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Syn(hesenvon(RS)- und (S)-(-)-Nazlinin sowie von(RS)- und (+)&Am- 
cyclodeca[5,4-b]indd-l-amin 

(RS)-1-(4-Aminobutyl)-l.2,3,4-tetrahy&e~carboline ((RS)-1) wurde auf 
zwei verschiedenen Wegen synthetisiert. Die Darstellung von (S)--)-l 
gelang sowohl durch asymmetrische Reduktion mit 2 95% ee. als auch durch 
Synthese ausgehend von Q-(+)-3. Dieses diente auch als Edukt zur 
Darstellung von (+>bAzacyclodeca[5.4-b]indol-l-amin ((+)-2) mit hoher 
Enantioselektivitiit. 

(RS)-1-(4Aminobutyl)-1,2,3,4tetrahy&e~carboline ((RS)-1) was synthe- 
sized in two different ways. The preparation of (S)4-)-1 was performed both 
by asymmetric reduction with 2 95% ee and by synthesis from (S)-(+)-3. 
From this compound also (+)-6-azacyclodeca[5,4-b]indol-l-amine ((+)-2) 
was prepared with high enantioselectivity. 

Scheme 1 

Nitraria species are an important source of various piperi- 
dine alkaloids la). Besides spiropiperidine and tripiperidine 
alkaloids numerous indole alkaloids were isolated, infer alia 
the racemic alkaloid nazlinin ((RS)-1) which shows seroton- 
ergic activity. In the first place structure 2 was postulated for 
nazlinin 2), isolated from Nitraria schoberi ZyguphylZacae). 
According to Kuumen et al. *b*c), however, H-NMR data of 
(RS)-1 (ChOD + > 2 equiv. of F 3 C - C W ) .  prepared from 
tryptamine and iperideine, agree with those published by 
Ustunes ef al. ' for nazlinin. The data of (RSI-6-azacy- 
clodeca[5,4-b]indol-l-amine ((RS)-2), however, are suik- 
ingly different 3! Most probably, the alkaloid isolated from 
Nitraria schoberi is protonated (RS)-l. An acidcatalyzed 
rearrangement of (RS)-1, however, could not be excluded 
from the outset. In order to study the stability of (RS)-1 under 
acidic conditions we have developed new syntheses for (RS)- 
1, including the possibility of preparing the enantiomers of 
alkaloids 1 and 2. (IS)-(+)-3 was used as the precursor for the 
enantioselective synthesis of either (+l or (+)-2. 

\ 

+) Dedicated to Prof. Dr. K. Bemuuer (Basel) on the occasion of his 70th 
birthday. 

Syntheses 

Heating of tryptamine with 6-valerolactone and subsequent 
acetylation of the amide 4 by acetic anhydride/pyridine af- 
forded the ester 5 which could be cyclized according to 
Bischler-Napieralski leading to the imine 6. The yield, how- 
ever, was low. Imine 6 could not, moreover, be purified 
sufficiently for subsequent enantioselective reduction, but 
reduction of crude 6 under achiral conditions led to the amine 
7 which was converted to the carbamate 8 and deacetylated 
to the alcohol 9. Cpd. 9 was in turn transformed to the azide 
10 using 2-fluoro-1-methylpyridinium to late (FMPT) and 
N a N W P T  according to Mukaiyama 'y Hydrogenolysis 

lIWT 
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(Pd/C/H2) of the urethane and reduction of the azide were 
performed in one step, affording (RS)-1 as a colourless pow- 
der (18% yield, eight steps, Scheme 2). 

The 'H-NMR-data of (RS)-l in CD30D and in CD30D + 
3 equiv. F3C-C%D, respectively, are identical with those 
reported lbVc). After neutralization of the acidic solution with 
Na2CO3 we obtained the same 'H-NMRdata as before acidi- 
fication, indicating that (RS)-l is stable under the conditions 
used for NMR-measurements. In order to obtain imine ana- 
logues which can be purified correctly (vide supra) we have 
synthesized further 3,4-dihydro-P-carbolines. Analogously 
to the preparation of amide 4 we have condensed tryptamine 
with ethyl w-cyanobutyrate to the amide 11, but again cycli- 
zation of 11 to the imine 12 gave poor yields only. We 
therefore protected the amine 13, obtained by reduction of the 
nitrile 11, as itsphthalimide 14. Cyclization of 14 with poCl3 
led to the imine 15 in high yield. Hydrogenation with Runey- 
Ni afforded the tetrahydro-P-carboline 16a. Whereas depro- 
tection of 16a by hydrazine hydrate led to a deteriorated 
produc cleavage of the imide by H3CNH2 according to 

from 16a (RS)-l could easily be prepared by reaction with 
K2Ca3 and H3CNH2 (39% yield, six steps, Scheme 3). 

Wolfe A produced the amide 16b. From this cpd. or directly 

NPMh NPhth 

I) HsCNHz. KaCOj, EtOH 

Scheme 3 

As the yield in the cyclization step is high, imine 15 was 
reduced asymmetrically by (S)-N-benzoxycarbonylprolinate- 
borane-complex usin a modified procedure &-c) of 
Iwukuma's reduction &. The 400 MHz 'H-NMR spectrum 
of the phthalimide (-)-Ma, measured in the presence of 
(S)-$+)- 1 -( 9-anthryl)-2.2.2-trifluoroethanol (Pirkle a1 c o- 
hol '1 indicated an ee of > 95% (Fig. 1). (-)-16a was trans- 
formed to (-)-1 as described for the racemate (Scheme4). The 
S-configuration of (-)-l was established later (Scheme 6). 

I 

I 
3.90 3.80 

Fig. 1: 400 MHz 'H-NMR spectra of (RS)-16a and (S)-(-)-l6a) (CD30D + 
abut 3 eguiv. Pirkle alcohol) 

Scheme 4 

In parallel with this enantioselective reduction, we have 
tried to prepare (S)-(-)-1 from the formamidine (S)-(-)-17 by 
reaction with rgrt-butyl-Li and 4-bromopropionitrile accord- 
ing to Meyers &), affording nitrile (+)-18. The yield, how- 
ever, was low (Scheme 5).  

Scheme 5 

The prim. amine-function of (S)-(-)-l was introduced via 
the pertinent azide. (IS)-(+)-3, easily obtained from (S)-(-)- 
17 by reaction with fen-butyl-Li and 1-bromo4chlorobu- 
iane in high chemical yield (> 83% ee) as described by Meyers 

was transformed to the azide (IS)-(+)-20 by twofold 
substitution with Ndacetone and NaN3/DMF, respectively. 
(ZS)-(+)-19 was produced by elimination as a side product. 
Removing of the chiral auxiliary in (IS)-(+)-20 with 
AcOHhydrazine and deprotection with 2N HCl led to 
(S)-(-)-21 which was easily hydrogenated to (S)-(-)-l by 
Pd/C/H2 (Scheme 6). 

In order to check th de ee of enantioselectivity of the C/D 
ring cleavage in 22 ') (&)-22 has been isolated from Ni- 
truriu species '"I), (ISJ-(+)-3 (Scheme l)  was deprotected to 
(S)-(-)-22 (> 83% ee) '), which was treated first with benzyl 
chloroformate and then with an excess of benzylamine, af- 
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Scheme 6 

fording (+)-23 in > 83% ee, as indicated by comparison of the 
400 MHz 'H-NMR spectra of (RS)-23 (which was synthe- 
sised by the same method) and (+)-23 using (s)-(+)-l-(9-an- 
thryl)-2,2,2-trifluoroethanol (Pirkle alcohol )) as a fjift 
reagent. The structure of (RS)-23 was2onfirmed by C- 
NMR, 'W'H- and W C-COSY- and C-DEPT-NMR ex- 
periments and so the 400 MHz H-NMR spectrum could be 
interpreted in a wide range. Hydrogenolytic deprotection of 
(+)-23 (or (RS)-23) with Pd/C/H2 led to (+)-2 (or to (RS)-2), 
as described in the Experimental Part (Scheme 7). 

1 13 

Scheme 7 

Concerning the rather high ee, the kside of the delocalized carbeniumion 
at C-12b of 24b, being formed from Ha, seems to be protected against 
nucleophilic attack by the bridge formed by the urethane part of the ten-mem- 
bered ring (Scheme 8). This has been concluded by Harley-Mason *) from 
similar stereospecifc reactions. If these assumpions are cmeu. the total 
reaction of (S744-22 should create S configuration in (+)-U (Scheme 8). 
Delocalized cations as intermediates like 24b were also described by M a  

1 &j nus gb). Quaternary urethanes as intermediates are established by B6hme 
and by Lee lob). 

Discussion 

Undoubtedly the alkaloid nazlinin, isolated from Nifruriu 
schoberi, has structure (RS)-l and is stable under acidic 
conditions. Most probably it was isolated from the plant in a 
multi ly rotonated state, as indicated by the spectroscopic 

The synthesis of (S)-(-)-1 by asymmetric reduction using a 
chiral borane (Scheme 4) is - in our case - the more effective 
route than the laborious method of internal chiral induction 
(Scheme 5). Since thechiral catalyst of the externally induced 
reduction can be recycled, this method can be superior to 

data ?b. 2? . 

Schemell: Explanation of the highenantioseledivit of the cleavageof rings 
C and D in (S)4-)-22 according to Harley-Mason A 

internal induction. The limiting steps for the reductive enan- 
tioselective preparation of tetrahydro-pcarbolines with chi- 
ral c-1 are, however, the formation and the stability of the 
imine precursors. In our hands, the best way for the prepara- 
tion of the enantiomers of nazlinin (1) is shown in Schemes 
3 and 4. 

The less stable azacyclodeca[5,4-b]indole 2 3, can be easily 
prepared from the indolo[2,3-~]quinolizine 22 (Scheme 7) 
which might be a biological precursor of 2.  The high enan- 
tioselectivity of the ring cleavage of (S)-(-)-22 could not only 
be useful for the preparation of (+I- and ( 4 - 2 ,  but most 
probably also for the enantioselective syntheses of 9-, lo-, 
and 1 1-membered rings with a chiral C-atom at the common 
position of pertinent rings C and D. 

We thank Prof. Dr. W. Wiegrebe for helpful discussions. 

Experimental Part 

General remarks: a values: Perkin Elmer 241 polarimeter (length: 10 cm, 
solvent: MeOH).- mp.: Biichi 512, uncorrected.- IR: FT Nicolet 510.- 
'H-NMR: Varian EM 390 (90 MHz), Bruker AC-250 (250 MHz), Bruker 
ARX 400 (400 MHz); solvent: CM313, if not stated otherwise; cis1trans 
isomers of amides and urethanes (rotamers) could be distinguished in the 400 
MHz-spectra only.- l3C-NMR: Bruker ARX 400 (100.61 MHz).- MS: 
Varian MAT 112 S / S S ,  70 eV.- Column chromatography (cc): Si0zMash.- 
All reactions were performed under Nz.-Solutions were dried over NazS04. 

3-12-N-(S-Hydraxy-l -ompentyl)aminoethyl]indole (4) 

A mixture of 3.00 g (18.7 mmole) trypamine and 2.60 g Gvalerolactone 
was heated to 130 "C for 5 h After cooling the brown mixture was purified 
by cc (CHzCIMeOH, 911): 4.36 g (89%) colcurless crystals, m.p. 84-85 "C 
(i-RzOh-MH). - CisHmNzOz (260.3) calcd. C 69.2 H 7.69 N 10.8 found 
C 68.9 H 7.73 N 10.7.-IR (KBr): 5 = 3294; 2937; 1646 an-'.- 'H-NMR (90 
MHz) (CIhOD): 6 @pm) = 1.42-1.83 (m; 4H, 2 x CHz), 2.03-2.35 (m; 2H, 
CHz). 2.84-3.1 1 (m; ZH, CH2), 3.42-3.72 (m; 4H, 2 x CHz). 7.03-7.79 (m; 
5 aromat. H).- MS (70 eV): m/z = 260 (M*, 7 %), 143 (100), 130 (54). 

3-[2-N-(S-Acetaxy-I -ompentyl)amitwethyl]indole (5) 

30 ml acetic anhydride @ro analyst3 were added dropwise to a solution of 
19.8 g (76.2 mmole) 4 in 100 ml absol. pyridine. After stirring for 4 hat room 
temp. the reaction was terminated by addition of 20 g NaHC03.200 mlEtz0. 
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and 300 ml HzO. After shaking, the org. phase was washed several times with 
2N HCI and dried. Evaporation of the solvent led to a brown oil.-Purification 
by cc (EtOAc): 20.3 g (88%) cdourless oil.-IR (film): = 3400; 2 W ;  1737; 
1648 an-'.- 'H-NMR (90 MHz): 6 (ppm) = 1.43-1.73 (m; 4H, 2 x CHz), 
1.9G2.21 (m; 2H, CHz), 1.97 (s; 3H. CH3), 2.76-3.07 (m; 2H, CHz), 
3.36-3.73 (m; 2H, CHz), 3.88-4.12 (m; 2H, CHz). 6.08-6.30 (m; lH, NH), 
6.87-7.69 (m; 5 mmat. H). 9.28 (a. s; 1H. indole-NH).- MS (70 eV): d z  
= 302 (M*', 7%). 143 (100). 

I -(4-Acetoxybutyl)-3,4dihydro$-carboline (6) 

A solution of 1.51 g (5.00 mmole) 5 i n  20 ml absol. CH3CN was cooled to 
0 "C, and 8.90 g freshly distilled poc13 in 10 ml absol. CHEN were added 
slowly. After 2 h stirring at room temp. the reaction was stopped by addition 
of 3 g NaHC03,lO ml CHzQ and 20 ml HzO in the ice bath. The org. phase 
was separated, dried, filtered, and evaporated in vacuo at 30 "C: 0.85 g (60%) 
brownish oil which was directly reduced to 7 without purification.- 50 mg 6 
were purified by cc (EtOAclMeOH, 18/1): 38 mg (46%) colourless oil.- IR 
(film): v' = 1737 an-'.- 'H-NMR (90 MHz): S (pprn) 1.6M.95 (m; 4H, 
2 x CHz). 2.02 (s; 3H, CH3), 2.62-3.07 (m; 4H, 2 x CHz), 3.78-4.20 (m; 4H, 
2 x CHz). 7.03-7.76 (m; 4 aromat. H), 9.77e.  s; 1H. indole-NH). 

oil.- IR (film): = 2097; 1683 cm-'.- 'H-NMR (400 MHz): S @pm) = 
1.461.73 (m; 4H. 2 xCHz), 1.78-1.92 (m; 2H. CHz). 2.67-2.93 (m; 2H, 
CHz), 3.12-3.33 (m; 3H, CHH, part of an ABX system, CHz). 4.38-4.61 (m; 
1H. CHH, part of an ABX system), 5.08-5.45 (m; 3H, CHz, CH), 7.08-7.53 
(m; 9 aromat. H)* 7.72 (br. s; 113 indole-NH, cidtmncisomer), 7.89 (br. s; 
213 indole-NH, cisham-isomer).- MS (70 ev): m/z = 403 (M+', 6%). 91 
(100). 

(RS)-I -(4-Aminobuayl)-1,2,3,4-tetrahyiro-~-carboline ((RS)-l) 

40 mg (0.10 mmole) 10 were dissolved in 2 ml absol. MeOH and hydrw 
genated at 10 bar Hz for 15 min over 40 mg PdC (5%) at room temp. The 
catalyst was filtered off over ceIite and washed several times with warm 
MeOH. Evaporation of the solvent at 30 'C at the oil pump afforded a brown 
oil.- Purification by twofold a: (1. EtOAcli-PrOWconc. NH3,55/30/15; 2. 
EtOAc/MeOH (satd. with NH3 gas), 4/1): 22 mg (91%) colourless powder.- 
NMR data: ref. Ib). 

3-[2-N-(4-CyanO-l -oxobutyl)aminoethyl]indole (11) 

10.0 g (6.25 mmole) tryptamine were heated with 10.6 g ethyl olcy- 
anobutyrate for 12 hat 110 "C. After oooling the brown mixture was plrified 
by cc (EtOAc):13.9 g (87%) yellow oil.- IR (film): v' = 3402; 3298; 2939; 
2248; 1652; 1534; 745 an-'.- 'H-NMR (90 MHz): 6 @pm) = 1.642.35 (m; 
6H. 3 xCHZ), 2.71-2.96 (m; 2H, CHz), 3.31-3.65 (m; 2H, CH~). 6.01 (m; 
lH, NH), 6.87-7.53 (m; 5 aromat. H), 8.77 (br. S; IH, indole-NH).-MS (70 
eV): m/z = 255 (M", 9%), 143 (im), 130 (45). 

1 -(4-Acetoxybutyl)-I.2,3,4-tetmhydro-~-carboline (7) 

1.00 8 (3.52 m o l e )  6 were dissolved in 10 ml absol. MeOH and mixed 
With 1.0 B N a B b  at 0 "c. After 2 h Stirring at 0 "c, 20 ml C H A z  and 20 
ml brine were added and stirring was continued for 30 min at room temp. 
The org. phase was dried and filtered. Evaporation led to a brown oil.- 
F'urific&i by cc (EtOAclMeOH, 911): 0 . 9 2 ~  (91%) red oil.- IR (film): ; 
= 1733 an-'.- 'H-NMR (90 MHz): S (ppm) = 1.10-2.51 (m; 7H, NH. 
3 x CHz), 1.98 (s; 3H. CH3). 2.59-4.33 (m; 7H, CH, 3 x CHz), 6.61-7.53 (m; 
4 aromat. H). 8.49 (br. s.; lH, indole-NH).- MS (70 eV): m/z = 286 (M", 
13%), 225 (15), 171 (100). 

1 -(4-Acetoxybutyl)-2-b~xy~~onyl-l,2,3,4-tetrahydro-~-carboline (8) 

To 1.20 g (4.20 mmole) 7. dissolved in 10 ml absol. THF, were added at 
0 OC fiistly 3 g NazCO3, then 0.79 g CICOKHzF'h. The suspension was 
stirred for 1 h at room temp. and then poured on to 10 g ice, 2 g NaHCe, 
and 20 ml CH2Clz. The org. phase was separated, filtered, and evaporated: 
brown oil.- Purification by cc (EtOAdCHzCIz, 411): 1.23 g (70%) yellow 
oil. - IR (film): v"= 1739; 1698; 1683 cm?.- 'H-NMR (90 MHz): S (ppm) = 
1.35-3.53 (m; 8H. 4 xCHz). 2.00 (s; 3H, CH3), 3.87-4.13 (m; 2H, CHz), 
4.264.70 (m; 2H. OCHz). 5.05-5.50 (m; 3H. OCHzPh, CH), 6.98-7.61 (m; 
9 aromat. H), 8.12 (br. s; lH, indole-NH).- MS (70 eV): d z  = 420 (M", 
8%). 305 (17). 285 (26). 225 (lo), 171 (33), 91 (100). 

2-Benzqcarbonyl-l-(4-hydroxybutyl)-l,2.3,4-tetrahydro-~-carboline (9) 

1.10 g 0.62 mmole) 8 were dissolved in a suspension of 2 g K2Ca  and 
10 ml MeOH and stirred for 1 h at room temp. After addition of 20 ml Etfl 
and 10 ml HzO the org. phase was separated, dried, and evaporated: 0.93 g 
(93%) colourless oil.- IR (film): v" = 1699 cm-'.- 'H-NMR (400 MHz): S 
(ppm)=1.44-1.69(m;4H,2xCHz),1.73-2.11 (m;3H,CHz,OH),2.65-2.92 
(m; 2H, CHz), 3.12-3.30 (m; 1H. CHH, part of an ABX-system), 3.52-3.69 
(m; 2H. CHz), 4.364.58 (m; 1H. CHH, part of an ABX-system), 5.05-5.43 
(m; 3H, OCHzF'h, CH), 7.047.52 (m; 9 aromat. H), 8.11 (br. s; 113 indole- 
NH, cisham-isomer), 8.60 (a. s; 223 indole-NH, cis/trm-isomr).- MS 
(70 eV): mlz = 378 (M", 12%). 243 (32), 171 (42). 91 (100). 

1 ~4-Azidobutyl)-2-benzarycarbonyl-1,2,3,4-tetrahydro-~-~nrboline (10) 

At roomtemp. a solution of 30 mg (0.079 mmole) 9 and 19 mg absol. Et3N 
in 3 ml absol. CHCI3 was added dropwise to a suspension of 52 mg 
2-fluorwl-methylpyridinium tosylate (FMPT) in 2 ml absol. CHCl3. After 
stirring for 1 h at room temp. the solvent was blown off by dry Nz. The 
remaining turbid oil was dissolved in 1 ml absol. HMFT together with 14 mg 
NaN3. After stirring for 1 h at 80 "C the solution was cooled and the reaction 
was terminated by addition of 5 ml EtzO and 10 ml HzO. The org. phase was 
separated, multiply washed with brine, dried, and filtered. Evaporation 
afforded a yellow oil.- Purification by cc (CHKlz): 29 mg (91 %) colourless 

I -(3-Cyanopropyl)-3,4dihydro-$-carboline (12) 

At 0 "C a solution of 1.7 g freshly distilled FOCI3 in 2 ml absol. CH3CN 
was added dropwise to a solution of 0.23 g (O.% mmole) 11 in 4 ml absol. 
CH3CN. The reaction mixture becomes black. After stirring overnight at 
room temp. the mixture was poured onto l o g  ice, 5 ml CHzClz, 1 ml acetone, 
and 1 g NaHC03. The org. phase was washed with brine. dried, and filtered. 
Evaporation led to a black oil.- Purification by twofold cc (EtOAc): 16 mg 
(7%) yellow oil.- IR (film): ; = 3321; 2943; 2248; 1709 an-'.- 'H-NMR 
(90 MHz): 6 (pprn) = 1.65-1.93 (m; 2H, CHz), 2.41- 3.87 (m; 8H. 4 x CHz), 
7.07-7.92 (m; 4 aromat. H). 9.56 (br. s; 1 H. NH). 

3-[2-N-(5-Amino-l -oxobutyl)aminoethyl]indole (13) 

At room temp. a solution of 2.00 g (7.80 mmole) 11 in 10 ml absol. EtOH 
was hydrogenated for 48 h over Rmey Ni (ftom 10 g Ni/AI alloy) and 20 bar 
Hz. The catalyst was removed by filtration over celite and washed with warm 
MeOH. The solvent was evaporated at 30 "C at the oil pump. the residue was 
distributed between 20 ml CHzCIz and 20 ml brine. The org. phase was dried, 
filtered, and the solvent was removed in vacuo: yellow oil which was 
converted directly to 14. 

3-[2-N-(5-Phthalimido-I -oxobutyl)aminoethyl]indole (14) 

1.80 g crude 13, 1.03 g phthalic acid anhydride, and 0.5 ml absol. NEt3 
were suspended in 30 ml absol. toluene and refluxed for 16 h at a water trap. 
After mling, the mixture was purified by cc (EtOAc): 2.67 g (88%. over 
two steps) yellow crystals, m.p. 142-143 "C (MeOH).-CnHnN30, (389.3) 
calcd. C 70.9 H 5.91 N 10.8 fwnd C 70.8 H 6.04 N 10.8.- IR (KBr): ; = 
3429; 3305; 1702; 724 cm-I.-'H-NMR (90 MHz): S @pm) = 1.43- 1.80 (m; 
4H. 2 x CHz). 1.93-2.21 (m; 2H, CHz), 2.75-3.05 (m; 2H, CHz), 3.47-3.72 
(m; 4H, 2 x CH2),5.73 (m; 1H. NH), 6.91-7.83 (m; 5 aromat. H), 8.56 (a. 
s; IH, indole-NH).- MS (70 eV): m/z = 389 (M". 5%), 143 ( l a ) ,  130 (45). 

I -(4-Phthalintidobu~l)-3,4dihydro-~-ca~oline (15) 

At 0 "C a solution of 5.0 g freshly distilled poc13  in 20 ml absol. ChCN 
was added drop by drop to a suspension of 1.00 g (2.57 mmole) 14 in 20 ml 
absol. CHsCN, producing a black mixture. After refluxing for 2 hthe mixture 
was allowed to cool and poured on to 100 g ice, 10 g NaHCa. and 50 ml 
CHSz .  Separation of the org. phase, washing, and evaporation led to a 
brown oil.- Purification by cc (EtOAclMeOH, 911): 0.81 g (84%) yellow 
oil.- IR (film): v' = 3359; 2941; 1769; 1710 cm-'.- 'H-NMR (90 MHz): 6 
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(ppm)=1.50-1.99 (m;4H,2xCHz),2.58-2.99(m:4H,2xCH~),3.794.04 
(m; 4H, 2 X CHz). 7.00-7.92 (m; 8 aromat. H), 9.45 (br. s; lH, indole-NH).- 
MS (70 eV): m/z = 371 (Mu, 22%). 184 (100). 

(RS)-l-(4-PhrMimidobutyl)-1,2,3,4-rerrahydroQ-carboline ((RS)-16a) 

To 0.20g (0.54 mmole) 15 in 3 ml absol. EtOH were added some drops of 
EtOH satd. with NH3 gas and Rmey Ni (from 2 g NUAI alloy). After stirring 
for 5 h at m m  temp. and 10 bar Hz the mixture was filtered over celite, and 
the solvent was evaporated at 30 "C at the oil pmp:  brown oil.- purification 
by cc (EtOAclMeOH, 4/1) and stirring in 5 ml i-R2O and 5 ml CHCh at 30 
"C, filtration and washing with a little Hz0, acetone and EtzO: 0.14 g (72%) 
colourless powder.- Precipitation from EtOH/HCl: 0.15 g (71%) colourless 
powder, m.p. (hydrochloride) 254-255 "C (CHCbli-PnO). 
CZ~HBN~OZ.HC~ (409.5) calcd. C 67.4 H 5.86 N 10.3 found C 67.3 H 5.86 
N 10.3.-Spectroscopicdataofthe freebase: IR(KBr):?=3398; 2939; 1713 
cm-'.- 'H-NMR (250 MHz): 6 (ppm) = 1.42-1.99 (m; 6H, 3 x CHz), 1.61 
(m; lH, NH), 2 .62 .78  (m; 2H, CHz), 2.95-3.10 (m; lH, CHH. part of an 
ABX-system), 3.28-3.92 (m; lH, CHH, part of an ABX-system), 3.69-3.83 
(m; 2H, CHz),4.04-4.14 (m; lH,CH),7.01-7.89 (m; 8aromat. H), 8.07 (br. 
s: lH, indole-NH). - 'H-Nh4R (400 MHz) (only 1-H): S @pm) = 4.11 (m; 
lH, CH).-'H-Nm (400 MHz) (+ about 3 equiv. Pirkle alcohol, only 1-H, 
Fig. 1): S (ppm) = 3.83, AS @pm) = 0.08 (ratio of integrals l/l).- MS (70 
eV): m/z = 373 (M", 7%), 171 (100). 

(RS)-l-[4-N-[2'~Methylaminocarbatyl)benzoyl]a~obu~l]- 
1.2,3,4-tetmhydm-@-carboline ((RS)-16b) 

At 0 "C 0.20 g (0.54 m o l e )  (RS)-16a were dissolved in 5 ml absol. EtOH 
and mixed with 2 ml H3CNHz (30% solution in EtOH). After stirring for 1 
h at room temp. the solution was diluted with much HzO and thoroughly 
extracted with EtOAc. The org. phase was washed with brine and the solvent 
was evaporated in vacuo: yellow oil. purification by cc (EtOAdMeOH (satd. 
with NH3 gas), 911): 0.21 g (%%) colourless foam- IR (KBr): v" = 3255; 
2831; 1627 cm-'.- 'H-NMR (400 MHz): S @pm) = 0.92-1.09 (m; lH), 
1.48-1.77 (m; 5H). 2.24-2.37 (m; lH), 2.41 (m: 3H). 2.64- 2.72 (m; 2H), 
2.95-3.16 (m; 2H), 3.32-3.40 (m: lH), 4 . s 4 . 1 3  (m; lH), 4.26435 (m; 
2H). 6.32-7.83 (m; 9H, 8 aromat. H, NH), 8.75 (br. s; 1H. indole-NH).-MS 
(70 ev): m/z = 404 (Mc', 3%). 373 (3), 243 (31), 171 (100). 

(RS)-1 -(4-Am'rnbutyl)-l, 2,3,4-retrahydro-fkarboline ((RS)-l) 
At 0 "C a solution of 0.20 g (0.54 mmole) (RS)-16a (or 0.50 mmole 

(RS)-16b) in 5 ml absol. EtOH was mixed with 0.2 g Kg03 and 5 ml 
H3CNHz (30% solution in EtOH). After 12 h stirring at rmm temp. the 
mixture was diluted with water and extracted with EtOAc. The org. phase 
was washed with brine, dried, and evaporated at the oil pump: yellow oil.- 
Purification by twofold cc (1. EtOAcli-ROWconc. NH3, 55/30/15; 2. 
EtOAclMeOH (satd. with NH3 gas), 4ll): 0.11 g (85%. 88% from (RS)-16b) 
colourless powder.- NMR data: ref. Ib). 

(S)-(-)-l-(4-PhtMimidobutyl)-1,2,3,4-tetmhydm-~-carboline 
((S)-t-)-lW 

At 0 "C a suspension of 0.21 g (5.68 mmole) NaBH4 in 10 ml absol. THF 
was mixed with 5.82 g (23.3 mmole) N-benzoxycarbonyl-L-(+).proline 
(Janssen). After stirring at room temp. until the NaBH4 had reacted com- 
pletely (about 2 h) the solvent was removed by a stream of Nz and the residue 
was dried at the oil pump: colourless foam which was dissolved in 20 ml 
absol. CHzClz and cooled to 0 "C. A solution of 1.00 g (2.70 m o l e )  15 in 
10 ml absol. CHElz was then added dropwise and stirring was continued 
overnight at room temp. The solvent was removed by a stream of N2, the 
yellowish residue was stirred with 20 ml2N HCl for 4h at 70-80 "C and after 
cooling mixed with 20 ml CHglz and 20 ml Hz0. After neutralization by 
NaHCa  the mixture was thoroughly extracted with CHKIz. The org. phase 
was dried, filtered, and evaporated at the oil pump: yellow oil which was 
stirred at 30 "C in 10 ml i-Prfl and 5 ml CHCI3. Filtration and washing with 
HzO, acetone, and EtzO: 0.81 g (80%) colourless powder.- Analytical data: 
(RS)-16a.- [a I;'= -22' (c = 0.2, poorly soluble).- 'H-NMR (400 MHz) 
(only 1-H): 6 @pm) = 4.11 (m; lH, 0.- 'H-NMR (400 MHz) (+ about 3 
equiv. Pirkla alcohol, Fig. 1): 6 (ppm) = 3.85 (m; lH, CH).-ee Z 95%. 

(S)-(-)-l-[4-N-[2'-(Merhylr~yl)~~oyl]~'nobutyl]- 
1,2,3,4-tetrahydro-~-carboline ((S)-(-)-l6b) 

Preparation and analytical data: (RS)-16b.- [a];' = -32" (c = 1). 

(S)-(-)-l-(4-Aminobutyl)-l,2,3,4-tetrahydroQ-carboline ((S)-(-)-l) 

Preparation and analytical data: (RS)-1.- [a];'= -33.4" (c = 0.3). 

(+)-2-[N-(l -tert-Butoxy-3-methylbui-2-yl)im~nomethyl]- 
1 -(3cyanopropyl)-9-merharymerhyl-l,2,3,4-tetrahydro$-carboline 
((+).IS) 

Preparation from (S)-(-)-17 Bad) according to the synthesis of (IS)-(+)-3 
Purification by twofold cc (1. EtOAcMeOH, 3R; 2. pen- 

tane/NEt3,4/1): 20% colourless oil.- [a ];' = +7.6" (c = 2.6).- IR (film): ? 
= 2970; 2230 1648 ad.- 'H-NMR (90 MHz): S @pm) = 0.74-1.01 (m; 
6H, 2 x CH3). 1.01-1.28 (m: 9H, 3 x CH3). 1.62-2.10 (m; 4H, 2 x CHz), 
2.52406 (m; 10H, 2 x CH, 4 x CHz), 3.21 (s: 3H, OCH3). 5.43 (br. s: 2H, 
NCHz), 6.21 (m; lH, CH), 7.04-7.60 (m: 5H, 4 aromat. H, 1 methine-H).- 
MS (70 eV): m/z 452 &I?, 9%). 385 (5). 294 (100). 

(lS)-(+)-2-[N-(l -rert-Butary-3-merhylbut-2-yl)iminomethyl]- 
1 -(4chlorobutyl)-9-merhaxymethyl-1,2,3,4-tetmhydro-~-carboline 
(US)4+)-3) 

Preparation from (S)-(-)-17 as described in ref. (neither spectroscopic 
data nor statements about enantiomeric purity were given in this ref.).- 
Purification by twofold cc (1. EtOAcMeOH. 3R; 2. pentane/NEts, 411): 84% 
colourless oil.- [a]g = +34" (c = 1).- IR (film): v" = 2971; 1652 cm-'.- 
'H-NMR (90 MHz): 6 (ppm) = 0.74-1.20 (m; 15H. 5 x CH3). 1.4cL2.10 (m; 
8H, 4 x CHz), 2.504.10 (m: 9H. 3 x CH. 3 x CHz), 3.28 (s: 3H, OCH3). 
5.18-5.61 (m; 2H, NCHz). 7.06-7.60 (m; 5H. 4 aromat. H. 1 methine-H).- 
MS (70 eV): m/z = 475 (M", 19%). 213 (96).45 (100). 

(IS)-(+)-] -(3-Butenyl)-2-[N-(l -re~-buroxy-3-merhyIbur-2-yl)- 
i~omerhyl~-9-~i~~methyl-l,2,3,4-tetrahydro-~-carboline 
((lS)-(+)-l9 and (lS)~+)-(4-~~o~ryl)-2-[N-(l-rerr-buro~- 
3-merhylbut-2-yl)i~merhyl]-9-methoxymethyl-l,2,3,4-tetmhydm- 
p-carboline ((IS)-(+)-20) 

0.20 g (0.42 mmole) (IS)-(+)-3 were dissolved in 10 ml absol. acetone and 
refluxed with 0.25 g NaI for 48 h. After removal of acetone the residue was 
mixed with HzO and CHEIz, 10 ml each. The org. phase was dried, filtered, 
and evaporated: yellow oil which was dissolved in 10 ml absol. DMF and 
mixed with 0.1 1 g NaN3. After stirring for 24 h at mom temp. the suspension 
was distributed between HzO and CHCl3,lO ml each. The org. phase was 
washed with HzO, dried, filtered, and evaporated yellow oil.- Purification 
by twofold cc (1. pentane/NEt3,18/1; 2. EtOAdMeOH (satd. with NH3 gas), 

(IS)-(+)-I~ 0.10g (55~)colourless oi~.-[a];' = +490 (c = ~).-IR (film): 
v" = 2971; 1648 an-'.- 'H-NMR (250 MHz): 6 @pm) = 0.61-0.79 (m: 6H, 
2 x CH3), 1.04 (br. s; 9H, 3 x CH3), 1.72-1.85 (m; 2H, CHz), 1.89-2.01 (m; 
2H. CHz), 2.22-2.34 (m; ZH, CHz), 2.61-3.51 (m; 7H, 3 x CH, 2 x CHz), 
3.26(~;3H,OCH3),5.01-5.18(m;2H,=CH2),5.30(d;1H,J=11.1Hz,part 
of an AB-system, NCHH), 5.47 (d; 1H. J = 11.1 Hz, part of an AB-system. 
NCHH), 5.83-6.02 (m; lH, SH), 7.08-7.51 (m; 5H. 4 aromat. H, 1 
methine-H).- MS (70 eV): m/z = 439 (M", 55%). 398 (62), 229 (100). 

(lS)-(+)-20 81 mg (40%) colourless oil.- [a]g = +44' (c = 0.4).- IR 
(film): = 2929; 2097; 1646 cm-'.- 'H-NMR (250 MHz): S @pm) = 
0.80-0.89 (m; 6H, 2 x CH3), 1.01 (br. s; 9H, 3 x CH3), 1.53-2.02 (m; 8H. 
4 x CHz). 2.62-3.5 8 (m; 9H. 3 x CH, 3 x CHz), 3.28 (9; 3H. OCH3), 5.31 

part of an AB-system, NCHH), 7.08-7.51 (m; 5H, 4 aromat. H. 1 methine- 
H).- MS (70 eV): m/z = 482 (M", 100%). 

18/1).- 

(d;1H,J~11.1H~,part~f~AB-~~~te~NCHH),5.45(d;1H,J=11.1H~ 
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(S)-(-)-l-(4-Azidobutyl)-l,2,3,4~etmhydro-~~a&oline ((S)4-)-21) 

Preparation according to ref!').- 100 mg (0.21 mmole) (IS)4+)-20 were 
stirred for 2 h in 67 ml &OH, 8 ml H S .  8 ml AcOH, and 17 ml hydrazine 
hydrate. The mixture was then diluted with HzO and extracted with EtOAc. 
The combined org. phases were dried, filtered, and evaporated in vacuo at 
30 "C. 'Ihe residue was shaken with 5 ml EtzO and 10 ml2N HCI for 30 min 
at room temp. followed by basification with dilute KOH. The org. phase was 
separated, dried, filtered, and evaporated in vacuo at 30 "C yellow oil.- 
Purification by cc (EtOAcA4eOH (satd. with NH3 gas), 9/1): 50 mg (89%) 
colourless oil.-[a];'=-4lo (c= l).-IR(fi1m): ?=3284; 2937;2097cm-'.- 
'H-NMR(250MHzj: 6@pm)= 1.39-2.08 (m; 7H. NH,3 x CH2). 2.56-3.48 
(m;6H,3xCH2),3.91-4.18(m;lH,CH),7.05-7.60(m;4aromat.H),7.90 
(br. s; lH, indole-NH).-MS (7OeV): d z =  269 (M+', 9%),171 (100). 

(S)-(-)-l-(4-Aminobutyl)-l,2,3,4-tetrahydro-~-ca&oline ((S)-(-)-l) 

40 mg (0.15 mmole) (594-)-21 were dissolved in 2 ml absol. MeOH and 
hydrogenated over 40 mg PdlC (5%) at 15 bar Hz for 10 min at room temp. 
The catalyst was filtered off over eli te and washed several times with warm 
MeOH. Evaporation at 30 "C at the oil pump left a yellow oil.- Purification 
by twofold cc (1. EtOAc/i-PrOWconc. NH3, 55/30 15; 2. EtOAclMeOH 
(satd. with NH3 gas), 41): 31 mg (85%) colourless powder.- [a]? = -29" 
(c = 0.3).- NMR data: ref. Ib). 

(RS)-l2 3 4 6 7,12,12b-Ociahydroindolo[2,3-a]quinolizine ((R59-22): R4. 3)' ' I ' 

(S)-(-)- 1,2,3,4,6.7,12,126- Octahydroindolo[2,3a]quinolizine ((5944-22) 

Preparation: ref. 8a).-m.p. 145-146 T.- [a]? = -70" (c = 1).- ee > 83% 
(calcd. from [a];'). (Ref. 8c*d): [a];' = -81" (c = 1. MeOH), ee = 96%. m.p. 
144-146 "C.- Ref. 'I): [a$ =-%I" (c = 1, MeOH), m.p. 149-151 "C). 

(RS)-l-Benzamino-6-benzoxycarbonyl-6~acyclodeca[5~4-b]indole ((RS)- 
23) 

At 0 OC first 0.40 g NazC@ then 0.16 g CICOzCHzPh were added to a 
solution of 0.20 g (0.88 mmole) (RS)-22 in 10 ml absol. THF. After 10 min 
stirring at rwm temp., 0.4 g benzylamine were quickly added and the mixture 
was stirred for 30 min  at rwm temp. The reaction was stopped by addition 
of HzO and EtzO, 10 ml each. The org. phase was washed withH20, dried,and 
evaporated at 30 T i n  vacuo: brown oil.- Purification by cc (CHzC12/EtOAc, 
3R): 0.31 g (75%) colourless oil.- IR (film): ? = 3330; 2929; 1690 cm-'. 
'H-NMR (400 MHZ) (cis/trans-, or trm/cis-isomers appeared in the ratio 
lR, they were marked as A and B): 6 (ppm) = 0.68-0.79 (m; 1H. 4-Ha (A)), 
0.85-1.00 (m; lH, 4-Ha (B)), 1.24-1.29 (m; lH, 4-Hb (A)), 1.30-1.51 (m; 
5H, 4-Hb (B), 3-Halb (A. B)), 1.62-1.75 (m; 4H, 2-Halb (A, B)), 2.57-2.66 
(m; lH, 5-Ha (A)), 2.76-2.95 (m; 3H, 7-Ha oc 8-Ha (A, B). 5-Ha (B)). 
3.05-3.28 (m; 3H. 7-Hb andlor 8-Hb (2 x A, B), 3.40-3.61 (m: 3H, 5-Hb (A, 
B), 8-Ha oc 7-Ha (B)), 3.44 (d; 2H. J = 13.4 Hz, part of an AB-system. 
NCHzPh (A,B)). 3.57 (d; 2H. J = 13.4 Hz  part of an AB-system, NCHzPh 
(A,B)),3.81-3.%(m;3H, I-H(A,B),8-Hbor7-Hb(B)),4.2(t4.29(m; IH, 
8-Ha or 7-Ha (A)), 4.72 (d: 1H. J = 12.4 Hz. part of an AB-system OCHzPh 
(B)), 5.07 (d; lH, J = 12.4 Hz. part of an AB-system, OCHzPh (B), the right 
peakofthisdwasusedforthedetenninationofee).5.10(d; lH, J =  13.8Hz, 
part of an AB-system. OCH2Ph (A)), 5.14 (d; IH. J = 13.8 Hz, part of an 
AB-system OCHzPh (A)) 7.03-7.52 (m; 28 aromat. H. (A,B)), 8.50 (br. s; 
2H. indole-N, (A,B)).- C-NMR (CDCl3) (only sp3-area, with relative 
intensities of I3C-DEPT- experiment): 6 (ppm) = 21.20 (C-3, B, -262). 21.47 

f 

(C-3. A. -158). 24.92 (C-5, A, -134). 25.77 (C-5, B, a), 26.43 (C-4, B, 
-228). 26.51 (C-4, A, -99). 34.92 (C-2. B, -252). 35.17 (C-2, A, -154). 47.81 
(C-7 oc C-8, A, -180). 48.20 (C-7 oc C-8, B, -297). 49.04 (C-7 oc C-8, B, 

+301), 55.71 (C-1, A. +193). 66.78 (OCH2Ph. B, -330), 66.94 (OCHzPh, A, 
-297), 50.50 (C-7 or C-8. A, -162). 51.50 (NCHzPh, -412), 54.50 (C-1, B, 

-156).- 'H-NMR (400 MHz) (+ about 3 equiv. Pinkle alcohol, only signals 
used for determination of ee): 6 @pm) = 5.02, AS @pm) = 0.01 (ratio of 
integrals Ill).- MS (70 eV): mlz = 467 @I+'. 14%). 376 (61). 225 (38).91 
(loo). 

( + ) - l - B e n z a n t i n o - 6 - ~ ~ o x y c a ~ ~ y l - 6 ~ y c l o d e c a [ 5 , 4 - b ] ~ o l e  
((+)-W 

Preparation and analytical data: (RS-23.- [ a ]g  = +114" (c = 0.4).- 
'H-NMR (400 MHz) (+ about 3 equiv. Pirkle alcohol, only signal used for 
determination of ee): 6 @pm) = 5.01, A6 (ppm) = 0.01 (ratio of integrals 
11/1).- ee 2 83%. 

(RS)-6-~cyclcdeca[5, 4-b]indol-l -amine ((R.9-2) 

20 mg (0.42 mmole) (RS)-23 were dissolved in 2 ml abol. MeOH and 
hydrogenated over 20 mg PdC (5%) at 20 bar Hz for 24 h at room temp. 
Filtration over celite, washing the catalyst several times with warm MeOH. 
and evaporation of the solvent at 30 "C in vacuo: yellow oil. - Purification 
by cc (EtOAclMeOH (satd. with NH3 gas), 4 1 ) :  78 mg (76%) colourless 
oil.- NMR data: ref. '). 

(+)-6-Azacyclodeca[5,4-b]indol-l -amine ((+)-2) 

Preparation: (RS)-2.- NMR-data: ref. ').- [a&' = +38" (c = 0.3). 
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