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C1-Alkynation of THIQs :

via Visible-light Photoredoxcatalysis
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Stephenson C. R. J. et al. J. Am. Chem. Soc. 2010, 132, 1464
Stephenson C. R. J. et al. Org. Lett. 2012, 14, 94.



C1-Alkynation of THIQs :
via the Cross Dehydrogenative-Coupling (CDC)

1. Stoichimetric Exogenous Oxidant
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207¢.2d | | 67% yield
63% ee L*

2. Isoquinoline Iminium

OMe

— MeO
5 mol% CuBr, 5.5 mol% (R)-QUINAP
N Et:N (1 equiv), CH,Cly, -55°C . MeO
+
X~

Br

85% yield, 95% ee

Ph

I I PPh,

(R)-QUINAP

Li, C. J. et al. Org. Lett. 2004, 6, 4997.
Schreiber, S. L. et al. Org. Lett. 2006, 8, 143.



3. Internal Oxidant
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C1-Alkynation of THIQs :

via A3 Reaction with Tunable Iminium lons

Optimization of the Catalytic Alkynylation of Tetrahydroisoquinolines

n-CgH17_:
“ CC
* CuBr (x mol%) N N Ph
PhCHO PPhs (y mol%)_ \| *
2a (1.4 equiv) 4 AMS, toluene Ph
. T izh l I
n-CgH17 n-CgH17
NH 4a 5a
3a (1.4 equiv) endo-yne-THIQ exo-yne-THIQ
Entry X y T (°C) Yield (4a) @ Yield (5a) @
1 15 0 RT 1 96
2 5 0 RT 9 13
3b ) 2.5 RT 23 1

4 ) 2.5 80 88 1
5 2.5 2.75 80 90 N.D.

a. Determined by 'H NMR; b. Conducted for 13 h; N.D. = not determined.

Ma, S. et al. Angew. Chem.

Int. Ed. 2014, 53, 277.



Approaches to Optically Active Tetrahydroisoquinolines
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Optimization of the Catalytic Asymmetric a-Alkynylation of
Tetrahydroisoquinolines

n-CgH17 —_— g
1a HN” Ph
+
cat. (1 mol%) =
BHCHO L* (2.2 moi%) NW . NN O 2 E
2a (1.4 equiv) 4 A MS, toluene Ph
n-CgH n-CgH
4a L1
3a (1.4 equiv) ”

Entry Cat. T (°C) Ligand Yield (4a) 2 Yield (5a)® Ee (%) ¢

1 de CuBr 80 L1 97 1 88
2 CuBr 80 L1 96 N.D. 89
3 CuBr 60 L1 76 N.D. 92
4 CuCl 60 L1 96 N.D. 89
5 CuOTf 60 L1 98 N.D. 88
6 Cul 60 L1 97 N.D. 92

a. Isolated yield; b. Determined by 'H NMR; c.Determined by HPLC; d. CuBr (5 mol%);
e. Ligand (5.5 mol%); f. PhCOOH (5 mol%) was added.



n-C8H17—_
1a g
AN

+ cat. (1 mol%) N ©©\j oh HN Ph
PhCHO L* (2.2 mol%) . Ny
2a (1.4 equiv) 4 A MS, toluene Q 1
+ T,12h | | Ph | | N

PPh,

OQ\IH n-CgHq7 n-CgH47 O‘

3a (1.4 equiv) 4a 5a (R,R)-Itl{pinap

Entry Cat. T(°C) Ligand Yield (4a)2 Yield (5a)® Ee (%) ¢ S
8 Cul 60 L3 76 N.D. 64 O N
7 Cul 60 L2 93 N.D. - 83 O‘ s
6 Cul 60 L1 97 N.D. 92 (R,S)-Il:lz-pinap
9 Cul 40 L1 84 N.D. 94
N
10 Cul RT L1 62 N.D. 95 Q N

111 Cul 40 L1 08 N.D. 94 OO o

a. Isolated yield; b. Determined by H NMR; c.Determined by HPLC; d. CuBr (5 mol%);

(R)-quinap
e. Ligand (5.5 mol%); f. PhCOOH (5 mol%) was added. L3



Mechanism
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Scope of the Catalytic Alkynylation of Tetrahydroisoquinolines

Cul (1 mol%) )

(R,R)-N-pinap N R

Rl—=— + R2CHO + ©© (2.2mol%) : ~
— NH  PhcOOH (5 mol%) |'|

4 A MS, toluene

1 2 (1.4 equiv) 3 (1.4 equiv) 40°C,12h ! .
Entry R R2 Yield (%) ee (%)
1 n-CgH,- Ph 08 94
2 Cy Ph 94 95
3 TBSO(CH,), Ph 96 93
4 Ph Ph 94 95
5 4-FC¢H, Ph 95 94
6 4-MeOCg¢H, Ph 97 93
7 n-CgH; 4-MeCgH, 95 94
8 n-CgH4- 4-FC¢H, 97 95
9 n-CgH,- 2,6-Cl,C¢H, 89 93
10 n-CgHy- N-Ts-indole-3- 80 92



C1-Alkynation of THIQs :

Via A3 Reaction with Tunable Iminium lons
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2a (1.0 equiv) Cul (10 mol A)); W +
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50 °C, 24 h || R ||
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3a (1.0 equiv) 4 5
OMe
| | | | | | 4c/5¢ =10
4a/5a = 1.0 4b/5b = 1.0 77% yield
n-CgHy,  89% yield n-CgH,,  94%yield n-CgHi;  (80°C, 24 h)
s\ CFs3 Br
N S N N
| | 4d/5d = 1.0 | | | |
72% yield 4e/5e = 7:1 4f/5f = 17:1
n-CgHy; (80°C,24h) n-CaHyr 93% yield nCgHy, 4% vield

Yu, Z. X. et al. Org. Lett. 2013, 15, 5928.
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Yu, Z. X. et al. Org. Lett. 2013, 15, 5928.



Summary:
C1-Alkynylation Strategies of THIQs

1) C1-Alkynylation of THIQ Via Visible-light Photoredoxcatalysis

BFCC|3 HCC|3
?_ﬁ Strecker
X Ru X _ Cu-Alkynylations
Rt v > R—L Br Mannich
N N blue LEDs LN T Friedel-Crafts
A e > Ar Sakur ai
aza-Henry

2) C1-Alkynylation of THIQ using the Cross Dehydrogenative-Couping (CDC) Strategy

Ox. condition R>—=——-=cu N,
+ RI—= c ] > N > R
u catalyst
N\Rl y /N\Rl

R® = aryl or acyl




Summary:

C1-Alkynylation Strategies of THIQs

3) Cul-Catalyzed C1-Alkynylation of THIQ by A3 Reaction with Tunable Iminium lons
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1,2,3,4-Tetrahydroisoquinolines (THIQs) with a stereogenic
center at the C1 position form a large class of natural and
unnatural compounds with a great diversity of important
biological properties. Representative examples include
(+)- crispine A, isolated from Carduus crispus, (+)-dysoxyline,
isolated from Dysoxylum lenticellare, and the drugs

apomorphine, nascapine, and solifenacin.



In conclusion, we have succeeded in developing a novel Cul-
catalyzed highly enantioselective synthesis of chiral
tetrahydroisoquinolines through the a-alkynylation of 1,2-
unsubstituted tetrahydroisoquinolines with aldehydes and
terminal alkynes with readily available N-pinap as the chiral
ligand. The low catalyst loading, the mild reaction conditions,
the broad scope of the reaction, the efficiency with which the
tetrahydroisoquinoline skeleton can be accessed, and the
potential for straightforward synthetic manipulation of the N-
benzyl group and the C-C triple bond make this method of very

broad interest to organic and medicinal chemists.



This research opens a new and efficient entry to a broad range
of tetrahydroisoquinolines, since, in principle, different
nucleophiles may be applied instead of terminal alkynes.
Further studies, including Iinvestigations into possible
nucleophiles and synthetic applications to natural products
(such as (+)-crispine A and (+)-dysoxyline) and drugs, are being

actively pursued by our research group.



