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Chapter 8 

Synthesis of Xestomanzamine A and B 

Abstract 

Recently, two new alkaloids, xestomanzamine A and B, which structurally resemble 

nazlinine as well as ondansetron (a clinically used 5-HT, antagonist) were isolated and 

characterised. The synthesis of these conformationally restricted ß-carbolines is described. Key 

step in the synthesis of the fully aromatised xestomanzamine A is the coupling of 5-iodo-/V-

methylimidazole via an exchange Grignard reaction with 1-cyano-ß-carboline. A modified Pictet-

Spengler reaction with a suitable vicinal tricarbonyl compound constitutes a one step formation of 

the sensitive 3,4-dihydro-ß-carboline xestomanzamine B. 
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Chapter 8 

8.1 Introduction 

In 1995 the isolation of four new biologically active ß-carbolines from the Okinawan 

marine sponge Xestospongia sp. was described.1 Together with several known and two new 

manzamine-type alkaloids, xestomanzamine A (1) and B (2) were characterised, the latter 

exhibiting weak cytotoxicity against human epidermoid carcinoma (KB) cells.2 In total, uptill now 

manzamine-type alkaloids have been isolated from six sponge species belonging to different 

genera. Independent development of these structurally complex and biogenetically related 

molecules in different evolutionary lines is an unlikely assumption. Either participation of common 

micro organism(s) or the use of mixed samples for isolation of these biogenetically related 

alkaloids was therefore postulated by van Soest et al.. The latter possibility seems the most likely, 

because sponges are typically covered with epibiotic organisms such as algae, tunicates or other 

sponges. 

It was found that 3,4-dihydro-ß-carboline 2 was gradually converted to ß-carboline 1 by 

air-oxidation. Presumably also the biosynthesis follows this pathway in which a histidine derived 

metabolite reacts via the Pictet-Spengler condensation with tryptamine.14 

H , C ' 
N - ^ 

H a C ' 

Figure 8.1 

The alkaloid nazlinine 3 was isolated and characterised recently and has been the subject of 

synthetic studies for some time in our group.5 In view of the structural similarities between 

xestomanzamines A (1) and B (2) and the serotonergically active nazlinine 3, their synthesis was 

undertaken. The xestomanzamines can both be regarded as conformationally restricted nazlinine 

analogues, in which one of the nitrogen atoms is part of the imidazole ring. In addition the 

xestomanzamines also exhibit some resemblance to ondansetron 4, a 5-HT3 antagonist (Figure 

8.2). Ondansetron is the active substance of a medicine (Zoflan®) which is administered to prevent 

cytotoxic drug-induced vomiting, which occurs in the treatment of tumors by chemotherapy or 

radiotherapy. Also clinical trials are being performed to evaluate its potential use in anxiety, 

schizophrenia, drug abuse and age-associated memory impairment. It has been proven that the 

stereochemistry of the stereocentre in ondansetron is irrelevant for the interaction with the 5-HT, 

receptor: both isomers and also the racemate display about the same high affinity.6 
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4, ondansetron 

(Kj= 1.6 nM) 

O 

A 
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5, GR 65,630 

(Kj = 0.28 nM) 

6, tropisetron 

(K, = 0.64 nM) 

Figure 8.2 

Other indole derivatives, such as GR 65,630 (5) and tropisetron (6) also have been reported to be 

potent and selective 5-HT, antagonists. Common structural features necessary for binding to the 5-

HT, receptor have been defined:7 an aromatic plane connected by an acyl function or a biostere 

thereoff to a basic nitrogen atom, preferably possessing lipophilic environment. The interatomic 

distance between this nitrogen and the carbonyl oxygen atom is about 5 Â, which compares to 

about five bonds. Since xestomanzamine A and B meet these requirements, they were proposed as 

5-HT-, receptor ligands and their synthesis was undertaken. 

After we finished our xestomanzamine A synthesis,8 a second approach was published.9 

Key step in that synthesis is the nucleophilic attack of a suitably protected 5-lithio-imidazole (8) at 

an aldehyde (Scheme 8.1).'° Besides the low overall yield, this approach suffers from some 

problematic steps. Especially the final oxidation of alcohol 9 to the corresponding ketone makes 

this method unsuitable for the synthesis of 3,4-dihydro derivative xestomanzamine B (2). 

H3C A 
- ^ SiEt3 

N 

MOM CHO 
THF, -78 "C 

/Jones reagent 
H H+, A 

9 H3C 
N - ^ 

1 H3C 
N - ^ 

Scheme 8.1: Literature synthesis of xestomanzamine A (1). 

In this chapter the synthesis of both xestomanzamine A (1) and the air sensitive B (2) is 

described. Because of the instability of the 3,4-dihydro-ß-carboline 2, a strategy was adapted in 

which the imine bond is introduced in the last step of the synthesis. 
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Chapter 8 

8.2 Xestomanzamine A and B 

8.2.1 Synthesis of xestomanzamine A 

Key step in the synthesis of xestomanzamine A is introduction of the acyl functionality via 

nucleophilic addition of a suitably functionalised imidazole to 1-cyano-ß-carboline. A Grignard-

exchange reaction of iodinated imidazole 10, protected with an acid labile group was described as 

a general method for the preparation of 4(5)-alkylated imidazoles 1 1 . " The solvent of choice for 

these reactions is dichloromethane instead of the commonly used diethyl ether or tetrahydrofuran. 

It was stated that the greater covalent character of the organomagnesium intermediate in this non-

complexing solvent prevents equilibration to the more stable 2-metallated imidazoles. 

I N 

>̂ 
N 
Tr 

1) EtMgBr, CH2Cl2 , rt 
*~ 

O 

R2 R1 

R2 R1 

10 

N 
Tr 

11 

Scheme 8.2 

The required l-cyano-ß-carboline 14 was synthesised straightforwardly following 

literature procedures (Scheme 8.3).12 Pictet-Spengler condensation of tryptamine 12 with 

glyoxylic acid under neutral conditions afforded tetrahydro-ß-carboline-1-carboxylic acid. 

Esterification followed by aminolysis gave carboxamide 13. Aromatisation and dehydratation 

finally gave the desired 1-cyano-ß-carboline 14. The ease of this reaction sequence is 

demonstrated by the fact that no chromatographic separations are used in its synthesis: all 

intermediates are obtained as crystalline compounds and in good yields, only the final product 1 4 

was purified by flash chromatography. 
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Reagents and conditions: (a) glyoxylic acid (aq.), 90%. (b) MeOH, HCl, 71%. (c) NH, (aq.), McOH, 
xylenes, A, 73%. (e) POCI,, toluene, A, 82%. 

3%. (d) Pd/C, 

Scheme 8.3 
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After some discussion in literature, it is now well established that iodonation of imidazole 

affords 4,5-diiodoimidazole." L1 Subsequent reduction with sodium sulfite removes one of the 

iodine atoms and easily gives 4(5)-iodoimidazole 16.14 N-methylation of 4(5)-substituted 

imidazoles has been reported to give mixtures of the 4- and 5-substituted ./V-methylimidazoles.15 

Addition of the methylating agent (e.g. iodomethane or dimethylsufate) in different solvents 

(dimethylformamide, tetrahydrofuran or dichloromethane) indeed gave inseparable mixtures of the 

mono-substituted products together with starting material in low yields. Use of excess of 

methylating agent resulted in formation of dimethylated imidazole. Another approach, based upon 

subsequent deprotonation and alkylation was therefore employed.1617 The best result was obtained 

by first deprotonating iodoimidazole 16 with one equivalent sodium hydride. Methylation of this 

sodium salt resulted in complete conversion to 4-iodo- and 5-iodo-iV-methylimidazole 17 and 1 8 

which were formed in a ratio of respectively 38 : 62. Fortunately the desired 5-iodo isomer 1 8 

could be crystallised from petroleum ether and was obtained in an acceptable yield. 

M a, b ! ^ N c ! . , N M 

î > —- Xx> —- Xs> Xs> 
^ N ^ N ^ N | - ^ - N 

H H CH3 CH3 

15 16 17 18 

Reagents and conditions: (a) KI. NaOH (aq.) then I2, EtOH, 90%. (b) Na2SO, (aq.), EtOH, 67%. (c) NaH (l cq.), 
THF then CH,I, MeOH, 18: 34%. 

Scheme 8.4 

With 1-cyano-ß-carboline 14 and 5-iodo-/V-methylimidazole 18 in hands, all is now set 

for the Grignard coupling reaction. In theory it should be no problem to regioselectively 

functionalise halogenated imidazoles by halogen-metal exchange reactions. However, it was 

reported that during comparable lithium-exchange reactions, the initially formed imidazol-5-lithium 

species 19 undergoes a rearrangement to afford the thermodynamically more stable imidazol-2-

lithium species 20, so that by quenching with an electrophile, the 2-substituted product will be 

formed. Examples of such a base-catalysed halogen "dance reaction" have been found in 

imidazoles,1819 but was first described to occur in aryl halides20 and also thiophenes21 are known 

to undergo this rearrangement. The occurrence of this "dance reaction" was demonstrated in the 

synthesis of a regio-isomer of xestomanzamine A (Scheme 8.5). When a co-ordinating solvent 

such as tetrahydrofuran was used in the Grignard reaction of imidazole 18 with cyanide 14 the 

only isolated product was the 2-substituted imidazole 21. 
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Scheme 8.5 

The isomerisation depicted in scheme 8.5 however was not observed when 

dichloromethane was used as solvent for the exchange Grignard reaction instead of tetrahydrofuran 

(Scheme 8.6). Dichloromethane as the solvent for this metal-halogen exchange reaction was stated 

to be crucial to prevent the isomerisation of the 5-metallated species."'22 The more covalent 

character of the organomagnesium intermediate in this non-complexing solvent prevents 

equilibration to the more stable 2-metallated intermediate. Thus, metal-halogen exchange of the 

iodine in imidazole 18 generated the 5-metallated species 19 which was quenched with 1-cyano-ß-

carboline 14 to afford xestomanzamine A 1 directly after aqueous work-up.23 24 Due to the acidity 

of the indole N-H two equivalents of the imidazole anion were necessary to complete the reaction. 

N 
I * > 

N 
CH3 

18 

1) MeMgBr, CH2CI2 

2) 

3) H20 
H CN 14 

Scheme 8.6 

8.2 .2 Synthesis of xestomanzamine B 

As was mentioned before, the 3,4-dihydro-ß-carboline xestomanzamine B is easily 

oxidised (already by air-oxygen) to the fully aromatised xestomanzamine A. Therefore a strategy 

was developed in which the acyl-substituted imine bond is introduced in the last step of the 

synthesis. Key step of this approach is the Pictet-Spengler condensation between tryptamine and a 

suitable tricarbonyl compound 20 (Scheme 8.7). Vicinal tricarbonyl compounds have been 

employed successfully in the syntheses of eudistomins T, I and M,25 and isoquinoline26and 

vincamine-related alkaloids.27 
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Scheme 8.7 

A vicinal tricarbonyl substituted N-methylimidazole is an obvious requisite for the 

synthesis of xestomanzamine B via the Pictet-Spengler approach described above. In general, the 

vicinal tricarbonyl compounds 22 are synthesised by condensation of an appropiate acid chloride 

with a suitable phosphorane. The introduction of such a highly oxidised substituent at the 

imidazole 5-position therefore requires iV-methyl-5-imidazolecarboxylic acid 24. Synthesis of N-

methylimidazoles functionalised at the 5-position constitutes a serious problem as described before 

in § 8 .2 .1 . Instead of applying an exchange Grignard reaction as described in the synthesis of 

xestomanzamine A, it was decided to try a different approach for the synthesis of carboxylic acid 

24. This constituted of a one pot reaction starting from the readily available N-methylimidazole. 

Some successful syntheses of 5-substituted TV-protected imidazoles are described in literature in 

which the usual electron withdrawing /V-protecting groups are applied, such as a 

sulfonamide.18"28'29 

JH 1)n-BuLi ^ N 1) n-BuLi M 
I N> f V-TBS f VC02H 
^ N 2)TBSCI "-N 2)C0 2

 L - N 

CH3 CH3 3)H+ CH3 

Scheme 8.8 

Several unfruitful attempts were made in selectively trapping 5-lithiated 2-silylated iV-

methylimidazole following these procedures. In our hands however, all approaches in order to 

selectively trap the 5-lithiated 1-methylimidazole with C02 gave either the 2-carboxylate or 

inseparable mixtures of 2- and 5-substituted products. As was reported, an imidazole silicon dance 

reactionl8JC) is responsible for the formation of the 2-substituted product (see also the previous 

paragraph). Formation of the 2-lithio species can probably be prevented by very slow addition of 

the 2-protected N-methylimidazole to the lithiating reagent in order to suppress the metal-silyl 

exchange reaction between the 5-lithiated species and the 2-protected N-methylimidazole. 
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During these considerations, our attention was drawn to a convenient large scale synthesis 

of the desired carboxylic acid 24.30 This alternative approach, in which the imidazole nucleus is 

constructed, was finally chosen for the synthesis of carboxylic acid 24. In 1960 Gold described 

the preparation of a novel preformed iminium salt, 26.31 Exploration of its utility in organic 

synthesis has shown its reactivity towards several nucleophiles. Especially reaction with anions 

makes this "Gold's salt" advantageous over JV,JV-dimethylformamide dimethyiacetal, which is 

employed otherwise for the same chemistry.12 The crystalline Gold's salt 26 can be synthesised 

easily by reaction of cyanuric chloride 25 with six equivalents /V.TV-dimethylformamide whereby 

carbondioxide is liberated.32 

CI 

A A 

25 

I , CI" 
, N ^ N ^ N ^ 

26, Gold's salt 

N C02CH 
H 

27 

H3CO2C 

N / 

N \ 
C H 3 

28 

CH3O2C 

_ N 

I S > 
N 
CH 3 

29 

H 0 2 C 

N 

N 
C H 3 

24 

Reagents and conditions: (a) DMF, MTB-ether, A, 81%. (b) NaOMe, dimethyl oxalate, MTB-ether, 43%. (c) NaOH 
(aq.), 80 "C then HCl (aq.), 69%. 

Scheme 8.9 

Gold's salt 26 was reacted with the anion of sarcosine methyl ester 27. , 0 Formation of 

intermediate 28 and dimethylamine was followed by cyclisation to the desired methylester 29. 

Interception of the formed dimethylamine by dimethyloxalate is essential to prevent reaction with 

the product that would yield /V-methylimidazole-5-carboxamide. Hydrolysis of methylester 2 9 

afforded the carboxylic acid 24, which could obtained as the free acid by crystallisation from water 

(pH 2). 

Condensation of acid chloride 30 with stabilised phosphorane 3 1 " yielded ylide 32, 

which crystallised from ethyl acetate. Ozonolysis of 32 had to be performed at low temperature 

and in a mixture of dichloromethane and methanol to furnish the vicinal tricarbonyl derivative 33 , 

which was used without further purification in the condensation step with tryptamine. 
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Reagents and conditions: (a) (COCI),, CH2C12, 85%. (b) CH,C12, DiPEA, 41%. (c) O,, MeOH, CH,C12, -60 "C then 
S(CH,)2. 

Scheme 8.10 

The central carbonyl of 33 is activated by the two other carbonyl functions for participation 

in the Pictet-Spengler reaction to form 34. In the same step, the terr-butylester is cleaved which is 

followed by decarboxylation, facilitated by the ketone function (34 —> 35). Intermediate 35 was 

not observed, but in situ oxidised in the presence of air to the final product xestomanzamine B.23 

The purification procedure had to be controlled carefully in order to prevent the second oxidation 

step to the fully aromatised xestomanzamine A. 

12 

f-BuO 

O O 

33 

NHp 

. N 
I "» 

N 
CK, 

3 5 H 3 C ' N - ^ 

- 2 H 

H a C' 
, N - ^ 

slow 

H,C 
, N ^ 

xestomanzamine B xestomanzamine A 

Reagents and conditions: (a) TFA, CH2C12, then air, 43% (2 steps from 32). (b) air. 

Scheme 8.11 
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Chapter 8 

8.3 Concluding Remarks 

An efficient synthetic pathway was described for the synthesis of xestomanzamine A (1) 

and B (2). The synthesis of the completely aromatic xestomanzamine A by way of a Grignard 

exchange reaction in dichloromethane is suitable for the development of a variety of analogues. 

The sensitive xestomanzamine B was conveniently synthesised by the use of a Pictet-Spengler 

reaction with a vicinal tricarbonyl compound. Both syntheses can be easily performed on larger 

scale, since only a few chromatographic separations are necessary. 

8.4 Acknowledgements 

Peter Blokker is kindly acknowledged for the synthesis of xestomanzamine A. Thanks are 

also directed to Edwin Jongmans for the studies performed on the synthesis of xestomanzamine B. 

8.5 Experimental 

General methods. For experimental details see section 3.6 on page 50. For ozonolysis a Fischer Ozon-generator 
500 was used, which produces 1.2 g ozone per hour at an oxygen flow of 25 lh~'. For the NMR assignments of the 
products in this chapter the numbering as shown for structures 2 and 33 has been used. 

33 

l-Carbamoyl-l,2,3,4-tetrahydro-ß-carboline (13).'2 To solution of tryptamine hydrochloride 12 (20.0 g, 
102 mmol) in water (200 mL) a solution of glyoxylic acid (9.0 g, 122 mmol) in water (100 mL) was added slowly. 
A solution of potassium hydroxide (6.0 g, 107 mmol) in water (100 mL) was added and the mixture was stirred for 1 
h at rt. The precipitate was isolated by filtration and washed with water to afford 1,2,3,4-tetrahydro-ß-carboline-l-
carboxylic acid (19.8 g, 91.7 mmol, 90%, mp 224 - 225 °C) as white needles. 

A solution of this acid (12.9 g, 59.7 mmol) in methanolic hydrogen chloride (250 mL, saturated) was stirred during 
one night at rl. After concentration of the mixture in vacuo to 5% of the original volume, toluene (10 mL) was 
added. The precipitate was collected by filtration and washed with toluene to give l-carbomethoxy-l,2,3,4-tetrahydro-
ß-carboline hydrochloride (11.2 g, 42.1 mmol, 71%, mp 211 - 213 °C) as a white crystalline compound. 
A suspension of this methylester (10.0 g, 37.6 mmol) in methanol (100 mL) was added slowly and under vigorous 
stirring to concentrated ammonia (250 mL, 25%). The mixture was stirred during one night at rt and then 
concentrated in vacuo to 50% of the original volume. Filtration gave 13 (6.91 g, 29.9 mmol, 80%) as white plates: 
mp 202 - 203 °C; 'H NMR (CD3OD) 5 7.41 (d, J= 7.6 Hz, 1H, H-5), 7.33 (d, J = 7.6 Hz, 1H, H-8), 7.07 (t, J = 
7.6 Hz, 1H, H-7), 6.98(1, J= 7.6 Hz, 1H. H-6), 4.61 (s, 1H, H-l), 3.16 - 3.12 (m. 2H. H-4). 2.75 - 2.72 (m, 2H, 
H-3); IR (KBr) v 3435. 1656, 1618. 
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1-Cyano-ß-carboline (14). A suspension of 13 (6.20 g, 26.8 mmol) and palladium on activated charcoal (3 g, 

10%) in freshly distilled xylene (700 mL, mixture of isomers) was refluxed for 5 h. The hot solution was filtered 

over hy flow which was washed thoroughly with MeOH. The filtrate was reduced to 30% of the original volume and 

cooled to 0 ' C . The precipitate was collected to give 1-carbamoyl-ß-carboline (4.47 g, 19.5 mmol, 73%, mp 227 -

228 'C) as a crystalline compound. 

To a solution of this amide (4.30 g, 18.8 mmol) in toluene (400 mL) phosphorus oxychloride (25 mL, 99 mmol) 

was added. The mixture was refluxed during one night and concentrated in vacuo. The residue was dissolved in CHC1, 

(100 mL) and concentrated ammonia (300 mL, 10%) was added. The layers were separated and the water layer was 

extracted with CHCf, (5x). The combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 

(EtOAc/NEt, 98/2) afforded 14 (3.06 g, 15.5 mmol, 82%) as tan needles: R, (EtOAc/NEt, 95/5) 0.49; mp 231 - 232 

°C; 'Ft NMR S 9.34 (br s, ÎH, H-9), 8.55 (d, 7 = 5 . 1 Hz, 1H, H-3), 8.13-8.08 (m, 2H, H-4, H-8), 7.66 - 7.61 (m, 

1H, H-7), 7.37 - 7.34 (m, 1H, H-6); IR (KBr) V 3457, 2228, 1672, 1625. 

4(5)-Iodoimidazole (16 ) . To a solution of imidazole IS (1.70 g, 25.0 mmol) in a mixture of an aqueous 

potassium iodide solution (75 mL, 20%) and an aqueous sodium hydroxide solution (50 mL, 4 M) a solution of 

iodine (13.0 g, 51 mmol) in ethanol (100 mL) was added dropwise. The solution was stirred during one night at rt 

and concentrated in vacuo to 25% of its original volume. The pH of the mixture was adjusted to 7 with acetic acid. 

The white precipitate was collected and washed with water (25 mL) yielding 4,5-diiodoimidazole (7.18 g, 22.4 

mmol, 90%, mp 191 - 192 °C) as a white crystalline compound. 

To a suspension of 4,5-diiodoimidazole (7.0 g, 21.9 mmol) in ethanol (70 mL), a freshly prepared aqueous solution 

of sodium sulphite (65 mL, 30%) was added. The mixture was refluxed during one night. The white precipitate was 

removed by filtration and the filtrate concentrated in vacuo. The remaining white solid was dissolved in hot water (25 

mL) and the undissolved starting material was removed by filtration. The filtrate was cooled to 0 "C and the 

precipitate collected and dried in vacuo affording 16 (2.87 g, 14.8 mmol, 67%) as white needles; mp 130 - 133 *C; 

'H NMR (CD,OD) 6 7.63 (s, 1H, H-2); 7.20 (s, 1H, H-5); IR (KBr) v 3439, 1634. 

5-Iodo- l -methyl imidazole (18) . A solution of 16 (2.0 g, 10.3 mmol) and sodium hydride (412 mg, 10.3 

mmol, 60% dispersion in mineral oil) in tetrahydrofuran (10 mL) was stirred during 10 min. The mixture was 

concentrated in vacuo. The residue was evaporated several times from toluene and then dissolved in methanol (4 mL). 

lodomethane (0.65 mL, 10.4 mmol) was added at -15 "C and the mixture was stirred for 72 h at rt. The solvents 

were removed in vacuo and the residue washed with hot petroleum ether. Both 4-iodo- and 5-iodo-imidazole had been 

formed in a ratio of 17 : 18 = 38 : 62 as could be deduced from the 'H NMR spectrum of this crude mixture. The 

solution was concentrated until a precipitate formed and cooled to rt. The precipitate was collected and 

recrystallisation from petroleum ether to afford 18 (0.73 g, 3.51 mmol, 34%) as colourless needles: 

17: 'H NMR (from the mixture) 5 7.33 (s, ÎH, H-2), 6.96 (s, 1H, H-4), 3.68 (s, 3H, NCH,). 

18: mp 103 - 105 "C; 'H NMR 8 7.61 (s, ÎH, H-2), 7.12 (s, 1H, H-4), 3.61 (s, 3H, NCH,). 

Xestomanzamine A (1). To a solution of 18 (0.35 g, 1.68 mmol) in dichloromethane (3.5 mL) a solution of 

methylmagnesium bromide in diethyl ether (0.61 mL, 1.84 mmol, 3 M) was added dropwise at 0 °C. After stirring 

during 30 min the mixture was allowed to warm to rt and slowly added to a solution of 14 (170 mg, 0.86 mmol) in 

dichloromethane (30 mL). The mixture was stirred during one night at rt and then washed with water. The water 

layer was extracted with CH2C12 (3x) and the combined organic layers were washed with water (3x), dried (Na,S04) 

and evaporated. Flash chromatography (EtOAc) afforded 1 (130 mg, 0.47 mmol, 55%) as yellow needles:21 R, 

(EtOAc)0.10;mp 185 - 186 "C; 'H NMR 5 10.42 (br s, 1H, H-9), 8.93 (s, 1H, H-13), 8.59 (d, 7 = 4.9 Hz, 1H, H-

3), 8.17 (d, 7 = 6.0 Hz. 1H, H-5), 8.15 (d, 7 = 4.9 Hz, 1H, H-4), 7.67 (s, 1H, H-15), 7.63 - 7.57 (m, 2H, H-7, H-

8), 7.36 -7.32 (m, 1H, H-6), 4.10 (s, 3H, NCH,); "C NMR 5 184.3 (C-10), 143.1 (C-15) ,J, 140.8 (C-8a), 138.0 

(C-3), 136.6 (C-l orC-9a), 136.4 ( C I or C-9a), 131.5 (4a), 129.2 (C-7 o r C - l l ) , 129.1 (C-7 or C- l l ) , 121.7 (C-
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5), 120.7 (C-4b), 120.6 (C-6), 118.5 (C-4), 111.8 (C-8), 35.2 (NCH,); IR (KBr) v 3427, 1612; HRMS (FAB) obs. 

mass 277.1119, calcd for C„,H13ON4 (M + 1) 277.1089. 

l - ( l -Methy l imidazo-2 -y l ) formyl -ß -carbo l ine (19) . To a solution of 18 (50 mg, 0.24 mmol) in 

tetrahydrofuran (0.5 mL) a solution of methylmagnesium bromide in diethyl ether (0.09 mL, 0.27 mmol, 3 M) was 

added dropwise at 0 'C. After stirring during 30 min the mixture was allowed to warm to rt and slowly added to a 

solution of 14 (20 mg, 0.1 1 mmol) in ttrahydrofuran (4 mL). The mixture was stirred during one night at rt and 

then concentrated in vacuo. The residue was dissolved in CH2C12 (6 mL) and water (10 mL) was added. The layers 

were separated and the water layer washed with CH2C12 (2x). The combined organic layers were dried (Na2S04) and 

evaporated. Flash chromatography (EtOAc) afforded 19 (20 mg, 0.07 mmol, 64%) as a foam: Rf (EtOAc) 0.10; 'H 

NMR 8 10.91 (brs , 1H, H-9), 8.52 (d, J= 5.1 Hz, 1H. H-3), 8.18 (d, J = 7.8 Hz. 1H. H-5), 8.08 (d. J = 5.1 Hz, 

1H, H-4), 7.62 - 7.57 (m, 2H, H-7, H-8), 7.57 (br s. 1H. H-14), 7.42 (br s, 1H. H-13), 7.34 - 7.32 (m, 1H, H-6). 

3.66 (s, 3H, NCH3). 

Gold's salt (26).3I To a solution of cyanuric chloride 25 (2.02 g, 10.9 mmol) in ferr-butyl methyl ether (20 mL) 

/V./V-dimethylformamide (5.50 mL, 71.5 mmol) was added. The solution was reiluxed during 3 h and then cooled to 

rt. The mixture was filtered and the residu was dried under reduced pressure to yield 26 (4.35 g, 26.6 mmol, 81%) as 

a tan solid: mp 95 - 97 °C; 'H NMR (D,0) 8 8.26 (s, 2H, CHN). 3.31 (s, 6H, NCH,), 3.26 (s, 6H, NCH,); "C 

NMR (D20) 5 169.0 (NCHN), 44.9 (NCH,), 38.8 (NCH,); IR (KBr) v 1615, 1417. 

Methyl l -methyl imidazole-5-carboxylate (29). To a suspension of methyl /V-methylglycinate 

hydrochloride salt 27 (12.7 g, 90.9 mmol) in fert-butyl methyl ether (200 mL), dimethyl oxalate (2.63 g, 21.7 

mmol) and a freshly prepared solution of sodium (7.50 g, 326 mmol) in MeOH (60 mL) were added. Dry nitrogen 

was bubbled through the suspension while 26 , freshly prepared from 25 (9.31 g, 50.5 mmol) and 

dimethylformamide (25.7 mL, 333 mmol) in /ert-bulyl methyl ether (50 mL) was added. The suspension was stirred 

during 2 h at rt. Hy flow (5 g) was added and the suspension was filtered through a 3 cm layer of silica gel on top of 

a 1 mm layer of Na2S04 . The residue was washed with rerr-butyl methyl ether/MeOH (70/30) until the filtrate was 

colourless. The filtrate was concentrated in vacuo. The residue was purified by distillation (75 'C, 0.2 mbar) yielding 

29 (5.44 g, 38.8 mmol, 43%). On a small scale the product was purified by flash chromatography (CH2CI2/MeOH 

98/2). The methyl ester 29 was obtained as a colourless crystalline compound by sublimation: R,- (CH2CI,/MeOH 

98/2) 0.46; mp 59 - 60 'C; 'H NMR 8 7.70 (s, ÎH, H2 or H-4), 7.52 (s, 1H, H-2 or H-4), 3.89 (s, 3H, NCH,), 

3.83 (s, 3H, OCH,); 'H NMR (CD,OD) 8 7.81 (s, ÎH, H2 or H-4), 7.65 (s, 1H, H-2 or H-4). 3.92 (s, 3H, NCH,), 

3.85 (s, 3H, OCH,); "CNMR (CD,OD) 5 161.8 (C-6), 137.3 (C-2), 124.6 (C-5), 108.1 (C-4), 52.0 (OCH,), 34.5 

(NCH,); IR v 1715; HRMS (EI) obs. mass 140.0578, calcd for C6H8N202 140.0586. 

l-Methyl-5-imidazolecarboxylic acid (24). To an aqueous solution of sodium hydroxide (21 mL, 6 M), 2 9 

(10.5 g, 75.2 mmol) was added. The solution was stirred at 80 °C during 18 h. After cooling to rt the pH was 

adjusted with an aqueous hydrogen chloride solution (37%). The suspension thus obtained was stirred during 2 h at rt 

and 1 h at 0 'C. The suspension was filtered and the residue washed with cold water, EtOH and diethyl ether yielding 

24 (4.72 g, 37.5 mmol, 50%). From the filtrate a second crop (4.12 g, 32.7 mmol, 43%) could be obtained. The 

combined crystalline material, which still contained inorganic salts, was suspended in hot EtOH. The remaining 

solid material was filtered off and washed with EtOH. The filtrate was concentrated in vacuo to give 24 (6.54 g, 

51.9 mmol, 69%): mp 256 - 258 °C; 'H NMR (D20) 6 7.63 (s, 1H, H-2), 7.43 (s, 1H, H-4), 3.85 (s, 3H, NCH,); 
l3C NMR (D20) 8 170.6 (C-6), 144.4 (C-5), 135.9 (C-4), 132.1 (C-2), 36.4 (NCH,); IR (KBr) v 1699. 
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Acid chloride (30 ) . A suspension of 24 (0.74 g, 5.87 mmol), oxalyl chloride (5.4 mL, 60 mmol) and 

dimethylfomiamide (1 drop) in dichloromethane (10 mL) was stirred vigorously during one night at rt. The 

suspension was filtered and washed with dry CH2C12 to give 30 (0.90 g, 4.97 mmol, 85%) as its hydrogen chloride 

salt: IR (KBr) v 2991, 2749, 2597, 1774, 1561, 1457. 

Ylide (32). To a solution of rert-butyl (triphenylphosphoranylidene) acetate 3 1 3 3 (1.82 g, 4.83 mmol) and N,N-

diisopropylethylamine (2.18 mL, 15 mmol) in dichloromethane (25 mL), 30 (0.88 g, 4.83 mmol) was added at 

0 'C. The solution was subsequently stirred during 30 min at 0 °C and 4 h at rt. An aqueous Na2CO, solution was 

added and the layers were separated. The water layer was extracted with CH2C1, (3x) and the combined organic layers 

were dried (Na2S04) and evaporated. Crystallisation from EtOAc gave a first crop of 32 . By flash chromatography 

(EtOAc/EtOH 90/10) of the motherliquor followed by crystallisation from EtOAc 32 (1.12 g, 2.41 mmol) was 

obtained in a total yield of 4 1 % : Rr (EtOAc/NEt, 90/10) 0.12; mp 168 - 169 -C; 'H NMR 5 7.77 - 7.72 (m. 6H. 

Ar-H), 7.57 (s. ÎH, H-2), 7.56 - 7.51 (m, 3H, Ar-H), 7.48 - 7.44 (m, 6H, Ar-H), 7.33 (s, 1H, H-4), 3.69 (s, 3H, 

NCH,), 1.03 (s, 9H, C(CH,),); " C N M R 5 181.2 (C-6, 2J„ = 8.0 Hz), 166.6 (C-8, 2/CP = 12.4 Hz), 139.4, 134.2. 

133.5. 133.1 (Ar-C) 131.6 (Ar-C, VCP = 3.0 Hz), 128.4 (Ar-C. 2y tP = 13.1 Hz), 126.3 (Ar-C, V „ = 92.6 Hz), 78.5 

(C(CH,),), 69.7 (C-7, 7C P =111 Hz), 33.0 (NCH,), 27.9 (C(CH,),); IR (KBr) v 1669, 1657; HRMS (EI) obs. mass 

484.1902 calcd for CHH 2 ,0 ,N,P 484.1916. 

Ozonolysis of ylide 32 to tricarbonyl substituted imidazole (33) . Ozone was passed through a 

solution of 33 (98 mg, 0.2 mmol) in a mixture of methanol (2 mL) and dichloromethane (6 mL) at -60 "C until the 

starting material had disappeared according to TLC analysis (about 10 min). During 15 min at -60 °C nitrogen gas 

was bubbled through the solution to remove excess ozone and the reaction was quenched with an excess of 

dimethylsulfide. The reaction mixture was concentrated in vacuo to afford 33 which was immediately used in the 

Pictet-Spengler condensation. 

Xestomanzamine B (2). Freshly prepared 33 from 32 (98 mg, 0.2 mmol) was dissolved in dichloromethane (5 

mL) and a solution of tryptamine 12 (40 mg, 0.25 mmol) in dchloromethane (4 mL) was added. The reaction 

mixture was stirred during 4 h at rt. To the solution trifluoroacetic acid (1 mL) was added and the mixture was stirred 

during 4 h in the presence of air. Saturated aqueous Na,CO, solution (5 mL) and water (5 mL) were added, the 

product was extracted with CH2C1, (3x) and the combined organic layers were dried (Na,S04) and evaporated. Flash 

chromatography (EtOAc/EtOH 90/10 -> 75/25) gave 2 (24 mg, 0.09 mmol, 43%) as a glass. : ' The product had to 

be purified fast and kept under a nitrogen atmosphere as much as possible, otherwise air-oxidation resulted in the 

formation of substantial amounts of the fully aromatised 1. In a separate experiment following the same procedure, 

except that the product was not was kept under a nitrogen atmosphere, 1 (20 mg, 0.06 mmol. 28%) was obtained as 

a yellow crystalline compound. The spectral data of 1 were identical to those from the synthesis of 1 via the 

Grignard exchange reaction. 

2: R, (EtOAc/NEt, 90/10) 0.08; 'H NMR 5 9.53 (br s, 1H, H-9), 8.37 (s, 1H. H-13), 7.63 (s, 1H, H-15). 7.60 (d. J 

= 8.0 Hz. 1H, H-5), 7.40 (d, J = 8 . 3 Hz, 1H, H-8), 7.29 (dd, i = 8.3 Hz, J = 7.1 Hz, 1H, H-7), 7.14 (dd, J = 8.0 Hz, 

J = 7.1 Hz, 1H, H-6), 4.16 (dd, J = 8.9 Hz, J = 8.7 Hz, 2H, H-3), 4.00 (s, 3H. NCH,), 2.98 (dd, J = 8.9 Hz, J = 8.7 

Hz, 2H, H-4); "C NMR 5 182.7 (C-10), 155.7 (C-l), 144.1 (C-15), 144.0 (C-13)'4, 136.8 (C-8a), 128.5 (C-9a or 

C-l l ) , 126.2 ( C - 9 a o r C - l l ) , 125.0 (C-7), 124.6 (C-4b), 120.2 (C-5), 119.8 (C-6), 117.9 (C-4a), 112.1 (C-8), 49.0 

(C-3), 35.0 (NCH,), 18.7 (C-4); IR v 3459, 1641; HRMS (FAB) obs. mass 279.1245 calcd for C,6H15ON4 (M + 1) 

279.1246. 

177 



Chapter 8 

8.6 References and Notes 

1. Kobayashi, M.; Chen, Y.-J.; Aoki, S.; In, Y.; Ishida, T.; Kitagawa, I, Tetrahedron 1995, 51, 3727. 

2. For xestomanzamine B an IC5„ of 14.0 tigmL"1 was reported.' 

3. Andersen, R.J.; Soest, R.W.M, van; Kong, F. 3-Alkylpiperidine Alkaloids Isolated from Marine Sponges in 

the Order of Haplosclerida in Alkaloids: Chemical and Biological Perspectives, Pelletier, S.W., ed.; Elsevier 

Science, 1996, Vol. 10, p. 301 - 355. 

4. (a) Searle, P.A.; Molmski, T.F. J. Org. Chem. 1994 , 59, 6600. (h) Kobayashi, J.; Ishibashi, M. in 

Alkaloids: Chemistry- and Pharmacology; Brossi, A.; Cordeil, G.A., Eds.; Academic Press: San Diego, 1992 , 

Vol. 41, p. 41 - 124. 

5. (a) Üstünes, L.; Özer, A.; Laekeman, G.M.; Corthout, J.; Pieters, L.A.C.; Baeten, W.; Herman, A.G.; Claeys, 

M.; Vlietinck, A.J. J. Nat. Prod. 1991, 54, 959. (b) Wanner, M.J.; Velzel, A.W.; Koomen, G:-J. J. Chem. 

Soc. Chem. Commun. 1993. 174. (c) Cheng, E.; Botzem, J.; Wanner, M.J.; Burm, B.E.A.; Koomen. G.-J. 

Tetrahedron 1996, 52, 6725. (d) See also chapter 2 of this thesis. 

6. Kilpatrick, G.J.; Jones, B.J.; Tyers, M.B. Nature 1987, 330. 746. 

7. See also chapter 7, § 7.1, of this thesis. 

8. Book of abstracts, / lth international conference on organic synthesis (ICOS-11 ) , Amsterdam, June 30 - July 4 

1996, PO-404, p. 544. 

9. Molina, P.; Fresneda, P.M.; Garcia-Zafra, S. Tetrahedron Lett. 1996, 37. 9353. 

10. Originally, the procedure employed by Molina etal? was described for the synthesis of imidazoles possessing a 

different nitrogen protecting group (SOiNMe,). Due to the electron-withdrawing capacities of this protecting 

group at the 2-position. the 5-lithiated derivative is not susceptible to rearrangement and therefore substitution 

at the 5-position takes place exclusively after quenching the reaction. Since the methyl group lacks this 

capacity, this procedure is not applicable to N-methyl imidazole, because after selective lithiation of the 5-

position a silicon "dance reaction""1" can occur, thereby forming the 2-lithiated species. Probably, replacement 

of the protecting group for the larger triethylsilyl group at the 2-position of /V-methyl imidazole, as used in the 

synthesis of xestomanzamine A according to scheme 8.1 ,'J also prevents this rearrangement. 

11. Turner, R.M.; Lindell, S.D. J. Org. Chem. 1991, 56. 5739. 

12. Rinehart Jr., K.L.; Kobayashi, J.; Harbour, G.C.; Gilmore, J.; Mascal, M.; Holt, T.G.; Shield, L.S.; 

Lafargue, F. J. Am. Chem. Soc. 1987, 109, 3378. 

13. (a) Pauly, H.; Gundermann, K. Ber. Dtsch. Chem. Ges. 1908 , 41, 3999. (b) Iddon, B.; Lim, B.L. J. Chem. 

Soc. Perkin Trans. I 1983, 735. (c) Dickens, LP.; Dyer, R.L.; Hamill, B.J.; Harrow, T.A.; Bible Jr., R.H.; 

Finnegan, P.M.; Henrick. K.; Owston, P.G. /. Org. Chem. 1981,46, 1781. 

14. Pauly, H.; Arauner, E. J. Prakt. Chem. 1928, 33, 118. 

15. (a)Balaban, I.E.; Pyman, F.L. J. Chem. Soc. 1924 , 125, 1564. (b) Benjes, P.; Grimmclt, R. Heterocydes 

1994, 37, 735. 

16. Begtrup, M.; Larsen, P. Acta Chem. Scand. 1990, 44, 1050. 

17. See for a review on metallation and metal-halogen exchange reactions of imidazoles: Iddon, B. Heterocydes 

1985, 23, 417. 

18. Groziak, M.P.; Wei, L. J. Org. Chem. 1991, 56, 4296 and references cited herein. 

19. Shapiro, G.; Marzi, M. Tetrahedron Lett. 1993, 34, 3401. 

20. Bunnett, J.F. Ace. Chem. Res. 1972,5 , 139. 

21. (a) Taylor, E.C.; Vogel, D.E. J. Org. Chem. 1985 , 50, 1002. (b) Sauter, F.; Fröhlich, H.; Kalt, W. 

Synthesis 1989, 771. 

22. Carver, D.S.; Lindell, S.D.; SaviUe-Stones, E.A. Tetrahedron 1997, 53, 14481. 

178 



Xestomanzamine A and B 

23. Synthetic xestomanzamine A (1)2A and B (2) were identical in all aspects (mp, 1R, MS, 'H and 13C NMR) with 

the natural alkaloids.1 

24. Xestomanzamine A 1 was crystallised from methanol as yellow plates and isolated together with one equivalent 

of methanol according to its 'H NMR spectrum. Upon heating, the methanol evaporated and yellow needles 

(m.p. 185 - 186 "C) were formed. Alternatively, purification by flash chromatography (EtOAc) also gave those 

yellow needles. Kobayashi et al.' report the isolation of xestomanzamine A 1 as yellow needles (mp 185 - 186 

°C), strange enough the crystal structure shows the presence of one equivalent of methanol. 

25. Wasserman, H.H.; Kelly, T.A. Tetrahedron Lett. 1997, 38, 7117. 

26. Wasserman, H.H.; Amici, R.; Frechette, R.; Duzer, J.H. van Tetrahedron Lett. 1989, 30. 869. 

27. Wasserman, H.H.; Kuo, G.-H. Tetrahedron Lett. 1989, 30. 873. 

28. (a) Walters, M.A.; Lee, M.D. Tetrahedron Lett. 1994, 35, 8307. (b) Carpenter, A.J.; Chadwick, D.J. 

Tetrahedron 1986, 42, 2351. 

29. Ngochindo, R.I. J. Chem. Soc. Perkin Trans. 1 1990, 1645. 

30. Kirchlechner, R.; Casutt, M.; Heywang, U.; Schwarz, M.W. Synthesis 1994, 247. 

31. Gold, H. Angew. Chem. 1960, 72, 956. 

32. Gupton, J.T.; Colon, C ; Harrison, CR. ; Lizzi, M.J.; Polk, D.E. J. Org. Chem. 1980, 45, 4522. 

33. fert-Butyl(triphenylphosphoranylidene) acetate 32 can be obtained either commercially or synthesised according 

to: Cooke Jr., M.P.; Burman, D.L. J. Org. Chem. 1982, 47, 4955. 

34. In the APT spectrum of xestomanzamine A, one of the imidazole CH's, most probably C-13, could not be 

detected. In the APT spectrum of xestomanzamine B this carbon atom manifests itself pointing the wrong way 

(up instead of down). The APT spectrum consists of a combination of DEPT spectra edited by the computer. 

The delays used for generation of these subspectra are derived from the coupling constant J[
cfl which in the 

APT experiment is set to a compromise value of 150 Hz, but may vary over a range of about 125 - 210 Hz. 

Carbon atoms with coupling constants substantially different from this value do not behave properly during 

editing. Examination of the individual DEPT experiment, in this case the DEPT45 experiment which generates 

the subspectrum containing only CH-signals, however will make the assignment entirely unambigious. See: 

Derome, A. in Modern NMR Techniques for Chemistry Research; Baldwin, J.E., Ed.; Pergamon Press Ltd.: 

Oxford, 1987, Organic Chemistry Series, Vol 6. p. 143 - 147. 

179 



Chapter 8 

180 


