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ABSTRACT

In the introduction to this thesis syntheses of, and synthetic approaches to, the

Aspidosperma and related alkaloids are discussed.

Initially investigations were carried out towards the heptacyclic alalakine (385)

which led to a synthesis of the important hexacyclic intermediate (430) and to the

precursor compound (438). Alongside this investigation 2 - cyano - Na -

methylaspidospermidine derivative (412) was produced.

A synthesis of strempeliopine (447) from the readily available model compound

(267) is described. However, the yield obtained was not satisfactory and the alkaloid

was not obtained analytically pure. The structures of three by - products: Na - acetyl

- 19 - carbethoxy - 19 - demethylaspidospermidine, the unusual Na - ethyl - 19 -
carbethoxy - 19 - demethylaspidospermidine, and 19 - carbethoxy - 19 -
demethylaspidospermidine were determined.

An investigation towards the synthesis of cimicine derivative (467) led to the \
rhazinilam derivative (487). However, initial studies137 indicated that the oxidation

reaction is complex and dependent on the conditions of the reaction.

An important apovincamine derivative (504) has also been synthesised from the

model compound (267). Reaction of the latter under oxidative conditions by means

of m - chloroperbenzoic acid in dry benzene led to the vincamine derivative (503).
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1 . 1 Occurrence and Isolation of Aspidosperma Alkaloids

The majority of naturally occurring indole alkaloids have been isolated from the

three plant families, Apocynaceae, Loganiaceae, and Rubiaceae. The Aspidosperma

alkaloids, which are the largest group of indole alkaloids with around 250

representatives, appear to occur in the Plumerioideae, one of the three subfamilies of

the Apocynaceae family, which are found mainly in tropical areas, namely, South

America, Africa, and Australasia, and they are most often creepers, bushes, or trees.

The Plumerioideae are represented by seven tribes with 95 genera although

Aspidosperma alkaloids have only been isolated from 25 genera which belong to the

four largest tribes, namely, the Alstonieae, Carisseae, Tabernaemontaneae, and the

Rauvolfieae. Up to date more than 220 alkaloids have been isolated from the

different parts of the plants, some of them with important pharmacological activity.

The most notable of these therapeutic alkaloids are: vincamine (278), which has been

shown to increase cerebral blood flow in both man and animal, vindorosine (7) and

vindoline (8), which show antitumor activity, and the most valuable antileukemic

drugs vinblastine (15) and vincristine (16).

The two main skeletal types contained in the large number of natural systems

can be exemplified by the quebrachamine (3) group, which consists of a total of 18

alkaloids and the aspidospermidine (1) group, with approximately 140 members.

Some other complex Aspidosperma alkaloids with up to seven rings are shown in

Scheme I.
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.2 Synthetic routes to the vincadifformine - tabersonine group

During the past decade there has been an enormous effort by various groups to

achieve syntheses of Aspidosperma alkaloids, partly due to the antitumor activity of a

few of this alkaloid class and the central place they occupy in the biosynthesis of

monoterpene alkaloids.

The first total synthesis of the Aspidosperma alkaloid, ( ± ) aspidospermine (2),

was reported by Stork and Dolfini in the early 1960 s utilizing the classical Fisher -
indole synthesis1. Several reviews2-3 concerning this group are available.

More attention has recently been focussed on the vincadifformine group, which

currently numbers around 50 bases. Numerous publications of the isolation and

structural elucidation of the parent alkaloid, (-) - vincadifformine (5), have

appeared4-5. This alkaloid and the structurally related alkaloids such as tabersonine

(6), minovine (17), minovincine (18), and vindolinine (12) have since been found to

play a critical role in the biosynthesis of catharanthine (25) ( Iboga type ) and

vindoline (8) ( Aspidosperma type )6a, as shown in Scheme 2. The validity of the

biosynthetic intermediate (23) is supported by the isolation of a simple derivative of

secodine (26) from plants and by the specific incorporation of labelled secodine (26)

into vindoline (8)6b.

Total syntheses of ( + ) - tabersonine (6) and ( + ) vincadifformine (5) have so

far been accomplished by several groups independently. In 1964, Kutney and

co-workers7 reported the first elegant synthesis of a vincadifformine - type skeleton

via a transannular cyclization reaction similar to that proposed in Wenkert's

biosynthetic hypothesis8 of Aspidosperma alkaloids. This observation was that the
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nine membered ring system of carbomethoxydihydrocleavamine (27) on reaction with

mercuric acetate in acetic acid, undergoes a transannular cyclisation to give the

pseudo - vincadifformine derivative (29).

-NN Ni I
%1 1

N N N
H C02CH3 H C02CH3 H C02CH3

( 27 ) ( 28 ) ( 29 )

Vincadifformine (5) and minovine (17) were also obtained by means of the

transannular cyclization approach with either mercuric acetate or oxygen in the

presence of a catalyst ( 5% platinium on charcoal )9 . It was obvious that the presence

of the carbomethoxy function may alter the course of the cyclization reaction

involving the iminium intermediate (28). There could be a preferential loss of the

proton on carbon atom 16 which leads to the vincadifformine system in a completely

stereoselective manner since the necessary " folding " of the nine - membered ring in

the intermediates (28) , which provides the rigid cyclization products, must lead to

stereoselectivity. This method provided a synthetic entry into the Aspidosperma

vincadifformine group.

Subsequently Kutney10-12 achieved the total syntheses of a series of monomeric

alkaloids in the Vinca family such as ( ± ) vincadifformine11 (5) from a pentacyclic

quaternary mesylate (35). Ethyl a - ( y - benzyloxypropyl ) butyrate10 (30) was

converted to the allyl ester (31) by alkylation with allyl bromide and then oxidised

with osmium tetroxide - sodium periodate to give the aldehyde (32) in 65% yield.

Condensation with tryptamine yielded the cyclic lactam as a mixture of two
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inseparable diastereoisomers (33), which were reduced with lithium aluminium

hydride. Removal of the benzyl group provided an alcohol which upon treatment

with methane sulphonyl chloride in triethylamine gave the quaternary mesylate (35).

Nucleophilic displacement by cyanide ion in dimethylformamide resulted in

generation of a nine - membered ring system possessing a nitrile group at C - 16 (36).

Hydrolysis of the cyano compound and esterification of the resulting acid with

ethereal diazomethane gave (37) which was transformed via an oxidative cyclization

to give ( ± ) vincadifformine (5) ( Scheme 3 ).

C02EtPhCH2OvXS>xisÿ PhCH20>PhChÿO,
■*oC02Et C02Et

{ 32 )(30) ( 31 )

OL ii! Nÿ° NN
,OCH2Ph,OCH2Ph HH

(33) ( 34 )

N

OMe®n NK
NN
HH CN
( 35 )(36)

NN

NN
H C02MeH C02Me

(37) ( 5 )

Scheme 3
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Following this success Ziegler and Bennett13- 14 also prepared ( ± ) tabersonine
(6) ( Scheme 4 ) by an analogous route starting from an enone (39) previously

prepared by Ziegler15. This enone was synthesized from 5 - bromonicotinamide (38)

and reduced to an allylic alcohol (40) with lithium aluminium hydride. Claisen

rearrangement of this alcohol on treatment with ethyl orthoacetate in the presence of

pivalic acid as catalyst afforded the unsaturated ester (41). Removal of the benzyl

group with ethyl chloroformate gave an amine (42) which was reacted with 3 -

indoleacetyl chloride to yield the corresponding amide ester (43). Hydrolysis and

condensation with polyphosphoric acid then gave the tetracyclic unsaturated keto-

lactam (44). Reduction of this ketolactam with lithium aluminium hydride afforded a

mixture of alcohols (45) which were converted to the quaternary mesylate (46).

Reaction with cyanide followed by hydrolysis and esterification with diazomethane

provided the quebrachamine type skeleton (48). Finally the reaction with mercuric

acetate and the appropriate transannular cyclization process furnished the required (±)

tabersonine (6).

In 1968 Ziegler and Zoretic16 reported a synthesis of the intermediate (57)

starting from a - ( 2 - cyanoethyl ) - n - butyraldéhyde (49). The latter was protected

as its ethylene glycol acetal (50) and then reduced with lithium aluminium hydride to

give the primary amine. Reductive benzylation gave (51). Hydrolysis with aqueous

hydrochloric acid led to the formation of the cyclic enamine (53), alkylation of which

with methyl bromoacetate in methanol, followed by débenzylation and reaction with

3 -indolyl acetyl chloride, gave the amide ester (55). Hydrolysis with dilute sodium

hydroxide afforded the corresponding acid (56). Treatment with phosphoric acid

then gave the desired ketolactam (57) ( Scheme 5 ) in good yield. This lactam is a

key intermediate in vincadifformine synthesis.
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A further synthetic investigation had been undertaken by Hanaoka and

co-workers17 which made use of the 1, 6 - dihydro - 3 (2H) - pyridinone - 1 -

carboxylate (58) as a common synthon to achieve the formal synthesis of ( ± ) -

tabersonine ( Scheme 6 ). This pyridinone (58) was treated with ethyl magnesium

bromide to give both the 1,2- adduct (59) and 1,4- adduct. However, reaction of

the former (59) with 1% hydrochloric acid allowed an allylic rearrangement to

produce the alcohol (60) in good yield. The Claisen rearrangement of (60) with ethyl
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vinyl ether in the presence of mercuric acetate furnished the aldehyde (61) which was

acetalated and later hydrolysed with potassium hydroxide to give the amine.

Condensation with indole 3 - acetyl chloride followed by acid hydrolysis gave the

aldehyde (62). Oxidation of (62) with silver (I) oxide to the carboxylic acid (63) and

intramolecular cyclization using polyphosphoric acid produced the intermediate (44).

Its conversion into tabersonine (6) proceeded as before see ( Scheme 4 ).

CT° HOCf°"
N XT'NN

I IC02Et C02Et C02Et
( 60 )( 59 )(58)

NN N “C02H‘CHO
HC02Et H

( 62 ) ( 63 )( 61 )

Ja N

£X ATT n
N
H OH C02Me
( 44 )( 6 )

Scheme 6

Ziegler18 has also employed the enamine (53) in his synthesis of ( ± ) minovine

(17) ( Scheme 7 ). Lithiation of N - methylindole followed by addition to an excess
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of ethyl oxalate and a subsequent base hydrolysis with methanolic potassium

hydroxide gave the N- methyl - a - indolyiglyoxylic acid. Esterification of the acid

using diazomethane furnished the methyl ester (65). A Wittig reaction using

methylene triphenylphosphorane then produced the corresponding acrylic ester (66).

Alkylation of the enamine (53) with the acrylic ester derivative (66) allowed the

resultant iminium intermediate to undergo facile cyclisation at the p - position of the

indole nucleus to give a mixture of two esters (67). Débenzylation and treatment with

ethylene dibromide gave the required ( ± ) minovine (17).

Opy° CXX*CP
CH3 C02MB
( 65 )

CH3 C02Me
( 66 )

CH3
( 64 )

N'PhCH2N'
%PhCH2N + ( 66 )

N N

CH3 C02MeCH3 C02Me

( 17 ) Minovine( 53 ) ( 67 )

Scheme 7

Another synthesis of ( ± ) tabersonine (6) has been reported by Takano19

(Scheme 8 ). 4 - Ethoxycarbonylcyclohexanone ethylene ketal (68) was converted

into ketoester (69) and then treated with propane -1,3- dithiolditosylate to produce

(70). Subsequent treatment with sodium hydride and condensation with tryptamine

afforded the dithianyl amide (72). Hydrolysis of the latter led to the stereoisomeric

tetracyclic lactams (73). This lactam could be converted either into the quaternary
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salt (35) by reduction with lithium aluminium hydride and mesylation or into the salt

(46) by introduction of the double bond via lithium diisopropylamide ( LDA ),

diphenylsulphide, m - chloroperbenzoic acid and heating. The method which converts

them to the corresponding tabersonine and vincadifformine has already been

described ( see Scheme 4 ).

r~\ o ip9 ‘C02Et "C02EtC02Et

(68) ( 69 ) ( 70 )

I
P oHO2C. s1It 1 NH

‘C02EtNN 'C02EtH OH

C02Et ( 72 ) ( 71 )( 73 )

t \
n;OMeSL N

N
4 HH

Et020'
( 35 )
( 46 ), dehydro

Scheme 8

The first enantioselective synthesis of vincadifformine was reported by Takano and

co - workers20, using L- glutamic acid (74). This had previously been converted
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to Y - hydroxymethyl - y -butyrolactone (76) by the method of Yamada and co -
workers21. Tritylation of the lactone - alcohol (76) with trityl chloride in pyridine

afforded the lactone - ether, which on alkylation with allyl bromide in the presence of

lithium diisopropylamide ( LDA ) and again with ethyl bromide led to lactone (77).

Removal of the trityl group provided the alcohol (78) in moderate yield. Hydrolysis,

followed by oxidation with sodium metaperiodate, then provided the hydroxylactone

(79), which was condensed with tryptamine to give the lactam (80). Treatment of

(80) with diborane - dimethyl sulphide complex, followed by oxidation with alkaline

hydrogen peroxide, gave the primary alcohol, which was reduced with lithium

aluminium hydride to give the amino alcohol as a mixture of epimers (81). Reaction

with methanesulphonyl chloride gave the quaternary mesylate salts (82) and (83).

Interestingly, the quaternary salt (83) which possessed the more unstable

configuration was transformed into the more stable form (82) simply by heating in

chloroform ( Scheme 9 ).

Another access to vincadifformine (5) in 5 steps from 2 - hydroxytryptamine

(84) was reported by Levy and co - workers22 ( Scheme 10 ). Condensation of (84)

with aldehyde diester (85) furnished the desired oxindole (86) which was then

convened into the iminoether (87) in the presence of ethyl polyphosphate. Treatment

of (87) with dimethylsulphoxide in the presence of dimsyl sodium produced 3 -
oxovincadifformine (88). This was transformed into ( ± ) vincadifformine by

formation of the thiolactam with phosphorus pentasulphide and Raney nickel

desulphurisation.
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The compound (88)22'24 appeared to be a suitable key intermediate for the

synthesis of ( ± ) tabersonine25 (6). The dianion of (88) obtained with lithium di -

isopropylamide in tetrahydrofuran - hexamethylphosphoramide was treated with a

large excess of phenylselenyl chloride to give the disubstituted derivative (89).

Treatment with thiophenoxide ion and then oxidation with m - chloroperbenzoic acid

gave the selenoxide (90), which immediately eliminated phenylselenenic acid to give

3 - oxotabersonine (91). Controlled reduction of the ketone function using lithium

aluminium hydride gave ( ± ) tabersonine (6) ( Scheme 11 ).
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Recently, ( ± ) - vincadifformine (5) has been synthesised26 from 1, 2 -

dehydroaspidospermine (94), which was previously prepared by photoisomerisation

of 1 - acylindole (92)27. The methoxycarbonyl group at C - 16 position in the

Aspidosperma skeleton was introduced through Vilsmeier - Haack formylation. Thus

the enamine (95) provided an important unsaturated aldehyde (96). The intermediate

carbamate (95) was prepared from (94) using methyl chloroformate in the presence of

triethylamine. Oxidation of (96) with sodium chlorite, then followed by esterification
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and acetalization gave 1 - methoxycarbonylvincadifformine (97) and dimethyl acetal

(98). The latter was converted to (96) in quantitative yield. Hydrolysis of (97) with

methanolic sodium methoxide gave the desired vincadifformine (5) ( Scheme 12 ).

üNH
O

1 HNH2N N
H

O'
(92) ( 93 ) ( 94 )

I
û û Û

H H H
N N
I C02Me CHO CO2CH3CH302C CH302C
(97) ( 96 ) ( 95 )

I
Ù Ü

H H
N N

IH C02Me CH3°2C 0CH30CH3
(5) ( 98 )

Scheme 12

A total synthesis of ( ± ) - 3 - oxotabersonine (91) was described by Magnus28

( Scheme 13 ). Reaction of the imine (99)28c with the anhydride (100) in the

presence of diisopropylethylamine resulted in formation of the cis tetracyclic adduct
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(101) together with ethanol adduct. Oxidation of tetracyclic sulphide (101) with m -
chloroperbenzoic acid followed by intramolecular Pummerer’s rearrangement and

cyclization afforded a pentacyclic lactam (103). Desulphurisation with Raney nickel

in ethyl acetate gave the compound (104). Introduction of the 16 - methoxycarbonyl

group proceeded by conversion of (104) into the thioamide (105) using Belleau's

reagent in tetrahydrofuran and then treated with p - toluenesulphinyl chloride to give

the a, P - unsaturated thioamide (106). Oxidation of (106) with m - chloroperbenzoic

acid followed by the Vilsmeier's reagent ( POCl3 - dimethylformamide ) gave the a,

P - unsaturated aldehyde (108). Protection of the indole nitrogen with sodium

hydride and methyl chloroformate, followed by oxidation and a subsequent

esterification with diazomethane, gave the methyl ester (110), which was converted

to ( ± ) 3 - oxotabersonine (91) under mild basic hydrolysis.

More recently Magnus28c has synthesized (-) - 11 - methoxy - tabersonine

(133) by a new strategy ( Scheme 15 ). For this purpose 1 - carbomethoxy - 6 -
methoxy - 3 - formyl - 2 - methylindole (122) was prepared from the commercially

available 4 - methoxy - 2 - nitroaniline (117) which was converted first into the

corresponding diazonium hydrosulphate (118). Meerwein arylation29 gave (119).

Reduction over Raney nickel afforded 6 - methoxy - 2 - methylindole (120) in good

yield. Vilsmeier - Haack formylation of (120) using phosphorus oxychloride in

dimethylformamide provided the expected 3 - formyl indole derivative (121) which
re>

on treatment with sodium hydride and methyl chloformate in tetrahydrofuran gave the

compound (122). This 3 - formylindole was converted into the derived imine (123)

employing 2 - ( phenylthio) ethylamine. Condensation of the imine (123) with the

readily available bicyclo [ 2. 2. 1 ] hept - 5 - ene acid choride system (116), which

was synthesized from (111), as outlined in Scheme 14 , gave the hexacylic adduct
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(124), which was converted by the Pummerer sequence and retro - Diels - Alder

reaction into a, (5 - unsaturated amide (127). Desulphurization and reduction with

activated Raney nickel in ethyl acetate gave (128). Réintroduction of the 14, 15

double bond using the thiolactam dehydrogenation procedure 30 furnished the a, p -

unsaturated thioamide (129). Reduction of the thiocarbonyl group and formylation

by Vilsmeier method gave (131), which on oxidation, méthylation with diazomethane

and finally deprotection gave (-) - 11 - methoxytabersonine (133). An identical

sequence using the antipode of (116) gave (+) -11 -methoxytabersonine.

0ÿ° Kir- wr
C02SiMe2ButC02H

( 113 )( 111 ) ( 112 )

1
CO2K+ COzSiMe2ButCOCI

( ns ) ( 114 )( 116 )

Scheme 14

As a result of the role played by the tetrahydrosecodine type (136) as

intermediate in indole alkaloid biosynthesis of both Iboga - type alkaloids ( i.e

catharanthine (25) ) and Aspidosperma - type alkaloids ( i.e vindoline (8) ), the first

synthesis31* of a secodine derivative has been achieved via the condensation of 1 -

methyl 1, 2, 3, 4 - tetrahydro - p - carboline (134) and 1,5 - diiodo - 2 - ethylpentane,

which gave the spiroammonium salt (135). Treatment with potassium cyanide and
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esterification afforded the secodine ester (136), identical with natural tetrahydro -
secodine 31b (137).

N'

.MeN
HMe Me R

( 136 ) FUCOOB
( 137 ) R = H

( 134 ) ( 13S )

i, KCN, DMF, 100 °C; ii. CH3OH, H+

Scheme 16

Subsequently the first elegant biomimetic total synthesis of (+) vincadifformine

(5) via a secodine intermediate (150) was reported by Kuehne and co - workers31*32

( Scheme 17 ). The synthesis began with Nb - benzyltetrahydro - p - carboline

(141), which was prepared in three steps from tryptamine hydrochloride31.

Chlorination of (141) using t - butyl hypochlorite and triethylamine gave the

chloroindolenine (142). Subsequent reaction with thallium t - butyl methyl malonate

afforded the rearranged indoloazepine dicarboxylic ester (146). Evidence that the

spiropyrrolidino derivative (144) was involved was obtained from an alternative

preparation of (146) from the y - carboline derivative33 (143). It is clear that both

conversions proceed via a common spirocyclic intermediate (144) and its rearranged

zwitterionic immonium malonate (145). Hydrolysis and monodecarboxylation of the

t - butyl ester of (146) and then catalytic débenzylation in acetic acid provided

indoloazepine (148). The required bromoaldehyde (140) was prepared from methyl 4

- formylhexanoate34 (138) by acetal formation, reduction to the alcohol and treatment

with lithium bromide, as shown in Scheme 18 .
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,OH .BrCHO C02Me (MeO)2HC CHO
i. ü iü,iv.v

( 138 ) ( 139 ) ( 140 )

Scheme 18

A much improved modification of this synthesis was subsequently reported35,

in which the important secodine precursor is a spirocylic tetrahydro - (5 - carbolinium

salt (153). The required tetrahydro - (3 - carboline esters (152) are readily prepared

by condensation of methyl pyruvate with the appropriate substituted tryptamine

(151). Reaction of this tetrahydro -J3 - carboline with the chloroaldehyde (156) in

toluene at a slightly elevated temperature followed by base - initiated fragmentation

and recyclisation provided ( ± ) vincadifformine (5) in good yield. This synthesis

could be extended to other alkaloids such as : ( ± ) ervinceine (39l), ( ± ) - minovine

(17), and ( ± ) Na - methylervinceine (392) ( Scheme 19 ).

Further extension36 of this general route has involved the use of the chloro

lactol (157) ( Scheme 20 ) which was found to give 14 - hydroxyvincadifformine

(158,159) and tabersonine (6). Condensation of the indoloazepine (148) with the

lactol - chloride (157) in methanol gave the favoured 14 3 - hydroxyvincadifformine

(158) whereas in benzene the epimer, 14 a - hydroxyproduct (159), was primarily

obtained. Dehydration of 14 3 - hydroxyvincadifformine by treatment with

triphenylphosphine and carbon tetrachloride in acetonitrile, with addition of

triethylamine, gave ( ± ) - tabersonine in good yield. This could also be obtained
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from the a - hydroxy epimer but only by thiocarbamate pyrolysis.

u
CçÇ>

H C02CH3

■H>/

H COjCHg

( 158 ) R1 = OH, R2 - H
( 159 ) R1 » H, R2 = OH

( 148 ) ( 157 )

HV
H

CO2CH3

( 6 )

Scheme 20

The other alternative by which the C - 14 epimeric hydroxyvincadifformine

has been synthesized36 was by condensation of the indoloazepine (148) with the

epoxy aldehyde (160) in methanol. The major product formed was a

(hydroxymethyl) - D - norvincadifformine (166), together with the desired product

(158) (Scheme 21 ).

In their recent investigation on the reaction of indoloazepine (148) with simple

aldehydes, Kuehne and co - workers36- 24 isolated the two bridged indoloazepine

epimers that result from reaction at Nb and the p position of the indole ring. An

application of this concept was the synthesis of 3 - oxovincadifformine (171). The

reaction of the indoloazepine (148) with methyl 4 - formylhexanoate (138) in
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refluxing toluene produced a mixture of the epimeric bridged azepines which

spontaneously fragmented and recyclised, to give ( ± ) - 3 - oxovincadifformine

(171) (Scheme 22 ).

A controlled, selective synthesis of tabersonine via 15 - oxo - A20ÿ21) - secodine

(173) was achieved recently by thermolysis37 ( Scheme 23 ). The required 15 -
oxosecodine (173) was obtained by condensation of the indoloazepine (148) with 1 -

chloro - 2 - ethylpenta - 1,4 - diene - 3 - one (172)38 in methanol. Reduction of 15 -

oxovincadifformine (174) with sodium borohydride gave 15a - and 15(3 -

hydroxyvincadifformine (175, 176) but with L - selectride (Aldrich) only the latter

isomer was obtained (176), whereas the formation of the 15 - thioketal derivative of

(174) with ethane dithiol followed by desulphurization provided ( ± ) vincadifformine

(5) with established D/E cis stereochemistry.

These biomimetic experiments suggest the two - step conversion of

indoloazepine monoester (148) to the pentacyclic Aspidosperma nucleus occurs by

the sequence of steps outlined for the formation of ( ± ) - vincadifformine (5) in

Scheme 24.
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1.3 Recent synthetic routes to the C - 18 oxygenated Aspidosperma

alkaloids

Among the numerous Aspidosperma alkaloids already reported there are several

that contain a functionalised C - 18 atom. This functionality can provide a variety of

alkaloid systems by modifying the side chain in a number of ways. ( Scheme 25 ).

The first successful synthesis of an alkaloid of this group, by Ban and his

collaborators39-40, was that of N - acetylaspidoalbidine (187), in which the C - 18

carbon is attached via oxygen to C - 21 ( Scheme 26 ). The required oxindole (178)

was prepared by condensation of 2 - hydroxytryptamine hydrochloride (84) with 3 -

oxobutanal ethylene ketal (177). The product was acetylated with [3 -
chloropropionyl chloride and hydrolyzed with acid to give the diastereoisomeric

products (179). Treatment of each isomer with base furnished the acryloyl

derivatives (180) in very good yield. Cyclisation with the Meerwein reagent gave the

tetracyclic imino ether (181), further cyclisation of which with sodium hydride in

dimethylsulphoxide gave mainly the versatile intermediate ketoamide (182) with a

very small amount of stereoisomer. The major product (182) was N - tosylated by

reaction with tosyl chloride and then alkylated stereospecifically at C - 20 by Michael

addition of ketene thioacetal monoxide to give the adduct (183) as two isomers at C -
18 which were converted into a single aldehyde (184). Reduction and detosylation

with an excess of lithium aluminium hydride afforded an unsaturated amino alcohol

(185), the acetylation of which with acetyl chloride followed by catalytic reduction

yielded ( ± ) - deoxylimapodine (186). The latter was then converted into N -
acetylaspidoalbidine (187) by oxidation with mercuric acetate in acetic acid.

Alternatively, ( ± ) fendleridine (188) could be obtained from (185) by means of

reduction and then oxidation with mercuric acetate. In a later investigation the
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pentacyclic intermediate (182) was also utilised in a synthesis of the hexacyclic

alkaloid, aspidofractinine1 (192) ( Scheme 27 ).

o o
N N

H¥H
N NfO
Ts Ts

( 182) ( 189 )

1
OO

N NN

Î 1
N

H TsTs
NH2

(192) ( 191 ) ( 190 )

Scheme 27

More recendy a second synthesis of N - acetylaspidoalbidine (187) has been

reported by Ban et al41. This facile synthesis was accomplished from the previously

prepared42*43 tetracyclic lactam (195) , which is an important intermediate for the

syntheses of oxygenated Aspidosperma alkaloids, by introduction of a Q unit at the

a - carbon atom of the lactam carbonyl gToup ( Scheme 28 ). The quaternary anion

derived from (195) was reacted with dimethyl oxalate to give the oxo - ester (196) in

good yield, which by an appropriate reduction process, followed by esterification

with diazomethane, afforded the keto - ester (197). Reduction with lithium

aluminium hydride gave the carbinolamine derivative (198), which was subjected to

acid - catalysed stereoselective transannular cyclisation to give an unstable indolenine

(200). Reduction with lithium aluminium hydride and acetylation then gave
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deoxylimapodine (186), which has previously been converted into N -
acetylaspidoalbidine (187).

Lawton et al44 have synthesized the cylindrocarpine group, in which C -20

carries a functionalised two - carbon unit ( Scheme 29 ). For this purpose their

investigation was directed towards the synthesis of the tricyclic ketone (208) bearing

an allyl group attached to the future C - 20 atom, by a modification of Stork's original

synthesis of aspidospermine45 (2). Successive alkylation of the pyrrolidine enamine

of pent - 4 - enal with methyl acrylate and methyl vinyl ketone gave, after hydrolysis

and cyclisation, the desired cyclohexenone derivative ( 203) in a moderate yield. This

ketone (203) was converted by reaction with ammonia into the bicyclic ketolactam

(204). Conversion of (204) into the corresponding ethylene ketal (205) and reduction

with lithium aluminium hydride then gave the isomeric aminoketals (206). Acylation

of the secondary amine with chloroacetyl chloride followed by acid hydrolysis and

then cyclisation by means of potassium t - butoxide afforded the tricyclic

amidoketones which were converted via usual protection into the important amino -
ketones (207, 208). Cyclisation of the derived o - methoxyphenylhydrazone (209) of

the all - cis ketone (208) gave the pentacyclic Aspidosperma base (210) which was

transformed into the N - acetylcylindrocarpinol (215) by oxidation with osmium

tetroxide and sodium paraperiodate, followed by reduction. Several other naturally

occurring compounds could be obtained by appropriate transformation of (210),

namely, ( ± ) - cylindrocarine (212), ( ± ) - cylindrocarpine (214), and ( ± ) -
cylindrocarpidine (213) as outlined in Scheme 29.

The synthesis of 18, 19 - didehydrotabersonine ( 224), from which a variety of

other alkaloids could be obtained by appropriate modification of the isolated double
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bond, has also been reported46-47 ( Scheme30 ). Condensation of the aldehydoester

(219) with 2 - hydroxy - tryptamine, followed by cyclisation, gave the tetracyclic

lactam ester (220). Further cyclisation of the desired iminoether in dimsyl sodium

gave the cis - fused pentacyclic lactam ester (221), which was treated with lithium di -
isopropylamide and phenylselenyl chloride to give the monoselenylated lactam (222).

Oxidation of (222) by means of meta-chloroperbenzoic acid followed by elimination

gave 3 - oxo - 18, 19 - didehydrotabersonine. Controlled reduction by the Borch

method48 gave 18, 19 - didehydrotabersonine (224). This synthesis constitutes also

a formal synthesis of andraginine (225), which can be obtained by thermal

rearrangement of (224).

Pearson and Rees49 achieved a total synthesis of ( ± ) - limaspermine in 30

steps via a series of reactions starting from p-methoxyphenylacetic acid (226b).

However, this route was extremely long and was by no means competitive with the

conventional synthesis of ( ± ) - N - acetylcylindrocarpinol (215) already described

by Saxton et al3. Subsequently, Pearson50 developed a more direct synthesis of

chloroamide ( 236) which is outlined in Scheme 31. The required substituted

aromatic starting material (227) was prepared from p-hydroxyphenylacetic acid

(226a). Reduction of (227) with diborane gave the alcohol (228), which was

converted into the methyl-ether (229) and then transformed into the iron complex

(230) by a similar route to that reported previously49. The malonate compound (231)

was obtained mainly, by reaction with dimethyl potassiomalonate, together with an

undesired complex (232) as a mixture of ( 9 : 1 ). The required product (231) was

transformed into the nitrile (233) by demethoxycarbonylation, reduction and then by

cyanide displacement of a tosylate intermediate. Removal of the metal by the standard

method ( i.e anhydrous Me3NO ) in benzene, and reduction of the nitrile group with
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lithium aluminium hydride, gave the primary amine (234), which was hydrolysed

with concomitant Michael cyclisation to give the derivative (235). This material was

then converted into the amide (236). The transformation of (236) into ( ± ) - O -
methylcylindrocarpinol (215) was accomplished by the procedures used by Stork51

and Saxton44 in closely related systems. Finally the pentacyclic ether (239) was

converted into the propionamide, followed by cleavage of both methyl ethers with

trimethylsilyl iodide to give ( ± ) limaspermine (240) in similar yield to that obtained

in the first route.

Brennan et al52 also succeeded in synthesising more complex functionalized

aspidospermine derivatives. The first elegant synthesis of a heptacyclic alkaloid,

exemplified by obscurinervidine (13), was achieved by a 13 - stage sequence which

started from 2, 3 - dimethoxy - 6 - nitrophenol (241)5-6 and proceeded via the

pentacyclic vinylogous amide (249) ( Scheme32 ).

The required potassium salt of (241) was reacted with chloroacetone to form the

phenacetol (242), which on hydrogenation and concomitant cyclisation gave the

dimethoxybenzoxazine (243). Reaction with nitrous acid followed by reduction with

lithium aluminium hydride afforded the corresponding N - amino derivative (245).

Reaction of 5 - phthalimido - 2 - pentanone55 with the N - amino compound (245) in

refluxing glacial acetic acid gave, via Fischer cyclisation, the phthalimido compound

(246), which on hydrazinolysis gave the appropriate tryptamine derivative (247).

Condensation of (247) with diethyl ethoxymethylenemalonate produced the

vinylogous urethane (248) which was cyclised using the Takano procedure56. The

produced racemates (249) were then reduced with lithium - t - butanol - liquid

ammonia to give a mixture of racemates from which the desired stereoisomer (250)

was isolated. Removal of the amide function by means of triethyloxonium

tetrafluoroborate and aqueous sodium carbonate gave the amide (251), which was
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converted into the hexacyclic ketols (252) by Michael addition of acrolein in the

presence of sodium methoxide. Subsequent dehydration with methane sulphonyl

chloride in pyridine produced the enone (253). Alkylation of the enone (253) by

methyl bromoacetate - potassium t - butoxide gave the keto-ester (254). Finally,

reduction of this keto - ester (254) with sodium borohydride and lactonisation of the

appropriate epimeric hydroxy - ester gave ( ± ) - obscurinervidine ( 13 ) in moderate

yield.

Another investigation by Saxton and co - worker57 has resulted in the synthesis

of anilinoacrylate diester (267), which is of potential use in the synthesis of several of

the Aspidosperma alkaloids, as outlined in Scheme 33. This involves the use of the

chloroaldehyde (263) which could be obtained from the propargyl alcohol (256).

Previous work had shown that etherification of this alcohol with dihydropyran

followed by alkylation with 1 - bromo - 3 - chloropropane using n - butyllithium as

base gave the chloroalkyne (258) in good yield. Catalytic hydrogenation of the

alkyne (258) over the Lindlar catalyst gave the cis - alkene (259) which was not

isolated but directly converted to the chloroallyl alcohol (260) in presence of p -

toluenesulphonic acid. Claisen rearrangement occurred when the unsaturated

chloroalcohol (260) and triethyl orthoacetate were heated together in the presence of

propionic acid as catalyst, to give the desired olefin (262). Finally, addition of ozone

to the solution of (262) in methanol gave the chloroaldehydo - ester (263).

Adaptation of the Kuehne type - synthesis to this novel chloroaldehyde (263) with the

known tetrahydro - P - carboline ester ( 152b ) in refluxing toluene, provided after

110 h the diester ( 267) in an optimum yield of 45%.

The transformation of (267) into a new synthesis of alkaloids of the

cylindrocarine group as, for example : ( ± ) - cylindrocarine (212), N -
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formylcylindrocarine (268), and ( ± ) - 12- demethoxy - acetylcylindrocarine (269)

was accomplished via a selective hydrolysis and decarboxylation of the ester group

16 by means of an excess of sodium cyanide in

hexamethylphosphoramide. This reaction produced two products which were shown

to be the desired indolenine ester (270) and the aminonitrile (271). The former

compound was then reduced with sodium borohydride to give 19 - ethoxycarbonyl -
19 - demethylaspidospermine (272), which was subsequently converted into ( ± ) -
12 - demethoxy - N - acetylcylindrocarine (269) by transesterification with sodium

attached to C

methoxide in methanol followed by N - acylation of (273) ( Scheme 34).

Choosing the appropriate 7 - methoxytryptamine,Saxton et al extended this

synthesis to ( ± ) cylindrocarine (212), cylindrocarpidine (213), cylindrocarpine

(214), and Na - formylcylindrocarine (268) using the same method as before .
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1. 4 Synthetic approaches to vincamine and related alkaloids

The discovery of the biological activity and therapeutic effect of vincamine

(278a) as hypotensive and its use in the treatment of cerebral sclerosis, vascular, and

metabolic diseases, has prompted intensive research activities for feasible total

syntheses of this compound. Vincamine, the major alkaloid constituent of Vinca

minor L. ( Apocynaceae ), was first isolated in 1953 by Schlittler60. It has been also

found in Vinca major,Vinca difformis, and Vinca erecta.

Up to date a large number of syntheses of (278a) have been reported and most

of the approaches have involved condensation of tryptamine with a suitably

functionalised di or tri - carbonyl system followed by cyclisation.

The first total synthesis of (278a) was accomplished by Kuehne61 (Scheme 35)

starting from tryptamine (151) which was condensed with dimethyl 4 - ethyl - 4 -
formylpimelate (274). The resultant product (275) was then converted into the

thiolactam ester (276) by reaction of the epimeric lactam ester (275) with

phosphorous pentasulphide. Removal of the thiolactam sulphur atom with Raney

nickel gave the amino ester (277). Equilibration of the isomeric mixture through the

immonium intermediate by means of mercuric acetate oxidation followed by reduction

of the immonium salt with sodium borohydride afforded the desired isomer which

was converted into ( ± ) - vincamine (278a) by oxidation with p -

nitrosodimethylaniline and excess of triphenylmethyl sodium, followed by acid

hydrolysis. However this reaction gave a poor yield of vincamine (278a).

The second synthesis of vincamine (278a) was reported by Gibson and

Saxton62 using an extension of their previous method for the synthesis of ebumamine
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(286) ( Scheme 36 ). The starting ester diol (279) was condensed with tryptamine

(151) to give the acyltryptamine derivative (280), which on periodate fission afforded

the amide (281). Cyclisation with acetic acid then gave (282). Treatment of the

desired isomer with osmium tetroxide and cleavage of the resulting diol (283) with

lead acetate followed by removal of the N - formyl group gave (284). Reduction with

lithium aluminium hydride provided ( ± ) ebumamine (285) which is also of

pharmacological importance. Homoebumamenine62 (286) obtained by reduction of

(282b), was oxidised with osmium tetroxide to the dihydroxy compound (287).

Oxidation of (287) by means of pyridine - sulphur trioxide complex in wet

dimethylsulphoxide gave two diastereoisomeric lactams (288). Alkaline hydrolysis

of the hydroxylactams (288) furnished the corresponding hydroxy - acids, which

were esterified to the methyl ester (289) and then converted into ( ± ) vincamine

/

(278a) see ( Scheme 37 ).

Le Men and co - workers63 have investigated a variety of rearrangements under

oxidizing or reducing conditions of the more easily accessible tabersonine (6). Some

of these are of considerable significance; for example, the treatment of (6) with

pulverized zinc and copper sulphate in glacial acetic acid gave two main products, the

indole derivative (291) and the indoline, vincamsonine (292). According to Kuehne,

the product (291) can be converted into vincamine (278a) ( Scheme 38 ).
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Levy et al64 have developed a new conversion of vincadifformine (5) which

proceeds by two routes ( Scheme 39 ) using a similar process, but a previous

oxidation at C - 16 is needed before the rearrangement step. Thus, reaction of ( - ) -
vincadifformine (5) with lead tetraacetate in benzene gave the acetoxyindolenine (293)

which, on treatment with trifluoroacetic acid in chloroform followed by reaction with

sodium acetate, is converted into a mixture of ( + ) - vincamine, ( - ) - 16 -
epivincamine (278b), and (+) - apovincamine (298a). The same sequence of reactions

was also applied to ( - ) - tabersonine (6), which gave a mixture of ( + ) - 14, 15 -
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dehydrovincamine, ( + ) - 14, 15 - dehydro - 16 - epivincamine. 11 -
Methoxyvincadifforraine (299)65 was also obtained from the appropriate tryptamine

derivative.

The second route involved the same transformation and proceeded via 16 -

hydroxyindolenine Nb - oxide (295), which was obtained by reaction of

vincadifformine (5) with two equivalents of p - nitroperbenzoic acid. Treatment with

triphenylphosphine in aqueous acetic acid gave the hydroxyindolenine (294) which

subsequently underwent rearrangement to a mixture of vincamine (278a), 16 -

epivincamine (278b), and apovincamine (298a).

A fully stereoselective synthesis of vincamine has been achieved by Szantay and

co - workers66 ( Scheme 40 ) using the enamine (303), which was previously

prepared by Wenkert67. This enamine was reacted with a - acetoxyacrylic acid

methyl ester68 (304) to give a product which was reduced catalytically. Only one

stereoisomer (305) was obtained, and in good yield. Deacetylation of (305) and

oxidation with Fetizon 's reagent [ Ag2CÛ3 / Celite ] in toluene furnished a mixture

of vincamine and 16 - epivincamine. Epimérisation with sodium methoxide in

methanol gave an almost quantitative yield of vincamine (278a)

CHAC-Ç = CHj w
M0OzC"oR\ÿ

,N. OAc ( 278» ) Vincamine
( 304 )H

( 305 ) FUCOCH3
( 306 )R = H

( 303 )

Scheme 40
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Furthermore Sza'ntay69 elaborated a new synthesis from which ( + ) -
apovincaminic acid esters (298a,b), (+) - vincamine (278a) and vincamone (315) can

be prepared via a common intermediate (314) ( Scheme 41 ).

The basic principle of this reaction was the alkylation in position 1 of the

tetracyclic (303) or (307), by means of a bulky electrophilic olefin, to ensure the

stereoselective hydrogenation of the molecule in the desired direction. Diethyl

methylene malonate, with strong electrophilic character was required to facilitate the

formadon of the E - ring.

The enamine (303) was reacted with 4 equivalents of diethyl methylene

malonate in dichloromethane, the product from which, after hydrogenation in the

presence of palladium - carbon as catalyst, gave the cis - diester (308) and the trans

diester (309), whereas the reaction of the iminium perchlorate (307a) in the presence

of a very small amounts of KOBu1 , with 1.5 equiv. of diethyl methylene malonate,

gave the adduct (307b) in very good yield. Catalytic hydrogenation of (307b) in the

presence of 10% palladium - carbon in dimethylformamide gave with high

stereoselectivity the cis - ester (308). The trans derivative (309) was obtained in a

yield of only 3%. Base catalysed cyclisation of cis - ester (308) in benzene yielded

lactam ester (312), from which lactam (313) can be prepared and converted to

vincamine (278a) by known procedure#7.

Selective hydrolysis of (308) with ethanolic potassium hydroxide afforded the

hemiester (310a), which was transformed into a - hydroxyiminoester (311b) on

treatment with sodium nitrite in aqueous acetic acid. The ethyl ester (311b) can be

converted into methyl ester (311a) by boiling in methanol in the presence of a catalytic

amount of sodium methoxide. The oxime esters (-) ( 311 a,b ) were converted into
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the pharmaceutically important (+) - apovincaminic acid esters (298a,b) and (+) -
vincamine by heating in methanol or ethanol containing concentrated sulphuric acid.

However, the presence of sodium pyrosulphite increases significantly the proportion

of (+) - vincamine (278a).

Similarly the intermediate lactam (313) for the preparation of (+) vincamine has

been synthesised70 starting from (-) - tryptophan. Alkylation of the iminium

perchlorate (316) with diethyl methylene malonate in the presence of a catalytic

amount of KOBu1 gave the adduct (317). This was hydrolysed to give the salt (318),

which was heated to 160 - 170 °C in decalin to produce the monocarboxylic acid

(319). Catalytic hydrogenation of (319) in dimethylformamide and treatment of the

epimeric acids (320a,b) by phosphoryl chloride furnished after intramolecular

acylation the cis (313) and trans (322) lactams. The former compound can be

converted by known procedures into (+) - vincamine and its derivatives (Scheme 42).

The enamine (303) has also been used by Husson and co - workers71 in then-

synthesis of vincamine (278a) and apovincamine (298a) ( Scheme 43). Alkylation of

the enamine (303), previously prepared by Wenkert67, with methyl a - bromomethyl

- acrylate produced the iminium salt. Reduction with sodium borohydride and then

oxidation gave the keto - ester which was converted spontaneously into vincamine

(278a). Dehydration of the latter afforded apovincamine (298a).
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Optically pure natural vincamine has been synthesized by Oppolzer72 (Scheme

44) starting from the ethylpentanal (323) and proceeding via an aminoaldehyde (327)

which was prepared by an ingenious new modification of the Mannich reaction.
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Protection of the carbonyl group, hydroboration of the olefinic bond in (323b),

bromination of the intermediate organoborane and hydrolysis of the acetal furnished

the bromoaldehyde (324). This was converted into the silyl enol ether using

chlorotrimethylsilane in presence of ethyldiisopropylamine and then reacted with

dihydro - P - carboline73 (326) to give a mixture of the cis - trans isomers of the

tetracyclic aldehyde (327) via the intermediate salt which underwent an intramolecular

Mannich reaction involving cleavage of the Si - O bond and formation of the C - C

bond. Separation of the cis racemate followed by resolution gives the desired

stereoisomer. Re-equilibration of the unwanted cis enantiomer and the trans racemate

gives more cis racemate, from which more of the desired enantiomer can be obtained

CCG: LUIsSLl.
H '8'NH

HC- o—
oo

( 327b )( 327a )

by resolution. Conversion of (327a) into the lactam intermediate (313) was

accomplished using the Homer reaction (triethyl phosphonoacetate / sodium hydride )

in dimethylformamide followed by catalytic hydrogenation of (328). Treatment of the

resulting saturated ester with sodium hexamethyldisilazane gave the required lactam

(313). a - Nitrosation of (313) with amyl nitrite gave the oxime (330), which was

cleaved to the a - ketolactam (331) with acidic formaldehyde. Finally methanolysis

of the latter with sodium methoxide in methanol afforded natural vincamine (278a).

An interesting approach by Schlessinger74 and co - workers ( Scheme 45 )

involves the use of the tricyclic lactam (334), which was prepared from tryptamine
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hydrochloride and 5 - bromo - 2 - ethylvaleroyl chloride (332) via the amide (333).

Cyclisation of (333) occurred rapidly when treated with potassium hydride in THF.

The lactam (334) was then treated with 2 equiv. of lithium diisopropylamide to give

the dianion (335). Reaction of (335) with 2 - methylthioacrylate gave the lactam

(336) as an epimeric mixture, in almost quantitative yield. Cyclisation of the lactam

(336) with phosphorus oxychloride gave the immonium perchlorate (337). Imine

reduction of the salt (337) with lithium tri - ten - butoxyaluminium hydride led to the

desired cis tetracyclic base (338). Oxidation of (338) with m - chloroperbenzoic acid

gave the sulfoxide (339). Treatment with 2 equivalents of sodium hydride in THF

produced the lactam sulfoxide (340). Reaction of (340) with acetyl chloride ( 2.2

equiv. ) followed by treatement with sodium methoxide ( 7 equiv. ) in methanol gave

rise directly to vincamine (278a) ( Scheme 45 ).

A more efficient ' one - pot ' method of converting vincadifformine (5) into

vincamine (278a) by ozonization was developed recently by Palsimano et al75. This

milder oxidative method, which avoids the formation of the N - oxide, involves

ozonisation in 0.87 N H2S04 - MeOH ( 3 : 1 ) at 60 °C and gives 74% yield of

vincamine (278a) and 16 - epivincamine (278b). The key intermediate, 16 - hydroxy

-1,2- dehydrovincadifformine (294), can be isolated if the reaction is carried out at

20 °C ( Scheme 46 ).



36

A
N N

SK K K"T\OH
COjfl

'sNN
H C02Me

( 294 )( 5 )

/

RO2< TOH

( 278 )

Scheme 46

It was also reported763’1’ that apovincamine (298a) or vinpocetine (298b) is

synthesized in a ' one - pot ' process from vincadifformine (5) via the 16

chloroindolenine (341a) by heating in trifluoroacetic or formic acid ( Scheme 47 ).

The chloroindolenine (341a) was obtained by reaction of (5) with N -

chlorosuccinimide or calcium hypochlorite at room temperature. The conversion of

the rearranged intermediate (341c) into the apovincamine skeleton is seen as a 1,5 -

sigmatropic shift of C - 16 from carbon to nitrogen ( Scheme 47 ). The partial

synthesis of vincamine was then completed by an improved process for the overall

hydration of apovincamine (298a). Bromination of (298a) in methanol gave a bromo

- ether, which was hydrogenolysed to the 0 - methyl ether of vincaminic acid.

Hydrolysis then gave a mixture of (+) - vincamine (278a) and 16 - epivincamine

(278b).
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More recently, Danieli et al77, performed a photo - oxygenation of (-) -
vincadifformine in a methanolic solution with Rose Bengal in the presence of a

reducing agent such as sodium thiosulphate, which gave 16 - hydroxyindolenine

derivative (294). This was quantitatively converted into the ( 3 : 2 ) mixture of

vincamine (278a) and its epimer 16 - epivincamine ( 278b) by simply heating in acetic

acid (Scheme 48)

However, Levy78 reported that irradiation of a methanol solution of (5) in the

presence of oxygen and the dyestuff Methylene Blue resulted in decomposition

whereas vincadifformine hydrochloride, under the same condition, gave a mixture of

vincamine and its 16 - epimer in 5.7%, the major product being the oxindole (342,

40%).

Subjected to thermolysis at 150 °C without solvent in evacuated sealed tubes79,

16 - hydroxyindolenine (294) rearranged to vincamine (60%) and 16-epivincamine

(278b). At higher temperature the two epimers gradually gave place to apovincamine

(298a, 80%) as outlined in Scheme 49.

A new approach reported80 by Rossey and Wenkert involves the use of

enamine (303) as starting material for the synthesis of vincamine (278a) (Scheme 50)

The required alkylation agent (343) previously prepared81, was reacted with enamine

(303) in presence of triethylamine to yield the salt (345). Reduction of (345) with

zinc in acetic acid afforded mostly the ( ± ) vincamine (278a), whereas with sodium

borohydride ( ± ) - 16 - epivincamine was obtained. Interaction of the hydrazone

(346) obtained from the salt (344) with titanium chloride in hydrochloric acid solution

gave a mixture of the desired ( + ) - vincamine and the corresponding 16 - amino

derivative (347). The latter was transformed into vincamine by treatment with

nitrous acid.
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A different new route to the total synthesis of the alkaloid (278a) utilizing

electrochemical oxidation was achieved by Ban and Irie82 ( Scheme 51 ). The

compound (349), obtained previously from the acid (348) by Arndt - Eistert

homologation, was oxidized by an electrochemical method and treated with formic

acid to give the lactone (350). Catalytic hydrogenation of (350) in ethyl acetate

afforded the lactone (351) in quantitative yield. Hydrolysis of (351) followed by

esterification gave the methyl imino ester (353). Reaction of the intermediate (353)

with tryptophyl bromide gave a mixture of isomers (354a,b). The isomer (354a) was

readily cyclized to the product (356) whereas the epimeric ester (354b) did not cyclize

under the same conditions. It could, however, be cyclized by the procedure of

Oppolzer72 to the product (355) via 354b" generated by ring inversion of the

quinolizidine ring system from trans (354b’) to cis (354b"). The lactam (355) can be

converted into ( + )vincamine (278a) following Oppolzer 's procedure72.

In more recent work, an Indian group83 explored a new route to the synthesis

of Oppolzer 's aldehyde (327) in the synthesis of vincamine (278a), (see Scheme 52).

Condensation of aldehyde (357), available in 70% yield from diethyl a -
ethylmalonate, with tryptamine (151) provided the secondary amine (358) in up to

75% yield. When heated, this compound was converted into lactam (359).

Cyclisation of (359) with phosphorus oxychloride afforded iminium perchlorate

(360), which was reduced with hydrogen in presence of palladium ( Pd / C, Et3N,

methanol ) to give exclusively the desired cis - isomer (361b). Sodium borohydride

in methanol, however, gave a mixture of cis and trans - isomers (361a) and (361b) in

the ratio of ( 1 : 4 ), but the yield of the required product (361b) could be optimized

by conversion of the trans isomer into the cis - isomer by oxidation with mercuric

acetate followed by reduction with either zinc / acetic acid or with catalytic
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hydrogenation over Pd / C. This ester (361b) was reduced with lithium aluminium

hydride and then oxidized using a modified Pfitzner - Moffat oxidation procedure84 to

give the aldehyde (327). The conversion of (327) into vincamine has already been

reported by Oppolzer72 ( Scheme 52).

Finally, Lounasmaa and Jokela have repoted85 a new ' one pot ' method from

which the crucial vincamine intermediate (366) can be prepared ( Scheme 53 ).

Treatment of cyano compound86 (363) with silver tetrafluoroborate in

dichloromethane afforded the unstable BOC - protected enamine (364) which was

reacted directly with methyl acrylate to give the intermediate salt (365). Acid cleavage

permitted cyclisation, which led to the tetracyclic compounds (367) and (366). The

conversion of (367) into ( + ) vincamine has been discussed earlier61.
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Introduction and summary

The major work described in this thesis is an attempt to synthesise alalakine

(385) the heptacyclic alkaloid of the obscurinervine sub - group, which was first

isolated from the seeds of Aspidosperma album R.Bent. ( Apocynaceae ), and

characterised, by Potier et al87., who obtained a total of 25 alkaloids, of which

fourteen were identified as known compounds. The name alalakine derives from '

alalaka ', the name given to the plant by the Wayapi tribe of French Guyana.

Like the two closely related alkaloids, 14, 15 - dihydro - obscurinervine (14)

and obscurinervidine (13), from the bark of Aspidosperma obscurinervium

Azembuja88, alalakine contains, in addition to the aspidospermine ring system, a

novel five - membered lactone ring attached to the aspidospermine skeleton.

However, in alalakine this lactone ring is attached via C - 20 and C - 21, whereas in

the obscurinervine group it is formed between position 20 and 17.

Two synthetic approaches to alalakine (385) were investigated. The first one

involved the adaptation of the Kuehne reaction to the appropriate tetrahydro - (3 -

carboline ester (378) with the known and readily synthesised chloroaldehyde (263) to

give the diester (381), which can be selectively decarboxylated and then transformed

into alalakine by reduction followed by an oxidative cyclisation ( Scheme 54 ). The

second approach is similar to that undertaken by Brennan52 in his synthesis of

obscurinervidine (13), from which it was hoped that by modifying the side chain, the

five membered lactone ring at C - 20 and C - 21 could be obtained.

To this end, it was hoped that a synthesis of the less complex diethyl ester (267)

from the readily available tryptamine hydrochloride (151, R1,Rÿ = H) would provide

a model for an early investigation for the eventual synthesis of alalakine (385).
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Accordingly, attempts were made to synthesise 2 - cyano - 19 - carbethoxy - 19 -

demethyl - Na - methylvincadifformine (412). However, the lactonisation was not

achieved because of lack of material.

Alternatively, the pentacyclic diester (267) was also employed as an

intermediate for the synthesis of 19 - carbethoxy - 19 - demethylvincamine (503) and

the apovincamine derivative (504). ( see Section 2.4.1 ).

The removal of the p - anilinoacrylate function in the diester (267) under mild

basic hydrolysis produced the pentacyclic lactone (466), which was subjected to

oxidation with m - chloroperbenzoic acid or mercuric acetate in order to generate an

Aspidosperma skeleton such as the cimicine derivative (467); however, the reaction

proceeded differently and gave 19 - carbethoxy - 19 - demethylrhazinilam (487).

When the pentacyclic diester (267) was reacted with sodium cyanide in

hexamethylphosphoramide ( HMPA ) at 90 °C, two products were obtained : the

indolenine ( 270 ) and the a - nitrile (271 ), which was subsequently converted into

the indolenine (270) with silver tetrafluoroborate. It was hoped that this indolenine

would undergo a rearrangement over zinc / copper catalyst to give the amino - ester

(456) which should spontaneously cyclise to form strempeliopine (447)89. However,

with the zinc dust used ( Aldrich ), the major product obtained was the N - acetyl - 19

- carbethoxy - 19 - demethylaspidospermidine (462) together with 19 - carbethoxy -

19 - demethylaspidospermidine (463) and the N - ethyl derivative (461).

Finally, vincadifformine (5)35, prepared from the readily available tryptamine

hydrochloride, was converted into strictanine(507)90, an alkaloid which was isolated
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from the fruit of Rhazya stricta, a medicinal plant used in Pakistan for the treatment of

various diseases.

2.1.1 Model study: Synthesis of Na - methyl - 19 - carbethoxy - 19 -

demethylvincadifformine (390).

The adaptation of Kuehne's elegant biomimetic synthesis to the tetrahydro - p -

carboline ester (152b) with the known and readily synthesized chloroaldehydo - ester

(263) produced the pentacyclic diester (267) via the secodine intermediate (266).

Alkylation of the diester (267) with sodium hydride and methyl iodide in N, N -

dimethylformamide gave a good yield of 19 - carbethoxy - 19 - demethyl - Na -

methylvincadifformine (390) ( Scheme 55 ).

a"CHO

+ Cln ,NH ,C02E1NN
*C02Me “COgMeH H
’3 >3

( 263 )( 152b ) ( 265 )

,C02Et

COjMeMe C02Me H C02Me

( 266 )( 390 ) ( 267 )

Scheme 55
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The required precursor, 1 - carbomethoxy - 1 - methyl - 1, 2, 3, 4 - tetrahydro -

(3 - carboline (152b), for the above synthesis was readily prepared by condensation of

tryptamine hydrochloride, derived from tryptophan,91-92 with methyl pyruvate,

which gave the a, a - substituted tetrahydro - P - carboline ( 152b ) in 78.4% yield.

A method has been reported57 which describes the preparation of ethyl 3 -

formyl - 6 - chlorohexanoate (263) from the known 6 - chlorohex - 2 - yn - 1 - ol

tetrahydropyranyl ether (258)59-93. Protection of the hydroxy - group of propargyl

alcohol with dihydropyran, followed by alkylation with 1 - bromo - 3 -
chloropropane using n-butyl lithium as base gave the chloroalkyne (258) in good

yield. This substituted alkyne (258) was partially hydrogenated over the Lindlar

catalyst to give the desired cis - alkene (259) which was not isolated, but instead

hydrolysed to the parent unsaturated chloroalcohol (260) in the presence of p -

toluenesulphonic acid. Claisen rearrangement occurred when this allyl alcohol (260)

and triethyl orthoacetate in the presence of propionic acid as catalyst were heated

overnight at 135 - 140 °C, and the product was the desired olefin (262). Ozonolysis

in a stream of oxygen in methanol gave rise to the ozonide intermediate which was

reduced with dimethyl sulphide to give the required unstable chloroaldehyde (263) in

good yield ( Scheme 56 ).
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»0-0 a.
( 256 ) ( 257 ) ( 25« )

H>=<" H. .H(S
CI(CH2)î/ XH2ORCI(CH2)3 CH2Cl. .COjEt

0

OEt

JO( 262 ) ( 259 ) R=
( 26« ) R=H

( 261 )

CHO
Cl

( 263 )

Scheme 56

Kuehne and co - worker, in many biomimetic preparations of Aspidosperma

alkaloids, use either the indoloazepine (148) or a tetrahydro - fi - carboline (152).

Since the preparation of (152b) from the available tryptamine hydrochloride with

methyl pyruvate is much easier than the preparation of the indoloazepine (148), the

tetrahydro - p - carboline derivative (152b) was the preferred intermediate.

Acid - catalysed reaction of the chloroaldehydo - ester (263) with the tetrahydro

- p - carboline (152b) in refluxing toluene, followed by treatment with DBU(1,8-
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diazabicyclo - [ 5,4,0 ] undec - 7 - ene ), provided after 128 h the pentacyclic p -

anilinoacrylate compound (267) in an optimum yield of 40.5% ( Scheme 55 ).

The mechanism of this reaction is supported by the previously cited isolation of

the spiroenammonium salt (265), which underwent fragmentation to the secodine

intermediate (266). Spontaneous biomimetic cyclisation of (266) then produces the

pentacyclic P - anilinoacrylate compound (267). It should be stressed that, although

this sequence is quite reasonable, the presumed secodine intermediate in this reaction

has not been isolated or detected. However, Kuehne94 has described the total

synthesis of ( ± ) - minovincine (18) from an isolated and thoroughly characterized 19

- oxosecodine intermediate (386).

'N'

rCHly
N O
H C02CH3 C02Me

( 18 )( 386 )

Compounds such as the diester (267), which have a p - anilinoacrylate group,

have a very characteristic fragmentation pattern in the mass spectrometer (Scheme 57)

The main fragmentation occurs by a type of retro - Diels - Alder fission of ring C.

Further fragmentation by homolysis of its 5, 6 bond leads to the principal fragments

(388) ( m/z 182 ) and (389) ( m/z 214 ). In the particular case of (267) the C - 20

substituent is lost from the molecular ion by a McLafferty rearrangement which gives

rise to the radical cation (387) at ( m/z 308 ). This diester also shows the typical

anilinoacrylate u.v. absorption at A.max 234, 296, and 324 nm and the infra-red

absorption at 1605, 1675, and 1720 cm1.



n-“—| + OAï
C02EiJ c NN

I fl COzMeH COjMe

m/Z 309( 267 )

OH- CH2=<t OEt t
5 n- n;NN

(X ce,C02Et1
I

H COjMeH COjMe

( 387 ) m/z 308

t
+

CH2 V

C02EtN
H COjMe

(388) m/z 182( 389 ) m/z 214

Scheme 57
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In order that the subsequent intermediate (390) could be used as an appropriate

model in synthetic studies towards alalakine (385), the pentacyclic diester (267) was

methylated according to the procedure of Kuehne for his synthesis of minovine35

(17), using sodium hydride ( 50% ) and methyl iodide in N, N - dimethylformamide

at 20 °C, which gave a good yield of the Na - methyl derivative (390). In contrast the

alkylation of vincadifformine (5) in liquid ammonia95 resulted in product mixtures

containing variable amounts of starting material.

It was also reported96 that the méthylation of 11 - methoxyvincadifformine

(391) with sodium hydride ( 99% ) in dry tetrahydrofuran at ambient temperature

gave a very moderate yield of the Na - methyl - 11 - methoxyvincadifformine (392)

(Scheme 58).
'N'’N

Tfi'' fWCH3
R‘ N R‘ N

Me C02MeH C02CH3

( 17 ) R - H
( 392 ) R - OMe

( 5 ) R = H
( 391 )

Scheme 58

Subjecting the Na - methyldiester (390) to hydrolysis conditions should

produce the 2, 16 - dehydroaspidospermidine derivative (393), which could then be

reduced to give the acid (394). Esterification and oxidation using mercuric acetate

should produce the immonium salt (395) which might then undergo lactonisation to

form the desired hexacyclic compound of the cimicine sub - group (396) (Scheme 59).
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a Lx.C02Et .CO2HIH H
N N
Me C02CH3 Me

( 393 )( 390 )

a Ll.CO2R ,CO2H! I H
N N
Me Me

( 394 )( 395 )

a®
Me °
( 396 )

Scheme 59

Acid hydrolysis of the (-) - 11 - methoxyvincadifformine (391) with 5M

hydrochloric acid on a water - bath followed by decarboxylation afforded a very good

yield of amorphous (-) - 1,2- dehydro - 11 - methoxyaspidospermine97 (399).
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N'N

ïïTÿ
R' N R'

H C02CH3

( 397 ) R = H
( 398 ) R « OMe
( 399 ) R - H, A14,15

(5) R - H
( 391 ) R = OMe

Similarly, vincadifformine under rather vigorous reaction conditions ( i. e. 105

°C for 6 h ) gave the indolenine98a (397).

Later Le Men98b found that vincadifformine (5) could be easily hydrolysed with

1.25M potassium hydroxide solution and then decarboxylated (1.25M HC1, A ) to

give dehydro - 1, 2 - aspidospermidine (397) via the enamine (401) ( Scheme 60 ).

Similarly, Zsadon" and Otta reinvestigated the hydrolysis of vincadifformine

(5) and tabersonine (6) and found that vigorous reaction conditions were not required;

heating in 1M hydrochloric acid at reflux for 6 h was sufficient to effect hydrolysis

and decarboxylation, giving excellent yields of the corresponding indolenines (397,

399 ). However, the hydrolysis of these alkaloids carried out under mild basic

reaction conditions ( i.e. 5% KOH in ethanol solution, at reflux for lh ) gave a 96%

yield of vincadifformic acid (402), which was unstable in solution and underwent

decarboxylation to give the indolenine (397) ( Scheme 61 ).



N N

Cç Hp/CH3 HT/ÿCHîl)OH

T) H*

H C02CH3

( 397 )( S )

A
T

riN ceHR/CHî =JV//CH3
H-OH2

I
;N H

rÿHH H
O '0

( 401 )( 400 ) immonium ion

Scheme 60
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/1y/,. A' a.CHj ,CHj1 OH"
H H

î-H*N
H C02CH3

( S ) ( 397 )
(399) 14, 15 didehydro( 6 ) 14, 15 - didehydro

a ,CH3H
N
H C02H
( 402 )

Scheme 61

Husson and co - workers100 reported that the reaction of tabersonine (6) with

10M hydrochloric acid at reflux produced two products in a 1 : 2 ratio. The minor

product was the expected indolenine (399); the major product was found to be the

carbinolamine (403 ) which was converted back into (399) on treatment with p -
toluenesulphonic acid in benzene.

Ü ù £l.CHj .CHj ,CH3
H H H

4)
NN

OH
HH C02CH3

( 6 ) ( 403 )( 399 )

Scheme 62
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It was also reported101 by Hajicek and Trojanek that the transformation of 18 -

methylenevincadifformine (180b) into the indolenine (404) could be achieved using

p-toluenesulphonic acid.

Ü &% %H H
N
H C02Me

( 180b ) 14, 15 dihydro ( 404 )

In our hands acidic hydrolysis of the N - methyl - diester (390) using 5M

hydrochloric acid at steam bath for 5 h afforded after extraction with dichloromethane

19 - carboxy - 19 - demethyl - N - methyl - 2, 16 - dehydroaspidospermidine (393)

which shows in the mass spectrum a molecular ion at m/z 324. A retro Diels - Alder

fragmentation occurs in ring C to form the charged species (405), which then

undergoes cleavage of the C, -5 , C - 6 bond to give ions (406) and (407) ( less

intense peak at m/z 154 ). Also the C - 20 substituent is lost from the molecular ion

via a McLafferty rearrangement to give the ion (408) at m/z 264. Other characteristic

peaks were seen at m/z 144 and m/z 130, which are due to fragments consisting of

the indole system with one and two carbon atoms, respectively. In the i.r. spectum,

absorptions are seen for the C - 18 carboxy group at 1720 cm1, and for the double

bond at 1620cm1. The proton n.m.r. spectrum showed that no carbethoxy group

was present.
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n*Cl /"N
% ,CO2Hy

N N
Me MeMcLatferty

( 393 )

J"04
6 +. rv'N'N'

5
,COOH]

NN y MeMe

( 408 ) m / z - 264( 405 )

+

°ïC
( 409 ) m / z 185

CgÇ-';Q
Me 11

CO2H

( 407 ) m / z 154( 406 ) m / z 1 70

Scheme 63

Hydrogenation of the carboxy alkaloid (393) in the presence of platinum (IV)

oxide in methanol at room temperature and atmospheric pressure resulted in a low

yield. The material was not fully characterised. However the molecular peak at m / z

326 was observed.
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Ban and co - workers102 had shown that catalytic hydrogenation of the Na -

acetyl - 2, 16 - dehydroaspidospermidine (410) with platin um oxide gave only 35%

of N - acetylaspidospermidine (411).

£l ANLAA Ai H H
N N

AcAc

( 411 )( 410 )

As the reaction was not encouraging, Brennan 's method57 was used. This

method allowed the methyl ester group in the N - methyl diester (390) to be

preferentially cleaved. Some preliminary investigations were carried out by Brennan

on the diester (267), from which it appeared that sodium cyanide in

hexamethylphosphoramide (HMPA) seemed to be the most promising reagent. There

are several reports of the cyanide anion acting as a nucleophile in promoting SN2 ester

cleavages103.

Therefore, the Na - methyl pentacyclic diester (390) was reacted with sodium

cyanide in hexamethylphosphoramide at 80 °C for 4.5 days under nitrogen. After

chromatography on silica gel the desired product, 2 - cyano - 19 - carbethoxy - 19 -

demethyl - Na- methylaspidospermidine (412) was obtained in 41.7% yield ( Scheme

64 ).

The u.v. spectrum of (412) showed maxima at A.max( MeOH ) 206, 248, and

294 nm which are almost identical with those given by the compound (271), i.e.
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Xmax ( EtOH ) 204, 239, and 292 nm. In the i.r. spectrum of the cyano compound

(412), the nitrile absorption was weak and seen at 2240 cm-1 and the C -18 carbonyl

absorption was seen at 1720 cm1.

a Cl,C02Et ,C02EtH H
N N

CN
Me COzMe Me

( 390 ) ( 412 )

a COTÿ"'1o.
N N
Me Me

( 401 )

Scheme 64

The molecular ion in the mass spectrum of (412) ( Scheme 65 ) appeared at m/z

379 and confirmed the molecular formula C23H29N3O2. A comparison of the mass

spectra of these two compounds (271) and (412) showed that the two were very

similar excepting that some of the peaks in (412) differed from the corresponding

peaks in (271) by 14 mass units owing to the N - methyl group. Its most intense

peak at m/z 182 (415) resulted from a retro - Diels-Alder decomposition of ring C

followed by homolysis of its C - 5, C - 6 bond. The C - 20 substituent is lost from

the molecular ion via a McLafferty rearrangement to give the ion (416) at m/z 291,



"Tû,
,C02Et

N
CN

Me

( 412 ) m / z 379

TVN N

a C02EtII
N 'CNi CN
Me Me

( 416) m / z 291 ( 413 ) m / z 351

t t
n-N

+

One N

N ,C02Et
Me Me

( 417 ) m / Z 264 (388) m / z = 182( 414 ) m / z 169

'CH2+
N

N CN
i ,C02EtMe

(419) m /z- 210( 418 ) m / z 183

Scheme 65
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which then expels HCN to give the ion (417). The n.m.r. spectrum of (412)

revealed clearly certain structural features. The peak at 2.85 ppm corresponding to

three protons could be assigned to the N - methyl group. The complex pattern at 7

ppm region corresponded to four aromatic protons. The quartet at 4.02 ppm

corresponding to two protons and the triplet at 1.2 ppm corresponding to three

protons confirmed the presence of the carbethoxy group.

Table 1 summarizes the 13C n.m.r. chemical shifts for (267), (390), and (412).

Twenty - three resonances could be seen for (412) with the nitrile carbon atom at

120.78 ppm and the N - Me carbon atom at 29.69 ppm.

However, at this stage the scarcity of the 2 - cyano - 19 - carbethoxy - 19 -

demethyl - Na - methylaspidospermidine (412) meant that further investigations in

this synthesis were not possible.
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Table I: 13C n.m.r. chemical shifts

Carbone N° diester (267) N - methyl diester (390) 2 - cyano - N - methyl ester (412)

2 166.8 167.4 68.42

3 50.92 51.77 52.92

5 51.57 52.04 51.44

6 45.45 47.02 36.15

7 55.37 56.62 56.94

8 137.17 137.1 132.60

9 121.02 121.15 122.40

10 120.59 120.65 119.34

127.63 127.6311 128.42

12 109.43 108.62 108.06

143.34 146.7613 148.06

14 22.10 21.6 21.29

33.5315 33.25 34.71

93.12 92.8716 29.66

26.8217 33 22.67

18 171.46 171.39 171.42

41.60 42.4619 41.50

20 38.52 40.16 35.94

71.45 73.7421 69.91

169.0822 171

C02£H3 50.92 50.87

C02£H2CH3 59.9859.92 60.09

C02CH2£H3 14.08 14.05 14.25

N - Me 36.13 29.69

CN 120.78
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2.1.2 Approach to the synthesis of alalakine: Biomimetic reaction

This approach had as its initial target the synthesis of the appropriately

substituted tetrahydro - P - carboline derivative (378), which could be reacted with

the readily synthesised aldehydo - ester (263) in a Kuehne - type cyclisation to give

the hexacyclic diester (381) ( Scheme 54 ). This ester possesses at C - 18 a

carbethoxy group, which could eventually be transformed to give the corresponding

lactone ring present in alalakine (385).

In order to have a convenient starting material for this investigation, the cheap

and readily available pyrogallol was methylated according to the procedure of

Bredereck104, which is direct although the product purification is laborious. The

desired 2, 3 - dimethoxyphenol ( b.p. 129 - 134 °C / 15 mm Hg ) was isolated in a

moderate yield of 40% together with 2, 6 - dimethoxyphenol ( b.p. 90 °C / 15 mm Hg

), and pyrogallol 1 - methyl ether ( b.p. 146 °C / 15 mm Hg ) as by - products.

However, pyrogallol trimethyl ether was eliminated at the first stage by ether

extraction from the aqueous alkaline solution.

The second method105 involves Kolbe's reaction on pyrogallol (i.e. K2CO3 /

CO2 / water / heat ) which gives a low and variable yield of 2, 3, 4 -

trihydroxybenzoic acid (420). The established strong hydrogen bonding which

resulted between the carboxylic acid function and the ortho - hydroxy - group led to

méthylation of the hydroxy - groups at position 3 and 4 only. Distillation of the acid

(421), under reduced pressure promoted decarboxylation to give 2, 3 -
dimethoxyphenol in variable yield ( Scheme 66 ).
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HO

°'H-°
VHO

OH

( 420 )

I 1
MeOMeO XJLMeO COOhMeO

OHOH

( 421 )

Scheme 66

Nitration of 2, 3 - dimethoxyphenol at the 6 - position was carried out according

to the method described by Smith and Baker106. However, using carefully controlled

reaction conditions, the yield of the reaction was improved to an approximate 41%

overall yield.

The potassium salt of (241b), obtained by reaction of 2, 3 - dimethoxy - 6 -

nitrophenol with potassium hydroxide in methanol, was converted into the

phenoxyketone (368) using 1 - bromo - 2 - butanone which could be obtained by two

methods. The first of these was the reported procedure107 which involves a reaction

of dry methyl ethyl ketone with bromine. This reaction gave a mixture of two

isomers from which 1 - bromo - 2 - butanone was separated by distillation using a

spinning band fractionating column. This method gave mainly the undesired

bromoethyl methyl ketone and a considerable decomposition of material, therefore

another route was thought necessary for carrying out this preparation.

The second method involves the initial reaction of Matile and Montmollin108.

Reaction of 1 - butene with hypobromous acid gave 1 - bromo - 2 - butanol as
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a colourless oil ( b.p. 60 °C / 12 mm Hg ). Oxidation of the secondary alcohol

function with potassium dichromate109 in dilute sulphuric acid gave a satisfactory

yield of 1 - bromo - 2 - butanone ( 79% ). These ketones do not normally undergo

extensive further oxidation under the reaction condition.

Reaction of 1 - bromo - 2 - butanone in excess with the potassium salt of 2, 3 -
dimethoxy - 6 - nitrophenol (241) in refluxing dry methyl ethyl ketone produced 1 -

(2, 3 - dimethoxy - 6 - nitrophenoxy ) - butan - 2 - one (368) in 71% yield, with a

small recovery of 2, 3 - dimethoxy - 6 - nitrophenol (241). Alternative solvents

(acetone or dioxane ) were tried as were various reaction periods to improve the yield

but these were not successful.

MeO MeO MeOXX XX,
O' K+

jpkMeO MeO MeO
OH °sA/

( 241 ) ( 368 )

Meanwhile, attempts to prepare 7, 8 - dimethoxy - 3, 4 - dihydro - 2H - 1,4-

benzoxazine (369) from condensation of the 2, 3 - dimethoxy - 6 - nitrophenoxy

compound with butene oxide failed and all the starting material was recovered after

several attempts at various temperatures and various reaction periods.

MeO MeO MeOXX- XXT OH XXMeO MeO MeO
d K+ °sAx

( 369 )

This contrasts with the report that phenoxides undergo nucleophilic attack on

oxiranes at the less substituted carbon atom, and with Brennan's observation110
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that reaction of potassium o - nitrophenoxide with butene oxide produced the unstable

o - nitrophenoxy alcohol (423) in low yield (34%), together with much unreacted

material. This compound (423) was then reacted with p - toluenesulphonyl chloride

in pyridine to give a good yield of the corresponding tosylate (424). Catalytic

hydrogenation over palladium on carbon catalyst ( 10 atm / 60 °C ) of the nitro group

in (424) gave the desired amino compound (425) in good yield. This was cyclised by

heating in DMF to give 1,4- benzoxazine (369, R.1 = = H) in moderate yield.

Alternatively the o - nitrophenoxy alcohol (423) was oxidised, using pyridinium

chlorochromate, which gave the phenoxy ketone (368, = R2 = H) in unoptimised

yield of 33%; hydrogenation of (368, Rl = R2 = H) then gave (369, Rl = Rÿ = H)

in 85% yield (Scheme 67).

9-
°vxTÿ

9-.,
0*K+

«O,

OH
( 423 )

11
tf. 9a

NO2NO2

OTsO
( 368 ) Rl = R2 = H ( 424 )

1 1
XX 9NH2NH

°— OTs
( 369 ) R1 = R2 = H ( 425 )

Scheme 67
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Reaction involving 1 - bromo - 2 - butanone or chloroacetone has been reported

by Saxton and co - workers110 in preliminary investigations towards the synthesis of

model compounds lacking the two aromatic methoxy groups. In their work the

nitrophenoxybutanone (242) was converted into the 1,4- benzoxazine system (243)

by medium pressure ( 30 atm ) hydrogenation over 10% palladium on carbon

catalyst. An alternative method111 involved reduction of the nitro - group in (242)

using iron in hydrochloric acid; this gave the imine (422) which could then be

reduced further to give the desired 1, 4 benzoxazine (243). Since in the first method

both reduction steps were done simultaneously, it was the preferred procedure

(Scheme 68).

OCH2COMe

( 242 )R* =R2 = H

\/

( 243 ) R1 = R2 = H

P-.
( 422 )

NH

Scheme 68

When treated with sodium nitrite in diluted hydrochloric acid, the benzoxazine

derivative (369) was converted into the N - nitroso derivative (370) in almost

quantitative yield. Reduction of (370) with lithium aluminium hydride gave (371).

As reported in the literature113, reduction of the nitroso derivative (244) was more

successful with lithium aluminium hydride in ether than with zinc and acetic acid92,
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which resulted in considerable N - N - bond cleavage producing a mixture of the

required N - amino derivative (245) and the parent 1,4- benzoxazine compound

(243).

MeOMeO MeOrx XXN'NH2MeO NH MeO MeO

°sAv/
( 370 )( 369b) ( 371 )

Subsequently the N - amino benzoxazine (371) was cyclised to give the tricyclic

pyrrolo [ 1. 2. 3 - de I benzoxazine ring system via the phenylhydrazone (426) using

a Fisher - type cyclisation ( Scheme 69 ). Synthetic investigations on the model

series110 showed that the most successful conversion of (245) ( Scheme 32 ) into the

corresponding tricyclic compound occurred when no additional acid catalyst was

used. Similarly, it was found that simply heating the pyruvate derivative (426) under

reduced pressure furnished the tricyclic ester (372a), in which the empirical formula,

C16H19NO5, indicated by elementary analysis, was confirmed by mass

spectrometric determination. The n.m.r spectrum showed the typical signal of the

carbomethoxy group as a 3H singlet at 3.94 ppm and the i.r. spectrum confirmed the

presence of the carbonyl group at 1700 cm1.

Hydrolysis of the ester compound (372a) was achieved by refluxing in 2M

sodium hydroxide solution to give an almost quantitative yield of the desired tricyclic

acid (372b) as an amorphous solid. Removal of the carboxyl group by refluxing the

compound in quinoline using 5% of the copper salt of the acid as catalyst114

furnished a good yield of 8, 9 - dimethoxy - 3 - ethyl - 3, 4 - dihydropyrrolo [ 1, 2, 3

] - 2H - 1,4- benzoxazine (373), which was purified by column chromatography
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on Kieselgel G. The infrared spectrum of compound (373) shows no carbonyl

absorption and in the n.m.r. the sharp singlet owing to the proton of the methoxy

carbonyl group was absent.

CH3MeO MeOXX-N wC02MeMeO MeO OO2M0

( 426 ) ( 372a )

MeO MeO

WMeO MeO COOH

( 372b )( 373 )

Scheme 69

Among the numerous syntheses of tryptamine derivatives from the indole ring

system, the application of the Mannich reaction is particularly interesting (Scheme70).

This method is based on the reaction of aqueous formaldehyde, dimethylamine and

acetic acid with the indolic tricyclic compound (373) which afforded the gramine

derivative (374) in very satisfactory yield. Its proton n.m.r. spectrum exhibited the

presence of the N - dimethyl group as a singlet at 2.3 ppm and the methylene proton

(2H, s, -CH2N:) at 3.55 ppm.

Reaction of (374) with methyl iodide gave the methiodide (375) which was

subjected to attack by cyanide ion to give the required nitrile (376), together with a



MeOMeO,

I s
MeO'MeO

( 374 )( 373 )

nfl-Nÿ

MeO
,I '

MeO'

( 375 )

MeO.CH3MeO. CNII +
MeOCNMeO'

( 376 )( 427 )

t
MeO.MeO.

I! NH2NHr"f>°sA/
MeOMeO C02Me

( 377 )( 378 )

Scheme 70
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small amount of an isomer (427). The formation of the isomer (427) could be

explained by the following mechanism ( Scheme 71 ):

MeO. MeO CH2DOTH,,ri i
MeO" ''p N MeO

( 375 )

I
YV-fAsANtf.CN

MeO CH3 MeO

W»MeO MeO

( 427 )

Scheme 71

Reduction of the nitrile compound (376) was carried out in two ways, either

using sodium borohydride / cobalt chloride115 or lithium aluminium hydride116.

However, the latter reagent gave a mixture of products when the reaction was carried

out on a large scale.

Reaction of the tryptamine derivative (377) with methyl pyruvate in refluxing

methanol under nitrogen gave a good yield of the tetrahydro - P - carboline derivative

(378) as an amorphous solid. The molecular ion at m/z 374 confirmed the molecular

formula ( C20H26N2O5, M = 374 ).

It was now planned to follow an analogous route to that used by Kuehne and

co -workers35 in their synthesis of ( ± ) - ervinceine (11 - methoxyvincadifformine)

(133b). The tetrahydro - (3 - carboline derivative (378) was reacted with the aldehyde
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- ester (263) in refluxing toluene with added £ - toluenesulphonic acid for 120 h.

However, in contrast to Kuehne 's reaction, more time was required for the formation

of (381). Diazabicycloundecene (DBU) was added after 110 h to aid the Hofmann

elimination to form the secodine intermediate (380), which underwent biomimetic

cyclisation to give the diester (381) as a mixture of two isomers ( Scheme 72a ).

CHO Cl'MeO.MeO ClsÿsAÿC02Et

L JT.NH
MeO'MeO X N( 263 ) ,C02EtC02Me C02Me

( 378 ) ( 379 )

/VLA
NT

MeO.MeO,
,C02Et ,C02Et1H

N MeO" X N

0vA]
MeO'

C02Me C02Me

( 380 )( 381 )

Schema 72a

Its elementary analysis indicated the empirical formula C29H3gN2C>7 which

was confirmed by high - resolution mass spectrometry (M+ 526.267, calcd.

526.266). The u.v. spectrum in methanol gave maxima at 203, 210, 230, 302, and

344 nm, while the infra-red spectrum ( vmax 1720 and 1670 - 1570 cm1 ) indicated

the presence of the conjugated 3-anilinoacrylate ester function (ArN-C=C-C02Me).
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The proton n.m.r. spectrum shows the presence of two epimers at C- 3. For

example, the aromatic proton was observed as two singlets at ô 6.44 and 6.42 ppm ;

two double doublets corresponding to the methylene of a cyclic ether linkage

-O-CH2-CH: were seen at 4.85 - 4.54 and 4.3 - 4.2 ( H2 - 4' ). The methylene of

the carbethoxy group was seen as two quartets at S 4 ppm, two methoxyl groups

appeared as four singlets ( at 8 3.9 - 3.89 and 3.83 - 3.86 ), and the carbomethoxy

group as two singlets at 8 3.7 and 3.68 ppm. The triplet owing to the CH3 group of

the ethoxycarbonyl group appeared at 8 1.15 and 1.12 ppm, whereas the methyl

proton of C - 1 gave triplets at 1.0 and 0.9 ppm. This was confirmed by I3C which

showed 2 x 29 absorptions ( see table II ).

Reaction of the tetrahydro - 3 - carboline (378) with the chloroaldehyde (263)

also introduced an alternative reaction in competition with enamine formation to give
<2 O, 1>J l,P UVV

the 3, 4 - dihydro - 2H - 6 - Its n.m.r.

spectrum exhibits a signal at 5.28 ppm as triplet ( J: 0.5 Hz ) corresponding to the

vinyl proton and a triplet at 4.25 ppm ( J: 6.5 Hz ) corresponding to two protons of

(C - 2). A quartet was also seen at 4.2 ppm ( J: 7.2 Hz; COOCH.2CH3 ), which

disappeared after hydrolysis with potassium hydroxide. The methylene protons of

C - 4 appeared as a double triplet ( J: 6.5 and 2 Hz ) at 3.12 ppm and the methylene

protons of C - 3 as quintet at 2.1 ppm. A triplet ( J: 7.2 Hz ) was seen at 1.2 ppm

and corresponds to the carbethoxy group ( COOCH2CH3 ). The molecular ion was

observed at m/z 170 (15%).



MeO CHO
COOEtI Cl+

NH
MeO ' N

C02MeO

O

/\ ( 263 )( 378 )

C02Et

CHO Cl
OHN N

Me Me tCOOMe COaEt COOMe

COOEtICl o

CXovN O
Me C02EtMe02CCOOMe Me

C02Et
C02Et

I crMeO

cX-N+ P carboline (378)MeO N C02EtMe
O C02Me C02Et

( 379 )

Scheme 72b
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Table II: 13C n.m.r. data obtained on obscurinervidine (13), pentacyclic diester (267), (381) and
(381') the diastereoisomers of the alalakine skeleton.

Carbone N° diester (267)(13) (381) and (381’)

69.72 166.8 162.76 161.97

3 54.3* 50.9 53.36 51.61

52.2* 51.6 51.0 50.955

39.3 49.786 45.4 46.85

7 55.4 58.92 57.8455.2

137.2 131.0129.4 129.878

100.8 99.69 121.0 98.66

10 130.5 120.6 125 124.74

127.6 148.18 147.5211 147.8

109.4137.3 13612 136.1

135.613 143.3 135.81 134.9

133.8* 22.1* 21.74* 16.63*14

33.3*122.9* 33.5* 33.15*15

16 23.8 93.1 93.84 93.01

24.8717 26.8 22.0681.3

18 171.5 171.53 171.26176.0

38.719 41.5 37.53 37.25

46.5340.720 38.5 41.24

71.4 73.2465.0 71.3021

169.1 167.48 166.4822

V-OH3 10.4 9.5210.5

29.922’ - CH2 29.59abs

61.22 61.093’-CH 44.5

4’ - CH2 67.92 66.3071.9

50.83C02£H3 50.9 50.29

59.85CO;£H2CH3 59.9 59.81

13.98C02CH2£H3 14.1 14

56.02 53.68OMe 57.75

57.1557.3961OMe

* Asterisk indicates some ambiguity regarding the assignment.



67

The mass spectrum of the diester (381) ( Scheme 73 ) is simpler with the only

significant peaks arising from the retro Diels - Alder decomposition of ring C to form

the charged species (428) which undergoes homolysis of its C - 5, C - 6 bond to give

the principal fragment ( 388 ) at m/z 182 ( 100% ). The molecular ion is observed at

m/z 526.

n+.ANLA N
MeO.MeO.

,C02Et,C02Et 1H
■y N

C02Me
MeO'MeO'

C02Me

( 428 )( 381 )

ri-N +

• Q.
<X JL C02Me

MeOMeO.

MeOMeO' C02Et
C02Me

( 429 ) m/z 344 ( 388 ) m/z 1 82m/z not observed

N

.C02Et

( 419 ) m/z 210

Scheme 73
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Brennan 's procedure 57 was usually used to convert the hexacyclic diester

(381) into the a - nitrile compound (430) using sodium cyanide in

hexamethylphosphoramide (HMPA). This reagent was known to allow the methyl

ester group in the diester (267) to be preferentially cleaved, as outlined in Scheme 34.

The hexacyclic diester (381) was reacted with sodium cyanide in

hexamethylphosphoramide at 82 °C for 102 hours under nitrogen. After purification

by column chromatography, the product, obtained in 57% yield, was found to be a

mixture of diastereoisomers of the desired cyano - hexacyclic ester (430). For

example, the i.r. gave two distinct absorptions at 2240 cm 1 ( weak ) and at 1725

cm1, which correspond to the nitrile function and the carbethoxy group respectively.

The u.v. spectrum gave maxima at 218, 250, and 300 nm.

The mass spectrum ( Scheme 74 ) was in agreement with the proposed structure

(430), being very similar to that of (271) apart from an additional 130 mass unit

owing to the benzoxazine ring and two methoxy groups, showing the typical

aspidospermine type fragmentation pathways; the molecular weight, 495, is

consistent with the formula C28H37N3O5.

The n.m.r. spectrum confirmed the presence of two diastereoisomers at C - 3

in a ratio of ( 3, 1 ). Partial separation by column chromatography gave one

stereoisomer which showed in the n.m.r. spectrum that the aromatic proton absorbs

as a singlet at 6.35 ppm and the grouping -OCH2-CH-N: appears as a multiplet at 4.3

ppm. The carbethoxy group was observed as a quartet at 4.05 ppm and a triplet at

1.15 ppm. Two methoxy groups were observed at 3.8 and 3.82 ppm.
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n:~l+.a N'
MeO.MeO,

,CO2EI,C02Et 1o MeO'

°-ÿl
( 431 ) m/z 467

MeO' ?CN

( 430 ) m/z 495

11-HCN

r\tN'

O. Jv. C02Me

MeOMeO,
.CO2EI

MeO' MeO C02Et

( 432 ) m/z 468 ( 429 ) m/z 285 ( 388 ) m/z 1 82

Scheme 74

Finally, the synthesis of alalakine could in principle be completed by reductive

décyanation with either sodium borohydride117 in methanol / pyridine solution as in

the conversion of the a - aminonitrile (434) into (435) ( Scheme 75 ), or by

conversion to the methylene - indoline derivative (382a) ( Scheme 54, p.40 ) by

means of silver tetrafluoroborate, followed by reduction of the double bond. Both

methods should give the indoline (383). Oxidation of the Nÿ, C - 21 bond in (383)

(Scheme 76) using mercuric acetate should then furnish the immonium salt (384),

which should then undergo a transannular cyclisation reaction to give alalakine (385).
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OoG"
H

( 434 )

Ceo»N
H

( 435 )

Scheme 75

ù /"NLAMeO,MeO. % ,C02Et ,C02EtH H
MeO'MeO'

À I CN

( 430 )

ï H°vAj
( 383 )

1
CiN

MeO. MeO.
O.

MeO' y N MeO' Y N
L> ROÿO

1
( 384 )( 385 )

Scheme 76

Djerassi118 reported that the oxidation of N - acetylcylindrocarine (213) with m

- chloroperbenzoic acid gave the 5 - oxo - 21 - hydroxy derivative (436) which on

treatment with acetic anhydride in pyridine gave Na - deformyl - Na - acetyl - 5 -

oxodichotamine (437) ( Scheme 77 ).
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O

hANL.A .C02Me 5H1VCOÿH

% «H
MeO Ac MeO Ac

( 436 )( 213 )

O

AJh
O,

% OMeO Ac

( 437 )

Scheme 77

Also, Ban and co - workers119 have achieved a synthesis of ( ± ) - Na -

acetylaspidoalbidine (187) and ( ± ) - fendleridine ( 188 ) by heating the alcohols (186

a, b ) with excess mercuric acetate in 5% aqueous acetic acid ( Scheme 78 )•

AN'ANLA% [HO,H ‘OH

? H ? H
RR

( 186 )

û
( 187 ) a, R = Ac
(188) b, R = H O.

N ■

i H
R

Scheme 78
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However, zinc dust in acetic acid in presence of cupric sulphate pentahydrate

under a nitrogen atmosphere has been tried on the model compound (271) which

gives an optimum yield of 44% of Na - acetyl - 19 - carbethoxy - 19 -

demethylaspidospermidine (462) ( Scheme 79 ). This could be applied to the

conversion of (430). Unfortunately this investigation was not further carried out

because of lack of material.

Ù ,C02Et,C02EtH
y CN AcH

( 462 )( 271 )

n/'“N
MeO,MeO. % ,C02Et,C02EtH
MeO' ï HMeO'

( 383 )( 430 )

Scheme 79
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2.1.3 Synthesis of the key pentacyclic vinylogous amide (438)

The alternative approach to alalakine (385) and obscurinervine (14) using as

starting material the readily synthesized N - aminobenzoxazine (371) led to a

synthesis of the pentacyclic vinylogous amide (438), which may be considered to be

the precursor for the synthesis of both (385) and (14).

CH3cMeO,

MeO'

°S>R
( 249 ) R = Me
( 438 )R = Et

Aù MeO.MeO,
O,

°ÿ-R
MeO'MeO' N '0ÿ0

‘o
1

( 385 ) ( 13 ) obscurinervidine R = Me
( 14 ) obscurinervine R = Et

As mentioned earlier Saxton et al52 synthesized the alkaloid obscurinervidine

(13) via the methyl analogue (249). The planned synthetic Scheme is outlined in

Scheme 32.

Reaction of the N - amino derivative (371) with 5 - phthalimido - 2 - pentanone,

previously prepared120 from 5 - chloro - 2 - pentanone and potassium phthalimide,
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furnished the phthalimido tryptamine derivative (439) in 75% yield. Hydrazinolysis

of (439) by means of hydrazine hydrate in ethanol gave the desired tryptamine (440).

This compound displayed absorption owing to the primary amino group at vmax 3350

cm'1, and u.v. maxima at 220, 276 nm. The n.m.r. spectrum exhibits a signal at

6.55 ppm corresponding to one aromatic hydrogen, a multiplet at 4.3 ppm

corresponds to three protons of a cyclic ether linkage ( -OCH2-CH- ), and two

methoxyl groups as two singlets at 3.97 and 3.87 ppm. The methylene protons of

the aminoethyl group were seen as multiplet at 2.9 ppm and those of 5 - methyl group

appeared as singlet at 2.3 ppm. The methylene protons of C - 2 appeared as

multiplet at 1.7 ppm and the methyl group C- 1 as triplet at 1 ppm. The amino group

protons were seen at 1.3 ppm as multiplet. The molecular ion was observed at m/ z

304 (15.6%) ( Scheme 80 ).



OO
O O

NK

OO

O

MeO.MeO. INI II »
-NH2N 2 MeO N CH3MeO O

OO

( 439 )( 371 )

MeO.
NH2I I

NMeO CH3
O

( 440 )

Scheme 80
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Reaction of the amino compound (440) with diethyl ethoxymethylenemalonate

in refluxing ethanol gave the vinylogous urethane (441) in very good yield. High -

resolution mass spectrometry ( M+, 474.235 ) confirmed the formula C25H34N2O7.
Two absorptions at 226 and 274 nm were observed in the u.v. spectrum, while in

the i.r. region absorptions were observed at 3360 cm1 (NH), 1710, 1680 (diester),

1640 and 1603 cm1.

Takano cyclisation121 of (441) by heating with a mixture of acetic anhydride

and acetic acid ( 3: 2, v / v ) at reflux temperature for 4 days gave a very complex

mixture of products which was separated by extensive chromatography to give the

pentacyclic vinylogous amide (442) in moderate yield as a mixture of epimers. The

products from this cyclisation would be expected to have the more stable cis C/E ring

junction, as has earlier been observed in analogous cyclisations121. The presence of

the vinylogous amide function in (442) was confirmed by the long wavelength

absorption observed in the u.v. spectrum at Xmax 218.5, 245.5, 297, 353 nm. The

molecular ion was observed at m/z 398 ( Scheme 81 ).

NH
kÿC02EtMeO, MeO,

NH21 I
MeO' CH3 CH3MeO'

( 440 ( 441 )

NAc

wa.MeO

MeO

( 442 ) Scheme 81
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Takancma/121. have proposed the following mechanism for the formation of

the tetracyclic vinylogous amide (444), presumably via the Fischer base (443a)

followed by an intramolecular nucleophilic cyclisation to give (443b) which then

loses an ethoxy carbonyl unit ( Scheme 82 ).

Ac ,AcO'ls|H N
I ,C02Et

‘C02Et
AcgO - AcOH

I C02Et
H*N CH3MeO' MeO' N CH3

Me Me

NAc NAC
JÿC02Et

N<CH2
Me H

MeO MeO'
Me

( 443a )

NAcNAc
.C02Et8 -H*

MeO' N ■OMeO‘ fO
Me Me

( 443b ) ( 444 )

Scheme 82

The very complex mixture obtained on this reaction and the laborious separation

of the desired product made this approach less advantageous. However, if the yield

of (438) can be increased then this synthetic route to alalakine (385) would be an

alternative method.
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2.2 Approaches to the synthesis of strempeliopine (447)

Strempeliopine (447), which is the parent base of the schizozygane alkaloids

(e.g. schizozygine (449), schizogaline (450), schizogamine (451), isoschizogaline

(452) and isochizogamine (453)122 ( Scheme 83), has recently been isolated by

Hâjicek and Trojanek123a from the Cuban species Strempeliopsis strempelioides K.

Schum. ( Apocynaceae ). Soon after its isolation, the same authors123b reported the

total synthesis of racemic strempeliopine (447), which is based on the reductive

rearrangement of indolenine (445) under the effect of zinc in hot acetic acid in the

presence of cupric sulphate. This gave the 1 - demethylvallesamidine derivative (446)

and 18 - methylenequebrachamine (448) ( Scheme 84 ). Formylation of (446) with a

mixture of formic acid and acetic anhydride gave the formylindole. Separation from

(448) followed by oxidative ozonolysis, and removal of the N - formyl group, then

gave ( ± ) - strempeliopine (447).

Later123c, the absolute configuration of natural (-) - base (447) was determined

by its stereospecific synthesis from (+) - 18 - methylenevincadifformine (224b).

In 1971 Lévy et a/124' 125 reported a reductive rearrangement of 1, 2 -
dehydroaspidospermidine (397) under the same conditions which gave 1 -

demethylvallesamidine (454) in addition to unrearranged aspidospermidine (1), and

quebrachamine (3) (Scheme 85).



H H
RO< Il H H-> =.NO N MeO' N

O’ O'

R 7H
( 449 ) ( 450 ) H

( 451 ) MeO p
( 452 ) H
( 453 ) MeO a

3

a

Scheme 83

£lN

A.
H

N*N
i

H COzMe

( 224b ) ( 445 )

1
ü H

7.w

\N \N
N N% S

OHC HT\. H H

( 446 )

VI ! VJV

t +

H
N

-%•N
7 Hn>

NO1 i
H

( 447 ) ( 448 )

Reagents: i. OH', H20; ii, C6H6, A; iii, Zn, CuS04, 5H20. AcOH, 103 °C; iv,

HC02H, AC20; v, 03, HCl, MeOH; vi, H202.

Scheme 84
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N H

HÏC' ,N.3
( 397 ) ( 454 )

NN

]
N' N-
H H

( 3 ) (-) Quebrachamine ( 1 ) - (-) aspidospermidine

Scheme 85

Accordingly, an intermediate with appropriate substitution on the C - 18 atom in

the indolenine should undergo a similar rearrangement leading to the closure of the

lactam ring (455) to form the schizozygane skeleton. As an example of this

transformation, the alkaloid schizophylline (455) was converted into isoschizogaline

(452) on chromatography on alumina ( Scheme 86 ).

?
N. N,

MeO'
H /

C02Me

I H>|MeO'

O'

( 452 )( 455 )

Scheme 86
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Therefore the pentacyclic diester (267) could be converted in the same manner

to give the corresponding aminoester (456) which should spontaneously cyclise to

form the desired ( ± ) strempeliopine (447) ( Scheme 87 ).

Clü .C02Et ,C02EtH H
N
H C02Me

( 267 ) ( 270 )

? s
N -HO'1

C02Et
( 456 )( 447 )

Scheme 87

In addition, an investigation was carried out towards the possibility of

increasing the yield of the required indolenine (270).

Recently, Husson and co - workers126, 127 investigated the synthetic potential

of 2 - cyano A3 - piperidines of type (457) and their ability to act as potential and

masked dihydropyridinium salts. These compounds seem to react with high

regioselectivity with nucleophiles at C - 4 (457a) or C - 2 (457b) depending on the

nature of the nucleophile ( Scheme 88 ).
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MeMe Me

X)
0

( 457 ) ( 457b )( 457a )

Scheme 88

For example, addition of the sodium salt (458) to (457, R = Me ) in the

presence of silver tetrafluoroborate led to the formation, in 91% yield, of the enamine

(459) as an approximately (1:1) mixture of isomers ( Scheme 89 ).

Me
M9 N

NC N f
Cçy:

Me O

( 458 )

Me 1AgBF4,THF NC02Me *C02Me
Me O

( 459 )

TsOH
PtiMe

Me
I

H NMe
,M(

11
N N ‘C02Me'C02MeMe o Me O

Scheme 89

Therefore, the application of this reaction to the a - nitrile (271) under similar

conditions offered an attractive possibility for its conversion into the indolenine (270)
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nù ,C02EtC02Et üfi HH
KrN'

CN
H

( 270 )( 271 )

The aminonitrile (271) in anhydrous tetrahydrofuran was reacted with silver

tetrafluoroborate under nitrogen and stirred for 4 hours, then diluted with aqueous

ammonia and extracted with dichloromethane; this gave a brown oil which was

purified by column chromatography ( 33.7% yield ) and was found to be the desired

indolenine (270). The empirical formula, C21H26N2O2 ( M = 338 ), was confirmed

by elementary analysis and by mass spectrometry, which exhibited a strong molecular

ion peak at m/e 338 ( 100% ). The ultraviolet absorption spectrum ( kmax 220, 225,

259 nm ) is similar to that previously obtained by Brennan57, while the infrared band

at 1720 cm1 showed the existence of the carbethoxy group. This was also confirmed

by the n.m.r. spectrum, in which the signals for the four aromatic protons ( 7 - 7.6

ppm ), two protons ( q, 3.95 ppm ) and three protons of the carbethoxy group at 1.1

ppm were observed. The mass fragmentation pattern of the pentacyclic indolenine

(270) is completely changed owing to the presence of the 1,2- double bond. Thus

on electron impact the M+ ion (270) is presumably seen to fragment by two pathways

(Scheme 90). In pathway A the C - 20 substituent is lost from the molecular ion via a

McLafferty rearrangement to give the ion at m/z 250. In pathway B, the only

characteristic fragment observed is at m/z 268.
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CH2ÿ 3B ccoCOzEt,C02Et

®+

( 270 ) m/z - 338

A

n-
GC0~C02Et

m/z = 268m/ï =251

l ,n:cr 5
m/z 70

m/z = 250

Scheme 90

This indolenine was for the first time fully characterised in spite of its

instability, because of the high reactivity of the imine bond. Indolenines such as

(397) are known to be in equilibrium with the immonium salt (460) via a reverse

Mannich reaction. This proof came from its reactivity with sodium borohydride in

ethanol which led to two products128. At 0 °C the reaction produces

aspidospermidine (1) exclusively, whereas at elevated temperatures quebrachamine

(3) is obtained.
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Na I

nr H
N
H

( 460 )( 397 )

0°C

T INaBfVEtOH

ANLA N

no H
NN <

HH H

( 3 )( 1 )

Scheme 91

Therefore, to minimise the loss of indolenine (270), the diester (267) was first

reacted with either DMPU (dimethyltetrahydropyrimidinone urea ) or HMPA

(hexamethylphosphoramide) in the presence of sodium cyanide at 75 °C. However,

the latter reagent is known to be carcinogenic even on a small scale, but more reactive

than the former. Reaction with DMPU was very slow and most of the starting

material was recovered after 6 days at 75 - 80 °C, whereas with HMPA no starting

material was detected after 4 1/2 days. Secondly, because of the instability of the

indolenine and the opportunity to transform the a - nitrile compound (271) into the

corresponding indolenine (270) under the effect of silver tetrafluoroborate ( AgBF4 ),

the residue was immediately reacted with zinc dust ( type Aldrich ) in hot acetic acid

in the presence of cupric sulphate pentahydrate and heated to 105 °C. After the usual

work up and after two column chromatographies on alumina and Kieselgel, four
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products were isolated and identified (yield is based on vincadifformine (Scheme 92a)

ANLAAN’LA ,C02Et .C02Et0 H
N
R

( 461 ) R = Et
( 462 ) R = Ac
( 463 ) R = H

( 270 )

Zn/CuS04,5H/5
AcOH, 110°C

sÜ

C\u.N
H O’

C02Et
( 456 ) ( 447 )

Scheme 92a

The main product, obtained in 18% yield, was found to be the Na - acetyl

derivative (462). Its ultraviolet absorption spectrum is very similar to that of (±) - 12

- demethoxy - N - acetylcylindrocarine (269)52 and the infrared spectrum clearly

shows the presence of the carbethoxy and the acetyl groupings at 1720 and 1640 cm1

respectively. Further evidence was provided by elementary analysis, the mass

spectrum ( found M+, m/z 382.2262 ) and the proton n.m.r. spectrum which gave a

singlet at 2.26 ppm corresponding to three protons of N - acetyl group. The chemical

shift of the C - 12 proton was observed at 8.15 ppm and the C - 2 hydrogen at 4.05

ppm. The 13C n. m. r. spectrum displayed twenty - three resonances with the N -

acetyl carbonyl atom being observed at 168.38 ppm. The most important evidence

came from mass spectrometry which shows a typical aspidospermidine - type
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fragmentation pattern ( Scheme 93 ). The base peak was found at m/z 182, arising

from fission of the 5 - 6 bond; other major peaks are those due to the indole fragment

( m/z 144 ) and ( m/z 130 ). The loss of the C - 20 substituent from the molecular ion

by a McLafferty rearrangement was observed at m/z 294.

T-~i- N
- ( CH2-CH2)

,C02Et.C02El
-Ac

N
àCOCHj

If

T or■N.+
CH2

,C02EI
HCOCHj

m/z 182 m/z 144m/z - 295

'f

tn-
+

*+N CH2CCT,C02Et
COCHj

m/z = 294

H

m/z 130m/z 210

Scheme 93
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To confirm the result obtained earlier, the a - aminonitrile (271) was subjected

to reaction with zinc dust in hot acetic acid in the presence of cupric sulphate to give

the 19 - carbethoxy - 19 - demethyl - N - acetylaspidospermidine (462) in 53% yield.

• H
oftR C02EtC02Et

N
CN

AcH

( 462 )( 271 )

The second product, which is less polar, was the unusual Na - ethyl - 19 -

carbethoxy - 19 - demethylaspidospermidine (461) . However, no alkaloid has been

found in nature to have the N - ethyl function. The elementary analysis and the

accurate mass obtained by high resolution mass spectrometry confirmed the empirical

formula C23H32N2O2. However, the low resolution spectrum exhibited the

molecular ion at m/z 368 and many other identical peaks as for the N - acetyl

compound (462). The n.m.r. showed that no C - 12 proton shift is observed in the

region of 8 ppm, indicating the absence of.an Na - acetyl group.

The third fraction contained some strempeliopine (447); however its purification

proved to be difficult because of the very close Rf value with the Na - ethyl

compound (461). The product was separated by careful chromatography

(preparative 1 1 c) but still mixed with (461). The accurate mass, obtained by high

resolution mass spectrometry, confirmed the molecular formula, C19H22N2O ( M+

m/z = 294.17311 ). The lactam function gave rise to a carbonyl absorption at vmax
1660 cm1. The most intense peak, which corresponds also to the molecular ion, was
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observed at m/z 294 (88.5%). The mass spectral peaks differ markedly in intensity

from those reported by Trojanek123b. In the n.m.r. spectrum the chemical shift of the

C - 12 proton is observed at 5 = 8 ppm, whereas in the Na - acetyl compoud (462)

this one is shifted to 8.15 ppm ( see Table ).

Finally, the fourth fraction was 19

demethylaspidospermidine (463) (11%) which was obtained as a colourless oil.

Elementary analysis confirmed the empirical formula, C21H28N2O2. In the n.m.r.

carbethoxy 19

spectrum, the signals of the aromatic protons appeared at 7.1 - 6.6 ppm and those

corresponding to the carbethoxy group at 4 ppm and 1.2 ppm respectively. The

absorption at v 3380 cm'I indicated the presence of an N - H function. The structure

elucidation of this compound is given by the mass spectrum ( Scheme 94 ) which

exibits a molecular ion at m/z 340. A retro Diels - Alder fragmentation occurs in ring

C to form the charged species a, which then undergoes cleavage of the C - 5, C -6

bond. The C - 20 substituent ( CH2C02Et ) was lost by a McLafferty

rearrangement.

However, the course of the reaction depends markedly on the exact quality of

the zinc used as Trojanek observed1231* ( Scheme 92b ). Unfortunately, 1 have no

means of knowing exactly what type of zinc Trojanek used.



N
H

IhC" Zn/(CuS04,5H20)

AcOH

103 °C,6h
N

H
H *

( 397 ) ( 454 )

+

NN

HV1 +

NN
H

RH

(3) ( 1 ) a, R=H
b, R=COCH3

Yields of the products of the rearrangement of ( ±VI.2-dehvdroaspidosnermidine

3454 la lbExperiment

3% 2% 4% 44%A

B 2% 2% 7%36%

In both case the origin of the zinc was unknown.No differences were found either in their
morphology (oval to spherical particles ) or other properties compared (trace elements etc. ),
except for the particle size.
- In zinc A the size of the majority of the particle was up to 5-7pm,
- In zinc B up to 17 pm.

Schema 92b



Literature,î3b data for (447)Strempeliopine (447)

Found: M4, m/z 294.17311
accurate mass

requires M4, m/z 294.17320

microanalysis

*2920, *2860,2800,2740, *1720, 2805, 2765, 1643, 1597, 1475,
i.r.

vma* ( CHC13 ) 1460, 1395, 1370 cm'11660,1598, 1485, 1460, 1400,

1370,1040 cm'1
210, *230, 255 ( sh ), 280, 290 nm

u.v.
( MeOH ) 291,281,255 nm

8.0 ( 1H, brd, J: 8 Hz; 12 - H ) 8.05 ( 1H, bd, J: 8,1.1 Hz; 12 - H )
1H n.m.r.
6 ( CDCI3 ) 7.3 - 7.0 ( 3H, m, Ar - H ) 7.23 ( 1H, bt, J: 8, 7.4, 1 Hz; 11 - H )

7.17 ( 1H, bd, J: 7.4, 1 Hz; 9 -H)
*4.1 (2H, q, J: 7.5 Hz; C02CH2CH3)

7.06 ( 1H, dt, J: 7.4 Hz; 10 - H )

3.25 ( 1H, bt, J: 7.2 Hz; 7 - H )3.2 ( 1H, t, J: 7 Hz, 7 - H )

3.0 (1H, m, 5 -H) 2.97 ( 1H, ddd, J: 11.3, 8, 5.3 Hz; 5 - H )

2.8 ( 1H, m, 3 - H ) 2.86 ( 1H, bdt, J: 11.2, 3.2 Hz; 3 - H )

2.55 (lH,d, 19 -H) 2.63 (1H, d, J: 18.2 Hz; 19 -H)

2.38 ( 1H, dd, 19 - H’ ) 2.46 ( 1H, dd, J: 18.2, 2.4 Hz; 19 - H )

2.23 ( 1H, dt, J: 11.2, 6Hz; 3 - H1 )2.21 ( 1H, dt, 3 - H’ )

2.08 ( 1H, dq, 6 - H ) 2.09 ( 1H, dq, J: 14.1,6.2 Hz; 6 - H )

2.04 ( 1H, ddd, 5 - H') 2.04 (1H, ddd, 11.2 Hz, 5 - H' )

2.0 ( 1H, s, 21 - H ) 2.03 ( 1H, s, 21 - H)

1.9 ( 1H, m, 6 - H’ ) 1.96 ( 1H, m, 6 - H' ).

*1.2 ( 3H, t, 7.5 Hz; C02CH2CH3 )

295 ( 22, [ M + 1 ] ), 294 ( 100, M4 ),
293 ( 93 ), 266 ( 28 ), 265 ( 20 ), 251
( 15), 249(7), 238( 17), 237 ( 17),
160 ( 7 ), 147 (10 ), 144 ( 9 ), 143 ( 9 ),
130(16 ).

*368 ( 12 ), 295 (28.9, (M + 1]), 294
( M4, 76.2 ), 293 ( 3.5 ), 266 ( 1.4 ),
265 ( 1.9 ), 251 (5.2 >, 249 ( 1.6 ),
238 ( 0.3 ), 237 ( 2.3 ), 160 ( 3.9 ),
144 ( 10.4 ), 143 ( 5.7 ), 130 ( 7.3 ).

mass
m/z ( % )

* This sample contained some Na - ethyl - 19 - carbethoxy - 19 - demethylaspidospermidine (461).
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~T-n- N

C02Et*C02Et
NN
ii
HH

McLafferty

1 t
~T-

CH2

WN ,C02Et
i

H H

m/z 130m/z 1 82m/z » 252

+
CH2N I

S NC02Et
H

m/z 144m/z 210

Scheme 94
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Table ITT: 13C n.m.r. chemical shifts obtained on N, - acetyl - 19 - carbethoxy - 19 -
demethyl aspidospermidine ( 462 ), 19 - carbethoxy - 19 - demethyl-
aspidospermidine ( 463 ), and 12 - demethoxy - N - acetyl cylindrocarine (269)

( 463)( 462 )Carbone N° ( 269 )

2 67.56 67.6164.79

3 52.8 53.0453.56

52.235 52.5 52.22

6 39.22 39.3338.08

7 53.33 53.52 53.52

8 137.34 137.44134.30

9 124.33 122.76 124.33

10 122.23 122.32119.13

127.811 127.53 127.96

12 118.35 118.59110.58

140.813 141.12149.63

14 34.54 21.6121.56

34.5415 34.89 34.83

16 25.80 29.7428.12

24.3517 24.5924.32

18 171.4 171.79 171.84

19 42.47 42.3642.47

35.8420 36.0336.13

69.1521 69.8569.83

£OCH3 168.38 168.26

CO£H3 23.22 23.19

CO2CH2CH3 60.52 59.86

C02CH2£H3 14.25 14.25

OMe 51.03
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2.3 Approach to the synthesis of the cimicine derivative (467).

Investigations were also carried out towards the conversion of the diester (267)

into the selected cimicine - type compound (467). This group is represented by

cimicine (10) and its 11 - methoxy derivative, cimicidine (464), isolated from

Haplophyton cimicidum129, and dichotamine (465), isolated from Vallesia dichotama

Ruiz et Pav130.

ANLAANLA o o,o.
ysN/
R2

R1, N S)
H

R1 R2 R3
H OH C02Et ( 467 )( 10 ) cimicine

( 464 ) cimicidine MBO OH C02Et
( 465 ) dichotamine H MeO CHO

Brennan57-131 has investigated the removal of the p - anilinoacrylate group of

the diester (267) and found that mild basic hydrolysis procedure produced the

pentacyclic lactone (466), simply by refluxing the diester in an excess of 5%

potassium hydroxide in ethanol solution for 6 h.

Cl N

% .C02Et 1o.H
N

HH C02Me
( 466 )( 267 )
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In our hands this reaction gave 38% yield of the lactone (466). Brennan57

observed that the pentacyclic lactone (466) could have been formed from the

indolenine (469) by a reverse Mannich fission of the 7, 21 bond in the indolenine

(469), followed by reaction of the C - 18 carboxylate anion at C - 21 ( Scheme 95 ).

ANLA a .COO",C02E1
H H

N N
H C02MG H COO-

( 468 )( 267 )

1
N

.COO"r°-
N
H

( 469 )( 470 )

N

I °<
N
H

( 466 )

Scheme 95

The spectroscopic data obtained on this material were found to be identical to

those reported by Brennan57. Thus the n.m.r. spectrum showed signals at 8.2 and

5.1 ppm assignable to N - H and 21 - H protons respectively. Also, this spectrum
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showed that both ester groups had been hydrolysed. The molecular ion was

observed at m/z 310. Comparison of this pentacyclic - lactone (466) with cimicine

(10) showed that both compounds produce a similar absorption in the i.r. spectrum at

1745 cm1, whereas the carbonyl stretching absorption of y - lactones is normally

observed at 1760 - 1780 cm1. However, Cava et a/.132 explained that the dramatic

difference between the lactone carbonyl absorptions of cimicine (10) and the prepared

5 - oxocimicine ( 1800 cm1 ) is due to a major contribution from the zwitterionic,

ring open dipolar canonical form (472), which lowers the wavelength of the carbonyl

absorption. In contrast the 5 - oxocimicine (473) would not show resonance of this

type, since in the dipolar form (474) the positively charged nitrogen is also part of a

lactam function. This dipolar form (474) would therefore make little or no

contribution to the overall structure ( Scheme 96 ).

rtü ?’
%O.

N ■=■N
AOHE,OHOH COEt

( 472 )( 471 )

OO

K N
I

O. • o.
Ni N

OH « H
COEt OH COEt

( 474 )( 473 )

Scheme 96
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Brennan's attempts to convert this carbinolamine lactone (466) into the indoline acid

(475) ( Scheme 97 ) using zinc metal in either hydrochloric acid - ethanol ( pH = 4 )

or in acetic acid were unsuccessful, although Ban and co - workers133 had shown

that removal of the tetrahydropyranyl protecting group in (476) by the action of dilute

acid afforded (397), which could then be reduced to aspidospermidine (1) ( Scheme

98 ).

NN
I

,COO"I1°.
NN S>
HH

{ 470 )( 466 )

tl
NN

.COO",COOH 5
N
H

( 469 )( 475 )

Scheme 97

NN'

j] HO]1HO
NN
HTHP

( 477 )( 476 )

1a N

N
H

( 397 )( 1 )
Scheme 98
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It was therefore intended to reinvestigate the conversion of (466) into the

iminium salt (478), which might then proceed via a transannular cyclisation to

generate the indolenine (479). This compound (479) could then be reduced with the

acid - stable, sodium cyanoborohydride, to give the cimicine type compound (467)

(Scheme 99).

N'N

u °*I°-
N NS) %

HH

( 478 )( 466 )

NN

0 ASO.
N
H

( 479 )( 467 )

Scheme 99

In 1980, Husson and co - workers134 synthesized 5, 6 - dihydropyridinium salt

(481) from the reaction of tetrahydropyridine N - oxide (480) with trifluoroacetic

anhydride, which gave the nucleophilic addition product (482) with cyanide ion

(Scheme 100 ).
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Mc MeMe
.+CF3COO-• .0-0 NC"G(CF3)2o

Ü
■ CN

CH2Q2
o°c

( 481 )( 480 ) ( 482 )

Scheme 100

By analogy with their experiment it appeared to us that the reaction of the

lactone (466) with peracid would give the N - oxide (483) which could be converted

into (467) ( Scheme 101 ). Therefore, the pentacyclic lactone (466) was reacted with

m - chloroperbenzoic acid in anhydrous benzene at room temperture for 24 h . The

residue was taken up in deuteriochloroform and cooled to 0 °C and then treated with

trifluoroacetic anhydride. The resulting unstable indolenine was not fully

characterised but immediately taken up in methanol and reduced with sodium

cyanoborohydride under a nitrogen atmosphere. However, only a very polar

unidentified compound was recovered from this reaction.

O'
4
NN

f 6 1°-I °-
NN **0

H H

( 483 )( 466 )

I
LXLx! o.o.

N - OOHH
( 479 )( 467 )

Scheme 101
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The second attempt involved the oxidation of the C - 21, Nj, bond of the lactone

(466) with mercuric acetate in acetic acid. This kind of reaction has been already

reported in the introduction ( Section 1.2 )

The lactone (466) and mercuric acetate in acetic acid were stirred together at

room temperature for 24 h and then refluxed under a nitrogen atmosphere for 6 h.

The reaction of the resulting mixture with sodium cyanoborohydride produced the

unexpected rhazinilam derivative (487), rather than the cimicine derivative (467)

(Scheme 102).

The accurate mass obtained by high resolution mass spectrometry indicated the

formula C19H20N2O3 ( molecular ion at m/z 324 ) with a peak at m/z 265

confirming the loss of CH2CO2H group from the molecular ion. The proton n.m.r.

spectrum of (487) exhibited an AB system corresponding to the two pyrrolic

hydrogens at 6.25 and 5.6 ppm, a singlet resonance was also observed at 7.9 ppm

(NH), and a multiplet owing to the aromatic protons at 7.45 - 7 ppm.

The alkaloid artefact (-) - rhazinilam135a (492) has been isolated by several

authors from a number of different plant species; for example, Rhazya stricta

Decaisne and Melodinus australis135b.

A partial synthesis of rhazinilam (492) was reported by Smith and co -
workers136, starting from (+) - 1,2- dehydroaspidospermidine (397). The latter

was oxidised with m - chloroperbenzoic acid, and then treated with aqueous iron (II)

sulfate. Grob fragmentation of the intermediate (490), generated from the N5 - oxide

(488) by a Polonovski reaction and hydration of the indolenine, gave (491) which



+

<5N

Jr °il o N '0
H

H

( 478 )
( 466 )

N+
N
II <â

*0CO2H

( 479 )
( 484 )

N+
N
II CX CO2H

CO2H - O
HI oi

H H

( 486 )
( 485 )

Hg (OAc)
or air

f/l
s? Nÿ CO2H- O

H

( 487 ) m/z 324

Scheme 102
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was then dehydrogenated to give ( - ) - rhazinilam (492) in about 30% yield ( Scheme

103 ).

%CxCl% H H

( 488 )( 397 )

CXa
■ O

H H

( 489 )( 490 )

ox //1N

> = 0
(CH2)2. N NN

OH° HEt’

( 492 )( 491 )

Scheme 103

Initial studies indicated137 that the oxidation reaction is complex and depend on

the conditions of the reaction; for example, treatment of vincadifformine (5) with an

excess of m - chloroperbenzoic acid in refluxing benzene produced the lactam (493).



98

N'

CCP»m - Q-Cyÿ-COjHHTC'' N 2 >
CH302CVÿ6 OH

4 moles
N‘
H C02CH3

( S ) ( 493 )

Contemporaneously Le Men and Lévy138 suggested that the intermediate (491)

can yield an immonium ion by protonation at C - 7, which can then cyclise to form a

pentacyclic lactam (495). However, only one of the C -7 epimers can cyclise to give

the product (495) whose structure is given in Scheme 104a.

+
N N"

H

5 r~H
V o N'

OH

( 491 ) ( 494 ) a, 7a - H
b,8p-H

AOqP
( 495 )

Scheme 104a

Similarly, Levy and co - workers 139 during their transformation of tabersonine

(6) into (+) - 14, 15 - dehydrovincamine (278c) and (+) - 14, 15 - dehydro, 16 -

epivincamine (278d) ( see section 1.4) under oxidizing conditions ( i.e. m -
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chloroperbenzoic acid in benzene ), followed by reaction with aqueous acetic acid and

triphenylphosphine, isolated a new compound which was assigned the structure

(498a) ( Scheme 104b ). Catalytic reduction ( Pt ) of the intermediate (497) led to

(498a). Hydrolysis and decarboxylation of the ester (498a) gave 16 -

hydroxyrhazinilam (498b).

o_

IV"fox'
N

•OH
C02MeH COjMe

( 496a ) A14, 15( 6 )

I
<y

/ j i
8N

V8 .OH
H CQ2Me

( 497 )

( 278c ) R1 = OH, R2 = C02CH3
( 278d ) R1 - C02CH3, R2 = OH H2/ (PI Adams)

fl
fox'

H R1

( 498a ) R1 = C02CH3. R2 = OH
{ 498b ) R1 - H, R2 = OH

Scheme 104b
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Smith and co - worker1363 have also achieved a total synthesis of rhazinilam.

The key steps were the N - alkylation of 2 - methoxycarbonyl - 4 - ( 2' - nitrophenyl )

pyrrole (499) with 4 - ethyl - 4 - hydroxy - 7 - tosyloxyheptanoic acid y - lactone

(500)130, which on cyclisation gave the indolizine derivative (501). Reduction of the

nitro group in (501) and lactonization with dicyclohexylcarbodiimide in

tetrahydrofuran gave ( ± ) - 5 - methoxycarbonylrhazinilam (502). Hydrolysis and

decarboxylation then gave ( ± ) - rhazinilam (492) in good yield ( Scheme 105 ).

N02

rjL
N C02CH3
H

( 499 )

,o

O“OTs
.0

1iO

( 500 ) ,NO2

n93 N C02CH3
ii. iiin HO. ( 501 )

N II
i O OH R

( 502 ) R = C02CH3
( 492 ) R = H

i. AICI3> CH3N02; ii. R02 / H2 / EtOAc; iii, DCHCD / THF

Scheme 105
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2.4 Approach to the synthesis of vincamine derivatives.

In view of the therapeutic importance141 of vincamine (278a), the major

alkaloidal constituent of Vinca minor L. ( Apocynaceae ) and the fact that this alkaloid

has been successfully obtained from vincadifformine in recent years by several

authors ( section 1.4 ) we took the opportunity to convert the novel alkaloid 19 -

carbethoxy - 19 - demethylvincadifformine (267) into the analogous vincamine (503)

and apovincamine derivatives (504).

CTO, UJ.
MeCty

C02Et C02Et
( 503 ) ( 504 )

First of all, the synthesis of 19 - carbethoxyapovincamine (504) was achieved

in one - pot process from the pentacyclic ester (267), via the chloroindolenine (341a).

Reaction of 19 - carbethoxy - 19 - demethylvincadifformine (267) with N -
chlorosuccinimide in dry trifluoroacetic acid at room temperature for 4 h gave the

corresponding chloroindolenine intermediate. This compound, when refluxed in

trifluoroacetic acid without isolating it, gave the analogous apovincaminate ester (504)

in about 56% yield. Alternatively142, the chloroindolenine could also be obtained by

means oft - butylhypochlorite in dichloromethane.

Because no intermediates were isolated in this transposition, two mechanisms

have been proposed76 (Scheme 106). In the first route (A), the chlorine is eliminated

in the first step whereas in the second route ( B), this is conserved until the end of the
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reaction. However, in both cases, the last step is most likely to undergo a [ 1,5]

sigmatropic shift to form the desired apovincamine (298a)

'N' N
I

nci
CO2R

o N,%N
RO2oÿ\H C02R

( 341a ) ( 341C )( 341b )

B

a
i

gQ.1 .N,
N N'

Cl R(H COzR R(Cl

( 298a ) R = Me
( 298b ) R . Et

Scheme 106

The empirical formula, C23H26N2O4, of (504) indicated by microanalysis was

also confirmed by the mass spectrum, which exhibited a molecular ion at m/z 354.

The u.v. spectrum showed it to be an indole derivative with Xmax at 226, 272, 313

nm. Further structural information was obtained from the infrared spectrum in

chloroform, e.g., the band at 3350 cm~l characteristic for an NH - grouping was

absent, a band at 1720 cnr 1 ( COOEt ) as well as the appearance of two new bands

1638, 1618 cm~l ( COOMe ) suggested extended conjugation in (504). The proton

n.m.r. spectrum showed a singlet at 6.46 ppm attributed to the olefinic proton ( H -
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17 ), a signal owing to the proton H - 21 at 4.29 ppm, the protons of COOCH3 are

shown at 3.94 ppm as a singlet, and the methylene protons of C - 19 at 2.17 (s) ppm.

The CH2 of the ester group is observed as a quartet at 4.17 ppm, the methyl group as

a triplet at 1.28 ppm and the aromatic protons between 7.25 and 7.1 ppm as

multiplets in accord with Csaba Szantay's product (298b) which has valuable

therapeutic properties143. The 13C n.m.r. spectrum displayed twenty - three

resonances which are given in Table IV.

Furthermore, it has been noted that the apovincamine derivative (504) exhibits a

fragmentation behavior which is in satisfactory agreement with those of

ebumamenine (286) and apovincamine (298a) when allowance is made for the

appropriate mass unit increments in (504). The only significant primary

decomposition is apparently the retro Diels - Alder fission of the P - carboline ring

(ring C ), which leads to species a in which the highly activated 16 - 17 bond can

break by homolysis to the aromatic fragment [ M - 70 ]. This ion i>, in turn, can

lose a COOEt radical to give species ç ( Scheme 107 )

The results obtained are very similar to those reported in the literature.

However, Trojanek144 et al. have reported that vincamine (278a) on being heated to

220 °C or by reaction with acetic anhydride lost one molecule of water forming

apovincamine (298a). This compound (298a)145 can also be produced in good yield

by heating vincamine in dry methanol saturated with gaseous hydrogen chloride.
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iUA. UA.N' 'N
HOi

MeQ2CNV k TMeOzC
\

( 278a ) ( 298a )

In view of the reported pharmacological properties of apovincamine ( 298a) and

(+) - apovincaminic acid ethyl ester (298b) ( cavinton or vinpocetine DCI ) as cerebral

antianoxic, we hope that the new alkaloid (504) will have a significant therapeutical

value.

n;~r-COT a II

*5Me Mi M

X02Et X02Et‘C02Et
3 m/z •= 394 b m/z = 324

- CHjCQjEt - QljOOiEi C02Et

£ m/Z = 251n:J ,N. NsN

Mi + Me

m /z = 307 m/z 307
-CH2=NCHJÿ/’ NÿaijNCjHi'

m/z 251m/z 264m/z = 248 m/z = 306

Scheme 107
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Table IV: 13c n.m.r. data of 19 - carbethoxyapovincamine (504), (+) - apovincaminic acid ethyl ester

( cavinton ) (298b), and vincamine (278a).

Carbone N° vincamine (278a )apovincamine deriv. (504) Cavinton ( 298b )

131.4130.93130.332

44.544.813 44.7

50.951.3751.405

16.916.286 16.35

105.9108.51108.977

128.93 128.9128.968

118.05 118.4118.269

121.5120.03120.3210

120.1121.62122.0711

110.2112.52 112.4212

134.1133.8913 134.12

20.820.2820.4214

25.227.2036.815

128.32 81.9127.6616

44.5127.84126.8617

8.68 7.6171.3618

28.828.629.3119

35.137.5739.5220

59.155.5856.3221

174.4163.34163.6422

54.1COaCHg 52.47

61.64CO;>£H2CH3 60.44

14.12C02CH2£H3 14.24

The 13c spectrum of cavinton has not been reported in literature ( sample received from C. Szantay ).
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Meanwhile, the reaction of the diester (267) under oxidative conditions6515 by

means of m - chloroperbenzoic acid ( 2.2 equiv. ) in dry benzene involves an early

key intermediate (505) which was hydrogenated at room temperature and pressure

using 5% palladium on barium sulphate. Treatment of (505) with a mixture of ( 2: 3 )

( v / v ) acetic acid and water produced after 12 h stirring a very polar mixture.

Nevertheless, four products were detected by t 1 c and were found to be the

rhazinilam derivative (507), in which the empirical formula C23H26N2O7 gave a

molecular ion at m/z 442, the Nj, - oxide - hydroxyindolenine (505) ( C23H28N2O6,

m/z 428 ), and the desired vincamine derivative (503) with some trace of recovered

material ( Scheme 108 ).
o
N+''N'

A Ats*CQ2Et m-a-CyÿCOjHH H
N rÿoH

CO2CH3H C02CH3
( 505 )( 267 )

I
N

SA N
> OH
COICH3CH3O2C k

\COzEt ( 506 )

1 Z_
'/a

,C02EtJULA. +

l o |\oH
H C0lMe

N
HO,

iMe02C

( 507 )( 503 )

Scheme 108



n* OCo© - CHjCOOEt

N
HOHO

MsCÿCM0O2C •+

X02Et m/z 325
m/z 324 (-H)m/z 412

20 ]|l5IRDA RDA
- COOF.tt

CoC
HO

Me02C HO

C02Et 0O2Et
m/z 353m/z = 265m/z = 342

-CO-Hp -OH

tt t

CçûGç N

AJ I
M602C

X02EtC02Et
m/z 337m/z = 237m/z = 324

CX£N 1
HO

X02Et
m/z = 251m/z = 282

Scheme 109
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The structure of the vincamine derivative (503) was fully confirmed by mass

spectrometry. The spectrum showed the well established146 fragmentation pattern of

the ebumamine (286) and vincamine (278a) skeleton (Scheme 109 ). The molecular

ion corresponding to the formula, C23H28N2O5, was found at m/z 412.

Recently, Danieli has reported briefly that when vincadifformine (5) is treated

under mild oxidative conditions, which avoid the formation of the N5 - oxide ( i.e.

bubbling a stream of ozone into a 5% w/v solution of vincadifformine (5) in 0.87 N -

H2SO4 - MeOH ( 3 : 1 ) at 60 °C ) the product obtained was a ( 7 : 3 ) mixture of

vincamine and its 16 - epimer ( Scheme 110).

N' N'

T'fZ'' rf'S
N'N

OH
H C02CH3 CO2CH3
( 5 )

I H
.T N

RWI
R2'' t

( 278a ) R1 = OH, R2 = 0O2Me
( 278b ) R1 = C02Me, R2 = OH

Scheme 110

In our hands, this ' one - pot ’ method of converting the pentacyclic diester

(267) into the vincamine analogue (504) resulted in a very polar material which was
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difficult to extract over a range of pH values (basic, neutral ). The solvent polarity is

crucial to the success of the reaction. Changing the solvent to the ethyl acetate, for

example, may give the desired product. Unfortunately, the lack of material (267) did

not allow this rearrangement to be investigated further.
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2.5 Approaches to the synthesis of strictanine (507)

Strictanine (507) was recently isolated by Atta - Ur - Rahman and Sohail

Malik90 from the fruit of Rhazya stricta Decsne which is an indigenous medicinal

plant widely distributed through Western Asia and abundantly found in

Pakistan147-149. This medicinal plant has long been used for the treatment of various

diseases; for example, the anticancer activity of some of the indole alkaloids of the

plant has been reported148-149. However, the structure of (507) was proposed on the

basis of nuclear magnetic resonance spectrometry.

ÛOcÿ H
N iV
I H 'OH OH

H<*HO «H

( 507 ) ( 508 )

We report here the first total synthesis of this compound (507) starting from

(+)-vincadifformine (5) which was previously prepared from tryptamine

hydrochloride ( Scheme 111). This Scheme could also be extended to a synthesis of

spegazzinine (508)150 by choosing the appropriate 7 - hydroxy - tryptamine.

Kuehne32-33-35 and his co - workers have elegantly synthesized

vincadifformine (5) through a secodine intermediate (150) in only three steps with

60% overall yield from the readily available tryptamine hydrochloride (151a).

Condensation of (151a) with methyl pyruvate in dry methanol gave the a -

carbomethoxy - a - methyltetrahydro - p - carboline ester (152b), which on reaction

with the appropriate chloroaldehyde (156) in toluene produced the spiroenammonium



CHjCOCOjMe Iin NHNH2, HC1 NN C02Me<
HH

( 152b )
( 151a )

ClCHO

( 156 )

O'
U

LAr NLà 2 moles peradde
* I HH

* NN
OH H C02MeC02Me

( 5 )( 496b )

I OH
2 H*

Oo
/'N'LAAHL.àOd H3UH N

2»
Oÿ'CT-H

i H OHH

( 51« )( 509 )

* O

AN'LA/"NLA
H*H

NN
H OH O

( 511 )( 512 )

I



/ ïN
O,.aV

HH
N >N • HH OCHOH OH CHO

( 514a ) 16(3. OCHO
( 514b ) 16a, OCHO

( 513a ) 16(3, OH
( 513b ) 16a, OH

1
AN
O'.

HH +
N •N ' H 'I “CHO CHO OHOH

( 507 )( 515 )

Scheme 111
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intermediate (149), generated by enamine formation and intramolecular

quatemization. It was reported that this intermediate undergoes fragmentation to

produce the transient secodine intermediate (150 ), which undergoes spontaneous

biomimetic cyclisation to give vincadifformine (5) ( Scheme 112).

crGçQ.
H '

5 1 N +( 156 ) NC02Me H >2Me
( 149 )( 152b )

1
ü N

1H
NN

H C02Me H COzMe

( 5 ) ( 150 )

Scheme 112

Although the preparation of the required 5 - chloro - 2 - ethylpentanal (156)

used in this synthesis was not described by Kuehne33, it could be obtained most

directly by alkylation of the lithium salt of an imine derivative of butyraldéhyde (155)

with 1 - bromo - 3 - chloropropane. Thus, condensation of cyclohexylamine and

butyraldéhyde gave the corresponding aldimine in 68% yield as a colourless oil.

Such aldimines151 are conveniently metallated at the position a to the functional

group, by using a very powerful base, i.e. activated lithium diethylamide generated in

situ from lithium and a secondary amine in benzene/hexamethylphosphoramide. The

anion obtained is alkylated with 1 - bromo - 3 - chloropropane to give, after aqueous



Ill

acid hydrolysis, the desired chloroaldehyde (156) in about 80% yield as a colourless

oil ( b.p. 100 °C/0.5 mm Hg ). The i.r. spectrum showed two distinct absorptions at

vmax 1720 cm4 and 650 cm1 corresponding to the aldehydic group and the C - Cl

bond respectively, while the n.m.r. spectrum showed that the formyl group resonated

as a doublet at 9.5 ppm.

CHO

* GCl Br •Cl
N -CH— ClVCHj

( 155 ) ( 156 )

The aldimine (155) was obtained by condensation of cyclohexylamine and

butyraldéhyde according to the general procedure used by Thiollais152.

Reaction of the a - carbomethoxy - a - methyltetrahydro - P - carboline (152b),

prepared already from the condensation of tryptamine hydrochloride and methyl

pyruvate in dry methanol, with the readily available chloroaldehyde (156) in refluxing

toluene under nitrogen with a Dean Stark water separator proceeded smoothly and

was judged to be complete after 120 h. Diazobicycloundecene (DBU) was added to

the reaction mixture after 100 h in order to help the Hofmann fragmentation to form

the secodine intermediate (150). Separation by careful chromatography gave the

desired vincadifformine as a colourless crystalline solid, m.p. 125 °C, in 81% yield.

The u.v. spectrum showed maxima at 222, 296, 324 nm, identical with those

reported for natural vincadifformine153. The microanalysis gave the required

formula, C21H26N2O2, which was confirmed by mass spectrometry. The

molecular ion was found at m/z 338 and the major fragment at m/z 124. The
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fragmentation occurred by a type of retro Diels - Alder decomposition of ring C

followed by homolysis of its C - 5, C - 6 bond as for the aspidospermine - type

skeleton ( Scheme 113).

N
6

NN
HH C02Me

( 5 )

OÿÇN
H C02Me

mjz 214I mjz 124

N
H C02Me

m/z 308

Scheme 113

In the proton n.m.r., the most characteristic signals were a methoxy group at

3.75 ppm, four aromatic protons at 7.2 - 6.5 ppm, an NH proton at 8.9 ppm and a
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triplet at 0.6 ppm, corresponding to the protons of the C - 18 atom. The 13C n.m.r.

gave 21 absorptions and are listed in Table V.

Two methods were investigated concurrently towards the synthesis of the

Aspidosperma alkaloid strictanine (507) ( Na - Formyl - 16a -

hydroxyaspidospermidine ). It was hoped that the use of the readily available ( ± ) -
vincadifformine in the planned synthetic scheme 114 would allow this synthesis to be

completed.

£l £l
H2S04/Me0[H H

ZnN ? H
H COzMe H COjMe

( 517 )( 5 )

DMAP

Cl//)ÿ VT £iCorey r“H H
N N <

■ H
Ac Ac C02Me'O

( 522 )

B. Villiger

£l a
H H

N
Ac ÔH

N
CHO 6H

( 507 )

Scheme 114



114

First, reduction of ( ± ) - vincadifformine ( 5 ) with zinc and 10% absolute

methanolic sulphuric acid under reflux for 30 minutes produced racemic

dihydrovincadifformine (517) as a colourless oil in 92% yield. However, none of the

other stereoisomer was detected.

CX £i
H2S04/Mc0H nH H

N a N '
H » H C°'M'H COzMe

( 517 )( 5 )

The u.v. spectrum showed absorption at kmax 207, 244, 298 nm, typical of

dihydroindole derivatives, and the mass spectrum indicated a molecular weight of 340

in agreement with an empirical formula, C2lH28N202- The most abundant

fragment ion in the mass spectrum of dihydrovincadifformine was found at m/z 124

as well as the expected peak at m/z 254 owing to the loss of methyl acrylate (Scheme

115 ).
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5
N

6
- 012=0100201 1'c1

NN
HH COzMe
m/z 254

( 517 )

5 ||6

CH2CH2Ccr Ct?
HH

m/z 144 m/z 130 m/z 124

Scheme 115

In the n.m.r. spectrum, the signals of H -2 and H - 16 in (517) appeared at 3.97

( d, J = 2Hz ) and 3.92 ppm ( m ), respectively. The stereochemistry of the

carbomethoxy group was determined by the smaller coupling constant of H - 2. This

suggest a cis configuration of proton at C -2 and C - 16. On the other hand, the

stereochemistry at the chiral position of the carbomethoxy group was determined by

analogy with the assigned structure of 2pH, 16pH - dihydrotabersonine (519),

obtained by Le Men and co - workers63 from the reduction of the indoleninium ion

(518) by zinc - sulphuric acid ( Scheme 116).
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Tfi''
N
H C02Me C02Me

( 518 )( 6 )

Tfi'J
? H H
H C02Me

( 519 )
(517) 14. 15 - dihydro

Scheme 116

Alternatively, reduction of (-) - vincadifformine with zinc in acetic acid gave

also the 2(3H, 16(3H dihydroderivative (517) in low yield.

Akuammicine (520)154 was also quantitatively reduced by zinc and methanolic

sulphuric acid to afford the dihydro derivative (521), in which the akuammicine

ultraviolet absorption, with Xmax at 329 nm has been replaced by absorption

characteristic of an indoline base. Protonation at the (3 - face allowed the

methoxycarbonyl group to take up the thermodynamically more stable equatorial

configuration, ring C being in the boat conformation. Reduction again at the (3 - face

of C - 2 gave (521) in which the B/C ring junction is the more stable cis - form and

rings C and D have chair conformations. This forces the methoxy carbonyl group
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into an axial orientation ( Scheme 117).

N-HN
D

C

N
H C02Me

( 520 )

H d02Me
( 521 )

Scheme 117

Reaction now of the 2, 16 - dihydrovincadifformine (517) with acetic anhydride

in dry pyridine at 40 °C resulted in high recovery of starting material. However, this

was not the case in the acylation of 19 - methoxycarbonyl - 19 -

demethylaspidospermidine (272) achieved by Saxton and co - worker57.

ClC02Me AcÿCVPy ,C02Me3 H
51%1« ** Pi

Ac

( 269 )( 272 )

However, treatment of (517) with acetic anhydride in the presence of N, N -

dimethylaminopyridine ( DMAP ) at room temperature afforded after 12 h stirring the

desired compound (522) ( 25% ) together with an unknown compound in the ratio

(1:2), respectively.
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a ü
H H

Ni N'T>r
i H I

Ac C02MeC02Me

( 522 )( 517 )

The less polar product ( m.p. 172 - 173 °C ), obtained in 49% yield, was not

fully identified ( fig.l - 4 ). Its empirical formula C25H32N2O4 indicated by

microanalysis was also confirmed by the mass spectrum which exhibited a molecular

ion at m/z 424 ( 37.7% ). The u.v. spectrum gave absorption at 206, 246, 276,

288 nm. In the infrared spectrum the bands at 3350 cm1, 1720 characteristic for an

NH grouping and a carbethoxy group, respectively are absent. However, two new

bands appeared at 2780 and 1690 cm-1. The proton n.m.r. showed a doublet (J: 7.5

Hz ) at 8.16 ppm which could be attributed to the C -12 proton, a multiplet owing to

two aromatic protons at 7.26 ppm and a triplet at 7.1 ppm ( J: 7 Hz, 9 - H ), a broad

singlet corresponding to one hydrogen was seen at 4.5 ppm, the protons of the

carbomethoxy group are shown at 3.75 ppm as an intense peak, and a triplet at 0.35

ppm corresponding to the C - 18 methyl group. The 13C spectrum showed 25

absorptions in which three absorptions at 72.87, 60.30, and 14.4 ppm are still not

attributed ( Table V ).

Compound (522) exhibited the characteristic absorptions of a methoxycarbonyl

group ( vmax 1720 cm 1 ) and an acetyl group at ( 1630 cm1 ) in its i.r. spectrum.

The u.v. spectrum showed maxima at 208, 250, 280, 288, and 302 ( sh ). The mass

spectrum exhibited a molecular ion at m/z 382 and a fragmentation peak due to the
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!3C n.m.r. chemical shifts obtained on (±) - vincadifformine (5), 2, 16 - dihydrovincadifformine
(517), N, - acetyl - 2, 16 - dihydrovincadifformine (522), and by - product of (522).

Table V:

( 5 ) ( 517 ) by - product( 522)Carbone N°

2 167.61 67.33 67.12 67.75

51.69 52.42 52.63 52.47

52.8350.56 52.4 52.115

40.5845.1 43.22 41.36

51.77 51.657 55.42 53.47

135 138.09137.77 1418

124.7120.99 124.39 123.21

122.57 123.2210 120.43 118.21

127.5111 127 127.9127.36

108.89 116.18 117.5712 109.23

142.59150 141.54143.1713

20.2321.3814 22.1022.02

34.633.75 34.2215 32.08

44.7392.52 39.14 39.6416

34.0017 33.93 33.725.57

7.667.09 7.2818 7.74

30.328.36 30.419 29.31

36.33 35.0938.08 3420

72.4 73.875.3272.521

176.2 not recorded169.0522 176.6

51.951.6CO?£H3 51.550.9

165.4165.8£OCH3
22.08 27.69CO£H3

* Three absorptions at 72.87, 60.3, and 14.4 ppm corresponding to the by - product

are still not attributed.
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The alternative route by which the strictanine compound (507) might eventually

be synthesised is outlined in Scheme (111).

The existing literature64’65 method for the conversion of the readily available

(±) - vincadifformine into the key intermediate 16 - hydroxyindolenine (294) showed

that the latter compound is particularly unstable and rearranges to give a mixture of

vincamine (298a) and 16 - epivincamine (298b); for example, reaction of

vincadifformine with ozone under acid catalysis is reported to produce the 1,2-

dehydro - 16 - hydroxyvincadifformine (294), which undergoes a rearrangement to

give vincamine (298a) and its 16 - epivincamine (298b).

'N'N'

C02Me

UA.
RVVN

H COjMe TRÿ'

( 298a ) R1 = OH, R2 = C02Me
( 298b ) R1 = C02Me, R2 = OH

( 5 ) ( 294 )

This transformation could also be realised by dye - sensitized photo -

oxygenation of ( - ) - vincadifformine77 in the presence of Rose Bengal and sodium

thiosulphate as reducing agent to give 16 - hydroxyindolenine (294), vincamine, and

16 - epivincamine.

However, when ( ± ) - vincadifformine (5) was irradiated in a methanolic

solution of Rose Bengal for 1 h between 20 - 30 °C using two 150 w tungsten lamps

in the presence of oxygen only 30% yield of the desired compound (294) was

obtained. The other product was mainly recovered starting material. The lower yield
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is undoubtedly due to the use of different size of lamp. Such photoxidations of

enamines through singlet oxygen might proceed by electron transfer from the donor

vincadifformine (5) to 102 to give a radical cation - superoxide anion pair

[(5)+*Q '*] or charge - transfer ( C T ) complex. Recombination of the ion pair

might give the dioxetan (523) followed by retrocycloaddition to the hydroperoxide

(524). Reduction either photochemically or by intramolecular interactions gives the

corresponding hydroxy compound (294) ( Scheme 118).

N' 'N'

no *
i OJÿCOjMe
H O 2

[ (5)+ " on
7 hv

H COzMe
N

( 523 )( 5 )

N'N'

oz''C°2MevOH

Vfi"'
N*

COzMe

( 294 )( 524 )

Scheme 118

Le Men and co - workers64 also achieved this conversion in vitro through a

multi - step procedure involving the prior oxidation with peroxy - acids to the 16 -

hydroxy -1,2- dehydrovincadifformine Njj - oxide (295) in which the 1% centre

was blocked to avoid the spontaneous rearrangement to vincamine (298a) ( Scheme

119).



O'
1+
NN

00 5KH P - rülroperbenzoic acid
-*ÿ

N r-ÿH
CO2CH3H COJCHJ

( 295 )( S )

t
N

H= NN
CH3O2( &N£HO 'OH

COjMe

T
I HI H= N = N

H N
HO

CH302e'£ £CH3O2(
O

( 278a ) 16p - OH, vincamine
( 278b ) 16a - OH, 16 - epivincamine

Scheme 119
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It was then found that oxidation of 1, 2 - dehydroaspidospermidine (525) with

j) - nitroperbenzoic acid occurred on the tautomeric form to give the 16 -
hydroxyindolenine - oxide (526).

O'
L

N NN

ÎK3
NNN

OHH

( 526 )( 525 )

Consequently, the 16 - hydroxyindolenine - oxide (496b) was converted

into 16 - oxoaspidospermidine Nÿ, - oxide (511) according to Le Men's procedure155.

Reaction of vincadifformine with m - chloroperbenzoic acid in dry benzene gave after

evaporation of the solvent a variable yield of 16 - hydroxyindolenine N5 - oxide

derivative (496b). However, an essentially quantitative yield of (496b) was obtained

when vincadifformine was treated with 3 equivalents of m - chloroperbenzoic acid in

the dark for 36 h under a nitrogen atmosphere. The solvent was removed under

reduced pressure ( tÿ* < 40 °C ).

o'

dÜ
HH

~OH
t02MeH C02Me

( 5 ) ( 496b )



O'
kANLA N

I HH
NN |TOH

t02MeH COzMe

( 5 ) ( 496b )

t
O' O

AH'LA
i*.ANLA(X HH

•S'
+N

OHi
H 0"CÿHH OH

( 509 )( 510 )

t
O
k
N

Cc, H

H
OH

( 511 )

Scheme 120
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The molecular ion was observed at m/z 370 in agreement with the empirical formula,

C21ÿ26ÿ204» which was also supported by microanalysis. The u.v. spectrum in

methanol gave maxima at 223, 270 nm and the i.r. spectrum indicated a non -

conjugated ester (1738 cm-1 ) ( contrast the absorption in the starting material at vmax
1670 and 1610 cm-1 ), and a hydroxy group at 3450 cm1. The proton n.m.r.

spectrum showed a multiplet at 8 ppm (OH), a doublet owing to the C - 9 proton at

7.6 ppm, a multiplet at 7.5 - 7.1 ( 3 Ar - H ), the methoxy carbonyl methyl group at

3.95 ppm, and the methyl group ( C - 18 ) as a triplet at 0.5 ppm.

Subsequently, hydrolysis with 1.25M sodium hydroxide solution, followed by

decarboxylation under acidic conditions ( pH = 1 ) at 100 °C for 20 min, produced the

desired product (511) as a yellow amorphous solid in 98% yield ( Scheme 120 ).

The presence of the carbonyl function in (511) was confirmed by the long

wavelength absorption observed in the u.v. spectrum ( kmax 218, 243 (sh), 300 nm )

typical of an indolinic compound and by the absorption in the i.r. spectrum at 1720

cm'1 ( CO ). The molecular ion in the mass spectrum was observed at m/z 312 and

was consistent with the molecular formula C19H24N2O2.

Attempts to reduce the N - oxide group with palladium - hydrogen gave a low

yield ( 32% ) of ( 512 ), whereas Adams' catalyst ( Pt02 ) and hydrogen at

atmospheric pressure afforded a good yield ( 80% ).
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O

& LX
H H

N
H O H O

( 511 ) ( 512 )

The u.v. spectrum of (512) showed absorption at A.max 210, 240, 292 nm,

indicative of the nature of the chromophore. The i. r. spectrum showed the presence

of a carbonyl group ( vmax 1720 cm1 ), and the n.m.r. spectrum exhibited signals at

Ô: 7.22 - 6.8 ppm as a multiplet corresponding to 4 aromatic protons, a singlet at 4.9

ppm which exchanges with DjO ( NH ), and a triplet at 0.7 ppm ( 3H, C - 18 ). The

molecular ion in the mass spectrum appeared at m/z 296, as expected for

C19H24N2O. However, the major fragment was not at m/z 124 as for

vincadifformine and its derivatives. Instead, the molecule exhibits a M - 28 peak at

m/z 268 and shows its most intense peak at m/z = 138, which is also observed in the

16-dehydrospegazzinidine dimethyl ether (527)150 fragmentation pattern ( Scheme

121 ).

A'N'ST
7

7 //21 1 •CH2-CO

Àc o
CH30'

AcCH3O

J( 527 )

CH2 aw
CH3o Ac

CH3O

m/z 138

Scheme 121
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Consequently, the retro Diels - Alder fragmentation is less important in

compounds such as (512) with a carbonyl group at C - 16 which thus alters the

typical aspidospermine mass spectral fragmentation. The molecular ion decomposes

by expulsion of carbon monoxide to give b ( m/z = 268 ). Subsequent fission of the

C - 5, C - 6 bond therefore produces not the anticipated ion at m/z 124, but rather the

ion ç ( m/z 138, 100% ) as major fragment ( Scheme 122 ).

rrN

7 //21% B j-CO
N

H O H

b, m/z 268( 512 )

t I+• aN

4 m/z 268 m/z 124 (18.1%) Ç, m/z 138 (100%)

H
N

CH2III (XTN+
]

N
HH

m/z 110 m/z 130m/z 239

Scheme 122

16 - Oxoaspidospermidine (512), when subjected to reduction with sodium

borohydride in ethanol, followed by heating, gave a mixture of C - 16 epimers,
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which were separated by column chromatography on Kieselgel G using chloroform -

methanol ( 9: 1 ) as eluent ( Scheme 123 ).

Ll LALA'NaBH,H HH
N 1 „
AHo ? HjfoH

H H
■ H '/OHH H

( S12 ) ( 513b )( 513a )

Scheme 123

The major product ( less polar ), 16a - H, 16(3 - OH aspidospermidine (513a)

(72.5%), obtained as colourless plates m.p. 55 °C, exhibited absorptions in its u.v.

spectrum at Àmax 212, 244, 300 nm . The mass spectrum gave the molecular ion

peak at m/z 298 {5.1%) in agreement with an empirical formula, C19H26N2O
which was also confirmed by microanalysis, and the base peak was observed at m/z

124 (100%). The ion b ( Scheme 124 ) is observed at m/z 254 ( 8.7% ). The i.r.

spectrum exhibited absorption at 3420 cm4 (OH) and 1600 cm1 ( NH indolic ). The

exact nature of this substituent was deduced from the n.m.r. which exhibited signals

clearly indicating that the coupling constant ( J = 4 Hz ) of H - 2 ( d, 3.77 ppm ) and

H - 16 ( m, 4.85 ppm ) is compatible with a cis configuration ( 2a - H, 16a - H )

Irradiation of 16 - H gave C - 2 as a singlet at 3.75 ppm. Therefore the configuration

of the hydroxyl group is p. The 13C spectrum showed nineteen resonances with the

C - 16 atom giving rise to the resonance at S 67.65 ppm.
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N
II

CH2=CHOH y16,
N N

HH OH

b,m/z 254
( 513a,b )

I
+VN

HO'
m/z 124 m/z 168

Scheme 124

The more polar product ( 12.5% ) was found to be epimeric at C - 16 and was

compared with that also obtained by le Men et al 155from the reduction of 16 -
acetoxyaspidospermidine (529) with lithium aluminium hydride, a product of known

absolute configuration ( Scheme 125 ).
'N' 'N

(CHjCOÿPbTf"'%5 benzene
N

( 528 )

NaCNBHj/AcOH

'N' N'

T&' %

Y H -ÿOCOCH,
H n

LiAlH4i
V H

N'OH
H fi

ent ( - ) ( 513b ) ( 529 )

Scheme 125
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The infrared spectrum showed absorption at 3400 cm1 ( OH ) and the mass

spectrum indicated a molecular weight of 298 in agreement with the empirical

formula, C19H26N2O. The most abundant ion fragment in the mass spectrum of

(513b) was found at m/z 124. The fragmentation pattern is given in Scheme 124.

The ion b is formed by the loss of CH2=CHOH group.

Reaction of 16 (5 - hydroxyaspidospermidine (513a) with formic acid and acetic

anhydride afforded the N, O - diformyl derivative (514a) ( 90% yield ) as colourless

plates, m.p. 70 - 72 °C ( Scheme 126 ). The infrared spectrum indicated the presence

of two characteristic absorptions at V 1720 (OCHO) and 1670 cm1 ( NCHO ), with

no free NH group, and the u.v. spectrum showed absorption at Xmax 210, 250, 282,

and 290 nm. Its molecular formula according to analysis is C21H26N2O3 which

was also proven by mass spectrometry with a molecular ion peak at m/z 354. The

major peak was observed at m/z 124 ( 100% ). In the n.m.r. spectrum, the two

singlets which correspond to the two formyl functions ( OCHO ) and ( NCHO ) were

observed at 8.9 and 8.6 ppm respectively. The peak at 7.9 ppm ( dd, J: 9.3 and 18

Hz ) was attributed to the C - 12 hydrogen, the same as that in the N, O - diacetate

(530)77 at 7.9 ppm ( dd, J: 8 and 1Hz, 12 - H ) except for the coupling constants,

which arc different. The H - 16 and H - 2 protons were shifted downfield to 5.75

ppm ( m ) and 4.6 ( d ), respectively. In the 13C n.m.r. spectrum twenty one

resonances was observed. The data are reported in Table VI for comparison.
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ù a
H H

N ' >. H ~OH
H H

N ■

1 OCHO
CHO H

( 513a ) ( 514a )

t
ClN

12 , H i*OAc
Ac CCÿMe

( 530 )

H

. H î* OH
CHO H

( 515 )

Scheme 126

Sodium carbonate solution was added to a solution of the diformyl compound

(514a) in methanol. The resulting mixture was stirred for 15 minutes. After work¬

up, the reaction produced the desired product, Na - formyl 16p -
hydroxyaspidospermidine (515) in 98% yield ( m.p. 66 - 68 °C ).

The spectroscopic data suggested that the correct relative stereochemistry had

been obtained. In the i.r. spectrum a broad absorption was seen at 3400 cm'1 ( OH )

and a strong absorption at 1680 cm*1 which was assigned to the Na - formyl group.

The u.v. spectrum in methanol is found to be essentially identical to that reported by

Atta - Ur - Rahman147 for the alkaloid strictanine. The mass spectrum shows the

anticipated fragmentation pattern ( Scheme 127 ).
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The molecular ion at m/z 326 is in agreement with the molecular formula,

C20H26N2O2> wÿich was also confirmed by microanalysis. In the proton n.m.r.

spectrum the N - formyl proton ( NCHO ) was seen as two singlets ( intensity 7: 1 )

at 9 and 8.72 ppm respectively. Saturation of one peak showed that the other has

gone. This is due probably to the effect of restricted rotation of the formyl group.

The H - 12 proton was observed as a doublet at 8.03 ppm, the aromatic protons at

7.2 - 7 ppm and the H - 2 proton was seen as a doublet at 4.15 ppm with a coupling

constant J = 4.6 Hz which suggests a cis relationship between the protons at

positions 2 and 16. A broad singlet at 5 ppm was attributed to the H - 16 proton and

a triplet at 0.55 ppm corresponded to the methyl protons of C -18. In the 13C

spectrum, 20 resonances were recorded. These are given in Table VI.

The more polar alcohol (513b) was reacted with formic acid and acetic

anhydride at 0 °C for 18 h as for the less polar one (513a). However, the produced

N, O - diformyl compound (514b) was not isolated but directly converted into the

corresponding Na - formyl - 16 - hydroxyaspidospermidine (507). This gave a clear,

yellow oil in 77% yield, which was purified by preparative chromatography

(Kieselgel G) using dichloromethane - methanol 5%. The spectroscopic data (u.v.

and mass ) obtained on this material were found to be essentially identical to those

reported by Atta - Ur - Rahman and S. Malik90 as well as to those of the less polar

compound (515). However, the n.m.r. showed that the Na - formyl proton

resonated again as two singlets, at 9 and 8.6 ppm, whereas Atta - Ur - Rahman

reported only one signal for the NCHO group at 8.58 ppm as one singlet. The C -2

proton exhibited a signal as a doublet at 4.37ppm ( J2 16 = 7.5 Hz ), against 4.05

ppm ( Atta - Ur - Rahman ) showing trans diaxial coupling with C - 16 hydrogen

(hie = 7.03 Hz).
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The published data are incomplete, and Atta - Ur - Rahman has been unable to

furnish any more information, particularly the 13C spectrum. In fact his conclusion

was suggested by comparing with the n.m.r. spectrum of spegazzinidine (531) which

showed a coupling constant of 8 Hz involving the axial protons at C - 2 and C -16

and therefore an equatorial C - 16 hydroxy group. The stereochemistry of the proton

at C - 2 in (507) was related chemically to ( - ) aspidospermine (2) ( Scheme 128 ).

Û Û%1 H H

y H H
H OH CH8 OHH

( 513b ) ( 507 )

Û ù
H H

HO'
Ac H OH

N 1

Ac*OH OMe

( 531 )
( 2 )

Scheme 128

Le Men reported155 that the configuration of ent (-) - 16 - oxoaspidospermidine

(512) is 2p - H according to the curve given by circular dichroism and also by

correlation with products containing the vincadifformine skeleton ( Scheme 129 ).

The coupling constant of the proton at C -2 in the structure ent (513a) is compatible

with 2p - H configuration ( J = 4 Hz ) as it is for all the structures (533), (529), ent

(513b), and (534) which have the configuration 2p-H.
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Tabic VI: 13C n.m.r. daia for 16)1 - hydroxyaspidospermidine (513a), Na - formyl 16p - formyloxy -
aspidospermidine (514a), striclanine (507), and its 16 - epimer (515).

( 513a ) ( 514a ) ( 515)Carbone N° ( 507 )

71.392 71.01 71.8470.14

53.43 53.15 53.32 52.9

52.645 52.49 51.89 52.47

42.236 43 44.11 41.26

647 54.1 65.2366.4

138.68 138.46136.01 138

123.529 123 123.17 124.15

116(w)10 116.15118.4 116

125.4311 127.61 124.79 125.11

110.5412 109.26 109.05 109.66

14213 150.35 140.97 142.23

21.3814 22.10 21.57 21.86

32.7815 32.7634.7 33.62

127.8616 67.65 127.81 128.02

31.3017 35.97 34.84 35.46

6.818 7.75 7.12 7.58

34.3134.23 32.1519 34.35

36.7420 35.0436.11 35.79

73.8521 74.49 71.05 74.09

160.2N£HO 160.18 159.82

0£HO 160.05



SECTIONÿEXPERIMENTAL



134

EXPERIMENTAL

Melting points are uncorrected and were determined on a Kofler hot - stage

apparatus.

Infra - red spectra were obtained on either a Perkin - Elmer 1420 or 1310

spectrophotometer using chloroform as solvent unless otherwise stated. Solution

spectra were recorded in NaCl cells of 0.5 mml path lengh. Signals are denoted as :

w, weak signal, m, medium intensity, and s, strong intensity.

Ultra - violet absorption spectra were obtained on a Unicam PU 8800

spectrometer and refer to solutions in ethanol or methanol.

Proton nuclear magnetic resonance spectra were recorded on either a Jeol

FX90Q Fourier transformer instrument at 90 MHz, a QE 300 Automated NMR at 300

MHz, or a Bruker A.M.400 spectrometer at 400 MHz. All nmr spectra were recorded

in deuteriochloroform ( CDCI3 ), and chemical shifts are expressed in p.p.m. ( 5 )

downfield from internal tetramethylsilane ( SiMe4 ) unless otherwise stated. The

following abbreviation were used: s, singlet, d, doublet, t, triplet, q, quartet, and br,

for a broadened signal.

13C n.m.r spectra were obtained at 100 MHz from a Bruker A.M.400 pulsed

Fourier - transformer.

Mass spectra ( low resolution ) were measured on a Kratos MS25 instrument

and accurate mass on a AEI. MS950 spectrometer.
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Chromatography refers to chromatography on Kieselgel G 60 ( Merck 7731 ).

All the eluents used are GPR solvents.

Preparative layer chromatography was conducted on pre - coated 2 mml ( Merck

5717) silica plates G 60 F254.

Thin layer chromatography ( t.l.c ) was performed on commercially available

0.25 mm thick layers of silica gel G 60 F254 ( Merck 5714 ) glass plates. The plates

were visualised by fluorescence under uv light at 254 nm, then by iodine. Ceric

ammonium nitrate solution in 2M sulphuric acid was also used in some cases.

All solvents were purifued by standard procedures before use. Anhydrous THF

was freshly distilled from sodium - benzophenone ketyl under nitrogen. Dry ether

was prepared from the stabilized GPR grade solvent by refluxing over and

subsequent distillation from sodium wire. Methanol and ethanol were distilled from

magnesium methoxide.

Photo - irradiation was performed by means of an OSRAM concentra ( 2 x

150W ) at 20 °C ( water cooling ) with oxygen gas bubbled through the solution.

All reactions were conducted under a dry oxygen - free nitrogen atmosphere

unless otherwise specified.
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2.1 APPROACHES TO THE SYNTHESIS OF ALALAKINE

2.1.1Model study: Synthesis of Na - methyl - 19 - carbethoxy - 19 -
demethylvincadifformine (390)

Propargyl tetrahydropyranyl ether (257)

This was carried out according to the method of Montijn and co - workers58.

To a solution of 2, 3 - dihydropyran ( 101.4 g, 1.2 mol ) and p.-
toluenesulphonic acid ( 10 mg ) freshly distilled propargyl alcohol ( 56 g, 1 mol ) was
added dropwise, with stirring, at such a rate that the temperature of the reaction
mixture did not exceed 65 °C. Stirring was continued for 10 minutes after the addition,
then 5% aqueous potassium hydroxide solution ( 25 ml ) was added with vigorous
stirring, and the aqueous layer was extracted once with ether ( 30 ml ). The organic
layer was separated, dried with anhydrous potassium carbonate, and concentrated
under reduced pressure. The residue was distilled to give propargyl tetrahydropyranyl
ether (257) ( 126 g, 90% ) as a colourless liquid, b. p. 94 - 98 °C / 20 mm Hg ( lit.,58

71 - 74 °C / 12 mm Hg ); vmax ( neat ) 3280 ( H-Cÿ ), 2920 - 2840, 2110 ( -CÿC- ),

1440, 1380, 1350,1260, 1200, and 900 carh SH ( CDC13 , 90 MHz ) 4.85 ( 1H, br

s ), 4.25 ( 2H, d, J: 2 Hz ), 3.9 ( 2H, m ), 3.6 ( 2H, m ), 2.5 ( 1H, m ), and 1.5 -
1.8 ( 6H, m ).

6 - Chlorohex - 2 - yn - 1 - ol tetrahydropyanyl ether (258)

OTHP
Cl
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This was prepared according to the procedure of J. P. Brennan57.

1.6 M n-Butyl - lithium in hexane solution ( 56.6 ml, 90 mmol ) was added by
syringe to a stirred solution of propargyl tetrahydropyranyl ether ( 12.5, 90 mmol ) in
tetrahydrofuran ( 100 ml ), cooled to - 5 °C. The resulting mixture was stirred for 1 h
at - 5 °C and then transferred by syringe to a solution of 1 - bromo - 3 -

chloropropane ( 15.7 g, 0.1 mol ) in tetrahydrofuran ( 15 ml ), cooled to - 40 0 C.
The reaction mixture was stirred at - 40 °C for a further 1 h and then heated to reflux
for 20 h. The solution was evaporated under reduced pressure, then taken up in ether,
washed with water, brine, and dried over magnesium sulphate.The solvent was
removed, and the residue distilled, which gave 6 - chlorohex - 2 - yn - 1 - ol
tetrahydropyranyl ether (258) ( 15.55 g, 79.43% ) as a colourless oil, b. p. 140 °C /

0.4 mm Hg ( lit.,57 110 - 115 °C / 0.3 mm Hg ); vmax ( CHCI3 ) 3000 - 2840, 2220

(-C=C- ), and 1140 cm'1; 5H (CDCI3, 90 MHz ) 4.8 ( 1H, br t ), 4.24 ( 2H, m,

-CH2- ), 3.7 ( 2H, m, -CH2- ), 3.64 ( 2H, t, J: 6Hz , -CH2C1 ), 2.42 ( 2H, m,

-CH2- ), 1.96 ( 2H, m, -CH2- ) and 1.16 ( 6H, m ).

6 - Chlorohex - 2 - en - 1 - ol (260)

H H

X,
C1(CH2)i CH2OR

R = THP

R = H

A solution of 6 - chlorohex - 2 - yn - 1 - ol tetrahydropyranyl ether (258)( 5.91
g, 27 mmol ) in methanol ( 150 ml ) was hydrogenated at room tempertaure and
pressure using 5% palladium on calcium carbonate ( 100 mg ) as catalyst. After
absorption of one molar equivalent of hydrogen, the catalyst was removed by
filtration through a pad of Celite. p - Toluenesulphonic acid ( 250 mg ) was added to

the filtrate and the solution was heated at reflux for 2 h. Removal of the solvent under
reduced pressure gave a pale yellow oily residue which was purified by
chromatography on Kieselgel G ( 70 g ), using petroleum ether ( b. p. 40 - 60 °C ) -
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ether ( 20% ) as eluent. 6 - Chlorohex 2 - en - 1 - ol ( 3.30 g, 90% ) was obtained as

a colourless oil ( lit.,57 b. p. 70 - 72 °C / 0.3 mm Hg ); vmax ( neat ) 3400 ( OH ),

3010 - 2810, 1660 ( double bond ), 1445, 1025, 975, 725, and 650 cm'1; SH
(CDC13 , 90 MHz) 5.6 ( 2H, m ), 4.22 ( 2H, d, J: 6 Hz ), 3.54 ( 2H, t, J: 6 Hz,

-CH2C1 ), 3.1 (1H, s, exchanges with D20, OH ), 2.25 ( 2H, q, J: 6 Hz ), 1.85
(2H, m).

Ethyl 3 - vinyl - 6 - chlorohexanoate (262)

Cl .COOEt

A stirred mixture of 6 - chlorohex - 2 - en - 1- ol (260) ( 5 g, 36.7 mmol ),
triethyl orthoacetate ( 42.2 g, 0.26 mol ), and propionic acid (0.165 g, 2.25 mmol )
was heated at 130 °C for 3 h. The ethanol produced during the reaction was distilled
from the reaction mixture and the excess of triethyl orthoacetate removed under
reduced pressure. The residue was stirred at 145 °C for 14 h. Distillation of the crude
oil under reduced pressure gave ethyl 3 - vinyl - 6 - chlorohexanoate ( 4.67 g, 61%
yield ) as a colourless oil, b. p. 70 °C / 0.3 mm Hg ( lit.,57 b. p. 95 - 100 / 0.5 mm
Hg ) ( Found: C, 58.4; H, 8.1; Cl, 17.1. C10H17O2Cl requires C, 58.7; H, 8.31;

Q, 17.1 ); vmax ( neat ) 3080, 3000 - 2850, 1900 ( w ), 1737 ( s ), 1640 ( w ), 1448,

1370, 1030 - 1070, 920, and 650 cm’1; ÔH ( CDCI3, 90 MHz ) 5.10 ( 1H, m ), 5.0

(ÎH, m), 4.96 ( 1H, m ), 4.12 ( 2H, q, J: 7 Hz, -C02CH2CH3 ), 3.50 ( 2H, t, J: 6

Hz, -CH2C1 ), 2.35 ( 3H, m ), 1.7 ( 4H, m ), and 1.24 ( 3H, t, J: 7 Hz,

-C02CH2CH3 ).
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Ethyl 3 - formyl - 6 - chlorohexanoate (263)

CHO

Cl .COOEt

A stream of ozone in oxygen was bubbled through a stirred solution of ethyl - 3
- vinyl - 6 - chlorohexanoate ( 21.39 g, 0.1 mol ) in methanol ( 650 ml ), cooled to -

30 °C, during 3 h while cooling the solution to - 60 °C. The addition of ozone was
stopped when a slight blue colour was obtained, after which the solution was flushed
with nitrogen gas. Dimethyl sulphide ( 35.5 ml ) was added to the solution, which
was then allowed to warm to -10 °C and kept there for 1 h, then at 0 °C for a further 1
h. Stirring was continued for 2 h at room temperture, then the solution was
concentrated under reduced pressure at ordinary temperture to give an oily residue,
which was taken up in light petroleum ( b. p. 40 - 60 °C ) ( 400 ml ), washed with
water ( 4 x 180 ml ), and then dried over anhydrous magnesium sulphate. Removal
of the solvent under reduced pressure gave a colourless, oily residue which was
purified by chromatography on silica gel G ( 200 g ) with hexane - ethyl acetate
(7 : 3) as eluent, to give ethyl 3 - formyl - 6 - chlorohexanoate ( 263 ) ( 78.36 - 81%

yield ) as a colourless oil ( lit.,57 unstable to distillation ); vmax ( neat ) 3000 - 2800,

2715, 1740, 1730, 1450, 1370, 1180, 1030, and 650 cm1. 8H ( CDCI3, 90 MHz )

9.7 ( 1H, d, J: 0.3 Hz ), 4.2 ( 2H, q, J: 7.2 Hz, -CO2CH.2CH3 ), 3.5 ( 2H, m,

-CH2C1 ), 2.7 ( 3H, m ), 1.8 ( 4H, m ), 1.25 ( 3H, t, J: 7.2 Hz, -C02CH2CH3 );

m/z ( % ) 206 ( M+, 4 ), 205 ( 3.5 ), 204 ( 10 ), 179 ( 22.6 ), 177 ( 71 ), 141 (100)
115 ( 11.8 ), 99 ( 47.2 ), and 71 (67.1 ).

Tryptamine hydrochloride (151)

NHjHC!
N
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A stirred suspension of tryptophan ( 20 g, 98 mmol ) in dry diphenyl ether
(500 ml) was heated under reflux using a heating mantle for 45 minutes, then allowed
to cool, in a nitrogen atmosphere, to room temperature. Ether ( 500 ml ) was added
and the mixture extracted with 2M hydrochloric acid ( 2 x 500 ml ). The aqueous
layer was first washed twice with ether ( 250 ml ), then basified to litmus by the
addition of 6M sodium hydroxide solution, and finally extracted with ether ( 3 x 400
ml ). The combined organic extracts were dried ( MgSC>4 ) and dry hydrogen chloride
gas passed through the solution. Tryptamine hydrochloride was collected at the pump
and recrystallised from methanol / ether, giving white needles ( 12.24 g, 64% ), m.

p. 252 - 254 °C ( lit.,92 250 - 252 °C ); vmax ( nujol ) 3250, 1490 ( w ), 1450, 1370,

1230, 1090, 1005, 810, and 740 cm'1; ÔH ( DMSO, 90 MHz ) 11.18 ( 1H, br s,

-NH2 ), 8.85 ( 1H, br s, -NH ), 7.8, 7 ( 5H, m ), 3.1 ( 4H, m ).

1 - Carbomethoxy - 1 - methyl - 1, 2, 3, 4 - tetrahydro - P - carboline
(152b)

nNH
N
tl fe COOMe

A mixture of tryptamine hydrochloride ( 8 g, 40 ml ) and methyl pyruvate ( 4
ml, 44 mmol ) in dry methanol ( 160 ml ) was refluxed under nitrogen for 21 hours.
The solution was then concentrated under reduced pressure at room temperature. The
residue was dissolved in hot water ( 80 ml ) and filtered, and ammonium hydroxide
solution ( 6 ml ) was added. The resulting solid was recrystallized from ethanol :

water (3:5), which gave the title compound (152b) ( 7.4 g, 78.4% ) as colourless

prisms, m. p. 138 °C ( lit.,35 136 - 138 °C ); vmax ( nujol ) 3380, 1720, 1600, 1450,

1370, 1230, and 1135 cm'1; 5H ( CDCI3, 90 MHz ), 8.61 ( 1H, s, -NH- ), 7.6, 7

(4H, m, Ar - H), 3.8 ( 3H, s, -OMe ), 3.2 ( 2H, t, J: 7 Hz, -CH2- ), 2.75 ppm ( 2H,

m, -CH2- ), 2.3 ( 1H, s, -NbH- ), and 1.7 ppm ( 3H, s, -CH3 ); m / z ( % ) 244
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(M+, 4.3), 185 ( 100 ), 169 ( 9.1 ), 144 ( 6.3 ), 130 ( 1.6 ), 115 ( 5 ), 92 ( 9.5 ), 68
( 4.9 ), 57 ( 2.8 )

19 - Carbethoxy - 19 - demethylvincadifformine (267)

Nce COjEtH

V
I
H C02Me

This was prepared using the procedure of J. P. Brennan57.

A mixture of 1 - carbomethoxy - 1 - methyl - 1, 2, 3, 4 - tetrahydro - p -
carboline (152b) ( 1.5 g, 6.13 mmol ), ethyl 3 - formyl - 6 - chlorohexanoate ( 263 )
(2 g, 9.76 mmol) and p - toluenesulphonic acid ( 32 mg ) in toluene ( 65 ml ) was
refluxed under nitrogen for 110 h using a Dean - Stark trap to remove the water
produced during the reaction. Further portions of chloroaldehyde ( 263 ) ( 2 x 0.62 g,
6 mmol ) were added during the reaction to the hot solution. Diazabicycloundecene
(DBU) ( 1.8 ml ) was added after 114 h and heating continued for 14 h. The reaction
mixture was allowed to cool to room temperature, then concentrated under reduced
pressure after which the residue was purified by chromatography on a long column of
Kieselgel G ( 80 g ) using petroleum ether ( b. p. 40 - 60 °C ) - ether ( 40% ) as
eluent. This gave 19 - carbethoxy - 19 - demethylvincadifformine ( 267 ) (0.983 g,
40.45% ), which was obtained from acetonitrile as colourless plates, m. p. 168 ° C

(lit.,57 167 - 168 0 C); vmax ( CHC13 ) 3360 ( NH ), 1720 ( -C02Ht ), 1675

(-C02Me ), and 1605 cnv>; ( MeOH ) 324, 296, and 224 nm; ÔH ( CDCI3, 90

MHz ) 8.95 ( 1H, br s, -NH ), 7.10 ( 2H, m, Ar - H ), 6.8 ( 2H, m, Ar - H ), 3.9
(2H, q, J: 7.2 Hz, -C02CH2CH3), 3.71 ( 3H, s, -C02CH3 ), 3.2 - 1.4 ( 15H, m ),

and 1.0 ppm ( 3H, t, J: 7.2 Hz ); m / z ( % ) 396 ( M+, 7.3 ), 365 ( 0.7 ), 351 (1.4),

309 ( 1 ), 308 ( 0.9 ), 182 ( 100 ), 168 ( 3.7 ), 154 ( 6.3 ).
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19 * Carbethoxy - 19 - demethyl - Na - methylvincadifformine (390)

N

V<x C02EtH

I
Me C02MC

A solution of 19 - carbethoxy - 19 - demethylvincadifformine ( 267 ) ( 180 mg,
0.45 mmol ) in dimethylformamide ( 4.5 ml ) was added at ambient temperature to a
mixture of 60% sodium hydride - mineral oil ( 45 mg, 0.9 mmol ) in

dimethylformamide ( 4.5 ml ). After 20 min, methyl iodide ( 90 |il, 1.35 mmol ) was
added and the mixture stirred for 10 min. Water ( 22.5 ml ) was added resulting in
deposition of a gummy product. Decantation of the solvent, addition of ether,
filtration of the ethereal solution and concentration under reduced pressure provided
19 - carbethoxy - 19 - demethyl - Na - methylvincadifformine ( 390 ) ( 135 mg,

72.5% ) as a colourless oil ( Found: C, 70.1; H, 7.55; N, 7.0. C24H30N2O4
requires C, 70.25; H, 7.3; N, 6.8 % ); vmax ( CHCI3 ), 2940, 2880, 1730, 1680,

1620, 1475, and 1150 cm'1; kmax 206, 228 ( sh ), 300, 335, and Xÿ 264; 0H
(CDCI3, 300 MHz) 7.04 - 6.8 ( 4H, m, Ar - H ), 4.1 ( 2H, q, J: 6.6 Hz,

-C02CH2CH3 ), 3.87 ( 3H, s, -C02CH3 ), 3.25 ( 3H, s, :NCH3 ), 3.2 - 1.25

(18H, complex), and 1.17 ppm ( 3H, t, J: 6.6 Hz, -CO2CH2CH3 ); 8C 171.39 ( C -
18 ), 171 ( C - 22 ), 177.4 ( C - 2 ), 146.76 ( C - 13 ), 137.1 (C - 8 ), 127.63 ( C -
11 ), 121.15 ( C - 9 ), 120.65 ( C - 10 ), 108.62 ( C - 12 ), 92.87 ( C - 16 ), 73.74
(C - 21 ), 59.98 ( -CO2CH2CH3 ), 56.62 ( C - 7 ), 52.04 ( C - 5 ), 51.77 ( C - 3 )

50.87 ( -CO2ÜH3 ), 47.02 ( C - 6 ), 41.60 ( C - 19 ), 40.16 ( C - 20 ), 36.13

(-NCH3 ), 33.25 ( C - 15 ), 33 ( C - 17 ), 21.6 ( C - 14 ), and 14.05 ppm ( - CH3 );

m / z ( % ) 410 ( M+, 7.9 ), 365 ( 1.2 ), 351 ( 1 ), 182 ( 100 ), 168 ( 8.7 ), 144 (1.7)
and 130 ( 1.3).
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19 - Carboxy - 19 - demethyl - 2, 16 - dehydro

methylaspidospermidine (393)
Na -

N'

00 CO2HH

I
Me

A mixture of 19 - carbethoxy - 19 - demethyl - Na - methylvinvincadifformine

(390 ) (114 mg, 0.27 mmol) and 5M hydrochloric acid solution ( 10 ml ) was heated
on a steam bath fo 5 h, then cooled. The mixture was extracted with dichloromethane
( 4 x 30 ml ). The combined organic fractions were washed with water ( 40 ml ), and
dried ( MgSC>4 ). The solvent was removed under reduced pressure and the residue

was purified by chromatography on Kieselgel G ( 15 g ), using dichloromethane -
methanol ( 2% ) as eluent, which gave 19 - carboxy - 19 - demethyl - 2, 16 dehydro -

Na - methylaspidospermidine ( 393 ) ( 70 mg, 77.7% ) as a yellow foam; vmax
(CHCI3), 2960, 2875, 1720, 1620, 1480, and 1132 curl, Xmax 206, 222 ( sh ),

250, and 280 nm; SH ( CDCI3, 300 MHz ) carbonyl ester was absent, 3.44 ppm

(3H, s, NCH3); m / z ( % ) 324 ( M+, 6.7 ), 279 ( 9.1 ) [ M+- CO2H ], 264 ( 1.5 )

[M+ - CH3C02H], 185 ( 3.4 ), 170 ( 1.6 ), 168 ( 6.2 ), 154 ( 3.7 ) , 144 ( 2.5 ),

130 ( 2.5 ), 60 ( 6.4 ), 59 ( 7 ), and 43 ( 100 ). m/z 154

'9CO2H

19 - Carboxy - 19 - demethyl - Na - methylaspidospermidine (394)

N'

(X CO2HH

Me
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A suspension of 19 - carboxy - 19 - demethyl -2, 16 - dehydro - Na -

methylaspidospermidine ( 393 ) ( 70 mg, 0.21 mmol ) and platinium ( IV ) oxide
(PtC>2, 10 mg) in methanol ( 10 ml ) was hydrogenated at room temperature and

atmospheric pressure for 4 h. The catalyst was filtered and the solvent removed under
reduced pressure and the residue was purified by chromatography on Kieselgel G
(10 g), using dichloromethane - methanol ( 3% ) as eluent, which gave 19 - carboxy -
19 - demethyl - Na methylaspidospermidine ( 394 ) as oily product ( 10 mg, 14.5

%); vmax ( CHCI3 ) 3450, 3035, 2960, 2880, 1720 cm1; Xm3x ( MeOH ) 208, 246,

280 nm; m/z ( % ) 326 ( M+, 1.4 ), 324 ( 4 ), 281 ( 0.2 ), 279 ( 0.2 ), 168 ( 1.5 ),

154 (1.9), 144 ( 1.3 ), 138 ( 0.8 ), and 130 ( 2.6 ).

2 - Cyano - 19 - carbethoxy

methylaspidospermidine (412)

19 demethyl - Na

N

V
C02EtH

N'
I CN

Me

To 19 - carbethoxy - 19 - demethyl - Na - methylvincadifformine ( 390 ) ( 104

mg, 0.25 mmol ) in dry hexamethylphosphoramide ( HMPA; 13 ml ) sodium cyanide
(0.253 g , 5.16 mol) was added after which the mixture was stirred at 80 °C for 4.5
days, under nitrogen, then cooled. The mixture was diluted with water ( 12 ml ) and
extracted with ether ( 5 x 40 ml ). The combined ethereal layers were washed with
water ( 5 x 20 ml ), dried ( MgSC>4 ), and concentrated under reduced pressure.

Chromatography on silica gel ( 15 g ), using dichloromethane - methanol ( 1% ) as
eluent, provided 2 - cyano - 19 - carbethoxy - 19 - demethyl - Na -
methylaspidospermidine ( 412 ) ( 40 mg, 41.66% ), which was recrystallised from
methanol and obtained as colourless needles m, p. 143 - 145 °C ( Found: C, 73.0; H,

8.0; N, 10.6; M+, m/z 379.2260. C23H29N3O2 requires C, 72.8; H, 7.65; N,
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11.0%; M+, m/z 379.2259 );vmax ( CHCI3 ), 2940, 2860, 2815, 2740, 2240 ( CN ),

1720 ( -C02Et ), 1605, 1480, 1300, 1174 , and 1025 cm'1; ( MeOH ) 206,

248, and 294 nm; SH ( CDCI3, 300 MHz ) 7.12 - 6.45 ( 4H, m, Ar - H ), 4.02 ( 2H,

q, J: 7Hz, -C02CK2CH3 ), 2.85 ( 3H, s, -NCH3 ), 3.3 - 1.25 ( 17H, m ), and 1.2

(3H, t, J: 7Hz, -CO2CH2CH3); 5C171.42 ( C - 18 ), 148.06 ( C - 13 ), 132.60 ( C -
8 ), 128.42 ( C - 11 ), 122.40 (C - 9), 120.78 ( CN ), 119.34 ( C - 10 ), 108.06 ( C
- 12 ), 69.91 ( C - 21 ), 68. 42 ( C - 2 ), 60.09 ( -CO2CH2CH3 ), 56.94 ( C - 7 ),

52.92 ( C - 3 ), 51.44 ( C - 5 ), 42.46 ( C - 19 ), 36.15 ( C - 6 ), 35.94 ( C - 20 ),

34.71 ( C - 15 ), 29.69 ( NMe ), 29.66 ( C - 16 ), 22.67 ( C - 17 ), 21.29 ( C - 14 ),

and 14.25 (-CO2CH2CH3 ); m/z ( % ) 379 ( M+, 0.5 ), 352 ( 7.1 ) [ M+-HCN ],

351 ( 10.3 ), 292 ( 0.4 ), 291 (8.3), 264 ( 2.4 ), 210 ( 1.2 ), 184 ( 5.6 ), 183
(14.4),182 ( 100 ), 181 ( 29 ), and 168 ( 3.7 ).
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2.1.2 Approach to the synthesis of alalakine: biomimetic reaction

N

MeO.

O.
S'MeO'

H

H

O

(385)

2, 3 - Dimethoxyphenol

To a vigorously stirred mixture of pyrogallol ( 38 g, 0.30 mol ), water ( 34 ml )

and carbon tetrachloride ( 70 ml ) 5M sodium hydroxide ( 144 ml ), and dimethyl

sulphate ( 84 ml ) were added dropwise separately and simultaneously, while

maintaining the reaction mixture temperature around 40 °C. The mixture was then

stirred for one hour, after which concentrated hydrochloric acid ( 10 ml ) was added,

and stirring was continued for a furthur 15min. The reaction mixture was then

extracted with ether ( 4 x 100 ml ) and the ether layer washed with 2M sodium

hydroxide solution ( 5 x 100 ml ). In this way the trimethoxy compound was

removed by the ether. After acidification of the aqueous layer with concentrated

hydrochloric acid, it was extracted with ether ( 5 x 150 ml ).The combined ether

layers were dried ( MgSC>4 ), concentrated under reduced pressure, and distilled to

give a mixture distilling at 120-127 °C / 10mm Hg. This oil was dissolved again in

2.5M sodium hydroxide solution ( 425 ml ), when yellow crystals of 2,6 -
dimethoxyphenol, m.p. 54 °C, were deposited. These were collected at the pump,

and the filtrate was acidified with concentrated hydrochloric acid. The

precipitated product was extracted with ether, dried ( MgSÛ4 ), and then distilled
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under reduced pressure to give three main fractions:

- The first fraction contained 2, 6 - dimethoxyphenol; b.p. 90 °C / 15 mm Hg,

which gave colourless prisms, m.p. 54 °C ( 20.5 g, 44.2% ); ÔH ( CDCI3, 90 MHz )

6.89 - 6.5 ( 3H, m, Ar-H ), 5.53 ( 1H, s, OH, exchanges with D20 ), and 3.87 ppm

( 6H, Is, 2 OMe ).

- The second fraction contained the desired isomer, 2,3 - dimethoxyphenol

(18.5 g, 40%) as a colourless oil, b.p. 129 - 134 °C / 15 mm Hg ( Lit .,104 124-125

°C / 17 torn ); ôH ( CDCI3, 90 MHz ) 7.05 - 6.39 ( 3H, m, Ar-H ), 5.9 (1H, s, OH,

exchanges with D20), and 3.8-3.7 ppm ( 6H, 2s, 2 OMe ).

- The third fraction contained the pyrogallol 3 - methyl ether which was distilled

at 146 °C / 15 mm Hg; SH ( CDCI3, 90MHz ) 6.8 - 6.3 ( 3H, m, Ar-H ), 5.3 - 5.4

(2H, 2s, 2 OH), and 3.8 ppm ( 3H, Is, -OMe ).

2.3 - Dimethoxy - 6 - nitrophenol (241)

Me<

MeO' NO2
OH

Nitration of pyrogallol 1,2- dimethyl ether in a mixture of acetic acid and

acetic anhydride was carried out according to the procedure of Baker and Smith. 2, 3

- Dimethoxy - 6 - nitrophenol (241b) (41.05 % ) was recrystallised from a small
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amount of methanol and obtained as yellow - green plates, m. p. 98 - 100 °C

(lit.,106 m. p. 102 - 103 °C). The maximum yield was obtained by keeping the

temperature between 2 and 3 °C; 5H ( CDCI3 , 90 MHz ) 10.79 ( 1H, s, OH ), 7.9

(1H, d, J:10.8 Hz, H-5 ); 6.58 ( 1H, d, J:10.8 Hz, H - 4 ), 3.9 ( 3H, Is, OMe ),

and 3.87 ppm ( 3H, Is, OMe ); m/z ( % ) 199 ( M+, 80.8 ), 182 ( 100 ), 156 (22.3)

139 ( 54.7 ), 123 ( 17.7 ), 109 ( 25.3 ), 96 (33.1), and 77 ( 9.2 ). Below 0 °C

unreacted compound was recovered and above 5 °C 4, 6 - dinitropyrogallol 2, 3 -

dimethyl ether, m. p. 76 °C was obtained, which was recrystallised from light

petroleum ether ( b. p. 60 - 80 °C ); ÔH ( CDCI3, 90 MHz ) 11.05 (1H, s, OH,

exchanges with D2O), 8.5 ( 1H, s, H - 5 ), 3.7 ( 3H, Is, OMe ), and 3.5 ppm ( 3H,

Is, OMe ); m/z ( % ) 244 ( M+, 100 ), 227 ( 84.2 ), 197 ( 38.1 ), 181 ( 9.8 ), 167

(17.3), 151 ( 13.5 ), 110 ( 31.3 ) 94 ( 21.4 ), and 77 ( 22.6 ).

- Bromo - 2 - butanol.

The preparation of the bromohydrin was carried out according to the method of

Marcel de Montmollin. 1 - Bromo - 2 - butanol, b.p. 60 °C /12 mm Hg, was

obtained in 50% yield based on consumed material. ( Lit.,108 b.p. 56- 58 °C/ 11 mm

Hg ).

-Bromo - 2 - butanone.

The oxidation of 1 - bromo - 2 - butanol with potassium dichromate in dilute

sulphuric acid was carried out as for octan - 2 -one108b. This gave, as the only

isolable product, the corresponding bromoketone in 79% yield. This was partially
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purified by flash chromatography, and used directly in the next step without furthur

purification; 0H ( CDC13, 90 MHz ) 3.88 ( 2H, Is, - CH2Br ), 2.7 ( 2H, q, J: 6.4

Hz, - CH2 ), 105 ( 3H, It, J:6.4 Hz, -CH3 ); m/z ( % ) 152 ( M+, 3.3 ), 150 (3.3 ),

135 ( 29.5 ), 123 ( 9.9 ), 107 ( 4.4 ), 93 ( 5.6 ), 73 ( 4.2 ), and 57 ( 100 ).

Potassium salt of 2,3 - dimethoxy - 6 - nitrophenol

Mi

MeO' NO2
OK*

To a suspension of 2,3 - dimethoxy - 6 - nitrophenol ( 241 ) ( 30.7 g, 0.154

mol ) in dry methanol ( 500 ml ) potassium hydroxide pellets ( 8.6 g, 0.15 mol ) were

slowly added. The mixture was heated on a steam bath for 45 min, then cooled.

Removal of the solvent under reduced pressure gave an orange solid, recrystallisation

of which from acetone gave the potassium salt of 2, 3 - dimethoxy - 6 - nitrophenol

(38.4, 94 %) as orange prisms, m.p. 294 - 296 °C (Lit.,52m.p. 294 - 296 °C)

1- ( 2, 3 - dimethoxy - 6 nitrophenoxy ) - butan - 2 - one (368)

Me<

MeO' N02

To a stirred suspension of the potassium salt of 2,3 - dimethoxy - 6-

nitrophenol (241) ( 2.0 g , 8.4 mmol ) in dry ethyl methyl ketone ( 20 ml ) 1- bromo



150

- butan - 2 - one (3 g, 19.8 mmol ) was added dropwise with stirring. The mixture

was heated at reflux for 20 h in an atmosphere of nitrogen, then allowed to cool

before being filtered. The solution was then filtered through a pad of Celite and the

solvent removed under reduced pressure. The residue was purified by

chromatography on Kieselgel G ( 60 ), using ether / petroleum ether (b.p. 60 - 80 °C)

( 20% ) as eluent. Two fractions were obtained:

The first fraction contained 1 - ( 2, 3 - dimethoxy - 6 - nitrophenoxy ) butan - 2

- one as a pale green oil ( 16 g , 71% ) ( Found: C, 53.5; H, 5.50; N, 5.15.

CI2H15N06 requires C, 53.50; H, 5.55; N, 5.2% ); umax ( CHC13 ) 1726 , 1590,

1572, 1515, 1100, 1020, 905, 800, and 710 cm'l; ÔH ( CDCI3 , 90 MHz ) 7.7 ( 1H,

d, J: 9.5 Hz, 5 - H ), 6.75 ( 1H, d, J: 9.5 Hz, 4 -H ) 4.7 ( 2H, s, CH2 ), 3.96 ( 3H,

s, OMe ), 3.87 ( 3H, s, OMe ), 2.65 ( 2H, q, J: 7.2 Hz, CH2 ), and 1.1 ppm ( 3H,

t, J: 7.2 Hz, CH3 ); m/z ( % ) 296 ( M+, 17.9 ), 196 ( 8.9 ), 183 ( 22.7 ), 166

(30.9), 139 ( 7.3 ), 109 ( 9.8 ), 96 ( 11.7 ), 80 ( 14.9 ), 69 ( 13 ), 57 ( 100 ), and

43 (11.7 ).

The second fraction was found to be unchanged 2, 3 - dimethoxy - 6 -

nitrophenol, as verified by t.l.c., n.m.r. and i.r.
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7, 8 - Dimethoxy - 3 - ethyl - 3, 4 - dihydro - 2H - 1, 4 - benzoxazine

CH30,

CH3O' NH

O,

(369)

A solution of 1 - ( 2,3 - dimethoxy - 6 - nitrophenoxy ) - butan 2 - one (368)

(2.57 g , 9.5 mmol) in absolute ethanol ( 40 ml ) was hydrogenated at a pressure of

30 atmospheres and at 70 - 80 °C for 2 hours, using 5% palladium on carbon (0.24 g)

as catalyst. The resulting mixture was allowed to cool and then filtered through a

short pad of Celite. Removal of the solvent under reduced pressure gave a brown oil

which was purified by chromatography on Kieselgel G (80g) using ether - petroleum

ether ( b.p. 40 - 60 °C ) ( 30: 50 ) as eluent, which gave 7,8- dimethoxy - 3 - ethyl -

3, 4 - dihydro - 2H - 1,4- benzoxazine (369) as a clear oil ( Found: C, 64.60;

H.7.60; N, 6.30. Ci2H17NC>3 requires C, 64.90 ; H, 7.85; N, 6.5% ); ôH
(CHC13,400 MHZ) 6.37 ( 1H, d, J: 8.5 Hz ), 6.3 ( 1H, d, J: 8.5 Hz ), 4.3 ( 2H, dd,

J: 2.8, 10.5 Hz, CH2 ), 3.86 ( 3H, s, OMe ), 3.78 ( 3H, s, OMe ), 3.24 ( 1H, br s,

exchanges with D20 ) 3.25 ( 1H, m, 3 - H ), 1.5 ( 2H, m, CH2 ), and 1.02 ( 3H, t,

J: 7.5 Hz, CH3 ); ( EtOH ) 215, 245, and 300 nm; m/z ( % ) 223 ( M+, 100 ),

208 ( 61.7 ), 194 ( 52.3 ), 180 ( 51 ), 162 ( 19.1 ), 151 ( 74 ), 134 ( 98 ), 108

(6.6), 97 ( 7.1 ), 80 ( 13.6 ), 69 ( 11.6 ), and 53 ( 12.6 ).
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N - Nitroso - 7, 8 - dimethoxy - 3 - ethyl - 3, 4 - dihydro - 2H - 1, 4

- benzoxazine (370)
6M<

7

MeO'

2

This was prepared according to the general procedure of J. W. Blowers92.

To a solution of 7, 8 - dimethoxy - 3 - ethyl - 3,4 - dihydro - 2H * 1,4-

benzoxazine ( 369 ) ( 26.31 g, 0.117 mol ) in concentrated hydrochloric acid ( 27.36

ml ) and crushed ice (40 g ), sodium nitrite (8.63 g, 0.125 mol ) in water ( 40.7 ml )

was added dropwise at such a rate as to keep the temperature of the solution below

5 °C. After the addition was complete the reaction mixture was stirred for 1 h and

then extracted with benzene ( 4 x 150 ml ). The combined organic fractions were

washed with water ( 100 ml ), dried ( MgSC>4 ), and then concentrated under reduced

pressure. The residue was purified by chromatography on Kieselgel G ( 200 g )

using benzene as eluent, which gave N -nitroso - 3 - ethyl -3, 4 - dihydro - 2H - 1,4

- benzoxazine ( 370 ) ( 25.26 g, 87.5% ) as a yellow oil ( Found: C, 57.15; H, 6.35;

N,ll.l% .M+, m/z 252.11061. requires C, 57.0; H, 6.55; N,11.0%.

M+, m/z 252.110999 ); vmax ( CHCI3) 1605, 1500, 1450 ( -N - NO ), 1170, 810,

720 and 694 cnr1; ÔH ( CDCI3, 400Mz ) 7.3 ( 1H, d, J: 9.1 Hz, 5 - H ), 6.65 ( 1H,

d, J: 9.1 Hz, 6 - H ), 5.1 ( 1H, m, 3 - H ), 4.5 ( 1H, dd, J: 1.5, 12 Hz, 2 - H ), 3.93

( 1H, dd, J:2.8, 12 Hz, 2 - H ), 3.95 ( 3H, s, OMe ), 3.87 ( 3H, s, OMe ), 1.55

(2H, m, - CH2), 0.9 ( 3H, t, J: 7.5 Hz, CH3 ); 8C 146.02 ( 8 ), 138.3 ( 8a ),138.13
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( 4a ), 128.45 ( 7 ), 109.5 ( 6 ), 105.2 ( 5 ), 69.58 ( C - 2 ) 60.87 ( OMe ) 56.66

(OMe) 50.9 ( C - 3 ), 25.04 ( -CH2- ), 9.87 ( -CH3 ); m/z ( % ) (M+, no observed ),

223 ( 100 ), 209 ( 7.9 ), 194 ( 53.7 ), 151 (11.5 ), 140 ( 27.2 ), 94 ( 10.8 ), 80

(24.7), 69 ( 46.5 ), and 53 ( 24.7 ).

N - Amino - 7, 8 - dimethoxy - 3 - ethyl - 3, 4 - dihydro - 2H - 1, 4 -
benzoxazine (371)

NMeO'

O,

The N - nitroso compound ( 370 ) was reduced using lithium aluminium

hydride by the procedure used by James P. Brennan52b in the preparation of the

unmethoxylated analogue ( 245, 3 - Me ).

To a solution of N - nitroso - 7, 8 - dimethoxy - 3 -ethyl - 3,4 - dihydro - 2H -
1, 4 - benzoxazine ( 20.93 g, 83 mmol ) in dry ether ( 450 ml ) and dry

tetrahydrofuran (76 ml ), cooled to 0 - 5 °C, a solution of lithium aluminium hydride

(9.44 g, 0.24 mol ) in dry ether ( 400 ml ) was added dropwise, with stirring, at such

a rate as to keep the reaction mixture temperature below 10 °C. After the addition was

complete the solution was stirred at 5 - 10 °C for a further 2 h after which 30%

sodium hydroxide solution ( 96 ml ) was added dropwise. The aqueous phase was

extracted with ether ( 3 x 100 ml ) and then the combined ethereal layers were

washed with water ( 200 ml ), and then dried ( MgSC>4 ). Concentration under

reduced pressure then gave a brown oil which was purified by chromatography on

Kieselgel G ( 200 g ) using benzene / ether 10% as eluent; this gave N - amino - 7, 8-
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dimethoxy - 3 - ethyl - 3, 4 - dihydro - 2H - 1,4- benzoxazine ( 371 ) ( 18.39 g,

93% ) as a colourless oil ( Found: C, 60.5; H, 7.55; N, 11.75. C12H18N2O3

requires C, 60.2; H, 7.7; N, 11.5% ); v ( CHCI3 ) 3435, 1607, 1500, 1100,max

1050, 885, and 694 cm'*; SH(CDCl3, 400 MHz ) 6.75 ( 1H, d, J: 9Hz ), 6.4 ( 1H,

d, J: 9Hz) 4.3 (1H, dd, J: 2.5, 11.5 Hz, 2 - H), 4.2 ( 1H, dd, J: 6, 11.5 Hz, 2 - H ),

3.85 ( 3H, s, OMe ), 3.8 ( 3H, s, OMe ), 3.5 ( 2H, br s, exchanges with D20 ), 3.3

( 1H, m, 3 - H ), 1.85 ( 2H, m, -CH2 ), and 0.96 ( 3H, t, 7 Hz, -CH3 ); m / z ( % )

238 ( M+, 100 ) 223 ( 88 ), 209 ( 65.4 ), 194 ( 39.5 ), 165 ( 28 ), 136 ( 27 ), 80

(30.7), 69 ( 38.1 ), and 53 ( 19.3 ).

5 - Carbomethoxy - 8, 9 - dimethoxy - 3 - ethyl - 3, 4

dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine (372a)

CH30.

CH30' COOMe

N - Amino - 7, 8 - dimethoxy - 3 - ethyl - 3, 4 - dihydro - 2H - 1,4 -

benzoxazine ( 371 ) ( 10.35 g, 0.043 mol ) was dissolved in ethanol ( 186 ml ) and

methyl pyruvate ( 4.74 g, 0.046 mol ) was added. The mixture was stirred for 1 h

and then concentrated under reduced pressure. The residue was then slowly heated to

130 °C under reduced pressure (15 mm Hg ) for 1 h. The crude product was purified

by chromatography on Kieselgel G ( 180 g ) using benzene / ether ( 10% ) as eluent.

This afforded 5 - carbomethoxy - 8, 9 - dimethoxy - 3 - ethyl - 3 -, 4 -
dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1,4 -benzoxazine ( 372a ) ( 7.5 g, 56% ) as a
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clear brown oil ( Found M+, m/z 305.1262. CK5H19NO5 requires M+, m/z

305.1263 ); vmax ( CHCI3 ) 1700, 1592, 1530, 1490, 1230, 1110, 1020, 981,840,

810, and 700 cirri; gH ( CDCI3, 90 MHz ) 7.1 ( 1H, s, H - 7 ), 6.64 (1H, s, H - 6)

5.05 ( 1H, m, 3 - H ), 4.3 ( 2H, m, -OCH2 ), 3.94 ( 3H, s, -C02CH3 ) 3.9 (3H, s,

OMe), 3.85 ( 3H, s, OMe ), 1.4 ( 2H, m, CH2 ), and 0.94 (3H, t, J: 7.2 Hz, CH3 );

m /z ( % ) 305 ( M+,100 ), 276 ( 14 ), 223 ( 34.7 ), 194 ( 19.6 ) 160 ( 3.4 ), 133

(11.7), and 77 ( 16.2 ).

8, 9 - Dimethoxy - 3 - ethyl - 3, 4 - dihydropyrrolo [1,2,3-de]-

2H - 1, 4 - benzoxazine - 5 - carboxylic acid (372b )

A mixture of 5 - carbomethoxy - 8, 9 - dimethoxy - 3 - ethyl - 3, 4 -

dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine ( 372a ) ( 7.5 g, 24 mmol )

and 2M sodium hydroxide solution ( 71.5 ml ) was heated at reflux for 2.5 hours.

The solution was cooled to 0 °C and then concentrated hydrochloric acid was added

until the mixture was acidic to litmus. The precipitate was collected by filtration and

then recrystallised from benzene / ether, which gave 8, 9 - dimethoxy - 3 - ethyl - 3, 4

- dihydropyrrolo [ 1, 2, 3 -de ] - 2H - 1,4- benzoxazine - 5 - carboxylic acid

(372b) ( 6.73 g, 94.1% ) as an amorphous solid, m. p. 165 - 167 °C ( Found: C,

62.0; H, 5.95; N, 4.55%. M+, m/z 291.11002. CÿHpNCÿ requires C, 61.85; H,

5.85; N, 4.80%. M+, m/z 291.11066 ); vmax ( CHCI3 ) 2390, 1690, 1580, 1520,

1492, 1116, 920, and 650 cm-1; ÔH ( CDCI3, 90 MHz ) 9.0 ( 1H, br s, -OH ), 7.27

( 1H, s, H - 7 ), 6.68 (1H, s, H - 6), 5.1 ( 1H, m, 3 - H ), 4.65 ( 1H, dd, J: 1.2, 12

Hz, - OCH2- ), 4.25 ( 1H, dd, J: 2.4, 12Hz, -OCH2 ), 3.96 ( 3H, s, -OMe ), 3.85
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(3H, s, -OMe), 1.8 - 1.55 ( 2H, m, -CH2- ), and 1 ( 3H, t, J: 7.2 Hz, -CH3 ); m/z

(%) 291 ( M+, 100 ), 276 ( 58.1 ), 262 ( 16.5 ), 204 ( 21.8 ), 160 ( 17 ), 104

(10.3), 77 ( 21.9 ), 55 ( 52.6 ), and 44 ( 25.2 ).

Copper salt of 8, 9 - dimethoxy - 3 - ethyl - 3, 4 - dihydropyrroIo[ 1,

2, 3 - de ] - 2H - 1, 4 - benzoxazine - 5 - carboxylic acid (372b)

The resulting precipitate from a mixture of 8, 9 - dimethoxy - 3 - ethyl - 3, 4 -

dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1,4- benzoxazine - 5 - carboxylic acid ( 372b )

( 0.5 g , 1.71 mmol ), sodium carbonate ( 89 mg, 0.85 mmol ), cupric sulphate

pentahydrate ( 0.212 g, 0.85 mmol ), and water ( 25 ml ) was filtered off, washed

with water, and then dried in a vacuum desiccator over calcium chloride to give the

copper salt of( 372b ) as an amorphous green solid ( 0.498 g, 54% ).

8, 9 - Dimethoxy - 3 - ethyl - 3, 4 - dihydropyrrolo [1,2,3-de]-

2H - 1, 4 - benzoxazine (373)

Me<

MeO'

8, 9 - Dimethoxy - 3 - ethyl - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 -

bezoxazine - 5 - carboxylic acid (372b) ( 1 g, 3.4 mmol ) and its copper salt ( 74 mg )

were added to freshly distilled quinoline ( 31.5 ml ). The resulting mixture was

heated at reflux for 5 hours, then cooled to room temperature. The mixture was

diluted with ether ( 30 ml ) , and washed with dilute hydrochloric acid solution ( 4 x
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30 ml ), water ( 30 ml ), dilute sodium carbonate solution ( 2 x 30 ml ), and water

(30 ml) again. The ethereal layer was dried ( Na2SC>4 ), and the solvent was removed

under reduced pressure. The residue was purified by chromatography on Kieselgel G

(40 g) using benzene / ether ( 10% ) as eluent, which gave 8, 9 - dimethoxy - 3 -

ethyl - 3, 4_- dihydropyrrolo[ 1, 2, 3 - de ] - 2H -1,4- benzoxazine (373) ( 0.79 g,

94% ) as a clear oil ( found: C, 67.7; H, 7.1; N, 5.6%; M+, m/z 247.12081.

C14H17NO3 requires C, 68.0; H, 6.9; N, 5.65%; M+, m/z, 247.120835 ); vmax
( CHCI3 ) 1631, 1580, 1265, 1160, and 808 cm-1; ÔH ( CDCI3, 90 MHz ) 7.1 ( 1H,

d, J: 2.57 Hz ), 6.7 ( 1H, s, 7 - H ), 6.3 ( 1H, d, J: 2.57 Hz ), 4.4 - 4.1 ( 3H, m,

-OCH2CH- ), 3.95 ( 3H, s, OMe ), 3.85 ( 3H, s, OMe ), 2.1 - 1.3 ( 2H, m,

-CH2CH3 ), and 1.0 ppm ( 3H, t, J: 7.2 Hz, CH3 ); m/z ( % ) 247 ( M+, 79.4 ),

232 ( 100 ), 218 ( 7.4 ), 160 ( 10.4 ) 133 ( 16.8 ), 104 ( 10.2 ), 77 ( 44.8 ), and 55

( 21.1% ).

8, 9 - Dimethoxy 6 - dimethylaminomethyl - 3 - ethyl -
dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine (374)

3, 4

Me<7 Me

MeO'

O,

A mixture of 40% aqueous dimethylamine solution ( 0.84 g, 5.05 mmol ) and

glacial acetic acid ( 0.84 g ) was cooled in an ice - bath; when the temperature had

fallen to 5 °C, 8, 9 - dimethoxy - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1,4-

benzoxazine ( 373 ) ( 1.207 g, 4.8 mmol ) in 40% aqueous formaldehyde (26 mg, 80
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mmol ) was added. The mixture was stirred at room temperature overnight after

which the reaction mixture was made alkaline to litmus by the addition of dilute

potassium hydroxide solution. The aqueous phase was extracted with chloroform ( 2

x 50 ml ) and the combined extracts were dried ( MgSC>4 X concentrated under

reduced pressure, and the residue chromatographed on Kieselgel G ( 40 g ) using

benzene / ether ( 15% ) as eluent, which gave 8, 9 - dimethoxy - 6 -
dimethylaminomethyl - 3 - ethyl - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 -
benzoxazine ( 374 ) ( 1.4 g, 94.5% yield ) as a yellow oil ( Found: C, 67.30; H,

7.75; N, 8.55. C17H24N2O3 requires C, 67.10; H, 7.8; N, 9.0% ); vmax ( CHCI3 )

1640, 1595, 1250, 1040, 1020, and 820 cm-1; ÔH ( CDCI3, 90MHz ) 7.05 (1H, s, 7

- H ), 6.7 ( 1H, s, 5 - H ), 4.5 - 4.05 ( 3H, m, - OCH2CH- ), 3.9 ( 3H, s, -OMe ),

3.85 (3H, s, -OMe), 3.55 ( 2H, s, -CH2-N: ), 2.3 ( 6H, s, -N(CH3)2 ), 1.85 ( 2H,

m, -CH2CH3 ), and 1.0 ppm ( 3H, t, J: 7.2 Hz, CH3 ); m/z 304 ( M+, 25.5 ), 260

(100%), 232 ( 5 ), 161 ( 5.5 ), 69 ( 10.9 ), and 44 ( 1 ).

8, 9 - Dimethoxy - 6 - dimethylaminomethyl -3 - ethyl

dihydropyrrolo[l, 2, 3 -de ] - 2H

(375)

3, 4

1, 4 - benzoxazine methiodide

i<VCH3O,

vCH3O' N

O,
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8, 9 - Dimethoxy - 6 - dimethylaminomethyl - 3 - ethyl - 3, 4 -dihydropyrrolo

[1, 2, 3 - de] - 2H - 1,4- benzoxazine ( 374 ) ( 2.5 g, 8.2 mmol ) was added to

iodomethane ( 21 ml, 0.336 mol ) with rapid stirring. The resulting solution was

stirred at room temperature and left overnight, during which period most of the

product crystallised. Crystallization was completed by cooling, and the solid was

collected, washed twice with ice-cold ether, and dried. The methiodide product was

obtained as colourless prisms ( 3.5 g, 96% ), m.p. 210 °C ( dec ) ( Found: C, 48.30;

H, 6.05; N, 6.00. C18H27N2O3I requires C,48.40; H, 6.05; N, 6.25% ); vmax
(CHCI3) 1588, 1525 1460, 740, 725 cm-1; 5H ( CDCI3 , 400 MHz ) 7.6 ( 1H, s, ),

6.9 ( 1H, s ), 4.69 ( 2H, s, -CH2N ), 4.45 - 4.35 ( 3H, m, - OCH2CH- ), 3.9 ( 3H,

s, OMe ), 3.8( 3H, s, OMe ), 3.15 ( 9H, s, -NMe3 ), 2 - 1.8 ( 2H, m, -CH2 ), and

1.1 ( 3H, t, J: 7 Hz, CH3 ); m / z ( % ) (M+ not observed), 261 ( 5.4 ), 232 (5.7 ),

128 ( 38.4 ), 58 ( 100 ).

6 - Cyanomethyl - 8, 9 - dimethoxy - 3 - ethyl - 3, 4 - dihydropyrrolo

[ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine (376)

■CNCH30.

VCII3O N'

O.

To a solution of potassium cyanide ( 0.175 g, 2.7 mmol ) in water ( 5 ml ) was

added 8, 9 - dimethoxy - 6 - dimethylaminomethyl - 3 - ethyl - 3 -, 4 - dihydropyrrolo

[ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine methiodide ( 375 ) ( 0.2 g, 0.9 mmol ), and
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the mixture was boiled under reflux for two and one half hours, during which period

an oil separated from the aqueous solution. This oil was extracted with chloroform

( 3 x 30 ml ) and the combined organic extracts were washed with water, dried

(Na2S04), and then concentrated under reduced pressure. The crude product was

purified by chromatography on Kieselgel G ( 80 g ) using benzene / ether 10% as

eluent, which gave two main fractions.

The first fraction was identified as 5 - Cyano - 8, 9 - dimethoxy - 3 - ethyl -6-

methyl - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine ( 427 )

(0.180 g, 14% yield) ( Found: C, 67.0; H; 6.6, N, 9.5. C16Hi8N2C>3 requires C,

67.1; H, 6.3; N, 9.8% ); vmax ( CHC13 ) 2215, 1620, 1550, 1265, 1135, and 740

cm-1; SH ( CDCI3, 90 MHz ) 6.6 ( 1H, s, 7 - H ), 4.6 - 4.2 ( 3H, m, -CH2-CH ),

3.9 ( 3H, s, -OMe ), 3.8 ( 3H, s, OMe ), 2.4 ( 3H, s, 6 -Me ), 1.95 - 1.8 ( 2H, m,

-CH2- ), and 1 ppm ( 3H, t, J: 7.2 Hz, -CH3 ); m / z ( % ) 286 ( M+, 100 ), 271

(62.6), 256 ( 11.9 ), 212 ( 7.5 ), 171 ( 1.7 ), 143 ( 1 ), 105 ( 1.5 ), 77 ( 0.6 ).

The second fraction contained 8, 9 - dimethoxy - 3 - ethyl - 3,4 -
dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1,4- benzoxazine - 6 -acetonitrile ( 376 )

(0.85g, 70% yield) as a clear oil ( Found: C, 67.05; H, 6.20; N, 9.6 %. M+, m/z

286.13091. Ci6H18N203 requires C, 67.1; H, 6.3; N, 9.8 %. M+, m/z

286.131734 ); vmax ( CHCI3 ) 2230, 1600, 1510, 1480, 1260, 1040 ( -C-O-C- ); 5H
( CDCI3, 90 MHz ) 7.1 ( 1H, s, 5 - H ), 4.4 - 4.1 ( 3H, m, -OCH2CHN- ), 3.95

(3H, s, - OMe), 3.87 ( 3H, s, OMe ), 3.7 ( 2H, s, -CH2CN ), 1.9 - 1.7 ( 2H, m,
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-CH2- ), and lppm ( 3H, t, J: 7 Hz ); m/z ( % ) 286 ( M+, 97.6 ), 271 ( 100 ), 216

(14.2), 166 ( 13 ), 143 ( 1.1 ), 105 ( 53.2 ), 83 ( 19.6 ), 69 ( 30.7 ).

8, 9 - Dimethoxy - 3 - ethyl ( 2 - aminoethyl ) - 3, 4 -
dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine (377)

6

CH30.
NH2

CH3O‘ N

O.

Method A

To a cooled solution of 6 - cyanomethyl - 8, 9 - dimethoxy - 3 - ethyl - 3, 4 -

dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine ( 376 ) ( 2.3 g, 8.04 mmol )

in dry tetrahydrofuran ( 20ml ) a suspension of lithium aluminium hydride ( 1 g,

26.35 mmol ) in dry ether ( 30 ml ) was added dropwise, over a period of 25

minutes. The mixture was stirred overnight at ambient temperature and then diluted

with water ( 20 ml ) and 6M sulphuric acid solution ( 30 ml ). The aqueous phase

was extracted with ether ( 3 x 60 ml ), after which the pH of the solution was

adjusted to 10 by the addition of 2M potassium hydroxide solution. The solution was

then extracted with ethyl acetate ( 4 x 100 ml ). The organic layer was washed with

brine ( 50 ml ), dried ( MgS04 ), and then concentrated. The oily residue was

chromatographed on a column of alumina [ elution with dichloromethane - ether ( 7 :

1 ) ]. 8, 9 - Dimethoxy - 3 - ethyl - 6 - ( 2 - aminoethyl ) - 3, 4 - dihydropyrrolo [ 1,

2, 3 - de ] - 2H - 1, 4 - benzoxazine ( 377 ) ( 1.56 g, 77 % ) was obtained as a

yellow oil ( Found: M+, m/z 290.16276. C16H22N2O3 requires M+, m/z
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290.163032 ); vmax ( CHCI3 ) 3400, 3050 - 2800, 1680, 1590, 1500, and 900 cnv1;

SH ( CDCI3, 90 MHz ) 6.9 ( 1H, s, H - 7 ), 6.65 ( 1H, s, H - 5 ), 4.45 - 4 ( 3H, m,

-CH2CHN- ), 3.95 - 3.85 ( 6H, s, OMe ), 3.2, 2.8 (4H, m ), 1.6 ( 2H, br s,

exchangees with D20, NH2 ), 1.8 ( 2H, m, -CH2 ), and 1 ppm ( 3H, t, J: 7.1 Hz,

-CH3 ); m/z ( % ) 290 ( M+, 30 ), 260 ( 100 ), 232 ( 3.2 ), 187 (3.2 ), 161 ( 121 ),

119(34 ), and 55 ( 12.6 ).

Method B

To a solution of 6 - cyanomethyl - 8, 9 - dimethoxy - 3 - ethyl - 3, 4 -

dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1,4- benzoxazine ( 376 ) ( lOOmg, 0.3 mmol )

and cobaltous chloride hexahydrate ( 142 mg, 0.6 mmol ) in 99% methanol (4 ml )

was added sodium borohydride ( 0.114 mg, 3 mmol ) in portions with stirring at

ambient temperature. After the addition was complete, stirring was continued for one

hour. 3M Hydrochloric acid ( 1.2 ml ) was then added and stirring continued until all

the black precipitate had dissolved. After removal of the methanol under reduced

pressure and unreacted starting material by extraction with ether, the aqueous layer

was made alkaline with concentrated ammonia solution. Extraction with chloroform

(3 x 20 ml), followed by drying ( anhydrous MgSC>4 ) and evaporation to dryness,

gave the desired product ( 377 ) ( 77 mg, 76.6% ) as a brown oil, identical ( ir,

n.m.r., mass ) with that prepared above.

1 - Carbomethoxy - 6, 7 - dimethoxy - 3' - ethyl - 1 - methyl - 1, 2, 3,

4 - tetrahydropyrido [ 3, 4 - b ] - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ]

- 2H - 1, 4 - benzoxazine (378)
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CHjO.

NH
CH30‘ N'

Me COOMe0.

A solution of 8, 9 - dimethoxy - 3 - ethyl - 6 - ( 2 - aminoethyl ) - 3, 4 -
dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine ( 3.61 g, 12.4 mmol ) and

methyl pyruvate ( 1.83 g, 17.9 mmol ) in dry methanol ( 100ml ) was refluxed under

nitrogen for 22 hours. The cooled solution was concentrated under reduced pressure,

and the residue was partitioned between saturated aqueous sodium carbonate solution

( 200 ml ) and dichloromethane ( 400 ml ). The aqueous phase was extracted twice

with ether ( 2 x 400 ml ), washed with brine, dried ( MgSC>4 ), and concentrated. The

residue was chromatographed on a silicagel column ( 80 g ). Elution with

dichloromethane - ether (7:1) yielded an amorphous solid ( 3.9 g, 86% ), m.p. 75 -
78 °C ( Found C, 63.85; H, 6.6; N, 6.95%; M+, m/z 374.18304 C20H26N2O5

requires C, 64.1; H, 6.95; N, 7.4%; M+, m/z 374.184159 ); vmax ( CHCI3 ) 3510

(-NH ), 1720 ( -COOMe ), 1600 ( indole double bond ); SH ( CDCI3, 90 MHz ) 6.6

(1H, s, 5 - H), 4.7 - 4.1 ( 3H, m, -OCH2CH- ), 3.95 ( 3H, s, -OCH3 ), 3.85 ( 3H,

s, -OCH3 ), 3.73 ( 3H, s, -C02Me ), 3.3 ( 2H, m, -CH2- ), 2.8 ( 2H, m, -CH2- ),

2.2 ( 1H, s, -NH- ), 1.2 ( 3H, s, -CH3 ), 1.7 ( 2H, m, -CH2CH3 ), and lppm ( 3H,

t, J: 7 Hz, -CH3 ); m/z ( % ) 374 ( M+, 9.9 ), 315 ( 100 ), 201 ( 8.5 ), 169 ( 4.8 ),

145 ( 4.5 ), 94 ( 28.8 ), and 69 ( 30.6 ).
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Hexacyclic diester (381)

N

CH3O.
.C02EtH

CH3O‘
O. COOMe

A solution of the tetrahydro - p - carboline derivative ( 378 ) (1.51 g, 4 mmol ),

ethyl 3 formyl - 6 - chlorohexanoate ( 263 )( 1.1 g, 4.8 mmol ), and £ -

toluenesulphonic acid ( 20.8 mg ) in toluene ( 100ml ) was refluxed under nitrogen

with a Dean - Stark separator for 110 h. Further portions of chloroaldehyde (263) ( 2

x 0.5 g, 2.4 mmol ) were added during the reaction ( after 70 and 90 h ) to the

mixture. To the hot solution, diazabicycloundecene ( DBU ) ( 1.5 ml ) was then

added and heating continued for further 10 h. Removal of the solvent under reduced

pressure gave a brown oil wich was chromatographed on a long column of Kieselgel

G ( 80 g ) using dichloromethane - ether (7: 1 ) as eluent, which gave the title

compound ( 381 ) ( 0.73 g, 34.5 % ) as a pale yellow oil. Trituration with a small

amount of ether gave an amorphous mixture of diastereoisomers, m.p. 130 - 138 °C

( Found: C, 65.85; H, 7.25; N, 5.05%. M+, m/z 526.267869. C29H38N2O7

requires C, 66.10; H, 7.2; N, 5.3%; M+, m/z 526.266 ); vmax ( CHCI3 ) 2940,

2920 - 2860, 2740, 1720 ( -CQ2Et ), 1670 ( -C02Me ), 1570, 1480, 1460, 1430,

1355, 1260, 1180, 1120, 1050, and 650 cm'1; Xmax ( MeOH ) 203, 210, 230, 302,

344 nm; lmin 274, 316 nm; 0H ( CDC13, 400MHz ) 6.44, 6.42 ( 1H, 2s, 9 - H ),
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4.85, 4.54 (1H, dd, J: 2, 12 Hz ), 4.3, 4.2 ( 1H, dd, J: 2, 12 Hz, H - 4' ), 4 ( 2H,

2q, J: 7Hz, -CO2CH2CH3 ), 3.9, 3.89 ( 3H, 2s, -OMe ), 3.83, 3.86 ( 3H, 2s,

-OMe ), 3.7, 3.68 ( 3H, 2s, -C02Me ), 3.2 - 1.2 9 ( 17H, m ), 1.15, 1.12 ( 3H, 2t,

J: 7Hz, CO2CH2CH3 ), and 1.0, 0.9 ( 3H, 2t, J: 7.5 Hz, 1’ - Me ); 5C ( CDCI3 )

171.5, 171.25 ( C - 18 ), 167.48, 166.48 ( C -22 ), 162.76, 161.97 ( C - 2 ),

148.18, 147.52 ( C - 11 ), 136.92, 136.12 ( C - 12 ), 135.81, 134.96 ( C - 13 ),

131.00, 129.87 ( C - 8 ), 125.64, 124.74 ( C - 10 ), 99.60, 98.66 ( C - 9 ), 93.84,

93.01 ( C - 16 ), 73.24, 71.3 ( C - 21 ), 67.92, 66.3 ( C - 4’ ), 61.22, 61, 09 ( C -

3' ), 59.85, 59.81 ( -£H2 ester ), 58.92, 57.84 ( C - 7 ), 57.39, 57.15 ( -OMe ),

56.02, 53.68 ( -OMe ), 51.61, 51.00 ( C - 3 ), 50.9, 50.83 ( -CO2CH3 ), 50.29,

49.78 ( C - 5 ), 46.85, 46.53 ( C - 6 ), 41.24 ( C - 20 ), 37.53, 37.25 ( C - 19 ),

33.3, 33.15 ( C - 15 ), 29.92, 29.59 ( C- 17 ), 24.87, 22.06 ( C - 14 ), 21.74, 16.63

(C - 2'), 14.06, 13.98 ( -CH3 ester ), and 10.14, 9.52 ( C - 1' ); m/z ( % ) 526

(M+, 17.4), 344 ( 7.9 ), 260 ( 0.4 ), 210 ( 0.4 ), 182 ( 100 ).

"Nv. 9C02Me
m/z 210 COzEt m/z 182
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2 - Cyano - hexacyclic ester (430)

'N

CH3O.
.C02EIH

CH30‘ 'N
CN

O.

To the hexacyclic diester ( 381 ) ( 108 mg, 0.2 mmol ) in dry

hexamethylphosphoramide ( HMPA , 10 ml ), sodium cyanide ( 0.2 g, 4.08 mmol )

was added, after which the reaction mixture was stirred at 82 °C for 102 h under

nitrogen, then cooled. The mixture was diluted with water ( 20 ml ) and extracted

with ether ( 5 x 50 ml ). The combined extracts were washed with water (5 x 20 ml),

dried ( MgSC>4 ), and concentrated under reduced pressure. The residue was purified

by chromatography on Kieselgel G ( 25 g ) using petroleum ether ( 40 - 60 °C ) -

ether ( 40% ) as eluent, which gave 2 - cyano - hexacyclic ester ( 430 ) ( 58 mg,

57.4% ) as a colourless needles m. p. 143 - 145 °C ( Found: M+, m / z 495.2727

C28H37N3O5 requires M+, m / z 495.2733 ); vmax ( CHCI3 ) 2960, 2880, 2240

(CN), 1725, 1490, 1470, 1125, and 1087 cm'1; Xmax ( MeOH ) 218, 250, 300 nm,

278 nm; SH ( CDCI3 , 300 MHz ) 6.35, 6.3 ( 1H, 2s, 9 - H ), 4.4, 4.3 ( 3H,

m, OCH2-CH ), 4.1 ( 2H, 2q, J: 7.2 Hz, CO2CH.2CH3 ), 3.9, 3.89 ( 3H, 2s,

-OMe ), 3.82, 3.8 ( 2H, s, -OMe ), 3.3 - 1.2 ( 19H, m ), 1.15, 1.2 ( 3H, 2t, J:

7.2Hz , -CO2CH2CH3 ), and 0.9, 0.8 ( 3H, 2t, J: Hz, l'-Me ); m / z ( % ) 495

(M+, 3.9), 469 ( 6.9 ) [ -CN ], 468 (21.3) [ -HCN 1, 423 ( 1.7 ) [ - EtO ], 286
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(9.7), 234 ( 1.8 ), 183 ( 11.6 ), and 182 ( 100 ).

2.1.3 Synthesis of the key pentacyclic vinylogous amide (442)

ANAC

CH30.
H

‘0N'CH30'
o,

This was carried out according to the general procedure52 used to prepare the

methyl analogue ( 249 ).

5 - Phthalimido - 2 - pentanone

The condensation of potassium phthalimide with 5 - chloro - 2 - pentanone in

dimethylformamide was carried out according to the procedure of Stetzinger and co -

workers120, which gave 5 - phthalimido - 2 - pentanone in ( 44.5 % yield ), m.p. 74

- 75 °C ( lit.,120 75 - 77 °C ); 0H ( CDC13, 90 MHz ) 7.9, 7.65 ( 4H, m, Ar - H ), 3.7

2H, t, J: 7 Hz, -CH2- ), 2.5 ( 2H, t, J: 7 Hz, -CH2- ), 2.15 ( 3H, s, -CH3 ), and

1.95 ( 2H, m, -CH2- ).
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8, 9 - Dimethoxy - 3 - ethyl - 5 - methyl - 6 - ( 2 - phthalimidoethyl ) -
3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine (439)

OCH3O. N,

Me °’ WCH30‘ 'N

o.

A mixture of N - amino - 7, 8 - dimethoxy - 3 - ethyl - 3, 4 - dihydro - 2H - 1,

4 - benzoxazine (371) ( 0.89 g, 3.74 mmol ) and 5 - phthalimido - 2 - pentanone

(0.86 g , 3.74 mmol) in glacial acetic acid ( 34 ml ) was refluxed for 4 hours, then

cooled. Water ( 34 ml ) was added, after which the mixture was extracted with ether

(3 x 80 ml). The combined extracts were washed with water ( 2 x 60 ml ) and dried

(MgSC>4). After evaporation of the solvent, the crude product was purified by silica

gel column chromatography to give pale yellow needles which on recrystallization

from chloroform gave 8, 9 - dimethoxy - 3 - ethyl - 5 - methyl - 6 - ( 2 -
phthalimidoethyl ) - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine

(439) ( 1.65 g, 75% ) as colourless needles, m. p. 135 °C ( Found: C, 69.05; H, 5.9;

N, 6.3; M+, m / z 434.18336. C25H26N2O5 requires C, 69.1; H, 6.0; N, 6.45%;

M+, m/z 434.184159 ); vmax ( CHCI3 ) 2900, 1712, 1599, 1350, 1120, and 873

cm'1; Xmax ( MeOH ) 215, 270, and 296 nm; 5H ( CDCI3, 90 MHz ) 7.75 ( 4H, m,

Ar - H ), 6.65 ( 1H, s, Ar - H ), 4.3 ( 3H, m, -OCH2CH- ), 3.9 ( 3H, s , -OMe ),

3.87 ( 3H, s, -OMe ), 3.7 ( 2H, m, -CH2- ), 3 ( 2H, m, -CH2- ), 2.35 ( 3H, s,

-CH3 ); 1.7 ( 2H, m, -CH2CH3 ), and 1 ppm ( 3H, t, J: 7 HZ, -CH2CH3 ); m / z

(%) 434 ( M+, 35.9 ), 419 ( 8 ), 288 ( 0.8 ), 274 ( 100 ), 259 ( 1.2 ) 174 ( 2.6 ), 160
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( 13.7 ), 147 ( 3.1 ), 146 ( 1.2 ), 104 ( 8 ), and 77 ( 7 ).

8, 9 - Dimethoxy - 3 - ethyl - 5 - methyl - 6 - ( 2 - aminoethyl ) - 3, 4

- dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine (440)

CHjO.
NH2

N' MeCH30‘
o.

To a stirred solution of 8, 9 - dimethoxy - 3 - ethyl - 5 - methyl - 6 - ( 2 -

phthalimidoethyl ) - 3, 4 - dihydropyrrolo [ 1, 2, 3 -de ] - 2H - 1,4- benzoxazine

(439) (4.51 g, 10.37 mmol ) in ethanol ( 160 ml ) was added hydrazine hydrate

(100% aq. sol.; 1.4 g, 0.01 mol) The reaction mixture was refluxed for 20 h. After

evaporation of the solvent under reduced pressure, the residue was taken up in 3M

hydrochloric acid solution ( 42 ml ). The resulting solution was heated to reflux for

3h, then cooled to 5 °C. The aqueous layer was separated from the phthalhydrazide,

concentrated to about 50 ml under reduced pressure, made alkaline with 2M sodium

hydroxide solution and then extracted with chloroform ( 4 x 60 ml ). The extract,

washed with water ( 40 ml ) and dried over ( MgSC>4 ) , was evaporated in vacuo.

The oily residue was purified by chromatography on silica gel G ( 25 g ) with

chloroform - methanol ( 2% ) as the eluent, to give 8, 9 - dimethoxy - 3 - ethyl - 5 -

methyl - 6 - ( 2 - aminoethyl ) - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1,4-

benzoxazine ( 440 ) ( 1.22 g, 39.3% ); vmax ( CHCI3 ) 3350 ( br ) N-H, 2960, 2920,

2870, 2700, 1640, 1590, 1450, 1351, 1115, and 975 enr*; Xmi% ( MeOH ) 220,

276 nm; §H ( CDCI3, 90 MHz ) 6.55 ( 1H, s, Ar - H ), 4.3 ( 3H, m, CH2CH ),
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3.97 ( 3H, s, -OMe ), 3.87 ( 3H, s, -OMe ), 2.9 ( 4H, m, -CH2CH2- ), 2.3 ( 3H,

s, -CH3 ), 1.7 ( 2H, m, -CH2CH3 ), 1.3 ( 2H, br s, NH2 ), and 1 ppm ( 3H, t, J:

7.1Hz, -CH3 ); m / z ( % ) 304 ( M+, 15.6 ), 290 ( 6.5 ) [ M+ - CH3 ], 288 ( 128 ),

274 ( 84.1 ) [ M+ - CH2NH2 ], 260 ( 100 ) [ M+ - CH2CH2NH2 ].

N b - ( 2', 2’ - Dicarbethoxyvinyl ) - 8, 9 - dimethoxy - 3 - ethyl - 5 -
methyl - 6 - ( 2 - aminoethyl ) - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] -
2H - 1, 4 - benzoxazine (441)

NH
CH3O. :o2Et

Me CCÿEtCH30' 'N'

O.

A mixture of the amine ( 440 ) ( 172 mg, 0.56 mmol ) and diethyl

ethoxymethylenemalonate ( 2.83 g, 13.1 mmol ) in absolute ethanol ( 13 ml ) was

heated at a refluxing temperature for 20 h, then cooled. Removal of the solvent under

reduced pressure gave a yellow, oily residue which was purified by chromatography

on Kieselgel G ( 25 g ) with dichloromethane - ether ( 7 : 1 ) as the eluent, to afford

N5 - ( 2’, 2' - dicarbethoxyvinyl ) - 8, 9 - dimethoxy - 3 -ethyl - 5 - methyl - 6 - ( 2

- aminoethyl ) -3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 - benzoxazine ( 441 )

( 147 mg, 92.10% ) as a colourless oil ( found: M+, m/ z 474.23585. C25H34N2C>7

requires M+, m/z 474.236583 ); vmax ( CHC13 ) 3360, 3280, 3190, 2980, 2870,

1710, 1680, 1640, 1603, 1504, 1120, and 860 cm’1; ( MeOH ) 226, 274 nm ;
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xmin 260 nm.; 5H ( CDCI3, 90 MHz ) 9.18 ( 1H, ap, -NH- ), 7.75 ( 1H, d, J: 14 Hz,

C=CH ), 6.5 ( 1H, s, Ar - H ), 4.3 ( 3H, m, -OCH2CH-Na- ), 4.1 ( 4H, m, 2 x

-CO2CH2CH3 ), 3.95 ( 3H, s, -OMe ), 3.86 ( 3H, s, -OMe ), 3.5 ( 2H, m, -CH2- )

2.9 ( 2H, m, -CH2- ), 2.2 ( 3H, s, 5 - CH3 ) 1.8 ( 2H, m, -CH2 CH3 ), 1.3 ( 6H,

m, 2 x - CO2CH2CH3 ), and 1 ppm ( 3H, t, J: 7.1 Hz, -CH3 ); m / z ( % ) 474 (M+,

12.9 ), 274 ( 100 ), 177 ( 7.6 ) , 175 ( 8.6 ), 154 ( 3.7 ), 109 ( 5.4 ), 83 ( 14.5 ).

Pentacyclic enaminoketone (442)

ANAC

CH3O.
H

CH30‘

A mixture of N5 - ( 2', 2' - dicarboethoxyvinyl ) - 8, 9 - dimethoxy - 3 - ethyl -
5 - methyl - 6 - ( 2 - aminoethyl ) - 3, 4 - dihydropyrrolo [ 1, 2, 3 - de ] - 2H - 1, 4 -

bezoxazine ( 441 ) ( 9.27 g, 19.48 mmol ), glacial acetic acid ( 75 ml ) and acetic

anhydride ( 114 ml ) was heated under reflux for 4 days. The solution was then

cooled, diluted to twice its volume with water and then adjusted to pH 12 by addition

of 2M sodium hydroxide solution ( 360 ml ).The solution was stirred for 20 minutes

and then the product was extracted with chloroform ( 4 x 200 ml ). The combined

organic fractions were washed with 2M sodium hydroxide solution ( 2 x 100 ml ),

water ( 100 ml ), 2M hydrochloric acid solution ( 2 x 100 ml ), and then with water

(2 x 100 ml). The solvent was removed after the solution had been dried ( Na2S04 )

and filtered. Purification by chromatography on Kieselgel G ( 180 g ), using ethyl
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acetate - chloroform ( 1 : 2 ) as eluent gave the dimethoxypentacyclic enaminoketone

( CHCI3 ) 1645, 1495, 1390, 1260, 1130, and 850 cnr1; Xmax(3.97 g, 52%); vmax

( MeOH ) 218, 245, 297 and 353 nm; ÔH ( CDCI3, 300 MHz ) 6.55, 6.5 ( 1H, 2s,

Ar -H ), 5.35, 5.3 ( 1H, 2s ), 4.85, 3.8 ( 6H, m ), 3.91, 3.90 ( 3H, 2s, 2 x -OMe ),

3.89, 3.8 ( 3H, 2s, 2 x -OMe ), 3.7, 2.1 ( 4H, m ), 2.18, 2.16 ( 3H, 2s, 2 x

-COCH3 ), 1.8 ( 2H, m, 2 x -CH2CH3 ), 0.9 ( 3H, t, J: 7.1 Hz, CH3 ); mfz ( % )

398 ( M+ , 10 ), 383 ( 20.1 ) [ M - CH3 ], 355 ( 5.5 ), 340 ( 38.6 ), 339 ( 100 ), 324

( 19.6 ), 310 ( 15.3 ), and 43 ( 90.2 ).
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2.2 APPROACHES TO THE SYNTHESIS OF STREMPELIOPINE

H

!
VN

N
H

O'

( 447 ) Strempeliopine

2.2.1 Synthesis of 1, 2 - dehydro - 19 - carbethoxy - 19 - demethyl -
aspidospermidine (270)

■N' 'N'

OCQ ,C02Et.C02Et H

N :
I CN

H

(270) (271)

A stirred mixture of 19 - carbethoxy - 19 - demethylvincadifformine ( 267 )

(1.8 g, 4.5 mmol) and sodium cyanide ( 4.5 g, 91.8 mmol ) in dry

hexamethylphosphoramide ( HMPA, 225 ml ) was heated at 75 °C for 4.5 days under

nitrogen. After cooling the mixture was diluted with water ( 400 ml ) and then

extracted with ether ( 5 x 250 ml ). The combined extracts were washed with water

(5 x 400 ml), dried ( anhydrous Na2S04 ), and then concentrated under reduced

pressure. The residue was purified by chromatography on silica gel ( 100 g ) with

chloroform as the eluent, to give 2 - cyano - 19 - carbethoxy - 19 -

demethylaspidospermidine (271 ) ( 0.78 g, 47.3% ), which was recrystallized from

aqueous methanol and obtained as colourless prisms, m. p.l13 - 114 °C (lit., 57114.5
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- 115.7 °C ) ( Found: M+, m / z 365.19768. C22H27N3O2 requires M+, m / z

365.210315 ) vmax ( nujol ) 3340 ( NH ), 2940, 2860, 2795, 2735, 2220 ( -CN ),

1064, 1590, 1482, and 1174 cm-1; Xmax ( EtOH ) 204, 239, 290 nra; ÔH ( CDCI3,

90 MHz ) 7 ( 2H, m, Ar - H ), 6.8 ( 2H, m, Ar - H ) 4 ( 2H, q, J: 7 Hz,

-CO2CH2CH3 ), 3.4 - 1.3 ( 18H, m ), and 1.2 ppm (3H, t, J: 7Hz , CO2CH2CH3);

m / z ( % ) 365 ( M+, 4.9 ), 338 ( 20.6 ) [ M+ - HCN ], 320 ( 3.1 ) - EtO, 277

(13.9), 250 ( 18.2 ), 210 ( 4.5 ), 182 ( 100 ), 154 ( 16.2 ), 109 ( 9.1 ).

The second fraction eluted with chloroform - methanol ( 1% ) contained 1, 2

dehydro 19 - carbethoxy - 19 - demethylaspidospermidine ( 270 ) ( 0.32 g, 21 % ) as

an orange oil ( lit.,57 unstable ).v ( CHCI3 ) 3000, 2850, 2730, 1720, 1570,max

1460 and 1185 cm"1; Xmax ( EtOH ) 220, 225, 259 nm; 8H ( CDCI3, 90 Mz ) 7 - 7.6

( 4H, m, Ar - H ), 3.95 ( 2H, q, J: 7 Hz, -CO2CH2CH3 ), 3.29 - 1.2 ( 17H, m ),

and 1.1 ( 3H ,t, J: 7Hz, C02CH2CH3 ); m / z ( % ) 338 ( M+, 100 ), 294 ( 7.9 ),

268 ( 40.2 ), 250 ( 84.7 ), and 251 ( 57 ).

19 19Conversion of 2 carbethoxy

demethylaspidospermidine (271) into 1, 2 - dehydroindole (270)

cyano

Silver tetrafluoroborate ( 31 mg, 0.15 mmol ) in dry tetrahydrofuran ( 10 ml )

was added, dropwise by syringe, to a solution of 2 - cyano -19 - carbethoxy - 19 -

demethylaspidospermidine ( 270 ) ( 48 mg, 0.12 mmol ) in dry tetrahydrofuran ( 20

ml ) under a nitrogen atmosphere. The resulting black suspension was stirred at room
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temperature for 4 h, then the reaction mixture was diluted with dilute aqueous

ammonia solution ( 7 ml ) and extracted with dichloromethane ( 3 x 30 ml ). The

combined organic fractions were washed with dilute aqueous ammonia ( 3 x30 ml )

and water ( 2 x 30 ml ), filtered through a short column of Celite, dried ( Na2S04 ),

and then concentrated under reduced pressure. The crude product was purified by

chromatography on Kieselgel G ( 15 g ) using chloroform as eluent, which gave 1.2 -

dehydro -19 -carbethoxy - 19 - demethylaspidospermidine ( 15 mg, 33.8% ) as a

colourless oil ( Found: C, 74.55, H, 7.55; N, 8.5. C21H26N2O2 requires C, 74.0;

H, 7.70; N, 8.30 ); vmax ( CHCI3 ) 3000, 2850, 2800, 2730, 1720, 1570, 1460,

1185, 1050, and 920 cm-1; Xmax ( EtOH ) 260, 225, 220 nm; m / z ( % ) 338 ( M+,

100 ), 294 ( 5.3 ) 268 ( 35.5 ), 250 ( 60.2 ), 251 ( 44.4 ), and 182 ( 42.9 ).

2.2.2 Strempeliopine (447)

5
l

A?v
O’

A suspension of silver tetrafluroborate ( 0.75 g, 3.82 mmol ) in dry

tetrahydrofuran (20 ml) was added dropwise to a stirred solution of the cyano

compound (271) ( 0.78 g, 2.1 mmol ) and indolenine ( 270 ) ( 0.32 g , 0.94 mmol )

in dry tetrahydrofuran (41 ml), kept in the dark and under a nitrogen atmosphere.

After 15 minutes the solution became dark and stirring at room temperature was

continued for 4 h, then the solvent was removed under reduced pressure. The
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resulting product was taken up in glacial acetic acid ( 126 ml ). Zinc dust ( 12.56 g )

and cupric sulphate pentahydrate (CUSO4, 5 H2O, 61.46 mg) were added to the

solution under a nitrogen atmosphere. The reaction mixture was heated to 105 °C and

kept at this temperature for 6 h. After 3h reaction time, more zinc ( 7.29 g ) and

CUSO4 , 5 H2O ( 41.79 mg ) were added. The mixture was filtered while hot and

washed with hot acetic acid. The organic layer was concentrated under reduced

pressure and the residue partitioned between ether (550 ml and 250ml) and 7%

aqueous ammonia ( 340 ml ). The combined extracts were washed with water ( 250

ml ), brine ( 200 ml ), dried over anhydrous sodium sulphate and concentrated. The

residue was purified by chromatography on neutral alumina ( grade 1 ) ( 20 g ), using

benzene / benzene - chloroform ( 100, 10 : 1 ) as eluent. Four main fractions were

obtained:

The first fraction was identified as Na - ethyl - 19 - carbethoxy - 19 -

demethylaspidospermidine ( 461 ) ( 267 mg, 16% ) ( Found: C, 75.0; H, 8.85; N,

7.85; M+, m / z 368.24633. C23H32N2O2 requires C, 75.0; H, 8.7; N, 7.6%; M+-

m / z 368.246365 ); vmax ( CHCI3 ) ( NH, absent ), 2930, 2840, 2780, 2715, 1720,

1600, 1480, 1460, 1370, 1270, andll70 cm1; Xm&x ( MeOH ) 226, 258, 304 and

\nin236> 280 nm’ 5H ( CDCI3, 300 MHz ) 7.5 - 6.4 ( 4H, m, Ar - H ), 4 ( 2H, q, J:

7.5 Hz, -CO2CH2CH3 ), 3.6 - 1.2 ( 23H, cmplex ), and 1.2 ( 3H, t, J: 7.5 Hz,

-CO2CH2CH3 ); m / z ( % ) 368 ( 20.2 ), 340 ( 4.2 ), 295 ( 2.6 ), 294 ( 3.3 ), 252

(1), 210 ( 10.9 ), 182 ( 100 ), 144 ( 3.5 ), 130 ( 5.4 ).
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The second fraction was the strempeliopine ( 447 ), which was obtained as

yellow oil ( 186 mg, 14% ) ( Found M+, m/z 294.17311 C19H22N2O requires M+,

m / z 294.173204 ); vmax ( CHCI3 ), 2920, 2800, 2740, 1660 (C=0), 1598, 1485,

1460, 1400, 1370, 1040 cm*'; kmax ( MeOH ) 210, 255 (sh), 280, 290 nm; 0H
(CDCI3, 300 MHz) 8.0 ( 1H, br d, J: 8 Hz; 12 - H ), 7.3 - 7.0 ( 3H, m , Ar - H ),

3.2 ( 1H, t, J: 7 Hz, 7 - H ) , 3.0 ( 1H, m, 5 - H ), 2.8 ( 1H, m, 3 - H ), 2.55 ( 1H,

d, 19 - H ), 2.38 ( 1H, dd, 19 - H' ), 2.21 ( 1H, dt, 3 - H’), 2.08 ( 1H, dq, 6 - H ),

2.04 ( 1H, ddd, 5 - H’ ), 2.0 ( 1H, s, 21 - H ), and 1.9 ( 1H, m, 6 - H’ ); m / z ( % )

295 ( M+l, 28.9 ), 294 ( M+, 76.2 ), 293 ( 3.5 ), 266 ( 1.4 ), 265 ( 1.9 ), 251(5.2)

249 ( 1.6 ), 238 ( 0.3 ), 237 ( 2.3 ), 160 ( 3.9 ), 144 ( 10.6 ), 143 ( 5.7 ), and 130

(7.3).

The third fraction , a colourless oil, corresponds to Na - acetyl - 19 - carbethoxy

- 19 - demethylaspidospermidine ( 462 ) ( 0.312 g, 18% ) ( Found: C, 72.15; H, 7.8;

N, 7.2%; M+, m/z 382.2262. C23H30N2O3 requires C, 72.25; H, 7.85; N, 7.3%

M+, m/z 382.225630 ); vmax 3020, 3000, 2920, 2860, 2800, 2738, 1720, 1640,

1600, 1475, 1455, 1400, 1170, and 1040 cm'1; \max ( MeOH ) 210, 251, 278, 288,

Xmin 224 nm; ÔH ( CDCI3, 300 MHz ) 8.15 ( 1H, m, Ar 12 - H ), 7.27 - 7 ( 3H, m,

Ar - H ), 4.1 ( 2H, q, J: 7 Hz , CO2CH2CH3 ), 4.0 ( 1H, dd, J: Hz, 2 - H ), 3.3 -

2.9 ( 2H, m ), 2.53 ( 1H, s, 21 - H ), 2.26 ( 3H, s, -COCH3 ), 2.4 - 1.2 ( 14H, m ),

and 1.2 ppm ( 3H, t, J: 7 Hz, -CO2CH2CH3 ); 8C 171.4 ( C - 18 ), 168.38 ( N -
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COCH3 ), 140.8 ( C - 13 ), 137.34 ( C - 8 ), 127.8 ( C - 11 ), 124.33 ( C - 9 ),

122.23 ( C - 10 ), 118.35 ( C - 12 ), 69.15 ( C - 21 ), 67.56 ( C - 2 ), 60.52

(-CO2CH2CH3), 53.33 ( C - 7 ), 52.8 ( C - 3 ), 52.23 ( C - 5 ), 42.47 ( C - 19 ),

39.22 ( C - 6 ), 35.84 ( C - 20 ), 34.54 ( C - 14 ), and 14.25 ( -C02CH2£H3 );

m/z ( % ) 382 ( M+, 15.9 ), 340 ( 3.5 ), 337 ( 5.6 ), 295 ( 32 ), 294 ( 88.1 ), 293

(4.5), 251 ( 4.2 ), 210 ( 4.8 ), 182 ( 100 ), 144 ( 6 ), 130 ( 11.5 ), 43 ( 8.2 ).

The fourth fraction contained 19 - carbethoxy - 19 - demethylaspidospermidine

(463 ) ( 0.169, 11% ), a colourless oil ( Found: C, 74.4; H, 8.25; N, 8.1 ; M+, m/z

340.21571. C21H28N2O2 requires C, 74.1; H, 8.20; N, 8.20; M+, m/z

340.21506 ); vmax ( CHC13 ) 3380 ( br, NH ), 3050, 2930, 2850, 2780, 2710,

1720, 1630, 1604, 1480, 1460, 1365, and 1170 cm'l; X ( MeOH ) 210, 244,max

295 and Xÿ 226, 275 nm; 8H ( CDC13, 300 MHz ) 7.1 - 6.9 ( 2H, m, Ar - H ), 6.7

- 6.6 ( 2H, m, Ar - H ), 4.0 ( 2H, q, J: Hz , -C02£H2CH3 ), 3.5 ( 1H, dd, J: 11,

10 Hz, ), 3.1 ( 2H, m, ), 2.9 - 1.3 ( 16H, m ), and 1.2 ( 3H, t, J: 7 Hz,

C02CH2CH3 ); m / z ( % ) 340 ( M+, 14.9 ), 312 ( 7.2 ) 295 ( 21 )[ M+ - EtO ],

252 ( 52.5 ), 210 ( 5.9 ), 182 ( 100 ), 144 (16.9 ), 130 (15.6 ); Xc 171.7 ( C - 18 ),

149.6 ( C - 13 ), 134.30 ( C - 8 ), 127.5 ( C - 11 ), 122.7 ( C - 9 ), 119.1 ( C - 10 ),

110.58 ( C - 12 ), 69.83 ( C - 21 ), 64.80 ( C - 2 ), 59.8 ( C02ÇH2CH3 ), 53.52

(C - 7), 53.5 ( C - 3 ), 52.5 ( C - 5 ), 42.4 ( C - 19 ), 38 ( C - 6 ), 36.13 ( C - 20 ),

34.9 ( C - 15 ), 28.1 ( C - 16 ), 24.3 ( C - 17 ), 21.55 ( C - 14 ), and 14.2 ppm

(C02CH2CH3).
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2.2.3 Na - Acetyl - 19 - carbethoxy - 19 - demethylaspidoaspermidine

N'

,C02Et
H

ïv !
! HAc

(462)

Cupric sulphate pentahydrate ( CUSO4, 5H2Û, 1.67 mg, 0.006 mmol ) and

zinc dust ( 0.35 g, 5.1 mmol ) were added to a stirred solution of 2 - cyano - 19 -

carbethoxy - 19 - demethylaspidospermidine (31 mg, 0.08 mmol ) in acetic acid

(4ml), under an atmosphere of nitrogen. The mixture was refluxed for 6 h between

105 - 110 °C. After 4 h further zinc ( 150 mg ) and cupric sulphate pentahydrate ( 0.5

mg ) were added. The mixture was filtered while hot, then washed with hot acetic

acid ( 1.5 ml ). The solvent was removed under reduced pressure and the residue

partitioned between ether ( 20 ml and 12.5 ml ) and 7% aqueous ammonia (12.5 ml ).

The combined layers were washed with water ( 20 ml ), brine ( 20 ml ), and dried

(MgS04). The crude product was purified by column chromatography on Kieselgel

G ( 15 g ). Elution with chloroform - methanol ( 3% ) afforded Na - acetyl - 19 -

carbethoxy - 19 - demethylaspidospermidine ( 462 ) ( 15 g, 53% ) as a clear oil

(Found: M+, m / z 382.18767 C22H26N2O4 requires m / z 382.189245 ); vmax
(CHCI3) 3000, 2950, 2840, 2800, 2740, 1730, 1650, 1600, 1480, 1400, and 1175

cm'1; Xmax ( MeOH ) 212, 251, 278, 288 nm, Xmin 236; ÔH ( CDCI3, 400 MHz ) 8.1

( 1H, m, 12 - H ), 1.2-1 ( 3H, m, Ar - H ), 4 ( 2H, q, J: 7 Hz, -CO2CH2CH3 ),

3.7 ( 1H, dd, J: 5 Hz, 11 Hz ), 3.25 ( 2H, m ), 2.7 ( 1H, s, 21 - H ), 2.26 ( 3H, s,
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-CO2CH3 ), 2.4 - 1.2 ( 14H, m ), 0.3 ( 3H, t, J: 7Hz -CO2CH2CH3 ); m / z ( % )

382 ( M+, 0.9 ), 340 ( 1.2 ), 338 ( 5.3 ), 337 ( 10.6 ), 295 ( 1.5 ), 294 ( 4 ), 293

( 9.4 ), 251 ( 4.1 ), 210 ( 16.3 ). 182 ( 29.4 ), 144 ( 7 ), 130 ( 7.2 ), 43 ( 18 ).
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APPROACHES TO THE SYNTHESIS OF CIMICINE DERIVATIVE

Preparation of pentacyclic lactone (466)

N'

Su|O'
‘0N

H

A solution of 19 - carbethoxy - 19 - demethylvincadifformine ( 1.57 g, 3.9

mmol ) in 0.5 M ethanolic potassium hydroxide solution ( 31.4 ml ) was refluxed for

6 h, then cooled to 0 °C. After neutralisation by 0.5 M hydrochloric acid solution, the

mixture was extracted with cold ether ( 3 x 100 ml ). The combined extracts were

washed with water ( 100 ml ), dried ( MgSC>4 ), and then kept at 0 °C overnight.

Concentration of the solvent under reduced pressure gave a brown oily residue,

which was purified by flash chromatography using chloroform as eluent to give the

pentacyclic lactone ( 466 ) ( 0.5 g, 42% ) as a colurless oil ( lit.,57 unstable oil ), vmax
( CHC13 ) 3480 ( NH ), 3100, 1740 ( lactone ), 1610, 1470, 1190, and 900 cm"»;

Xmax ( EtOH ) 221, 270 and 290 nm; SH ( CDCI3, 90 MHz ), 8.2 (IH.br s, -NH- ),

7.6 - 7.05 ( 4H, m, Ar - H ), 5.1 ( 1H, s, 21 - H ), and 3.4 - 1.1 ppm ( 16H, m );

m/z(%)310(M+, 2.3 ), 251 ( 11.4 ), 240 ( 3.8 ), 194 (6.9 ), 168 ( 18.9 ), and

154 (20.2 ).
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2.3.1 Attempted transannular cyclisation to generate the cimicine -
derivative (467)

N AI H
H

Method A. via 1,2- dehydro - indolenine lactone ( 479 )

A stirred solution of the pentacyclic lactone ( 466 ) ( 113 mg, 0.36 mmol ) in

anhydrous benzene ( 20 ml ) was treated in small portions with m - chloroperbenzoic

acid (0.139 mg, 0.8 mmol, 2.2 equiv. ) at room temperture. Stirring was continued

for 24 h in a nitrogen atmosphere. The benzene was then removed under reduced

pressure and the residue was taken up in deuteriochloroform ( 2.5 ml ). The solution

was cooled to 0 °C, after which trifluoroacetic anhydride ( 0.152 g, 0.72 mmol, 2

equiv. ) was added dropwise via syringe. The resulting reaction mixture was allowed

to stand at 0 °C for 90 minutes, then the solvent was evaporated under reduced

pressure. The residue was purified by chromatography on silica gel G ( 10 g ) with

chloroform as the eluent, to give a white solid ( 120 mg ), m. p. 138 °C, which was

not fully characterized; vmax ( Nujol ) 2990 - 2800, 1690, 1565, 1450, 1370, 1300,

740, and 710 cm'1; Xm&x ( EtOH ) 220, 230, 275, and 285 nm. The resulting

unstable indolenine ( 479 ) ( 120 mg, 0.38 mmol ) was immediately taken up in

methanol ( 5 ml ) and sodium cyanoborohydride ( 27 mg, 0.43 mmol ) was added

under a nitrogen atmosphere. After being stirred overnight at ambient temperture, the
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reaction mixture was diluted with dichloromethane ( 50 ml ), washed with saturated

aqueous sodium bicarbonate solution ( 20 ml ), saturated aqueous sodium chloride

solution ( 20 ml ), and dried over magnesium sulphate. The solvent was removed

under reduced pressure to provide a very polar compound which was not

characterised.

Method B. A solution of the pentacyclic lactone ( 466 ) ( 0.3 g, 1 mmol ) and

mercuric acetate ( 0.56 g, 2.07 mmol ) in glacial acetic acid ( 40 ml ) was stirred at

room temperature under a nitrogen atmosphere, for 24 h. The precipitated mercurous

acetate was filtered off and the filtrate was diluted with glacial acetic acid ( 10 ml ).

The resulting solution was refluxed , with stirring under nitrogen, for 6 h. After

cooling, the reaction mixture was filtered and the solvent removed under reduced

presssure leaving a brown, oily residue, which was not purified, but immediately

taken up in dry methanol ( 25 ml ) and reduced overnight with sodium borohydride

(70 mg, 1.11 mmol) under a nitrogen atmosphere with stirring. This provided after

filtration a brown oil ( 0.5 g ), which showed vmax ( CHCI3 ) 3450 - 2900 ( br ),

2680, 2600 1750, 1600, 1400, 1320, 1040 and 940 cm'1; Xmax ( MeOH ) 206, 222,

and 277 nm; m / z ( % ) 324 ( M+, 8.4 ), 310 ( 0.4 ), 282 ( 0.6 ), 264 ( 6.2 ), 237

(9.2), 209 ( 22.8 ), 166 ( 3.5 ), 152 ( 0.8 ), 144 ( 1.5 )

Method C . A solution of the pentacyclic lactone ( 466 ) ( 310 mg, 1 mmol ) and

mercuric acetate ( 0.66 g, 2.07 mmol ) in glacial acetic acid ( 40 ml ) was stirred

under a nitrogen atmosphere at room temperature for 24 h. The precipitated

mercurous acetate was filtered off and the filtrate was diluted with glacial acetic acid

(10 ml). The resulting solution was refluxed under a nitrogen atmosphere for 6 h.

After cooling, the reaction mixture was filtered and sodium cyanoborohydride
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( 70 mg, 1 mmol ) was added to the filtrate at 10 °C. Stirring was continued

overnight, then the acetic acid was removed under reduced pressure. The residue was

diluted with water ( 10 ml ) and ether ( 80 ml ). The organic extract was washed with

water ( 30 ml ), dried ( MgSC>4 )> and concentrated under reduced pressure. The

brown residue was purified by chromatography on neutral alumina ( 15 g ) with

acetone - petroleum ether ( 30 - 40 °C ) ( 2 : 8 ) as the eluent to afford the rhazinilam

derivative ( 487 ) ( 138 mg, 42% ) as an orange oil (Found M+, m / z 324.1470 .

C19H20N2O3 requires M+, m / z, 324.147383 ); vmax ( CHCI3 ) 3440 (br), 2900,

2860, 1780, 1735, 1600, 1450, 1350, 1100 and 900 crn'l; (EtOH ) 228, 274

nm ; SH ( CDCI3, 90 MHz ) 7.9 ( 1H, s ), 7.45 - 7.05 ( 4H, m, Ar - H ), 6.25 and

5.6 ( 2H, d, 5 - H and 6 - H ), and 3.85 - 1.2 ( 12H, complex ); 8C 171.16, 136.23,

121.8, 119.25, 118.5, 111.16, 64.27, 63.5, 63.29, 53.36, 36.45, 31.9, 29.67,

29.34, 27.38, 22.67, 20.98, 16.23, 14.11; m / z ( % ) 324 (M+, 17.6), 323 ( 1.8 ),

296 ( 3 )[ M+ - CO ], 280 ( 0.8 )[ M+- COOH ], 265 (3.8) [M+ - CH2CO2H ].
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2.4 APPROACHES TO THE SYNTHESIS OF VINCAMINE

DERIVATIVES

2.4.1 Attempted synthesis of 19 - carbethoxy

demethylvincamine (503a) and 16 - epivincamine analogue (503b)

19

H i
£ÿN.N'

ÎHO
C02Me

“C02Et

MethodA. A stirred solution of 19 - carbethoxy -19 - demethylvincadifformine

( 267 ) ( 310 mg, 0.783 mmol ) in dry benzene ( 6 ml ) was treated in small portions

with m - chloroperbenzoic acid ( 0.3 g, 1.72 mmol, 2.2 equiv. ) at ambient

temperature. Stirring was continued for 16 h. The solvent was removed under

reduced pressure and the residue taken up in dilute acetic acid ( 20 ml ). After

extraction with ether , the aqueous phase was basified, saturated with sodium

chloride, and extracted with ethyl acetate ( 4 x 50 ml ). The organic extract was dried

over magnesium sulphate and concentrated under reduced pressure to give the 19 -
carbethoxy - 19 - demethyl -1,2- dehydro - 16 - hydroxy - N5 - oxyvincadifformine

( 505 ); vmax ( CHCI3 ) 1738, 1570, 1390, 1300, 1200 ( N+- O' ), 1020, and 640

cm-1; Xmax ( MeOH ) 223, 270 nm.

The 16 - hydroxy - N5 - oxy compound ( 505 ) was taken up in dry acetone

(100ml) and hydrogenated at room temperature and pressure using 5% palladium on
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barium sulphate ( 30 mg ) for 3 h . The catalyst was removed by filtration through a

pad of Celite and the solvent was then removed under reduced pressure. The residue

was dissolved in acetic acid ( 20 ml ) and water ( 30 ml ) and the mixture was stirred

at room temperture for 12 h. The solution was basified by the addition of 2M sodium

hydroxide solution and then extracted with dichloromethane to give a brown oily

product. Analysis of the reaction mixture by t.l.c. showed that the crude product

contained only very polar material. But the mass spectroscopy consisted of a mixture

of at least of four products.

Compound one ( 507 ): m / z ( % ) 442 ( M+, 2% ), 440 ( 3.1 ), 426 ( 8.9 )[ M

- 16 ], 425 ( 3.6 ) [ M - 17 ], 383 ( 5.6 ) [M - CQ2Me ], 369 ( 10 )[ M - C02Et ],

355 ( 1.3 ) [ M - CH2CQ2Et ] corresponds to the rhazinilam derivative (507).

O"
K

C02EtI
H

(507 )

Compound two ( 505 ): m / z ( % ) 428 ( M+, 17 ), 412 ( 10.4 ) [M - 16 ], 410

( 22 ) [ M - H20 ], 411 ( 8.8 ) [ M - 17 ], 341 ( 8.4 ) [ M - , -CH2C02Et ], 369 (10 )

[ M - C02Me ], 355 ( 1.3 ) [ M - C02Et ]. Corresponds to the indolenine N5 - oxide

CT
1+
N

CK H

C02EI'OH
C02MC

(505)



187

Compound three : m /z ( % ) 396 ( M+, 7.8 ), 367 ( 3.7 ), 351 ( 2.3 ), 309
(6.8), 308 ( 5.7 ), 182 ( 56 ). Corresponds to starting material ( 267 ).

Compound four : corresponds to vincamine derivative ( 503a,b ) m / z ( % )

412 ( M+, 10.4 ), 394 ( 6.3 ), 353 ( 7.1 ), 342 ( 2.5 ), 337 ( 7.7 ), 325 ( 13.8 ),324

( 13.1 ), 283 ( 4 ), 282 ( 4.9 ), 279 ( 6 ), 278 ( 2.3 ), 265 (11.3 ), 264 ( 8.1 ), 251

(11), 249 ( 6.9 ), 248 ( 14.9 ), and 237 ( 22.1 )

I.R. recorded for crude product vmax ( CHCI3 ) 3550 - 3330, 2960 -2880, 2430,

1750 - 1650, 1600;

U.V. Xmax ( EtOH ) 204, 232, 290, 322 nm.

Method B. To a stirred solution of 19 - carbethoxy - 19 -

demethylvincadifformine ( 267 ) ( 1.29 g, 3.7 mmol ) in dry benzene ( 190 ml ) m, -

chloroperbenzoic acid ( 1.22 g, 7.4 mmol, 2 equiv. ) was added in small portions

over 20 minutes at room temperature. Stirring was continued for 24 h under

nitrogen. The solution was then concentrated under reduced pressure ( t° < 40 °C ),

after which the residue was dissolved in a mixture of acetic acid - water (9:1) and

triphenylphosphine ( 1.27 g, 4.8 mmol ) was added in small portions. After being

stirred for 3 days in the dark at room temperature, the aqueous phase was washed

with benzene ( 4 x 250 ml ), basified with sodium carbonate solution, extracted with

dichloromethane ( 4 x 200 ml ), washed with water, dried over magnesium sulphate,

and then concentrated under reduced pressure. The residue was chromatographed on

Kieselgel G ( 20 g ) using chloroform - methanol ( 4% ) as eluent, which gave an oily

product which was not fully characterized vmax ( CHCI3 ) 3500 ( OH ), 2920, 1780 -

1720, 1610, 1580, 1450, 1380, 1020, 920, 850, and 650 cm'i; *max ( MeOH ) 206,

,



188

224, 277, 290, 302 nm; 5H ( CDC13 ) 7.7 - 7.2 ( 4H, m ), 4.15 ( 2H, q, J: 7.2 Hz,

-CO2CH2CH3 ), 3.8 ( 3H, s, -C02Me ), 1.2 ( 3H, t, J: 7.2 Hz, -CO2CH2CH3 ).

Attempted " one pot " method of converting 19 - carbethoxy - 19 -
demethylvincadifformine (267) into vincamine (503a) and

epivincamine (503b) derivatives

A stream of ozone was bubbled through a 5% w / v solution of 19 - carbethoxy

- 19 - demethylvincadifformine ( 0.2 g, 0.5 mmol ) in 0.87 N sulphuric acid -

methanol ( 3 : 1 ) ( 4 ml ) at 60 °C during 10 min. This resulted in a very polar

material not easy to extract even at different pH with different solvents. The analysis

showed that no significant product was isolated.

2.4.2 Synthesis of 19 - Carbethoxy - 19 - demethylapovincamine (504)

iCH3OOC
EtOOC

A solution of 19 - carbethoxy - 19 - demethylvincadifformine ( 267 ) ( 0.2 g,

0.5 ) and N - chlorosuccinimide ( 66 g, 0.5 mmol ) in dry trifluoroacetic acid (20 ml )

was stirred at room temperature for 4 h in a nitrogen atmosphere, then heated at reflux

for 3 h. The solution was concentrated under reduced pressure, The residue was

taken up in ethyl acetate, washed with 2M sodium hydroxide, and dried ( anhydrous

MgSC>4 ). The crude product was chromatographed on kieselgel G ( 35 g ), using



189

ethyl acetate as eluent, which gave 19 - carbethoxy - 19 - demethylapovincamine

(105 mg, 55.3%) as a colourless oil ( Found: C, 69.75; H, 6.8; N, 6.85. M+, m/z

394.1905. C23H26N2O4 requires M+, m/z 394.1893 C, 70.05; H, 6.60; N,7.1% );

vmax ( CHC13 ) 1720 (-C02Ht), 1638 ( -C02Me ), 1618, 1410, 1280, and 735 crn'l

[ 3320 ( NH ) was absent ]; ( EtOH ) 202, 226, 272, 313 and Xmin 215, 244,

294; SH (CDCI3, 400 MHz) 7.47, 7.1 ( 4H, m, Ar - H ), 6.47 ( 1H, s, =CH ), 4.28

( 1H, br s, 21 - H ), 4.18 ( 2H, q, J: 7 Hz, -C02CH2CH3 ), 3.94 (3H, s, -C02Me),

2.17 (2H, s, -CH2C02Et), 3.3 - 1.2 ( 10H, m ), and 1.28 ppm ( 3H, t, J: 7Hz,

C02CH2CH3 ); Ôc 171.36 ( -C02Et ), 163.64 ( -C02Me ),134.128 ( C -13 ),

130.33 ( C - 2 ), 128.9 ( C - 8 ), 127.61 ( C - 16 ), 126.86 ( C - 17 ), 122.07 ( C -
11 ), 120.32 ( C - 10 ), 118.26 ( C - 9 ), 112.52 ( C - 12 ), 108.97 ( C - 7 ), 60.44

( CH2CH3 ), 56.32 ( C - 21 ) 52.47 ( -OMe ), 51.40 ( C - 5 ), 44.70 ( C - 3 ), 39.52

( C - 20 ), 36.8 ( C - 15 ), 29.31 ( C - 19 ), 20.42 ( C - 14 ), 16.35 ( C - 6 ), and

14.26 ( C02CH2£H3 ); m / z ( % ) 394 ( M+, 3.8 ), 324 ( 1.6 ), 321 ( 1.2 ), 307

(24.7), 306 ( 47.3 ), and 248 ( 0.7 ).
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2.5 APPROACHES TO THE SYNTHESIS OF STRICTANINE (507)

N'

V
H

N
i H :

CHO OH

Preparation of aldimine (155)

Cyclohexylamine ( 49.59 g , 0.5 mmol ) was placed in 250 ml three - necked,

round bottomed flask fitted with thermometer, mechanical stirrer, and an addition

funnel, then cooled to -5 °C in an ice salt bath. Butyraldéhyde ( 36.05 g, 0.5 mol )

was carefully added dropwise at such a rate that the temperature remained below 5 °C.

Stirring was continued for 30 minutes. The solution was then allowed to warm to

room temperature. The reaction mixture was poured into a separatory funnel, and the

water produced during the reaction was removed. The solution was allowed to stand

for 24 h in the presence of potassium carbonate ( 16 g ) and potassium hydroxide

pellets ( 16 g ). This allowed the reaction to go to completion. Filtration followed by

distillation gave the desired aldimine ( 65 g, 68% ) as a colourless liquid, b. p. 80 -

84 °C / 20 mm Hg; 0H ( CDC13, 90 Mz ) 7.7 ( 1H, t, J: 5.14 Hz, :CH- ), 3 - 1.2

(14H, m), and lppm ( 3H, t, J: 7.4 Hz, -CH3 ).

Preparation of lithium diethylamide

A solution of diethylamine ( 7.31 g, 0.1 mol ), dry hexamethylphosphoramide

(17.92 g, 0.1 mol), dry benzene ( 20 ml ), and lithium ( 0.69 g, 0.1 atomg ) was



191

stirred vigorously between 20 and 25 °C for 3 h.

Lithium salt of the imine

Lithium diethylamide solution in dry tetrahydrofuran ( 15 ml ) was cooled to -
60 °C and imine (155 ) ( 15.3 g, 0.1 mol ) was added via a syringe at such a rate that

the temperature remained between - 60 and - 65 °C during the addition. After 30 min

stirring the reaction mixture was allowed to warm to - 10 °C for 2 h.

Synthesis of chloroaldehyde (156)

.Cl
CHO

To a stirred solution of 1 - bromo - 3 - chloropropane ( 15.74 g, 0.1 mol ) in

anhydrous tetrahydrofuran ( 200 ml ), cooled to - 70 °C, lithium salt of the aldimine

in solution was added dropwise by syringe. After the addition was complete, the

resulting reaction mixture was allowed to warm to - 10 °C and kept there for 2 h.

Stirring was continued overnight at room temperature. The reaction mixture was

treated with hydrochloric acid ( 3 N ) at - 20 °C, then stirred at room temperature for

5h. The mixture was extracted with ether ( 3 x 150 ml ). The combined ethereal layers

were washed with sodium carbonate ( 40 ml ), dried ( Na2SC>4 ), and then

concentrated under reduced pressure. The residue was purified by chromatography

on Kieselgel G ( 180 g ) using ethyl acetate as eluent, which gave 5 - chloro - 2 -

ethyl - pentanal (156) ( 11.49 g, 89 - 77.37% ) as a colourless oil, b. p. 100 °C/

0.5mm Hg; vmax ( CHC13 ) 1720 ( -CHO ), 650 cnr1; 8H ( CDCI3, 90 MHz ) 9.5
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lH,d, J: 2.5Hz, -CHO ), 3.5 ( 2H, m, -CH2C1 ), 2.4 ( 2H, m ), 1.8 ( 4H, m ), and

0.9 ( 3H, t, J: 7.2 Hz, -CH3 ).

Preparation of (±) - vincadifformine ( 5 )

N'

V,
H

Ss 'N

H C02Me

A mixture of 1 - carbomethoxy - 1 - methyl - 1, 2, 3, 4 - tetrahydro - P -

carboline ( 152b ) ( 5 g, 20.4 mmol ), p - toluenesulphonic acid and 5 - chloro - 2 -

ethyl - pentanal ( 156 ) (3.66 ml, 24.9 mmol ) in toluene ( 420 ml ) was refluxed for

100 h under an atmosphere of nitrogen in a Dean - Stark apparatus. To the hot

solution, diazabicycloundecene ( DBU ) ( 6.33 ml, 49.9 mmol ) was added and

heating continued for 18 h. The reaction mixture was allowed to cool to room

temperature, then concentrated under reduced pressure. The brown residue was

purified by chromatography on Kieselgel G ( 180 g ), using dichloromethane - ether

(7 : 1) as eluent; this gave ( ± ) vincadifformine ( 5 ) ( 5.83 g, 81.2% ), which was

recrystallised from acetonitrile and obtained as colourless prisms; m. p. 125 °C

(lit., 33 124 - 125 °C ) ( Found: C, 74.65; H, 7.75; N, 8.3. calc, for C21H26N2O2:

C, 74.55; H, 7.7; N, 8.3 % ); vmax ( CHCI3 ) 3380 ( NH ), 1720 ( CQ2Me ), 1670,

1610, 1360, 1050, 750, and 610 cnr1, Xmax ( MeOH ) 222, 296, 324 nm, and Xmin
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256, 304 nm; SH ( CDC13, 300 MHz ) 8.9 ( 1H, br s, -NH- ), 6.65 - 7.2 ( 4H, m, Ar1

- H ), 3.75 ( 3H, s, -CO2CH3 ), 3.2 - 0.7 ( 15H, m ), and 0.6 ppm ( 3H, t, J: 7 Hz,

-CH3 ); 5C ( 169.05 (- Ç02Me ), 167.61 ( C - 2 ), 143.17 ( C - 13 ), 137.77 (C - 8),

127.36 ( C - 11 ), 120.29 ( C - 9 ), 120.43 ( C - 10 ), 109.23 ( C - 12 ), 92.52 ( C -

16 ), 72.5 ( c - 21 ), 55.42 ( C - 7 ), 51.69 ( C - 3 ), 50.9 ( -OÇH3 ), 50.56 ( C - 5 ),

45.1( C - 6 ), 38.08 ( C - 20 ), 32.8 ( C - 5 ), 25.57 ( C - 17 ), 29.31 ( C - 19 ), and

7.09 ppm ( C - 18 ); m / z ( % ) 338 ( M+, 5.6 ), 144 ( 0.4 ), 143 ( 0.5 ), 130 ( 0.6 ),

125 ( 9.4 ), 124 ( 100 ), and 96 ( 1.9 ).

16 * Hydroxy - 1, 2 - dehydrovincadifformine (294)

Nce H

OH
C02Me

( ± ) - Vincadifformine ( 5 ) ( 0.5 g, 1.47 mmol ) in a solution of Rose Bengal

(1.5 x 10'4 M) in methanol - water (6:1, 37.5 ml ) in the presence of sodium

thiosulphate ( 0.35 g, 2.2 mmol ) and sodium hydroxide solution ( 0.5 ml ) was

irradiated for 1 h between 20 - 30 °C using two 150 w tungsten lamps in the presence

of oxygen. Sodium tetrathionate was filered off and the solvent removed under

reduced pressure ( t < 40 °C ), then the crude product was filtered on a short column

of neutral alumina to remove the sensitiser using chloroform - methanol ( 19 : 1 ).

After removal of the solvent, the crude products were chromatographed on silica gel

(15 g), eluting with chloroform - ethyl acetate ( 2 : 1 ) to give two main fractions:
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The mixture was washed with 10% sodium sulphite solution ( 30 ml ), 5% sodium

bicarbonate solution, and water, then dried ( MgSÜ4 ) and concentrated under

reduced pressure ( t°balh < 40 °C ). Chromatography on silicagel G ( 30 g ) using a

mixture of benzene - methanol - ether, and ammonia ( 5 : 3.9 : 1 : 0.1 ) as eluent

afforded 16 - hydroxy - 1,2 - dehydrovincadifformine Nfo - oxide ( 496b ) ( 170 mg,

77.9% ), which was recrystallised from dichloromethane - ether and obtained as

colourless prisms, m . p. 176 - 178 °C ( dec. ) ( Found: C, 67.9; H, 7.1; N, 7.55.

Calc, for C21H26N2O4: C.68.1; H, 7.0; N, 7.6% ); vmax ( CHCI3 ) 3450 ( OH ),

3100 - 2900, 2809, 1738 ( unconjugated ester carbonyl ), 1570, 1450, 1280 - 1230,

and 663 cm'1; A,max ( MeOH ) 223, 270 nm; ÔH ( CDCI3, 90 MHz ), 8.0 ( 1H. m,

-OH ), 7.6 ( 1H, dd, 9 - H ), 7.5 - 7.1 ( 3H, m, Ar - H ), 3.95 ( 3H, s, -CQ2Me ),

2.64 ( 1H, s, 21 - H ), 3.4 - 1.2 ( 14H, complex ), and 0.5 ppm (3H, t, J: 7 Hz, 18 -

H ), Sc 180 ( C - 2 ), 171.87 ( C - 22 ), 152 ( C - 13 ), 146 ( C - 8 ), 127.98 ( C -

11), 127.79 ( C - 10 ), 124.6 ( C - 9 ), 120.05 ( C - 12 ), 83 ( C - 21 ), 76.6 ( C -

16 ), 67 ( C - 3 ), 65 ( C - 5 ), 58 ( C - 7 ), 53.11 ( C02CH3), 40.62 ( C - 17 )

36.43 ( C - 20 ), 35.11 ( C - 19 ), 31.46 ( C - 15 ), 18.8 ( C - 14 ), 7.4 ( C - 18 );

m/z ( % ) 370 ( M+, 10.2 ), 253 ( 15.4 ), 252 ( 3.3 ), 267 ( 5.1 ), 144 (9.1), 130

(18.2), and 124 ( 30.9 ).

The less polar fraction contained vincadifformine - Nÿ- oxide (36 mg, 18%),

m. p. 160 °C ( dec. ), vmax ( CHCI3 ) 1690 and 1615 cm'l; Xmax (MeOH) 227, 297,

and 330 nm; ÔH ( CDCI3 , 90 MHz ) 7.65 - 7.2 (4H, m, Ar - H), 3.9 ( 3H, s,
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-C02Me ), 3.8 ( 1H, s, 21 - H ), 3.45 - 1.2 ( 15H, m ), and 0.5 ( 3H, t, -CH3 ); m/z

354 ( M+, 86 ), 353 ( 39.7 ) [ M+- 17 ], 295 ( 34 ) [ M+- CC>2Me ], 294 ( 6.4 ), 252

( 100 ), 265 ( 4.5 ), 144 ( 6.3 ), 143 ( 12.9 ), and 124 ( 21.3 ).

16 - Oxoaspidospermidine - N5 - oxide (511)

o-
\*
N

V
H

N
I

H O

This was prepared according to the procedure of Le Men et al155

m - Chloroperbenzoic acid ( 1.128 g, 6.5 mmol ) was added in small portions

to a stirred solution of vincadifformine ( 1 g, 2.9 mmol ) in dry benzene ( 150 ml )

under a nitrogen atmosphere. The reaction mixture was stirred continuously for 24 h

at room temperature in the dark, after which the solvent was removed under reduced

pressure ( t° < 40 °C ). The residue was taken up in 1.25 M sodium hydroxide

solution ( 100 ml ) and the resulting solution was stirred at ambient temperature under

a nitrogen atmosphere in the dark for 2.5 h. Then the solution was acidified with 1.25

M hydrochloric acid solution to pH 1, and stirred vigorously at 100 °C for 20 minutes

under a nitrogen atmosphere. After cooling the mixture was extracted with ether ( 5 x

60 ml ). The aqueous phase was then basified with sodium hydroxide solution,

saturated with sodium chloride and extracted with dichloromethane ( 5 x 60 ml ). The

combined organic fractions were dried ( Na2SC>4 ) and evaporated under reduced

pressure to give 16 - oxoaspidospermidine - N5 - oxide (511 ) ( 0.915 g, 98% ) as
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yellow, amorphous solid vmax ( CHCI3 ) 3040 - 2880 cm'1, 1700 ( -CO ), 1610,

1470, 1275, 1110,920, 715, and 670 cm'1; ( MeOH ) 218, 243 ( sh ), and 300

nm; SH ( CDCI3, 90 MHz ) 8.25 ( 1H, br, NH ), 7.5 - 6.5 ( 4H, m, Ar - H ), 5 - 1.1

( 16H, complex ), and 0.7 ppm ( 3H, t, J: 6.5 Hz, -CH3 ), m/z(%)312( M+,

0.9 ), 296 ( 6.9 )[ M+- 16 ], 295 ( 19.2 ), 294 ( 100 ), 293 ( 59.6 ), 268 ( 4 ), 144

(16.8), 138 (32.3 ), 130 ( 34.4 ), and 124 ( 20.1 ).

16 - Oxoaspidospermidine (512)

N'œ H

I
OH

A suspension of 16 - oxoaspidospermidine - N5 - oxide ( 0.9 g, 2.8 mmol )

and platinium ( IV ) oxide ( PtÛ2 , 122 mg, 0.53 mmol ) in methanol ( 20 ml ) was

hydrogenated at room temperature and atmospheric pressure for 3 h. The catalyst was

removed by filtration. Concentration under reduced pressure then gave 16 -

oxoaspidospermidine ( 512 ) ( 0.75 g, 88% ), which was recrystallised from

methanol and obtained as clourless prisms m. p. 108 - 112 °C ( Found: C, 68.3;

H,7.65; N, 7.5. C19H24N2O requires C, 68.5; H, 7.5; N, 8% ); vmax ( nujol )

3345, 1720 ( CO ), 1610, 1475, 1385, and 730 cm'1; *.max ( MeOH ) 210, 240,

292, Xmin 262 nm; 0H (MeOD, 300 MHz) 7.22 - 6.8 ( 4H, m, Ar - H ), 4.9 (1H, s),
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4 - 0.9 ( 10H, m ), and 0.7 ppm ( 3H, t, J: 7Hz, -CH3 ); m / z ( % ) 296 ( M+, 8.8 ),

268 ( 10 )[ M+- CO ], 144 ( 18.6 ), 138 ( 100 ), 130 ( 6.4 ), and 124 ( 18.1 ).

16 - Hydroxyaspidospermidine

N'

I H
H OH

To a solution of 16 - oxoaspidospermidine ( 512 ) ( 1.71 g, 5.7 mmol ) in

ethanol ( 400 ml ) sodium borohydride ( 5.97 g, 0.15 mol ) was added in portions

with stirring at ambient temperature. After the addition was complete, the resulting

mixture was refluxed for 4 h, then allowed to cool before being diluted with water.

The mixture was concentrated under reduced pressure and the residue was taken up in

water ( 100 ml ), then extracted with dichloromethane ( 3 x 200 ml ). The combined

organic phases were dried ( MgSC>4 ) and then concentrated under reduced pressure.

The residue was purified by chromatography on Kieselgel G ( 40 g ) using

chloroform - methanol ( 9 : 1 ) as eluent, which gave two main fractions:

- The less polar fraction contained 16(3 - hydroxyaspidospermidine ( 513a ) ( 1.24

g, 72.5% ), which was obtained as a colourless plates, m. p. 55 °C ( Found:

C,76.75; H, 9.05; N, 9.0. C19H26N20 requires C, 76.5; H, 8.70; N, 9.0 ); vmax
(CHC13) 3420 ( -OH ), 3000 - 2705, 1600, 1480, 1460, 1312, 1250, 1030, 900,

and 630 cm'1; Xmax ( MeOH ) 212, 244, 300 ; 5H ( CDCI3, 400 MHz ) 7.05 ( 2H,
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m, Ar - H ), 6.7 ( 1H, t, J: 7 Hz ), 6.55 ( 1H, d, J: 7, Ar - H ), 4.85 (1H, m, 16 -

H), 3.77 ( 1H, d, J: 4 Hz, 2 - H ), 3 - 0.8 ( 17H, m ), and 0.55 ppm ( 3H, t, 7.5 Hz

-CH3 ); 5C 150.37 ( C - 13 ), 136.01 ( C - 8 ), 127.61 ( C - 11 ), 123 ( C - 9 ),

118.4 ( C - 10 ), 109.26 ( C - 12 ), 74.49 ( C - 21 ), 71.01 ( C - 2 ), 67.65 (C - 16 ),

54.1 ( C - 7 ), 53.15 ( C - 3 ), 52.49 ( C - 5 ), 43.0 ( C - 6 ), 36.11 ( C - 20 ), 35.97

( C - 17 ), 34.7 ( C - 15 ), 34.23 ( C - 19 ), 22.10 ( C - 14 ), and 7.75 ppm ( CH3 );

m / z ( % ) 298 ( M+, 5.7 ), 254 ( 8.7 ), 144 ( 5.3 ), 138 ( 1.5 ), 130 ( 5.5 ) and 124

(100)

- The more polar fraction corresponds to the second epimer 16a -
hydroxyaspidospermidine (513b ) ( 212 mg, 12.3% ), which was obtained as an

amorphous solid; vmax ( CHCI3 ) 3400 cnr1 ( OH ), 3000, 2940, 2860, 2700, 1605,

1480, 1460, and 670 cm'1; Xmax 212, 242 and 296 nm; 5H ( CDC13 , 300 MHz )

7.25 - 6.6 ( 4H, m, Ar - H ), 3.6 ( 1H, m, 16 - H ), 4 ( 1H, s, -OH ), 3.5 ( 1H, m,

H - 2 ), 3.8 - 0.8 ( 16H, m ), 0.6 ( 3H, t, J: 7 Hz , -CH3 ); m / z ( % ) 298 ( M+,

5.8 ), 249 ( 6.2 ), 168 ( 18.3 ), 144 ( 13.5 ), 138 (3.1 ), 130 (16.1), and 124 (100 ).

Na - Formyl - 16(3 - formyloxyaspidospermidine (514a)

N'

H

N !
I H
CHO OCHO
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To a stirred solution of 16P - hydroxyaspidospermidine ( 513a ) (121 mg, 0.4

mmol) in formic acid ( 5.47 ml, 6.6 mg, 0.14 mol ) at 0 °C, acetic anhydride ( 0.54

ml, 59 mmol ) was added dropwise over 10 minutes. The resulting reaction mixture

was stirred at room temperture for 18 h and then concentrated under reduced

pressure. The residue was purified by chromatography on Kieselgel G ( 20 g ) with

diehloromethane / methanol ( 2% ) as the eluent, to give the Na - formyl - 16p -

formyloxyaspidospermidine ( 514a ) ( 130 mg, 90.1% ) as colourless plates m. p. 70

- 72 °C ( Found: C.71.4; H, 7.6; N, 8; M+, m/z 354.19138. C21H26N2O3 requires

C, 71.18; H, 7.34; N, 7.9; M+, m/z 354.1913 ); vmax ( CHCI3 ) 3019, 2943, 2900,

2800, 2740, 1720, 1670, 1600, 1480, 1460, 1400, 1361, and 1180 cm'1; Xmax

(MeOH) 210, 250, 282, 290 , 226, 270 nm; SH ( CDCI3, 300 MHz ) 8.9 ( 1H,

s, -CHO ), 8.6 ( 1H, s, -CHO ), 7.9 ( dd, J: 9.3 and 18Hz, 12 - H ), 7.15 - 7 ( 3H,
I: 5*1

m, Ar - H ), 5.75 ( 1H, m, 16 - H ), 4.6 ( 1H, d, 2 - H ), 3 (2H, m), 2.4 - 0.8 (HH,

m ), and 0.7 ( 3H, t, J: 6 Hz, - CH3 ); Sc 160.187, 160.35 ( -NCHO ), 160.05,

157.89 ( -OCHO ), 140.97 ( C - 13 ), 138.46 ( C - 8 ), 127.81, 127.62 ( C - 16 ),

124.79, 124.64 ( C - 11 ), 123.17, 122.28 ( C - 9 ), 116.153 (C - 10), 109.05 (C-

12 ), 71.05, 70.29 ( C - 21 ), 70.14, 68.8 ( C - 2 ), 66.4, 63.7 ( C - 7 ), 53.32,

52.96 ( C - 3 ), 51.89, 51.76 ( C - 5 ), 41.11, 40.67 ( C - 6 ), 35.04, 34.94 (C - 20)

, 34.84, 34.64 ( C - 17 ), 32.76, 32.15 ( C - 15 ), 27.9, 26.61 ( C - 19 ), 21.57,

21.46 ( C - 14 ), and 7.12, 6.95 ( -CH3 ); m/ z ( % ) 354 ( M+, 1.9 ), 326 ( 0.9 ),

325 ( 0.9 ), 282 ( 3.9 ), 144 ( 4.5 ), 130 ( 5.2 ), 124 ( 100 ), and 29 ( 15.9 ) [CHO],
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Na - Formyl - 16(3 - hydroxyaspidospermidine (515)!

N

CXK.
H

I H A
CHO OH

To a stirred solution of Na - formyl - 16(3 - formyloxyaspidospermidine ( 76

mg, 0.2 mmol ) in methanol ( 1 ml ) sodium carbonate solution ( 1 ml ) was added.

The resulting reaction mixture was stirred at room temperature for 15 minutes.

Concentration under reduced pressure gave a residue which was taken up in ethyl

acetate, washed with water ( 15 ml ), and dried over magnesium sulphate. Removal

of the solvent under reduced pressure gave a yellow solid, which was purified by

chromatography on Kieselgel G ( 25 g ) using dichloromethane / ether ( 1 : 1 ) as

eluent, which gave Na - formyl - 16(3 - hydroxyaspidospermidine ( 68.5 mg, 98% )

as colourless plates m. p. 66 - 68 °C ( Found: C, 73.40; H, 8.15; N, 8.25.

C2oH26N2°2 requires C, 73.6; H, 8.0; N, 8.5% ); vmax ( CHC13 ) 3360 ( br, OH ),

3010, 2945, 2860, 2798, 2738, 1680, 1600, 1490, 1460, 1365, 1335, 1180, 1080,

908, and 675 cm'1; Xmax ( MeOH ) 210, 253, 260 ( sh ), 280, 290 nm, and Xmin

266, 270 nm; 8H ( CDCI3, 300 MHz ) 9, 8.72 ( 1H, 2s, -NCHO ), 8.03 ( 1H, d, J:

9Hz, 12 - H ), 7.2 - 7 ( 3H, m, Ar - H ), 5 ( 1H, br s, 16 - H ), 4.15 ( 1H, d, J: 4.6

Hz, 2 - H ), 3.2 - 0.6 (WH, m ), and 0.55 ppm ( 3H, t, J: 7.4 Hz, -CH3 ); 8C 159.82

( NCHO ), 142.23 (C- 13), 138 ( C - 8 ), 128.02 ( C - 16), 125.11 ( C - 11 ),

124.15 ( C - 9 ), 116 ( C - 10 ), 109.66 ( C - 12 ), 74.09 ( C - 21 ), 71.84 ( C - 2 ),
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65.23 ( C - 7 ), 52.9 ( C - 3 ), 52.47 ( C - 5 ), 41.26 ( C - 6 ), 35.79 ( C - 20 ),

35.46 ( C - 17 ), 34.35 ( C - 19 ), 33.62 ( C - 15 ), 21.86 ( C - 14 ), 7.58 ( C - 18 );

m / z ( % ) 326 ( M+, 5.7 ), 325 ( 0.9 ), 309 ( 0.2 ), 298 ( 0.6 ), 297 ( 0.4 ) 282

(5.4), 149 ( 6.1 ),144 ( 2.8 ), 143 ( 1.5 ), 138 (2.5), 130 ( 1.9 ), 124 ( 100 ), 122

(1), 110 ( 1.7 ), 109 ( 2.6 ), 96 ( 2.3 ).

Na - Formyl - 16a - hydroxyaspidospermidine ( 507 )

N'

V
H

N ! ;

I H à
CHO OH

To a solution of 16a - hydroxyaspidospermidine ( 90 mg, 0.3 mmol ) in formic

acid ( 4 ml, 4.87, 0.1 mol ) at 0 °C, acetic anhydride ( 0.4 ml, 17.6 mmol ) was

added dropwise. The mixture was stirred at room temperature for 18 h, then

concentrated under reduced pressure. The residue was taken up in methanol ( 1ml ),

and sodium carbonate solution ( 1 ml ) was added. The reaction mixture was then

stirred for 20 minutes. Removal of the solvent under reduced pressure gave a yellow

oily residue which was purified by chromatography on silica gel G ( 15 g ) with

dichloromethane / methanol 5% as the eluent, to afford the Na - formyl - 16a -
hydroxyaspidospermidine ( 76mg, 77% ) as clear, yellow oil ( Found: M+, m/z

326.200. C20H26N2O2 requires M+, m/z 326.1994 ); vmax ( CHCI3 ) 3450 ( br,

OH ), 3010, 2940, 2860, 1660, 1490, 1405, 1125 cm-1; ( MeOH ) 212, 253,
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260 ( sh ), 280, 290 nm; ÔH ( CDC13, 400MHz ) 9, 8.6 ( 1H, 2s, NCHO ), 8.08

(1H, d, J: 9.1 Hz, 12 - H), 7.3 - 7 ( 3H, m, Ar - H ), 4.37 (1H, d, J: 7.5Hz, 2 - H),

and 0.7 ppm ( 3H, t, J: 7Hz, CH3 ); 8C 160.2 ( NÇHO ), 142 ( C - 13 ), 138.62 ( C

- 8 ), 127.86 ( C - 16 ), 125.43 ( C - 11 ), 123.52 ( C - 9 ), 110.54 ( C - 12 ),

73.85 ( C - 21 ), 71.39 ( C - 2 ), 64 ( C - 7 ), 53.40 ( C - 3 ), 52.64 ( C - 5 ), 42.23

( C - 6 ), 36.74 ( C - 20 ), 34.31 ( C - 19 ), 32.78 ( C - 15 ), 31.30 ( C - 17 ), 21.38

( C - 14 ), and 6.8 ( C - 18 ); m/z ( % ) 326 ( M+, 12.3 ), 325 ( 4.3 ), 309 ( 6.3 ),

298 ( 4.4 ), 297 ( 1.8 ), 282 ( 8.1 ), 152 ( 6.7 ), 149 ( 9.4 ), 144 ( 36.2 ), 143

(42.8), 138 ( 15.8 ), 130 ( 51.7 ), 124 ( 92.5 ), 122 ( 5.1 ), 110 ( 18.8 ) 109 ( 6.6 ),

96 ( 16.4 ).
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2, 16 - Dihydrovincadifformine (517)

N-

Va H

N !
I H

C02MeH

To a solution of ( ± ) vincadifformine ( 5 ) ( 0.23 g, 0.22 mmol ) in 10%

absolute methanolic sulphuric acid ( 100 ml ) zinc dust ( 30 g ) was added. The

reaction mixture was heated for 30 minutes with vigorous stirring. The mixture was

filtered and thoroughly washed with methanol. The filtrate was concentrated under

reduced pressure, then eluted with water ( 50 ml ). Sodium carbonate was added until

the solution became turbid and then ammonia ( 20 ml, d: 0.88 ) was added to the

solution and the whole immediately extracted with ether ( 5 x 30 ml ). The ether layer

was dried ( Na2SC>4 ) and concentrated. Chromatography on silica gel ( 30 g ) of the

residue with chloroform and chloroform - ethyl acetate ( 2 : 1 ) as the eluent afforded

the 2, 16 - dihydrovincadifformine ( 517 ) ( 212 mg, 92 % ) as a colourless oil

(Found: C, 74.25; H, 8.45; N, 8.4. C21H28N2O2 requires C, 74.10; H, 8.25; N,

8.25% ); vmax ( CHCI3 ) 3400 ( NH ), 3060, 3040, 2810, 2760, 1720, 1610, 1490,

1150, 1030, 905, 730, and 640 cm'1;ÿ ( MeOH ) 207, 244, 298 nm; 5H
(CDCI3, 400 MHz) 7.05 - 6.4 ( 4H, m, Ar - H ), 4.35 ( 1H, br, NH ), 3.97 ( 1H,

d, J: 2 Hz, 2 - H ), 3.92 ( 1H, m, H - 16 ), 3.75 ( 3H, s, -C02Me ), 3.05 - 0.8

(15H, m), and 0.5 ppm ( 3H, t, J: 7.2 Hz, -CH3 ); 5C 176.6 ( -£02Me ), 150 ( C -
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13), 135 ( C - 8 ), 127 ( C - 11), 123.21 ( C - 9 ), 118.21 (C - 10), 108.8 (C-

12 ), 75.32 ( C - 21 ), 67.33 ( C - 2 ), 53.47 ( C - 7 ), 52.47 ( C - 3 ), 52.4 ( C - 5 ),

51.5 ( -C02ÇH3 ), 43.22 ( C - 6 ), 39.14 ( C - 16 ), 36.33 ( C - 20 ), 33.93 ( C -
17 ), 33.75 ( C - 15 ), 28.36 ( C - 19 ), 22.10 ( C - 14 ), and 7.47 ppm ( C - 18 );

m/z ( % ) 340 ( M+, 4 ), 254 ( 13 ), 144 ( 2.6 ), 143 ( 1.8 ), 130 ( 3.1 ), 124 ( 100 ).

Na - Acetyl - 2, 16 - dihydrovincadifformine (522)

N‘

I H
Ac COzMe

2, 16 - Dihydrovincadifformine ( 517 ) ( 0.7 g, 2.2 mmol ) was dissolved in a

mixture of acetic anhydride ( 6.8 ml ) and pyridine ( 13.8 ml ) in the presence of 4 -
dimethylaminopyridine ( 0.268 g, 2.2 mmol ). After 12 h stirring at room temperature

under a nitrogen atmosphere water ( 200 ml ) was added, the mixture was basified to

pH 9.0 using dilute ammonia, and extracted with dichloromethane. The solvent was

removed from the dried ( MgSC>4 ) solution under reduced pressure and the residue

was purified by chromatography on Kieselgel G ( 40 g ) using chloroform - ethyl

acetate ( 2 : 1 ) as eluent, which gave two main fractions:

- The less polar fraction contained a by - product ( 0.42 g, 50% ), which was

recrystallised from ethyl acetate and obtained as colourless prisms, m. p. 172 - 173

°C; ( Found: C, 70.45; H, 7.6; N, 6.3; M+, m/z 424.23620. C25H32N2O4 requires

C, 70.75; H, 7.5; N, 6.6%; M+ m/z 424.23437 ); vmax ( CHCI3 ) 3000, 2940,
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2780, 1690, 1630, 1585, 1470, 1395, 1250, 1110, 655 cm-i; Xmax ( MeOH ) 206,

246, 276, 288 nm; 8H ( CDC13, 400MHz ) 8.16 (1H, d, 12 - H), 7.26 - 7.21 ( 2H,

m, Ar - H ), 7.1 ( 1H, t, Ar - H ), 4.53 ( 1H, br s, 2 - H ), 3.73 ( 3H, s, OMe ), 3 -

0.65 ( complex ), and 0.4 ( 3H, t , J: 7Hz, CH3); 5C (C - 22, not recorded )165.4

(ÇOCH3), 141.54 ( C - 13 ), 138.09 ( C - 8 ), 127.9 (C - 11), 124.7 ( C - 9 ),

123.22 ( C - 10 ), 117.57 ( C - 12 ), 73.8 (C - 21) 67.75 ( C - 2 ), 52.83 ( C - 5 ),

52.6 ( C - 3 ), 51.9 ( C02£H3 ), 44.73 ( C - 16 ), 40.58 ( C - 6 ), 35.09 ( C - 20 ),

34.6 ( C - 15 ), 30.4 ( C - 19 ), 33.7 ( C - 17 ), 27.69 ( C - COCH3 ) 20.23 (C - 14)

7.66 ( C - 18 ); m/z ( % ) 425 ( 6.6 ), 424 (24.8), 423 ( 6.6 ), 340 ( 2 ), 338 (3.4)

254 ( 2.1 ), 144 ( 1.5 ), 130 ( 1 ), 125 (100), 43 ( 3.5 ).

The more polar fraction contained the desired product Na - acetyl - 2, 16 -
dihydrovincadifformine (522) ( 0.21g, 25% ), which was obtained as yellow oil;

vmax ( CHCI3 ) 2930, 2780, 2710, 1720, 1630, 1595, 1480, 1375, and 1140 cm’1;

Xmax ( MeOH ) 208, 250, 280, 288, 302 ( sh ), and Xmin 228, 268

300 MHz ) 8.15 ( 1H, m, 12 - H ), 7.4 - 7 (3H, m, Ar - H), 4.5 ( 1H, m, 16 - H ),

5H ( CDCI3,nm.

3.8 ( 1H, d, 2 - H ), 3.6 ( 3H, s, -CQ2Me ), 2.28 ( 3H, s, -NCOCH3 ), and 0.6

(3H, t, -CH3); m / z ( % ) 382 ( M+, 2.7 ), 340 ( 11 ) [ M+-Ac ], 296 ( 4.7 ) , 255

(5.5), 254 ( 26.6 ), 168 ( 2.8 ), 144 ( 3.2 ), 130 ( 2.7 ), and 124 ( 100 ).
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The following numbering system was applied throughout this Thesis

31 4
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The numbering system for vincamine is that of
J. Le Men and W. I. Taylor, Experientia, 1965, 21, 508.
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A synthesis of two epimers (507) and (515), via 16 - oxoaspidospermidine has

also been achieved. (507) is the structure given to the alkaloid strictanine by Atta - Ur

- Rahman. However, a comparison of the data for (507) with the very limited

published data for strictanine was inconclusive, but certain differences in the

spectroscopic data suggest that strictanine does not have the structure (507).
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Ac acetyl

n - butyl - lithium
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tetrahydropyranyl
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