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An efficient and facile route to chiral tetrahydroquinolines with three
contiguous stereogenic centers via a dynamic kinetic resolution pro-
cess has been successfully developed by using chiral phosphoric acid as
catalyst and Hantzsch ester as the hydrogen source with up to 89% ee.

The compounds with multiple stereocenters are widely found
in the natural products and biologically active compounds. To
achieve these complex compounds through conventional stepwise
processes is normally a difficult task. Thus, it is of great impor-
tance to develop an effective method for the preparation of chiral
compounds with multiple contiguous stereocenters. Dynamic
kinetic resolution (DKR) is a powerful strategy for accessing single
enantiomers with a 100% theoretical yield from the racemic
substrates.” In the past decades, DKR has been widely employed
in the transformation of racemic alcohols, amines,> ketones,
o-substituted p-ketoesters,® 2,3-disubstituted quinolines, indoles
and 3,4-disubstituted isoquinolines.* In most cases, one or two
stereogenic centers generated, and only a few protocols for the
synthesis of chiral compounds with three/multiple stereocenters
in one step were reported (Scheme 1).° Very recently, a highly
efficient asymmetric hydrogenation of racemic o,o’-disubstituted
ketones to generate chiral alcohols with three contiguous stereo-
centers through DKR was reported by Zhou’s group,Sb this process
was used to effectively construct complex compounds with multi-
ple contiguous stereocenters. Therefore, a high enantiocontrol
method for construction of three contiguous stereogenic centers
via a DKR process is very significant.
1,2,3,4-Tetrahydroquinolines are important structural units in a
number of natural alkaloids, medicinal chemistry and materials
science.® Since our group developed highly enantioselective chiral
iridium-catalyzed hydrogenation of quinoline derivatives,”* a series
of efficient methods to access enantiopure tetrahydroquinolines

State Key Laboratory of Catalysis, Dalian Institute of Chemical Physics,

Chinese Academy of Sciences, Dalian 116023, China. E-mail: ygzhou@dicp.ac.cn;
Web: http://www.lac.dicp.ac.cn/

i Electronic supplementary information (ESI) available: Experimental details.
CCDC 994490. For ESI and crystallographic data in CIF or other electronic format
see DOI: 10.1039/c4cc06060a

12526 | Chem. Commun., 2014, 50, 12526-12529

transfer hydrogenation of quinolines

Mu-Wang Chen, Xian-Feng Cai, Zhang-Pei Chen, Lei Shi and Yong-Gui Zhou*

' Previous work

; Q OH |
i o)J\/w Kentone/enol R! Hydrogenatlon R 1
B H Base :
: R R :
! Two Stereocenters !
' Ar Ar '
5 N~ HN” :
: | R1 R Hydrogena’uon R! 5
E H Imlne/enamlne E
s R R
' Two Stereocenters
: (o] OH :
: RI___Base o\rlk‘/ R?_Hydrogenation _ O\‘)\( R' |
: R? R R R |
L Three Stereocenters
i This work Ar A :
: N N T
: Y HX Q\‘/k/ R! Hydrogenation % R' !
E Imine/enamine : H i
: R2 R R? R R? R :

Three Stereocenters !

Scheme 1 General strategy of asymmetric hydrogenation of ketones,
imines and heteroarenes via DKR.

involving iridium,” ruthenium® and rhodium® catalyzed hydro-
genation and organocatalyzed transfer hydrogenation'® have been
documented."" These products obtained generally contain one or
two stereogenic centers. In 2008, Rueping and Zhou groups***
reported highly enantioselective hydrogenation/transfer hydro-
genation of 2,3-disubstituted quinolines by DKR, giving the chiral
2,3-disubstituted 1,2,3,4-tetrahydroquinolines with two contiguous
stereogenic centers (Scheme 2). Based on the progress, we con-
ceived that the construction of three contiguous stereogenic
centers’> by DKR might be realized via asymmetric reduction of
quinolines, with the driving force of exocyclic and endocyclic
enamine/imine isomerization. Herein, we report a highly enantio-
selective transfer hydrogenation of 2,3-disubstituted quinolines
through DKR to obtain chiral 1,2,3,4-tetrahydroquinolines with
three contiguous stereogenic centers.

To test this hypothesis, we synthesized the 4-methyl-1,2,3,4-
tetrahydroacridine 1a and subjected it to transfer hydrogenation

This journal is © The Royal Society of Chemistry 2014
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Scheme 2 Asymmetric hydrogenation of 2,3-disubstituted quinolines.

Table 1 The effect of solvents on reactivity and selectivity”

X CPA-3a (5 mol%), Solvent @\/\O .
N7 60 °C, HEH 4a (2.4 eq.) H - N
1a

: H
2a 2a'
Entry Solvent Yield” (%) ee’ (%) dr? (2a:2a’)
1 Benzene 88 54 14:1
2 Toluene 96 57 17:1
3 THF 96 60 11:1
4 1,4-Dioxane 96 63 17:1
5 CHCl; 72 43 8:1
6 p-Xylene 99 59 17:1

“ Quinoline 1a (0.125 mmol), CPA-3a (0. 00625 mmol), Hantzsch esters 4a
(0.30 mmol), solvents (3.0 mL), 60 °C, 24 h. © Isolated yields. ¢ Determined
by HPLC. ? The dr value was determined by 'H NMR.

conditions with (S)-Binol-derived chiral phosphoric acid 3a as
the catalyst and diethyl Hantzsch ester (HEH) 4a as the hydrogen
source."® To our delight, the desired product 2a was obtained in
88% yield, 54% ee and 14:1 dr (2a:2a’ and no other diastereo-
isomers were detected) (entry 1, Table 1). Subsequently, a variety
of solvents were investigated. The reduction reaction was per-
formed smoothly in all tested solvents, and 1,4-dioxane was the
most suitable choice.

Further examinations were focused on some commercially
available chiral phosphoric acids. The excellent selectivity was
obtained with 3,3’-phenyl-substituted binol-phosphoric acid 3a
(entry 1, Table 2), providing the product in 63% ee, 17:1 dr and
96% yield. When the reaction temperature was decreased to
25 °C, the enantioselectivity was further improved and good yield
was retained (entry 7, Table 2). Since Hantzsch esters usually played
a vital role in the transfer hydrogenation reactions, the effect of
different Hantzsch esters on the reactivity and enantioselectivity
was investigated (entries 8-13, Table 2), and 4g gave the highest
enantioselectivity and moderate yield. Fortunately, when catalyst 3a
was replaced by 3f, the highest selectivity and excellent yield could
be obtained (entry 14, Table 2). Therefore, the optimal conditions
were established as phosphoric acid 3f (5 mol%), Hantzsch ester 4g
(2.4 equiv.), 1,4-dioxane and 25 °C.

With the optimal reaction conditions in hand, our attention was
turned to investigate the scope of various substituted quinolines,
and these results are summarized in Table 3. It was noteworthy that
the substrates with different aliphatic substituents at the 4-position
worked well with good yields, 82-88% ee and diastereoselectivities
(2a—2f). Among these results, substrates bearing methoxy and
fluoro-substituents on the phenyl ring (1g and 1h) afforded the
highest ee value. In addition, substrate 1i with a phenyl substituent
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Table 2 Optimization of transfer hydrogenation reaction®

x CPA-3 (5 mol%)
N/ 1,4-Dioxane, 60 °C
HEH 4 (2.4 eq.)

1a
Cox, O W
O\ //o o~ //O RZ H R2
P >
0" “OH 0" “OH HEH 4
O " gt
R R 4b: R’ = Me, R2 = Me

4c:R'=iPr, R2= Me

3a:R =Ph 3d:R=| 4d: R*-tBuR2 Me

3b:R=2-MeOCsHs  3e: R = 4-MeOCgHa 4e:R'= Allyl, R =Me

3c: R =9-Phenanthryl  3f: R = 4-CICgH,4 4f:R'=Me, R2=Et

4g:R'=Me, R? = n-Pr

Entry CPA R' R>  Yield’ (%) ee® (%) dr?(2a:2a’)
1 3a Et (4a) Me 96 63 17:1
2 3b Et (4a) Me 96 57 11:1
3 3c Et (4a) Me 88 7 11:1
4 3d  Et(4a) Me 76 57 14:1
5 3e Et (4a) Me 99 50 19:1
6 3f Et (4a) Me 96 60 17:1
7¢ 3a Et (4a) Me 96 66 >20:1
8 3a Me (4b) Me 92 73 >20:1
9° 3a i-Pr(4c) Me 76 63 >20:1
10° 3a tBu(4d) Me 72 49 >20:1
11° 3a Allyl (4e) Me 84 70 >20:1
12° 3a Me (4f)  Et 84 77 >20:1
13° 3a Me (4g) nPr 80 81 >20:1
14° 3f Me (4g) nPr 99 82 >20:1

“ Quinoline 1 (0.125 mmol), CPA-3 (0.00625 mmol), Hantzsch esters 4
(0.30 mol) 1,4-dioxane (3.0 mL), 60 °C, 24 h. ? Isolated y1e1ds Determined
by HPLC. ¢ The dr value was determined by 'H NMR. ° 25 °C, 24 h.

Table 3 Chiral phosphoric acid catalytic asymmetric transfer hydrogena-
tion of 17

14D|oxane

25°C

H oW » M E 2 N ipr
Yield: 99% Yield: 91% Yield: 84%

Ee: 82%, dr: >20:1 Ee: 88%, dr: >20:1 Ee: 84%, dr: >20:1

2a Y Aeu 2 H 3 2 H gy

Yield: 71% Yield: 82% Yield: 85%
Ee: 85%, dr: >20:1 Ee: 89%, dr: >20:1 Ee: 67%, dr: >20:1

29 H & 2n H & 22" pn
Yield: 60% Yield: 97% Yield: 49%
Ee: 87%,dr: >20:1 Ee: 88%, dr: >20:1 Ee: 46%, dr: 5:1

¢ Quinolines 1 (0.125 mmol), CPA-3f (0.00625 mmol), Hantzsch esters
4g (0.30 mol), 1,4-dioxane (3.0 mL), 25 °C, 24 h. Isolated yields. The dr
values were determmed by "H NMR and ee values were determined by
chiral HPLC analysis. ” 1i (0.125 mmol), CPA-3a (0.00625 mmol),
Hantzsch esters 4g (0.30 mol), 1,4-dioxane (3.0 mL), 60 °C, 24 h.

at the 4-position was also a suitable reaction partner when the

reaction temperature was raised to 60 °C and 3a was used as
catalyst, moderate 46% ee and 5/1 dr were obtained.
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Scheme 3 Proposed reaction pathway for the asymmetric transfer hydro-
genation via DKR.

The absolute configuration of transfer hydrogenation pro-
duct 2b was determined by X-ray diffraction analysis of the
corresponding N-4-bromobenzoyl derivative 5b recrystallized
from mixture solvent dichloromethane/n-hexane (Fig. 1).**

Based on the above experimental results and stereochemistry of
the products, a plausible reaction pathway is depicted in Scheme 3.
Firstly, the substrate interacts with the chiral phosphate acid to
give an intermediary chiral ion pair.'® Then the partial reductive
intermediate A is formed by 1,4-H addition, followed by Brensted
acid-catalyzed isomerization to produce iminium B, with four stereo-
isomers. Subsequently, a highly diastereoselective 1,2-hydride
addition give the desired product 2 (Scheme 4). The excellent
diastereo- and enantioselectivity achieved in this transfer hydro-
genation are attributed to the rapid Bregnsted acid-catalyzed iso-
merization among intermediates A, B and C (Scheme 3).

In summary, we have successfully developed an asymmetric
transfer hydrogenation of quinolines, providing an efficient
convenient route to synthesize tetrahydroquinoline derivatives
with three contiguous stereogenic centers through dynamic
kinetic resolution. Rapid Brgnsted acid-catalyzed enamine/imine

Scheme 4 Proposed transition state model for the asymmetric transfer
hydrogenation.
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isomerization is the driving force. Further study on applying a
dynamic kinetic resolution strategy for asymmetric synthesis of
optically active compounds is in progress.

This work was financially supported by the National Natural
Science Foundation of China (21125208 & 21032003) and the
National Basic Research Program of China (2010CB833300).

Notes and references

1 For reviews, see: (a) J. P. Genet, Acc. Chem. Res., 2003, 36, 908;
(b) E. Vedejs and M. Jure, Angew. Chem., Int. Ed., 2005, 44, 3974;
(¢) H. Pellissier, Tetrahedron, 2011, 67, 3769.

2 For selected examples of DKR of racemic alcohols and amines by

enzymes/transition metal complexes, see: (a) T. Ohkuma, J. Li and

R. Noyori, Synlett, 2004, 1383; (b) A. Lei, S. Wu, M. He and X. Zhang,

J. Am. Chem. Soc., 2004, 126, 1626; (c) J.-H. Xie, Z.-T. Zhou, W.-L.

Kong and Q.-L. Zhou, J. Am. Chem. Soc., 2007, 129, 1868; (d) J. H. Lee,

K. Han, M.-J. Kim and J. Park, Eur. J. Org. Chem., 2010, 999;

(e) H. Kim, Y. K. Choi, J. Lee, E. Lee, J. Park and M. J. Kim, Angew.

Chem., Int. Ed., 2011, 50, 10944; (f) H. Mandai, K. Murota,

K. Mitsudo and S. Suga, Org. Lett., 2012, 14, 3486; (g) T. Ohkuma,

D. Ishii, H. Takeno and R. Noyori, J. Am. Chem. Soc., 2000, 122, 6510;

(k) J-H. Xie, S. Liu, W.-L. Kong, W.-J. Bai, X.-C. Wang, L.-X. Wang

and Q.-L. Zhou, J. Am. Chem. Soc., 2009, 131, 4222.

For selected examples of transition metal catalyzed asymmetric

hydrogenation of o-substituted p-ketoesters via DKR, see: (@) S. Liu,

J-H. Xie, L.-X. Wang and Q.-L. Zhou, Angew. Chem., Int. Ed., 2007, 46,

7506; (b) A. Orue, E. Reyes, J. L. Vicario, L. Carrillo and U. Uria, Org. Lett.,

2012, 14, 3740; (c) K. M. Steward, E. C. Gentry and J. S. Johnson, J. Am.

Chem. Soc., 2012, 134, 7329; (d) M. Scalone and P. Waldmeier, Org. Process

Res. Dev., 2013, 7, 418; (¢) X-F. Huang, S.-Y. Zhang, Z-C. Geng, C.-Y.

Kwork, P. Liu, H.-Y. Li and X.-W. Wang, Adv. Synth. Catal., 2013, 355, 2860.

4 (a) D.-W. Wang, X.-B. Wang, D.-S. Wang, S.-M. Lu, C.-B. Yu and Y.-G.

Zhou, J. Org. Chem., 2009, 74, 2780; (b) M. Rueping, T. Theissmann,

S. Raja and J. W. Bata, Adv. Synth. Catal., 2008, 350, 1001; (¢) Q.-S. Guo,

D.-M. Du and J. Xu, Angew. Chem., Int. Ed., 2008, 47, 759; (d) T. Wang,

L.-G. Zhou, Z. Li, F. Chen, Z. Ding, Y. He, Q.-H. Fan, ]J. Xiang, Z.-X. Yu

and A. S. C. Chan, J. Am. Chem. Soc., 2011, 133, 9878; (e) D.-S. Wang,

Q.-A. Chen, W. Li, C.-B. Yu, Y.-G. Zhou and X. Zhang, J. Am. Chem. Soc.,

2010, 132, 8909; (f) L. Shi, Z.-S. Ye, L.-L. Cao, R-N. Guo, Y. Hu and

Y.-G. Zhou, Angew. Chem., Int. Ed., 2012, 51, 8286; (g) D. Zhao and

F. Glorius, Angew. Chem., Int. Ed., 2013, 52, 9616.

(@) T. Ohkuma, H. Ooka, M. Yamakawa, T. Ikariya and R. Noyori,

J. Org. Chem., 1996, 61, 4872; (b) C. Liu, J.-H. Xie, Y.-L. Li, J.-Q. Chen

and Q.-L. Zhou, Angew. Chem., Int. Ed., 2013, 52, 593.

For selected reviews, see: (a) O. B. Wallace, K. S. Lauwers, S. A. Jones and

J. A. Dodge, Bioorg. Med. Chem. Lett., 2003, 13, 1907; (b) V. Sridharan,

P. A. Suryavanshi and J. C. Menéndez, Chem. Rev., 2011, 111, 7157.

For selected examples of Ir-catalyzed asymmetric hydrogenation of

quinolines, see: (a) W.-B. Wang, S.-M. Lu, P.-Y. Yang, X.-W. Han and

Y.-G. Zhou, J. Am. Chem. Soc., 2003, 125, 10536; (b) S.-M. Lu, Y.-Q.

Wang, X.-W. Han and Y.-G. Zhou, Angew. Chem., Int. Ed., 2006,

45, 2260; (c) M. T. Reetz and X. G. Li, Chem. Commun., 2006, 2159;

(d) L. Qiu, F. Y. Kwong, J. Wu, W. H. Lam, S. Chan, W.-Y. Yu,

Y.-M. Li, R. W. Guo, Z. Zhou and A. S. C. Chan, J. Am. Chem. Soc.,

2006, 128, 5955; (e) S.-M. Lu and C. Bolm, Adv. Synth. Catal., 2008,

350, 1101; (f) M. Eggenstein, A. Thomas, J. Theuerkauf, G. Francio

and W. Leitner, Adv. Synth. Catal., 2009, 351, 725; (g) F.-R. Gou,

W. Li, X. Zhang and Y.-M. Liang, Adv. Synth. Catal., 2010, 352, 2441;

() G. E. Dobereiner, A. Nova, N. D. Schley, N. Hazari, S. J. Miller,

O. Eisenstein and R. H. Crabtree, J. Am. Chem. Soc., 2011, 133,

7547; (i) X.-F. Cai, R.-N. Guo, M.-W. Chen, L. Shi and Y.-G. Zhou,

Chem. — Eur. J., 2014, 20, 7245.

For selected examples of Ru-catalyzed asymmetric hydrogenation of

quinolines, see: (@) M. Jahjah, M. Alame, S. Pellet-Rostaing and

M. Lemaire, Tetrahedron: Asymmetry, 2007, 18, 2305; (b) H.-F. Zhou,

Z.-W. Li, Z.-J. Wang, T.-L. Wang, L.-J. Xu, Y.-M. He, Q.-H. Fan, ]. Pan,

L.-Q. Gu and A. S. C. Chan, Angew. Chem., Int. Ed., 2008, 47, 8464.

9 For Rh-catalyzed asymmetric hydrogenation of quinolines, see:
(@) C. Wang, C. Q. Li, X. F. Wu, A. Pettman and J. L. Xiao, Angew.
Chem., Int. Ed., 2009, 48, 6524; (b) V. Parekh, J. A. Ramsden and
M. Wills, Tetrahedron: Asymmetry, 2010, 21, 1549.

w

[92]

(o)}

~

o]

This journal is © The Royal Society of Chemistry 2014


http://dx.doi.org/10.1039/c4cc06060a

Published on 29 August 2014. Downloaded by Dalian Ingtitute of Chemical Physics, CAS on 25/09/2014 03:22:00.

Communication

10

11

12

For selected examples of organocatalyst catalyzed asymmetric transfer
hydrogenation of quinolines, see: (@) M. Rueping, A. R. Antonchick and
T. Theissmann, Angew. Chem., Int. Ed., 2006, 45, 3683; (b) C. Metallinos,
F. B. Barrett and S. Xu, Synlett, 2008, 720; (c) M. Rueping and
T. Theissmann, Chem. Sci., 2010, 1, 473; (d) M. Rueping,
T. Theissmann, M. Stoeckel and A. P. Antonchick, Org. Biomol.
Chem., 2011, 9, 6844; (¢) X.-F. Tu and L.-Z. Gong, Angew. Chem.,
Int. Ed., 2012, 51, 11346; (f) X.-F. Cai, R.-N. Guo, G.-S. Feng, B. Wu
and Y.-G. Zhou, Org. Lett., 2014, 16, 2680.

For selected reviews, see: (a) Y.-G. Zhou, Acc. Chem. Res., 2007,
40, 1357; (b) D.-S. Wang, Q.-A. Chen, S.-M. Lu and Y.-G. Zhou, Chem.
Rev., 2012, 112, 2557; (¢) S.-M. Lu, X.-W. Han and Y.-G. Zhou, Chin.
J. Org. Chem., 2005, 25, 634; (d) F. Glorius, Org. Biomol. Chem., 2005,
3, 4171.

For the selected examples of synthesis of chiral trisubstituted
tetrahydroquinolines by cascade reactions, see: (@) S. G. Davies,
N. Mujtaba, P. M. Roberts, A. D. Smith and J. E. Thomson, Org. Lett.,

This journal is © The Royal Society of Chemistry 2014

13

14

View Article Online

ChemComm

2009, 11, 1959; (b) D. S. Giera and C. Schneider, Org. Lett., 2010,
12, 4884; (¢) Z.-X. Jia, Y.-C. Luo and P.-F. Xu, Org. Lett., 2011, 13, 832;
(d) G. Dagousset, J. Zhu and G. Masson, J. Am. Chem. Soc., 2011,
133, 14804; (e) L. He, M. Bekkaye, P. Retailleau and G. Masson, Org.
Lett., 2012, 14, 3158; (f) L. Ren, T. Lei, ]J.-X. Ye and L.-Z. Gong,
Angew. Chem., Int. Ed., 2012, 51, 771; (g) B. Gerard, M. W. O’Shea,
E. Donckele, S. Kesavan, L. B. Akella, H. Xu, E. N. Jacobsen and L. A.
Marcaurelle, ACS Comb. Sci., 2012, 14, 621; (k) Z.-X. Jia, Y.-C. Luo,
Y. Wang, L. Chen, P.-F. Xu and B. Wang, Chem. - Eur. J., 2012, 18, 12958.
For recent reviews on asymmetric reactions using Hantzsch esters
and organocatalysts, see: (a) S. G. Ouellet, A. M. Walji and
D. W. C. Macmillan, Acc. Chem. Res., 2007, 40, 1327; (b) S.-L. You,
Chem. - Asian. J., 2007, 2, 820; (¢) S. J. Connon, Org. Biomol. Chem.,
2007, 5, 3407; (d) M. Terada, Synthesis, 2010, 1929; (¢) M. Rueping,
J. Dufour and F. R. Schoepke, Green Chem., 2011, 13, 1084;
(f) C. Zheng and S.-L. You, Chem. Soc. Rev., 2012, 41, 2498.

CCDC 994490.

Chem. Commun., 2014, 50, 12526-12529 | 12529


http://dx.doi.org/10.1039/c4cc06060a



