K F F R

W@ n

Communication

ACTA CHIMICA SINICA

DOI: 10.6023/A17040144

1

U Z IR R R MR KL
O ECELT T | R

(“H EB GRS E AT R G R 610041)
CHEBREBR R JEET 100049)

WE R 7l DUT P R R I AR/ 60 2% S W 9 AR 0 R 0 A BRI A B RE, 122 777 12 DA IER T TR 490 R I T
(pinB-Bpin) 15 H PRI 51 20 A E IR R, A T 1E p-a e e, 127 W] U5 (s e (Lo I T4k p-#2
Rt &Y.

KRB AL, TR IR, R LN ARG, Tk g

Copper—Catalyzed Enantioselective Aminoboration of Styrenes with Chiral
Sulfoxide Phosphine Ligand
Zhang, Yongling™’ Wang, Min“ Cao, Peng’ Liao, Jian

(“ Natural Products Research Center, Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041)
(® University of Chinese Academy of Sciences, Beijing 100049)

$.a,b

Abstract To date, copper catalysis has become an attractive approach to access multifunctional alkylborons through boryla-
tive coupling processes, many important protocols such as carboboration, stannylboration and aminoboration were developed.
Among these methods, however, there is no report involving enantioselective aminoboration of simple styrene substrates,
which can generate a class of useful chiral compounds. In this work, an enantioselective Cu-catalyzed aminoboration of sty-
renes by using a chiral sulfoxide-phosphine (SOP) ligand was developed, chiral f-aminoalkylboranes were obtained in satis-
fied yields and ee values, and these products can be readily converted to a class of valuable f-hydroxylalkylamines. A general
procedure for the aminoboration of styrenes is as following: in glove box, CuCl (0.02 mmol), chiral sulfoxide phosphine L1
(0.022 mmol) and 2.0 mL of dried tetrahydrofuran were added into a flame-dried tube, the resolved solution was stirred for
30 min at room temperature, then bis(pinacolato)diboron (B,pin,) (0.3 mmol), ~BuOLi (0.6 mmol) and styrene (0.2 mmol)
were added. The tube was taken out of the glove box and cooled to 0 ‘C. Electrophilic amination reagent, O-benzoyl-N,N-
dibenzylhydroxylamine (2a, 0.3 mmol), was dissolved in 1.0 mL of ethyl acetate and added to the mixture, the resolved mix-
ture was stirred at 0 ‘C for 24 h. The crude product was filtered through a celite pad, concentrated and oxidized by
NaBO;*4H,0. The mixture was extracted three times with ethyl acetate, concentrated and purified with silica gel chromatog-
raphy to give the desired S-hydroxylalkylamines, the enantioselective excess of products were determined by chiral HPLC
analysis. Broad substrate scope which related to steric and electronic effect were compatible in this catalysis under the stand-
ard conditions. To demonstrate the utility of this method, a gram scale experiment was performed and the desired product was
obtained in 92% isolated yield and 90% ee. The benzyl group of products can be readily removed via a Pd/C-catalyzed hy-
drogenation process and the corresponding product with a free amino group in excellent yield (95%).
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Table 1 Reaction conditions screening

NBn2
h (1) CuCllLigand T o
+ BnoNOBz + B,Ping —M ——»

(2) NaBO3 -4H20

1a 2a
3a
%% b g g PPh,
S PPh,
MeO PPh, P OO
OMe o
L2 L3

L1

0
PPh,

) <
: O
PhoP PPh, 0 PPh,
L4 <o O

L5
Entry L Base Solvent (V' : V) Yield®/% ee/%
1 L1 #BuOLi THF 85 89
2 L2 +BuOLi THF 79 —30
3 L3 +BuOLi THF 60 50
4 L4 BuOLi THF 64 50
5 L5 +BuOLi THF 49 67
6 L1 tBuOLi CH,;CN 48 88
7 L1 +BuOLi MTBE 57 82
8 L1 #BuOLi Tol trace nd
9’ L1 BuOLi EA 40 94
10 L1 #BuOLi  THF/EA( :2) 50 94
11 L1 #BuOLi  THF/EA(1:1) 56 92
12 L1 +BuOLi THF/EAQ2:1) 83 (76)° 93
13 L1 +BuOK  THF/EAQ:1) trace nd’
149 L1  KOH THF/EA (2 : 1) 71 95.5
15 L1  LiOMe THF/EA (2 : 1) 56 96

“ Conducted with 1a (0.2 mmol), By(pin), (0.3 mmol), Bn,NOBz (0.3 mmol),
CuCl (10 mol%), ligand (11 mol%), base (0.6 mmol) in solvent (2.0 mL) at
0 C for 24 h. Then, the resulting mixture was filtered through celite, concen-
trated, and oxidized by NaBO;*4H,0 (8 equiv.) in THF/H,O (Vi V=1 .1, 4
mL) for 5hat 20 C.” Determined by 'H NMR spectroscopy. ¢ Determined by
chiral HPLC. “Solvent is 3.0 mL. ¢ Value in parentheses is isolated yield of 3a.
/nd=not detected.
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(Boping) KA BE, B b =4 LA I o Wi 26 Rk e i 4%
PSRBT R 55%~T8%, 60%~95% ee). X & BAL(CL,
Br, F)R OIRTE %R BN 52, AT R R, 4R
RIS N LA IR, AR T8 P, ks
B IR B R AL BRI T R IR IR 207 (3q) A
RAESRFVT AP L) 3 4 I OB, S BRI 1)
WSRO WOk P, LR BB, S TR E
TIRIRAEALBE T TR I T A— R, Fln, mfr
(3O AL (3k) FE R HUAR 1) & L7 2K 206 v DA3RAS EE 4R
BL(3b) F BE 2 075 S U (P T e 6 . R <1 R (CL, Br)
BRI B ok M H R I T AR S 5 S ALY
(e, 3A)IZE 24 el Ar(3g, 3h)FITAZ(3m, 3n)EARH)
2 ML g

Table 2 Substrate scope of aminoboration

R OIFRI T F U By Wk e, A R AL B BRI
A7 BHAE KA R T Wt B 1, (E R S NG E 2 — e
FE R, ISR 2- 20 e my N, e S [ RE W]
PATS BARGF ()% B £, (HR ISR AR Bu, 29%,
89% ee), I fi B’JF?‘I;EFE%EP i J5 ¥~ 5 A A e A 1
ST AT ME RS, Bhah, JE55 F i B 12
R UK ) (L R NTR 45 B TR 7= 4, A5 LT e 3
HF WLk BEE B, 75%, 80% ee), FLih LRI AERIE T HAT
PR SIS SRR BRI S, He ARy wE R
WO e 7B S (3w~ 3y) S FEIZ R AR & o
MITEyEYE. O R R A, B-EURIR 2.465(3z)7E 1%k R [F]
FETC RGP, A8 TAEBE 45 SR I, MEARBEAC A4 5 X0
[ I A2 DuPhos 7F JEA38E FH 3 Bl - B B MR,

N T ARIZ S S S Y, BATTR ROR SR8 AT T
SR, (EFRHER LA N, BB S SRR 21 5 )
(1a, 1.04 g), 3KAF T LU NERSE IR BE 4773 B USC%6(92% s
76%) FH B A CREF (1) 0 BIE HE 1 (90% ee). [RIE, FEIRAN
MR BLZEAE T, A S, AT b B B = 4
P AR IR HE(95%), 1521(S)-(+)-2-78 H &= B

NBn2
1) CuCiL1
A, Bn,NOBz + B,Pin, () Ar/\/OH
1 2a (2) NaBOs. 4H,0 5
NBn, Cl NBn, Br  NBn, OMe NBn, NBn, NBn, NBn,
©/§\/OH @/:\/OH @/:\/OH ©/\/ \@/\/OH CI\©/VOH Br\©/\/
3b 3¢ 3d°
55%b, 85% ee®  78% 77% e 58%, 8% ee 67%, 87% ee 63%, 90% ee 58%, 2% ee 2% 8% 00
NBn2 F3CO NBnZ NBn2 Nan NBn2
76%, 860/0 ee 56% 81% ee 57%, 4(% ee 76%, 5% ee 9% 7% ce 57%, 77% ee
NBng NBn2 Nan NBn2 NBn2 NBn2

43%, 4% ee 4% 9% ee 57%, 60% ee

Bn2 i
NBn2

1w

29%, 9% ee 75%, 80% ee no reaction

78%, 4% ee 56%, 6% ee 62%, 5% ee

NN AN
CsH13/\ O/\ ©/\/

1x
no reaction

no reaction no reaction

“ Reaction conditions unless otherwise noted: 1a (0.2 mmol), B,(pin), (0.3 mmol), 2a (0.3 mmol), CuClI (10 mol%), L1 (11 mol%), -BuOLi (0.6 mmol) in 3.0 mL
mixed solvent (THF/EA, V. V=2 1) at 0 ‘C for 24 h. Then, the resulting mixture was filtered through celite, concentrated, and oxidized by NaBO3*4H,0 (8
equiv.) in THE/H,O (V2 V=1 : 1,4 mL) for 5 h at 20 ‘C. * Isolated yield. © Determined by chiral HPLC. ¢ Conducted at room temperature for 24 h. ¢ Conducted

with B,(pin), (0.6 mmol), 2a (0.6 mmol) at 0 ‘C for 24 h.
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’;‘an
A standard conditions - OH
+ Bny,NOBz +BPin, >
1a 2a 3a
1.04 g 290¢g
92% yield, 90% ee
NEn, e
: OH 10 wt% Pd/C, H, OH
O/\/ MeOH, 25 °C, 12 h 4
a
3a 95% yield

Reaction conditions: 10 wt% Pd/C wetted with ca. 55% water (0.04
mmol), (S)-3a (0.4 mmol) in MeOH (3.0 mL) under hydrogen by balloon.
The suspension was stirred at 25 ‘C for 12 h.

B 1 BOCSERA 3a [l R4 S

Scheme 1 Scaled-up experiment and deprotection of 3a

3 e

FRAT U/ S B 2% & W AL 77, 3
S NLEAERIPEAL, SEBL T ] B ZAR R AT AR 1,2-
AL SO, BXAS T 3 R AL 3 R B i 95% FAX Bk ik
FEUE BRI, ORI e e et
NFVE p-FE SR G A AR A T — AT 2 i
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