collected et a
different period of the year. It is possible that these compounds are
produced by the plant at a certain time of year only; on the other hand
tﬁey could possibly be artifacts, since acetic acid was used in the
course of the extraction and purification of the alkaloids. To test
this possibility, a small amount of fresh plant material was co;lected
at the same period, in March, as the oriéinal study, and the extraction
was carried out in the same feshion as for A. cupressoides using dilute
sulfuric acid only. The presence of (1l1) and (12) therein was estab-.
lished by the same ms technique of hultiple metastable peak monitorin§24
as that used for A. cupressoideé; from these observations it would seem

that these compounds are produced at a certain period of the year only.

2.3 Alkaloid content of Athrotaxis laxifolia.

Aa. laxifeiia Hook is abtare species endemic in Tasmahia which is
intermediate taxonomically between A. cupressoides and A. selaginoides;
it is found associated with these species as isolated trees, and a hybrid
origin for it has beenvpostulated, but this has not been substantiatedl.
From the smali sample of plant material available, the following alka-
loids were isolated: taxodipe (1), 3-epischelhammericine (2), homo-
erythratine (5), 2-hydroxytaxodine (6), 2-hydroxyisotaxodine (7),
2-epihydroxyisotaxodine (8),,and selaginoidine (16). The alkaloid
content is thus the same as that of A;.selaginoides, exceét that no

athrocupressine (9) was found in A. laxifolia.



35

3. Experimental

3.1 A. cupressoides

Extraction - Twigs and leaves of Pencil Pine were colleeted around the
upper reaches of the Ouse river near Great Lake, Tasmania, in May, 1980,
and were immersed as soon as possible after collection in 150 lieers of
methanol. After three days, the plant material was removed, air dried
for one day, then put through a compost shredder. The dry plant
material (100 kg) was then percolated with methanol.until a test sample
gave a negative reactionAwitﬁ Mayer's reagent. The combined extracts
were concentrated under reduced pressure at a temperature below 40o to
a thick gummy derk brown syrup, which was dissolved in 10 liters of warm
glacial acetic acid. Tﬁe solution was poured in a fine stream into
50 liters of water, which was subjected simultaneously to vigorous
agitation with a vibromixer. The Qilute acid extract was left to stand
overnight, and the precipitate that settled out was filtered off, Qashed
with water until free from alkaloids, then discarded. The washings
 combined with the acid aqueous solution were evaporated to dryness under
reduced pressure at a temperature below 35°. - The residue was dissolved
in 10 liters of water and again evaéorated to.dryness: £he process of
dilution and evaporation‘wae repeated once mofe to get rid of most of
the acetic acid. Finally the residue was dissolved in 10 liters of
water and the selutioﬁ.was basified to pH 8-9 withvammOnia (4 0.88).
The heavy precipitate that formed was left overnight tq settle, then
filtered off through Hi-Flo Supercel. The dried precipitate was ex-
traeted with chioroform:untii the residue gaveva hegative'Mayer's test,
and the fi;txatevwas likewise extracted with chloroform. The combined
chloroform solutions were extracted with 5%'(w/v) sulfuric acid (30x150
ml) until ﬁree from alkaloids. The aqueous acid solution was basified
with ammonia (d 0.88) and aéain_thoroughly extracted with chloroform

—— _,___—a——————,?———”—'———i' . ) . . ) . |
Voucher specimens of the plant material have; been deposited in the collection
| e —_———— T N

| ofAdried!plants specimens in theﬁCheﬁistry Dept.,.University of Tasmania.'
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(20x150 ml). The combined chloroform extracts were dried (Na,SO,) and

evaporated under reduced pressure to give 4 g of crude alkaloids.

Isolation, purification, and characterisation of the alkaloids - The

crude alkaloid mixture (2.00 g) was separated by ptlc (7% MeOH/CHCl;)
into 7 fractions:

Fraction 1 amounted to 0.12 g, and contained two components from tlc
(30% EtOAc/CgHg). The mixture was separated by triple development ptlc>
with the same solvent system. The higher Rf component (16 mgi proved
to be the known homoerythrina alkaloid 3-epischelhammericine_ (2).;
phyéical data: [a] 11)9+106 (C=1.6); A max: 284 (3800), 219 nm (3900);

y max: 3000, 2920, 2840, 1460, 1210, 1120 cm~'; 'H nmr: 6.7(s, 1H),
l6.6(s, 1H), 5.88(s, 2H), 5.5(bs, 1H), 3.21(s, 3H), and an unresolved:
number of protons between 1.5 and 3.5 ppm; m/z: 313 (M+, 30) , 282(35),
255(70), 254(70), 207(20.), 178(100), 165(3), 146(32); picrate
derivative mp 169-1720, undepressed on admixture with an au'theritic
sample.

The lower Rf component (19 mg) was obtained as white; needles from
hexane, identical with the known homoerythiina alkaloid O-methylthrocup-
ressine (3); mp and mixed mp with 'an authehtic sample: 100-1010;
[a]11)9+91 (C=1.5); A\ max: 228 (1160), 275 nm(260); y max: 3010, 2920,
2850, 1600, 1540, 1450, 1310, 1220 cm~!; 'H nmr: 6.57(s, 1H), 5.58(bs,
1H), 3.82(s, 6H), 3.28(s, 3H) » and an unresolved number of protons
between 1.5 _and 3.5 ppm; m/z 359 (M+,' 22); meas.: 359.2085, calc. for
C,1HygNO, : 359.2298; 3'28(35), 301(4),' 286(15), 254(10),.178(100), 165(30),
146(25) . | |
Fraction 2 (0.199 g) also cohtained v'two components from tlc (5% MeOH/
CHClg); the mixture was'sgparated by douﬁlé development ptlc with tﬁe
same solvent System.." The component of lower Rf (51.7 mg) proved to be
a new homoerythz_*in_a alkaloid, athrocupressine (9), mp 152-153o (Me,CO) ,

[a] 59+102.23 (C=0.43), )\ max: 227 (4204), 280 nm(940); after addition
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of a drop of 5% aqueous sodium hydroxide: 237 and 298 nm; y max: 3500,
3400, 3000, 2920, 2840, 1600, 1490, 1310, 1120, 750 cm™!; 'H nmr (270
MHz): 6.39 (s, 1H).'5.65(bs, 1H), 3.94(s, 3H), 3.82(s, 3H), and an
unresolved number of protons between 1.5 and 3.5 ppm.‘ When the singlet
proton at § 6.39 was irradiated, the proton signal around § 3.3 showed
a nuclear Overhouser effect; m/z: 345(M+, 25) ; meas.: 345.1944( calc.
for C,¢H,,NO,: 345.0378; 314(30), 278(45), 286(25), 272(20), 178(100),
165(35), 146(35); found: C 69.19; H 8.33; N 4.05; C,,H,,NO, requires:

C 69.56; H 7.82; N 4.05%. Athrocupressine gave a positive test with
Gibb's reagent.

The component of highe; Rf (20.7 mg) contained two compoundsl
present in vety small amounts, insufficient for satisfactory separation.
From spectroscopic and chemical data, the mixture appeared to consist
of the two isomeric acetyl derivatives (11) and (12); A max: 270vand 207 .
nm (no change on addition dil. NaOH); vy max: 3400, 3000, 2920, 2840,
1730, 1680, 1510, 1240 cm~!; !H nmr: 6.80(m, 2Hj, 5.55(m, 2H), 3.92 (s,
1H), 3.84(s, 3H), 3.28(s, 3H), 2.1ll(s, 3H), and an.unresolved number of
protons between 1.5 and'3.$ ppm; m/z: 373(M+, 40); meas.: 373.1912, calc.
for C,,H,;NO5: 373.1910; 342(35), 341(20), 330(20), 314(73), 313(70),
297(40), 282(42), 272(72), 261(75), 260(70), 260(70), 236 (100) , 223(60),
176 (25), 162(70); 132(72).

.Fiactioh 3 (0.149 g) contained two components from tlc (8§ MeOH/CHCls),
which were separated by ptlé with the same solvent system. The component
of higher Rf was non-alkaloidal, and that of lower Rf (0.6, 6.6 mg)
proved identiéal with taxodine (1); mp 150-152° {Me,CO) ; Bqé9+lll.0 (C=
0.9); A max: 209 (4720), 230 (1890), 291 nm(861); after addition of a
dropvof 5% adueous sodium hydroxide; 210, 250, 298 nm; y max: 3380, 3000,
2920, 2840, 2500, 2450,‘1210 ém“i; 'H nmr: 6.78(s, 1H), 6.63(5, 1H), |
5.52(bs, 1H), 3.87(5; 3H), 3.22(s, 3H), and an unresolved number of

protons between 1.5 and 3.5 ppm; m/z: 315(M+, 35), meas.: 315.1833, calc.
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] 315.1834, .
for C19H25N04?—255715), 257(80), 256(79), 240(15), 178(100), 165(39),
146(35), 137(25).
Fraction 4 (0.165 g) appeared to be a mixture from its !H nmr spectrum,
but a variety of solvent systems failed to separate it by ptlc. The
separation was finally achieved by hplc with acetonitrile/water (18:82)
buffered to pH 3.0 (0.1M NH,H,PO, and H3PO,) for elution. The mixture
of alkaloids (15 mg) was dissolved in 1 ml of the solvent system and
injected in 200 microliter aliquots; éach run required 32.4 min. The
separated fractions were bulked and basified'with agueous ammonia (4,
0.88), then extracted with'dichlorpmethane, evaporation of which yielded
the two separated components. The minor component (4.9 mg) was
identified as. 2-epihomoerythratine (4), mp 184fl85o (Me,CO) ; [q]$9+l70
(C=1.4); X max: 240 (5500), 290 nm(5000); y max: 3420, 3000, 2920, 2850,
1500, 1460, 1456, 1260 cm~!; 'H nmr: 6.60(s, 1H), 6.58(s, 1H), 5.92(s,
2H), 5.78(bs, 1H), 4.38(bs, 1lH), 3.32(s, 3H), and an unresolved number
of protons between 1.5 and 3.5 ppm; m/z: 329(M+, 50); meas.: 320.16407,
calc. for C,gH,3NO,: 329.16778; 298(15), 271(65), 255(50), 194(100),
181(30), 162(32). |
The major component of fraction 4 (7.8 mg) éroved to be homo;

erythratine (5), mp 178-179° (Mezcon [a]$9+63.61 (C=3.63); A max: 219
(2757) , 288 nm(1316); y max: 3380, 2920, 2840, 1490, 1470, 1240, 1040,
cn~!; 'H nmr: 6.82(s, 1H), 6.65(s, 1H), 5.93(s, 2H), 5.52(bs, 1H),
4.35(m, 1H), 3.3(s, 3H), and an unresolved number of protoné between
1.5 and 3.5 ppﬁ; m/z: 329(Mf, 50), meas.: 329.16407, caic. for C;gH,3NO,:
329.16778; 298(18), 271(25), 270(15), 255(25), 254(20), 242(10), 194(100),
181(24), 162(25); found: C 69.38, H 7.46, N 4.21; C,4H,3NO, requires:
C 69.30, H 6.99, N 4.25,

Fractions 5 and 6 appeared from tlc to contain the same two components

in different proportions. The combined fractions (0.157 g) were

separated by ptlc (5% MeOH/CHCl,;, double development), and the
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subfraction of lower Rf (10.7 mg) yielded 2-hydroxytaxodine (6), mp
192-193° (Me,CO) ; pj]l9+51 47 (C=1.03); A max: 212 (4062), 230 (1812),
283 nm(750); after addition of 5% aqueous sodium hydroxide: 218, 250,
298 nm; y max: 3380, 3000, 2920, 2840, 1560, 1448, 1270, 1200, 1150
cm™!; 'H nmr: 6.86(s, 1H), 6.65(s, 1H), 5.5(s, 1H), 4.3(m, 1H), 3.85(s,
3H), 3.28(s, 3H), and an unresolved number of protons between 1.5 and
3.5 ppm; m/z: 331(M°, 60); meas.: 331.1785, calc. for C,gHysNO,:
331.1783; 300(18), 273(35), 272(30), 257(38f, 256(30), 194(100),
178(35), 162(30).

The component of higher Rf (80 mg) from fractions 5 and 6 was
separated by hplc with a solvent system made up of two solutions, A and
B: solutionIA contained acetonitrile/water (1:9) and a buffer solution
(0.02M of NH,H,PO,/H;PO,, PH 2.5, and triethylamine 0.007M), and
solution B conéisted'of THE/acetonitrile (1:9). Solutions A and B were

[mixed jin the ratio 93.5:6.5. The mixture of alkaloids was dissolved
invs ml of mixed solvent:and injected on to the'coiumn (maximum volume
per injection 225 microliters). The mixtﬁre was separated into-three
subfractions, which werevbulked'and basified with aqueous'ammonié (d
0;88), then extracted with dichloromethane. The first subfréctions
(53.6 mg) yielded 2-hydroxyisotaxodine (7) which could not be crystai-
lised; [d]59+60.69 (C=1.0); A max: 240 (1900), 283 nm(éSO); efter
addition of a drop of 5% aqueous sodium hydroxide: 218, 250, 298 nm;

Y max' 3400, 3120, 2950, 2870, 1550, 1520 1450, 1280, 1226, 1050 cm 1;
14 nmr (270 MHz) 6.725(s,. 1H), 6.575(s, 1H), 5. 575(bs, lH), 4 3(m, lH),.
3.85(s, 3H), 3.28(s, 3H), and an .unresolved number of protons between
1.5 and 3 5 ppm; when- the multlplet at § 3.4 was 1rrad1ated, the s1nglet
at § 6.725 showed an nOe effect, and when the multiplet at § 2.2 was.

"irradieted, the singlet at § 6.575 showed an nOe effect; m/z: 331
(", 60); meas.:[331,1785, calc. for C, oHy sNO, & 331.1783; 300(18), 273

(75),.272(3), 257(38),'256(30), 194 (100), 178(35), 162(30).
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The second subfraction (9.3 mg) consisted of (6) and (8) which’
could not be further separated. The mass spectrum of the mixture
showed differences in intensity only as compared with those of (6)
and (7). !H nmr of (8) (after élimination of the préton signals from
(6)): 6.675(s, 1H), 6.55(s, 1lH), 5.75(bs, 1H), 4.3 (m, 1H), 3.75(5;
3H), 3.25(s, 3H) and an unresolved number.of protons between 1.5 and
3.5 ppm.

The third subfraction (5.7 mg) was obtained in too small a
qguantity for adequate study.

Fraction 7 proved to be devoid of alkaloids.

Hydrolysis of 2-acetoxytaxodine (ll) and 2-acetoxyisotaxodine (12) -

The mixture of alkaloids (1l1l) and (12) (10 mg) from fraction 2 was
dissolved in aqueous methanol (l:;, 10 ml) and dilute sodium hydroxide
(1%, 2 ml) was added. The solution waé refluxed for 4 hours, then
cooled to room temperature and neutralised with dilute sulfuric acid

(5% w/v). The neutial»solution was'exhaustively extracted with chloro-
form, and the extract on evaporation ieft a residue (5 mg) whose
components gave Rf vaiues and ms corresponding t6 those of authentic
specimens of 2-hydroxytaxodine (6) énd 2-hydroxyisotaxodine (7) respect-

ively.

Oxidation of 2-epihomoerythratine (4) - A sample.qf (4) (13 mg, 0.04 m
mole) was oxidised with u-oxo bis(triphenyl' bismuth dichloride) (40 mg,
0.04 m mole) and potassium carbonate (50 mg) in chloroform (5 ml) at
room temperature overnight. After separation by ptlc (5% MeOH/CHCl3),
the ketone derivative of (4) Qas obtained (7 mg), mp 172-173_q (Me,CO) ;

A max: 230 (9343), 288 nm(1094); y max: 2910, 2820; 1680; 1470, 1220,
1110, 1020 cm~'; 'H nmr: 6.77(s, 1H), 6.67(s, 1H), 6.1(s, 1H), 6.0(s,
2H), 3.54(s, 3H), and an unresolved number of protons between 1.5 and

3.5 ppm; m/z: 327(M', 65); meas.: 327.14669, calc. for C,gH, NO,:
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'327.14668; 284(50), 269(17), 241(60), 240(100), 211(20), 192(85),

179(10), 160(38), 149(25).

Dehydroxylation of 2-egihomoerxthratine (4) - A sample of (4) (13.5 mg,

0.04 m mole) was dissolved in 5 ml of dry benzene and treated with
freshly distilled thionyl chloride (2 ml). The reaction mixture was
stirred at room temperature for 2 hours, then evaporated to remove
excess of thionyl chloride and solvent. The residue from the reaction
mixture was redissoived'in benzene/THF (3 ml: 100 ml) and treated with
LAH (100 mg). The'mixture‘was refluxed overnight, then excess of LAH
was destroyed by adding water. The precipitate was removed by filtra-
tion, and washed until free frbm alkaloid. The filtrate was extracted
with chloroform (3x50 ml), and the combined extracts were dried (Na,SO,)
and evaporated under reduced pressure. The reéidue was separated by
ptlc (7% MeOH/CHCljz) to give é'product (10 mg) identical (ir, uv, !H nmr,
ms) with (2). The mp of the picrate derivati&e was not depressed on

admixture with the corresponding derivative of (2).

Oxidation of homoerythratine (5) - A sample of (5) (13 mg, 0.04 m mole)

was oxidised with u-oxo-bis}triphéhyl bismuth chloride) (40 mg, 0.04

m mole) and potassium carbonate (50 mg) in chlorofo;m (5vml) at room .
temperature overnight. After separation by ptlc (5% MeOH/CHClj3), a
‘ketone identical (ir, uv, 'H nmr, ms) with that formed by a correspond-

ing oxidation of (4) was obtained (8 mg).

Dehydroxylation of homoerythratine (5) - A sample of‘(5) (50 mg, 0;14
m mole) was converted to the corresponding chloride with thionyl
chloride (2 ml) in dry benzene (5 ml) as described above. The crude
product was reduced with LAH (200 mg) in 3 ml of dry benzene and 10 ml'
of THF. The product (25 mg) was identical (ir, uv, !H nmr, ms) with

(2).
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Dehydroxylation of 2-hydroxytaxodine (6) - A sample of (6) (28 mg, 0.084

m mole) was converted to the chloride derivative with ghionyl chloride
(1.5 ml) in dry benzene (3 ml) as described above. The crude pfoduct
was reduced with LAH (100 mg) in 3 ml of dry benzene and 10 mi of THF.
The product (4.1 mg) was identical (ir, uv, 'H nmr, ms) with taxodine

(1) .

Dehydroxylation of 2-hydroxyisotaxodine (7) - A sample of (7) (28 mg,

0.084 m mole) was converted to the corresponding chloride with thionyl
chloride (1.0 ml) in dry benzene (3 ml) as described'above. The crude‘
product was reduced with LAH (100 mg) in 3 ml of dryvbenzene and 10 ml
of THF. The product (6 mg) had mp 142-145%; A max: 219 (115550), 230
" (10920), 283 nm(5460); after addition of é drop of 5% aqueous sodium
'hydroxide: 220,- 253, and 295 nm; Yrmgx: 3400, 2926, 2840, 1855, 1500,
1450, 1270, 1210, 1100, 1080 cm-'; 'H nmr: 6.70(s, 2H), 5.55(bs, 1H),
>3.8(s, 3H), 3.25(s, 3H), and an unresolved number of protons between

1.5 and 3.5 ppm; m/z: 315(M+, 35); meas.: 315.1833, calc. for C;qH,5NOj:
315.1834; 284(4), 257(80), 256(79), 240(16), 178(100), 165(39), 146(35),

137(25).

Oxidation of 2-hydroxytaxodine (6) - A sample of (6) (28 mg, 0.084

m mole) was oxidised with p-~oxo-bis(triphenyl bismuth dichloride) (0.12
g, 0.12 m molé) and potassium carbonate (50 mg) in chloroform (5 ml)

at room temperature overnight. After separation by ptlc (5% MeOH/CHCL;),
the ketone derivative of (6) (15 mg) was obtained as a colorless oi;;

)\ max: 230 (12,502), 283 nm(4,167); after addition of a drop of 1%
aqueous sodium hydroxide: 237 and 298 nm; y max: 3500, 3400, 30}0, 2920,_
2850, 1670, 1580, 1500, 1450, 1350, 1310, 1270, 1210, 1160, 1120, 1050
cm™!; 'H nmr: 6.77(s, 1H), 6.55(s, 1lH), 6.05(s, 1H), 3.725(s, 3H),
3.425(s, 3H), and an unresolved numbervof protons between 1.5 and“3<5

ppm; m/z: 329 (M, 30); meas.: 329.1668, calc. for C,oH,3NO,: 329.1627; -
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286 (35), 271(45), 243(38), 242(40), 228(35), 212(25), 192(50), 160(30),

85(60), 83(100).

Oxidation of 2-hydroxyisotaxodine (7) - A sample of (7) (28 mg, 0.084

m mole) was oxidised with p-oxo-bis(triphenyl bismuth dichloride)

(129 mg, 0.12 m mole) and potassium carbonate (50 mg) in chloroform

(5 ml) at room temperature overnight. After separation by ptlc (5%
MeOH/CHCl;), the ketone derivative of (7) was obtained (17 mg) as a
colorless oil; )\ max: 230 (12,500), 283 nm(4,;60); after addition of

a drop of 1% sodium hydroxide; 237 and 298 nm; y max: 3500, 3400, 3010,
- 2920, 2850, 1670, 1570, 1500, 1450; 1310, 1270, 1210, 1160, 1120, |
1050 cm™!; !H nmr: 6.675(s, 2H), 6.0(s, 1H), 3.85(s, 3H), 3.425(s, 3H),
and an unresolved number of protons between 1.5 and 3.5 ppm; m/z: 329
(M+, 70); meas.: 329.1658, célc. for C;gH,3NO,: 329.1627; 286(50),
271(68), 270(30), 243(25), 242(43), 240(75), 226(20), 192(100), 160

(28), 85(50), 83(80).

Oxidation of 2-hydroxytaxodine (6) and 2-epihydroxyisotaxodine (8) -

The mixture of (6) and (8) (3 mg) from subfraction 2 was oxidised with
p-oxo-bis (triphenyl bismuth dichloride) (10 mg) and 10 mg of potassium
carbonate in 1 ml of chloroform for 2 hours. Two oxidation products
were obtained, which we;e separated by multiple development ptlc (5%
MeOH/CHCl;). The product with the higher Rf valﬁe corresponded to the
ketone obtained'by oxidation‘of (7) when they were chromatograﬁhed
gnder the saﬁe conditions, and the product of lower Rf corresponded

to that from (6).
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3.2 A. selaginoides

Extraction - Twigs and foliage of King Billy Pine were collected near
Zeehan, western Tasmania, in August 1980 and were immetsed in 400
liters of methanol as soon as poesible after collection. After three
days the plant material was removed, drained, and put through a

compost shredder. The air-dried material (200 kg) was percolated

with methanol until a test sample gave a negative reaction with Mayer's
reagent. The combined extracts were concentrated under reduced
pressure at a temperature below 40o to a thick gummy dark green sYrup,
which was dissolved in 10 liters of warm glacial acetic acid and 8
liters of water. The solution was poured in a fine stream into 20.
liters of water, which was simultaneously agitated vigorously with a
mechanical stirrer. The solution was left to stand overnight, then

the precipitate that settled out was filtered off; waahed with water
until free from alkaloids, and discarded. The extraCt, combined with
the washings,vwas evaporated to dryness in.vacuo at a temperature below
35°.  The residue'was dissolved in 20 liters of water and again’evapot-
ated.to dryness, and'the process of,dilution with water ahd evaporation
was repeated once more to get'tid of the aoetic acid. Finally‘the
residue was basified to_pH 8-9 with'aéueous ammonia (@ 0.88), whereby

a heavy precipitate was produced, which was allowed to settle overnight,
then filtered off through Hi-Flo Supercel. The dried precipitate and
the filtrate were separately extracted with chloroform until no further
alkaloid was removed, ‘then the combined chloroform solutions'were
'extracted with 5% agueous aulforic acid "(40x150 ml) until free from
"alkaloids as shown by a negative Mayer's test. The aqueous acid
solotion was basified with aqdeous ammonia (d 0.88), extracted with
vchlorofo;m, again the combined ohloroform extracts were dried (Na,SOy)

and evaporated to dryness in vacuo to give 14 g of crude alkaloids.
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Isolation, purification, and characterisation of the alkaloids - The

crude alkaloid mixture (5 g) was separated by short column chromatog-

raphy on 150 g of silica gel into six fractions. Elution was commenced

- with chloroform, and was continued with mixtures of chloroform contain-

ing gradually increasing amounts of methanol up to 10%. The last two
fractions gave no test for alkaloids.

Fraction 1 (0.36 g) contained two components from tlc examination
(ethyl acetate/light petroleum : 60/40), which were separated by ptlc
with the same solvent system. The less polar component (75 mg) was .
found to be identical (ms, uv, ir, 'H nmr) with the known alkaloid 3-
epischelhammericine (2). The more polar constituent (50 mg) proved
to be a new alkaloid, selaginoidine (16), mp 62-63°, [a] 1°+166.7
(C=0.25); A max: 219 (7680) , 269 nm(7480); y max: 2940, 2900, 2850,
1730, 1600, 1550, 1510, 1440, 1300 cm~!; 'H nmr: 6.82(s, 1lH), 5.51(s,
1H), 3.85(s, 3H), 3.28(5, 3H) and an unresolved number of protons_
between 1.5 and 3.5 ppm; when.the multiplet at § 3.5 was irradiated,
the singleﬁ at § 6.82 underwent_a pronounced nOe effect; m/z: 317(M+,
10); meas.: 317.16253, calc. for C,gH,3NO,: 317.16280; 301(10),
286(16), 259 (100), 258(90),.244(10);:217(15), 175(16), 165(5), 146(5);
13C nmr: 159.2 (C=0), 156.8(s, C2;), 141.3(s, CS;),.140.6(s, C4;),
127(s, C6), 122.2(d, C3;), 116.2(4, le, 74.2(d, C3), 62.2(s, C5),

65.9(q, Me0C=0), 51.7(q, MeO), 48.2 and 45.7(t, C8 and Cl0), 40.0,

31.9, and 28.8(t, C2, C7, and Cl2), 26.8(t, Cl4), 18.5(t, Cl1ll).

Fraction 2 (0.67 g ) éontained one component only from tlc with
several solvént systems. After purification, this alkaloid proved
identical (ms, uv, ir, 'H nmr) with athrocupressine (9).

Fraction 3 (0.43 g) also contained only one compound from tlc, which

was found to be identical (ms, ir, uv, !H nmr) with taxodine (1).

. Fraction 4 (0.47 g) contained at least three components from tlc, and

it was separated by triple development ptlc (5% MeOH/CHCl;) into
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three subfractions, of which that with the highest Rf (37 mg) provéd
identical (ir, uv, ms, 'H nmr) with homoerythratine (5). The éub—
fraction of lowest Rf (62 mg) was fouhd to be identi;al (ir, uv, ms,

'H nmr) with 2-hydroxytaxodine (6). The material from the subfraction»
of intermediate Rf was found by hplc to contain three compounds, two

of which could, however, not be completely separated from one another.
One component proved to be Z-hydroxyisbtaquine (7) from a comparison
of its physical data with those of a sample of (7) isolated in a similar
fashion from A. cupressoides. The mixture of the other two components,
wﬁich could not be further separated, was found to correspond in its
spectroscopic properties with the inseparable mixture of 2-hydroxy-
taxodine (6) and 2-epihydroxyisotaxodine (8) which was obtained by hplc

under the same conditions from A. cupressoides.

LAH reduction of selaginoidine (16) - Selaginoidine (20 mg, 0.063

m mole) was refluxed overnight with suspension of LAH (30 mg in 20 ml
'of THF) in a current of nitrogen. Excess of'LAH was destroyed with
water, and the solution was filtered and extracted with chloroform
(3x30 ml). The combined extracts were dried (Na,SO,) andléoncentrated
in vacuo to a yellowish o0il; purification by ptlc'(S% MeOH/CHCl13)
yielded the alcohol (17) Rf,o.ﬁ (8 mg, 43%) which could not be crystal-
lised; \ max: 209 (4538), 226 (4538), 285 nm(462); y max: 3380, 3000,
2900, 2850, 1200, cm~'; 'H nmr: 5.87(s, _lH):, 5;45(5, 1H), 5.45(s, 1H),
4.47 (s, 2H), 3.33(s, 3H),.and an unresolved number of piotons between‘
1.5 and 3.5 ppm; m/z: 289 (M*, 7); meas.: 289.167, calc. for C;;H,3NOg:

289.160; 258(10), 232(18), 231(100), 230(50), 214(30), 200(18), 178(16).



3.3 A. laxifolia

Extraction - Twigs aﬁd foliage were collected near Pine Lake; central
Tasmania, in September 1983, from two trees of A. laxifolia growing

in association with a stand of A. cupressoides. The material was
immersed és soon as possible after collection in 4 liters of methanol,
and after a week it was removed from the solvent, drained, and milled.
The dried plant material (1 kg) was percolated with methanol until a.
test sample gave a negative reaction with Mayer's reagent. The com-
bined e#tracts were concentrated in vacuo at a tehperature below 40°
to a thick gummy dark green syrup, which was dissolved in 500 ml of
glacial acetic acid and.l liter of water. The solution was left to
stand overnight, and the precipitate that settled out was filtered off,
washed with water untii_free from alkaloids, then discarded. The -
aqueous solution and washings were evaporated to dryness under reducéd
pressure at a temperature below 35°. The residue was dissolved in 1 -
liter of water, and the solution was again evaporated to dryness;
finally the residue was redissolved in 1 liter .of water, and_théi
solution was basified toka 8-9 with aqdeous ammqniav(dio.ssj. The
heavy precipitate-that formed was left to setiie overnight, then
filtered off through Hi-Flo Supercel. .The.dried precipitéte and the
solution were séparatély éxtracted with chloioform until they gave a
negative Mayer'é test, and the combined chléroform solutions wére
ext;acted with aquebus sulfuric acid (5% w/v, 20#100 ml) until f;geb
from alkaloids. The aqueous acid solution was basified with ammoﬂia
and again thoroughly extracted with chloroform (30x50 ml). The ¢Qm-
biﬁed chloroform extracts were dried (Mgsoui and evaéoréged under

reduced pressure to give 254 mg of crude’alkaloids;

Isolation, purification, and characterisation of alkaloids - The crude

mixture of alkaloids (254 mg) was separated by ptlc (CHCl;, 7% MeOH)‘

47
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into six fractions.'

Fraction 1 (11.5 mg) contained two basés from tlc (CgHg, 36% EtOAc) .

The mixture was separated by>doubie development ptlc with the same
solvent system. The higher Rf componenﬁ was obtained as a'yéllowish-
oil, and proved identiéal with 3-epischelhammericine (2) (ir,. uv, ms,

'H nmr). The component of lower.Rf (4.0 mg), was obtained as a
yellowish oil, which was found to be identical (ir, uv, ms, !H nmr)

with selginoidine (16). |

Fraction 2 (19 mg) contained two components from tlc (CHCl;, 5% MeOH),
which were separated by double development ptlc with the same solveﬁt
system. The hiéher Rf component (7.0 mg) proved to be noh-aikaloidgl.
The component of lower Rf (8.0 mg) crystallised as colorless need;es,
mp'150-152o (Me,CO), identicai (ir, uv, !H nmr, ms, mixed mp) with
taxodine (1).

Fraction 3 (27.5 mg) contained two components from tlc (CHCly, S%FMeOH),
and the same solvent system was used to separate them by double |
development ptlc. The lowér Rf component (13.0 mg) was obtained as .
white needles, mp 178-179° (Me,CO), identical (ir, uv, ms; 'y nmr; mixed
mp) with homoerythratine (5). The component of higher Rf (9.0 mg)
proved to be non-alkalbidal;-

Fraction 4 (14.0 mg) contained one component only as'shéwn by tlc (CHClj;,
5% MeOH), and was separated into fractions by ptlc'ﬁsing the same solvent
system. The component of lower Rf (7;0 mg) was obtained as a colorlesé
oil and was found to be idéntical.(ii, uv, ms, H nmr)véi;h 2-hydroxy-
taxodine (6). Thé higher Rf material (10 mg) could not be further
separated by ptlc, but its !H nmr spectrum showed it to consist predomin-
antly of a mixture of 2-hydroxyisotaxodine (7) and 2-epihydroxyisotaxo-
dine (8)_by comparison with the spectra of the correspénding fractions

from A. selaginoides and A. cupressoides.
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5. Spectrum data of new homoerythrina alkaloids
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Results and Discussion

The synthesis of the homoerythrina alkaloid skeleton has been
attemptea by two approaches as shown in schemé I. The acid catalyst
cyclisation of condensation product (C) of the amine (A) and the
cyclohexanone ester (B) 1s the key step'ih the first approach. The
ring expansion of the erythrina alkaloid nucleus by insertion of

dichlorocarbene7 to give the product (G) comprises the second approach.

Scheme 1

First approach

OR
N T
‘ A B ,

Second approach




A synthesis of the homoerythrina alkaloid skeleton (20) was

attempted by following the first approach as shown in scheme II.

CH,O .
CH,0 NH,
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| CHp@(\l
0
CH,O :<: i
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Scheme I1
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The amine (2) was synthesised by hydrogenation of the correspond-
'ing phenylacrylonitrile (1) with Raney nickel.v The g~-chlorocyclo-
.hexanone ester (8) was obtained by alkylation8 of the enamine of
4-acetoxycyclohexanone with methyl bromoacetate, followed by
a—chlorination9 with sulfuryl chloride in dry carbon tetrachloride.
When the uncyclised product.(9) obtained from the condensation was
reacted with 85% phosphoric acid in methanol, the undesired products
(10) and (11) of the amide, which were characterised by spectroscopic
means, were formed. An attempt was made to cyclise the condensation
éroduct (9) by heating it with polyphosphoriq acid under a nitrogen
atmosphere, but only decomposition products were obtained by this
me thod. .Cyclisation with both types of acid catalysis has been
successfully used for thg erythrina alkaloids, and has been employed
as a standard method for their synthesislo'll. The simplest model

synthesis has in consequence been studied by the route shown in scheme

IITI to investigate the reaction conditions.

Scheme III
O .
CH3O . S - OEt CH3O
' NH, O— —°
CH,O" '/© CH;0
2 3 4
: H+ +

N

CH,O v oo
N.._..o 3 . o
CH0 ) CH,0 N—¥
3
6 5 @—-
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The condensation of the amine (2) and the cyclohexanone ester (3)
gave ﬁhe amide products (4) and (5); both compounds showed the same
mass spectroscopic fragmentation, but‘only the amide (4) revealed a
resonance froﬁanxﬂefinic proton (§ 4.2 ppm), which corresponded to
the proton of an enamine systemlz. The mixtﬁre of amides (4) and (5)
was treated successively with p-toluene sulfonic acid, boron trifluoride
etherate, 85% phosphoric acid, and polyphosphoric acid. Most of these
reagents gave the uncyclised product (6), but under the polyphosphoric
aéid conditions a decomposition product was obtained. The amide product
(6) was characterised by its spectroscopic data: it shcocwed a resonance
signal froﬁ an olefinic proton at § 5.62 ppm as a single;, which distin-
guished it from the starting material.

From the undesired products (10), (11), and (6), it could be
concluded that the cyclohexanone esters (8) and (3) are not appropriate
for this synthetic approach: a suitable cyclohexanone ester should have
a blocking group to prevent.the migration of the double bond and
aromatization; at the same time, the group could be utilized to introduce
the double bond in a later step. On the other hand, a double bond
introduced at an early stage, as for instance in the amide (9), could
increase the strain of the spiro-product (18), and these factors could
contribute to the failure of the synthesis. With these points in mind,
_the cyclohexanone diester (12) was synthesised by alkylation of 2-carbo-
methoxy~4-ethylene-dioxycyclohexanone wiﬁh methyl bromoacetate  using
sodium hydride as a base. This new synthetic approach was attempted

using the cyclohexanone diester (12) as shown in scheme 1V,
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Scheme 1V

CH
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The amine (2) and the cyclohexanone diester (12) were refluxed
in toluene using p-toluene sulfonic.acid as catalyst. The uncyclised
amide ester product (13) was obtained and characterised by spectro-
'scqpic means. Attempts were made to cyclise the amide ester (13)
using boron trifluoride etherate as catalyst, and also by the use of
polyphqsphoric‘acid. The pfoduct was again decomposed by using poly-
phosphoric acid, and with boron trifluoride the starting material was
.recovered. There appeared to be problems involved not only with the
strain 'in the spiro-product, and with the migration of the double bond,
but also in the acid—catalyéed cyclisation step. A Michael acceptor
in the form of the enone amine (14) was in consequence introduced to
activate the ene-system for the acid-catalysed cyclisation step, ahd a

further synthetic approach was attempted by the route shown in scheme V.

Scheme V
CHP . S
7
C NH,
I 1 / Br-CH,COOEt
CH, CHQ. 7

CH, CHO X N--.&
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. The amine (2) and 1,3-cyclohexadione were refluxed in toluene to
yield the keto-enamine (14), which was characterised by spectroscopic
means. An attempt was made to alkylate with ethyl bromoacetate using
sodium hydride as a base)'but only startiﬁg ﬁaterial was recovered,
both with and without the use of base. The same result was likewise
obtained by using -ethylene glycol-ditosylate as the alkylating reagent.
The keto-enamine (14) is ‘a vinylogous amide and appeared to be very
unreactive towards alkylation, so an attempt was méde to form the ketal
derivative by refluxing with ethylene glycol and p-toluene sulfonic
acid in dry benzene, but starting material only was obtained. Finally,
an attempt was made to cyclise the keto-enamine (14) using the same
acid catalysts and conditions as in the previous approaches. The acid
catalysts for the most part yielded starting material, but with poly-
phosphoric acid only decomposition products were obtainéd. It ﬁust be
concluded that the key step in the first synthetic approach seems an

unlikely methodology to obtain the homoerythrina alkaloid skeleton.
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A second synthetic approach was attempted by the route shown in

scheme VI,

Scheme VI

b4

115

CHOy BF,EtO
0

A

A\

H,/ Pd-C

CH N—¢

L16
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\\ Attempted
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w-Azido-3',4'-dimethoxyacetophenone, prepared by the method of
Bretschneider and Hormanns, was refluxed with ethylene glycol and
p-toluene sulfonic acid in dfy benzene to yield _the ketal derivative
(15). This ketal was hydrogenated over a palladium charcoal catalyst
to give the ketalamine (16), which was characterised by spectroscopic
means. The ketalamine was condensed with the cyclohexanone ester (3)
in boiling toluene'qnder a nitrogen atmosphere,'and the crude product,
after removal of the solvent, was stirred with boron trifluoride ether-
ate in dry chloroform for 20 hours to yield the keto-amide (17). The
'H nmr spectrum of this compound showed signals for an olefinic proton
at § 5.72 ppm, and for methylene protons adjacent to a beﬁzoyl group
as an AB system at § 5.1 and 4.3 ppm, with a geminal coupling of 15 Hz.
The mass spectrum of this compouna shéwed a molecular ion peak at
315.1466, corresponding to the molecular formula C,gH,NO,; ‘its infra-
red spectrum showed a carbonyl signal at 1670 cm~!., Attempts were made
to cyclise the condensation product obtained from the ketalamine (16)
and the cyclohexanone ester (3) by the use of 85% phosphoric acid and
poiyphosphoric acid. Again the keto-amide (17) only was obtained.

From the'résulting product (17), migration of the double bond‘and
hydrolysis of the ketal-proteéting group seém to predominate over the
acid catalyst cyclisation; with the use of boron trifluoride etherate
as the acid catélyst,‘the lone pair electrons of the oxygen in the ketal
protecging.group probably form a complex with the boron atom, so that a

carbonium intermediate is_formed as shown in scheme VII.

The formation of this complex could be the reason for the de-
éc;ivétion of the aromatic ring, and in consequence the migration of
‘the double bond is favouréd. The protonation of the lone pair eleétrons
of the oxygen may also be the reason for the failﬁre when 85% phosphoric

acid and polyphosphoric acid were used. The functionalised ketal group
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seems to be inappropriate for the intended reaction sequence; on the
other hand, the ketone functional group should perhaps be introduced
at a later stage. Through lack of time, ring expansion of the

erythrina alkaloid nucleus has not been further investigated.

Scheme VII

/1N

o_C +;LB{— | - mO—B

CH.O CH;O =

=

!
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EXPERIMENTAL

Pzeparation'of 3',4'-dimethoxyphenylacrylonitrile (1)

A mixture of verataldehyde (15.4 g, 0.1 mole), cyanoacetic acid
(8.7 g, 0.1 mole), 3.0 g of ammonium acetate, 50 ml of toluene, and
50 mi of pyridine'was refluxed with a Dean and Stark water trap for
two days, then the solvent was removed by evaporation under reduced
pressure. The residue was treated with 5% ammonium hydroxide solution
'(100 ml) and extracted‘with chloroform (3x250 ml). The combined
extracts were dried (Nasok) and evaporated to obtain thé crude product,
which crystalliséd from chloroform petroleum ether (bp 40-600) as
yellow plates (15 g, ‘79% yield); mp 88-89°, (Lit. 1, mp 88-89°); y max
(nujol):. 2960, 2900, 2850, 2220, 1600, 1580, 1520, 1460, 1360, 1270,
1230, 1200, 1160, 1140, 1040, 1020, 960, 800, 750 cm~!; A max: 215
(6815), 235(7323), 293(8741), 323 nm(l0395); 'H nmr: 7.2-6.82(m, AB
system, JAB=15 Hz, 2H), 6.9-5.65(m, AB system, JAB=17.5 Hz, 2H), 6.85
(s, 1H), 3.9(s, GH); m/z: 189(M+, lOQ), 174 (35), l46(25), 118(15),

103(15), 91(15), 76(18).

Preparation of 3-(3';4'-dimethoxyphenyl)Qropyiamine (2)

3',4'-Dimethoxypheylacrylonitrile (1.0 g, 0.005 mole) in methanol
(20 m1) and 10 ml ammonium solution (d 0.88) was hydrogenated at room
temperature and 60 1lb/in? over one spatula of Raney nickel unpil no more
hydrogen was absorbed (ca. 10 hours). The reaction mixture was filtered
to remove the catalyst, then extracted with chloroform (3x100 ml). The
combined extracts were washed with water (100 ml), dried (NaSOQ), and
'evaporated in vacuo to obtain the amine (2); (0.9 g, 92.7% yield); y max
(neat) ; broad peak 3350, 3000, 2920, 2850, 1600, 1580, 1506, 1450, 1420,
1250, 1230, 1150, 1140, 1020, 800, 750 cm=!; X\ max: 234(4920), 280 nm .

(3342); 'H nmr: 6.62(58,'3H), 3.82(s, 6H), 2.65(m, 4H), 1.75(m, 2H),
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. o+ ’
1.3(s, 2H, exchangeable with D,0): m/z: 195(M , 60), 178(100), 163(30),

152(60), 151(100), 147(40), 121(60). (Spectroscopic data: Lit. 2).

Reaction of 3-(3',4'—dimethoxyphenyl)Q;opylamine (2) with 2-ethoxycarbonyl-

methylcyclohexanone (3)

The amine (2) (0.195 g, 1.0 mole), the cyclohexanone ester (3)
(0.184 g, 1.0 m mole), and 3 g of anhydrous sédium sulfate were refluxed
in 50 ml of toluene for about 12 hours. The sodium sulfate was filtered
off, the solvent was evaporated in vacuo, and the residue was separated
by ptlc (5% MeOH/CHCl,;, double development) to yield two products. The
lower Rf material proved to be the amide (5) (131.0 mg, 42.8% yield);
y max: 3000, 2920, 2850, 1700, 1680,.1590, 1510, 1460, 1410, 1260, 1150,
1140, 1030, 800 cm™'; ) max: 235(6120),-278 nm(5850); 'H nmr: 6.60 (bs,
3H), 3.75(s, 6H), and an unresolved number of protons between 1 and 3.5
- ppm; m/z: 315(M+, 30), meas.: 315.1833,'calc. for C;oH,5NO3: 315.1833,
313(15), 178(40), 177(35), 151(100), 149(20), 123(20), 122(15).

The higher Rf product proved to-be the amide (4) (21.6 g, 7% yield);
y max: 3000, 2900, 2850, 1700, 1680, 1590, 1510, 1460, 1410, 1260, 1150,
1140, 1030, 800 cm~!; )\ max: 235(6115), 278 nm(5850); 'H nmr: 6.70(bs,
3H), 4.2(bs, 1lH), 3.8(5, 6H) , and an unresolved number of protons between
1 and 3.5 ppm; m/z: 315(M', 25), meas.: 315.1833, calc. for C,gH,sNOg:

315.1834, 313(2), 178(20), 151(100), 123(25), 122(20).

"Reaction of 3-(3',4'-dimethoxyphenyl)propylamine (2) with 2~ethoxycarbonyl-

methylcyclohexanone (3) in the presence of acid catalyst

The amine (2) (0.10 g, 0.5 m mole), the cyclohexanone ester (3)
(0.10'g, 0.5 m mole) and 1 g of p-toluene sulfonic acid were refluxed in
50 ml of toluene for about 12 hours. The solvent was evaporated in vacuo
and the residue was treated with chloroform and water. Theorganic layer

was washed with 5% ammonium hydroxide solution, dried (NaSO,), and
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evaporated to yield the crude product (0.10 g), which was purified by
| ptlc (5% MeOH/CHCl;) to obtain the amide (6), Rf=0.5, (0.04 g, 30%
yield); y max: 3000, 2940, 2850, 1670, 1520, 1450, 1410, 1320, 1260,
1150, 1140, 1020, 850 cm"»l'; A max: 238(2520), 278 nm(2385) ; 'H nmr:
6.60(s, 3H), 5.62(bs, 1H), 3.7(s, 6H), and an unresolved number of
protons between 1 and 3.5 ppm; m/z: 315(M+,' 45) , meas.: 315.1833, calc.
for C,gH,5NO53: 315.1834, 178(18), 151(100)_,' 150 (30), 149(25), 123(30),

122(30).

Reaction of a mixture of the amides (4) and (5) with 85% phosphoric acid

A mixture of amides (4) and (5) (150 mg, 0.5 mi mole) f£from the
condensatiqn of the amine (2) and the cyclohexandne ester (3) was
dissolved in 100 ml of.metha_nol and 100 ml of 85% phosphor ic acid. The
mixture was refluxed for 10 hours under a nitrogen atmosphere, poured
into ice water, and extracted with chloroform (3x106 ml). The combined
extracts were dried (Na,S0,) and evaporéted under reduced pressure.

The residue was purified by ptlc (5% MeOH/CHCl,) to yield the amide (6),
Rf=0.5, (80.0 mg, 53% yield) « (The product was identical with the amide

(6) as shown by comparison of their physical data).

Reaction of a mixture of amides (4) and (5) with polyphosphoric acid

A mixture of the arhides (4) and (5) (150 mg, 0.5 mmole) was
.dissolved in 50 ml of poiyphosphbr'ic acid and heated at 130o in an oil
bath under niﬁrogen for 2 hours. The reaction mixture was cooled to
room temp-eratur'e', then treated with water (100 ml). | The solution vwas
extracted with chlor.oform (3x100 ml), dried (MgSO,), and ewvapored
in vacuo . The fesidue (25 m;;) , from tlc, contained polar decomposition
products only which ;emained at the .base liné, and the crude product was

in consequence not purified to characterise the structure.



101

Preparation of quinitol diacetate

Hydroquinone (220 g, 2 mole) in methanol (500 ml) was hydrogenated

at.150° and 120 atm over Raney nickel»(ZO’gj until no more hydrogen

was absorbed (ca. 40 hours). fhe reaction mixtﬁre was treated with 500
ml of methanol, and the catalyst was filtered off. The filtrate'was
evaporated under reduced pressure to obtain cyclohexane 1,4 diol (130
g), which was dissolved in acetic anhydride (400 g) and refluxed for

4 hours. The solution was poured into ice water to obtain a pre;ipitate
of the product, which was filtered off and recrystallised from acetone
to yield.white needles (200 g, 50% yield); mp 102-103° {Lit. 3, 102-1030);
_y max: 2980, 2900, 2850, 1720, 1520, 1360, 1240, 1050, 950, 900 cm'l;'
'H nmr: 4.8(m, 2H), 2.08(s, 6H), and an unresolved numbe; of protons

between 1.5 and 2.0 ppm.

Preparation of quinitol monoacetate

Potassium hydroxide (11 g, pure) in 50% methanol/waﬁer (50 ml) was
added dropwise during 5 minutes to guinitol diacetate (50 g, 0.25 mfle)
» dissolved in 50% methanol/water (350 ml) at 40-50° with wvigorous stir-
-ring. The meﬁhanol'was evaporated in vacuo, .and the agueous solution
_which remained was extracﬁed with chloroform (5x100 ml). The coﬁbined
extracts were washed with 5% ammonium chloride solution (100 ml), dried
(MQSO“), and evaporated. The crude P;oduct so obtained was recrystal-
lised from petroleum ether bp 40-609 (25 g,.60% yield), mp 68—72o (Lit.
3, mp 68—720); y max:: 3400, 2940, 2850, 1740, 1450, 1370, 1360, 1250,
1070, 1040, 950, 750 cm~!; 'H nmr: 4.75(m, 1H), 3.75(m, 1H), 2.05(s,

3H), and an unresolved number of protons between 1.3 and 2.0 ppm.

Preparation of 4—acetoxycyc10hexanone

Quinitol monoacetate (22 g, 0.14 mole) in glacial acetic acid

(50 ml) was oxidised with chromic acid (12 g) in acetic acid (12 ml of
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glacial acetic acid and 8 ml of water) at 0°. The solution was allowed
to stand overnight, then treated with water (100 ml), and extracted with
chlorqform (5%100 ml). The combined extracts were washed with a little
water, dried (Na,SOy), and evaporated under reduced pressure to a yellow-
ish o0il, which was distilled to obtain a colorless liquid (15 g, 70%
yield), bp 235o (Lit. bp 2350); y max (neat): 3000, 2950, 2850, 1740,

1430, 1370, 1250, 1120, 1080, 1050, 950, 880 cm~'; 'H — 5.6(m, 1H),

2.05(s, 3H), and an unresolved number of protons between 1.5 and 2.5

ppm.

Preparation of 2-methoxycarbonylmethy-4-acetoxycyclchexanone (7)

A mixture of 4~acetoxycyclohexanone (15.6 g, 0.1 mole) and
pyrrolidine (7.2 g, 0.1 mole) in benzene (100 ml) was ;efluxed for 6
The solvent was evaporated under reduced pressure, and the residue was
dissolved in THF (100 ml); the solution waé treated with methyl-2-bromo-
acetate (15.3 g,'Q.l mole) drbpwise under a nitrogen atmosphere at
room temperature. After addition was completed, the reaction mixture
was refluxed for 6 hours, treated with water (100 ml), then again
refluxed for .10 hours. The mixture was extracted with chloroform
(5%x100 ml), and the combined extracts were washed with water, dried
(Mgsouj, and evaporated under reduced pressure. The crude product so
obtained was distilled to yield a colorless liquid (13 g, 60% yield);
bp 1500, 1.5 mm Hg; y max(neat): 2960, 2860, 1740, 1440, 1370, 1300,
1120 em~!; !H nmr: 5.17(m, 1H), 3.65(s, 3H), 2.13 and 2.03(s, 3H),
and an unresolved numbgr of protons between i.5 and 3.0 ppm; m/z: 228(M+,

1), 209(4), 208(3), 136(100).

Preparation of.2,2—chloro;methoxycarbonylmethyl-4-acetoxycyclohexanone (8)

A mixture of thé”ketone ester (7) (228 mg, 1.0 m mole) and sulfaryl



103

chloride (140 mg, 1.1 m mole) iﬁ dry carbon tetrachloride (500 ml) was
stirred at room temperature under a nitrogen atmosphere for 4 hours,
then treated with water and chloroform. The organic layer was washed
with 5% ammonium hydroxide (50 ml), dried (MgSO,), and evaporated
under reduced pressure to give the product (8) which was used immedi-

ately in the following reaction.

Reaction -of 3-(3',4' methoxyphenvl)propylamine (1) with.2,2-chloro,

methoxycarbonylmethyl-4-acetoxycyclohexanone (8)

A mixture of the amine (2) and the ketone ester (8) was refluxed
in toluene (100 ml) under a nitrogen atmosphere for 12 hours. The
solvent was evaporated in vacuo, and the residue was purified by ptlc
(5% MeOH/CHClj3) to give the acetoxyamide (9) as a colorless oil; RfF=0.6
(250 mg, 67% yield); )\ max: 210(17808), 230 nm(17808), 274 nm(19786);

y max(neat): 3000, 2940, 2840, 1740, 1680,'1650, 1600, 1580, 1500,
1450, 1430, 1250, 1150, 1140, 1100, 1030 cm™'; 'H nmr: 6.68(s, 3H),
5.78(s, 1H), 5.13(m, 1H), 3.86(s, 3H), 2.0(s,v3H), and an unresolved
number of protons between 1.5 ana 3.8 ppm; m/z: 371(M+, 60), 369 (10),
311(65), 207(10), 178(55), 165(40), 164(20), 147(100), 146(55), 118

.

(45) .

Reaction of the acetoxyamide (9) with 85% phosphoric acid

" The acetoxyamide (9) (180 mg, 0.5 m mole) was dissolved in 100 ml
of 85% phosphoric acid. The reaction mixture was refluxed for 10 hours
under a nitrogén atmésphere, poured into ice water, then extracted
with chloroform (3x100 ml). The combined extracts were washed with
water, dried (MgS0,), and evaporated under reduced pressure. The crude
product was purified by ptlc (2% MeOH/CHCl;) to yield two fractions.

The product with Rf=0.5 (100 mg, 32% yield) proved to be the amide (10);
A max: 230(5183), 252(4561), 280 nm(2920); y max: 3000, 2940, 2840, 1700,

- 1610, 1510, 1480, 1460, 1360, 1260, 1210, 1150, 1140, 1030 cm~'; 'H nmr:
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7.2-6.9(m, 4H), 6.72(bs, 3H), 3.8(s, 6H), 3.7(t, J=7.5 Hz, 2H), 1.98(m,
2H); m/z: 311(M°, 80), meas.: 311.1519, calc. for C,oH,,NOz: 311.1521,
178(35), 165(40), 152(35), 151(40), 147(100), 118 (55), 91(35).

The product with Rf=0.2 (45 mg, 13.6% yield) proved to be the
amide (11); A max: 230(11634), 278 nm(8115); y max: 3400, 3020, 2940,
1680, 1510, 1450, 1420, 1260, 1210, 1150; 1030 cm~!; 'H nmr: 6.67(s,
3H), 5.75(s, 1H), 5.45(m, 1H), 4.05(m, 1H), 3.8(s, 6H), and an unresolved
number of protons between 1.5 and 3.8 ppm; m/z: 329(M+, 45), meas.:
329.1541, calc. for C,gH,3NO,: 329.1545, 328(35), 311(10), 285(10),

178(35), 177(40), 165(100), 164(10), 153(40), 136(40), 1C7(10).

Preparation of dimethyl-y-ketopimelate

Through' a solution of furylacrylic acid (100 g, 0.72 mole) in
methanol (400 ml), dry hydrogen chloride gas was passed at a rapid rate
with stirring. As soon as the solution reached the boiling point, the
passage of gas was dihinished to a rate which provided onlyAa small
flow from the top of the reflux condenser. Meanwhile the solution was
maintained at the boiling point through application of heat when
‘necessary. At the end of 4 hours the solution was concentrated to one-
fourth voldme in vacuo. Bénzene (1 liter) was added to the residue,
and the distillation was continued at atmospheric preésure until the
vapour temperature reached 800, then the remainder of the benzene was
removed in vacuo. To the residue was added methanol (500 ml) aﬁd 1l ml
of 96% sulfuric acid, and the reaction mixture was refluxed for 16 hours.
At the end of this time, 300 ml of methanol were distilled off in vacuo
and the residue was dissolved in benzene (i liter); the benzene solution
was washed with 1 N sodium carbonate solution in 200 ml portions until
the aqueous layer remained alkaline, and then with water (200 ml).

The benzene solution was dried (MgS0O,) and evaporated, and the residue

was crystallised to give the required product (75 g, 51% yield), bp 800,
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1.0 mm Hg (Lit. 4, bp 90-93°, 0.1 mm Hg), mp 49-50°, (Lit. 4, mp 49-50°);
y max: 2940, 2900, 2840, 1730, 1700, 1450, 1400, 1370, 1310, 1200,

1100, 960, 850, 800 cm~!; 'H nmr: 3.63(s, 6H), 2.68(m, 8H).

Preparation of dimethyl-v-ethylenedioxypimelate

A mixture of dimethylfy—ketopimelate (50 g, 0.25 mole),

redistilled ethylene glycol (17.0 g, 0.26 mole), and p-toluene sulfonic
acid (100 mg) was refluxed in benzene (150 ml) for 13 hours while water
vwas azetropically removed by a Dean and Stark apparatus. Benzene (150
ml) was added to the reaction mixture, and the resulting solution was
washed with saturated sodium carbonate (25 ml}, then with water (100 ml),
and dried (MgSO,). The solvent was evaporated under reduced pressure,
and the crude product was purified by distillation (45 g, 73.1% yield),
bp 80°, 0.8 mm Hg, (Lit. 4, bp 96-98°, 0.08 mm Hg); y max (neat): 2950,
1740, 1630, 1500 cm~!; !H nmr: 3.85(bs, 4H), 3.6(s, 6H), 2.35(t, J=7.5

Hz, 4H), 1.92(t, J=7.5 Hz, 4H).

Preparation of 2~carbomethoxy-4-ethylenedioxycyclohexanone

Small pieces of sodium metal (0.46 g, 0.02 mole) were éuspended
in toluene (150 ml) and a solution of dimethyl-y—ethylenedioxypimelate
(4.92 g, 0.02 mole) in toluene (10 ml) was added to the suspension at
room temperature under a nitrogen atmosphere. The reaction mixture
was refluxed for 5 hours, then glacial acetic acid was until neutral.
The resulting solution was extracted with chloroform (3x100 ml) and
the combined extracts were washed with saturated sodium carbonate
until the aqueous layer remained alkaline. The solution was dried
(Mgs0O,) and evaporated under reduced pressure; the crude product so
obtained was purified on a column of silica gel (100 g) prepared_in
chloroform and eluted with chloroform. The highest Rf fraction con-

tained the desired product (3.0 g, 70% yield); mp'60° (Lit. 4, mp 60-610);A
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y max: 2960, 2880, 1740, 1710, 1650, 1450, 1350, 1300, 1230, 1200,
1150, 1130, 1070, 1000, 950 cm™!; !H nmr: 3.95(5, 4H), 3.68(s, 3H),

2.45(m, 3H), 1.82(t, J=7.5 Hz, 4H).

Preparation of 2,2-carbomethoxyLmethokycarbonylmethyl—4-ethylenedioxy—

cyclohexanone

2-Carbome thoxy-4-ethylenedioxycyclohexanone (10.7 g, 0.05 mole)
was dissolQed in THF (20 ml) and added to a suspensjon of sodium hydride
(1.27 g, 0.05 mole) in THF (100 ml) at room temperature under a nitrogen
atmosphereQ The reaction mixture was stirred overnight, then water was
added to destroy the excess of sodium hydride. The resulting solution
was extracted with chloroform (5x100 ml), and thevcombined extracts
were washed with water (100 ml), dried (MgSO,), and evaporated under
reduced pressure. The crude product so obtained was.purified on a colﬁmn'
of silica gel (120 g) prepared in chloroform and eluted with chloroform.
The highest kf fraction contained the desired product (10 g, 70% yield);
y max: 2950, 2900, 1740, 1430, 1350, 950 cm~!; 'H nmr: 3.95(bs, 4H),
3.72(s, 3H), 3.62(s, 3H), and an unresolved number of protons between.
1;8 and 3.5 ppm; m/g:'286(M+, 10), meas.: 286.1047, calc. for C;3H;g0;:

286.1052, 255(10), 229(10), 159(35), 123(10), 100(50), 99(100).

Reaction of 3fj}',4'—dimethoxyphenyl)propylamipe (1) with 2,2-carbomethoxy-

me thoxycarbonylmethyl-4-ethylenedioxycyclohexanone (12) in the presence

of E-toluéne sulfonic acid

A mixture of the a@ine (1) (195 mg, 1 m mole), the ethylenedioxy-
ketone diester (12) (286 mg, 1.0 m mole), and p-toluene sulfonic acid
(100 mg) wés refluxed in toluene (100 ml) under a nitrogen atmosphere for
12 hours. The solvent was evaporated off, and the residue was treated
with chloroform and water. The organic layer was washed with 5% ammonium

hydroxide (100 ml)‘and water (100 ml), then dried (MgSO,) and evaporated.
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The residue was purified by ptlc (5% MeOH/CHCl3) to yield the product
(13), Rf=0.5 (200 mg, 46% yield); )\ max: 232(4501),.280 nm(1053) ;

Y max: 2950, 2850, 1740, 1680, 15}0, 1450, 1300, 1280, 1260, 1230,

1050; 1030, 950, 880, 850, 810 cm~'; !H nmr: 6.72(s, 3H), 4.87(m, 1lH),
3.9(s, 4H), 3.7(s, 4H), 3.62(s, 3H), and an unresolved number of‘protons
between 1.5 and 3.5 ppm; m/z: 341 (M', 60), meas. 431.1935, calc. for
C,3H,9NO,: 431.1944, 387(15), 345(80), 330(50), 313(45), 217(30),

181(40), 178(50), 177(50), 164(30), 151(100), 147(20), 136(30), 121(30).

Reaction of the ethylenedioxyester amide (13) with boron trifluoride

etherate

The ethylenedioxyester amide (13) (200 mg, 0.46 m mole) and boron
trifluoride etherate (2 ml) were refluxed in dry chloroform (100 ml)
under a nitroéen.atmosphere for 6 hours, . then thé‘solvent was evaporated
off under reduced pressure. The residue was dissolved in water (100 ml)
and extracted with chloroform (3x100 ml). The combined extracts were
washed with 5% ammonium hydroxide (100 ml) and with water (lOOvml); then
dried (Mgsbu), and evaporated under reduced pressure to obtain a product

which pfoved to be the starting material.

Preparation of!1,3=cyclohexanedione

A mixture of sodium hydroxide (24.0 g, 0.6 mble), water (106 ml),
and resorcinol (55 g, 0.5 mole) was placed in.bomb hydrogenator
together with W2 Raney nickel (100 g). The pressure in the bomb was
raised to 1000-1500 J.b/in2 with hydrogen, "and the temperature was
adjusted to 50°. The bomb was shaken and fhe reéction allowed to
proceed for 10 hours, during which time 0.5 mole of hydrogen was
absorbed. The apparatus was allowéd to cool to room temperature, the
pressure was released, and the cat;lysg was removed by filtration.
~The filtrate was acidified with concentrated hydrochloric acid; and the
solution was cooled td 0° in an ice-salt bath and held at that

temperature for 30 minutes before filtration. The crude product
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containing sodium chloride was dissolved in 125-150 ml of hot benzene,
then the solution was filtered to remove the sodium chloride and
allowed to crystallise (53 g, 95% yield), mp 103-1040; (Lit. 5, mp

103-104°).

Reaction of 3-(3',4'-dimethoxyphenyl)propylamine (2) with a mixture of

1,4-cyclohexanediongandsthyl bromoacetate

A mixture of the amine (1) (1.0 g, 5.0 m mole) and 1,3~

icyclohexanediong (0.54 g, 5.0 m mole) was‘stirred at 35-40° in toluene
(75 ml) until the solution was clear, then ethyl bromoacetate (0.72 g,
5.0 m mole) was added, and the reaction mixture was refluxed for 12
hours under a nitrogen atmosphere. The solvent was evaporated in vacuo
to obtain the crude product, which was separated on a column of silica
gel (100 g) prepared in chloroform and eluted with chloroform. Two
fractions were obtained: the higher Rf fraction pro&ed to be ethyl

. bromoacetate, and the lower Rf fraction was evaporated in vacuo to»
obtain the ketone enamine (14) as a colorless o0il (0.90 g, 62% yigld);
A max: 265(1445), 236(505) , 285 nm(2528; y max: 3250, 3050, 3000, ?950,
1600, 1550, 1360, 1320, 1250, 1200, 1140, 1030 cm~!; 'H nmr: 6.65(m,
3H), 5.63(bs, 1H exchangeab;g with D,0), 5.0(s, 1H), 3.8(s, 6H), 3.05
(m, 2H), 2.6(m, 2H), 2.27(m, 4H), 1.8(m, 4H); m/z: 289(M+, 50), meas.:
289.1702, calc. for Cy,H,3NO3: 289.1678, 288(15), 274(1l5), 178(25),

~164(15), 163(10), 151(20), 147(15), 125(100), 124(10), 91110), 78(35).

Reaction of 3~(3',4'~-dimethoxyphenyl)propylamine (2) with a mixture of

A mixture of the amine (1) (1.0 g, 5.0 m mole) and 1,3~
Cyclohexanedione: (0.54g, 5.0 m mole) was stirred at room temperature in
chloroform (100 ml) for one hour, then ethylene glycol ditosylate

(1.82 g, 5.0 m mole) was added. The reaction mixture was refluxed
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- under a nitrogen atmosphere for 3 hours, then ammonia solution_(d_0.88)
was added. The reaction'mixture was extracted with chloroform (3x100 ml)
and the combined extracts were washed with water (3x100 ml), dried
(MgSO, ), and evaporated in vacuo. The crude product so obtained was

. separated on a column of silica gel (lOOIg) prepared in chloroform and
eluted with chloroform. The first fractioﬁ (250 ml) was evaporated
under reduced pressure to obtain the product (14) (850 mg, 60% yield),
identical with the ketone enamine (14) as .shown by comparison of their

physical data (nmr, ir, uv, ms).

Reaction of the ketone enamine (1l4) with ethylene giycol ditosylate

in the présénce of sodium hydride

A mixture of the ketone enamine (14) (289 mg, 1 m mole), énd sodium
hydride (100 mg, 2 m mole) suspended in‘TﬁF (30 ml) was stirred at room:
temperature under a nitrogen atmosphere for 1 hour, then ethylene glycol
ditosylate (370 mg, 1 m mole) was added. The reaction mixture was
stirred under these conditions overnight, then treated with ethanol to
destroy excess of sodium hydride. The resulting solution was extracted
with chloroform (3x100 ml), and the combined extracts were washed with
water (200 ml), dried (MgSO,), and evaporated in vacuo. The crude
product so obtained was separated by ptlc (7% MeOH/CHCl;) to give

starting material only.

Reaction of the ketone enamine (14) with ethylene glycol'in the presence

of p-toluene sulfonic acid

A mixture of the ketone enamine (14) (289 mg, 1.0 m mole),
ethylene glycol (1 ml), and p-toluene sulfonic acid (50 mg) was refluxed
in benzene (50 ml) for 24 hours, then treated with water (100 ml). The
reactiqn mixture was extracted with chloroform  (3x100 ml), and the com-

bined extracts were washed with water (200 ml), dried (MgSO,), and
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evaporated, leaving a residue of starting material only.

Reaction of the ketone. enamine (14) with boron trifluoride etherate

The ketone enamine (14) (289 mg, 1.0 m mole) in dry chloroform
(50 ml) and boron trifluoride etherate (3 ml)-were stirred at room
temperature under a nitrogen atmosphere for 10 hours, then treated
with water (100>ml). The reaction mixture was extracted with chloro-
form (3x100 ml). The combined extracts were washed with water, dried
(MgSO, ), and evaporated under reduced pressure, leaving a residue of
starting material only, as shown by a comparison of physical data (nmr,

ir, uv, ms).

Reaction of the ketone enamine (14) with 85% phosphoric. acid

A mixture of the ketone enamine (14) (289 mg, 1 m mole), 85% : -
phosphoric acid (20 ml) and methanol (30 ml) was refluxed under a
nitrogen atmosphere for 6 hours, and then treated with ice water.

The solutioﬁ was basifiéd to pH 8 with concentrated ammonia solution

(d 0.88), then extracted with chloroform (3x100 ml). The combined
extracts were washed with:water, dried (MgSO,), and evaporated under
reduced pressure, leaving a residue of starting material only, as shown

by a comparison of physical data (nmr, ir, uv, ms).

Reaction of the ketone enamine (14) with polyphosphoric acid

A mixture of the ketone enamine (14) (289 mg, 1 m mole) aﬁd
_polyphosphoric acid (30 ml) was heaﬁed under a nitrogen atmosphere in
* an oil bath at.120—150o for 2 hours. The reaction mixture was
cooled to room temperatureg then treated with water (100 ml). The
resulting solution was neutralized with ;5% ammonium hydroxide
solution and extracted thoroughly with chloroform (3x100 ml). The

combined extracts were washed with water (100 mi), dried (MgSO,), and



evaporated under reduced pressure. From tlc (5% MeOH/CHClg) the
residue (38 mg) contained materials which remained at the base line;
the crude product was in consequence not purified to characterise

the structure.

Preparation of g-chloro-3',4'-dimethoxyacetophenone

A mixture of a-chloro-3',4'-dihydroxyacetophenone (20 g, 0.1
mole), potassium carbonate (26 g, 0.2 mole), and dimethyl sulfate
(35 ml, 0.22 mole) waS‘refluxed in acetone (250 ml) and stirred
vigorously under a nitrogen atmosphere for 5 hours. The reaction
mixture was cooled to room temperature and the salt was filtered off.
The filtrate was evaporated under reduced pressure ;o give a white
solid, which was recrfstallised from.ethanol to obtain white needles,
mp 86-870; y max: 3000, 2950, 2920, 2840, .1690, 1670, 1590, 1510,
1460, 1410, 1340, 1300, 1270, 1210, 1150, 1020, 870 cm~}!; !'H nmr: 7.74-
6.84 (AB system, JAB=8 Hz, 2H), 7.45(s, lH), 4.65(s, 2H), 3.92(s, 6H);
m/z: 214(M+, 10), meas.: 214.0397, calc. for C;4H,,Cl03: 214.0397,

166(10), 165(100), 137(20), 122(15), 107(10), 92(10), 79(30), 77(25).

Preparation of yw-azido-3',4"'-dimethoxyacetophenone

A mixture of g-chloro-3',4'-dimethoxyacetophenone (2.15 g, 10
m mole), and sodium azide (1 g, 15 m mole) was dissolved in 50%
acetone/water (150 ml) and refluxed under a nitrogen atmosphere for
1/2 hour. The reaction mixture was poured into ice water (250 ml) and
the precipiﬁate was filtered off. The precipitate was recrystallised
‘from methanol to obtain hygroscopic crystals (1.6 g, 72% yield); y max:
' 3000, 2950, 2920, 2820, 2100, 1686, 1590, 1510, 1460, 1440, 1340, 1270,
1210, 1160, 1140, 1020, 920, 860, 800 cm~}; 'H nmr: 7.4(s, 1H),
7.4-6.8(AB system, JAB=8 Hz, 2H), 4.47(s, 2H), 3.8(s, 6H); m/z: 221

wm*, 1), 165(100), 122(60).
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Preparation of y-azido-3',4'-dimethoxyacetophenone ketal (15)

A mixture'of w—-azido-3',4'-dimethoxyacetophenone (2.21 9, 10
Am'mole), ethylene glycol (5 ml), and dry benzene (100 ml) was refluxed
for 3 hours with a Dean and Stark apparatus to remove water. The
reaction mixture was treated with water (100 ml), then extracted with
chloroform (3x100 ml). The combined extracts were washed with water
(50 ml), dried (MgSO,), and evaporated in vacuo to obtain the product
as a colorless oil (200 mg, 75% yield); vy max: 3000,°2950, 2920, 2880,
2100, 1600, 1510, 1460, 1430, 1410, 1330, 1260, 1210, 1160, 1140,

1020, 940, 920, 860, 840 cm~!; 'H nmr: 6.98-6.75(AB system, JAB=7.5 Hz,

24), 6.92(s, 1H), 4.1(m, 2H), 3.9(m, 2H), 3.82(s, 6H), 3.37(s, 2H).

Preparation of a-amino—3',4'—dimethoxyacetophenone'ketal (16)

w-Amino—3',4'-dimethoxyacetophenohe ketal (15) (270 mg, 1 m mole)
in methanol (30 ml) was hydrogenated at room temperature and 60 lb/inz
over 10% palladium on charcoal (15 mg)_until no more hydrégen was
absorbed (ca. 3 hours). The catalyst was filtered off and water was
added to the filtrate. The resulting solution was extracted with
chloroform (3x50 ml), and the combined extracts were washed with wéter
(50 ml), dried (MgSO,), and evaporated unéer reduced pressure to obtainv
the ketalamine product (16) as a colorless oil (240 mg, 98%. yield);
vy max: 3380, 3300, 2950, 2840, 1600, 1510, 1460, 1410, l310,l1200,
1180, 1160, 1140, 1030, 940, 850, 810 cm~!; 'H nmr: 6.95-6.75(AB system,
JAB=8 Hz, 2H), 6.9(s, 1H), 4.05(m, 2H), 3.85(m, 2H), 3.87(s, 6H),

2.9(bs, 2H), 1.97(bs, 2H, exchangeable with D,0).

Reaction of g-amino-3',4'-dimethoxyacetophenone ketal (16) with Z2-ethoxy-

carbonylmethylcyclohexanone (3) and boron trifluoride etherate

A mixture of the ketalamine (16) (245 mg, 1 m mole), the cyclo-—

hexanone ester (3) (174 mg, 1 m mole), and sodium sulfate was refluxed
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in toluene (50 ml) under a nitroéen atmosphere for about 12 hours, then
the sodium sulfate was filtered off. The filtrate was evaporated under
reduced pressure to obtain the condensed product, whiéh wa§ dissolved

in chloroform (25 ml) and treated with boron trifluoride etherage (3 ml).
The reaction mixture was stirred under a nitrogen atmosphere for 20
hours, then 5% ammonium hydroxide (100 ml) was added. The solution was
extracted with chloroform (3x50 ml), and the combined extracts were
washed with water, dried (MgSO,), and evaporated under reduced pressure.
The crude product so obtained was purified by ptlc (3% MeOH/CHCl;) to
give the keto-amide (17) as needles, Rf=0.3, mp 101—1020; A max: 205
(12915) , 230(5040), 275 nm(1890); y max: 2940,.i670, 1500, 1410, 1260,
1140, 1020 cm~!; 'H nmr: 7.47-6.8(AB system, JAB=8 Hz, 2H), 7.45(s, 1H),
5.72(s, 1H), 5.1-5.3(AB system, JAB=15 Hz, 2H), 3.9(s, 6H), and an
unresolved number of protons between 1.3 and 2.8 ppm; m/z: 315}M+, 2),
meas.: 315.1466, calc. for C,gH,,NO,: 315.1470, 208(10), 209(100),

165(30).

Reaction of the condensation product of the ketalamine (16) and the

cyclohexanone ester (3) with polyphosphoric acid

The condensation product from the previous reaction was dissolved
in polyphosphoric acid (30 ml). The reaction mixture was stirred
vigorously and heated in n oil bath at 130-15091under a nitrogen.
atmosphere for 2 hours. The mixture was cooled to room temperature, and
water (100 ml) was added. The solution was basified to pH 8 with
concentrated amménia solution (d 0.88i, then extracted with chloroform
(3x50 ml). The combined extracts were washed with water, dried (Mgso“);
and evaporated under:reduced'pressure. After purification by ptlc (3%
MeOH/CHCl;), the product (215 mg, 68% yield).proved to Se identical
with the keto-amide (17) by comparison of ﬁheir physical data (mp, nmr,

ir, uv, ms).
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Reaction of the condensation product of the ketalamine (16) and the

cyclohexanone ester (3) with 85% phosphoric acid

The condensation product from the previous reaction was dissolved
in methanol (75 ml) and 85% phosphoric acid (75 ml). The reaction
mixture was refluxed under a nitrogen atmosphere for 6 hours, then the
mixture was poured into ice water (100 ml) and extracted with chloro-
form (3x50 ml). The combined extracts were washed with water, dried
(Mgsoy), and evaporated under reduced pressure. After purification .
by ptlé (3% MeOH/CHCl;), the producf (200 mg, 63% yield) proved to be
identical with the keto-amide (17) by cqmpa;ison of their physical data

(mp, nmr, ir, uv, ms).
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1. Introduction

The genus Discaria bélongs to the familthamnaqfqg;and comprises

a species of small shrubs growing in South America, New Zealand and
Australia. Alkaloids of the cyclopeptide type have been isolated

from the South American species D. lonéispinal and also D..pubescens3,
the only Australian member of the genus. A Chilean species,

D. serratifblia, however, has been found to COntainipgpzy]1soqujpo]jng*
type alkaloids4, and D. crenata, another of the South American Discaria
spp?, contains both benzylisoquinoline and cyclopeptide types. The
distribution'of alkaloids in different species ié éhown iﬁ Table I, and
the physicai properties of all the cyclopéptide alkaloids isoléted SO

far from Discaria spp. is shown in Table II.

Table 1I.

Botanical distribution.

Plant Alkaloid Ref.
D. crenata R(-)-Armepavine 2
R(~)-N-Methylcoclaurine _2
Crenatine A . “ 2
D. longispina Frangulanine L 1
ADiscarine A o . 1
ﬁiscarine B | -1
Adouetine Y" | ' o1
Ffangﬁfoline 1
D. pubescens Pubescine A 3
D. serratifolia R(-~)-O-Methylarmepavine 4
R(-)-N-Methylcoclaurine 4

R(-)-N-Methylcolletine 4

R(~)-Armepavine 4



Table 11

Physical properties of Discaria cyclopeptide alkaloids

Name

Adouetine Y' (i)
Crenatine A (II)
Discarine A (III)
Discarine B (IV)
Franéufoline (V)
Frangulanine (VI)

Pubescine A (VII)

Adouetine Y'
Discarine A

Discarine B

Frangufoline (V)

Frangulanine (VI)

Pubescine A

MW Formula
534 C31Hy Ny Oy
568 C34Hy oNyOy
513 C33Hy 3NsOy
573 C33Hy 3NsOy
534 CalﬁuzNuOu
500 Cp gHy y Ny Oy
486 C27Hy N, Oy
NH NH "
R
-N(CH:,)2
(1) RI= iso-Butyl, R' =
(IIi) R.= —-Indolylmethyl,
(IV) R = sec-Butyl, R' =
R = sec-Butyl, R' =
R = sec-Butyl, R' =
(VII) R = iso—Propyl,'R'

mp(°C) (@) p (CHCL3)
295-297 -390
223 ~292.58
229-231 -282
235-236  -172
234-236 -288
272-274 -296

247-250  -230

Bebzyl.

R' = sec—Butyi.
-Indolylmethyl.
Benzyl.
iso-Butyl.

= iso-Butyl.
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Crenatine A (II)

Structural determination.

Most of the isoqpinoline—type bases isolated from Discaiia Spp.

-"are known alkaloids yhich occur elsewhere. An exception is R(-)-O-methyl-
armepavine which was found in D. serratifblia4} this alkaloid has never
been isolated from any other plant, but has p;eviously been obtained by
syntheéiss, and also'és a chemical degradation. product of céftain
biSbenzylisoquinoline élkaioidss. Thé structures of the cyclopeptide

alkaloids have been determined by spectroscopic and chemical means.

Mass spectra of cyclopeptide alkaloids.

The peptide alkaloids of'Discariavspp..for the most part bel&ng
.to thevfranguléniﬁe or the integerriné series. Their structures can be
determined largely £rom,their mass spectrae,(see sdheme I); however, the
'éubstituents on the aromatic rinés cannot be located by this method, nor

can leucine be distinguished from isoleucine.
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SCHEME I.

type alkaloids.
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Mass spectrometric fragmentation of frangulanine- and integerrine-
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NMR Spectra of cyclopeptide alkaloids

In ggneral'for the cyclopeptide alkaloids, 'H nmr spectroséopy
can be uséd to study the number and type Qf'NMe and OMe groups, and
also to solve the problem posed by isomeric reéidues such as those of
1euciﬁe'and isoleucine which are not differentiated by mass spectro-
scopy. A study has been made by the Wenkert groupl of the spectra.of
discarine A, discarine B, and frangulanine in which the amide protons -
haVe been replacea by deuterium in order tobdetermine the configuration
of the g andAB.methihe protons of'the hydroxyleucine’moiety. The sig-
nals for these protons occur at § 4.40 and 4.?7 respéc£ively, the first
"as_azdoubleﬁ with Ja .= 8 Hz, and the second.as a double doublet with

B

J = 8 Hz and J = 2 Hz. An erytho configuration of the o and B

aB By
methine protons could be assigned from a couplingbconstant of JOB= 8 Hz.
13¢c Nmr spectroscopy of the cyclopeptide alkaloids® is a new area,

only a few examples of the alkaloids having been studied recently ih

order to assign chemical shifts.

UV and IR Spectra of cyclopeptide alkaloids

The uv spéctra of alkaloids 6f the ffanguianine‘and'integerrine
types generally show no §haracteristic absorption band'despiﬁe the
"presence of avd6u51e bond and an afomatic nucleus in the steriamine
moiety; the reaéon7 for this ié to Be sought in thé étfained.ring system
whi¢h prevents the overlappiné of p-orbitals in the aryloxy and enamino
éroups, so that they absorb independently.

The ir spectra7 show bands at 3285-3460 corresponding to NH
oscillations, at ca. 2780-2790 to those of N-methyl groups, at 1230-~1240
to phenol éther absorption, and at.ca. 1625 cm~! to that of the styryi

~double bond. Furthermoré, the vibrations at 1680-1690 and at 1630-1635
1

cm™" are diagnostic for the secondary amino group of the peptide linkage.
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Chemical degradation of cyclopeptide'alkaloids

Hydrogenation of the double bonds of the cyclopeptide alkaloids
is followed by complete hydrolysis with 6 N hydrogen chloride in'a»
sealed tube at i20°. The amino acids in the hydrolysate are identified
by standard methods, using an amino acid analyzer or paper chromatog-
raphy. The type and configuration of the amino acids may also be
~determined even on milligram quantitiesg: the hydrolysate is directly
éon?erted‘into N-trifluoroacetyl or N,N-dimethylamino acid L-methyl
estérs, which are then subjected to gas chromatography. By comparison

with known diastereomers the identity and configuration can be defined.
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2. Results and discussion

D. toumatou (Maori name : matagouri) is the sole New Zealand
representative of the genus Discaria. A previous examination of this

plant had indicated the absence of alkaloidélo; however, the plant
showed strong alkaloid testsll ip preliminary ekperiments.in the
-field, but the intensity diminished fairly rapidly after collection
and was reduced practically to zero after a few_déys. It was found}
. however, that if the freshly collected material were immersed.as soon
- as possible in hot methanol, the alkaloid contentAwaé s;a?ilized,
possibly due éo inactivation of plant enzymes which otﬁerwise deSEfoy.
it. The plant material could then be exhaustively extracted and the
alkaloid isolated and purified by standard procedures. R(?)—N—Methyl;
coclaurine, one of the bases present in D. serratifblia, was isolatedlk
from D. toumatéu and identified by comparison of its physical properties 
"and those of its derivatives with data réported in the literature,’
The Australian.plant Discaria pubgscen§ (Bfongn.) Druce

(Rhémaceae) was previously found to contain bubescene A. In a reQ
examina;ion of D. pubescens for minor alkalqids; a ftesh,sample~wa$v
colleéted appgoximately at the same ;ime of yeér and from the same
region as that used in initial study3, and extracted in~a‘similar
'fashion. As in the case of D. toumatou, thé plant material_éives a
‘strong test in the field, which diminishes rather gapidly in intensity
éfter collection, but if the fresh material is immersed in methapol

as soon as possible, the élkaloid content is stabilized. A ca;efhl
examination ofvthe'methanol extract révéaled no_tracé of_cyclopéptide
bases, and the only alkéloid to be isolated was‘R(+)—coclaurine, ab
Qidespread benzylisoquinoline base which here, as ﬁsual,'occurs in a
parﬁly raqemised formlz; its identity was cohfifmed'by conversion t§

its N-methyl and O,N~diméthy1-detivatives} -This unexpected result may
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be due to the drought conditions suffered by the plants during the
three years previous to collection, in contrast to the conditions
prevailing at the time of the original study. A re-examination of

the other Discaria spp. under different growth conditions would be

of considerable interest.
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3. Experimental

3.1 Alkaloid content of Discaria toumatou

Leaves and terminal twigs of D. toumatoq’(Q kg), céllected
around the eastern foot of Porter's Pass,'Canberbdry, New Zealand, on
May 10, 1981, and authenticated in the Division of Botany, DSIR,
Lincoln, were immersed as soon as possible in boiling methanol for an
hour. The plant material was then removed, air-dried, and milled to
a coarse powder (5_kg), which was continuously extracted by cold
percolation with methanol until tests showed that the alkaloid content
was exhausted. All the methanol extracts were‘then éombined and con-
centrated almost to dryness under vacﬁum at a temperature below 400.

The residue was treated with glacial aceticbacid (2.5 liters) and
water (1 liﬁerj, and the whole was warmed td 30° and thoroughly mixed.
The homogeneous 1iquid was then poured into water (3Aliters), and the
suspension was agitated briskly for 2 hours.

The érecipitate formed was filtered off through Hi-Flo Supercell
and washed.with 25% acetic acid until tests showed no alkaloid remained.
.‘The combined filtrates were evaporated to dryness under reduced pressure
“at 25°. The residue was dissolved in water (3 liters), and the solution
was evaporated as before in order to remove as much acetic acid as
possible. The'residue wés égain dissolved in water (5 liters), and the
solution was basified with conc. ammonia (50‘m15 to pH 8-9. The pre-
cipitate which appeared was filtered off through Hi-Flo Sﬁpercell, and
the aqueous solution.was thoroughly extractéd with chloroform (4 liters).
" The precipitate was washed with 5% methanol-chloroform until no more
“alkaloid was removed. Thé combined chloroform and 5% methanol-chloro-
form solutibns were thoroughly extrécted.with 0.5% aqueous sulfuric acid
(4 liters), and the acid extracts were basified with ammohié to pH 9,

‘then extracted thoroughly with chloroform. The chloroform extracts were



125

dried (Na,SO,) and evaporated under reduced pressure to yield a crude
~alkaloid fraction (3.1 g, 0.062%).
The crdde bases (2 g) were separated op a column of silica gel

(Merck G60, 100-200 mesh, 80 g, prepared in 5% methanol-chloroform) ' :
which was eluted with methanol—chléroform mixtures ranging from 5% to

15% in concentration. Two hundred 5 ml fractions were_collected:
fractions 1 to 122 did not contain alkaloid, and subsequent fractions
contained only one alkaloid component. The latter fractions, when com-
bined and concentrated in vacuo, yielded R(—)—N—methylcoclahrine.
Recrystallised from chloroform, the crude base (1.1 g) yielded'BOO mg

of white needles, mp 181-183° (Lit. 2 181-183%), [o]2°-94.7 (c=11.8,

in chloroform) (Lit. 2 [a]é°;92). 'H nmr: 2.48(s, 3H, NCH;), 2.5-3.8(m),
3.80 (s, 3H,'OCH3), 4.6(bs, 2H, OH), 6.0(s, 1lH, aromaticj, 6.60-6.95(m,
A,B,, 4H, aromatic), 6.55(s, 1H, aromatic); A max: 285 (1495), 228 nm
(3887); y max: 3600, 2850 cm~!; m/z: 299(M+, 1), 298(2.5), 192(100),
178(16), 177(25), 148(22); 107(22). The methiodide and the 0,0-diacetate,
prepared by standard methods, had mp 202o and 77—780, respéctively (Litf

2 202-204° ana 77-78°).

3.2 Alkaloid content of Discaria pubescens

Leaves and terminal twigs of D. pubescens collected around the
Shannon River, Hermitage, Tasmania, in April 1983, were immersed as
soon as possible in mefhanol; After three days, the plant material was
removed, air—dried, and milled to a coarse powder (10 kg), which was
continually extracted by cold percolation with methanol until tests
Qhowed that the alkaloid content was exhausted. The methanol extracts
we;e'combined and concentrated almost to dryness under vacuum at a
temperature bélow 40°. The resiéue was treated with glacial acetic acid

(4 liters) and water (1 liter), and the whole was warmed to.30o ana
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thoroughly mixed. The homogeneous liquid was then poured into water
(3 liters), and the suspension was'agitated briskly fér 2 hours. The
precipitate formed was filtered off through ﬁi-Flo Supercell and
washed with 25% acetic acid until tegts showed no alkaloid remained.
The combined fiitrates were evaporated to dryness in vacuo at 300,
the residue was dissolved in water (3 liters), and the solution was
evaporated as before in order to remove as ﬁuch acetic acid as possible.
The solution was again dissolved in water (3 liters), and the solution
was basified with conc. ammonia to pHV8-9. The precipitate which
appeared was filtered off through Hi-Flo Supercell, and the filtrate
was thoroughly extracted with chloroform until no more alkaloid was
removed. The combined chloroform and methanol solutions were extracted
with 5% sulfuric acid (4 liters), and the aqueous éoiution was basified
. with conc. ammonig to pH 8-9, then extracted thorouéhly Qith chloroform.
The chlorofbrm extracts were dried (MgSO,) and evaporated under reduced
pressuie to yield a crude alkaloid fra;tion (15 g).

A sample of crude bases (é g) was separated oﬁ a column of silica
" gel (Merck G60, 100-200 mesh, 120 g, prepared in chloroform) which was
eluted with chloroform containing gradually increasing amounts of
methanol up to 10%. Twenty 50 ml fractions were collectéd, of which the
first 15 were devéid of alkaloids; subsequent fractions contained only
one alkaloid component. They were combined and concentrated in vacuo
to yield R(+)-coclaurine as a foam, [ﬁ]és+19.8 (C=5.9 in methanol)
(Lit. 12 [a]D+22 (in ethanol)); A max: 213 (17100), 228 (14535), 280 nm
(4275) ; aftef addition of a drop of aqueous NaOH: X max; 218, 245, 290;
y max (nujol); 3450, 2950, 2920, 2850, 1600, lSOOé 1370, 1330, 1270,
1230, 1120 cm™}; 'H nmr (CDC13+DMSO-dg) ; 6.97-6.65 (m, SH), 6.45(s, 1H),
3.5(bs, 3H, 20H, NH), 3.77(s, 3H, OCH3), and an unresolved number of
protons between 2.5 and 4.0 ppm; m/z: 285(M+, 0.3), 284 (3), 283(3),

282(6), 179(10), 178(100), 177(6), 163(10).



127

A sample of the alkaloid was methylated with diazomethane, then
with formaldehyde and borohydride in the usual way to yield R(-)-O-methyl-

armepavine as a colorless oil, Bﬂ 19_85  (C=2.5 in chloroform); its

D
physical and spectroscopic data corresponded with those of the base
isolated from D. serratifolia4. Its methiodide derivative had mp
o ; o

136-137" (Lit. 13 mp 135-137).

Another sample of the alkaloid was N-methylated to give
R(-)-N-methylcoclaurine as white needles, mp 182-183° (Lit. 2 mp
182~183°), undepressed on admixture with an authentic sample. Its

physical and spectroscopic data corresponded with those of the base

isolated from D. toumatou.

| X?UgherdspeCImens of the. p]ant material have been deposuted in. the collection:
' rie T-plants specimens in the Chemistry Dept FTE;r;;rSIty of Tasmanla"'
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1. Introduction.

Hypserpa, a member of the family Menispermaceae, comprises a small
genus of shrubs which are distributed in New Caledonia, Australia, and
.China. Phytochemical investigations have been carried out on only two
species of this genus: H; nitida4, a species from Hong Kong, haé been

shown to contain two alkaloids, . lquaternary alkaloids, and the

Australian species H. laurinas, was found to give strong alkaloid tests

in"a field survey, but no further work on it has been carried out.

2, Results and discussion.

Plant material from H. veillardii, a species from New Caledonia,
was collected in 1981. Extraction of the dried root material (6 kg) by
étandérd methéds afforded crude bases (7 gm) which were separated on a
" silica gel column; only one alkaloid could be isolated, the bisbenzyl-
isoquinoline base limacine. Its identity has been deduced by ¢omparison
with data reported in the literature and confirmed by conversion fo its

04methyl derivative followed by Birch reduction.
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3. Experimental.

Alkaloids of H. veillardii

Finely ground root material (6.0 kg) was continuously extracted
by cold percolation with methanol until tests showed that the alkaloid
confent was exhausted. All the methaﬁol extracts were then combined
and concentrated almost to dryness under vécuum at a teméerature below
40°C. The residue was_dissolved in water (3 litersi, and the suspepsion
was agitated briskly for two days. The prgcipitate formed,Lwhich gave
a negative test with Mayef's reagent, was filtered off through Hi-Flow
supercell aﬁd discarded. The filtrate was evaporated to dryness under
reduced pressure.at 250, the residue was diﬁsolved in water (3 liters),
and the solution was basified with.ammonia (d 0.88) to pH 11. The
precipitate which appeared was filtered off through Hi-Flow supefceil,

" washed with 10% methanol-chloroform until no more_alkalbid was removed,
and £he agueous solution wés thoroughly extracted with chloroform (5
litérs). The combinéd chioroform and 10% methanol-chloroform sélutions
were thoroughly extracted with 5% aqueous sulfuric acid'(4 literé), ahd
the acid extracts were basified with ammonia (d 0,88) to pH 9. fhe
basified solution was extracted thoroughly with chloroform; thén ;hé
chloroform extracts were dried (mgSO,) and'evaporated under reduced
préssute ﬁo yield a crude alkaloid fraction (7.0-g).'

The crude baseg_(Z g) were separated on a column of silicé gel
(Merck G60, 100-200 Mesh) (120 g) prepared in chloroform, which was eluted
with methanol-chloroform mixtures ranging from pure chloroform to 10% in
concentration. Six fractions (ZSO’mlf were collected: fractionsvl and
2 did not contain alkgloid, and subsequent fractioné contained only one '
alkaloid component. The latter fractions when combined and'cpncentrated

in vacuo, yield limacine.. Recrystallised from acetone-benzene, the crude
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b;se (L.2 g) yielded white needles (700 mg), mp 154—1560 (Lit. 1 mp 154-
156°) ; [“169'207 (C=0.3 CHCl;) (Lit. 1 [a]D'—le (CHC135); A max: 235
(5645) 282 nm(2432); after addition of a drop of 2% aqueous sodium
hydroxide: 240 and 288 nm; vy max: 3540, 3020, 2950, 2850, 1620,'1590, -
1500, 1460, 1450, 1420; 1370, 1320, 1300, 1270, 1220, 1170, 1130, 1060,)
1030, 980, 850 cm~!; H nmr 300 Mz : 7.32(dxd, J,=2.5 Hz, J,-8.2 Hz, lH),
7.12(dxd, J,=2.5 Hz, 1H), 6.86(ABC system, J, .=1.57 Hz, J,5=8-12 Hz, 1H),
6.82 (AB system, JAB=8flé.Hz' 1H), 6.79(dxd, J,=2.51 Hz{ J,=8.48 Hz, 1lH),
6.57(d, J=1.58 Hz, 1H), 6.50(s, 1H), 3.91(s, 3H, OCH3), 3.74(s, 3ﬁ,.OCH3),
3.33(s, 3H; OCH3), 2.59(s, 3H, NCH;), 2f32(s, 3H, NCH3), and an unresolved
number of protons between 2.5 and 3.5 Ppm; m/z: 608(M+, 45) ; meas.:
608.2866, calc. for: Cj,H,,N,04; 608.2868, 607(35), 382(18), 381(60),

367(30), 192(40), 191(100), 168(20).

OQMethylation of limacine.

Limacine (250 mg) in MeOH/CHC13 (1:1,'4 ml) was treated with excess
ethereal diazomethane, then the mixture was left at room temperature for
3 days. The residue after removal of solvent was separated by ptlc iS%
MeOH/CHCl;), and gave phaeanthine as white needles (léb mg), mp 151—152o
(acetone) and mp 220-222° (acetone) (Lit. 2 mp 220—222°}; [o] 1°~305 (C=1.43
CHCl;) (Lit. 2 [a] 2*~270 (CHCL3)); ) max 212 (13435), 282 nm(1408) ; y max :
2920, 2850,11600, 1500, 1450, 1430, 1400, 1350, 1300, 1250, 1220, llSO,l
1110, 1050, 1620,-960 em='; 'H nmr: 2.275(s, 3H, NCH;), 2.55(s, 3H, NCHj),
3.15(s, 3H, OCH;), 3.35(s, 3H, QCH3), 5.97 (s, iH), aromatic proténs.from
7.3 to 6.2, 9H, and an unresolved numbef 6f'protons between 2.5 and 3.5
ppm; m/z: 622u(M+, 40); meas.: 622.3042, calc. fof: Cssﬂqzﬁzdsé 622.3042;

621(35), 396(18), 395(59), 381(35), 198(100), 175(40), 174(48).

Birch reduction of Qhaeanthiné.-

Phaeanthine (100 mg) was dissolved in benzéne—toluene (15 ml of 1:1),
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aﬁd the solutién, cooled to —400, wés treated with liquid ammonia (200
ml). The mixture was stirred vigorously while sodium (2 g), was added
in small portions. The temperature was maintained at ~40° énd stirring
was continued for one hour. The ammonia was allowed to evaporate slowly
and the mixture was treated with ethanol to destroy excess sodium. The
mixture was dilute with water and acidified with S%I(W/V) sulfuric acid;
.the aqueous acid was basified with ammonia (d 0.88) to pH 8-9 and then
extracted with chloroform (5x30 ml). The combined.extracts were washed
with water, dried_(Mgsoq), and evaporated to obtain a yellow oil which
was purified by ptlc (5% MeOH/CHCl3).: The higher'Rf colorless oil
{35.0 mg) proved to be identical with R(—)—O—meﬁhylarmepaviné,.
[a]éf’—ss.s (C=2.33 CHCl3) (Lit. 2 [u]g3—82,.3 (CHC13)); A max: 232 (2071),
284 nm(ilGZ); y max: 3000, 2930, 2840, 1600, 1500, 1450, 1340, 1240,
1210, 1170, 1130, 1110, 1090, 1040, 850, 830 cm™!; !'H nmr:.6.97-6.75(m,
Azﬁz, J=8 Hz, 4H), 6.52(s, lH),'5.9(s, 1d), 3.80(s, 3H, OCH3), 3.75(s, 3H,
" OCH;), 3.5(s, 3H, OCHs), 2.53(s, 3H, NCH3), and an unresolved number of
protons between 2.5 and 3.5; m/z:-327(M+, 0.2), 326(1), 310(1); 222(7),
220(5), 207(60), 206(100), 191(20), 190(30), 162(10); methiodide'
derivative mp 136-137° (Lit. 2 mp 136-137°).

AThe lower Rf white needles (50.0 mg) proved to benidentical'with
R(-)-N-methylcocléurine, mp 182-184° (CHCl;) (Lit. 3.182-184° (CHCls));
[a] 5°-94.7 (C=11.0 EtOH) (Lit. 3 [0]3°-92.0 (EtOH)). The iden;'ity was
confirmed by agreement of its physical data with those of an authentic

sample (nmr, ir, uv, ms, mmp).

A voucher specimen of the b plant materla] é§_55€5_55555|ted in the Herbarlum

University of Tasmanlémj
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