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Abstract

Several 1-substituted-3,4-dihyd@earboline derivatives were subjected to asymmetric transfer hydrogenation catalysed by chiral ruthe-
nium complexes to give both enantiomers of 1,2,3,4-tetrahgdcarbolines of high optical purity and in good yields. The absolute stereo-
chemistry ofdc was established on the basis of X-ray analysis of its Mosher amide.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction On the other hand, the derivatives of biologically impor-
tant amines (e.g. catecholamines) and long-chain fatty acids
Compounds that possess the tetrahyghearboline skele-  have gained considerable interest in recent years as a new
ton form a class of tryptamine derivatives, which have been family of lipids [5].
studied extensively1,2]. This skeleton is a common struc- Recently, we have developed a general method for the con-
tural feature of numerous secondary metabolites, including struction of a novel class of fatty acids-derived tetrahydroiso-
Vinca, Rauvolfia, and Harmantype alkaloids. Many of quinolines[6]. During our collaboration with biochemical
these bases have a tremendous value to pharmacology anthvestigatorg7] the need arose for the synthesis of an analo-
are attractive synthetic targets to both academic and indus-gous series of tetrahydi@-carbolines, possibly in a stereos-
trial research groups. Recently, it was shown that severalelective way. In this respect, the Bischler—Napieralski-based
tetrahydrog-carbolines have the ability to bind with high methodology appeared quite attractive since it provided the
affinity to serotonin receptors in the central nervous system. prochiral environment for enantioselective reductions of the
This is probably responsible for their observed neuroactivity imine moiety.
[3]. Interestingly, some other tetrahydpeearbolines formed
in vivo from tryptamine and various carbonyl compounds
disclosed a significant neurotoxic activity by promoting neu-
ronal death comparable with the most potent endogenous tox
ins[4].

2. Experimental

The NMR spectra were recorded on a Varian Unity Plus
spectrometer operating at 500 MHz f&H NMR and at
* Corresponding author. Tel.: +48 22 822 02 11; fax: +48 22 82259 96. 125 MHz for’3C NMR. *H and!3*C NMR spectra were mea-
E-mail addressczarnoz@chem.uw.edu.pl (Z. Czarnocki). sured in CDX and are given as values (in ppm) relative
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Fig. 1. Atom numbering for spectral data listing.
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84-86°C (Ref.[12] mp 85-86°C). The spectroscopic data
were in agreement with those reported in the literafigg.

2.1.3. N-[2-(indol-3-yl)ethyllnonanamid&¢)

This compound was synthesised according to the proce-
dure described for amid&b. Amide3c (4.9 g, 87%) was ob-
tained as a light beige solid, mp 95-971H NMR: § 8.18
(s, 1H-N1), 7.61 (d,J=7.5Hz, 1H-6), 7.38 (d,J=8.0Hz,
1H-3), 7.21 (t,J=7.0Hz, 1H-%), 7.123 (t,J=7.0Hz, 1H-

to TMS. Mass spectra were collected on AMD 604 appara- 4): 7:02 (d, J=2.0Hz, 1H-2), 5.54 (s, 1H-NH), 3.60
tus. Optical rotation was measured on a Perkin-Elmer 247 (. J=6.0Hz, 2H-1), 2.97 (t, J=6.5Hz, 2H-2), 2.09 (t,
MC polarimeter. TLC analyses were performed on silica gel 9= 7-5Hz, 2H-2), 1.57 (m, 2H-3), 1.25 (m, 10H-4,5,6,7,8),

plates (Merck Kiesegel Gls4) and visualized using UV light

0.87 (t,J=7.0, 3H-9).13C NMR: 5 173.21, 136.43, 127.36,

or iodine vapour. Column chromatography was carried out 122.19,122.04,119.46,118.73,113.03,111.29, 39.67,36.93,
at atmospheric pressure using Silica Gel 60 (230400 mesh 31.83,29.32, 29.31, 29.15, 25.76, 25.38, 22.65, 14.11. LRMS
Merck) using mixtures of chloroform/methanol as eluents. (ESI):mz=323.3 [M+Nal.

Melting points were determined on a Boetius hot-plate mi-

croscope and were uncorrected. All solvents used in the re-2.1.4. N-[2-(indol-3-yl)ethylJoctadecanoylamidad)

actions were anhydrous.

This compound was synthesised according to the proce-

Fig. 1 shows the numbering convention for presentation dure described for amid@b. Amide 3d (6.8 g, 85%) was

of the NMR data in the experimental part.

obtained as a colourless solid, mp 111-1C€3Ref.[13] mp

The single crystal X-ray measurements were done on a1l03°C).

KUMA KM4 CCD «-axis diffractometer. After initial correc-

14 NMR: § 8.26 (s, 1H-N1), 7.61 (d,J=8.0Hz, 1H-

tions and data reduction intensities of reflections were used to6'), 7.38 (d,J=8.0Hz, 1H-3), 7.21 (m, 1H-5, 7.12 {(,
solve and consecutively refine structures. The direct methods1H-4), 7.03 (d,J=2.0Hz, 1H-2), 5.51 (s, 1H-NH), 3.61

from SHELXS-97[8] and procedures from SHELXL-99]
served for these purposes.

2.1. Synthesis of tryptamides

2.1.1. N-[2-(indol-3-yl)ethyl]lacetamide3§)
To a stirred suspension of tryptamihé3.0 g, 18.7 mmol)
in dry CHyCl> (45mL) a solution of acetic anhydrida

(g, J=6.0Hz, 2H-1), 2.97 (t,J=6.5Hz, 2H-2), 2.09 (t,
J=7.5Hz, 2H-2), 1.57 (m, 2H-3), 1.25 (m, 28H-4-17), 0.88
(t, J=7.0, 3H-18).13C NMR: § 173.18, 136.42, 127.37,
122.18,122.01,119.49, 118.75,113.10, 111.27, 39.65, 36.94,
31.94,29.71,29.67,29.64, 29.51, 29.38, 29.31, 25.77, 25.38,
22.71, 14.14. LRMS (ESI)nz=449.5 [M + Na].

2.1.5. (92)-N-[2-(indol-3-yl)ethyl]loctadec-9-enamide

(3.0mL, 3.18 mmol) and triethylamine (5.2 mL, 37.4mmol) (3¢

in CHCl, (10 mL) was added dropwise. After 10 min stir-

Amide 3ewas synthesised according to the procedure de-

ring at room temperature the reaction mixture was treated scribed by ug14] by reacting tryptamind with oleic acid

with saturated aqueous NaH@®bolution, organic layer was
separated and the aqueous layer was extracted witiCGH
The organic phase was washed with brine, dried with MgSO

2ein the presence of BOP. CompouBdwas obtained as a
colourless solid (1.97 g, 89%), mp 69-—Q.
H NMR: § 8.38 (s, 1H-N1), 7.60 (d,J=8.5Hz, 1H-6),

and concentrated under reduced pressure. Purification by col7.37 (d,J=8.0 Hz, 1H-3), 7.19 (t,J=7.5Hz, 1H-5), 7.11 (t,

umn chromatography using CHOCH3OH (95:5) afforded
compoundBaas a colourless solid (3.7 g, 98%), mp 78<=79
(Ref. [10] mp 76—77C). The spectroscopic data were in
agreement with those reported in the literatidrg].

2.1.2. N-[2-(indol-3-yl)ethyl]butyramide3p)
Tryptamine 1 (3.09, 18.7mmol) and butyric aci@b

J=7.5Hz, 1H-4),7.00 (s, 1H-9), 5.84 (s, 1H-NH), 5.34 (m,
2H-9,10), 3.60 (gJ = 6.0 Hz, 2H-1), 2.97 (tJ=6.5 Hz, 2H-
2"), 2.11 (t,J=7.5Hz, 2H-2), 2.00 (m, 4H-8,11), 1.57 (m,
2H-3), 1.26 (m, 22H-4-7,12-17), 0.88 Jt= 7.5, 3H-18).

13C NMR: § 173.62, 136.44, 130.02, 129.77, 127.33,
122.14,122.10,119.42,118.66,111.79,111.35, 39.89, 36.67,
31.92,29.78,29.73,29.63, 29.54, 29.34, 29.27, 29.25, 29.15,

(5.17 mL, 56.2 mmol) in xylene (60 mL) were heated at reflux 27.24,27.19, 25.81, 25.28, 22.69, 14.14.

using a Dean-Stark apparatus for 4 h. The resulting mixture

was cooled to room temperature, basified with 10% aqueous2.1.6. (5Z,8Z,11Z,147Z)-N-[2-(indol-3-yl)ethyl]icosa-

NaOH solution and extracted with CH{IThe combined or-
ganic layers were washed with brine, dried over Mg&@d

5,8,11,14-tetraenamidéf)
Amide 3f was synthesised according to the procedure de-

concentrated under reduced pressure. The residue was chrascribed by u$14] by reacting tryptaminé with arachidonic

matographed on a silica gel column with CH@H3OH

acid2ein the presence of BOP. Compou8fl(0.21 g, 86%)

(95:5) to give3b (4.0g, 93%) as light beige solid, mp was obtained as a yellow oil.
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IH NMR: § 8.26 (s, 1H-N1), 7.60 (d,J=8.0Hz, 1H- To a solution of imineta (0.84 g, 4.58 mmol) in CECN
6), 7.38 (d,J=8.0Hz, 1H-3), 7.20 (t,J=7.5Hz, 1H-5), (5mL) a 5:2 formic acid/triethylamine azeotropic mixture
7.12 (t,J=7.5Hz, 1H-4), 7.02 (s, 1H-2, 5.75 (s, 1H-NH), (2.5mL) was introduced, and then the pre-formed catalyst
5.30-5.42 (m, 8H-5,6,8,9,11,12,14,15), 3.60J¢,6.0 Hz, (RR)-5 was added. The mixture was stirred at room tem-
2H-17), 2.97 (t,J=6.5Hz, 2H-2), 2.81 (m, 6H-7,10,13), perature for 12h and afforded, after column chromatogra-
2.13 (1,J=8.0 Hz, 2H-2), 2.05 (m, 4H-4,16), 1.67 (m, 2H- phy with CHCk:CH3OH:NHzaq (95:5:1), (19-6a (0.719,
3), 1.25-1.38 (m, 6H-17,18,19), 0.88]t 7.0, 3H-18)13C 84%) as colourless crystals mp 179-181 (Ref. [15]
NMR: § 173.18, 136.41, 130.554, 129.07, 128.74, 128.62, mMp 176-177C), [«]3> = —56.8 (c 2.0, EtOH) (Ref.[19]
128.23, 128.17, 127.75, 127.51, 127.32, 122.19, 122.06,[«]3® = —52.0 (c 2.0, EtOH)). The spectroscopic data were
119.47, 118.67, 112.87, 111.31, 39.84, 36.03, 31.51, 29.32,in agreement with those reported in the literati2@].
27.22,26.65, 25.64, 25.63, 25.62, 25.56, 25.29, 22.57, 14.08. Melting point of (1S)-6a and (R)-6awere identical. For
HR MS (ESI): mVz=469.3190 [M+Nal; calcd. mass for ~ compound (R)-6a[«]3® = +55.6 (¢ 2.0, EtOH).
C3oH42N20ONa 469.3195.

2.3.2. (15)- and (1R)-1-propyl-2,3,4,9-tetrahydro-fgH-
2.2. Synthesis of 1-substituted-3,4-dihy@raarbolines carboline gb)
(4af) (19-6b: a yellow oil (79%), f]22 = —73.5 (c 1.0, EtOH)
(Ref. [21] [«]Z® = —30.0); (1R)-6b: (88%), k]&® = +72.7
Imines 4a and 4b were synthesised as described in the (c 1.0, EtOH).
literature[15] by reacting tryptamides withJ®s in boiling IH NMR: § 7.87 (s, 1H-N9), 7.49 (dJ=8.5Hz, 1H-
xylene. Compoundawas obtained in a form of colourless  5) 7.29 (d,0=8.0Hz, 1H-8), 7.15-7.07 (m, 2H-6,7), 4.05
crystals (92%), mp 176-17€ (Ref.[16] mp 175-178C) (m, 1H-1), 3.35 (m, 1H-3), 3.02 (M, 1H-3), 2.73 (M, 2H-4),
and4b as yellow crystals (90%), mp 165-16C (Ref.[17] 1.86-1.79 (m, 2H4}, 1.69-1.62 (m, 1H-N2), 1.59-1.45 (m,
mp 162-165C). The spectroscopic data were in agreement 2H-2), 0.98 (t,J= 7.0 Hz, 3H-3).
with those reported in the literatuf&8] — for imine 4a, and 13C NMR: § 136.37, 135.59, 127.54, 121.42, 119.31,
[12] — for imine 4b. 118.03, 110.66, 108.90, 52.43, 42.60, 37.23, 22.71, 19.12,

Typical procedure for the synthesis of imide: POCk 14.26. LR MS (ESI)m/z=215.2 [M + HJ'.
(2.29mL, 23.3mmol) was added to a solution of amide

4c¢ (1.0g, 3.3mmol) in CHCI> (30 mL). The solution was

heated at reflux fo#h and then cooled to room temperature. 2-3-3- (1S)- and (1R)-1-octyl-2,3,4,9-tetrahydro-BH-

The volatiles were evaporated under reduced pressure and th6&rooline 6c) _ »3

residue was dissolved in 30 mL of CHCmade alkaline with (19-6c: ayellow oil (81%), k]5” = —54.0 (c 1.0, EtOH);

10% NaOH, extracted with CHgldried over MgSQ. The (1R)-6¢: (85%), []3® = +54.7 (c 1.0, EtOH).

residue after evaporation of the solvent was chromatographed H NMR: 8 7.79 (s, 1H-N9), 7.49 (dJ=7.0Hz, 1H-

on a silica column with CHGLCH3OH (95:5) to give com- ), 7.32 (d,J=7.0Hz, 1H-8), 7.16-7.08 (m, 2H-6,7), 4.05

pound @c) as a yellow oil (0.49g, 52%). The iminesi—f (m, 1H-1), 3.36 (M, 1H-3), 3.02 (m, 1H-3), 2.75 (M, 2H-4),

were obtained according|y_ 1.91-1.82 (m, 2H'N2,/J., 1.69-1.62 (m, 1H'/J., 1.59-1.42
1H NMR: § 12.16 (s, 1H-N9), 7.68 (d)=8.5Hz, 1H- (m, 2H-2),1.41-1.27(m, 10H/37'), 0.88 (t,J=7.0 Hz, 3H-

5), 7.59 (d,J=8.5Hz, 1H-8), 7.34 (tJ=7.5Hz, 1H-6), 8). 13C NMR: § 136.32, 135.58, 127.55, 121.47, 119.36,

7.15 (t,J=7.5Hz, 1H-7), 3.91 (tJ=8.5Hz, 2H-3), 3.28 118.05, 110.67, 108.95, 52.72, 42.64, 35.09, 31.87, 29.89,

(t, J=8.0Hz, 2H-4), 3.11 (tJ=8.5Hz, 2H-1), 1.82 (q, 29.54, 29.29, 25.93, 22.69, 22.67, 14.12.

J=7.5Hz, 2H-2), 1.37 (m, 2H-3), 1.08-1.19 (m, 8H/47),

0.77 (t,J=7.0Hz, 3H-8). 3C NMR: § 169.06, 141.00, 2.3.4. (1S9)- and (1R)-1-heptadecyl-2,3,4,9-tetrahydro-

128.03, 126.17, 124.41, 122.35, 121.53, 120.90, 113.94,711'a"caboline )

43.12,33.45,31.80, 29.41, 20.34,29.13, 28.47,22.58,1952. (156¢: a yellow solid (77%), mp 87-8F, []Z =

14.04. 34,0 (c1.0, CHC); (1R)-6d: (79%), mp 86-88C, ]2 =
+33.7 (c 1.0, CHCB).

2.3. Synthesis of (1S)- and H NMR: § 7.78 (s, 1H-N9), 7.49 (dJ=7.5Hz, 1H-

(1R)-1-substituted-1,2,3,4-tetrahdpsearbolines 6a—f) 5), 7.29 (d,J=8.0Hz, 1H-8), 7.15-7.07 (m, 2H-6,7), 4.08
(m, 1H-1), 3.36 (m, 1H-3), 3.03 (m, 1H-3), 2.75 (m, 2H-4),

2.3.1. (1S)-1-methyl-2,3,4,9-tetrahydro-R-arboline 2.12-1.83 (m, 2H-N2/}, 1.72-1.64 (m, 1H4)}, 1.59-1.42

Representative procedure for the enantioselective hydro-(m, 2H-2), 1.39-1.22 (m, 28H/316), 0.88 (t,J=7.0Hz,
genation of imineta—: the catalystR,R)-5 was pre-formed  3H-3).13C NMR: 5 136.09, 135.60, 127.52, 121.53, 119.40,
from [RuChk(CsHe)]2 (6 mg, 24umol) and (R,2R)-1,2- 118.06, 110.69, 108.92, 52.70, 42.55, 35.02, 31.94, 29.89,
diphenyIN-(p-toluoylsulfonyl)ethylenediamine ~ (7.3mg, 29.71,29.67,29.63,29.58, 29.38, 25.93,22.71, 22.56, 14.14.
20pmol) in 4 mL CHCN. LR MS (ESI):m/z=411.4 [M+HJ".
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2.3.5. (19)- and (1R)-1-[(8)-heptadec-8enyl]-2,3,
4,9-tetrahydro-1Hg-carboline Ge)

(19-6e a yellow oil (77%), 3= -265 (c 1.0,
CHCL); (1R)-6€& (84%), [x]3® = 4+25.8 (¢ 1.0, CHC}).

1H NMR: § 7.87 (s, 1H-N9), 7.48 (d)=8.0 Hz, 1H-5),
7.32 (d,J=8.0Hz, 1H-8), 7.16-7.08 (m, 2H-6,7), 5.39-5.30
(narrow m, 2H-89), 4.09 (m, 1H-1), 3.36 (m, 1H-3), 3.05
(m, 1H-3), 2.76 (m, 2H-4), 2.03-1.92 (m, 5H-N210),
1.91-1.82 (m, 1H4), 1.74-1.66 (m, 1H/), 1.59-1.41 (m,
2H-2),1.42-1.21 (m, 20H-611-16),0.88 (tJ=7.0 Hz, 3H,
H-17).

13C NMR: § 135.70, 135.62, 130.01, 129.78, 127.41,
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14 NMR: & 893 (s, 1H-N9), 7.55-7.24 (m, 7H-
5,8, Ph), 7.11-6.99 (m, 2H-6,7), 6.1 (4=7.0Hz, 1H-
1), 4.33 (dd, =4.5Hz, J,=5.0Hz, 1H-3), 3.82 (d,
J=1.0Hz, 3H-OCHg), 3.30 (m, 1H-4), 2.17 (ddj = 3.0 Hz,
Jo=3.0Hz, 1H-3), 1.67 (d)=7.0Hz, 3H-1), 1.45 (m, 1H-
4). 13C NMR: § 164.89, 136.22, 134.13, 133.96, 129.44,
128.38, 126.76, 126.28, 123.94 {dcr = 289.5 Hz), 121.88,
119.35, 117.91, 111.20, 106.79, 84.88 dcr = 25.2 Hz),
55.50, 46.32, 38.87, 19.90, 19.41. LR MS (ESfjz=425.2
[M+Na]*.

2.4.2. (1R)-1-methyl-2-[(R)-3',3",3"-trifluoro-2"-

121.59, 119.42, 118.08, 110.75, 108.76, 52.67, 42.37, 34.87 methoxy-2-phenylpropanoyl]-3.4,9-trihydro-1H-
31.92,29.84,29.78,29.67,29.54, 29.48, 29.33, 29.28, 29.21 carholine [(1R.2R)-74]

27.24, 27.20, 25.91, 22.70, 22.30, 14.14. LR MS (ESI):
mz=409.4 [M +HJ'.

2.3.6. (1R)-1-[(42,7Z,10Z,13Z)-nonadeca-
4 7,10,13-tetraenyl]-2,3,4,9-tetrahydro-1H-
carboline 6f)

A yellow oil (70%), [¢]3® = +10.2 (c 1.0, CHC}).

1H NMR: § 7.89 (s, 1H-N9), 7.48 (d)=8.0 Hz, 1H-5),
7.32 (d,J=8.0Hz, 1H-8), 7.17-7.08 (m, 2H-6,7), 5.41-5.32
(m, 8H-4,5,7,810,17,13,14), 4.17 (s, 1H-1), 3.38 (m,
1H-3), 3.09 (m, 1H-3), 2.81 (m, 8H-4,8/,12), 2.19-2.02
(m, 5H-N2,3,15), 1.94-1.86 (m, 1H/}, 1.80-1.72 (m, 1H-
1), 1.70-1.52 (m, 2H-2, 1.38-1.25 (m, 6H/616—-17,18),
0.88 (t, J=7.0Hz, 3H, H-19. 3C NMR: § 136.06,
135.75, 130.57, 129.49, 128.63, 128.56, 128.25, 128.23,
127.86, 127.53, 127.27, 121.81, 119.55, 118.16, 110.83,
108.67, 52.54, 42.03, 34.05, 31.52, 29.33, 27.23, 27.13,
25.73, 25.71, 25.67, 25.66, 22.59, 21.84, 14.09. HR MS
(ESI): m/z=431.3436 [M + HJ; calcd. mass for ggHa3N2
431.3426.

2.4. Synthesis of Mosher acid derivativéa{e)

2.4.1. (1S)-1-methyl-2-[(R)-3",3",3"-
trifluoro-2”-methoxy-2-phenylpropanoyl]-3,4,9-
trinydro-1HB-carboline [(1S,2R)-74]

Representative procedure for the synthesis of Mosher aci
amides. The Mosher acid chloride was prepared without iso-
lation: R«{+)-a-methoxye-trifluoromethylphenylacetic acid
(0.12 g, 0.53 mmol) with SO@I(0.058 mL, 0.79 mmol) in
toluene (12mL) was heated at reflux for 3h. To a stirred
solution of amine ($)-6a (78 mg, 0.42mmol) and triethy-
lamine (0.14 mL, 1.01 mmol) in hexane (15 mL) a pre-formed
Mosher acid chloride (0.13 g, 0.50 mmol) in @€l (10 mL)

was added dropwise and heated at reflux for 1 h. The reaction A colourless solid (68%), mp 239-24C, [«] 203

mixture was then treated with saturated NaRC0lution,
extracted with CHCI,, washed with brine and dried over

A colourless solid (77%), mp 136-136, [¢]2® = —54.0
(c 1.0, CHC}).

1H NMR: § 8.23 (s, 1H-N9), 7.62-7.45 (m, 7H-5,8,
Ph), 7.42-7.36 (m, 2H-6,7), 5.96 (d,=7.0Hz, 1H-1),
4.10 (dd,J; =5.0 Hz,J =4.5Hz, 1H-3), 3.22 (d)= 1.5 Hz,
3H-OCHg), 2.91-2.73 (m, 2H-4), 2.65 (ddl; =3.0Hz,
J>=3.0Hz, 1H-3), 1.65 (dJ=6.5Hz, 3H-1). 13C NMR:
5 164.99, 136.25, 134.59, 134.15, 129.50, 128.61, 126.43,
126.37,123.77 (d.JcF=289.5 Hz), 121.98, 119.50, 117.93,
111.28, 106.47, 85.04 (RJcr=25.2Hz), 56.44, 46.85,
39.97, 21.68, 18.31. LR MS (ESWH¥z=425.2 [M+Na].

2.4.3. (1S)-1-propyl-2-[(R)-3',3",3"-trifluoro-2"-
methoxy-2-phenylpropanoyl]-3,4,9-trihydro-1Hb-
carboline [(1S,2R)-7h]
A colourless solid (74%), mp 198-20C, [«]3® =
127.0 (c 1.0, CHCE).
1H NMR: § 8.26 (s, 1H-N9), 7.53-7.23 (m, 7H-5,8, Ph),
7.11 (t,J=7.0Hz, 1H-6), 7.02 (tJ=7.0Hz, 1H-7), 5.95
(t, J=7.0Hz, 1H-1), 4.43 (dd}); =5.0Hz,J, =5.5Hz, 1H-
3), 3.83 (d,J=1.0Hz, 3H-OCHs), 3.32 (m, 1H-4), 2.10
(dd, J;=4.0Hz,J,=4.5Hz, 1H-3), 1.98-1.87 (m, 2H)1
1.63-1.57 (m, 2H-3, 1.28 (m, 1H-4), 1.01 (tJ=7.0Hz,
3H-3).

13C NMR: § 164.99, 135.95, 133.95, 133.45, 129.38,

+

g128.38,126.71, 126.39, 123.83 tdcr=289.5Hz), 121.88,

119.39, 117.97, 110.95, 107.29, 85.91 gk = 25.2 Hz),
55.69, 49.89,39.08,37.18,19.98,19.75, 14.29. LR MS (ESI):
m/z=453.2 [M +NaJ .

2.4.4. (1R)-1-propyl-2-[(2R)-3',3",3"-trifluoro-2"-
methoxy-2-phenylpropanoyl]-3,4,9-trinydro-1H-
carboline [(1R,2R)-7h]

=-120

(c 1.0, CHC).
14 NMR: 6 8.29 (s, 1H-N9), 7.64—7.34 (m, 7H-5,8, Ph),

MgSQy. The solvent was removed under reduced pressure7.16 (t, J=7.0Hz,1H-6), 7.08 (tJ=7.0Hz, 1H-7), 5.82

and the crude product was purified by chromatography with
CHCI3:CH30H (98:2) to give (52'R)-7a (140 mg, 83%) as

a colourless solid, mp 307-30@, [«]3® = +1628 (c 1.0,
CHClg).

(t, J=7.0Hz, 1H-1), 4.08 (dd); =5.5Hz,J,=4.0 Hz, 1H-
3), 3.67 (d,J=1.5Hz, 3H-OCHg), 2.94-2.80 (m, 2H-4),
2.64-2.61 (ddJ; = 2.5Hz,Jo = 3.5 Hz, 1H-3), 1.96-1.87 (m,
2H-1), 1.62-1.57 (m, 2H/2, 1.02 (t,J=7.0 Hz, 3H-3). 13C
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NMR: § 165.12, 136.05, 134.36, 133.96, 129.44, 128.49,
126.58, 126.46, 123.69 (§)cr = 289.5Hz), 122.02, 119.58,
117.97, 111.12, 106.88, 85.08 (f)cr=25.2Hz), 56.45,
50.29, 40.31, 36.35, 21.51, 19.68, 14.32. LR MS (ESI):
m/z=453.2 [M+NaJ.

2.4.5. (18)-1-octyl-2-[(2R)-3,3",3"-trifluoro-2"-
methoxy-2-phenylpropanoyl]-3,4,9-trihydro-1H-
carboline [(1S,2R)-7(]

A colourless solid (67%), mp 197-19€, [«]3® =
+1054 (c 1.0, CHCE).

1H NMR: § 8.23 (s, 1H-N9), 7.53-7.23 (m, 7H-5,8, Ph),
7.11 (t,J=7.0Hz, 1H-6), 7.02 (t)=7.5Hz, 1H-7), 5.95 (t,
J=7.0Hz, 1H-1), 4.38 (ddJ; =5.5Hz,J, =5.5Hz, 1H-3),
3.83 (d,J=1.0Hz, 3H-OCHg), 3.35-3.29 (m, 1H-4), 2.11
(dd, J;=3.5Hz,J,=3.5Hz, 1H-3), 2.02-1.84 (m, 2H)1
1.61-1.54 (m, 3H-4/2, 1.28 (m, 10H-37'), 0.88 (t,J=7.0,
3H-8).13C NMR: § 164.94, 135.93, 133.95, 133.49, 129.38,
128.39, 126.71, 126.38, 123.82 {dce = 289.5 Hz), 121.87,
119.38, 117.97, 110.96, 107.25, 85.00 4dcr=25.2 Hz),

55.67,50.03, 39.13, 35.07, 31.83, 29.86, 29.49, 29.24, 26.63

22.65,19.78, 14.10. LR MS (ESkyz=523.3 [M + Na.

2.4.6. (1R)-1-octyl-2-[(2R)-3’,3",3"-trifluoro-2"-
methoxy-2-phenylpropanoyl]-3,4,9-trihydro-1Hs-
carboline [(1R,2ZR)-7(]

Colourless crystals (74%), mp 187-188 [«]3® =
—3.2¢ (c 1.0, CHC}).

1H NMR: § 8.38 (s, 1H-N9), 7.64—7.35 (m, 7H-5,8, Ph),
7.16 (t,J=6.5Hz,1H-6), 7.08 (t)=6.5Hz, 1H-7), 5.83 (t,
J=6.5Hz, 1H-1), 4.09 (ddJ; =5.0Hz,J,=4.5Hz, 1H-3),
3.68 (d,J=1.5Hz, 3H-OCHg), 2.94-2.80 (m, 2H-4), 2.63
(dd, J;=3.0Hz,J,=3.0Hz, 1H-3), 2.01-1.84 (m, 2H31L
1.54-1.48 (m, 2H3, 1.29 (m, 10H-37'), 0.89 (tJ=7.0 Hz,
3H-8). 13C NMR: § 165.09, 136.04, 134.35, 134.00, 129.42,
128.45, 126.60, 126.46, 123.69 tdcr=289.5Hz), 121.97,
119.53, 117.93, 111.13, 106.78, 85.07 3dcF=25.2 Hz),

56.46,50.41, 40.32, 34.32, 31.89, 29.99, 29.61, 29.30, 26.31,

22.67,21.51, 14.12. LR MS (ESIiz=523.3 [M + Na].
Crystal structure: plate-like, colourless orthorhombic
crystals from the P23;2; space group;a=9.124(3),
b=11.974(3), c=24.397(5A, V=2665.4(12R3, Z=4,
p=1.247 gcn, F(000) = 1064 (Mo Ka) =0.092 mnm?.

A 20,580 reflections measured, 5994 of them independent

(Rnt=0.0446). FinaR andwR of 0.0357 and 0.0772, re-
spectively, for 5075 observed independent reflections with
I >25(1). The absolute structure was determined basing
on the configuration of the Mosher acid residue and con-
firmed by the Flack parameter determinatiorO[4(5)]
[22].

2.4.7. (1S)-1-heptadecyl-2-[(R)-3',3",3"-trifluoro-2"-
methoxy-2-phenylpropanoyl]-3,4,9-trihydro-1Hs-
carboline [(1S,2R)-7d]

A colourless solid (58%), mp 90-9Z, [«]2% = +73.2 (c
1.0, CHC}).
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14 NMR: & 8.12 (s, 1H-N9), 7.53-7.23 (m, 7H-5,8,
Ph), 7.11 (t,J=7.0Hz, 1H-6), 7.02 (tJ=7.0Hz, 1H-7),
5.93 (t,J=7.0 Hz, 1H-1), 4.37 (dd}; =5.0 Hz,J, = 4.5 Hz,
1H-3), 3.82 (s, 3HOCHs), 3.34-3.28 (m, 1H-4), 2.11
(dd, J; =3.5Hz, J,=3.5Hz, 1H-3), 2.01-1.83 (m, 2H)1
1.61-1.54 (m, 3H-4/3, 1.25 (m, 28H-316)), 0.88 (tJ=7.0,
3H-17).

13C NMR: § 163.90, 134.90, 132.94, 132.45, 128.36,
127.36, 125.69, 125.38, 122.81 {dcr = 289.5 Hz), 120.87,
118.39, 116.97, 109.92, 106.31, 83.97 {der=25.2 Hz),
54.65, 49.00, 38.12, 34.04, 30.92, 28.84, 28.70, 28.67, 28.65,
28.63, 28.57, 28.52, 28.35, 28.30, 25.63, 21.68, 18.75, 13.11.
LR MS (ESI):m/z=649.5 [M + Naf.

2.4.8. (1R)-1-heptadecyl-2-[(R)-3',3",3"-trifluoro-2"-
methoxy-2-phenylpropanoyl]-3,4,9-trihydro-1H-
carboline [(1R,2R)-7d]

A colourless solid (64%), mp 114-116, [¢]3® = —3.2
(c 1.0, CHC}).

IH NMR: § 8.42 (s, 1H-N9), 7.64-7.35 (m, 7H-58,

Ph), 7.16 (t,J=7.0Hz, 1H-6), 7.08 (tJ=6.5Hz, 1H-7),

5.85 (t,J=6.5 Hz, 1H-1), 4.09 (dd}; =5.0 Hz,J, = 4.5 Hz,
1H-3), 3.68 (s, 3HOCHs), 2.94-2.80 (m, 2H-4), 2.63
(dd, J1=3.0Hz, J,=3.5Hz, 1H-3), 2.02-1.85 (m, 2H-
1), 1.56-1.48 (m, 2H/3, 1.26 (m, 28H-316), 0.88 (t,
J=7.0Hz, 3H-9).

13C NMR: § 165.10, 136.04, 134.35, 134.01, 129.41,
128.45, 126.60, 126.45, 123.69 tdce = 289.5 Hz), 121.95,
119.51, 117.91, 111.13, 106.73, 85.07 {dr = 25.2 Hz),
56.46, 50.39, 40.31, 34.32, 31.92, 30.00, 29.71, 29.66, 29.65,
29.59, 29.56,29.36, 26.28, 22.69, 21.50, 14.12. LR MS (ESI):
mz=649.5 [M +NaJ .

2.4.9. (19)-1-[(8)-heptadec-Benyl]-2-[(2"R)-
3",3",3"-trifluoro-2”-methoxy-2-phenylpropanoyl]-
3,4,9-trihydro-1Hg-carboline [(1S,2R)-7¢

An oil (62%), [¢]3% = +65.8 (c 1.0, CHC}).

1H NMR: § 8.17 (s, 1H-N9), 7.53-7.23 (m, 7H-5,8, Ph),
7.12 (t,J=7.5Hz, 1H-6), 7.02 (t)=7.5Hz, 1H-7), 5.91 (t,
J=7.0Hz, 1H-1), 5.36 (M, 2H:®), 4.37 (dd,J; =5.5Hz,
J>=5.5Hz, 1H-3), 3.82 (s, 3HOCHg), 3.34-3.27 (m,
1H-4), 2.10 (ddJ; =3.5Hz,J,=3.0 Hz, 1H-3), 2.01-1.83
(m, 6H-1,7,10), 1.63-1.52 (m, 3H-4/p, 1.26 (m, 20H-
3-6,11-16), 0.88 (t,J=7.0, 3H-17). 13C NMR: § 164.92,
135.92, 133.96, 133.44, 130.03, 129.67, 129.38, 128.37,
126.70, 126.39, 123.81 (§Jcr = 289.5 Hz), 121.90, 119.42,
117.99, 110.94, 107.35, 84.98 (§)cr=25.2Hz), 55.65,
50.01, 39.12, 35.04, 32.62,31.91, 29.77, 29.70, 29.66, 29.61,
29.53, 29.49, 29.32, 29.20, 27.23,26.66, 22.69, 19.76, 14.12.
LR MS (ESI):m/z=647.4 [M+NaJ.

2.4.10. (1R)-1-[(&)-heptadec-Benyl]-2-[(2"R)-
3,3",3"-trifluoro-2"-methoxy-2-phenylpropanoyl]-
3,4,9-trihydro-1HB-carboline [(1R,2R)-7¢

An oil (58%), [¢]3% = +4.9 (c 1.0, CHCE).
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1H NMR: § 8.41 (s, 1H-N9), 7.64-7.35 (m, 7H-5,8, Ph), Tos N o Tos
7.16 (t,J=7.5Hz, 1H-6), 7.08 (t)=7.5Hz, 1H-7), 5.84 (t, L |{J \ I{I \@
J=6.5Hz, 1H-1), 5.37 (m, 2H:8), 4.09 (dd,J; =5.0 Hz, BETN | s el = '
Jo=4.5Hz,1H-3), 3.68 (s, 3HOCHs), 2.94-2.80 (m, 2H-4), /Ru\u CI’R‘U\
2.63 (dd,J; =3.0Hz,J, =3.5Hz, 1H-3), 2.03-1.86 (m, 2H- HQ ﬁz
1,7,10),1.56-1.48 (m, 2H-3, 1.26 (m, 20H-3-6,11-16),
0.87 (t, J=7.0Hz, 3H-8). 13C NMR: § 165.12, 136.05, (S,5)-5 (R,R)-5
134.34, 133.98, 130.05, 129.72, 129.43, 128.46, 126.60,
126.44,123.69 (ql,JCF: 289.5Hz),121.97,119.53,117.92, Fig. 2. Catalysts for the enantioselective transfer hydrogenation.

111.15, 106.75, 85.08 (RJcr=25.2Hz), 56.48, 50.42,

40.33, 34.24,32.63, 31.90, 29.98, 29.78, 29.67, 29592954h h f th Theref d h
20.34, 29.32, 29.20, 27.22. 26.31, 22.69, 21.51, 14.12. LR the stereoc emistry of the amine. Therefore products wit

MS (ESI):m/z=647.5 [M+Nal. (1R) configuration were obtained whe®$)-5 were used,
whereas the @) isomers were obtained under the influence
(RR)-5.

We found the above method superior over the procedure
for the enantioselective=€N reduction with sodium borohy-
dride modified by chiral, non-racemic acifzb], which in
our case gave only fair stereoselection (ee < 80%).

Much better stereochemical output could be gained by the
use of a high pressure homogenous hydrogenation over chiral
phosphine—rhodium complexes (the procedure according to
Morimoto and Achiwg26]) of imines4a-d but this protocol
proved inapplicable to the unsaturated imidesand4f.

On the other hand, the asymmetric transfer hydrogena-
tion over §9-5 or (R,R)-5 in the presence of triethylamine-
formic acid azeotrope proceeded smoothly affording the de-
sired secondary aminega—f in excellent chemical yields
'(Table 1.

The amines were then transformed into their derivatives
(Table 2 with (R)-Mosher acid chloridecheme Rin order
to determine the diastereomeric ratiodihNMR spectra. In
all cases we found that virtually no observable contamination
with the second diastereomer was present.

The Mosher’s amide of ®)-7cwas also obtainedinaform
of monocrystal suitable for X-ray crystallograpiiyg. 3) that
served for an unambiguous stereochemistry assigni2éht

3. Results and discussion

The synthetic sequence started with the preparation of a
series of fatty acid-substituted tryptamiczsf (Scheme L

The amideBawas prepared from tryptamirieand acetic
anhydride 2a in the presence of triethylamine, whereas
amides3b—d were formed effectively fronl and butyric,
nonanoic or stearic acidd—d in xylene at reflux tempera-
ture using a Dean-Stark apparatus. In the case of dkec (
and arachidonicZf) acids, procedures involving acid chlo-
rides or thermal amidation gave a substantial contamination
of chlorinated and/or trans-isomerised by-products. Thus, in
order to ensure the (stereo)chemical integrity of the amides,
we applied the protocol successfully employed by us to the
synthesis of sensitive dopamidgst]. Accordingly, amides
3e and 3f were prepared by a BOP-mediated coupling of
tryptaminel with oleic (2€) or arachidonic Zf) acids in 89
and 86% yield, respectively. No traces of undesired products
were detected. All amide3a—f were then treated in a mild
Bischler—Napieralski cyclizatiofi5] yielding relatively un-
stable iminesta—f. They were then immediately subjected
to the asymmetric transfer hydrogenation protocol under the
conditions described by Noyori et §23], using both enan-
tiomers of the chiral catalyst§§)-5 or (R,R)-5[24] (Fig. 2). Table 1

We observed that stereochemistry of the catalyst determined?symmetric transfer hydrogenation of iminés—f
Imine Catalys6 Amine  Yield%® ee% Config¢ [a]3

4a SS (1IR-6a 84 >98 R +55,64
Q—gﬁw2 S — m\H‘N R 205 0rPOCk 4a  RR (19-6a 82 598 S 568
N (RCO)20 N \g 4b SS (1R)-6b 79 >08 R +727¢
1 H 2 B 40 RR (19-6a 88 >98 S —735°
4c SS (1R)-6c 85 >98 R +54.7¢
4c RR (19-6c 81 >98 S —54.0°
(A or (5,65 4d SS (1R)-6d 79 >98 R +337'
@@N _(RRror(SS)Ss Q—\QNH 4 RR 19-6d 77 508 S 340
N HCOOH / (CaHs)sN N 4e SS (1IR)-6e 84 >98 R +25.8f
H R H R 4e RR (19-6e 77 >98 S —265
fat (15)6ae 4 SS (1R-6f 70 >98 R +102'
(1R)-6a-f :
2 |solated yield of pure compounds.
a: R=-CHg; b: R=-(CH,)»CHg; ©: R=-(CHy)y CHg; d: R=-(CHy)15CHa: b On the basis ofH NMR of Mosher’s amides.
¢ By comparison ofd¢]p sign and X-ray analysis dfc.
€: R= (2)-(CH2)7(CH=CH)(CHz)7CH3; T: R=(2)-(CH2)s[(CH=CH)CH;]4(CH2)3CHg d EtOH,c=2.

€ EtOH,c=1.0.
Scheme 1. Synthesis of teterahy@@arboline derivatives. f CHCl;, c=1.0.
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Table 2

The R)-Mosher acid derivatives

Amide Yield (%) de (%) mp C) []3
(1R)-7a 77 >08 136-138 —54.0
(19-7a 83 >908 307-309 +168
(1R)-7b 68 >08 239-241 —120
(19-7b 74 >908 198-201 +120
(1R)-7c 74 >08 187-188 —-32
(19-7c 67 >98 197-199 +108
(1R)-7d 64 >08 114-116 -32
(19-7d 58 >908 90-92 +72
(AR)-7e 58 >98 Oil +49
(19-7e 62 >908 Oil +658
CHCI3, c=1.0.

2 |solated yield of pure compounds.
b On the basis ofH NMR.

FaC
Mosher acid 34 OCHs
W\, NH : \ N
N chloride N o
H R H R
(15)-6a-e (15)-7a-e
(1R)-6a-e (1R)-7Ta-e

Scheme 2. Synthesis of the Mosher's amides.

FaCG, OCH, o 2 v

: Yo ; 3

Q0 K
N" i™H O G E ]

|
(1R)-7c el

CHs

Fig. 3. The rentgenostructural analysis for compourR)<ac.

In the crystal, molecules related by a two-fold screw-axis
symmetry in thea direction form infinite chains of molecules
bonded with the NH - - - Ocarhonyl hydrogen bonds. Distinct
hydrophobic and hydrophilic regions could be discerned in
the structure.

4. Conclusions

In conclusion, an effective method for highly enantios-
elective preparation of 1l-substituted-1,2,3,4-tetrahygto-
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is of importance in modern pharmacochemistry since there
are evidences that dysfunction in brain catecholamine or in-
dolamine pathways contribute to Parkinson’s dis¢28Fto-
gether with affective disorders and schizophrd2&.
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	Results and discussion
	Conclusions
	References


