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The synthesis of an indole diazabicyclo[3.2.2]nonedione derivative was achieved in a few steps starting from L-tryptophan. Reduction with
borane-THF complex leads to fragmentation of the bicycle and the stereoselective formation of an azepinoindole derivative was observed.

We would like to report in this letter a novel and efficient L-Tryptophanl was used as starting material for the
route to access $5Sdisubstituted azepinoindoles from synthesis of chiral indole diazabicyclo[3.2.2]nonedione skel-
L-tryptophan. The key transformation of the reaction se- etons. Amide bond formation was carried out under standard
guence is the stereoselective fragmentation of an indole conditions to give the ethyl amide derivati2guantitatively.
diazabicyclo[3.2.2]nonedione with boran€@HF complex. After Boc deprotection, the nitrogen wakbenzylated in a

In the eighties, Ottenheijm and co-workers reported the two-step procedure. Acylation of the acyclic precur3arith
synthesis of an indole diazabicyclo[3.2.2]nonedione deriva- pyruvyl chloridé gave the intermediat@-ketoamide deriva-
tive starting from indole-3-pyruvic acitiThe key step was  tive, which was not isolated and was exposed directly to TFA
the intramolecular PictetSpengler reaction betweervake- to afford the bicyclet in good yield via a PicteetSpengler-
toamide and an amide group. In 1996, using the sametype cyclization (Scheme 1).
strategy, Mortier and co-workers reported the synthesis of a Compound4 was submitted for in-house water-solubility
similar compound starting from an arylidene piperazidione measurements where it was classified in a medium range
derivative? In both cases, achiral starting materials were used (value around 0.05 g/L) but with no measurablk.pTo
and led to racemic diastereomeric mixtures of bicyclic improve solubility, it was decided to reduce the amide groups
compounds. The same key step was used by Czarnocki into tertiary amines. The reduction methodology was chosen
the diastereoselective synthesis of 1-benzyltetrahydroiso-carefully in order to be compatible with solid-phase supports

quinoline? in view of exploratory work. The selected reaction protocol
" Novartis Pharma AG, Core Technology, Combinatorial Chemistry Unit. US_Ed a borane—THF complex r_edu_Ctlon f_ollowed by a mild
* Novartis Pharma AG, Core Technology, NMR Analytic. oxidative workup procedure (iodine, triethylamine, and
8§ Novartis Ophthalmics AG.
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a Reaction conditions: (i) (a) BHTHF (10 equiv), THF, rt, 16
h, (b) MeOH, TEA, b, THF, rt, 2 h (95%); (ii) (a) BH-THF (10
equiv), THF, 8C°C, 24 h, (b) MeOH, TEA, 4, THF, rt, 2 h (60%);
(i) 4-NOLArCOCI, TEA, DCM, rt, 2 h (80%).

i

a Reaction conditions: (i) EINHHCI, TEA, HOBt, DCC, THF,
rt, 16 h (100%); (ii) 4 N HCI/MeOH, rt, 6 h; (iii) NgCOs, PhCHO,
TMOF, MeOH, rt, 16 h; (iv) NaBH, MeOH, rt, 1 h (70%, 3 steps);
(v) MeCOCOCI, TEA, DCM, O°C, 1 h then aqueous workup; (vi)
20% TFA/DCM, rt, 2 h (80%, 2 steps).

derivative 75 The 3-D structure showed relative trans
configuration between the two substituents (Figure 1).

methanol}’ In the first reduction experimend, was treated

in THF with 10 equiv of BH-THF at 50°C for 6 h. No
more starting material was observed and two new products
were detected by HPLC. The completely reduced material
was not detected by LC/MS. The first product had a mass
+ 14 (corresponding to a monoreduced derivative) and the
second product had a mas$s2 (rupture of a C—C bond).
The two derivatives were isolated by flash chromatography
on silica gel, analyzed, and characterized. They were assigned
to the structure$ and6. Conditions for selective formation

of 5 and6 were optimized. When the reduction was carried
out at rt, 5 was obtained selectively whereas at higher
temperature (80C) 6 was the major product. In addition,
we observed thats represents an intermediate in the
formation of6. In fact, when5 was reacted with borane

THF complex,6 was obtained (Scheme 2).

The first amide bond reduction took place from the less
hindered face of the molecule to gige The amide group at
the lower face of the molecule is shielded by thesthyl,
N-benzyl, ancexo-methyl groups whereas only tNeethyl
andN-benzyl groups surround the amide group of the upper
face. The second amide reduction was more demanding from,\ 0 \<e and showed at pH 6.8 low solubility@.001 g/L)

an energetic point of view and required higher reaction for R = H, and good solubility 0.1 g/L) was observed for
temperature; however, no formation of the expected diaz- R = Ac with measurable pKat 9.8 and 4.2

ablcyclonglnene was observeld._From ';I_MR a_nalysflsh itwas 14 propose a reaction mechanism, a couple of transforma-
not possible to assign the re ?“‘_’f? con |gurf'1t|o_n ofthe WO 455 were carried out. Whea was treated with a 1 M
stereocenters (cis or trans) 6f Different derivatives were solution of LiAlH, in THF at 60°C for 3 h, the tetrahydro

synthesized to obtain suitable crystals for X-ray analysis. compoundB was obtained in 60% yield and no fragmentation
Finally, the structure was solved for the nitrobenzoate was observed. Whe was treated with boraneTHE
complex at 80C, the fragmentation produ6twas obtained.

Lo) Hall, D. G.; Laplante, C.; Manku, S.; NagendranJJOrg. Chem.— Therefore, the observed fragmentation does not require the
(6) CCDC 189473 contains the supplementary crystallographic data for Presence of an amide group (Scheme 3).

this paper. These data can be obtained free of charge via www.ccdc.ca-  To investigate the role of the indole system, compodnd

m.ac.uk/conts/retrieving.html (or from the Cambridge Crstallographic Data . : : :

Centre, 12, Union Road, Cambridge CB2 1EZ, UK. fabdd) 1223-336-  Was reduced with sodium cyanoborohydride in TFAwo

033; e-mail deposit@ccdc.cam.ac.uk). diastereoisomers (only major shown) were obtained in a 6/1

Figure 1. X-ray of 7-MeOH.

The water-solubility of the azepinoindole was measured
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aReaction conditions: (i) 1 M LIAIJTHF, 60°C, 3 h (60%),
(i) (a) BH3*THF (20 equiv), THF, 75C, 24 h, (b) MeOH, TEA,
I, THF, rt, 2 h (80%).

ratio in favor of diastereoisomé@rbearing the two hydrogens
in the same side of thb}l-_ethyl amide _(Iess hlndered_ face_). a Reaction conditions: (i) EtNKHCI, TEA, HOBt, DCC, THF,
The amide bond reduction was carried out under identical rt, 16 h (82%); (i) 4 N HCI/MeOH, rt, 6 h; (jii) NaCOs, PhCHO,
reaction conditions as for conversion 4fto 6. No frag- TMOF, MeOH, rt, 16 h; (iv) NaBH, MeOH, rt, 1 h (70%, 3 steps);
mentation was observed and the reduced matéfakas (v) MeCOCOCI, TEA, DCM, 0°C, 1 h; (vi) 10% TFA/DCM, 50

ot ; ; °C, 16 h (84%, 2 steps); (vii) BETHF (10 equiv), THF, 7C°C,
quantitatively obtained as a borohydride complex (Scheme 16 h: (vii)) MeOH, TEA. b THF. It. 2h (60%, 2 Steps).

4),
_ served (Scheme 6). Modeling &ft gave a torsion angle of
10° for the G=C—C(Me)—N, which allowed no possible
Scheme 4 overlap of the orbitals.
@L Scheme 6

@ Reaction conditions: (i) TFA, NaB4€N (6 equiv), rt, 30 min
(70%), (ii) (a) BHTHF (10 equiv), THF, 80C, 24 h, (b) MeOH,
TEA, Iz, THF, rt, 2 h (90%).

To explore the scope and limitation of this novel frag- a Reaction conditions: () (2) BHTHE (20 equiv), THF, 75C

mentation, tryptophan was replaced by 3,4-dimethoxy .
DOPA. The same reaction sequence was carried out to obtain24 h, (b) MeOH, TEA, 4, THF, 1t, 2 h (65%).

the [3.2.2] bicycle. Wherl2 was subjected to the borane

reduction step, bireduced compouh®was obtained with In the second step, one hydride from a molecule o BH
one boron complexed to the adduct. No fragmentation was (in excess in the reaction mixture) complexed to the
observed (Scheme 5). secondary nitrogehb is transferred to the Michael acceptor

The series of experiments demonstrates that the indole ringfrom the top face to afforéd (Scheme 7).
and the presence of boron are essential for the fragmentatio_
therefore a possible mechanism for the stereoselectiv

formation of6 was postulated (Scheme 7). The final product Scheme 7. Proposed Mechanism for the Transformatiorbof

of the reduction (tetrahydro derivatii®a) was obtained as 06

a borane complex. This intermediate could probably undergo, 5 8
under heating, a boron-assisted retro-Michael addition or an BH ‘

aza-type fragmentatichComputer modeling shows a torsion °

angle of 58.6°for C=C—C(Me)—N allowing a possible
overlap of ther orbital of C=C and the C—N bonds which
helps to facilitate the fragmentation. In addition, when similar
conditions of amide bond reduction were used for an indole
diazabicyclo[3.3.1]Jnonenorfeno fragmentation was ob-

(7) Royer, D.; Doé de Maindreville, M.; Laronze, J.-Y.; Lévy, J.; Wen,
R. Tetrahedron1996,52, 9069.

N t(8)hW§ng,1;§§.;5éll4ui3\/lVA§P.; Chung, H.-W.; Wang, L.-F.; Hsu, M.-H. In conclusion, we have shown an efficient synthesis of
etranedron , 04, . : : . :

(9) Orain, D.. Canova, R.; Dattilo, M.; Kidppner, E.; Denay, R.: Koch, chiral indole [3.2.2] bicycles that can be used as starting
G.; Giger, R.Synlett2002, 1443. material to obtain azepinoindole derivatives stereoselectively.
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