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Application of Chiral Anion Metathesis Strategy in Asymmetric Transfer
Hydrogenation of Isoquinolines
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Abstract Asymmetric hydrogenation of N-hetero aromatics offers a very straightforward and efficient method to obtain the
corresponding chiral N-hetero cyclic saturated or partially saturated compounds. As one of the most challenging substrates,
asymmetric hydrogenation of isoquinolines has met with limited success probably because of lower reactivity and the catalyst
deactivation resulted from strong coordination. Considering the prevalence of the chiral 1,2,3,4-tetrahydroisoquinoline motif
in natural alkaloids and drug molecules, the development of new catalyst system for asymmetric hydrogenation of isoquino-
lines is highly desirable and significant. Herein, a novel chiral anion metathesis strategy successfully applied for asymmetric
transfer hydrogenation of isoquinolines is reported. N-Protected 1-substituted 1,2-dihydroisoquinolines were obtained with
high yield and up to 79% ee in the presence of Hantzsch ester and chloroformate using chiral phosphoric acid as catalyst. The
phosphate salt and the activated N-acyl isoquinolinium chloride undergo anion metathesis to form chiral contact ion pair,
which leads to a highly enantioselective transfer hydrogenation of isoquinolines. After systematically investigating the effects
of activating reagent, solvent, base, hydride donor and catalyst on this transfer hydrogenation reaction, the best result was
achieved under the optimized condition as follows: 5 mol% H8-BINOL-derived chiral phosphoric acid as catalyst, 1.2
equivalent 2,2,2-trichloroethyl chloroformate as activator, 1.5 equivalent dimethyl 2,6-diethyl-1,4-dihydropyridine-3,5-
dicarboxylate as hydride donor, 1.5 equivalent sodium carbonate as base and cyclohexane as solvent. The reaction is tolerant
toward a broad range of aryl or alkyl 1-substituted isoquinoline substrates. This methodology represents one of the rare ex-
amples of asymmetric hydrogenation of this challenging substrate. The utilizing of chiral anion metathesis strategy could
enable chiral phosphoric acid to catalyze more asymmetric transformation process and further researching is ongoing in our
laboratory.

Keywords chiral phosphoric acid; chiral anion metathesis; transfer hydrogenation; isoquinolines
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Figure 2 Asymmetric biomimetic transfer hydrogenation via chiral anion metathesis strategy
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Table 1 Optimization of reaction conditions

R?0,C CO,R? X
|| *
XX )
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H 1a Ph
5aR! = Me, R®= Et
5b R' = Me, R? = i-Pr
5¢R' = Me, R®=Bn ‘
5d R! = Me, R? = Allyl
5e R' = Et,R°= Me
5f R' = n-Pr, R = Me ‘

FE, FHEBRR B 7S N-Ih I e e bk b ()44 8 1 T
FHEEFXF, KSR ER A FR S AL R A T 2
PEFE. W45 R W X — SR R T AT M, IR AE sk
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TS0 AT WL TS R P 3 1 AR R Bl 3 42k 1) 5%
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). RATRIN Y R VAR IE Qe EAT I, R Bk ]
ISR E#m(E 1, Entry 1), HEI AT GEL T A0
Hantzsch P75 1 8 e S8 7 v B i BE BB AN =, AN
1] CAE— e FE R A 5 R N, A7 ) s 6 e
TEREERE . BT LA, S LLIE CARerE R B N A B0 e )3 1F
ATRE— L AL

CPA-4 (5 mol%) S
N
Na,COg, Solvent CO.R
CICO4R (2) 3 Ph

Ar ! l Ar
Oo. .0 O._-0O

Pl

0~ "OH [ 0" "OH

Ar Ar

4a Ar = 9-Phenanthryl 4d Ar = 9-Phenanthryl

4b Ar = 9-Anthryl

4e Ar = 2,4,6-triisopropylphenyl

4c Ar = SiPhg

Entry” R(CICO,R) Solvent HEH Yield/% eel%
1 Et Hexane 5a 45 30
2 i-Bu Hexane 5a 58 18
3 Bn Hexane 5a 64 26
4 CH,CCl; Hexane 5a 95 50
5 C(Me),CCl; Hexane S5a 95 17
6 CH,CCl; Hexane 5b 79 20
7 CH,CCl; Hexane 5¢ 95 21
8 CH,CCl; Hexane 5d 95 45
9 CH,CCl; Hexane Se 84 68
10 CH,CCl; Hexane 5f 95 33
11° CH,CCl; Hexane 5e 97 22
12¢ CH,CCl; Hexane Se 92 34
134 CH,CCl, Hexane 5e 95 45
14 CH,CCl; Pentane Se 97 44
15 CH,CCl; Cyclopentane Se 95 72
16 CH,CCl; Cyclohexane Se 95 73
17¢ CH,CCl; Cyclohexane Se 95 61
18 CH,CCl; Cyclohexane Se 40 29

198 CH,CCl; Cyclohexane Se 92 —46

20" CH,CCl, Cyclohexane 5e 63 —18

“Reaction condition: 0.1 mmol of 1a, 5.0 mol% chiral phosphoric acid 4a, 1.2 equiv. chloroformate, 1.5 equiv. Hantzsch ester, 1.5 equiv. base, 2.0 mL solvent, room
temperature, 24 h. Na,CO; was used as base, unless otherwise noted. b1i,C0;;¢ Cs,COs3, “DIPEA; ¢ 4b; f(S)—4c; 24d; " 4e.
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