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This paper reviews the various synthetical methods for the prepara-—

tion of the two ansular benzologs of guinolizinium ions.The best methed

involves the irradimtion of etyrylpyridinium salts and stilbagoles for

the preparation of benzo(a)- and benso{c)guinolizinium salfs respective—

ly. Some of the alkaloids ¢ontaining benzonuinolizine system are also

reviewed. Various reactionms of the two benwologs are slso discussed.

The cationoid aromatica owe their aromaticity to the existance of a hetro atom in a higher

valenoce mtete. Simple and familiar examples of such systems are the pyrilium {1,X=0} and

thiapyrillium (1, X=8) salte in which a CH of the benzene ring is replaced by am oxonium

or sulphonium linkege. The mimplest aromatic system incorporating the ammonium nitrogen is the
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quinolirinium muoleus {2) 1_6. The sven smaller group of wholly aromatic puinolisinium salis
consisted of a few oomplex compounds, which, with the exception of the tetracarbomethoxyquino—
lizinium derivatives of Diels and Alder wers {tetracyclio in nature.

Of the three bemzologm of ihe quinolizimium ion, only the readily svailable acridi-
sinium cation has been studied in detail and has been reviewed recently 1 .

Bradeher st al, 8-10 haye used their well known method of eyclodshydration to the aywbh-
esis of the two angular bengoquinolisine syetems and it is our aim to review the work done

Yy various ressarch groupm in this partioular field.

Synthesis of the Beunso{a)quipolisinium Systsm

The firsi general methed 11 for the synthesim of simple phenanthridizinium derivatives
(3-9) invelwved the quarternisation of 2-phenylpyridine or a derivative with am appropriate
halocarbonyl derivative, after whioh the resulting salts (10-16) were usually cyclissd in
boiling hydrobromioc noid 12-14 . The malt 14 formed by reaction of iodoscetone with 2-{2-

tolyl)pyridice proved much more difficult to cyolise than did ite imower 12 and 13. The

a
N +
~
Ra CHe | Ra
3 cR —> Ry
(I)I
Ry Ra
Ry
R goup not otherwime depignated ars hydrogen
10, Ba CH, 3, R=CHy
11, B= 06H5 4y R=(16H5
12, R:Rlz CH3 5 BR= R1= CH3
13, R=RB,= CH, 6. R=R,= €y
14, H=R3=:CH3 Ty R=R3= 033
15, R=CH3, Rzzo*!!]-!3| 8, R=CE{3, Ry= 01::}{3
16, H=CH3, R4==OH 9, R=CH3, Ry oH

pyridinium salt (12) afforded only a 9 % yield of T,ll-dimethylphenanthridizinium bromade (7)
while under comparable conditions the msalt 12 gave a T1 4 yteld of 7,9-dimathylphenanthri~
dirinium browide (5). Cyolisation para to a methoxyl group gave a 50 % yield of 8 in only

3 minutes 15’. This clearly indiocates that the presence of a methyl group om tle phenyl ring
did not iaterfers with the cyclisation except when in the ortho position{ 14,R3= CH3 )12

in which ocase the low yleld could be anticipated, because, ring A and C have
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diffioulty in attaining coplamarity.Surprisingly the presence of a free hydroxyl group even
&t one of the positions,where it is momt likely to impsde the achievement of coplanarity
is without any harmful sffeot,

The use of chloroascetaldoxime as querternising agent with 2-phenylpyridine yioldea

phenanthridisinium derivatives (17-20) in reasonadble yields 14. The low yleld of ll-methyl-

R, R,
R Ry
2 NOH
1
Ry CH 1. HBr R3 |
+ 2.HCLO4
= N —CHz ] ~ N7 _
| cio
. 4
17, =R REH

18,R~CH,, R,=B, H
19, By CH,, R=RyH

20, R{CH,, B=RFH

phenanthridiziniun perchlorate (20) is apparently due to sterioc inhibition andas compars—
ble to that of 7,ll1-dimethyl analog (9%) reportsd prewiocusly 12
The results are summerised in Table I,

Diels and co-workers ”’laware the first reseach workers to prepare tetiracarbomethoxry-
phonanthridizinium salts, tut the method was too complioated and is not suitadble for the

preparation of =imple analogs,.

TABLE I
~
+
R§ P N\
CH
R3 [ 2
ﬁ—R
Ra 7
Ry
E::Lo:nd Bl B, 33 34 R zZ Cyoliming Yield Time Ref.
—_— agent
1 : 4 B
H H 0635 0 HBr 42 14 days 13
2 H H
H H Oy © HBr 75 51 ke, 13
3 GH3 H H H CE3 o HBr T1 50.5 hr 12
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4. H CH, H i} 0635 0 HBEy 64 66 hr. 12
5, H ;1 CE, B cR, ] HBr 9 50.5 hr, 12
6. B OCH,, H H CH, 0 HBr 50 0,05 hr, 12
T. H H H o 0H3 0 HBy as 5 hr, 12
8. H H H i H NoH HBp 35 24 ar, 14
9, H H H H ¢ NoH HBr 45 24 hr, 14
10. H CH, B ;| H FOH HBr 61 24 hr., 14
11, H L} CE, E i KOH HBr 12 €5 bhr, 14

This method was exrtendsd to the symthesis of naphtho{?,}-a]quinolizinium salts, Alkyalae
tiom of the mwethylens group of 2-acetonyl.or }-methyl-2-acetonylpyridine {20a) by Z-phemyl.
l=bromopropame im the presence o sodium hydride resulted im the fermmtion of ketome (20b).
Cyclimation of the ketome with polyphosphoric acid afforded 3,4-dihydromaphthelene= {20c),
Dehydrogenation of 20c over palladiuvm-charcozl followed by nuarteranisation with chlore-—

acetaldoxime gave (20d),which, ocyolised in oonoentrated hydrochloric acid to yleld the

R,
g
[+10)
R "
O e QLI
_n--uu_ﬁ
2 2.CH,CH CH_Br CH
HyC COCH;™ N 6 " S cn 8
R |
2 R,
200, R;=H OF CHy 50b
RI
=
CHs ¢l CHy (7 ]
| ' QO \N .
|
Clog CHp
Re R2 CH
1
20d NOH
naphtho 2,3-a quinclizinium parohlorates 32.
The results are summerised in Table II.
TABLE TI
c1
«—
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Compound R X Yield %
numter Rl 2

1, H H clo M 16

2. H CH3 c10 4 82

3. 0113 H clo 4 a8

Bradeher and Yarringtoa 16 introduced a carbonyl fungtior imto the phenamthridizinium mwno-

leus by gquartermimation of Zuphenylpyridine with methyl & ~bromolevulinate, Cyclisation of the
quartersary salts (22,23) im hydrobromic acid was slower (6-16 days) a= compared o the cyo-
lisation of l-acetomyl-2-pyridirmium malts (2-3 days) 12.A methyl group in the orthe position
of the phenyl ring (21, R CH3) failed to give {the oyclised product evem affer a reflux pe-
riod of 15 days.This mmst be due to the fact that the methyl group at position 2 impedes
the achievement of the coplanarity esmemtial for oyclisation., However, in nearly all oyoli-
sations, unoyclimed keto acid (23) was recovered along with the cyolised prodmet (24). Ester—

fication of the new acids [ 24-26) in abmolute methanol or ethamol ocourred in good yield.
9

4 ip
4 . R /
3 R 2 M T (CHz)ZCOOR
R CO (CHy), COOR |
+ +
P + BrCH,C0CH,CH,C00CH, =~ N — CH, = IIN
N
| ~ ~
[
21, R: 2-CH, 22,R'= CH,,R=H 24,B=R H

!
23,R=H, R=CH 25, R= H, R = 9-CH,

3

26, R=H, E=10-CH,

On the other hand, guartermary msalt obtained from 2—(1~-naphthyl)pyridine a.ndﬁ. -bromo—
levulinate when cyclimed gave a new compound (27} suggesting that oyclisation has osourrred
into the alpha position of the maphthalene ring to fore a seven membersd ring rather than
into the betn position to form a mix membered rimg. On the other hand quartermisation product
(28) obtained by reacting 6-(3,4-dimethoxypheryl)phenanthridine with methyl. o« ~bromolevu-

linate on bvating with hydrochloric acid umderwent a cleavage rather tham oyclisatiom.
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(CH,), COOH

The mpeotral data showsd the compound to have the struoture of 6-(3,4-dimethoxyphenyl)-
phenenthridizins hydrochloride,

The results sre surmerised in Table IIT,

TABLE III

H
w

" (CH,), COOR

e CH,CO(CH,)y COOR — K
N S |
Compound B R Yield % Cyclising Time days
aumber agent
1. H H 3445 HEr 16
2, " 9-0H, 54 HBr 6
3. H 10--‘::1113 45 HBr 6
4a E 11-cH, a HBr 15

a) Startimg material was recovered in 39 % yleld without getting any oyclised product,
Glover and Jones 19 syatheplsed phenamthridisiniom salt by rescting l.cyanolsoquinoline

with 3-ethoxypropylmagnesium bromide and the ketons (29) thus obtained was cyclimed to give

the corresponding oyclic bromide {30}, which was converted in boiling scetio snbydride into

the phemanthridizinium salt (31) 7.
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=
X
N + EtOCH,CHpCHpaMgBr —— @:24

EtO(CHp)y C=0
/29
ey

(CH3C0),0 =N

31

20
fxaboshi and Kato haye mynthesised 6,7-dihydrobengo(a)quinolisinium iodide (32) by oy-
olising 2-aminophensthylpyridinium salt (33) using Pachorr reaction.{Scheme 1).Dehydrogena—
tion of 32 with palladium sarbon at 2600 for 5 mirutes followed by extraction with ethanol

and addition of potassium iodide afforded bemso(a)guinolizinium fodide(34). Using substituted

Scheme 1

- ci™ I~
S O OOy
«3 D T
L = =
33 / 32
X, -
N
‘ ~
P

34

2-aminophenethylipyridinium salts and followimg the above procedure,a mumber of 6,7-dihydro-
21

benzo{a)guinolizinium salis were prepared

The results are summerimed in table 1V,

TABLE IV
R R,
e T W oye
R2 = X Rz = X
NH, ]
S .
R R
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Compound R R R X Ref,

niimber i 2

1. o — Gﬂz — 0 H I 21
2. o] —-——GEQ — 0 H [+ ] 21
3. OMe OMe H Cl 21
4. OMe O¥e L'E3 Ccl 21
5 0Me Ole 033 I 21
6. Ore OMe H I 21
Te 0 — GHE — 0 H Br 21

Ampother method for the preparatioz of phenanthridisiniom system invelvsd the resction het—

woert 1,4-dimethoxyphenacyl bremide and piperidine.The resulting ketone {35) was reduced with

H 0
HaCO

(o]
[l ¢
COCH,B H C—CH
300@/ g O it P 2N03H4 A I 2
H3zCO HaCO

OH
H3€O HsCO N ol MaCo ‘LT‘_CHZ
. RIS g O
HLCO =N =N 0
3 H,c0 HzCO U
39 38 37

HaEH4 to the corresponding alochol (36).0xidation of the amino alcohol furmished lactam
aloohol (37),which on  treatment with phosphoryl chloride gave tetrahydrobenso(s)-
quinolizinium chleride (38), On the other hand hydrogenolysis of 37 followed by ring olosure
gave hexahydrobenso(a)quinolisinium salt.(39).22 .

Another route to the phenanthridiszinium ion is the ring contraction of pyrido—fz,l—ﬂbenno-

[ £]-1,3-thiasepinium perchlorates (39,40).23 When these substances are treated with hydrogen
peroxide and aoetio acid,dethionylation occurs affording phepanthridisinium salte (41,82)
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R
= =3
_— l
2N~ ~R
+ 2
39, BRy=R,=H 4, R=R=H
40, R =R,= A, 42, R = R,= CH,

The possibility that a sulphone is an intermediate iw the oxidative dethionylatiom of ben-
g0 £ -1,3-thiagepinium salt (48} wam sxoludsd on the basie that 5,5-dioxo-l?-methylpyrido-
2,1-bt benzo f -1,3-thiasevinium perchlorate (43) om heatimg with hydrogem peroxide and

acetic acld umder the usual conditioms,was Tesovered unchanged.

O\ /O
/l S
N

N

CHy

43

Iz = similer expsriment,substituted phensmthridiszinium ealts were prepared in 24-40 % yields.

It wae also demomsirated that the first mtep in the oxidation process im the formation of a
sulfoxide,which on heating firet at 5609.11& then at 1000 for two hours gave the desired
producte im resonsble yields 24’25.

The atrongest suppert for sulfoxide hypothesis is found im the work of Semant and Alfon—
mo 26-28 in which it was demonstrated that the sulfoxide of 2,5-diphenyldithiadiene or dibe-
ngo—1-thia-q,5 diaea-2,4,6oyclohesptatriene mlifoxide (44), a struocture olosely related to

0 o]

f

1
S N8
SO G

44 a5 CHa
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{he intermediate {45) proposed irn the pressat study, om heating would undergo salphur
eXtrusion. 4 solfoxide invermsdiate hams al2c Pesn propomed 29 to explain at laast one
other example of esulphur exirumsion brought about by the sction of acetic acid and hydrogen
peroxide,

To study further the effect of substituments on the gulphur extrusiom reactiom , oyolisat—
ion of the quarternary icdides (46) gave the corresponding phenanthridizinium psrchlorates
{47) in 23 to 37 % yields 2 . The pulphide im which the nitrogen of the pyridine ring has
w0 ortho substitvents failed to form & querternary salt even after six months,which has been
attributed to th; steric effect BG‘

| 7 R1 R? ]
R S Rg R ] 6
B~ TR S
N 25 N
Ry RN Re R3 N Rs
-

CHg
|
Rq 2.HCIO4li.PPA
R
R, & R, Ry
R s R
B Rs HOAC—H,0, 27 | s
«— 22
S NP 1.56° N R
R + CHy L, 100° R3 T += 5
R4 cio Ra 3
4 ClO4
a7

48 ' R|=CH3, Rz = R3= R4= R5= R6= R7=H
Similarly 6,12-dimethylpyrido[2,l-ﬂ—l,}thiazepinium perchlorate (48) did not yield any
sulphur extrusion product as it seems likely that electronic and steric factors may he

operative in the faliure of A8 to undergo sulphur extrusion 2 .

The remilts are summerismed in Table V.

TABLE ¥
Ra
Rg

R, Re Ry

Ry s Rg NN N
N — N
o

R == Rs R3 + Rs

R4 CHy R4
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16, No

E::geol;nd B, R, R, R, Ry B, R, Tigu »hr. . Yiela? Ref,
56 100
1. " :4 H H i E H 12 10 38463 23,24
2, H H H )4 H H "53 3.5 10 31§45 24,23
3. H E B B B CH, H 12 10 a7 24
4. H E H : H oo, H 3 3 40 24
54 CE, H B H H H H 12 12 0 25
5. " CHy b:f H : -4 H 12 12 29 25
Te h:| CH, ¢ E H g CH,, 12 8 23 25
8 H CR H H H CH3 i1 12 8 at 25
3. H B Ci, H B H E 12 12 24 o5
10, " 4 4 B, H b4 b:4 25
il,. H i:d B ;¢ t-tu H H 25

Quarteraimation of 2-(2-.paphthyl)thiopyridine (49} with iodoacetone followed by oyclima—
tion with polyphoephoric euid gave am oily product,from whick 5-methylbeaso{i)phemanthridi—
zinium perchlorate (50) was imolated in 9% yield.Addition of acetic acid and hydrogen pero—

xide 1o the orude mixture imcreased the yield to 3% 2 .

-—CO
F!
CH COCH
49, R=H
5t 1 R =CH3 1 PPA
2.HCIO4
ClOg
L6 i P CHy
8_N 2 +
R 9/ \ / \ \ 3.H202+ N
__ — ———— I
o 15 a CHaCOOH
Not Isoluted
50,R = H
52 ,R = CH3

Starting with S5-methyl-2{2-raphthyl)thiopyridine (51),5,9-dimethylbenso(i)phenanthrigdizi-

nium parchlorate (52} was isolated in 1T7% yleld.
Starting with l-naphthalenethiol, the synthesis proceded in analogous fashion via the

sulthide,the acetonyl selt(53) and the thiapepinium salt.There was no evidence of suphur ex-

—813—
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trusion during the polyphosphoric acid oyolisation.The thiazepinium salt underwent oxidative

———
2 N N
R R |+

CH,—CO 353
l
1.PPA CH,

2 . HCI04
/IS
RN N—

+
CHa

55, R =H
56, R=CHy

sulphur extrusion in the presence of hydrogen peroxide and acetio acid affording T-methyl-
benzo{k)phenanthridizinium perchlorate {55) in 60 % yield.Similarly, 3,7-dimetkylbenzo(k}~
phenanthridisginium perchlorats (56) wae pynthasimed by sulphur extrusion route 31.Tho oyelo—

dehydration product of %7 was originally considsred to be T-methylbenzo(k)phenanthridizinium

58, R=H,X =Cl04
59, R= CHz, X=CiOg

perchlorate parallelling the reaction of the Zwphenylpyridinium series s but, later on
it was shown that the product from 57 and related 2-{ot-naphthyl)pyridinium ketones are

) 30,3

benzo(l,m)morphanthridisinium derivatives (58,59 resulting from rimg closure at the

more reactive <-position (C-8 in the naphthelene ring)13:31,

Bradsher and Heavers have reported their faliurs 4o cyclime l-phanyl-2-acetonylisoquin—
32
oliniumibromide {59) and 5-moetonyl-f—phenanthridinium bromides (60 ) ;: It wes aspumed. that

the faliure of 59 to cyclime arose from the overlapping of the hydrogen atom at position B
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of the ispguineline ring with thoes of the ortho positions of the phenyl ring since thi= wonld

[
%9 ,R=R=H 62, R =0CHx, R=H
_ ‘e y R =ULH3, R=
606,R =—0—CH,0 —R'=0CHj B3R = F = 5CHs
= R*=0—CHp— 0

66, R=R=0CH3
67, R=R = 0~CHy—0

jnterfers with the achievement of the coplanarity necessary for ring closure.Howsver, sctivet-
ion brought about by an elaciron dorating groups at mein position of the phenyl ring in
{da j brought about the oyolisation with hydrochloric acid,affording the expected 2,3-methy.-
lenedioxy-12-methoxy-G-methylbenzo(a) phenanthridizinium perchlorate (61).From the quarterna—
ry malts (62-64),cyclisation in hydroohloric acid afforded 55-70% of the expectsd 1l-methyl—
dibenzo [2yc ] rhenanthridisinium salts{65-67) EEL
Chapman 33 ha=z reported that heating isoquinolinium perchlorate with memityl oxide

for meveral hours at 1207 affarded benso(alquinelizinium =alt (68) ia 35% yield,Ite formation
is believed to involve the addition of one of the imopropylidine methyl groups to the activa-
ted double bond of the isoguinolipmium ring followed by ring closure between the nitrogen
and the oarbonyl group and: gpemtanecus oxidetive aromatisztion as shown in scheme 2,

The reactiom ocould be &pplied to » wide varieiy of uneaturated ketomes,both open chaln

and oyclic as long as they contain at leamt one methyl mubstituemt in the ﬂ—pouition.
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Me

- 2H

Teuber and Laudien 34 have reported that 3,4-dihydroxyphemsthylamiae reacts with twe
moles of sither acetoaceialdehyde acetal or l.methoxy-l-butese.3l-one i® hot glacial acetic
acid to give a mixture of 40 % benwo(a)quinolizinivm salt (71) amd 31 4 of the pyridinium
salt ( 72).Using water as & solvert the guartermary salt {71) was obtaimed in 13 ¢ yield,
Treatmemt of Tl with mumbsr of reagents inm the presence of potassium iodide snd potassium

cerbonate in acetome yielded mubmtituted gquarternary salte in 23 .82 < yieldg35’36 37.

HO N Br HO@/\‘ Br
HO /N+| HO /J’/\Nj/CHB
N co 06
HyC  CHs CH,
71 72

The results are summerised im Table V1.
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TABLE VI

Compound R R R Y Yield & Ref.
aumber R]' 2 3 4
1. : H H H E, T0 35
82
2. cn3 G, H H 5, 5
3. 0133 G‘H3 cl-t2ca:cr12 05201’{=CH2 Hz 80 35
4. 033 csa 0320655 c320655 Hz 23 35
cH B " naphihyl- 23 35
6. CH,CH=CH, CH,CE=CH, CH,CH-CH, CH,0H-CH, , 14 35
Ts c635032 06115032 i1 cﬁﬂscnz o 53 35
8. H GE3 B q 23 36
9. 033 H H | 28 36
10. B, CH,y i p:4 0 25 37
11, CH,CH=CH, CH,CH=CH, H H , 55 17
12, cna cocn3 : H 0 14 a7
13, anaco cn3co H H ¢} 55 37
14. coc EH5 ) E H 0 51 37

Hoxahydroquismolisimium salts {73-75) have also beez symthesised by oyolismimg N-/F-aryl-
ethylpiperidone (76-79) with phospboryl chloride 38 . Bowever, the pareat piperidome {76)
failed to oyclise with phoephoryl ochlorids,but whem oyclimed with polyphosphoric amcid, a
emall amoumt of the quartermary salt (73} was isolated.This is im direct disagreememt to
the findings of Sugamawa et al.39 swho has reported the imolatiorn of 73 from 76 om oyclisa-
tion with phosphoryl shloride.In a aimilar oyolimatiom of 1-/F-phenethyloarbostyril (B0}
with phosphoryl ohloride,a mirture of two produote (£1,82) were imolated,from which 9,10~

dimethyleredioxry-6, I-dihydrobenss Gs,f] quinclizinium salt (82) wae isolated im 4 % yield.

— 817 —

16, Na 5,

1981




ioz
e x
+
=z
N
= )

_ 73, R=H
76,R=H 74, R = OCH3
78, R =0CH3 75, RR=CHz0z
79 RR = CHz02 ' ¢

From 80, Sugasawa et 51.40 have claimed to have imolated 84, which has mow beer showm

80, RR = CHp0, 81,RR =CH,0,

82,RR =CH»0,
83,R=H 85,R=H

84,R=H

4o have the struoture 85 38 .

On the other hamd,oyclimation of 2.3 —phenethyl-3,4-dihydroisocarbostyril (86) with

R
86

vhosphoryl chloride st 1300 gave the ocorreapomdimg dibenso [a,h]quinolisinium salt (87) 38 .
Another route for the preparatiom of hoxshyd.ro‘benso(a)quinq]_innim iodide 41 involvens
the hydrolysie of am aorylonitrile ndduct of 1-{ethoxycarbonylmethyleme)—6,T~dimethoxy-

1,2y3,A-tetrahydroimequinolina (58) at higher tempsrature,The hydrolysis produst (89) was
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H,CO H,CO H,CO
—_— —
NH | NH HCI
HyC0 H3CO #NHC H,CO
C(COOE1){CH,), CN {CH,}3CN (CH,)GOOE!.
88 89 90
H4CO HyC O
Me CH, I
+
N/ ; No X
93 91, X=0
92, X =H,

hydrogemated catalytically to (90).This cyclised im base to 91,which om reductioam with
lithivm aluminium hydride was somverted to (92).Addition of methyl icdide gave {93).
Addition of cyolohexylmitrile to 2~-{cc—pyridyl)banzens diazoniur tetirafluorcborats (94)

afforded 6,7-bis{cyclohexylimine)-6,T-dibhydrebenso(a)guinolizininm tetraflucroborats (95) in

+ BFg
Nz RN
—> +
~ "N 2N
P \|

94 = Cyclohexy|

10 4 yie1a.%
The most comvirient method for the synthesis of phenanthridizimium derivatives involved
the irrsdiation of styrylpyridinium salts (96) 41’42. Beat results ware obtaimed Wy irra—

dlating a well stirred ethanolic molntion of =tyryl salte [G6) containing some iodime.Subs—
.__-—->
+
= N
\‘\‘)
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tituted phenamthridizinium salts were also prepared with substituents im either of the
rings.While this im but one of the ssveral attempts made to extend the photooyslimation
observed with stl'banes43 %o the mynthemim of hetrocyolic system 4 pit is Delieved to be

the first such instance involving a quartermary s=alt.The results are summerimed im Table ¥II,

TABLE VII
10
1 3
! )
2 | =
3 N7
4 * e
X~
Compound Substituent Yield %
aumber
1. H 60
2, 1,3-(Me), 41
3. 1,3-(ph), 50
A, 8-Me 56
5. 10-Me 66
[ 8-0Be 43
Te 10.C1 60
B. 8,9.(0135)2 25
9. 8,10~(0Bg) > 50

43

The number of alkaliods oomtaining the bemso(s)guinclirine system such =z emetine
paychotrine 44 protoemetine 45 O-mathylpaohotrins,lubulosine46 and ankorine4? have besn
synthesiped.A genaral symthesim of these alkaiode 48 involves the treatment of an ester(97)
prepared from cinchomime {98) with 3,4-dimethoxypheracyl bromide followed by reduction
with sodium borohydride im sthamol yislded a disasteromeric mixture of 99.0xidation of
99 with mercuric acetata-{ethylenedinitrilo}tetraacetic aoid followed by hydrogemolysis

of the resulting lactem slcohola( palladium—carbon,ethanol) gave 100,101 and 102 im 44,

4 and 30* yields respectively. Cyolimatiom of 100 with phosphoryl chloride im ioluens
under reflux arforded(103,X=1) in 95 4 yield.Coxversion of the iodide ealt imio{103, 2:9104)
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98,R=H Or Me;R'= Vinyl Or Ethyl

Hscom Haco
3 N
T;>21/H HaC0 Y Hico Mg

CH,R ' 5
2 CH,R CH, R
99, R=CODEt ; Y =Hy,Z =H,0H 10, R=COQE?t; Y=0 162
00,R=COOEt; Y=0;Z =H,
HyCO HyCO
H3C0

HyCO

W
CH,COOE!t

103, X =1 104
!03| X = Cf04

H
CH,COOEt

and submeousnt catalytic hydrogenation produced 104,from which the base {-)-104 was

obtained in 98 4 overall yield.

The emetine precursor49 was nlso obtained from laotones {105) prepared from norbornylene
via hydroboration and oxidation.The resulting noroamphoT wes oxidised vy Bayer-Villiger
method, followed by alkylation of the lactone {105,R =H) with ethyl bromide or allyl

bromide to give protoemetinel {(laé, R, - CH,CH, COO¥e).
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MeO

o
gy\o MeO

105,R=Et, allyl

£t
CHR

06, R, =CH20H ,COCMe

Kametani et a1.50 have synthesised emetine by reacting 3,4-dihydro-6,7-dimethoxy.l-methyl

isoguinoline (107) 5 vith dimethyl-3-methoxyallylidene malonate (108} at room temperature

COOCH 4
HaC O ~~CO0CHy  H3CP
ZN + - N0
H,CO = HLCO ]
OCH
CHs 3 H.CO COOC,, Hy
o8 log M3

07

HyCO
H3CO o

Ill,R «COOCH HO
I12,R =COOH :I::I/\EHZHC|

14 MeO
116, R=H
116a ,R=CHy
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followed by refluring, gave 2,3,6,T-tetrahydro-9,10-dimethoxy-3-uethoxyoarbonyl-2-( 3/
dimethoxyethyl)benso(a)quinclizine—d-~one (109) in 88.5 4 yield. Treatment of 109 with ethyl
jodide in the presence of modinm hydrids gave 3—ethyl derivative {110), whioh, om reduction
with Adama catalyet in metbanol afforded the lactem (111). Hydrolysis of the lactam with
potassium hydroxide in aguecus methanol gave the carboxylic ecid (112). becarboxylation fol-
lowed by treastment with hydrochloric ascid resulted in the formation of sldehyde (113). Red-
uotion of the aldehyde with lithium aluminium hydride afforded () dihydroprotoemetine (114}
in 59 ¥ yield.Readtion of 113 witk the phenrolic base (115) im hot methamol-dilute hydrochlo-
ri¢c acld gave 116 em the main product, which, efter purification was ireasted with diazomethane
to give (116a). This orude produot (116a) was reduced with lithium aluminium hydride in hot

ether-dioxane to yield (+ }emetine (117).

DMdehydroemetine s Wam one of the products isolated in the photochemiczl and thermochemioal

decompopition of emetine 2 which, was designated by structure(118) 53 58, Iis mase spectrum,

HsCO QCHz

HaC O

N
ns

3

RO QMe
OMe
H,C O

120, R = M8
121, R

(1]
x

however, did not ressmble to the proposed siructur, but rather that of O-methylpsychoirine,
to which structure 119 wae assigned, As the mass spectrum of didehydroemetine contains
fragments at m/e 274-272, m/e 258 and 244, it shows that the extra double bond is not situa-
ted in the benso{a}quinclizine moiety of the molecule, The fregments originating from the
imggquingline moiety of the molecule appear at the same position as those of O-methylpsycho-
trine.These facts support a eiructure for didehydroemetine as 119,The position of the double

boed in O-methylpsychotrine was established by reduction,whon emstine snd iscemstine wers
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isolated 3551 +Since smetine and isosmetine are stereocisomeric at C-1, the double hond in

O-methylpsychotrine must be looated here, As a oonsegquenoce, O—methylpsychotrine has to be
represented by 120 and psychotrine by 121. Deutrium exchange experiments have confirmed that
the two compoumds, didehydroemetine and O-methylpsychotrine are tautomers and their cerrect
struocbure is represexted by 119 and 125 reapectively,

Another route: to emetine derivatives involves the addition of btutyraldehyde to a mumpen-
sion of 122 under nitrogen simomphere, The mixturs was shaken for six hours followed by heating
at TOO under nitrogen atmosphere, The product ,3-ethyl-2—(N-benroyl}-1,2,3,4-tetrahydro-6,7—

dimethoxyisoquinolyl-1-methyl-9,10-dimethoxy, 6, 7-dihydrobenzo(a)quinolizinium parchlorats

oRr OR

RO OR RO RI@OR
RO:Q\A‘\NR. HN OR S £He
CH,COCH, + CHyCH,CH,CHO —> N~#"Rp

122 ,R; =Bz, R=CHg 123,R = CHy,R;~Et,R =Bz

OR
OR

RN
RO | oR

CH,

I

N Ry

123a, R=CH3,R|=Bz,R2=Et

(123) wa= isolated in 71 % yield. Reduction with modium borchydride gave a mixture of N-ben—
20y1-2, 3-dihydroisoemetine perchlorate and N-benzoyl-2,3-dihydroemetine (123a). In a similar
reaction,number of other derivatives were prepared.

Other emetine derivatives were preparsd by oyoliming 6,7-diethoxy-3,4-dihydroiscouincline
hydrochloride with 2—ethylvinyl moetate -° .The mesulting benzoquinolisinmons was treated with
P-diethoxy-P-methylacetate phosphons followsd by photolsomerising the methoxyoarbanylmethylene—

hexahydrobenzoquinolizine (124) « Reduotion gave an aldehyde, which on treatment with 3-hydroxy—

~d—ethoxyphenethylamine hydrochloride and diazcethans afforded smetine derivative {125).
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RO \ EtO

N N
RO - EtO
M-
4
CH, CH,R
HMN OR, |24, R=CC0Me

125,R=R; = Et

60,61

Amkorine im another alkaloid structurally related to emetine s which, has been amsigmed

the plane struoture (126) largely on the basis of physical measurements 62.Howevor neither the

precisme location of the phenolio hydroxyl group nor the asiereochemistry was established at

63

that time. The recent communication of Ssantay ei al. of the synthesis of four posmible

raosmic mterecimgmers of askorine enggested that the phenol fumotion of ankorine muet

Ry
HaCO

H,CO

Rz Et

CH,CH,OH
126,R, =H, R, = OH
127,R, =0H , R, =H

be placed at as alternative position (127).Fujii st 21,5167 have established the sbmolute
canfiguration of ankoriuze by symthesis,whioh invelves the condensation of an opiically active

66,67 with 2-banzoyloxy-3,4-dimetdo®yphenacyl bromide at 60° for 6 hours.The

eater (128)
ketons (129) thus obtanined was reduced with modium borchydride in sthanol at o0 to give a
distereomeric mixture of amino aloohol {130). Oxidation of 130 .with pevguric acetate—(ethyli-
dinitrilo)tetraacetio aocid 68469 ¢o11owed by purification gave 6-piperidome (131) 88 dister-
ecmeric mizture in 57 4 yield, Hydrogenolysis of the mixture 131 over palladium—oarbom in

athamol gave lactamphenol which, was them benzylated to am ether (132). Hydrolysis of 132
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followed by heating the lactamacid at 180° for 80 minutes gave a mixture of trans (133) and

ois isomer (134).Esterfication of the mixture followed by cyolimation with phosphoryl chlo—

ride in benzene gave a mixture of trans and gis esters (135) . Catalytio hydrogeaation of the
H OCHaPh PhH,CO ©

N H3CO COCH,Br HzCO
E;;]()L * H3CO N
~Et
HT 3 HaCO ’
CH,CODEt “Et

128 129 N COOE

OR,

HsCO Hacom
N N

QH HyCO QU/H H3CO OUH
" ~Et ~E -
H HT 1 woy CEt

SCOOEt ~~cooR
130 131 132, R)=CHg; Ry=PhCH,
134,R;=H ; R, = PhCH,
OCH,Ph
H¢o MeO
cr
HyCO MaO
Et
COOE1
133, R =4 135 I36
OR,
HyC O
HyCO H 137, R = CH,Ph
~Et 138,R|=H

CH,OH

quarternary salt (135) furnished tricyolic ester {136),whioch on reduction with Mthium eluminium
hydride in refluxing ether afforded alcohol {137). Debeneylation of 137 by hydrogenolysis

led to the ultimate compownd (138) in 64 % overall yield,
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Tulmlosine and deoxytubulosine are the other alkaloids containing the benzo(a)quinolizine
system 70. Synthesis of thame alkaleidm involve the condenmation of 3,4-drhydro-6, 7-dimetho-

xy-lemethylisoquineline (139} with dimethyl 3-methoxyallylidene malonate., The eramide {140)

COOCH;5
HyCO HsCO H3CO
N 3
) + COOCHy GSevera? SiepsE
H3CO g H3CO IN HsCO N0
CHy OCH3
HyCO
HaCO
R
N

143, R=0H; X =0 144, R=0H; X=0
145, R=0H; X =Hp
147, R=H; X=H,

146 ,R=0H, X=H,

so formed was oonverted to 141 , which on codensatiorn with seritonen (142) followed by
reduotion of the isomeric mixturs ( 143, 144 } with smodium bis(P.methoxyathoxy)aluminium

hydride in pyridine afforded { ) tubulosine { 145 ) and (+) imotubmlosine (1L46) .

—827 —

16, Ne 5, 1981




Imotubuloeine was isolated as a minor product,as it could not be oompletely meparated

from tubulosine.

Similarly (+ ) decxytubulosine (147) was prepared from 141 and trypiamine (148).

Synthesis of Berzo(clguimolisinium Salts

The first aynthesis of the benso{c)quinelisinium ion was mccomplished by Glover and
19

Jones ueing their gemeral method for the synthesls of the guimolizinium iem and ite
bansologe.The ketone 149 formed by the resotion of 2-cyanoquinoline with 3-ethoxypropyl-
magnesium bromide with hydrobromic acid to cleave the alkoxyl group and the resulting

halide wasm converted to the oyolioc ketons {150) ,The Jones dehydration ocarried out on the

3 0 1.HBr
NP C/ 2-Na, CO4

CH
CH3CH,O0CH 2
3 2 Z\CHE/
149
<
X (CH5C0),0
A
NZ 0
+
X" 150 1504

cyclio ketone 1ed to the bensze{c)quinoliszinium catien (1503)

A new gemesral synthesis has been deviasd TLy72 which makes the benzo{o)ouinolizinium
iom as acoessible as the benso{blquinolizinium ion.The stilbasole (151) formed by the
condenmation of 2-chlorobenzaldehyde witho{-picoline or a suitable derivative wers
irradiated in benzene solution and the mirture consisting largely of the c¢is imomer {152)
was heated for one hour at 1700. The average comvarsion to benzo(c)guinolizinium malts
(153) was 66 4 except when thers was a methyl group at the 6—position of the pyridine
group (Rl.-; GH3) in whioh case aterie hindrance is belisved to be responsible for the
faliure of the internal gquaternization reaction, Usually the internal quarternisation
reaction yielded reumable trans stilbazoles ap byproducts.The partioipation of an aryl

73

halide in a quarternisation reaction is telieved to be due in large measure ta the
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hv
R3
Ra ANy X
— |
N
R|
Ry 152 Ra
153

halogen by the eleoiron withdrawal of the pyridyl group communicated through the con jugated
system,

Irradiation of the benzene solution (15],R4= Noz) failed to give the expected isomer,
but instead B-nitrobenzo(ec)quincliginium chloride was imolated in 70 € yield.

Heating stllbarcle at 2400for 6 hours and eliminating the irradistion atep resulied in
the formatiom of pure benso{clquinolizinium in 54 % yield.At lowsr temperatures,the yleld
was appreciably reduced while the use of higher temperatures coused considersbls decomp-

oveltion. On the other hand, heating the trans-—o<—phenylatilbazole (151, R3:C6H5) failed
to effect the oyolisatiom.

The results are summerised in Table VIII,

TABLE VIXI
R, Rg3
—
X Rs
R
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Compound R R R, X Method Temn, Yield &
number 81 R2 3 4 ]

1 it H H H H c1 A 176 50 D°
B H E H it 10, B 240 54 ¢
it i i " H Br B 240 50 @:f

2. B B H Yo, & o1 A 25 BoPr118
H B H Yo, H c10 4h . d

3. :t oxy " No, H c1 4 25 sc:'i’g

3. H o, ® E H c1 A 165 697

5. H H " H c1 10, A 170 709+°
B H " H o1 o B 240 6o ¢

. B CH, i H c1 €1 A 155 1 b

T " H oA, H ] e A 210 55 ot
B H oH B H co ... = P

8. B H Oy E H a1 A 200 50 P2°
H B Gl H H a0, © 140 2d

9. H H ¢ooC, K, H H o0, © 140 20t

a) Bases om trans—stilbagole initially used. b Cyciimation carried out om unpurified ois—trans
mizrture. ¢) The irregular Cluster from ethanol —ethyl acetate, d)} Tan needles from ethanol.

e)Lit. m.p. 188_890. f)Prepared via the perbromide.g)Small tan needles from ethanol.

h) Prepared by addition ¢f 25 4 perchloric acid to the chloride,.i)Allowed to stand for 48
hours after irradiation,

A, Irradiation of bemzene molution followed by heating at 1"!00 for one hour.

B. Stilbasole and iodime huatad at 2400 for 6 hours.

C

Cycliesatiom carried out in refluring acetic anhydride

This method hae been applied to the preparation of teirascyclic system im the hope, that,
it would emable toc synthésime the asa steriods and azonla helicenes 73.
2-Chloro-l-styrylimoguinoline (154} was readily prepared im good yield by condemsation
of l-methylisoquinclime with 2 chlorobengaldehyde '.tha produet, 1-(2-chloro)etyryliscquinsline
or oyelimatiom at 2007 £8Ve the quinolizinmium salt (155) in 70 % yield with no previous
irradiation. No change wam obmerved in the ultraviolet spectrum of the isogquinoline (154},
vwhen a benzeme solution was irradiated and this combined to the facile cyclisatiom to the
quartarnary salt (155) suggests that the utmlisoqpinolinq is in the ois form.However,

6y 7-dimethoxyimoquiniline-2_chloro-l-styryliscquinolins (154, Ry = R20CH3 ) was not oyolised
pimply by heatimg, but on irradiation in benzeme followed by heaiing at 165" gave
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the dimethoxy salt (155, - R,=OCH. 3 X =Cl0,).0n the other hand 2-chloro-3-styryliso-
' 2 3 4

quinoline (156) gave hardly 1¥ of the cyclised product (157). The faliure of 156 to undergo

R, \ﬁ R,
N Cl
Ry # Ry Y
2oy N
X +
154,R;= Rz A
l55,Rl=R2=H

SN /——E ] SN
e
=N cl N~
156 O
157

cyolisation hae demonstratrated that the intermal quarternimation im not solely the conse-
quence of favourable geometery, but, must depand heavily upom the phifi of elecirons from
the halogem bearing ocarbon to the mitrogen atom via the conjugated system.

The other three tetraoyclic systems {158-160) were all prepared by irradiating the
appropriate chloromaphihyl--2-vinylpyridines arnd heating the crude gis and trans mixtures

obtained on irradiation. I% is significant that quartermimatiom of the orudeﬁ_{l-Chloro—Q-naphth-

158a,R =H , NO2

! _—
159a

4
z
T
L]
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Fl)2-vinylpyridine (160n) conjugated through the bond beiween carbom atom 1 and 2 of the ma—

phthelene muclous gives o better yield (50 %) than that from the ormde 3-chloro isomer
(1598} conjugatad through the bond of lower order betwsen carbon atoms 2 and 3.

On the other hand trams-2-chloro-2-styrylquinocline (158s,R=H or HOZ) showed no tendsnoy
to undergo oyolisation. This muat be due to the Ffact that, isemerimstien is always= n
competing reaction in these oycloguarternisations,it is obvious that in this case the weakly
baslc character of the quinoline nitrogen resulte in preferential isemerisation,

Another method for the synthemix of the guarternary salt involves the condensation of
trisubetituted pyrillium ealts (161) with o-smincbenzaldehyds in acetic aoid 75.1‘11- reastion

mixture was heated under aitrogen and the producte were isolated in the range of 46-73 4,

RZ
R, CHO | A X
H.N R
S x" 2 RI ﬁ/ 3
l + + > |
Ry 07 NCH,R N
1 23

16|
Howsver, this method failed to give l-subatituted benzo(o)ouinelisinium salt.

The results are summerised in Tabls IX .

R, -
TABLE IX X
' ™
+ R
Ry N7 3
|

Compound R R, R, X Yield %
number
1. CGHS 3635 H BF4 64
2. C6H5 CGHE H Br 43
3. 06’{5 c 6H5 H I 51
4. ou, ¥ K EF, T
5, on, c(ca3) 3 ; oF, 48
&, 06H5 06H5 CH3 EF4 73

Anothar route to the benso(o)quinolisiaium saltes involves the oondensation of piocolyl—2-

lithium with o-ghlorobenszonitrile. Hydrolysis of the imine resulted in the formetion of
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pyridyl-2)—methyl orthecklorophemylacetone{162). Heating the imine (163) at 2007 resulted

¢N
=
~ ' H,0
N CHz_ﬁ
Cl
208] "
163
I 3
N7 I
cl NH,
i64

o C
lrsz
N
FG’I
OH

165

in the formation of G-aminobenzo{o)quinolisinium ehloride (164), whereas, heating the ketone

(162) resulted in the formatiom of S-~hydroxybenzo{c)aquinolizinium chloride ( 165) 76.

The formation of 164 was rationalimed by Scheme 3.

dgheme 3

|\\
— W
NH
166
lﬁ/
¢ —
AT
| SN
+
N/
Sl AN ANH
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The mechanism suggesis the ring olosure of the imine (166)by am attack from the pyri-

dinium nitrogen followed by the elimimation of the halogen to give the ring closure product
(164},
Reactions of Bemso(a)guwinolisinmium Ion

The initial paper 8 on the subjeot of the T—subatituted benzo{a)ouinolizminium analogm
reported, that the 7-methyl derivative could be reduced catalytically presumably to a
methylbenszoquinolizidine derivative (167),whereas on oxidatioa with potassium permanganate

rhthalic acid was isolated.

CHs

N HBr

167

Reduction of Tl over platinum oxides resulted im the formaticm of correspopdimg slochol

{168),whereas with modium borohydride ,a tetrahydro derivative (169) was imolated inm 32 &

yield.Onm the other hand Clemensom reduction yielded (170) A1,
HO HO HO
HO #N HO N HO ~N
“~ . on « M__on
CHs CHy CHy CM3 108 CHs
170 169 168

Richard and Bteven.” have reported that on standing in ammonia molution, T-phenmylbenro(a)-
quinoliginium ion was converted to a pseudo hase .

It hans alsc been reported 78 that heating an alocholic solution of benso(a)quinolizinium
bromide with piveridine for 15 minutes, the ring opening product 1- Bd.—piperidinobutadiene—-

(1,3)-,1_1)]..1aoquinoune (171) was imolated in 76 % yield.
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I Xy Piperidine /I 2 \/N: >

2 N NG, |
+ g

I% has been reported 82 that treatment of the quarternary salt (172) with phemylmagnesium

bromide in tetrshydrofuran slso resulted in the ring opening yielding 173 as the only

product.
I N CgyHs MgBr
s Nz THF
+
172

Reactions of Benro(c)quinelizinium Ion

Pozard et al. T pave reported that oxidation of bemso{c)quinolisinium chloride irn boiling

potassium permanganate afforded a poor yield of gquinoline—2—carboxylic soid (174) formed by

Cl =
+N A |
N N COOH
B —_—
& /
174
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the destruction of ring i.
Eydrogenation of the guarternary salt (172} with palladium-carbom catalyst afforded

1,2,3,4~tetrahydrobenzo{o)quinoliginium chloride {175) showing that hydregemation has

X
N e N
3 I P

175 176 177

coourred exolusively in ring A,whereas, with platinum oxide both rings A and B were satura-

80,81 +This bahaviour is in comirast

ed yielding 176, a base prepared earlisr by other routes
to that of the amoridisimium ion {177),which undergoes hydrogenation first in ring B then in
ring A.

Aotion of Bame

Reaction with modium hydroxide-hydroxylamine mixture’? with benzo(o)guinolizinium ion

was shown to give hydroxyhutyronitrila(178) in 22 4 yield.whereas, oa heating its alochelie

)

RCH,CH—CHp —CN
|
OH

l78, R=2 -QUiﬂOIy'

N
+

Br-

/l = Piperidine. /\IK\W
. N
179

selutlon with piperidine for 20 minutes,the ring opening produot 2—[4—p1peridino—butadiene—

(1,3)-?1—(1)]-quinoline {179) was isclated in guantitative yield 8,

Aotion of Eleotrophilic Reagents
Nitration of benzo(c)guimelizinium ion afforded lO-nitrobenzo{e)ouinolizinium perchlorate

(150) ythe structure of whioch was further proved by oxidation,when B-nitrequinoline-2—oarbo—

xylic aoid (181) was imolated 83 .Further catalytic Teduction of the nitratiom preduct (180)
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NO, & i NO,
N\ N\ COOH
e o
180 181

in the presance of platinum oxide resulted in the reduction of ring A as well as the nitro

group affording 182, btut im the presence of palladium—carbom, only ihe nitre group wes

X

+
+

/
4

ig2 183

reduced resuliing im the formation of am amine (153) in 69 % yiela 82.

Sulphonation coours in the more remote ring C at position 10 affording betaine (182)

184

in 69 % yield,This reaction is mimilar to the one with the acridisinium series.sa

.

Té, No

3

1987




It has also heen reported that the reaction of phenylmagnesium bromide with the gquarter-

eary szlt (172) afforded the ring opening product {185) I .
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