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Synthesis of Tetrahydropyrrolo/indolo[1,2—alpyrazines by Enantioselective
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Abstract 1,2,3,4-Tetrahydropyrrolo[1,2-a]pyrazines are an important motif due to their biological activities and widely
existing in natural products. Notably, the substituent and the absolute configuration are important for the medicinal efficacy.
Thus, the synthesis of chiral tetrahydropyrrolo[1,2-a]pyrazines has attracted much attention of scientists. Most synthetic
methods utilized chiral starting materials or auxiliaries. Kinetic resolution was an alternative way to give chiral tetrahydro-
pyrrolo[1,2-a]pyrazines. The first catalytic asymmetric synthetic method was developed in 2011 by Li and Antilla through a
chiral phosphoric acid-catalyzed asymmetric intramolecular aza-Friedel-Crafts reaction of aldehydes with
N-aminoethylpyrroles in high enantiocontrol level. Subsequently, the sequential aerobic oxidation-asymmetric intramolecular
aza-Friedel-Crafts reaction between N-aminoethylpyrroles and benzyl alcohols for the synthesis of tetrahydro-
pyrrolo[1,2-a]pyrazines was realized using chiral bifunctional heterogeneous materials composed of Au/Pd nanoparticles and
chiral phosphoric acids. The asymmetric hydrogenation as an efficient way has been successfully applied to synthesize the
kind of chiral amines. In 2012, Our group achieved the asymmetric hydrogenation of 1-substituted pyrrolo[1,2-a]pyrazines
via a substrate activation strategy. Recently, we reported the direct asymmetric hydrogenation of 3-substituted
pyrrolo[1,2-a]pyrazines in up to 96% ee values. Considering their impressive significance, herein, we successfully hydrogen-
ated 3,4-dihydropyrrolo[1,2-a]pyrazines and 3,4-dihydroindolo[1,2-a]pyrazines with up to 99% yield and 95% ee. The reac-
tion features mild condition, high enantioselectivity and high atom-economy. The typical procedure for asymmetric hydro-
genation is as follows: A mixture of [[r(COD)Cl], (3.0 mg, 0.0045 mmol) and the ligand Cy-WalPhos (6.6 mg, 0.0099 mmol)
was stirred in toluene (1.0 mL) at room temperature for 5 min in the glove box. Then the solution was transferred to the vial
containing the substrate 3,4-dihydropyrrolo[1,2-a]pyrazines (0.3 mmol) together with toluene (2.0 mL). The vial was taken to
an autoclave and the hydrogenation was conducted at 40 C as well as at a hydrogen pressure of 500 psi for 48 h. After
carefully releasing the hydrogen, the autoclave was opened and the toluene was evaporated in vacuo. The residue was puri-
fied by column chromatography to afford the corresponding chiral tetrahydropyrrolo[1,2-a]pyrazines.

Keywords asymmetric hydrogenation; heterocyclic imines; tetrahydropyrrolo/indolo[1,2-a]pyrazines
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Figure 1 Representative natural products and bioactive molecules with

the tetrahydropyrrolo[1,2-a]pyrazine skeleton
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Figure 2 Methods for the syntheses of chiral 1,2,3,4-tetrahydropyrrolo-
[1,2-a]pyrazines
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Table 1 Optimization of reaction conditions

INY .,
NN (500 psi)

[ICOD)CIJ,/L

Solvent, 40 °C = NH
Ph Ph
1a 2a
. .. X§
0 PPh, pph, F O PPh,
o) O g O F o O
L1: (R)-SegPhos L2: (R)-BINAP L3: (R)-DifluorPhos
PhyP
PR,
Fe :
L4: R=Cy
L5:R= 3,5-(CF3)2'CGH3
Entry * Solvent L Conv.”/%  ee/%
1 THF L1 74 13
27 THF L1 >95 7
3 Dioxane L1 82 30
4 Toluene L1 78 40
5 Benzene L1 77 39
6 DCM L1 67
7 MeOH L1 8 4
8 Toluene L2 78 47
9 Toluene L3 90 48
10 Toluene L4 91 89
11 Toluene L5 64 32
12¢ Toluene L4 92 91
13/ Toluene L4 >95 90

“Reaction conditions: 1a (0.2 mmol), [Ir(COD)CI], (1 mol%), L (2.2 mol%),
H, (500 psi), solvent (3.0 mL), 24 h, 40 °C. ® Determined by '"H NMR spec-
troscopy. ¢ Determined by HPLC analysis. ¢ 1, (10 mol%). ¢ [Ir(COD)CI], (1.5
mol%), L4 (3.3 mol%).” [If(COD)CI], (1.5 mol%), L4 (3.3 mol%), 48 h.
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WL B (Entry 15). A —RIE, }RMTIN, Nk
— AR AR T AT BRI S B AT A
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Table 2 Substrate scope of 3,4-dihydropyrrolo[1,2-a]pyrazines

R3 R3
Y N/\ . [I(COD)CI,L4 N/\
AN (500psi)  Toluene, 40 °C = NH
R? R R? é1
1 2
Entry* R' R? R’ Yield’/% ee/%
1 Ph H H 98 (2a) 91 (+)
2 2-FCeH, H H 95 (2b) 95 (+)
3 3-FCoH, H H 97 (2¢) 94 (+)
4 4-FC4H, H H 93 (2d) 90 (+)
5 4-CIC4H, H H 92 (2e) 89 (R)
4-BrCeH, H H 95 (2f) 89 (+)
4-F3CCeH, H H 95 (2g) 88 (+)
4-MeC4H, H H 92 (2h) 90 (+)
3-MeCeH, H H 93 (2i) 90 (+)
10 35-Me,CHy H  H 98 (2j) 95 (+)
1 Cy H H 92 (2k) 86 (+)
12 Ph H Br 94 (21) 89 (—)
13 Ph H Ph 91 (2m) 93 (—)
14 Ph H  4-MeCGH, 95(2n) 94 (—)
15 Ph Br  Br 97 (20) 94 (—)

© 2018 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: 1 (0.3 mmol), [Ir(COD)CIl], (1.5 mol%), L4 (3.3 mol%),
H, (500 psi), toluene (3.0 mL), 40 C, 48 h. ® Isolated yields. ¢ Determined by
HPLC analysis. ¢ The absolute configuration of the known compound 2e was
assigned to be R by comparison of the specific rotation values with the report-
ed data in Ref. 5 and the remaining configurations were assumed by analogy.
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