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Chapter 3 

Synthesis of Nazlinine Analogues 
for 5-HT Receptor Affinity Studies 

Abst rac t 

In view of the serotonergic activity reported for the indole alkaloid nazlinine, a variety of 

analogues, all ß-carbolines, was synthesised. Purpose of this investigation was to determine the 

requirements and limits for binding to the 5-HT receptors and possible development of a ligand 

which specifically binds to one of the 5-HT receptor subtypes. Modifications were accomplished 

by systematical variation of the length and nature of the alkyl-substituent at C-l. Furthermore a 

series of conformationally restricted analogues in which the C-l substituent is part of a cyclic 

structure was synthesised. 
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Chapter 3 

3.1 Introduction 

A common theme in medicinal chemistry is the synthesis of analogues of known active 
compounds in order to perform quantitative structure activity relationship (QSAR) studies. The 
effect of these structural changes to affinity and activity for a specific receptor are investigated to 
gain insight in the way binding to the receptor takes place and to further optimise biological 
activity. 

In 1991 a new tetrahydro-ß-carboline was isolated from the plant Nitroria Schoben which 
was shown to exhibit serotonergic activity as was determined by experiments on aortic rings.' 
After some discussion in the literature this alkaloid, named nazlinine, was assigned structure 2.2"1 

The biomimetic synthesis of nazlinine 2, which has been derived from tryptophan and lysine 
metabolites, was described by our laboratory in 1993.2 

HO. 

NH? 

1, serotonine 2, nazlii 

Figure 3.1 

Stimulated by the worldwide interest for the development of selective 5-HT receptor 
ligands and in view of the serotonergic activity reported for nazlinine, we decided to use this 
alkaloid as the basis structure for optimisation studies. In this chapter, the syntheses of analogues 
of nazlinine 2 are described with the purpose of developing selective 5-HT ligands. A series of 
compounds with variation in length and nature of the C-l substituent was synthesised. 
Conformationally restricted analogues, where the butylamine substituent present in nazlinine is 
incorporated in a ring system, were prepared. Binding affinity studies performed with compounds 
presented in this chapter will be discussed in chapter 9. 

3.2 Variations in the C-1 Substituent 

3.2.1 Length of the aminoalkyl chain 

The synthesis of nazlinine 2 was described before, via a biomimetic route, involving the 
Pictet-Spengler condensation of tryptamine with tetrahydropyridine.2 Those bioprecursors are 
thought to be derived from the amino acids tryptophan and lysine respectively.4 A biomimetic 
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Synthesis of Nazlinine Analogues 

synthesis follows the biosynthetic route, by which nature makes compounds, as closely as 
possible, but without the interference of enzymes that nature so elegantly uses. Since enzymes play 
a crucial role in the synthesis, the biomimetic method will not always offer the best route for the 
synthesis of natural compounds. In case of the biomimetic synthesis of nazlinine 2, the 
bioprecursor tetrahydropyridine has to be synthesised first in some steps from piperidine.5 

Therefore an alternative three step procedure for the large scale synthesis of nazlinine was 
developed. Pictet-Spengler condensation of tryptamine 3 with glutaric aldehyde and simultaneous 
cyclisation to the iminium salt 4,6 was followed by opening of the indoloquinolizidine using 
methoxyamine to give oxime 5. Nazlinine was obtained by reduction of the oxime to a primary 
amine using lithium aluminium hydride. It was expected that oxidation of the tetrahydro-ß-
carboline would afford imine 6,7 which obviously has less conformational freedom than the 
starting material 2. With mercury(Il)acetate, as a complex with ethylenediaminetetraacetic acid 
(Fujii modification), dihydrocarboline 6 was obtained in high yield. Further oxidation to the ß-
carboline 7 proved to be impossible under standard conditions such as palladium on carbon in 
refluxing xylene, due to interference of the primary amine with the catalyst. When tert-

butoxycarbonyl protected nazlinine was used, aromatisation under identical conditions however 
gave the desired fully aromatic 7. The synthesis of this ß-carboline is described in chapter 4, 
§ 4.3 (see scheme 4.10). 

Reagents and conditions: (a) H,0. (b) NH,OCH3, H,0, 90 °C. (c) LiAlH4, THF, A. 41% (3 steps), 

(d) Hg(OAc),/EDTA2Na, CH,CN, A, 88%. 

Scheme 3.1 

Serotonine possesses a hydroxyl group at the indole 5-position, which most probably 

contributes to binding specifity. A variety of bio-isosteres of serotonine which are substituted by 

hetero atoms at this position is known to act as selective ligands and some of them, such as 

sumatriptan, are useful pharmaceuticals. Therefore the objective was the synthesis of methoxy 
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Chapter 3  

substituted 15, a nazlinine analogue with a hetero atom at the indole 5-position. In order to avoid 
selectivity problems it was decided to introduce the methoxy substituent in the indole stage, since 
5-methoxyindole 8 is commercially available. Conversion of 8 to 5-methoxytryptamine, which can 
be used in the Pictet-Spengler condensation, was an obvious requirement. 

Introduction of a ß-functionalised two-carbon substituent on the 3-position of indole can be 
readily achieved by acid catalysed condensation with l-dimethylamino-2-nitroethene 9, prepared 
from nitromethane and dimethylformamide diethylacetal.8 Protonation of the nitro-functionality in 
9 by trifluoroacetic acid results in an electrophilic species that is attacked by the nucleopilic indole 
3-position. The intermediate thus formed is protonated and eliminates dimethylamine to afford 
nitrostyrene 10. which is reduced to 11 with sodium borohydride in the presence of silicagel.9 

These reduction conditions are necessary to suppress the side reaction in which dimer formation 
takes place by Michael addition of the resonance stabilised intermediate a-carbanion to the 
nitrostyrene. Reduction of the nitro group to the amine using palladium on carbon and ammonium 
formate as the hydrogen transfer agent constituted a mild method for the synthesis of 5-
methoxytryptamine 12.I0 

N ^ \ ^ ^ N ^ V ^ - M ^ N 0 2 

H ^N(CH3)2 N \ - - N 

Il 10 M i l 
8 OjN^ 9 

l ^ N H 13 

Id 

: - . ^ ^ 14 

Ji NHp 
N z 

H 

12 

NJ3 ChUO 

Reagents and conditions: (a) TFA, A, 71 %. (b) SiO,, i-PrOH, CHCl,, NaBH,. 63« . (c) Pd/C ( 10%), NH4COOH 

MeOH, 90%. (d) AcOH, H30. Ca(OCl), then KOH, EtOH, Â. (e) TFA. H,0. A, 42%. 

Scheme 3.2 

Construction of the tetrahydro-ß-carboline ring system possessing a butylamine substituent at C-l 

could be achieved by the biomimetic procedure as described for nazlinine.2 Reaction of 5-

methoxytryptamine 12 with the in situ generated 2,3,4,5-tetrahydropyridine followed by Pictet-

Spengler condensation results in the desired methoxy nazlinine 15. Under neutral conditions 

2,3,4,5-tetrahydropyridine is not stable due to irreversible imine/enamine dimerisations in which 
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Synthesis of Nazlinine Analogues 

carbon-carbon bonds are formed." The corresponding symmetrical trimer 14 which contains only 
intermolecular N-C-N bonds, is an easy to handle crystalline compound.5 Dissolving 14 in water 
containing one or more equivalents acid results in rapid hydrolysis into the protonated monomeric 
form, which is stable in solution. Trimer 14 was prepared from piperidine 13 in a two step 
procedure.5 

Trypargine 18, isolated from the African rhacophorid frog Kassina senegalensis, is a toxic 
component obtained from the skin of the frog, with several biological activities.12 The synthesis13 

of trypargine involves the intermediacy of nazlinine analogue 16 which is lacking one methylene 
group in the C-l side chain compared to nazlinine. In this laborious approach to 16, Pictet-
Spengler condensation of a-ketoglutaric acid 17 is followed by a four step conversion of the 
carboxylic acid to an amine. 

H 0 2 C C 0 2 H 

17 18, trypargine 

Figure 3.2 

We decided to adapt another strategy for the synthesis of nazlinine analogue 16 based upon the 
commercially available four-carbon synthon 19. Pictet-Spengler condensation of 4-amino-l,l-
diethoxybutane 19 under aqueous acidic conditions constituted a one step procedure to the desired 
analogue 16. The dehydro analogue 20 was obtained straightforwardly by Fujii oxidation,7 but 
further oxidation to the aromatic system was again impossible due to interference of the primary 
amine as was mentioned before. 

NH5 

19 

NH, 

Reagents and conditions: (a) H,0, TFA, A, 96%. (b) Hg(OAc)2/EDTA'2Na, EtOH, A, 73%. 

Scheme 3.3 

Nazlinine analogue 24 which possesses an amino-ethyl substituent at C-1 was made via 

the two step procedure depicted in scheme 3.4. Enamine formation by reaction of tryptamine with 
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Chapter 3 

ethoxyacrylonitrile 21 was followed by acid induced enamine/imine equilibration and subsequent 
Pictet-Spengler reaction to give 22 in a one-pot procedure. Surprisingly, reduction of the cyanide 
to the primary amine with lithium aluminium hydride led to tetrahydro-ß-carboline 26. Elimination 
of acetonitrile-anion, probably facilitated by metal complexation with aluminium followed by 
hydride reduction of the resulting imine might explain the formation of this product. The desired 
amine 24 could be obtained however by hydrogénation in the presence of hydrogen chloride 
which was generated in situ by hydrogenolysis of chloroform.14 Fujii-oxidation gave dihydro-ß-
carboline 27.7 

Il J 
H 

2, N C ^ O E . R 

NHo 

3 (R = H) 
12 (R = OCH3) 

^ ^ v /~\ 
\\ \ ll ^ ,H 

\ ^ .,, i>- * N 
N Y ~AI 
H > 

~c =N 

NH 

CN 

22 (R = H) 
23 (R = OCH3) 

R = H 

26 

NH 

24 (R = H) 
25 (R = OCH3) 

d Ft = H 

Reagents and conditions: (a) EtOH, then CH2Cl2, TFA, 22: 73%, 23: 25%. (b) Pd/C (10%), H2, EtOH, CHC1,, 

24: 73%. 25: 98%. (c) LiAIH4, THF. À, 93%. (d) Hg(OAc)2/EDTA2Na, EtOH. A, 74%. 

Scheme 3.4 

The same reaction sequence was performed starting with 5-methoxytryptamine 12 to 
afford nazlinine analogue 25. Fujii-oxidation of this 5-methoxy tetrahydro-ß-carboline did not 
afford the desired product but only polymeric material was detected. 

As expected, aromatisation of tetrahydro-ß-carboline 24 with palladium on carbon in 
refluxing xylenes was not possible. Since we had reasoned that the primary amine was responsible 
for this, aromatisation of cyanide 22 was undertaken. When the cyanide was exposed to the 
oxidising conditions, a mixture of three products was obtained. A minor amount of the desired 
aromatised 29 could be isolated, but the major product turned out to be enamine 28, which could 
also be synthesised by Fujii-oxidation of cyanide 22.7 Surpringly, the other minor product 
obtained from aromatisation with palladium on activated carbon was the parent ß-carboline ring 
system 30. Probably again metal complexation facilitated elimination of the acetonitrile-anion and 
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under the reaction conditions the dihydro-ß-carboline thus formed was easily oxidised to ß-

carboline 30. 

30 

Reagents and conditions: (a) Pd/C (10%), xylenes, A, 28: 43%, 29: 12%, 30: 8%. (b) Hg(OAc)2/EDTA'2Na, 

EtOH, A, 28: 80%. 

Scheme 3.5 

3.2.2 Introduction of substituents on nitrogen 

In order to explore the size and nature of the binding site for the primary amine function of 
nazlinine in 5-HT receptors, a series of nitrogen substituted compounds was synthesised. 
Discrimination between the secondary and primary amine functions in nazlinine is not possible. 
For instance acetylation with acetic anhydride leads to mixtures of mono-acetylated products and 
finally the diacetate is formed.2 Therefore a different strategy had to be adapted in which 
substituted tryptamine was used as the starting material in the Pictet-Spengler condensation. 

A/-methyltryptamine was synthesised straightforwardly by reduction of the urethane 
obtained from reaction of tryptamine 3 and ethyl chloroformate. Condensation of N-

methyltryptamine with trimer 14 under acidic conditions in order to generate the monomer in situ, 

gave methylated 31. Further oxidation of 31 with the Fujii method7 also appeared to be possible 
with this tertiary amine to give the iminium salt 32. 

14 

N ' N H ? a ,b 
H 

3 31 32 

Reagents and conditions: (a) ethyl chloroformate, CH,C1,, NaOH (aq.) then LiAlH4, THF, A, 77%. (b) 14, TFA, 

HjO, A, 91%. (c) Hg(OAc)2/EDTA2Na, acetonitrile, A, 60%. 

Scheme 3.6 

Selective substitution of the primary amine function in nazlinine could be achieved by 

protection of the secondary amine, before Pictet-Spengler condensation. The formation of 
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tetrahydro-ß-carbolines with iV-substituted tryptamines is known to proceed smoothly under 
nonacidic aprotic conditions, particularly with A'-benzyltryptamine.15 Since introduction of the 
aminobutyl C-l substituent via the biomimetic Pictet-Spengler condensation of tryptamine with 
tetrahydropyridine trimer 14 requires acidic conditions, another five-carbon synthon was 
developed. An oxime functionality was used as amine precursor thus establishing easy access to 
the primary amine. Condensation of aqueous glutaric aldehyde with methoxyamine in the presence 
of acid gave a mixture of mono- and dioximes 33 and 34, from which the desired mono-oxime 
was readily separated. 

N^ 
OCH 3 H3CO 

,N 
~OCH-, 

33 34 

Reagents and conditions: (a) H,NOCH„ H20, H2NOCH,HCl, 33: 29%, 34: 24%. 

Scheme 3.7 

Formation of the Schiffs base from tryptamine with benzaldehyde followed by reduction 
easily afforded mono-benzylated tryptamine, which in a neutral Pictet-Spengler condensation with 
aldehyde 33 gave access to oxime 35. Reduction afforded benzyl-protected nazlinine 36, which 
was a versatile intermediate for further derivatisation. Acetylation and deprotection constitutes a 
straightforward procedure to mono-acetylated nazlinine 37, which could be oxidised to imine 3 8 
by employing the Fujii oxidation.7 

d, e 

NHp 

33 

a, b 

35 
OCH, 

NHAc 

Reagents and conditions: (a) benzaldehyde, EtOH, then NaBH4. 82%. (b) toluene, 100 "C 83% (c) LiAlH THF 

A, 76%, (d) A e A CH,CN, 100%. (e) Pd(OH)2/C, H2, EtOH, HC] (aq.), 100%. (f) Hg(OAc)2/EDTA2Na, EtOH, A, 
82%. 

Scheme 3.8 
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The indole 39, GR 113808, has been described as a very potent and selective competitive 

5-HT4 receptor antagonist.'6 It lacks antagonist affinity for the other 5-HT receptors, has only a 

weak affinity for the 5-HT-, receptor and is over a thousand times more selective for the 5-HT4 

receptor. Removal of the sulfonamide substituent results in inversion of affinity: tropisetron 40 is 

over a thousand times more selective for the 5-HT, receptor than for the 5-HT4 receptor.17 

N 
CH 3 

39 

k / ^ 'NHSO2CH3 

GR 113808 

5-HT, pK( 6.0 
5-HT4 pA2 9.2 

40 

k^>' NChU 

tropisetron 

5-HT3 pKi 9.6 
5-HT4 pA2 6.5 

Figure 3.3 

Encouraged by the effect resulting from this subtile structural change, we decided to 

synthesise ethylsulfonamides 43 and 4 5 . Simple alkylation of the primary amine of mono-

benzylated nazlinine 36 using methylsulfonamide substituted bromoethane 42 resulted in di-

alkylation. Mono-benzylation of the primary amine in 36 by the Schiffs base reduction method, 

followed by alkylation and deprotection however gave easy access to sulfonamide 43. 

SO2CH3 
NH 

Reagents and conditions: (a) benzaldehyde, EtOH, then NaBH4. 82%. (b) CH,CN, K,CO„ 42%. (c) Pd(OH),/C. H2, 
EtOH, HCl (aq.), 94%. 

Scheme 3.9 

Since the four-carbon synthon, acetal 19 (Scheme 3.10), has to be transformed in situ to 

the corresponding aldehyde, a neutral Pictet-Spengler condensation with /V-benzyltryptamine is not 

applicable to this situation. Therefore the procedure described before for mono-alkylation of 

nazlinine was applied to 4-amino-l,l-diethoxybutane 19 to give sulfonamide 44 . Pictet-Spengler 
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condensation of this acetal under acidic conditions, followed by debenzylation afforded nazlinine 
analogue 45. 

= rNH2 a ' b oEt - * " 

EtO EtO 

c, d 

"NHS02CH 

19 44 

Reagents and conditions: (a) benzaldehyde, EtOH then NaBH4, 87%. (b) 42, CH,CN, K2CO, 96% (c) tryptamine 
H,0 , TFA, 95 -C, 66%. (d) Pd/C (10%), H2, EtOH, 89%. 

Scheme 3.10 

3.2.3 Replacement of the primary amine by other functionalities 

The size and nature of the binding site for the primary amine was further explored by 
changing the nitrogen for another hetero atom. The synthesis of nazlinine analogue 46 was 
achieved straightforwardly by a Pictet-Spengler condensation with 5-hydroxypentanal generated in 
situ under the acidic reaction conditions. 

NHo 

k O A 0 " 

e, f 

N 0 ^ - N H J 3 P i v 
H 

48 

Reagents and conditions: (a) H20, 45 'C, 68%. (b) Pd/C (10%), xylenes, A, 86%. (c) 130 "C then K2CO„ MeOH, 

rt, 67%. (d) pivaloyl chloride, pyridine, 0 °C, 96%. (e) POCl„ toluene, 80 'C, 44%. (f) Mel, CH,CN, A,'100%. ' 

(g) CHjCl,, then HCl (aq.), 65%, ee 32% determined with Pirkle alcohol.2" 

Scheme 3.11 

44 



Synthesis of Nazlinine Analogues 

Aromatisation to 47 in this case was possible, because in contrast to the primary amines 
previously described, the hydroxyl group did not interfere with this oxidation reaction. 

The asymmetric reduction of phtalimide protected dihydronazlinine has been described by 
Mahboobi et al. using the chiral proline derived borane 50.18 This reducting agent, originally 
described by Iwakuma et al.,'9 afforded (S)-(-)-nazlinine in an enantiomeric excess of more than 
95%. Application of the procedure to the reduction of iminium salt 49, obtained by Bischler 
Napieralski reaction of the pivaloyl protected 48, was however less successful. The 'H NMR 
spectrum of 51 measured in the presence of Pirkle alcohol20 indicated an enantiomeric excess of 
32%. 

During the last decade, attention was attracted by the biological activity of dimers, which 
exhibited considerably more activity than their corresponding monomers.21 Also in the field of 5-
HT receptors, this "bivalent ligand approach" has been successfully applied.22 For instance, dimer 
53 of the antimigraine drug sumatriptan 52 was reported to be a potent and orally active 5-HTIB 

agonist.23 

CH3NHSO2 5-HT1BKj 19.1 nM 
N^ N(CH3)2 5-HT1DKj 8.6 nM 

H 

52, sumatriptan 

CH 

, | ^ Y ^ CH3
 5/Hl"> !S ° ' 6 4 nM. S ' il 1 J 5-HT.nKj 0.89 nM 

(CH3)2N l k | A s ^ " v ^ S n , 

53 H 

Figure 3.4 

Nazlinine dimer 55 was synthesised by way of a double Pictet-Spengler condensation of 

glutaric aldehyde with two equivalents NPS-protected tryptamine 54. Protection of tryptamine is 

required to prevent cyclisation to indoloquinolizidine after the initial Pictet-Spengler condensation. 

Removal of the o-nitrophenylsulfenyl protecting groups2425 was achieved via Raney nickel 

desulfurisation,26 giving dimer 55 as a 42 : 58 mixture of diastereomers according to the 'H NMR 

spectrum. 
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a rT ^ r ' ^ N b, c 

NH 2 ^ V HN-NPS 
H H 

54 NPS = s , / ^ 55 

T 
OjN 

Reagents and conditions: (a) 2-nitrobenzenesulfenyl chloride, CH,C1,, NaOH, 66%. (b) glutaric aldehyde (aq.), 
PTFA, CaClj, CH,C12 then RaNi, THF, 40%. 

Scheme 3.12 

3.3 Conformationally restricted Nazlinine Analogues 

3.3.1 Nicotinamide derived analogues 

A common theme in medicinal chemistry is the development of conformationally restricted 
analogues of known receptor ligands. Studies towards the binding properties of such analogues 
provide information concerning the active conformation of the substrate and thus attribute to 
optimisation of binding specificity. Reduction of the considerable degree of freedom present in the 
tetrahydropyridine part of nazlinine, could contribute to the development of more specific 
serotonine receptor ligands. Oxidation of the tetrahydro-ß-carboline C-ring not only results in 
reduction of conformational freedom of this ring, but also defines the spatial position of the C-1 
substituent. Throughout this chapter, the synthesis of oxidised analogues was already described. 
In this part attention will be focussed on the aminobutyl side chain. 

The Zincke reaction is a known method for introduction of activated pyridinium salts, like 
e.g. nicotinamide on primary amines.27 An important improvement of this reaction was described 
by Mamzano et al.:ls by conducting the Zincke reaction in refluxing n-butanol, also unactivated 
pyridines can be used. The reaction comprises the nucleophilic addition of an amine to the 2-
position of a 2,4-dinitrophenyl TV-substituted pyridinium salt such as 56. Via ring-opened 
intermediate 57, 2,4-dinitrophenylaniline 58 is formed, whereby the primary aminogroup of the 
nucleophile has replaced the pyridine nitrogen atom. 
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0 2 N 

NO? 

-HCl 0?N 

H 2 N-R 

56 

NO 

57 

ci-

58 

0 2 N 

59 

Figure 3.5 

The use of Zincke reagent 60 in a reaction with tryptamine generated pyridinium salt 61 , 
which has its amide nitrogen at the same distance from the indole ring as the primary amine in 
nazlinine. Hydrogénation of the pyridinium salt afforded vinylogous urea derivative 62, which 
serves as the basis for synthesis of the completely reduced 64 as well as for conformationally 
restricted analogue 63. Acid induced imine/enamine equilibrium followed by cyclisation on the 
indole 2-position gave the substituted indoloquinolizidine derived 63 with a frans-relationship 
between H, and H,,k. 

NH 2 

60 

N (>• 
H 

61 

NHp 
62 

NH? 

0 2 N 

63 

Il J 
' N 
H 

64 

NHp 

Reagents and conditions: (a) MeOH, rt, 3 h, 69%. (b) Pd/C (10%). H2, NaOAc, HOAc, MeOH, 65%. (c) HCl, 

MeOH, 76%. (d) NaCNBH,, HOAc, CH,CN, 65 "C, 70%. 

Scheme 3.13 

Reduction of the pyridinium salt obtained from Zincke reaction of the initially described 

unsubstituted reagent 56 with tryptamine afforded tetrahydropyridine derivative 65. Isomerisation 
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of the double bond to the corresponding imine and subsequent cyclisation to indoloquinolizidine, 
was not attempted with this compound. 

DNP-N 
\=J 56 

NH? a, b 

65 

Reagents and conditions: (a) n-BuOH, A, 4 h. (b) NaBH4, MeOH, 0 *C, 47% (2 steps). 

Scheme 3.14 

Nazlinine, which also contains a primary amine was reacted with both Zincke reagents 5 6 
and 60, the intermediate pyridinium salts were reduced to give the analogues 68 and 6 9 
respectively. When pyridinium salt 56 was used in the Zincke reaction, indoloquinolizidine 6 7 
was isolated after prolonged heating, as a result of nucleophilic attack of the ß-carboline nitrogen 
atom on the pyridinium salt 66. 

18 h 

,NH , N V ^ L NH2 

Reagents and conditions: (a) n-BuOH, A. 4 h. (b) NaBH4, MeOH, 0 T , 37% (2 steps), (c) MeOH, rt. (d) NaBH4. 
MeOH.-18 *C, 68% (2 steps). 

Scheme 3.15 
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3.3.2 Cyclic nazlinine analogues 

Almost complete reduction of the rotational freedom of the C-1 substituent was achieved by 
connecting the side chain to the indole nitrogen atom. In principle two nucleophilic positions for 
cyclisation are present in nazlinine: the ß-carboline nitrogen atom and the indole nitrogen. Pictet-
Spengler condensation of tryptamine with glutaric aldehyde results in simultaneous cyclisation of 
the second aldehyde function to form an indoloquinolizidine (see scheme 3.1). Pictet-Spengler 
condensation of the nitrophenylsulfenyl substituted tryptamine 54 with glutaric aldehyde was 
followed by cyclisation under basic conditions to give azepine 71. Cleavage of the o-

nitrophenylsulfenyl protecting group was performed under neutral conditions,25 thus preventing 
equilibration of the azepine ring system to the more stable indoloquinolizidine structure. 
Alternatively the azepine 71 was first dehydrated with phosporus oxychloride followed by 
deprotection to give the corresponding enamine 72. 

54 

HN. 
NPS 

70 71 

NPS= S 

72 

NH 

73 

NH 

Reagents and conditions: (a) glutaric aldehyde (aq.) (10 eq.), PTFA, CaCl2, CH,C1,, 56%. (b) NEt3, CH,C12, 100%. 

(c) POC1,, pyridine, CH,C1, then RaNi, THF, 49%. (d) RaNi, THF, 50%. 

Scheme 3.16 

The unsubstituted ring system 75 was synthesised by Pictet-Spengler condensation with 
the mono-acetal of glutaric aldehyde2'' in a one-pot procedure. Cleavage of the acetal in 74 under 
acidic conditions with in situ protection of the secondary amine by protonation resulted in 
cyclisation to the indole nitrogen atom. Reductive removal of the hydroxyl function with 
triethylsilane gave 75. With acetic acid/ sodium acetate in methanol, intramolecular reaction took 
place to the ß-carboline nitrogen atom. Sodium borohydride reduction of the intermediate iminium 

49 



Chapter 3 

salt produced indoloquinolizidine 67, a naturally occuring alkaloid which has been isolated from 
e.g. Nitraria komaroviiM). 

tryptamine 

b, c ^ » > . ,X" -s b, d 

NH "" 

67 

Reagents and conditions: (a) 5.5-diethoxypentanal, CH,C1,. (b) TFA, CH,C12, 0 °C. (c) TFA (excess). SiEt,H, 29% 

(from tryptamine). (d) NaOAc, NaBH4, McOH, 19% (from tryptamine). 

Scheme 3.17 

3.4 Concluding Remarks 

A variety of ß-carbolines was synthesised, based upon the structure of the alkaloid 
nazlinine. Especially variations in the aminobutyl side chain, from C4 to C,, and attachment of 
several substituents on the nitrogen atoms produced a useful series of analogues. By changing the 
oxidation state of the ß-carboline C-ring the direction and rotational freedom of the side chain 
could be influenced. Complete spatial control over the side chain was achieved by incorporating it 
into additional rings. Affinity studies with nazlinine and these analogues is described in chapter 9. 

3.5 Acknowledgements 

Siu Ching Man is kindly acknowledged for the synthesis of the methoxy analogues. 

3.6 Experimental 

General information. All reactions were carried out under an inert atmosphere of dry nitrogen. Standard syringe 

techniques were applied for transfer of dry solvent and Lewis acids. Dichloromethane was distilled freshly prior to use 

subsequently from phosphorus pentaoxide and calciumhydride, and tetrahydrofuran from sodium benzophenone kelyl. 

All other reagents and solvents were used as commercially available, unless indicated otherwise. R, values were 

obtained using thin-layer chromatography (TLC) on silica-coated plastic sheets (Merck silica gel 60 F,!4) with the 

indicated eluens, this technique was used to monitor the reactions. The compounds were visualised by UV light (254 

nm), I, and by spraying with a solution of 5% ammonium molybdatc in aqueous sulfuric acid (2 M), ninhydrin in 
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EtOH (0.4%) or p-anisaldehyde in MeOH (20%) followed by charring at 140 'C. Flash chromatography" refers to 

purification using the indicated eluens and Janssen Chimica silica gel 60 (0.030 - 0.075 mm). EtOAc, petroleum 

ether 40-60 (PE) and CH,C12 used for flash chromatography were distilled prior to use. When ammonia or 

triethylamine containing eluents were used, the silica gel was pre-treated with this eluent. Melting points were 

measured on a Lcitz melting point microscope. Melting and boiling points are uncorrected. Infrared (IR) spectra were 

obtained from CHC1? solutions unless indicated otherwise, using a Bruker IFS 28 FT-spectrophotometer and 

wavelengths (v) are reported in cm"'. Proton nuclear magnetic resonance ('H NMR) spectra and carbon nuclear 

magnetic resonance ("C NMR; APT) spectra were determined in CDC1, using a Bruker ARX 400 (400 MHz, 100 

MHz respectively) spectrometer, unless indicated otherwise. The other spectrometers used were a Bruker AC 200 

(200 MHz, 50 MHz respectively) and a Bruker WM 250 (250 MHz, 63 MHz respectively). Chemical shifts (8) are 

given in ppm downfield from tetramethylsilane as internal standard. Mass spectra and accurate mass measurements 

were performed using a JEOL JMS-SX/SX 102 A Tandem Mass Spectrometer using Fast Atom Bombardment 

(FAB) or Electron Impact (EI). A resolving power of 10,000 (10% valley definition) for high resolution electron 

impact or FAB mass spectrometry was used. In HRMS data were applicable only 7''Br isotopes are quoted. Elemental 

analyses were performed by Dornis u. Kolbe Mikroanalytisches Laboratorium, Mülheim an der Ruhr, Germany. For 

the NMR assignments of the products in this chapter the numbering as shown for structures 2, 12, 55, 62, 63, 69 

and 73 has been used. 

Nazlinine ( l-(4-butylamino)-l ,2,3,4-tetrahydro-ß-carboline) (2). Nitrogen gas was passed through a 

solution of tryptamine hydrochloride salt 3 (2.97 g, 15 mmol) in water (0.9 L) during 2 h in order to remove 

oxygen. To this solution an aqueous glutaric aldehyde solution (6.8 mL, 18 mmol, 25%) diluted with water (10 mL) 

was added dropwise over a period of 10 min at 0 "C. After stirring the reaction mixture during 3 - 7 days at rt, an 

aqueous methoxyamine solution (9 mL. 60 mmol, 30%) was added. The reaction mixture was stirred during 5 h at 

85 - 90 °C and after cooling to rt washed with CH2C12 (2x). The aqueous layer was basified using Na^CO-, and the 

oxime 5 was extracted with CH2C1: (3x). The combined organic layers were dried (Na,S04) and evaporated. The 

residue was co-evaporated from tetrahydrofuran (25 mL) and dissolved again in tctrahydrofuran (100 mL). To this 

solution lithium aluminium hydride (3.04 g, 64 mmol) was added in portions at 0 "C. The reaction mixture was 

refluxed during 6 h and then cooled to 0 °C. Subsequently EtOH (25 mL) and an aqueous sodium hydroxide solution 

were slowly added until the lithium salts had been dissolved. A saturated K2CO, solution (50 mL) was added and the 

product was extracted with diethyl ether/2% EtOH (3x). Aqueous phosphate-buffer (3x, pH 7) was used to extract the 

product again in the water layer that was subsequently washed with diethyl ether/2%' EtOH and basified with K :CO,. 

The product was extracted with diethyl ether/2% EtOH and the combined organic layers were evaporated. The residue 

was co-evaporated from EtOH and dissolved in EtOH again. Hydrochloric acid (37%) was added in order to adjust the 

pH < 1 and the solvents were removed by concentration in vacuo. Co-evaporation from EtOH (2x) was followed by 
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crystallisation from EtOH. The solid was subsequently washed with cold EtOH, diethyl elher/EtOH (50/50), diethyl 

ether and PE under a nitrogen flow to afford 2 as its dihydrogen chloride salt (1.93 g, 6.1 mmol, 41%) as a 

crystalline compound:32 mp 75 - 78 'C; 'H NMR 8 8.46 (br s, 1H, H-9), 7.48 (d, J = 7.5 Hz, 1H, H-5), 7.31 (d, J = 

6.8 Hz. IH, H-8), 7.17 - 7.05 (m, 2H, H-6, H-7), 4.10 - 4.06 (m, 1H. H-l), 3.42 - 3.31 (m, 1H, H-3), 3.10 - 2.95 

(m. IH, H-3). 2.80-2.70 (m, 4H, H-4. H-13), 1.75- 1.55 (6H, H-10, H-l l , H-12); "C NMR (CD,OD) 8 137.8, 

136.9, 128.6, 121.9, 119.6. 118.5, 111.8, 108.7. 53.9 (C-l), 43.6, 42.3, 35.3. 33.7, 24.0, 23.0; IR v 3480, 1570; 

HRMS (EI) obs. mass 243.1714, calcd. 

for CI5H2IN, 243.1735. 

Dehydronazlinine (6). To a solution of nazlinine 2 (100 mg, 0.4 mmol) in acetonitrile (50 mL) a solution of 

mercury(II)acetate (2.87 g, 9.0 mmol) and ethylenediaminetetraacetic acid (EDTA) disodiumsalt dihydrate (3.35 g, 

9.0 mmol) in water (90 mL) was added. The reaction mixture was refluxed during 4 h and then diluted with diethyl 

ether and basified using solid K,CO,. The layers were separated and the water layer extracted with diethyl ether/3% 

EtOH (3x). The combined organic layers were dried (Na2S04/K,CO, 50/50) and evaporated. Flash chromatography 

(CH,Cl,/MeOH/concd NH4OH 65/30/5) afforded 6 (87 mg, 0.41 mmol, 88%) which was converted in its crystalline 

hydrogen chloride salt: R, (CH2Cl2/MeOH/concd NH4OH 65/30/5) 0.25; mp 220 - 225 "C; 'H NMR (D20) 5 7.72 

(d, J = 8.2 Hz, IH. H-5), 7.53 - 7.48 (m, 2H, H-7, H-8), 7.26 - 7.18 (m, IH, H-6), 3.91 (t, J = 8.8 Hz, 2H, H-3), 

3.19 (t. 7 = 8.8 Hz, 2H, H-4), 3.11 - 2.95 (in, 4H. H-10, H-13). 1.86- 1.70 (m, 4H, H- l l , H-12); L1C NMR (D20) 

5 171.8 (C-l), 143.8, 132.1, 128.3, 128.2, 127.7, 126.5, 124.6. 115.9, 45.1. 45.0, 41.6, 31.2, 28.8, 26.1; IR 

(KBr) v 3380, 1620, 1550; HRMS (EI) obs. mass 241.1556, calcd mass for C I5H„N, 241.1579. 

l-Dimethylamino-2-nitroethene ( 9 ) . " A solution of nitromethane (27 mL, 0.50 mol) and dimelhyl-

formamide-diethylacetal 8 (66 mL, 0.50 mol) was subsequently stirred at 50 'C during 1.5 h and at 70 'C during 1 

h. The suspension that had been formed was cooled to rt and PE (25 mL) was added. The mixture was stirred 

vigorously and the solid material filtered. The filtrate was concentrated in vacuo and the residue purified by flash 

chromatography (EtOAc) yielding 9 (53.9 g, 0.46 mol, 92%) as a crystalline yellow compound: Rf (EtOAc) 0.35; 

mp 104 - 105 "C; 'H NMR S 8.13 (d. J = 10.7 Hz, IH. -CH=C//-N02), 6.62 (d, J = 10.7 Hz, IH, -CH=C//-

N(CH,)2), 3.21 (s, 3H, N(CH,)2), 2.87 (s, 3H, N(CH,)2). 

3 - (2 -Ni t rov iny l ) -5 -me thoxy indo le (10). To a solution of 5-methoxyindole 8 (2.65 g, 18 mmol) in 

trifluoroacetic acid (11 mL), 9 (2.30 g, 19.8 mmol) was added at -10 'C. The mixture was stirred during 1.5 h at -10 

"C. The mixture was stored in the refrigerator for one night, by that time further decomposition of the side-products 

derived from 9 had occurred allowing easy purification from those polar compounds. The mixture was poured on ice 

and extracted with EtOAc (3x). The combined organic layers were washed with an aqueous sodium hydroxide 

solution (2 M). aqueous NaHCO, solution (5%), dried (Na,S04) and evaporated. Flash chromatography (CH2C12) 

yielded 10 (2.80 g, 12.6 mmol. 71%) as an orange crystalline compound: R, (CH2C12) 0.15; mp 161 - 163 "C; 'H 

NMR 5 8.96 (s, IH, H-l), 8.29 (d, J = 13.5 Hz, IH, H-8), 7.74 (d, J= 13.5 Hz, IH, H-9), 7.64 (d, J = 3.0 Hz, IH, 

H-2), 7.36 (d. J = 8.9 Hz, IH. H-7), 7.17 (d, 1H, J = 2.3 Hz, H-4), 6.99 (dd, J = 8.9 Hz, J = 2.3 Hz, 1H. H-6), 3.92 

(s. 3H, OCH,); IR v 3462, 1625, 1525, 1486. 

3-(2-Nitroethyl)-5-methoxyindole (11). To a mixture of 10 (2.50 g, 11.5 mmol), silicagel (25 g) and 2-

propanol (35 mL) in chloroform (150 mL) sodium borohydride (2.22 g, 57.8 mmol) was added in portions at rt over 

a period of 30 min. The mixture was stirred for 45 min, then the pH was adjusted to 2 using an aqueous hydrogen 

chloride solution (35%). The product was extracted with EtOAc (3x) and the combined organic layers were washed 

with water, aqueous NaHCO, (5%), dried (Na,S04) and evaporated. Flash chromatography (PE/EtOAc 50/50) yielded 

11 (1.47 g, 7.2 mmol, 63%) as a solid: R, (PE/EtOAc 50/50) 0.40; mp 77 - 78 °C; 'H NMR 8 8.11 (br s, IH, H-

1), 7.41 (d, J = 8.8 Hz. IH, H-7), 7.03 (d. J = 2.4 Hz, IH. H-4). 6.98 (d. J = 3.3 Hz, IH. H-2), 6.91 (dd. J = 8.8, J 
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= 2.4 Hz, 1H, H-6), 4.65 (t, J = 7.2 Hz, 2H, H-8), 3.90 (s, 3H, OCH,), 3.45 (t, J = 7.2 Hz, 2H, H-7); IR V 3479, 

1586, 1553, I486. 

5-Methoxytryptamine (12). To a solution of 11 (2.00 g, 10.0 mmol) in methanol (65 mL) ammonium 

formate (3.50 g, 55.6 mmol) was added at rt. A suspension of palladium on carbon (750 mg, 10%) in ethanol (5 

mL) was added and the mixture was stirred for 2 h. The catalyst was filtered over hy flow, washed with MeOH and 

the filtrate was evaporated in vacuo. Flash chromatography (EtOAc/EtOH 90/10 - ) EtOAc/EtOH/concd NH4OH 

80/15/5) afforded 12 (176 mg, 0.93 mmol, 90%) as a yellow oil: Rf (EtOAc/EtOH/concd NH4OH 80/15/5) 0.32; 'H 

NMR 8 8.11 (brs, 1H, H-I), 7.41 (d, J = 8.8 Hz, 1H, H-7), 7.03 (d, J = 2.4 Hz. 1H, H-4), 6.98 (d. J = 3.3 Hz, 1H, 

H-2), 6.91 (dd, J = 8.8 Hz, J =2.4 Hz, 1H. H-6), 4.65 (t, J = 7.2 Hz. 2H, H-8), 3.90 (s, 3H, OCH,), 3.45 (t, / = 

7.2 Hz, 2H, H-7); IRv 3481. 

2,3,4,5-Tetrahydropyridine trimer (14).5 To a mixture of piperidine 13 (66 mL, 0.67 mol) and water (40 

mL), acetic acid (38 mL, 0.67 mol) was added dropwise at 0 'C. The solution thereby obtained was added dropwise 

over a period of 1.5 h at -5 'C to a suspension of powdered calcium hypochlorite (106 g, 0.74 mol) in water (1 L). 

The mixture was stirred using a mechanical stirrer for another 15 min. The solution was extracted with diethyl ether 

(3x) and the combined organic layers were dried (Na2S04) and reduced to a volume of about 150 mL. This residue 

was added dropwise over a period of 2 h to a boiling solution of potassium hydroxide (75 g. 1.34 mol) in absolute 

EtOH (420 mL). The solution was refluxed for another 2 h and the solid material (KCl) that had been formed was 

filtered. The filtrate was evaporated (bath temperature 80 °C). The residue was diluted with water (250 mL) and the 

filtered KCl was added again. The solution thus obtained was extracted with diethyl ether (3x) and the combined 

organic layers were dried (MgS04) and evaporated. Crystallisation from acetone gave 14 (24.1 g. 0.29 mol, 43%, 

mp 58 - 61 °C) as white crystals. 

6-Methoxynazlinine (15). A solution of 12 (1.95 g, 10.3 mmol), 14 (1.95 g, 7.8 mmol) and trifluoroacetic 

acid (3 mL, 38.9 mmol) in water (45 mL) was stirred during 9 h at 95 "C. The mixture was cooled to rt and made 

alkaline with aqueous ammonia (25%). The product was extracted with EtOAc (3x) and the combined organic layers 

were dried (Na2SO„) and evaporated. Flash chromatography (MeOH/concd NH4OH 90/10) yielded IS (1.19 g, 4.4 

mmol, 42%) as a pale yellow glass. A solution of fumaric acid (188 mg, 1.6 mmol) in EtOH was added to a 

solution of IS (210 mg, 0.77 mmol) in EtOH. The solution was concentrated in vacuo and the residue was triturated 

with diethyl ether to yield the fumaric salt of 15 (160 mg, 0.41 mmol, 53%); R, (CH2Cl2/MeOH/concd NH4OH 

65/30/5)0.13; 'H NMR (D,0) 8 7.36 (d, J = 8.8 Hz, 1H, H-8), 7.10 (d, J = 2.3 Hz. 1H, H-5), 6.90 (dd, J = 8.8 Hz, 

/ = 2.3 Hz, 1H. H-7), 4.57 (brs. 1H. H-I), 3.85 (s, 3H, OCH,), 3.72 - 3.62 (m. ÎH, H-3), 3.42 - 3.31 (m, 2H), 

3.28 - 3.23 (m, 1H), 2.97 - 2.92 (m, 1H), 2.01 - 1.93 (m, 3H), 1.82 - 1.55 (m, 4H). 

l-(3-Aminopropyl)-l ,2,3,4-tetrahydro-ß-carboline (16). A solution of tryptamine 3 (1.0 g. 6.3 mmol), 

l,l-diethoxy-4-aminobutane 19 (2.6 mL, 15 mmol) and trifluoroacetic acid (5 mL) in water (50 mL) was stirred 

during 3 h at 95 °C. The reaction mixture was basified with an ammoniak solution and the product extracted with 

EtOAc (3x). The combined organic layers were dried (Na,S04) and evaporated. Flash chromatography 

(CH2Cl2/MeOH/concd NH4OH 65/30/5) afforded 15 (1.37 g, 6.0 mmol, 96%) as a glass: R, (CH,Cl,/MeOH/concd 

NH4OH 65/30/5) 0.23; 'H NMR 8 8.77 (br s, 1H, H-l), 7.45 (d, J = 7.5 Hz, IH, H-5), 7.34 (d, J = 7.5 Hz, 1H, H-

8), 7.15 (t, J = 7.5 Hz, IH, H-6 or H-7), 7.09 (t, J = 7.5 Hz, IH, H-6 or H-7), 4.20 (br s, IH, H-l), 3.39 - 3.32 (m, 

IH, H-3), 3.1 1 - 3.04 (m, IH, H-3), 2.87 - 2.73 (m, 4H), 1.91 - 1.85 (m, IH), 1.72 - 1.63 (m, 2H); IR V 3476; 

HRMS (FAB) obs. mass 230.1634, calcd mass forCl4H,„N, (M + 1) 230.1657. 
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l-(3-Aminopropyl)-3,4-dihydro-ß-carboline (20). To a solution of 16 (300 mg, 1.3 mmol) in ethanol (12 

mL) a solution of mercury(II)acetate (1.15 g, 3.6 mmol) and ethylenediaminetetraacetic acid (EDTA) disodium salt 

dihydrate (1.34 g, 3.6 mmol) in water (7.2 mL) was added. The reaction mixture was refluxed during 4 h and then 

diluted with diethyl ether and basified using K2C03. The layers were separated and the water layer extracted with 

EtOAc (3x). The combined organic layers were dried (Na2S04/K,C03 50/50) and evaporated. Flash chromatography 

(CH,Cl2/MeOH/concd NrLOH 85/13/2) gave 20 (218 mg, 1.0 mmol. 73%) as a yellow glass: Rf 

(CH2Cl2/MeOH/concd NH4OH 65/30/5) 0.80; 'H NMR 5 9.16 (br s, 1H, H-9), 7.42 (d, J = 7.6 Hz, 1H, H-5 or H-

8), 7.31 (d, 7 = 7.9 Hz, 1H, H-5 or H-8), 7.13 - 7.03 (m, 2H, H-6. H-7), 4.03 (br s, 1H, H-l), 3.27 - 3.21 (m, IH. 

H-3), 3.05 - 2.94 (m, IH. H-3), 2.84 - 2.65 (m, 4H. H-12. H-14), 2.06 - 1.98 (m. IH. H-10), 1.90 - 1.71 (m, IH, 

H-10), 1.67- 1.61 (m, 2H, H-l l ) ; IJC NMR 6 135.9, 135.0, 127.1, 121.5 (C-5 or C-8), 119.2 (C-5 or C-8), 117.9 

(C-6 or C-7), 111.0 (C-6 or C-7), 108.2, 52.1 (C-l ), 41.5 (C-3), 40.6 (C-12), 32.0 (C-12), 27.4 (C-11 ), 21.9 (C-4); 

IR V 3478; HRMS (FAB) obs. mass 228.1484, calcd mass for Cl4HlgN3 (M + 1) 228.1501. 

( l ,2,3,4-Tetrahydro-ß-carbolin-l-yl)-acetonitri le (22). To a solution of tryptamine 3 (5.0 g, 31.1 

mmol) in ethanol (75 mL) ethoxyacrylonitrile 21 (3.5 mL, 34.1 mmol) was added in portions. The mixture was 

refluxed during 3 days: after 1 day an extra portion of ethoxyacrylonitrile (3.5 mL, 34.1 mmol) was added. The 

solvent was removed in vacuo, the residue was dissolved in CH2C12 (15 mL) and trifluoroacetic acid (2.5 mL, 0.32 

mol) was added. The mixture was stirred at rt during 1 h and then basified with aqueous ammonia (25%). The water 

layer was extracted with diethyl ether, the combined organic layers were dried (Na2S04) and evaporated. 

Crystallisation from CH2Cl2/diethyl ether afforded 22 (7.40 g, 22.6 mmol, 73%) as a glass: R, (EtOAc/ElOH/concd 

NH.OH 85/10/5) 0.65; 'H NMR (D20) 5 7.64 (d, J = 7.9 Hz, IH, H-5), 7.52 (d, 7 = 8.2 Hz, IH, H-8), 7.32 (t, 7 = 

8.2 Hz. IH, H-6), 7.22 (t. 7 = 7.9 Hz. IH. H-7), 5.09 (m, IH. H-l), 3.77 (m, IH, H-3), 3.59 - 3.50 (m, IH, H-3). 

3.50-3.38 (ABX. 7 = 18.1 Hz, 7 = 6 . 4 Hz, 7 = 4.9 Hz, 2H, H-10), 3.18 - 3.03 (m. 2H. H-4); IR (KBr) v 3474; 

HRMS (FAB) obs. mass 212.1180. calcd mass for CI3H14N3 (M+1)212.1188. 

(6-Methoxy-l,2,3,4-tetrahydro-ß-carbolin-l-yl)-acetonitrile (23). To a solution of 12 (350 mg. 1.89 

mmol) in ethanol (30 mL) ethoxyacrylonitrile 21 (588 uL, 5.67 mmol) was added in portions. The mixture was 

refluxed during 3 days and then concentrated in vacuo. The residue was dissolved in dichloromethane (15 mL) and 

trifluoroacetic acid (290 (iL, 3.78 mmol) was added. The mixture was stirred at rt during 1 h, and then quenched with 

aqueous ammonia (25%). The layers were separated and the water layer was extracted with diethyl ether (3x). The 

combined organic layers were dried (Na,S04) and evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 

85/10/5) afforded 23 (90 mg, 0.47 mmol, 25%) as a yellow crystalline compound: R, (EtOAc/EtOH/concd NH4OH 

85/10/5) 0.54: mp 255 - 256 "C; 'H NMR (CD3OD) 8 7.18 (d, 7 = 8.7 Hz, IH. H-8), 6.92 (d. 7 = 2.4 Hz. IH. H-5), 

6.75 (dd, 7 = 8.7 Hz, 7 = 2.4 Hz. IH, H-7). 4.38 - 4.35 (m, IH, H-l), 3.80 (s, 3H, OCH,), 3.29 - 3.26 (m, IH, H-

3), 3.08-3.01 (m, IH, H-3), 3.04 (dd, 7 = 17.0 Hz, 7 = 4.0 Hz, IH, H-2), 2.92 (dd, J = 17.0 Hz, 7 = 7.9 Hz, IH, 

H-2), 2.80 - 2.66 (m, 2H, H-4); "C NMR (CD,OD) 5 155.2 (C-ll), 134.8, 132.9, 126.8, 119.1, 112.7, 112.6, 

I 10.3, 101.2, 56.3 (OCH,). 50.6 (C-l). 42.7 (C-3), 23.9 (C-10). 22.8 (C-4); IR (KBr) 3298. 2250. 

l - (2 -Aminoe thy I ) - l , 2 ,3 ,4 - t e t r ahydro -ß -ca rbo l ine (24). To a solution of 22 (940 mg, 4.4 mmol) and 

chloroform (5 mL) in ethanol (50 mL) palladium on carbon (200 mg, 10%) was added. The mixture was 

hydrogenated (40 psi) during one night and then filtered over hy flow. The residue was washed thoroughly with 

EtOH and the filtrate was evaporated in vacuo. Flash chromatography (EtOAc/EtOH/concd NH4OH 75/20/5) afforded 

24 (672 mg, 3.1 mmol, 73%) as a yellow crystalline compound: R, (EtOAc/EtOH/concd NH4OH 80/18/2) 0.06; 'H 

NMR(CD,OD)S7 .44(d .7 = 7.8Hz, IH. H-5), 7.38 (d. 7 = 7.0 Hz, IH, H-8). 7.12 (t, 7 = 7.0 Hz, IH, H-7), 7.03 

(1.7 = 7.8 Hz. IH, H-6), 4.62 (br s. IH. H-l), 3.50 - 3.44 (m, IH. H-3), 3.28 - 3.14 (m. 3H. H-3. H-10), 3.00 -

2.84 (m, 2H, H-4), 2.47 - 2.38 (m. IH, H-ll) , 2.33 - 2.24 (m. IH, H-l 1); IR v 3476; HRMS (FAB) obs. mass 

216.1511. calcd mass for CI3HIKN3 (M + 1) 216.1501. 

54 



Synthesis of Nazlinine Analogues 

l-(2-Aminoethyl)-6-methoxy-l,2,3,4-tetrahydro-ß-carboline (25). To a solution of 23 (340 mg, 1.41 

mmol) and chloroform (5 mL) in ethanol (40 mL) palladium on carbon (340 mg, 10%) was added. The mixture was 

hydrogenated (40 psi) during 6 h and then filtered over hy flow. The residue was washed thoroughly with EtOH and 

evaporated in vacuo. Flash chromatography (EtOAc/EtOH/concd NH4OH 80/15/5) afforded 25 (340 mg, 1.39 mmol, 

98%) as a yellow crystalline compound: R, (EtOAc/EtOH/concd NH4OH 80/18/2) 0.15; mp 279 - 280 'C; 'H NMR 

(CD,OD) 5 7.27 (d, J = 8.8 Hz, 1H, H-8), 6.98 (d, J = 2.3 Hz, 1H. H-5), 6.82 (dd, J = 8.8, J = 2.4, 1H, H-7), 4.80 

- 4.75 (m, 1H, H-l), 3.81 (s, 3H, OCH,), 3.66 - 3.63 (m, ÎH, H-3), 3.46 - 3.41 (m, 1H, H-3), 3.26 (m, 2H, H-10), 

3.07 - 3.03 (m, 2H, H-4), 2.52 - 2.45 (m, 1H, H-l l ) , 2.39 - 2.33 (m, 1H, H-l 1); IR (KBr) v 3322. 

Tetrahydro-ß-carboline (26). To a solution of 22 (146 mg. 0.69 mmol) in tetrahydrofuran (10 mL), lithium 

aluminium hydride (135 mg, 3.6 mmol) was added at 0 'C. The mixture was refluxed during 30 min and then an 

excess aqueous hydrogen chloride solution was added. The reaction mixture was basified with an aqueous sodium 

hydroxide solution and the product extracted with EtOAc (3x). The combined organic layers were dried (Na,S04) and 

evaporated to afford 26 (110 mg, 0.64 mmol, 93%): R, (EtOAc/EtOH/concd NH4OH 85/20/5) 0.17; 'H NMR ô 

7.88 (br s, ÎH, H-9), 7.48 (d, J = 7.6 Hz, 1H, H-5), 7.30 (d, J = 7.6 Hz, 1H, H-8), 7.14 (t, J = 7.6 Hz, 1H, H-6 or 

H-7), 7.09 (t, J = 7.6 Hz, 1H, H-6 or H-7), 4.03 (t, J = 1.5 Hz, 1H, H-l), 3.19 (t, J = 5.7 Hz, 1H, H-3), 2.75 (t, J = 

5.7 Hz, 1H, H-4); IR v 3437; HRMS (FAB) obs. mass 137.1063, calcd-mass for C.,1H13Nj.(M+ 1) 137.1079. 

Fujii oxidation of 24 to 27. To a solution of 24 (100 mg, 0.47 mmol) in acetonitnle (50 mL) a solution of 

mercury(II)acetate (2.87 g, 9.0 mmol) and ethylenediaminetetraacetic acid (EDTA) disodiumsalt dihydrate (3.35 g, 

9.0 mmol) in water (90 mL) was added. The reaction mixture was refluxed during 4 h and then diluted with diethyl 

ether and basified using solid K,CO,_ The layers were separated and the water layer extracted with diethyl ether/3% 

EtOH (3x). The combined organic layers were dried (Na2S04/K2CO, 50/50) and evaporated. Flash chromatography 

(CH,Cl2/MeOH/concd NH4OH 65/30/5) afforded 24 (74 mg, 0.35 mmol, 74%); R, (CH,Cl,/MeOH/concd NH4OH 

65/30/5) 0.31; 'H NMR 5 7.75 (d, J = 8.1 Hz, 1H, H-5). 7.57 - 7.50 (m, 2H, H-7, H-8), 7.26 - 7.17 (m, 1H, H-6), 

3.96 (t, J = 8.6 Hz, 2H, H-3), 3.22 (t, J = 8.6 Hz, 2H, H-4), 3.11 - 2.95 (m, 4H, H-10, H- l l ) ; IR v 3378, 1619, 

1556. 

Dehydrogenation of 22. To a solution of 22 (200 mg, 0.94 mmol) in freshly distilled xylene (10 mL, mixture 

of isomers) palladium on carbon (100 mg, 10%) was added. The reaction mixture was refluxed during 5 h and then 

the hot suspension was filtered over hy flow. The residue was washed with MeOH and the combined filtrate was 

evaporated. Flash chromatography (EtOAc/NEt, 90/10) gave 28 (86 mg, 0.41 mmol, 43%), 29 (24 mg, 0.11 

mmol, 12%) and 30 (13 mg, 0.08 mmol, 8%). The enamine 28 was isolated as a mixture of two isomers (trans : 

cis = 68 : 32) according to the 'H NMR spectrum. 

28: Rf (EtOAc/NEt, 90/10) 0.52; 'H NMR ô 9.44 (br s, ÎH, H-9(ris)), 8.17 (br s, 1H, H-9(trans)), 7.58 (d, J = 8.0 

Hz, 1H, H-5). 7.45 - 7.29 (m, 2H, H-6 or H-7. H-8), 7.58 (d, J = 8.0 Hz, 1H, H-6 or H-7), 5.25 (br s, 1H. H-

2{cis)), 4.79 (br s, 1H, H-2(frans)), 4.16 (s, 1H, H-10), 4.15 (s, 1H, H-10), 3.59 - 3.56 (m, 2H, H-3(ris)), 3.51 -

3.48 (m, 2H, H-3(frans)). 3.03 - 3.00 (m, 2H, H-4). 

29: Rf (EtOAc/NEt, 90/10)0.27; 'H NMR 8 9.10 (br s, 1H, H-9), 8.36 (d, J = 5.4 Hz, 1H, H-3 or H-4), 8.11 (d, J 

= 7.9 Hz, 1H, H-5), 7.83 (d, J = 5.4 Hz, 1H, H-3 or H-4), 7.53 - 7.52 (m, 2H, H-6 or H-7. H-8), 7.32 - 7.27 (m, 

1H, H-6 or H-7), 2.83 (s, 2H, H-10). 

30: R, (EtOAc/NEt, 90/10) 0.13; 'H NMR 5 9.55 (br s, IH, H-9), 8.90 (s. 1H, H-l), 8.44 (d, 7 = 5.2 Hz, 1H, H-3 

or H-4), 8.11 (d, J = 7.8 Hz, IH, H-5), 7.94 (d, J = 5.2 Hz, IH, H-3 or H-4), 7.54 - 7.49 (m, 2H, H-6 or H-7, H-8), 

7.28 - 7.24 (m, IH, H-6 or H-7). 
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Fujii oxidation of 22 to 28 . To a solution of 22 (90 mg, 0.42 mmol) in ethanol (4 mL), a solution of 

mercury(II)acetate (380 mg, 1.2 mmol) and ethylenediaminetetraacetic acid (EDTA) disodium salt dihydrate (450 mg, 

1.2 mmol) in water (2.4 mL) was added. The reaction mixture was refluxed during 4 h and then diluted with diethyl 

ether and basified using K,C03 . The layers were separated and the water layer extracted with CH2C1, (3x). The 

combined organic layers were dried (Na2S04) and evaporated. Flash chromatography (EtOAc/NEt, 90/10) gave 2 8 

(71 mg, 0.34 mmol, 80%) which was identical to 28 resulting from oxidation of 22 with palladium on carbon. 

N-methylnazlinine (31). To a mixture of tryptamine 3 (20.3 g, 127 mmol), dichloromelhane (50 mL) and an 

aqueous sodium hydroxide solution (30 mL, 20%), ethyl chloroformate (15.7 mL, 127 mmol) was added dropwise at 

0 'C with vigorous stirring. After stirring for 1 h at rt, the organic layer was separated and the water layer washed 

with CH2C1, (3x). The combined organic layers were washed with brine, dried (Na2S04) and evaporated yielding N-

ethoxycarbonyllryptamine (29.5 g, 127 mmol, 100%) as an oil. 

To a solution of /V-ethoxycarbonyltryptamine (5.28 g, 22.8 mmol) in tetrahydrofuran (50 mL), lithium aluminium 

hydride (4.33 g, 0.11 mol) was added in portions at 0 "C. The mixture was refluxed during one night. After cooling 

to 0 "C EtOH (25 mL) was added and the mixture was poured into an aqueous sodium hydroxide solution (100 mL, 1 

M). Diethyl ether (50 mL) and aqueous sodium hydroxide (3 M) were added to dissolve the aluminium salts. The 

organic layer was separated and the water layer extracted with diethyl ether (3x). The combined organic layers were 

washed with aqueous sodium hydroxide (1 M), dried (Na2S04) and evaporated giving W-methyltryptamine (3.10 g, 

17.6 mmol, 77%) as a solid. 

To a solution of /V-methyltryptamine (779 mg, 4.4 mmol) and trifluoroacetic acid (1.6 mL, 20.8 mmol) in water 

(23 mL), 2,3,4,5-tetrahydropyridine-trimer 14 (410 mg, 4.8 mmol) was added. The mixture was refluxed during 6 h, 

cooled, saturated with K,CO, and extracted with diethyl ether/EtOH (3x, 9:1). The combined organic layers were 

dried (K :CO,/Na2S04 50/50) and evaporated. Flash chromatography yielded 31 (1.05 g, 4.1 mmol, 91%) as a glass: 

R,(CH2Cl2/MeOH/concd NH4OH 65/30/5) 0.12; 'H NMR 5 9.07 (br s, 1H, H-9), 7.42 (d, 1H, J = 7.6 Hz, H-5) 

7.28 (d, 1H. J =7 .9 Hz, H-8), 7.15-7.01 (m, 2H, H-6, H-7), 3.68 - 3.55 (m. 1H, H-l), 3.20 - 3.08 (m, 1H. H-3) 

2.82 - 2.70 (m, 5H. H-3, H-4, H-l3), 2.40 (s, 3H, NCH,). 1.83 - 1.70 (m, 2H, H-10), 1.62 - 1.27 (m, 4H, H-l 1 

H-12); " C N M K S 136.1 (C-8a), 135.1 (C-9a), 127.2 (C-4b), 121.1 (C-7). 119.1 (C-6), 117.9 (C-5), 110.8 (C-8) 

108.0 (C-4a), 60.1 (C-l). 50.0 (C-3), 42.0 (NCH,), 41.5 (C-13), 32.8 (C-10), 32.3 (C-12), 22.4 (C-l l) , 19.2 (C-4): 

IR v 3460. 

/V-methyldehydronazlinine (32). To a solution of 31 (251 mg, 0.98 mmol) in acetonitrile (10 mL) a solution 

of mercury(Il)acetate (960 mg, 3.0 mmol) and ethylenediaminetetraacetic acid (EDTA) disodium salt dihydrate (1.12 

g, 3.0 mmol) in water (30 mL) was added. The reaction mixture was refluxed during 3 h, cooled to rt and saturated 

with KJCOJ . To the mixture EtOAc (20 mL) was added and the layers were separated. The water layer was extracted 

with EtOAc (3x) and the combined organic layers dried (K2CO,/Na2S04 50/50) and evaporated affording 32 (149 mg, 

0.59 mmol, 60%) as a yellow gum: 'H NMR 6 7.72 (d, 1H, J= 8.0 Hz, H-5), 7.40 (d, 1H, J = 8.2 Hz. H-8), 7.19 

(t, 1H, / = 7.1 Hz, H-7), 7.06 (t, 1H, J = 7.2 Hz, H-6), 3.61 - 3.58 (m, 2H. H-13. (D,0-exchange: t, J = 5.6 Hz)), 

3.34 (t, 2H, J = 7.3 Hz, H-3). 3.05 - 3.02 (m, 2H, (D20-exchange), H-10), 2.93 (t. 2H, J = 7.3 Hz, H-4), 2.50 (s, 

3H. NCH,). 2.00- 1.85 (m, 2H, H-12), 1.73- 1.70 (m, 2H, H-l 1); "C NMR 5 164.5 (C-l), 143.4 (C-9a), 138.1 

(C-8a), 130.9 (C-4b). 123.5 (C-7), 119.5 (C-6), 118.2 (C-5), 116.6 (C-4a), 114.3 (C-8), 54.0. 49.2, 36.7 (NCH,), 

29.1,27.1,22.1 (C-l l ) . 19.6 (C-4); IR V 1605; HRMS (EI) obs. mass 256.1815, calcd for CI(,H22N, 256.1814. 

Glutaric aldehyde mono-oxime (33). An aqueous solution of methoxyamine (20 mL, 64 mmol, 3.2 M) was 

added to a solution of methoxyamine hydrochloride (30 mg) in an aqueous glutaric aldehyde solution (40 ml, 52 

mmol, 1.3 M) over 30 min. The mixture was stirred for 2 h at rt, then Na2CO, (3 g), NaCl (5 g) and diethyl ether 

(30 mL) were added and stirring was continued for 30 min. The products were extracted with diethyl ether (3x) and 

the combined organic layers were dried (Na2S04) and carefully evaporated. Flash chromatography (PE/EtOAc 70/30 
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—> 60/40 , 0 5 cm) afforded 33 (1.95 g, 15.1 mmol, 29%) as a mixture of syn- and anft'-isomers in a ratio of 15 : 

85 and the dioxime 34 (1.61 g, 12.5 mmol, 24%) as a mixture of 3 different isomers (syn : anti = 29 : 71, 

according to the ]H NMR spectrum) both as an oil: 

33: R; (PE/EtOAc 70/30) 0.24; 'H NMR 5 9.78 (s, ÎH, CHO), 7.35 (t, J = 5.9 Hz, 1H, CH2C//=N0CH,(a«i)), 

6.63 (t, J = 5.9 Hz, 1H, CR1CH=NOCR,(syn)), 3.86 (s, 3H, NOCH,), 3.81 (s, 3H, NOCH,), 2.53 - 2.49 (m, 2H, 

CW2CH=NOCH,). 2.26 - 2.21 (m. 2H, C//,CHO), 1.88 - 1.79 (m, 2H, CH2Œ,CH2); "C NMR 5 201.5 (CHO), 

150.2 (CH,CH=NOCH,), 149.4 (CH2CH=NOCH,), 61.5 (NOCH,), 61.2 (NOCH,), 42.9 (CH2CHO), 28.7 

(CH2CH=NOCH,), 24.8 (CH,CH=NOCH,), 18.9 (CH,CH2CH2), 18.6 (CH2CH,CH2); IR V 1734. 

34: R, (PE/ElOAc 70/30) 0.39; 'H NMR 6 7.34 (t, J = 6.0 Hz, 1H, CH,Ctt=NOCH,(anri)), 6.61 (t, J = 5.5 Hz, 

1H, CH2C//=NOCH,(5>'K)), 3.84 (s, 3H, NOCH,), 3.79 (s, 3H, NOCH,), 3.78 (s, 3H, NOCH,), 2.37 - 2.30 (m, 

1H), 2.24 - 2.17 (m, 3H), 1.68 - 1.61 (m, 2H). 

Oxime (35). A solution of tryptamine 3 (1.50 g, 9.4 mmol) and benzaldehyde (1.25 mL, 12 mmol) in ethanol 

(15 mL) was stirred during 1 h. The mixture was cooled to 0 °C, sodium borohydride (750 mg, 19 mmol) was added 

and stirring was continued during 1 h. The mixture was evaporated in vacuo and to the residue EtOAc (30 mL) and 

hydrochloric acid (20 mL, 1 M) were added. The layers were separated, the water layer was made alkaline by adding 

K2CO, and was extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. 

Addition of hydrochloric acid (20 mL, 20 mmol, 1 M) and crystallisation by slowly adding EtOAc yielded N-

benzyltryptamine (2.22 g, 7.7 mmol, 82%) as its hydrogen chloride salt. 

The hydrogenchloride salt of /V-benzyltryptamine (4.32 g, 15.0 mmol) was dissolved a mixture of an aqueous 

saturated K :CO, solution and EtOAc. The layers were separated and the water layer was extracted with EtOAc (3x). 

The combined organic layers were washed, dried (Na2S04) and evaporated. A mixture of the residue and 33 (1.95 g, 

15 mmol) in toluene (75 mL) was stirred during 1.5 h at 100 °C. The mixture was evaporated in vacuo and Hash 

chromatography (PE/EtOAc 75/25) gave 35 (3.53 g, 9.8 mmol, 83%) as a yellow oil and a mixture of syn- and 

anfc-isomers in a ratio of 58 : 42: R; (PE/EtOAc 75/25) 0.36; 'H NMR 5 7.81 (br s, 1H, H-9), 7.73 (br s, 1H, H-

9), 7.51 (d, J = 7.6 Hz, 1H, H-5), 7.37 - 7.25 (m, 7H, H-8, H-13, Ar-H), 7.18 - 7.09 (m, 2H, H-6, H-7), 6.59 (t, J 

= 5.6 Hz, 1H, H-13), 3.87 (s, 2H, CH,Ar), 3.83 (s, 3H, OCH,), 3.83 - 3.70 (m, ÎH), 3.67 - 3.62 (m, ÎH), 3.26 -

3.19 (m, ÎH), 2.98 - 2.87 (m, 2H), 2.62 - 2.56 (m, IH), 2.23 - 2.18 (m, ÎH), 2.16 - 2.09 (m, !H), 1.84 - 1.74 (m, 

2H), 1.73 - 1.57 (m, IH); IR v 3478, 1520. 

AVbenzylnazlinine (36). To a solution of 35 (0.13 g, 0.37 mmol) in tetrahydrofuran (7.5 mL), lithium 

aluminium hydride (91 mg, 2.4 mmol) was added in portions at 0 °C. The mixture was refluxed during 6 h, cooled 

to 0 °C and subsequently EtOH and an aqueous sodium hydroxide solution (1 M) were added dropwise. The mixture 

was saturated with K,CO, and extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and 

evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 85/10/5) yielded 36 (93.4 mg, 0.28 mmol, 76%) as 

a yellow oil: R, (EtOAc/EtOH/concd NH4OH 85/10/5) 0.42; 'H NMR 8 8.59 (br s, IH, H-9), 7.50 (d, J = 7.2 Hz, 

IH, H-5), 7.37 - 7.23 (m, 6H, H-8, Ar-H). 7.15 - 7.06 (m, 2H, H-6, H-7), 3.74 (AB, J = 13.4 Hz, 2H, CH2Ar), 

3.64 (I, J = 6.4 Hz, IH, H-l), 3.27 - 3.20 (m, IH), 2.99 -2.85 (m, 2H), 2.70 - 2.52 (m, 3H), 1.92 - 1.71 (m, 2H), 

1.55- 1.28 (m, 4H). 

iV14-acetylnazlinine (37). A solution of 36 (500 mg, 1.5 mmol), 4-dimethylaminopyridine (38 mg, 0.31 

mmol) and acetic anhydride (140 |0.1, 1.5 mmol) in acelonilrile (25 mL) was stirred during 1 h at 0 °C. The mixture 

was made basic by addition of aqueous ammonia (25%) and extracted with EtOAc (3x). The combined organic layers 

were washed with water, dried (Na2S04) and evaporated, affording /Vl4-acetyl-/V,-benzylnazlinine (0,56 g, 1.5 mmol, 

100%) as a yellow foam. 

To a solution of /V,4-acetyl-W2-benzylnazlinine (0.23 g, 0.6 mmol) in ethanol (5 mL) hydrochloric acid (1 mL, 0.1 

M) and palladium hydroxide on activated carbon (150 mg) were added. The mixture was hydrogenated at 45 psi during 
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4 h. The catalyst was removed by filtration over hy flow and the filtrate evaporated. Flash chromatography 

(EtOAc/EtOH/concd NH4OH 85/10/5) gave 37 (0.17 g, 0.6 mmol. 100%) as a yellow foam: R, 

(EtOAc/EtOH/concd NH4OH 85/10/5) 0.40; 'H NMR 5 8.69 (br s, 1H, H-9), 7.46 (d, J = 7.6 Hz, IH, H-5 or H-8), 

7.34 (d, J = 7.9 Hz, IH, H-5 or H-8), 7.14 - 7.05 (m, 2H, H-6, H-7), 5.82 (br s, IH, N//COCH,), 5.57 (br s, IH, 

H-2), 4.12 - 4.08 (m, IH. H-l), 3.40 - 3.32 (m, 2H, H-3. H-13), 3.23 - 3.15 (m. IH, H-13), 3.05 - 2.98 (m, IH, 

H-3), 2.77 - 2.68 (m, 2H, H-4), 1.96 (s, 3H, NHCOC//,), 1.90- 1.79 (m, 2H. H-10), 1.59 - 1.49 (m, 2H, H-l2), 

1.47- 1.38 ( m , 2 H , H - l l ) ; " C N M R Ô 170.7 (NHCOCH,), 136.1, 135.8, 127.4, 121.3 (C-6 or C-7), 119.1 (C-6 

orC-7), 117.9 (C-5 or C-8). 110.9 (C-5 or C-8), 108.7, 52.6 (C-l), 43.0 (C-13). 38.5 (C-3), 33.4 (C-10), 29.4 (C-

12), 23.4 (NHCOCH,), 22.7 (C-4), 21.8 (C-ll) ; IR V 3434, 1693. 

iV14-acetyldehydronaziinine (38). To a solution of 37 (0.36 g, 1.3 mmol) in ethanol (12 mL) a solution of 

mercury(II)acetate (1.15 g, 3.6 mmol) and ethylenediaminetetraacetic acid (EDTA) disodium salt dihydrate (1.34 g, 

3.6 mmol) in water (7.2 mL) was added. The reaction mixture was refluxed during 8 h and then diluted with diethyl 

ether and basified using K,CO,. The layers were separated and the water layer extracted with EtOAc (3x). The 

combined organic layers were dried (Na,S04) and evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 

70/20/10) gave 38 (0.30 g, 1.1 mmol, 82%) as a glass: R; (EtOAc/EtOH/concd NH4OH 70/20/10) 0.48; 'H NMR 

5 10.03 (br s, IH. H-9), 7.56 (d. J = 8.0 Hz, IH. H-5 or H-8), 7.46 (d, J = 8.0 Hz. IH, H-5 or H-8), 7.24 (t. J = 8.0 

Hz, IH, H-6 or H-7). 7.10 (t, J = 8.0 Hz, IH, H-6 or H-7), 6.23 (br s. IH, NHCOCH,), 3.83 (t, J = 8.4 Hz, 2H. H-

13), 3 .40(dd,7= 12.1 Hz, J = 6.2 Hz, 2H, H-3), 2.87 - 2.81 (m, 2H, H-10), 2.75 - 2.71 (m, 2H, H-4), 1.97 (s, 

3H, NHCOC//,). 1.70- 1.56 (m,4H, H-l 1, H-12); IR V 3434, 1695; HRMS (EI) obs. mass 283.1711, calcd mass 

for C„H2,ON3 283.1685. 

N2, /VL4-Dibenzylnazlinine (41). A solution of 36 (741 mg, 2.2 mmol) and benzaldehyde (305 uX, 3.0 mmol) 

in toluene (50 mL) was refluxed during 4 h. The water formed during the reaction was removed azeotropical with a 

Dean-Stark trap. The reaction mixture was evaporated and subsequently MeOH (25 mL) and sodium borohydride (171 

mg, 4.5 mmol) were added. After stirring during 1 h at rt the solvents were evaporated. To the residue EtOAc (20 

mL) and an excess aqueous hydrogen chloride were added. The water layer was basified with K:CO, and extracted with 

EtOAc (3x). The combined organic layers were dried (Na,S04) and evaporated to afford 41 (775 mg, 1.8 mmol, 

82%) as an oil: R, (EtOAc/EtOH/concd NH..OH 85/10/5) 0.65; 'H NMR 8 8.45 (br s. IH. H-9), 7.53 (d, J = 7.5 

Hz, IH, H-5), 7.39 - 7.19 (m, 1 IH, H-8, Ar-H), 7.17 - 7.10 (m, H-6, H-7), 3.80 (s, 2H, NCH,Ar), 3.76 (AB. J = 

13.4 Hz, 2H, NCH2Ar), 3.64 (t, J = 6.0 Hz, IH, H-l), 3.29- 3.22 (m, IH), 2.98 - 2.86 (m, 2H), 2.64 - 2.55 (m, 

4H), 1.82 - 1.74 (m, 2H). 1.50 - 1.45 (m, 3H). 

A , -Methylsul fonyl -2-bromoethylamine (42). To a solution of 2-bromoethylamine hydrobromide (7.76 g, 

37.9 mmol) in water (1.25 mL), methanesulfonyl chloride (3.7 mL, 47.4 mmol) and a solution of sodium hydroxide 

(3.5 g, 87.2 mmol) in water (12 mL) were added similtaneously at 0 °C. The reaction mixture was stirred during 1 h 

at 0 "C, and then acidified with hydrochloric acid (37%). The solid material was collected on a filter and dissolved in 

diethyl ether. The solution thus obtained was dried (Na,S04) and evaporated. Crystallisation from diethyl ethef/PE 

afforded 42 (5.34 g. 26.4 mmol, 70%); R,(EtOAc) 0.49; 'H NMR 5 4.12 (t. J = 6.8 Hz. 2H. CH :SO :), 3.59 (t. J = 

6.8 Hz, 2H, BrCH,), 3.37 (s, SO.CH,); IR v 1270, 1250, 1230, 1060. 

Sulfonamide (43). A mixture of 41 (610 mg, 1.4 mmol), 42 (333 mg. 1.65 mmol) and potassium carbonate 

(830 mg, 6.0 mmol) in acetonitrile (25 mL) was refluxed during 4 h. The reaction mixture was diluted with water 

and the layers were separated. The water layer was washed with EtOAc (3x) and the combined organic layers were 

dried (Na2S04) and evaporated. Flash chromatography (EtOAc/PE 75/25) gave /V2./V|4-dibenzyl-/Vl4-methylsulfonyl 

nazlinine (327 mg, 0.6 mmol. 42%). 
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To a solution of this sulfonamide (315 mg, 0.6 mmol) in ethanol (10 mL), an aqueous hydrogen chloride solution 

(500 uL, 0.1 M) and palladium hydroxide on activated carbon (100 mg) were added. The mixture was hydrogenated 

during 5 h at 40 psi and then filtered over hy flow. The filtrate was evaporated to afford 43 (198 mg, 0.5 mmol, 

94%) as a glass. A solution of fumaric acid in ethanol was added to a solution of 43 in ethanol. The solution was 

concentrated in vacuo and the residue was triturated with diethyl ether. Filtration yielded the fumaric salt of 4 3 : Rf 

(CH2Cl2/MeOH/concd NH4OH 65/30/5) 0.38; 'H NMR (D,0) 6 7.59 (d, 7 = 7.4 Hz, 1H, H-5 or H-8), 7.49 (d, J = 

7.4 Hz, 1H, H-5 or H-8), 7.29 (t, J = 7.4 Hz, 1H, H-6 or H-7), 7.19 (t, 7 = 7.4 Hz, 1H, H-6 or H-7), 6.52 (s, 2H, 

CtfCOOH), 4.61 (br s, 1H, H-l), 3.74 - 3.70 (m, 1H, H-3), 3.46 (t, J = 5.6 Hz, 2H, H-16), 3.40 - 3.33 (m, 1H, H-

4), 3.22 (t, J = 5.6 Hz, 2H. H-15), 3.13 - 2.98 (m, 4H, H-3, H-4, H-13). 3.11 (s, 3H, NHS02C//,), 2.25 - 2.16 (m, 

1H. H-10). 2 .03- 1.94 (m, 1H, H-10), 1.85- 1.75 (m, 2H, H-12), 1.61 - 1.56 (m, 2H, H-l l ) ; "C NMR (D,0) 5 

176.5 (CHCOOH), 138.8, 137.7 (CHCOOH), 131.5, 128.1, 125.3, 122.4, 120.9, 114.2, 108.7, 55.5 (C-l). 49.5 

(C-13), 43.9 (C-15), 41.3 (C-3), 41.1 (NHS02CH,), 33.5 (C-10), 27.7 (C-12), 24.0 (C-l 1), 20.3 (C-4); IR v 3471, 

3389, 1325, 1147; HRMS (FAB) obs. mass 365.1949, calcd mass for C18H2,02N4S (M + 1) 365.2011. 

Alkylation of 4-amino-l,l-diethoxybutane (44). A solution of 4-amino-l,l-diethoxybutane 19 (6.9 mL, 

40.0 mmol) and benzaldehyde (6.1 mL, 60.0 mmol) in ethanol (50 mL) was stirred during 30 min. After sodium 

borohydride (2.3 mg, 60 mmol) was added stirring was continued during 2 h at rt. The solvents were evaporated and 

to the residue EtOAc (20 mL) and an excess aqueous sodium hydroxide were added. The layers were separated and the 

water layer was extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash 

chromatography (EtOAc/EtOH/concd NH4OH 90/10/0 -» 85/10/5) to afford the /V-benzylderivative of 19 (8.69 g, 

34.9 mmol, 87%) as an oil. 

A suspension of the /V-benzylderivative of 19 (6.70 g, 26.6 mmol), 42 (5.34 g, 26.4 mmol) and potassium 

carbonate (7.3 g, 52.9 mmol) in acetonitrile was refluxed during 2 h. The reaction mixture was diluted with water 

and the product extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash 

chromatography (EtOAc/EtOH 95/5) gave 44 (9.6 g, 25.6 mmol, 96%) as an oil: Rf (EtOAc/EtOH 90/10) 0.52; 'H 

NMR 5 7.36 - 7.23 (m, 5H, Ar-H), 4.46 (t, J = 4.9 Hz, 1H, CH(OEt),), 3.66 - 3.58 (m, 2H, OC/72CH,), 3.56 (s, 

2H, CH2Ar), 3.51 - 3.43 (m, 2H, OC//2CH,), 3.08 (t, J = 5.9 Hz, 2H, CH2CH,NHS02), 2.67 (s, 3H, SO,CH,), 

2.61 (t, 7 = 5.9 Hz, 2H, C/72CH2NHS02), 2.51 - 2.47 (m, 2H, CrY2CH2CH2CH(OEt)2), 1.59 - 1.56 (m, 4H, 

CH2CrV2C//2CH(OEt)2), 1.19 (t, 7 = 7.1 Hz, 3H, CH2C7/3). 

Pictet-Spengler reaction of 44 with tryptamine (45). A solution of tryptamine 3 (186 mg, 1.2 mmol), 

44 (432 mg, 1.2 mmol) and trifluoroacetic acid (1 mL) in water (15 mL) was stirred during 2 h at 95 °C. The 

reaction mixture was basified with aqueous ammonia (25%) and extracted with EtOAc (3x). The combined organic 

layers were dried (Na,S04) and evaporated. Flash chromatography (EtOAc/EtOH/concd NH4OH 85/10/5) gave the 

/V,,-benzylated Pictet-Spengler product (336 mg, 0.76 mmol, 66%). 

A solution of this compound (200 mg, 0.45 mmol) in ethanol (5 mL) was hydrogenated in the presence of 

palladium on carbon (40 mg, 10%) at 1 aim. during 3 h. The reaction mixture was filtered over hy flow and the 

filtrate evaporated to afford 45 (141 mg, 0.40 mmol, 89%) as an oil: Rf(EtOAc/EtOH/concd NH„OH 80/12/8) 0.07; 

'H NMR 6 8.58 (br s, 1H, H-9), 7.46 (d, J = 7.8 Hz, 1H, H-5), 7.33 (d, J = 7.8 Hz, 1H, H-8), 7.13 (t, 7 = 7.8 Hz, 

1H, H-6 or H-7), 7.07(1,7 = 7.8 Hz, 1H, H-6 or H-7), 4.09 (br s, 1H, H-l), 3.37 - 3.31 (m, 1H, H-3), 3.19 (t, 7 = 

5.3 Hz, 2H, CH2C77,S02), 3.13 - 3.03 (m, 1H, H-3), 2.96 (s, 3H, SO,CH,), 2.78 (t, J = 5.3 Hz, 2H, C/72CH2S02), 

2.75 -2.68 (m, 2H, H-12), 2.67 - 2.60 (m, 2H, H-4), 2.03 - 1.95 (m, 1H, H-10), 1.77 - 1.61 (m, 3H, H-10, H-ll); 
1]C NMR 5 139.2, 137.7, 131.3, 128.4, 125.7 (C-6 or C-7), 122.7 (C-6 or C-7), 121.3 (C-8), 114.5 (C-5), 109.4, 

55.4 (C-l), 49.9 (CH,CH2NHSO,), 49.5 (C-12), 44.1 (C-3), 41.6 (CH2CH2NHS02), 41.4 (SO,CH,), 31.3 (C-10), 

24.1 (C-ll) , 20.6 (C-4). 
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l - (4-Hydroxybutyl)- l ,2 ,3,4-tetrahydro-ß-carboline (46).34 A solution of 2-hydroxypentanal (411 g, 4.0 

mmol) in water (2 mL) was added to a solution of' tryptamine hydrochloride 3 (392 mg, 2.0 mmol) in water (5 mL). 

The solution was kept at 45 *C for 3 days and then basified to pH 13 using an aqueous NaOH solution (20%). The 

water layer and the separated yellow gum were extracted with diethyl ether (6x). The combined organic layers were 

dried (Na,S04) and evaporated. Flash chromatography (ElOAc/MeOH/Et3N 60/35/5) yielded 46 (330 mg, 1.4 mmol, 

68%) as a yellow solid: R, (EtOAc/MeOH/NEt3 60/35/5) 0.36; mp 193 - 195 DC; 'H NMR (CDCl3/5% CD,OD) 3 

7.46 - 7.03 (m, 4H, H-5, H-6, H-7, H-8), 4.05 - 4.03 (m, 1H, H-l), 3.64 - 3.61 (m, 2H, H-13), 3.32 (ddd, J = 12.6 

Hz. J = 4.5 Hz, J = 4.5 Hz, 1H, H-3,,), 2.99 (ddd, J = 13.2 Hz, J = 7.9 Hz, J = 5.6 Hz, 1H, H-3J , 2.76 - 2.73 (m, 

2H, H-4). 1.92 - 1.98 (m, 1H, H-10), 1.69 - 1.66 (m, 1H, H-10), 1.58 (m, 4H, H-l l , H-12); "C NMR (CDCl,/5% 

CD3OD)5 135.6 (C-8a, C-9a), 127.1 (C-4a), 121.3 (C-7), 119.0 (C-6), 117.8 (C-5), 110.7 (C-8), 108.3 (C-4b), 

61.7 (C-13). 52.3 (C-l), 42.2 (C-10), 34.0 (C-3), 31.9 (C-ll), 22.3 (C-12), 21.8 (C-4); IR (KBr) v 3250, 3200; 

HRMS (EI) obs. mass 244.1591, calcd for C,5H2„N20 244.1643. 

l-(4-HydroxybutyI)-ß-carboline (47). To a solution of 46 (98 mg, 0.40 mmol) in freshly distilled xylene (3 

mL, mixture of isomers) palladium on carbon (20 mg, 10%) was added and the mixture was refluxed during 90 min. 

Then MeOH (3 mL) was added, the mixture was filtered over hy flow and the residue was washed with MeOH. The 

filtrate was evaporated, affording a white solid which was recrystallised from MeOH yielding 47 as white crystals 

(83 mg, 0.35 mmol, 86%); Rf (EtOAc/PE/NEt3 60/35/5) 0.56; mp 167 - 168 'C; 'H NMR (CDCl,/5% CD,OD) 8 

10.45 (s, 1H.H-9), 8.17-8.15 (m, 1H, H-7), 8.14-8.11 (m, 1H, H-3 or H-4), 7.93 - 7.91 (m, 1H, H-8). 7.57 -

7.55 (m, IH. H-4 or H-3), 7.53-7.51 (m, 1H, H-5), 7.24 - 7.20 (m, 1H, H-6), 3.51 (td, 7 = 6.1 Hz, J = 2.8 Hz, 

2H, H-13), 3.20 (s, IH. CH,Off), 2.99 - 2.94 (m, 2H. H-10). 1.76- 1.73 (m, 2H, H- l l ) , 1.52 - 1.46 (m, 2H, H-

12); ,3C NMR (CDCl3/5% CD,OD) 5 146.0 (C-l), 140.3 (C-9a), 137.6 (C-7), 134.1 (C-4a), 127.7 (C-5), 127.1 (C-

8a), 121.6 (C-3 or C-4), 121.1 (C-4b), 119.1 (C-6), 112.5 (C-8), 111.9 (C-4 or C-3), 62.7 (C-13), 34.4 (C-10). 

33.4 (C-12), 26.6 (C-ll) ; IR (KBr) V 3164, 2858, 1626; HRMS (EI) obs. mass 240.1264, calcd for C,,H,8N,0 

240.1270. 

Reaction of tryptamine with 6-valerolactone (48). A solution of tryptamine 3 (3.0 g, 18.7 mmol) in 5-

valerolactone (2.62 g, 26.2 mmol) was stirred during 5 h at 130 'C. The solution was cooled to rt and methanol (30 

mL) and potassium carbonate (5 g) were added, the mixture was stirred for another 45 min at rt. After addition of 

diethyl ether (50 mL) and water (50 mL) the layers were separated. The organic layer was washed with water (2x), 

dried (Na2S04) and evaporated. Flash chromatography (CH2Cl2/MeOH 90/10) gave the product (3.24 g, 12.4 mmol, 

67%) as a yellow oil. 

The Pictet-Spengler product (3.0 g, 11.5 mmol) was dissolved in pyridine (20 mL) and pivaloylcloride (2.2 g. 18.5 

mmol) was added dropwise at 0 *C. After two days stirring at 0 "C, CH,C12 (50 mL) was added and the pH was 

adjusted to 10 using a saturated Na,C03 solution. The layers were separated and the water layer was extracted with 

CH2C12. The combined organic layers were washed with aqueous hydrogen chloride (2x, 10%), saturated Na,CO, 

solution (2x), water, dried (Na2SOJ and evaporated. Flash chromatography (EtOAc/NEt, 95/5) gave pivaloate 4 8 

(3.82 g, 11.0 mmol. 96%) as a yellow oil: R, (EtOAc) 0.68; 'H NMR 5 8.13 - 7.01 (m. 6H), 4.02 (t. J = 6.3 Hz, 

2H). 3.86 (t, 7 = 7.6 Hz. 2H), 3.03(1, J = 7.3 Hz, 2H), 2.40(1.7 = 7.3 Hz, 2H), 1.70- 1.57 (m, 4H), 1.20 (s, 9H); 

" C N M R 5 178.6, 175.6, 136.2, 127.2, 122.3, 122.2, 119.6, 118.7, 112.3, 111.2, 63.8, 46.2, 35.5, 28.1. 27.2, 

25.4, 21.6; IR v 3479, 2973, 1718. 1679. 

Bischler-Napieralski reaction of 48 to 49. A solution of phosphorus oxychloride (0.32 mL, 3.6 mmol) in 

toluene (2 mL) was added dropwise at 45 °C to a solution of 48 (850 mg, 2.47 mmol) in toluene (3 mL). The 

mixture was stirred during 2 h at 80 'C and then concentrated in vacuo. Water (5 mL) and CH,C12 (20 mL) were 

added and the water layer was basified with a saturated Na2C03 solution. After stirring for 30 min the layers were 

separated and the water layer extracted with CH,C1, (2x). The combined organic layers were washed with a saturated 
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Na,CO, solution and water (3x), dried (Na2S04) and evaporated. Flash chromatography (EtOAc/NEt3 95/5) gave l-(4-

pivaloyloxybutyl)-3,4-dihydro-ß-carboline (355 mg, 1.09 mmol, 44%) as a yellow oil. 

To a solution of this 3,4-dihydro-ß-carboline (90 mg, 0.28 mmol) in acetonitrile (2 mL) methyliodide (70 mg, 55 

mmol) was added. The mixture was refluxed during 20 h and concentrated in vacuo to give 49 (131 mg, 0.28 mmol, 

100%) as a yellow crystalline compound: mp 142 - 144 °C; 'H NMR 8 11.72- 7.04 (m, 5H), 4.13 (t, J = 8.7 Hz, 

2H), 4.03 (t, J = 6.0 Hz, 2H), 3.67 (s. 3H), 3.32 - 3.22 (m, 4H), 1.88 (tt, J = 6.7 Hz, J = 6.7 Hz, 2H), 1.69 - 1.62 

(m, 2H), 1.11 (s, 9H); "C NMR (CDC1,) 5 178.8, 169.0, 141.6, 129.0, 126.4. 123.9, 123.1, 121.9, 121.3, 113.7, 

62.9, 54.2. 43.2, 38.6, 31.0, 28.4, 27.1, 23.9. 19.8; IR v 3300, 1718. 

Asymmetric reduction of 49 to 51. To a suspension of sodium borohydride (25 mg, 0.64 mmol) in 

tetrahydrofuran (2 mL) W-carbobenzyloxy-L-proline (665 mg, 2.67 mmol) was added at 0 "C. The mixture was 

stirred for 2 h and concentrated in vacuo using a nitrogen flow. To a solution of the white residue (50) in 

dichloromethane (3 mL) a solution of 49 (120 mg, 0.26 mmol) in dichloromethane (2 mL) was added at 0 °C. The 

reaction mixture was stirred at rt during one night. The solvent was evaporated using a nitrogen flow, an aqueous 

hydrogen chloride solution (3 mL, 10%) was added and stirring was continued for 3 h at 65 'C. The pH was adjusted 

to 10 with a saturated Na,C03 solution. The mixture was extracted with CH2C1, (5x), the combined organic layers 

were dried (Na;S04) and evaporated. Flash chromatography (EtOAc/NEt, 95/5) gave 51 (57 mg, 0.17 mmol, 65%) 

as a yellow oil. Using Pirkle alcohol2" (3 eq.) a 75 : 25 ratio of the two enantiomers could be established by 'H 

NMR: 3.36 (t, 7 = 5.4 Hz, 0.34H), 3.45 (t, 7 = 5.4 Hz, 0.66H). 

47: R, (PE/EtOAc/NEtj 65/30/5) 0.34; 'H NMR 5 7.86 - 7.07 (m, 5H, H-5, H-6, H-7, H-8, H-9), 4.07 (ddt, 7 = 

15.4Hz,7 = 13.2 Hz, J = 6.6 Hz, 2H, H-13), 3.51 (t, 7=5 .1 Hz, 1H, H-l), 3.20 - 3.10 (m, 1H, H-3), 2.81 - 2.72 

(m, 3H, H-3, H-4), 2.47 (m, 3H, NCH,), 1.97 - 1.74 (m, 2H, H-10), 1.73 - 1.61 (m, 2H, H-12), 1.60 - 1.34 (m, 

2H, H-ll) , 1.17 (s, 9H, C(CH,),); UC NMR S 178.8 (O(CO)C(CH,),), 136.0 (C-9a), 134.7 (C-8a), 127.3 (C-4b), 

121.3 (C-7), 119.2 (C-5), 118.0 (C-6), 110.7 (C-8), 108.5 (C-4a), 63.9 (C-13), 59.9 (C-l), 50.0 (C-10), 42.0 (C-

19), 38.7 (C(CH,),), 32.2 (C-3), 28.8 (C-4), 27.2 (C(CH,),), 21.4 (C-12), 19.2 (C-ll) ; IR v 3473, 1717. 

NPS protected tryptamine (54) . To a mixture of tryptamine 3 (3.2 g, 20.0 mmol) in dichloromethane (75 

mL) and a solution of sodium hydroxide (8 g, 200 mmol) in water (40 mL), 2-mtrobenzenesulfenyl chloride (4.0 g, 

20.5 mmol, crystallised from CH2C1,/PE) was added in portions at 0 'C. The reaction mixture was stirred 

vigorously during 2 h at 0 *C. The layers were separated and the water layer was extracted with CH,C12 (3x). The 

combined organic layers were dried (Na2S04) and evaporated. The residue was dissolved EtOAc and filtered over silica 

gel. The filtrate was evaporated and dried in vacuo. Trituration of the residue with diethyl ether afforded 54 (4.13 g, 

13.2 mmol, 66%): 'H NMR 8 8.25 (d. 7 = 8.3 Hz. 1H, Ar-H), 8.06 (br s, 1H, H-l, Ar-H), 7.69 (d, J = 8.3 Hz, 

1H). 7.63 (d, 7 = 7.8 Hz, 1H. H-4 or H-7). 7.42 - 7.37 (m, 2H), 7.26 - 7.13 (m, 3H), 7.11 (s, 1H, H-2), 3.32 (t, 7 

= 6.6 Hz. 2H, CH2C//2NH), 3.10 (t. 7 = 6.6 Hz, 2H, C/72CH2NH); " C N M R 5 145.7, 136.5, 133.6, 127.3, 125.8, 

124.4, 124.3, 122.4, 122.3, 119.5, 118.8, 114.2. 112.8, 111.3. 51.2 (CH2CH,NH), 26.5 (CH,CH,NH); IR v 

3480, 1584. 1554, 1504, 1343, 1303. 

Nazlinine dimer (55). To a solution of 54 (1.25 g, 4.0 mmol) and pyridinium tritluoroacetate (100 mg, 0.5 

mmol) in dichloromethane (75 mL), crushed anhydrous calciumchloride (20 g) and an aqueous glutaric aldehyde 

solution (363 U.L, 2.0 mmol, 50%) were added. The reaction mixture was stirred during one night at rt and then 

filtered. The filtrate was evaporated, the residue dissolved in tetrahydrofuran (50 mL) and an excess of Raney nickel 

was added in portions. After stirring the reaction mixture during 45 min, PE (5 mL) and diethyl ether (5 mL) were 

added. The resulting mixture was dried (Na2S04/Na,CO, 90/10) and filtered. The filtrate was evaporated and after 

flash chromatography (CHXL/MeOH/concd NH.OH 90/8/2 -> 80/15/5 EtOAc), 55 (305 mg, 0.79 mmol, 40%) 

was obtained as a 42 : 58 mixture of diastcreomers: 'H NMR 8 8.99 (br s, IH, H-9). 8.80 (br s, 1H, H-9), 7.48 (d, 

7 = 7.4 Hz, IH, H-5 or H-8), 7.47 (d, 7 = 7.4 Hz. IH, H-5 or H-8), 7.30 (d, 2H, H-5 or H-8), 7.17 - 7.08 (m, 4H. 
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H-6, H-7), 4.11 (br s, 1H, H-l), 4.06 (br s, 1H, H-l), 3.43 - 3.33 (m, 2H), 3.09 - 3.00 (m, 2H), 2.80 - 2.70 (m, 

4H), 1.94- 1.72 (m,4H), 1.69- 1.63 (m, 2H, H- l l ) ; 13C NMR 8 136.1, 135.8 (2C„), 135.7, 127.3, 127.2, 121 3' 

119.1, 117.9, 1 10.9, I 10.8, 108.4, 108.2, 52.2 (C-l), 52.1 (C-l), 42.4 (C-3), 42.3 (C-3), 34.1 (C-10). 33 5 (C-

10), 22.4 (C-4), 22.3 (C-4), 21.3 (C-l I); IR v 3474; HRMS (FAB) obs. mass 385.2361. calcd mass for C,5H2,N4 

( M + 1) 385.2392. 

A'-nicotinyl tryptamine (61). Zincke salt 60 (14.6 g, 45 mmol) was added in portions to a solution of 

tryptamine 3 (8 g, 50 mmol) in methanol (300 111L) at rt. To the solution thereby obtained, diethyl ether (700 mL) 

was added resulting in crystallisation of the product, which was collected by filtration. Recrystallisation from MeOH 

gave 61 (9.6 g, 31 mmol, 69%) as a crystalline compound: mp 136 - 139 *C; 'H NMR (D,0) 5 8.68 - 8.64 (m, 

2H), 8.56 (br s, 1H), 7.90 - 7.87 (m, 1H), 7.45 (d, 7 = 8.1 Hz, 1H), 7.46 - 7.44 (m, 2H), 7.05 (d, 7 = 7.5 Hz, IH)! 

7.01 (s, IH, H-2), 4.89 - 4.88 (m, 2H, H-9), 3.45 - 3.43 (m, 1H, H-8); L,C NMR (D20) 8 170.0 (CONH,), I68.0! 

146.1, 135.5, 130.5, 127.5, 125.0, 122.3, 120.0, 114.7, 110.7, 66.0 (C-9), 29.2 (C-8); IR v 3457, 1681, 1618; 

HRMS (FAB) obs. mass 266.1286, calcd mass for C,6H,6ON, (M + 1) 266.1293. 

Hydrogénation of 61 to 62. A mixture of 61 (1.5 g, 4.9 mmol), palladium on carbon (0.2 g, 10%), sodium 

acetate (0.5 g. 6.1 mmol) and acetic acid (1.5 mL) in methanol (35 mL) was hydrogenated at 1 aim. during one 

night. The mixture was filtered over hy How and the filtrate concentrated in vacuo (bath temperature -30 'Q. An 

aqueous Na,CO., solution was added and the product was extracted with EtOAc (3x). The combined organic layers 

were dried (Na,S04) and evaporated. Crystallisation from EtOAc/EtOH afforded 62 (0.86 g, 3.18 mmol, 65%): mp 

138-140 -C; 'H NMR 8 8.25 (br s, IH, H-l), 7.56 (d, 7 = 8.2 Hz, IH, H-4 or H-7), 7.36 (d, 7 = 8.2 Hz, IH, H-4 

or H-7), 7.35 (s, IH, H-l 1). 7.20 (t, 7 = 8.2 Hz, IH, H-5 or H-6), 7.12 (1,7 = 8.2 Hz, IH, H-5 or H-6), 6.98 (s, 

IH, H-2), 4.97 (br s. 2H, CONH,), 3.42 (t, 7 = 7.3 Hz, 2H, H-9), 3.11 (t, 7 = 5.6 Hz. 2H, H-15). 2.98 (t, 7 =7.3 

Hz, 2H, H-8), 2.20 (t, 7 = 6.2 Hz, 2H, H-13), 1.88 - 1.82 (m, 2H, H-14); l3C NMR (CDCl,/5% CD,OD) 8 171.7 

(CONH2), 144.8 (C-l 1), 136.3, 127.1, 122.3, 121.7, 119.0, 118.2, 111.9. 111.3, 94.2 (C-12), 56.3, 45.6, 24.8, 

21.3, 20.3; IR v 3448, 1651; HRMS (FAB) obs. mass 270.1586, calcd mass for Cl6H2„ON3 (M + 1) 270.1606. 

Indoloquinolizidine-1-carboxamide (63). A solution of 62 (0.27 g, 1.0 mmol) in a methanolic hydrogen 

chloride solution (20 mL. saturated) was stirred at rt during 1 h. The reaction mixture was basified with K,CO, and 

the product extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. 

Crystallisation from MeOH gave 63 (205 mg, 0.71 mmol, 76%) as needles: mp 264 - 266 -C (235 - 238 °C subi )• 

'H NMR (CDCl.,/3% CD,OD/3% D20) 8 7.47 (d, 7 = 7.9 Hz. IH, H-8 or H-l 1 ), 7.47 (d. 7 = 7.9 Hz, IH, H-8 or H-

11 ). 7.09 - 6.96 (m. 2H, H-9, H-10), 3.75 (br d, 7 = 9.4 Hz, IH, H-l2b), 3.39 - 3.32 (m, IH), 3.07 - 2.79 (m, 2H), 

2.74 - 2.43 (m. 4H), 2.02 - 1.88 (m. IH), 1.77 - 1.62 (m, 3H) L,C NMR (CDCl,/3% CD,OD/3% D,0) 8 179.3 

(CONH,), 136.0, 133.2, 126.6, 121.4, 119.0, 117.7, I 11.0, 108.7, 60.2 (C-I2b), 54.5, 52.3, 47.1 (C-l). 30.0, 

23.6, 21.2; IR v 3485, 1676, 1647, 1599; HRMS (FAB) obs. mass 270.1620. calcd mass for ClfH„,ON, (M + 1) 

270.1606. 

Carboxamide (64). A solution of 62 (100 mg, 0.34 mmol) and sodium cyanoborohydride (63 mg. 1.0 mmol) 

in a mixture of acetic acid (I mL) and acetonitrile (4 mL) was stirred at 65 -C during one night. The solution was 

cooled to rt and diluted with aqueous hydrogen chloride solution (5%). After stirring during 30 min the reaction 

mixture was basified with K,CO, and the product was extracted with EtOAc (3.x). The combined organic layers were 

dric u (Na,S04) and evaporated. Flash chromatography (ElOAc/MeOH/concd NH4OH 90/8/2 —> 85/15/5) followed by 

crystallisation gave 64 (71 mg, 0.24 mmol, 70%): mp 151 - 154 °C; 'H NMR (D,0/CD,OD) 8 7.56 (d, 7 = 7.9 

Hz, IH, H-4 or H-7), 7.34 (d, 7 = 7.9 Hz, IH, H-4 or H-7). 7.16 (1. 7 = 7.9 Hz, IH, H-5 or H-6), 7.09 (t' 7 = 7^9 

Hz, IH, H-5 or H-6), 6.97 (s, IH, H-2), 4.79 (br s, 2H. CONH,), 2.95 (t, 7 = 7.4 Hz, 2H, H-9). 2.92 - 2.90 (m. 

2H), 2.76 - 2.63 (m, 2H), 2.47 -2.41 (m, 2H), 2.25 (br s. IH), 1.84- 1.82 (m, IH), 1.70- 1.55 (m, 3H); "C 
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NMR (CDCl,/5% CD,OD) 8 178.2 (CONH2), 136.2, 127.3, 121.9, 121.6, 119.1, 118.6, 113.9, 111.1, 58.9, 

55.3, 53.5, 41.6 (C-12), 26.9, 22.7 (2CH2); IR v 3394, 1668, 1632; HRMS (FAB) obs. mass 272.1743, calcd 

mass for C16H22ON, (M + 1) 272.1763. 

Zincke reagent 56. A solution of 2,4-dinitrochlorobenzene (12 g, 59.2 mmol) and pyridine (5 niL, 61.8 mmol) 

in acetonitrile (30 mL) was refluxed during 2.5 h. The reaction mixture was cooled to 0 °C and filtered. The residue 

was washed subsequently with EtOAc and diethyl ether affording 56 ( 14.4 g, 51.2 mmol, 86%). 

Zincke reaction of t ryptamine with 56 (65). A solution of tryptamine 3 (480 mg, 3 mmol) and Zincke 

reagent 56 (788 mg, 2.8 mmol) in dry «-butanol (15 mL) was refluxed during 4 h. After cooling to 0 °C methanol 

(15 mL) and sodium borohydride (228 mg, 6 mmol) were added. After stirring for 1 h, an excess aqueous hydrogen 

chloride (35%) was added and the mixture was evaporated. An aqueous hydrogen chloride solution (1 M) was added 

and the water layer was washed with EtOAc. The water layer was basified with K2C03 and the product was extracted 

with EtOAc/5% EtOH (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 

(CH,Cl,/MeOH/concd NH4OH 90/10/0 -> 80/15/5) gave a solid compound which was triturated with PE/diethyl 

ether 90/10 to give 65 (0.3 g, 1.33 mmol, 47%) as a crystalline compound: 'H NMR 8 8.51 (br s, 1H, H-l), 7.54 

(d, J = 7.5 Hz, 1H, H-7), 7.32 (d, J = 7.5 Hz, 1H, H-7), 7.22 - 7.10 (m. 2H, H-5, H-6), 6.98 (s, 1H, H-2), 5.81 (br 

d, J= 10.1 Hz, 1H, H-l 1), 5.74 (brd, J= 10.1 Hz, 1H, H-l l ) , 3.15 (br s, 1H, H-12), 3.08 - 3.02 (m, 2H, H-9). 

2.85 - 2.78 (m, 2H, H-8), 2.72 (t, J = 5.7 Hz, 2H, H-15), 2.26 (br s, 2H, H-14); "C NMR 8 136.2, 127.4, 125.3, 

125.2, 121.7, 121.6, 119.0, 118.7, 114.1, 111.1, 59.2 (C-ll) , 52.6 (C-9 or C-15), 50.0 (C-9 or C-15), 26.1 (C-8 

orC-14), 23.0 (C-8 orC-14) ; IRv 3472. 

A-nicotinamide nazlinine (69). Zincke reagent 60 (0.35 g, 1.08 mmol) was added to a solution of nazlinine 

2 (0.24 g, 1.0 mmol) in methanol (10 mL) in portions during 1 h at rt. After stirring during 3 h at rt, the mixture 

was cooled to -18 °C and sodium borohydride (0.11 mg, 3.0 mmol) was added and the mixture was stirred during 1 h 

at rt. The mixture was evaporated and an aqueous sodium hydroxide solution was added. The product was extracted 

with EtOAc/5% EtOH (3x), the combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 

(CH2Cl2/MeOH/concd NH4OH 90/10/0 -> 80/15/5) gave 69 (0.23 g, 0.68 mmol, 68%): 'H NMR 8 9.08 (br s, ÎH, 

H-9), 7.43 (d, / = 7 . 0 Hz, 1H, H-5 or H-8), 7.26 (d, J = 7.0 Hz, 1H, H-5 or H-8), 7.11 - 7.00 (m, 2H, H-6, H-7), 

6.50 (br s, 1H, H-15), 6.26 (br s, 2H, CONH2), 3.96 (br s, 1H, H-l), 3.29 - 3.24 (m, 1H), 3.14 - 3.08 (m, 2H), 

2.97 - 2.77 (m, 2H), 2.70 - 2.64 (m, 2H), 2.45 - 2.40 (m, 3H), 2.28 - 2.22 (m, 2H), 1.83-1.79 (m, 1H), 1.58 -

1.44 (m, 5H); "C NMR S 169.4 (CONH,), 136.3 (C-9a), 135.7 (C-8a), 132.2 (C-15), 131.6 (C-16), 127.3, (C-4b), 

121.1 (C-7), 118.9 (C-5), 117.8 (C-6), 110.5 (C-8), 108.3 (C-4a), 57.7, 52.4 (C-l), 51.3, 49.0, 42.3, 34.5, 26.6, 

25.9, 23.4, 22.5; IR v 3473, 1675, 1646, 1582. 

Zincke reaction of 56 with nazlinine (68). A solution of nazlinine hydrochloride salt 2 (315 mg, 1 

mmol), Zincke reagent 56 (250 mg, 0.89 mmol) and /VJV-diisopropylethylamine (350 (iL, 2 mmol) in dry n-

butanol (10 mL) was refluxed during 4 h. After cooling to -18 "C methanol (10 mL) and sodium borohydride (76 

mg, 2 mmol) were added and the mixture was stirred during 1 h at rt. An excess aqueous hydrogen chloride (35%) 

was added and the mixture was evaporated. An aqueous Na2C03 solution was added and the product was extracted 

with EtOAc/5% EtOH (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash chromatography 

(CH2Cl,/MeOH/concd NH4OH 90/10/0 -> 80/15/5) gave 68 (102 mg, 0.33 mmol, 37%). When the reaction 

mixture was refluxed during one night, instead of 4 h, indoloquinolizidinc 67 (35 mg, 0.15 mmol, 17%) was 

isolated.35 

68: 'H NMR 8 8.86 (br s, 1H, H-9), 7.47 (d, J = 7.0 Hz, 1H, H-5 or H-8). 7.30 (d. J = 7.0 Hz. 1H, H-5 or H-8), 

7.14-7.03 (m, 2H, H-6, H-7), 5.80 (br d, J = 10.0 Hz, 1H, H-16), 5.70 (brd, J= 10.0 Hz, 1H, H-16), 4.05 (t, J = 

5.8 Hz, 1H, H-l), 3.43 - 3.28 (m, 1H), 3.07 - 2.97 (m. 3H), 2.92 - 2.84 (m, 2H), 2.81 - 2.47 (m, 4H), 2.23 - 2.12 
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(m, 2H), 1.97 - 1.62 (m, ÎH), 1.61 - 1.35 (m, 5H); 13C NMR 5 136.4 (C-9a), 135.7 (C-8a), 127.4 (C-4b), 125.3 

(C-16 or C-17), 125.2 (C-16 or C-17), 121.1 (C-7), 119.0 (C-5), 117.8 (C-6), 110.8 (C-8), 108.5 (C-4a), 57.8, 

52.9, 52.4 (C-l), 49.7, 42.3, 34.4, 26.2, 25.8, 23.2, 22.6; IR V 3473. 

67: 'H NMR 8 7.69 (br s, 1H, H-12), 7.47 (d, J = 7.6 Hz, 1H, H- l l ) , 7.30 (d, J = 7.6 Hz, 1H, H-8), 7.15 - 7.06 

(m, 2H, H-9, H-10), 3.24 (br d, J = 9.2 Hz, 1H, H-12b), 3 .09-2.98 (m, 3H, H-4, H-6, H-7), 2.75 - 2.60 (m, 2H, 

H-6, H-7), 2.39 (ddd, J= 11.1 Hz, J= 11.1 Hz, i = 3.8 Hz, 1H, H-4), 2.09 - 2.05 (m, 1H, H-l), 1.94 - 1.90 (m, 

1H, H-2), 1.80 - 1.74 (m, 2H, H-l, H-3). 1.66 - 1.47 (m, 2H, H-l, H-2). 

NPS-protected aldehyde 70. To a solution of 54 (1.57 g, 5.0 mmol) and pyridinium trifluoroacetate (293 rag, 

1.52 mmol) in dichloromethane (100 raL) crushed anhydrous calciumchloride (25 g) and an aqueous glutaric aldehyde 

solution (9 mL, 50 mmol, 50%) were added. The reaction mixture was stirred vigorously during 1 h at 0 'C and 4 h 

at rt. Water (100 mL) and PE (100 mL) were added and the layers were separated. The organic layer was washed with 

water (3x), dried (Na,S04) and evaporated. Flash chromatography (PE/EtOAc 75/25 -> 25/75) gave 70 (1.10 g, 2.78 

mmol, 56%). Also the dimer was obtained in varying amounts from this reaction (see scheme 3.12). 

70: 'H NMR 8 9.73 (br s, 1H, H-9), 8.29 (d, J = 8.1 Hz, 1H), 8.30- 8.27 (br s, 1H), 8.11 - 8.07 (Br s, 1H), 7.81 -

7.65 (brs , 1H), 7.52 (d, 7 = 7.5 Hz, 1H), 7.37 (d, J = 7.5 Hz, 1H), 7.22 - 7.10 (m, 2H), 4.23 (br s, 1H, H-l), 4.80 

- 2.40 (br s, 4H), 2.57 - 2.36 (br s, 2H), 2.10 - 1.67 (br s 2H); "C NMR (rotamers cause absence and doubling of 

several signals) 5 202.1 (C-13), 136.1, 134.0, 133.5, 127.1, 125.9, 125.7, 124.6, 124.6, 124.3, 124.3, 122.2, 

122.0, 119.6, 118.8, 118.2, 111.3, 111.0, 108.7, 51.3, 43.5, 26.5, 18.7, 14.2; IR V 1720, 1585, 1560, 1505, 

1344. 1302. 

NPS-protected azepine 71. A solution of aldehyde 70 (0.41 g, 1.03 mmol) in a mixture of dichloromethane 

(10 mL) and triethylamine (1 mL) was stirred at rt during 18 h. Evaporation of the solvents gave 71 (0.42 g, 1.03 

mmol, 100%) as a glass: 'H NMR 8 8.3 - 7.1 (m. 8H, H-5, H-6, H-7, H-8, H-9, Ar-H), 6.2 (br s. 1H, H-7), 4.5 -

4.3 (m, 1H, H-3a), 3.7 - 3.3 (m, 2H), 3.1 - 2.7 (m, 3H). 2.6 - 2.1 (m, 3H), 2.0 - 1.5 (m, 2H); IR V 3450 - 3100, 

1590, 1561, 1508. 1344, 1303; HRMS (FAB) obs. mass 395.1297, calcd mass for C2 1H,,0,N, 395.1303. 

6,7-Didehydro-azepine 72. To a solution of 71 (790 mg, 2.0 mmol) and pyridine (2.26 mL, 28.0 mmol) in 

dichloromethane (10 mL) phosphorus oxychloride (373 |lL, 4.0 mmol) was added dropwise over a period of 1 min at 

0 "C. The mixture was stirred during 4 h at 0 °C. water and K,CO, were added and the protected enamine was 

extracted with EtOAc (3x). The combined organic layers were dried (Na,SO„) and evaporated. To a solution of the 

residue in tetrahydrofuran (10 mL) an excess of Raney nickel was added. The reaction mixture was stirred, using a 

mechanical stirrer, during 30 min, diluted with PE (25 mL) and dried (Na,SOj). The suspension was filtered, the 

residue washed with diethyl ether and the filtrate evaporated. Flash chromatography (CH2Cl,/MeOH/concd NHjOH 

90/6/4) followed by crystallisation from EtOAc/PE gave 72 (220 mg, 0.98 mmol, 49%): 'H NMR 6 7.48 (d, J = 

7.8 Hz, 1H, H-8 or H-11), 7.35 (d, 7 = 7.8 Hz, 1 H. H-8 or H-l 1), 7.22 (t. J = 7.8 Hz, 1H, H-9 or H-10), 7.14 (t, J 

= 7.8 Hz, 1H. H-9 or H-10). 6.94 (d, J = 10.0 Hz, 1H, H-7), 5.04 - 4.99 (m. 1H, H-6), 3.42 (dd. J = 12.4 Hz, J = 

5.2 Hz. 1H), 3.08 - 3.01 (m, 1H), 2.86 - 2.70 (m, 2H), 2.54 - 2.52 (m, 2H), 2.09 - 2.03 (m, 1H), 2.00 - 1.90 (m, 

1H); ! ,C NMR 8 137.8, 135.5, 127.3. 121.9, 121.8, 120.1, 118.1, 110.1, 109.0, 108.9, 55.0 (C-3a), 43.5, 32.4, 

27.6, 22.4. 

7-Hydroxy-azepine 7 3 . To a solution of 71 (395 mg, 1.0 mmol) in tetrahydrofuran (10 mL) excess Raney 

nickel was added in portions. The reaction mixture was stirred during 45 min then PE (5 mL) and diethyl ether (5 

mL) were added. The mixture was dried (Na :S04/Na2CO, 90/10) and filtered. The filtrate was evaporated and the 

residue triturated with EtOAc affording 73 (121 mg, 0.50 mmol, 50%) as needles: mp 161 - 162 "C; 'H NMR 

(CDCU/5% CD3OD) 8 7.36 (d, J = 7.7 Hz, 1H, H-8 or H-l 1), 7.26 (d, J = 7.7 Hz, 1H, H-8 or H- l l ) , 7.07 (t. J = 

7.7 Hz. IH, H-9 or H-10). 6.98 (t. J = 7.7 Hz. 1H. H-9 or H-10). 6.14 (d, J = 3.4 Hz. 1H, H-7). 4.12 (d, J = I 1.4 

64 



Synthesis of Nazlinine Analogues 

Hz. 1H, H-3a), 3.21 - 3.17 (m, 1H, H-2), 2.88 - 2.81 (m, 1H, H-2), 2.71 - 2.59 (m. 2H, H-l) , 2.30 - 2.21 (m, 1H, 

H-6), 2.18 - 2.14 (m, 1H, H-5), 1.99 - 1.95 (m, 1H, H-4), 1.79 - 1.72 (m, 1H, H-5), 1.68 - 1.61 (m, 1H, H-6), 

1.51 - 1.41 (m, 1H, H-4); ,3C NMR (CDCk/5% CD3OD) 8 141.3 (C-8a or C-l lc), 140.0 (C-8a or C- l lc) , 130.8 

(C-l la) , 125.3, 123.1, 121.9, 113.1 (C- l lb) , 112.5. 79.8 (C-7), 58.1 (C-3a), 46.5 (C-2), 39.9 (C-4 or C-6), 38.5 

(C-4 or C-6), 26.2 (C-l or C-5), 24.1 (C-l or C-5); HRMS (EI) obs. mass 242.1430, calcd mass lor CI5HIgON2 

242.1419. 

Azepine 75. A solution of tryptamine 3 (320 mg, 2.0 mmol) and 5,5-diethoxypentanalÄ (340 p.L, 2.1 mmol) in 

dichloromethane (20 mL) was stirred during 30 min at rt. The solvent was evaporated and after redissolving the 

residue in dichloromethane (30 mL), trifluoroacetic acid (320 |4L, 4.2 mmol) was added at 0 °C. The reaction 

mixture was stirred during 30 min at 0 'C and then trifluoroacetic acid (1 mL) was added. After stirring during 3 min 

at rt triethylsilane (0.95 mL, 6.0 mmol) was added. The reaction mixture was subsequently stirred during 2 h at rt 

and refluxed during 15 min. An ammoniak solution was added and the layers were separated. The water layer was 

extracted with CH2C12 (3x) and the combined organic layers dried (Na,S04) and evaporated. Flash chromatography 

(CH2Cl2/MeOH/cOncd NH4OH 80/15/5) gave 75 (130 mg, 0.58 mmol, 29%) as an oil: 'H NMR 6 7.50 (d, J = 7.8 

Hz, 1H, H - 8 o r H - l l ) , 7.28 (d, 7 = 7.8 Hz, 1H. H-8 or H-l 1), 7.18 (t, / = 7.8 Hz, 1H, H-9 or H-l0), 7.07 (t, J = 

7.8 Hz, 1H, H-9orH-10) , 4.51 (dd, J = 4.9 Hz. J = 14.2 Hz, 1H), 4.10 (br d, J = 9.6 Hz, 1H, H-3a), 3.70 (dd, J = 

14.2 Hz. J =11.8 Hz, 1H), 3.37 - 3.32 (m, 1H), 3.07 - 3.00 (m, 1H), 2.86 - 2.74 (m, 2H), 2.16 - 2.05 (m, 3H), 

1.81 - 1.71 (m, 1H), 1.67 - 1.54 (m, 2H); l3C NMR 5 139.1, 136.0, 126.5, 120.9, 118.6, 118.0, 108.6, 108.0, 

54.5 (C-3a), 45.2, 43.0, 36.5, 29.5, 28.5, 22.9; HRMS (EI) obs. mass 226.1466, calcd for C15H1SN2 226.1470. 

Indoloquinolizidine 67. A solution of tryptamine 3 (160 mg, 1.0 mmol) and 5,5-diethoxypentanaP' (170 (iL, 

2.1 mmol) in dichloromethane (3 mL) was stirred during 30 min at rt. The solvent was evaporated, the residue 

(imine 74) redissolved in dichloromethane (5 mL) and trifluoroacetic acid (150 p.L, 2.0 mmol) was added at 0 "C. 

The reaction mixture was stirred during 30 min at 0 *C then sodium acetate (328 mg, 4.0 mmol), MeOH (1 mL) and 

sodium borohydride (76 mg, 2.0 mmol) were added. After stirring during 1 h. an excess aqueous hydrogen chloride 

(35%) was added and the mixture was evaporated. To the residue an aqueous Na2CO, solution was added and the 

product was extracted with EtOAc (3x). The combined organic layers were dried (Na2S04) and evaporated. Flash 

chromatography (CH2Cl2/MeOH/concd NH4OH 80/15/5) gave 67 (42 mg, 0.19 mmol, 19%) which was identical to 

indoloquinolizidine 67 described as the side product in the synthesis of 68. 
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