CHAPTER 11

HISTORICAL

1. The occurrence of chemical Compounds in Micromelum

1.1 Micromelum integernimun (Buch.-Ham.) M.Roem.

Plant nart

Ehemical / compound

- Reference

stem and leaf

Micromelin

Sconodetin

Cassady et al., 1979.

1.2 Micromelum minutum Seem. (M. pubescens Blume)

Plant pért

Chamical comnound

Referance

Teaf

Micromelin (Yicromelumin)

MiCropubescin
Microminutin

Unknown Alkaloid(s)

Lamberton et al., 1967;
Chatterjee et al,, 1968,
Chatterjee et al., 1968.
Ruangrungsi, interview 1980,
Sastri, 1962: Lamberton

et ak., 1967,




Plant part Chemical’ compound Reference
Stem and leaf| Hentriacontane Shakuni. et ak., 1971.

Hentriacontanol

B-Sitosterol

6-(2,3-Dihydroxy-3omethylc | Joshi ‘et af,, 1975.

butyl)-7-methoxy coumarin

" unknown 0sthol ] Price, 1963.

2. Chemical nature and classification of isoprehbid quinolone alkaloids

A larre numbén of natural essentially non-terpenoid compounds
contain isoprene units. /Sugh compounds belong to diverse molecular types.
The majority are components of hicher plants, a few, however, are mould
ﬁetabo]ic pkoducts° Amona those of the rutaceous plants, isoprenoid
quinoline type is an-interesting one.

The quinoline ring systom is theoretically obtained by fusing
a benzene ring.on to''that of pyridine, © The humbering system now unijver-
sally adopted for the quinoline nﬁc]eus is shown in formula (1), .
However &, in the|otder Titerature other schemes fave |bean used to denote

the position of substituents as shown in (2) and (3) (Elderfield, 1952).
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Most of the naturally occurring quinolones have been found to
be derivatives of 2,4-dihydroxyquinoline. The chemical constitution of
these compounds has been detcrmined by the usually chemical analytic and
synthetic processes, supplemented by spectroscopic evidence which has
proved invaluable in distinguishing between 2- and 4-quinolone structuees
(Campbell, 1976; Price and Willis, 1959sMcCorkindale, 1961; Goodwin and
Horning, 1959).

As furanonuinglines and byranoquinolinés have derived from
isoprenoid intermediates (€ollins-and Grundon, 1969; Bowman et af., 1973),
the isoprenoid quinolone alkaloids may be classified by means of their

main skeletons into 3 types:

2.1 Simple prenyl quinolone alkaloids

An isoprenoid side chain often attacks at the C-3 position
of the quinolone nucleus (Geissman and Crout, 1969). Glycosolone (Das

and Chowdhury, 1978) is one representative example of this type., Occa ’

sionally O-prenylation like ravenine (Paul and Bose, 1968) is also

~ N

occurred,
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2.2 Furanoquinolone alkaloids

A1l the'natura11y occurring tricyclic furanoguinolones are
linear. The aromatic ring is frequently substituted with a methoxy group
at one or more pbsitions° In some cases, the 2-position of the furan
ring (usually dihydro) are variously sdbstituted by alkyl or hydroxyalkyl
side chain (Pakrashi and Bhattacharyya, 19G5). For éxample, jsomaculo-
sidine (Gellert et aly, 1973: Storer and Youna, 1973) and hvdroxylunine
(Goodwin et ak., 195?b; Szendrei et al., 1973) are simple and hydroxy-

a1ky1 substituted furanoquinolones respectively.
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2.3 Pyranoguingione alkaloids

Both linear ‘and anaular oyranoquinolones 1like khaplofoline
(Fakhrutdinova, et ey, 1963) and hapldhine"(Akhmedzhanova et al,, 1974),
respectively, .are. found in. nature,
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3. Biogenesis of isoprenoid quinolone alkaloids

The quinoline nuclcus is found in a variety of naturally
.occurring compounds. Studies of the biosynthesis of thése compounds
jndicate the existence of several pathways leading to this ring system.
It has qenerally been considered that the'quinoline alkaloids of the
Rutaceae, together with the acridine and quinazoline alkaloids which
often occur alongside thems are all derived from an "anthranilic acid"
(Openshaw, 1967; onkovi€ of af,, 1967; Finlayson and Prager, 1978).

The biosynthosis of fisorrcnoid quinolone base involves a

successive process comprising:

Anthranilic acid - —> 2,4-Dihydroxyquinoline
Isoprenoid 2- or 4-guinolone «————— Isoprenylquinoline

3.1 Formation.of anthranilic acid

Anthranilic acid may be formed from chorismic acid by the
pathway described in Fid 1, p.11, as'well as from the amino acid tryp-

tophan (Luckner, 1972).
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Figure 1. | Possible mechanism of formation of anthranilic acid

from chorismic acid,

Chorismic acid may be converted to o- and p-amino or hydroxy-
benzoic acids after elimination df the pyruvate group. For formation
of anthranilic acid, the first step is prbbab]y the conversion of cho
rismic acid to the amide.I, the amino group of\which then is linked to
the carbocyc]ic ring (compound I1). Opening of the heterocyclic ring

forms substance I1I. It may be considered to be amide of pyruvic acid

¢y
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and may be decomposed hydrolytically to pyruvic acid and anthranilic
acid (Luckner, 1972).

Anthranilic acid can arise by biechemical dearadation of tryp-
tophan. Its benzene nucleus, carboxyl group and amino aroup arise, in
this degradative process'from the phenyl rina, C(3) and the nitrogen

atom of the indole nucleus tryptophan, résoectively (Spenser, 1970).

3.2 Formation of 2.4= d1hydrg§yqu1n011ne from anthranilic acid

2,4-Dinydroxyguineline can plausibly be considered to arise
py condensation of an anthpanilic acid derivative (possibly the coenzyme
A ester) with acetylsor malonyl “coenzyme A, followed by cyclisation.

The reaction is illustrated in Fig. 2 {Geissman and Crout, 1969).

CO—-SCoA ~G0 /
“-GHCoSCoA | T H 4 /L
. COOH \\/\Ii L ol
2 H2

2,k-Dihydroxy-

quinoline

Figure /2. nFomation;of 2,4-di bydroxvquinoline,

3.3 Formation of isoprenylouinoline from 2,4-dihydroxyquinoline

Position C-3 in the 2,4-dihydroxyquinoline intermediate is
obviously highly nucleophilic and therefore subject to ready prenylation.
A possible route involves the introduction of a prenyl group, probab1y

dimethylallyl pyrophosphate, into C-3 of the 2;4—dihydroxyquinoline to
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f:nnisoprenquuinoline as shown in Fiq. 3 (Geissman and Crout, 1969).

: QH OH

(3 e )
e 4 Z " om S e 17 on

2 ,4-Dihydroxyquinoline Isoprenylquinoline

Figure 37" Formation of isoprenylauinoline

The isoprenylguingline and its derivatives have been shown
to be efficient precursors of isoprenoid quinolone alkaloids (Collins
and Grdndon, 1969; feigsman and Crout, 1969; Bowman et af., 1973).
The subsequent secondary moditication steps typically include the aroma-
tic ring substitution, hydroxylation of the side chain and oxidative
cyclisationvleading to an isoprenoid 2- or 4-guinclone compound, of

which mechanism is individually specific.

4. Chemical nature of flindersine

The alkaloid flindersire was first isolated from the wood
of FLindetria aubtrnalis Ry Br) (Rutaceae)in/ 1914 (Matthes and Schreiber,
1515), but it was probéb]y inconpletely purified; it was assigned the
formula C23H2607N2. In a recent reinvestigation of this tree, an alka-
loid having very sihi]ar prOperties‘has been isolated; as it was appa-
fently jdentical with the earlier base, the name flindersine has been
retained, but the formula has been corrected to C; Hy30,N (Brown et ak.,
1954 ; Onenshaw, 1960).
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& The structure and numberina system of flindersine [2',2'-
N

dimethyl-z-pyrano-(5',6'-3,4)-2-quinolone] is shown below (Bowen and

Lewis, 1978):

Flindersine was found to have a weakﬁy alkaline reaction,
to be optically inactive, and to be insoluble in water, sparinaly soluble
,1n‘1ight petroleum, but soluble in cialoroform, ethyl alcohol, benzene,
glacial acetié acid, hydrochioric acid, sulphuric acid, caustic alkali,
glycerol, paraffin and fatty oils. Positive tests were given with the
usual alkaloidal reaqents and an oranae colour with ferric chioride reagent
(Brown et al., 1954}

5. Biogenesis . of -flindersine

Likegsother isoprenoid auinolone "alkaloids, the bijosynthesis
of flindersine-reasonably-oceurned from, a-3=isoprenylalinoline. Such
a compound than cyélised to form the pyran via 2,2-dimethyl-chromene

pathways. Two possible hypotheses were suagested (Bowman et at,, 1973). -

5.1 Quinone methide route

The mechanism was initiated by oxidation of the 3-isoprenyl-

quinolone anion (IV), followed by Toss of a proton, giving rise to the
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quinone methide intermediate (V) which then cycli ®d to form flindersine

as shown in Fig. 4 (011is and Sutherland, 1961; Turner, 1964),

Flindersine ‘ ’ (V)

Figure 4. Formation‘of flindersine via a quinone methide route.

5.2 Allylic carbonium ien route

It was 'suggested that the C5 units of ‘isoprenoid compounds
might have their origin based on mevalonic acid (Aneja et al., 1558).
The evolution .of ;the.alkaleid.flindersine from such.a precursor nossibly

 summarised in Fig. 5.7 p 16.
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Fiaure 5. .Formation of flindersine via an allylic carbonium

jon’ route,

The reaction was considered to undemgo initial oxidation of the
primary aicoho1ic aroup of the mevalonic acid to aldehyde and dehydra-
tion to produce a double bond, giving rise to the aldehyde-acid (vi).
Reaction of the aldehyde spearhead of (VI) with an activated C-3 posi-

tion of the 2,4-dihydroxyquinoline and decarboxylation would lead to
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the formation of (VII) (Aneja e af., 1958). The proposed allylic
carbonium ion intermediate (VIII) was bfought about by protonation of
(vII) and elimination of a water molecule. The final step was the
intermediate ring closure, causing to flindersine formation (Whalley,
1961).

| The allylic éarbonium i0n pathway was said to be alternative.
This suggestion was confirmed by attempting to prepare linear pyranoqui-

nolines, hence, the 4-mothoxy-2-quinolencs (a and b) were treated with

OCH |

///\\\ ////\\\ ¥ N

t\\\r///\\\m///\o

LhoMethoXy—-2-cuinolone

a, R =1H; b, B - OCH,

2,3-dichloro-5,6-dicyanobenzoquinolone (DDO) but no reaction was observed.
A possible explanation for this unexpected resull was that formation of

a quinoné methide from a 2-quinolone would involve disruption of the
benzenoid system." Thus, the i@ vitho-evidence rafionaliSed the occurﬁence
of angular rather than linear pyranoguinoline alkaloids, and supported

the quinone mathide theory of biosyntnesis:| the alternative allylic car-
bonium ion intermediate (VIIT) should provide no barrier to the forma-
tion of linear compounds after protection of the 4-hydroxy group (Bowman

et ak., 1973).
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6. Chemical synthesis of flindersine

Several methods Wors nroposed for the synthesis of flindersine
(Brown ot af,, 1956; Piozzi et al., 1969; Bowman et af., 1970; Huffman
and Hsu, 1972; Bowman et al., 1973). The base-catalysed rearrangement
of an isoprenyl epoxide reaction is jone outstanding because it has pro-
vided good yield and implied biosynthéticssianificance (Bowman et ak.,

1973).

6.1 Preparative process

Treatment offthé dimeéthoxyauinoline epoxide (IX) with aqueods
potassium hydroxide in dimethylsulphoxide at 100°C qave a pyrgnoquino-
Tine (X) (77%). The pynan was-further demethylated with hydrobromic
acid to give flindersine (81%) (Fia. 6) (Bowman et af., 1273). ..

S
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XNy F Vo

H

Flindersine

Figure 6. Chemical synthesis of flindersine
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6.2 Mechanism of the reaction

By using deuteriated solvents and following the reaction of
the epoxide (IX) by NMR spectroscopy, indicated that the pyranoquinéline
(X) was formed from the epoxide (IX) via the allylic alcohol (XI) and

(XI1); the suggested mechanism was shown in Fia. 7 (Bowman et al,, 1973).

By,
H,CQ H_H
l/\ <
' X
S N7 ‘oCH,,
(Ix)

Figure 7. Suggested mechanism of the synthetic reaction.
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Base-catalysed rearrangements of epoxides to a]lylic alcohol
[e.g. (IX)—>(XI)] have been discussed previously (Cope and Heeren, 1965;
Rickborn and Thummel, 1969), and trans-olefins were found to be the ﬁre-
ferred products, as in this case. It was suggested that when the solu-
tion Was neutralised, dehydration of the alcohol (XIT) and subsequent
cyclisation occurred through quinone methide (XIII) (Bowman et al. ,1973).

An alternative mechanism for decomposition of the allylic
alcohol (XII), as shown in-Fig. 8 p. 21 ., involved dehydration to the
diene (XIV) followed by iseferisation of the taans-double bond [(XIV) =
(XV)], and finally by‘cyclisation (Bowman et af., 1973). This mechanism
seemed less 1likely than tite/quinone methide route, since the formation
of pyranoquinoline (X)/from allylic alcohol (X1I) occurred at ambient b
temperature in slightly‘acidic medium, wnereas the isomerisation of
dienes [e.g. (XIV)—(XV:] usually required more vigorous condition

(Schweizer et af., 1966).
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7. Isggrenoid'dﬁino]one alkaloigibgarina nlants
Acropiiyllidine B ‘
-~ Acnonychda hanlonhybla {F, “uell,) Enal. (Rutaceae) -
(Lahey and *icCamisa, 1268: Lahey ét éﬁ,a 1267)
fcrophiylline
~Acronychia hanloviniila P ) En. Rutaceaz)
(Lahey and ficCamish, 1968; Laigy ot al., 1969)
Atanine
- Pavenia Apecdnsilis gl (Rutaceaz)
'(Gau1 and Base s 1£L3
- Faoara zanthoxyloides Lam s (Rutaceae)
(Esniet and Tavlor, 1560; Esiiet and Taylor, 19G8)
dalfourodine
- Bakfourodendagn “aiedelianum tnal, (Rutaceaz)
(Rapoport and holden, 1950: “annanti and kolden, 1950)
- Plelea Ditfoliata 1., ssn, paklida (Graene) Y.L, Railev var.
conginis (Fraene) V,L, Sailev (Rutaczae) |
(Szendrai dtcal, 1373)
dal fourolona
~ Baltowrodendron niedelianun Frial, (Rutaczag)
(Rananert “and Helden, 1059 Pananort and 'Holden, 1960)
3-Dimethyla]]yi-Qndimethyla&]y]oxynzmﬂuinnlone
- Hdpﬁophyiﬁum tusenculatum (“utacean)

(Lavie et al,, 1308)



Edulinine
- Casiminoa edulis Llave et Lex. (Putaceae)
(iriarte et ak., 1956; Toube et al., 1967)
- Eniostemon trachynhyllus F. Muell, (Rutaceae)
(Lassak and Pinhey, 1969)
- Citws macrgptena Montr. (Rutaceae)
(Johns et al.;1970)
(-)-Edulinine :
- Fagana mayu {Bert. ex Hook. e Arn,) Engl,
(syn. Zanthoxylum maye Bert.) (Rutaceae)
(Torres and Cassels, 1973)

04

Ethyl Analog of Balfourolone
- Bal fourodendnon miedelianum Enal, (Rutaceae)
4(Rapoport and-Holden, 1961)
Flindersine

Flindensia australis R. Br. (Rutaceae)

(Matthes and Schreiber, 1915; Brown et af,, 1954)
HapLophyllum tuberculatum (Rutaceae)
(Lavie et af., 1968) |

Geijeha ‘panviglona Lindl, (Rutaceae)

(Dreyer and Lee, 1972)

Atalantia rnoxburghiana Hook f. (Rutaceae)
(Bowen and Lewis, 1978)
Folifine

~ HaplLophyllum foliosum Vved. (Rutaceae)
(Faizutdinova et af., 1967)
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Foliosidine
- HapLlophyllum foLiosum Vved. (Rutaceae)
(Eskairov ot af., 1959; Razzakova et af.,, 1972)
= Haplophyllum perforatum Kar. et Ker, (Rutaceae)
(Razzakova et aﬂ.,41977)
Foliosidine acetonide
- Haplophyllum foLioAum Vved, (Rutaceae)
(Tel' noveetal., 1971)
Glycosolone
- Glycosmis entaphyta (Ratz) DC (Rutaceae)
{Das and/ Chowdhury, 1978)
Haplamine
- Haplophyllum penforatum Kar. et Ker, (Rutaceae)
(Akhmedzhanova ¢£ af., 1974)
Hydroxylunacridine
- Lunasia amana Blanco (Rutaceae)
(Goodwin et af,, 1959a; Goodwin et af., 1959b)
Hydroxylunacrine
- dunasia amara Blanco (Rutaceae)
(Goadwin et aly; 1359h)
Hydroxylunidine
- Lunasia amara Blanco (Rutaceae)
(Goodwin et af., 1959D)
Hydroxylunidonine
-  Pielea tnifoliata L. (Rutaceae)
(Reisch et af., 1975b)

24
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Hydroxylunine

- Lunasia amara Blanco (Rutaceae)
(Goodwin et al., 1953b)

- Ptelea tnifolicia L. ssp. pallida (Greene) V.L. Bailey
var. confinis (Greene) V,LD,BaiTey (Rutaceae)
(Szendrei et af., 1973)

Ifflaiamine
- Flindensia Légﬁaéaﬁa F. #uz 1. (Rutaceae)
(Bossouwe® a4 1303}

Isobal fourodine

- (Bak fowrnodendron aiedelianum Engl. (Rutaceae)

(Rapoport and Holden, 1960)

Isodictamnine

- Dictamnus albus L.

(syn. D. angustifolius Sweet) (Rutaceae)
(Gellert of af., 1973 Akhmedzhanova et af., 1978)
- Dictammus caucasicus Hort. (Rutaceae)
(Asatiani et af., 1972)
Isomaculosidine

- ictamus atbus L. (Rutaceae)

(Gellert of al.) 119735/ Storer and Younay 1073)
3-Tsopentenyl-4-methoxy-7,8-methelenedioxy-2-quinolone

- Ptelea trnifoliata L. (Rutaceae)

(Dreyer, 1969)
Isoptelefoline

- Ptelea trnifoliata L.

(Reisch et at., 1970a)
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Kaplofoline
- Haplophyllum fofiosum Vved. (Rutaceae)
| (Fakhrutdindva et ak., 1963)
LunaCridihé
- Lunasia amara Blanco (Rutaceae)
(Goodwin et af., 1959b)
Lunacrine
- Lunasia amana Blanco (Rutaceae)
(Goodwin ¢t a&i,1959b; Goodwin and Horning, 1959)
- Lunasia quenedfolia’ (Warb.) Lauterb, et K, Schum,
(Rutaceae)
(Johnstone et al., 1958)
- Lunasia II (Identical witd Lunacrinol)
- Lunasia amana Blanco (Rutaceae)
(Goodwin.et af., 1959b; Beyerman and Rooda, 1960)
Lunidine
- Lunasia amana Blanco var. repanda (Lauterb, et K. Schum.) Lauterb,
(Rutaceae)
(Ruegger: and Stauffacher, 1963)
- Ptelea trifoliata L.
(Reisch ot ‘al. ) 1975b)
Lunidonine
- lunasia amara Blanco var. nepanda (Lauterb, et K, Schum,) Lauterb.
(Rutaceae)

(Ruegger and Stauffacher, 1963)



Lunine
- Llunasia quencifolia (Warb.) Lauterb, ot K. Schum,
(Rutaceae)
(Johnstone et al., 1958)
- Lunasia amara Blanco (Rutaceae)
(Goodwin et a£., 1959b)
N-Methylflindersine
- Spathelia soabifolia (L.) Fawc. & Rendle (Rutaceae)
(Adams et-al., 1973)
- Plelea tiifoliata L. (Rutaceae)

(Reisch et aly, 1975a)

6-Methoxyisodictamnine
- Dictamnus catrcadicus ‘Hort, (Rutaceae)
(Asatiani et al. i972)
Nor-orixine
- Onixa japgnéca Thunb, (Rutaceae)
(Terasaka et at., 1960)
Oricine
| - Onicia suaveolens (Engl.) Verdoan (Rutaceae)
(Abe and Taylor, 197%)
Pholigsidine
- Haplophyllum §olLiosum Vved. (Rutaceae)
(Pastukhova et @Z,, 1965) '
Preskimmianine
- Dictamwus albus L.
(syn.D.angustifolius  Sweet) (Rutaceae)
(Storer and Young, 1973; Akhmedzhanova et af., 1978)



Ptelecortine
- Ptelea trifoliata L. (Rutaceae)
(Reisch et ak.,1572)
Ptelefolidine v
- Ptefea tnifoliata L. (Rutaceae)

(Reisch et af., 1970a; Korosi et al.,

Ptelefolidine methylether
- Ptelea trifodeata L, (Rutaceae)

(Reischoet aft,/1970a; Korosi etwak.,

Ptelefoline

- Ptelea #hifoliota b, (Rutaceae)

(Reisch ¢t af., 1970a; Reisch et al.,

Ptelefoline methylether
- Ptefea tnifoliata L. (Rutaceae)
(Reisch et al.,1972)
Ptelefructine
- Ptelea #nifoliata L. (Rutaceae)
(Reisch et at.,1970a)
Pteleoline
- Ptefea taifoliata L. (Rutaceae)
(Reisch, et al},1972)

Ravenine

- Ravenia spectabifis Engl. (Rutaceae)

(Paul and Bose, 1968)
Ravenoline
- Ravenia spectabilis Engl, (Rutaceae)
(Paul and Bose, 1968)

28
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Ribalinidine
- Balﬂouﬁodendnon riedelianum Engl. (Rutaceae)
(Corral et al, ,1968)
Ribalinine _ .
- Balfourodendnron niedelianum Engl. (Rutaceae)
(Corral and Orazi, 1967)
- Fagara mayu-{(Bert. ex Hook.et Arn.) Engl.
(syn. Zanthoexiylum mayw Bert.) (Rutaceae)
(Torres and Cassels, 1978)
Spectabiline
- Lemonia spectabilis Lind.
(syn.Ravenia specitabilis Engl.) (Rutaccae)
(Talapatra et af., 1969)
2,3,4,9-Tetrahydro-2,293,9-tetramethy1-4-oxo-furano(2,3-b)quinoline
- Flindensia ifflaiana F. Muell. (Rutaceae)
(Chamberlain and Grundon, 1971)
4,6,8-Trimethoxy—3-(3',3'-dimethyla]]y]-N-methyl-2-quinolone
- Ptelea ptrifoliata La ~(Rutaceae)
(Reisch et al,, 1975a)
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