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Catalytic asymmetric hydrogenations of prochiral unsaturated Scheme 1
compounds, such as olefin, ketone, and imine, have been intensively
studied and are considered as a versatile method of creating a chiral m [InCOD)CIpL” | @(j\ Mes O PPh
carbon centet. However, asymmetric hydrogenation of hetero- NZ™\ Ho, Solvent, I N MeO. Pth
aromatic compounds is less explored, resonance stability of 1a 22 O
heteroaromatic compounds might impede the enantioselective
hydrogenatior?. To date, only a few papers on homogeneous
asymmetric hydrogenation of heteroaromatic compounds have beenrapje 1. Catalytic Asymmetric Hydrogenation of 1a2
reported. Kuwano and co-workers reported a highly effective
hydrogenation ofN-Boc- or Ac-substituted indoles by application

(R)-MeO-Biphep

entry H, (psi); T (°C) solvent convn® (%) ee (%)

of Rh/Ph-TRAP/CsCO; catalyst® and up to 95% ee was obtained. % ;883 gg %"gg)z igg gg
Bianchini developed an orthometalated dihydride iridium complex 3 700: 25 MeOH 85 9
for hydrogenation of 2-methylquinoxaline with 90% ®€&tuder 4 700; 25 i-PrOH >99 84
and co-workers employed Rh(NBfBF,/DIOP as the catalyst for 5 700; 25 THF >99 85
hydrogenation of monosubstituted pyridine and furans with only S 700; 25 toluene >99 94
24—27% ee2Rh(DIOP)H was used as the catalyst for hydrogena- ! 700; 25 benzene -9 A
: 0 ee. : _ _ Y yarog 8 1500; 25 toluene >99 91
tion of 2-methylquinoxaline with only 3% €&.The search for a 9 100; 25 toluene 68 94
new catalytic system for asymmetric hydrogenation of hetero- 10 700; 55 toluene >99 90

aromatic compounds is still a challenge. * Reacti i 1 | quinoline, [Ir(COD)H0.5%), chiral
; : P H H H : ; eaction conaitions: mmaol quinoline, |Ir .070), chira
Direct hydrogenation of easily available quinoline derivatives ligand (1.1%), 4 (10%), 5 mL solvent? Determined byH NMR analysis

is the most convenient route to synthesize tetrahydroquinoline of the crude products.Determined by HPLC analysis with Chiralpak OJ-H
derivatives, which are important organic synthetic intermediates column, the absolute configuration of product is assigned by comparison

and structural units of alkaloids and biologically active compouinds. ©f rotation sign with literature data.

Although many efforts have been made toward development of could proceed well to give 2-methyl-1,2,3,4-tetrahydrohydroquino-
hydrogenation of quinolines using homogeneous achiroRRLP line (2a) in excellent conversion in 18 h with high to excellent
catalysis, to the best of our knowledge, no report on homogeneousenantioselectivities. In contrast to alcoholic solvents (entries 3, 4),
asymmetric hydrogenation of quinolines has appeared in the aprotic solvents (entries-12, 5-7) gave better enantioselectivities.
literature. Therefore, we decided to focus on this reaction. In this In all cases, there were no 2-methyl-5,6,7,8-tetrahydroquinoline and
communication, we report our preliminary results and describe the 2-methyl-1,2,3,4,5,6,7,8-octahydro-quinoline detecteétbi}MR
first example of highly enantioselective iridium-catalyzed hydro- analysis of the reaction mixture. A change in hydrogen pressure
genation of quinolines. had no clear effect on enantioselectivity (entries9J, but
Considering that iridium has been successfully applied to conversion was decreased under lower pressure (entry 9). A slightly
asymmetric hydrogenation of imines and unfunctionalized olefins lower ee was obtained under higher temperature (entry 10).
recently! we first examined the [Ir(COD)ClMeO-Biphep/DCM Therefore, the optimal condition for hydrogenatioriafwas shown
system for hydrogenation of 2-methylquinolinkaj (Scheme 1). in entry 6. Under these experimental conditions, other commercially
Unfortunately, it was found that the catalytic activity is very low, available chiral bidentate phosphine ligands were also tested for
and only a trace amount of product with low ee was obtained when hydrogenation ofla, and it was found that enantioselectivities
the reaction was carried out in methylene chloride at room decreased whenever Ir-BINAP (87% ee), Ir-DIOP (53% ee), or Ir-
temperature under 700 psi of hydrogen for 18 h. A number of Me-DuPhos (51% ee) was used instead of Ir-MeO-Biphep (entry
literature reports have appeared documenting the dramatic impact6, 94% ee). Thus, the optimized conditions are: [Ir(COD)EIRO-
of additives on catalytic turnover and enantioselectititgccord- Biphep/b/toluene/H 700 psi/25°C.
ingly, we evaluated a number of additives, such&snBuyNI,1213 Under optimized condition, a variety of substituted quinoline
Bil 3,23 phthalimidel* benzylaminé? etc., in an attempt to promote  derivatives were hydrogenated using Ir/MeO-Biphggétalyst.
reaction turnover. Gratifyingly, iodine proved to be the most Several 2-alkyl substituted quinolines were hydrogenated with high
efficient additive in this reaction. Chiral iridium complex prepared enantioselctivities¥ 92% ee) regardless of the length of side chain
in situ from [Ir(COD)CIL and chiral bisphosphiné}-MeO-Biphep (entries 16 in Table 2). Branched substitueritRr) in the 2
were employed as catalysts, and the reactions were carried out aposition also gave good enantioselectivity (entry 18). 2-Arenethyl-
room temperature under 700 psi of hydrogen with a substrate:[Ir]: substituted quinolines also gave excellent asymmetric induction
ligand:k, ratio of 100:0.5:1.1:10. Further studies showed that this (entries 79). With 2-aryl-substituted quinolines (entry 13), slightly
reaction was strongly solvent-dependent. As shown in Table 1, the lower enantioselectivity was obtained. It is noted that this catalytic
reactions in THF, benzene, toluene, DCM, CKCOH,CI, i-PrOH system can tolerate hydroxyl and ester groups (entriesl7419),
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Table 2. Iridium-Catalyzed Asymmetric Hydrogenation of 12

R'm [ICOD)CI]/(R)-MeO-Biphep R'm
N” N R

R Toluene/ I/ Hy (700 psi), RT

1 2 H
entry R’/Rof1 yield® Ee.° config”
1 H/Me (1a) 94 (2a) 94 (R)
2 H/Et (1b) 88 (2b) 96 (R)
3 H/n-Pr (1c) 92 (2¢) 93 (R)
4 H /n-Bu (1d) 86 (2d) 92 (R)
5 H /3-Butenyl (1e) 91 (2d) 92 (R)
6 H / n-Pentyl (1f) 92 (2f) 94 (R)
7 H / Phenethyl (1g) 94 (2g) 93 (R)

H % (n
8 o 88 (2h) 93 (R)
OMe ,.
H/ 1
9 T e ™ 86 (2i) 96 (R)
10 F/Me (1j) 88 (2j) 96 (R)
11 Me / Me (1k) 91 (2k) 91 (R)
12 MeO / Me (11) 89 (21) 84 (R)
13 H /Ph (1m) 95 (2m) 72 (S)
OH
14 " e 87 (2n) 9% (S)
OH
15 i \)O ) 89 (2p) 92(S)
OH
16 H/ \/kpih () 94 (2r) 91 (S)
17 H / CH,OH (1s) 83 (2s)" 75 (S)
18 H / i-Pr (1t) 92 (2t) 94 (S)
19  H/CH,0COCH;(1lu) 90 (2u) 87(S)

aReaction conditions: 1 mmol quinoline, [I(COD)&(P.5%), R)-MeO-
Biphep (1.1%), 4 (10%), 5 mL toluene, 608700 psi H. ? Isolated yields
based on quinoline$.Determined by HPLC analysi€ Determined by
comparison of rotation sign with the literature data or by analogliae
product is2d. fi-PrOH was used as solvent.

Scheme 2
()jj\/\/\ HCHO / HOAc C(N\/I\/\/\
N e —— )
A NaBH3;CN Me
94% ee 94% yield (-)-Angustrureine
F.
(:(Nj"’ o} (:(‘Nj"//\C[OMe /N 4
|\'/|e > Me
o OMe COOH

(-)-Galipinine, 94% yield  (-)-Cuspareine, 91% yield (S)-Flumequine
substrates with free hydroxyln, 1p, 1r, andls can be hydroge-
nated smoothly with high enantioselectivities. The=C double
bond in the side chain of substrdte(entry 5) can be hydrogenated
under standard conditions. It is noted that very low enantioselec-
tivities were obtained for 3- or 4-substituted quinoline derivatives
(0% and 1% ee for 3- and 4-methylquinoline, respectively), and
the reason is not clear.

Iridium-catalyzed asymmetric hydrogenation of quinolines pro-
vides a convenient route to synthesize optically active tetrahydro-
quinoline derivatives since quinolines are very cheap starting
materials. This methodology can be successfully applied to asym-
metric synthesis of tetrahedroquinoline alkaloids (Scheme 2). For
example 2f, 2h, and2i are naturally occurring tetrahydroquinoline
alkaloids’® N-methylation of2f, 2h, and2i gives naturally occurring
tetrahydroquinoline alkaloids angustureifiegalipinine?c’d and
cuspareinéd respectively in high total yields, and absolute con-
figurations of (-)-angustureine and~()-galipinine can be assigned

through our synthesis (for the detailed procedure, see Supporting
Information). 2j is the key intermediate in the synthesis of anti-
bacterial agent of flumequiri€,which was obtained through the
resolution method.

In conclusion, we developeithe first example of highly enan-
tioselectve hydrogenation of quinoline dertives using an It
phosphind, systemand applied it to the asymmetric synthesis of
three naturally occurring alkaloids angustureine, galipinine, and
cuspareine. This method provides an efficient access to a variety
of optically active tetrahydroquinolines with up to 96% ee. Since
tetrahydroquinoline derivatives are important synthetic intermediates
and biologically active compounds, the current method has a high
potential for practical use in organic synthesis. Further work will
be directed toward detailed study of the reaction mechanism and
the development of the hydrogenation of a broader range of
substrates and other heteroaromatic systems.
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