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Abstract Optically pure alkylnitriles are important structural motifs found in agrochemicals, pharmaceuticals, and natural
products, which can be further transferred to acids, amines and amides. Direct asymmetric cyanation of sp> C—H bonds rep-
resents the most efficient synthetic pathway to these optically pure alkylnitriles. However, selective functionalization of sp’
C—H bonds remains a crucial issue due to the inertness of sp> C—H bonds as well as the difficulties in the control of stereo-
and regioselectivity. Inspired by enzymatic oxygenases and halogenases, such as cytochrome P450 and nonheme iron en-
zymes, the radical-based C—H functionalization has received much attention, which was initiated with a hydrogen atom
transfer (HAT) process. Recently, numerous reports have been disclosed for the highly efficient functionalization of C—H
bonds with an intramolecular HAT process as a key step to govern the reactivity and site selectivity. Our group has developed
a copper-catalyzed radical relay process for the enantioselective cyanation and arylation of benzylic C—H bonds using
TMSCN and ArB(OH), as nucleophiles respectively. Mechanistic studies indicated that a benzylic radical generated via a
radical replay process can be trapped by a reactive chiral copper(Il) cyanide enantioselectively, delivering optically pure
benzyl nitriles efficiently. Herein, we communicate the catalytic asymmetric cyanation of remote C—H bonds by merging
photoredox catalysis with copper catalysis. This reaction proceeds under mild reaction conditions and exhibits good function-
al group compatibility as well as wide substrates scope. Additionally, the nitrile group was further reduced to amide under
hydrogen atmosphere. This reaction provides an efficient pathway to synthesize chiral d-cyano alcohols and 1,6-amino alco-
hols. The general procedure is as following: in a dried sealed tube, substrate 1 (0.2 mmol, 1.0 equiv.), Cu(CH3CN),PF¢ (0.01
mmol, 5 mol%), L (0.015 mmol, 7.5 mol%) and Ir(ppy); (0.002 mmol, 1 mol%) were dissolved in dichloromethane (4.0 mL)
under N, atmosphere, and stirred for 30 min. Then, TMSCN (50 pL, 0.4 mmol, 2 equiv.) was added slowly under N, atmos-
phere. The tube was sealed with a Teflon-lined cap, and the mixture was stirred under the irradiation of blue LED for 1~7 d.
The reaction mixture was diluted with dichloromethane, filtered through a short pad of celite. A solution of TBAF (3 equiv.)
and HOAc (3 equiv.) was added to the filtration. The mixture was stirred for 5 min and then washed with water (3X 10 mL)
and dried over anhydrous Na,SO,. After filtration and concentration, the residue was purified by silica gel chromatography
(eluent: petroleum ether/ethyl acetate) to afford target product.
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(a) Remote C-H functionalization via HAT
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Figure 1 Remote C—H functionalization via HAT
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Table 1 Reaction condition optimization

photo cat. (1 mol%)
CU(CH3CN)4BF4 (5 mol%)
L1 (7.5 mol%)

©/\/VO'NPhth TMSCN (2 equiv.)
1a Solvent, bule LED

rt,22h
CN OH
OR @/\/\/
3a
+
2aR=H
2a'R=TMS

Oph

(0]

4a

5 OY@O | 3

N N|\> "' NPhth = —§—N>;:©

e g é e S
Entry Photocat. Solvent  2a+2a' Yield (ee)’ 3a+4a Yield’
1 Ir(bpy)s DMF 31% (77%) 47%
2 [Ir]-1 DMF 16% (77%) 16%
3 [Ir]-2 DMF 30% (77%) 32%
4 [Ru] DMF 8% (76%) 11%
5 Eosin Y DMF 0 0
6 Ir(bpy)s DCM 93% (85%) 7%
7 Ir(bpy)s PhCF; 57% (85%) 6%
8 Ir(bpy)s CH;CN 71% (79%) 27%
9 Ir(bpy)s DCM 0 0
10 Ir(bpy)s DCM 0 0
11 — DCM 0 0

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“The reactions were conducted on 0.1 mmol scale with photocatalyst (1 mol%)
and Cu(CH3;CN)4BF, (5 mol%) in solvent (2 mL) at room temperature, irradi-
ated with 24 W blue LED. ” Crude "H NMR yield with CH;NO, as an internal
standard, enantiomeric excess (ee) values were determined by HPLC on a
chiral stationary phase. © In dark. ¢ Without Cu(CH;CN),BF,. [Ir]-1=
Ir(ppy)2(dtbbpy)PFs. [Ir]-2=Ir(dFCF3ppy)>(dtbbpy)PFs. [Ru]=Ru(bpy);Cl>*
6H,0.
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Y2t fefE, BRI E bR 1a B LOE I 50 22 8
BEM, =GRS B S PR SRR R I AL
G S, TR T Bk £ 1S B R B (Eq. 1).
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Table 2 Substrate scope

Ir(ppy)s (1 mol%)
Cu(CH3CN)4BF4 (5 mol%)
L (7.5 mol%)

O-NPhth
TMSCN (2 equiv.)

‘/k/y

1 DCM, bule LED
rt,1~7d

yield (ee)?

CN CN CN CN CN
@)\/\/OH /@/k/\/OH /@)\/\/OH /@/k/\/OH /@/‘\/\/OH
2a t-Bu 2b F 2¢ MeOOC 2d Ph 2

93% (86% ee) 85% (79% ee)

85% (83% ee)

84% (84% ee) 86% (90% ee)

J@)\/vm@/'\/y \@)\/y ©M \QMH

80% (69% ee) 51% (91% ee)

88% (79% ee)

89% (91% ee) 90% (89% ee)

e e e

85% (89% ee)° 82% (84% ee)

NC

81% (92% ee)

79% (74% ee) 77% (91% ee)

or WW@M@

92% (90% ee) 90% (89% ee)

70% (95% ee)

85% (83% ee) 75% (80% ee)

“ All the reactions were conducted on 0.2 mmol scale. * Isolated yields after treatment with TBAF/HOAc (3 equiv.) and enantiomeric excess (ee) values were deter-
mined by HPLC on a chiral stationary phase. “ For easy separation, alcohol was converted to ester with AcCl.

NHBoc

oH Raney Ni (10 mol%)
Boc20 2 (2 equiv.)
2a Hg (20 bar) 5 (1

85% ee dioxane, r.t 85% yield, 84% ee
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%1’&&&4[13]3 Ir(ppy)gf AL B HE 4 {El/zred[lfw/lrm] =
+0.77 V vs. SCE in MeCN}, fij - B4 Bic oz — 4
(L*Cu'CN) B JF L34 A {E, [ Cu"/Cu']=40.36 V vs.
SCE in MeCN}, AUt Ir(ppy); 7 BASE AL — {4 25 —
B, AR P A A OE A R 3E4 7
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mmol, 7.5 mol%)FEAEMF Ir(ppy)s (0.002 mmol, 1
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