Chinese Journal of Organic Chemistry

% 4’1‘ {t % DOI: 10.6023/cjoc201702043

F 1t Z A BRBECIR/ SRR S VBRI A X FREE B SR N

x W RXE  RAW  FEr* BFE
GEIVCEUEAC T2 BRI T R TR %% 11 361009)

WE NG 215 RO RIERIE G Fes(CO), B, THIRE 7 HA5 T4 2 Ui BT 14 (R.R,R,R)-PNHe J {275 B {1
A S EER A PR R AT ORI FE. I SR AR SR R R, IRR R RS2, FFHs it —p
JS2FA T 22 57 AR A AR RR L RS S S, 453 ik 96% ee fAXTIRIE FEHE.

REEH  FrERZBERCI BRI EW; BRI SR, B, XA R S RN

Asymmetric Transfer Hydrogenation of Ketones Catalyzed by
Chiral Multidentate Aminophosphine Ligands/Iron Cluster
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(National Engineering Laboratory for Green Chemical Productions of Alcohols, Ethers and Esters, College of Chemistry and
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Abstract As one of the most abundant metals on earth, iron is cheap and low toxicity. Herein we reported the asymmetric
transfer hydrogenation of (ATH) ketones catalyzed by the system generated in sifu from chiral multidentate aminophosphine
ligand (R,R,R,R)-PN4H; and Fe;(CO)y,. The effects of temperature and additive on the ATH of propiophenone were examined.
After optimizing the reaction conditions, we applied the catalytic system to the ATH of various aromatic ketones, obtaining the

NOTE

corresponding optical active alcohols with high enantioselectivities (up to 96% ee).
Keywords chiral aminophosphine ligand; iron cluster; cheap metal; ketones; asymmetric transfer hydrogenation
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Figure 1 Chiral aminophosphine ligands
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BRI Fey(CO)o S LA 3 JEAL A BRI AL 1 2 7E i
R VTP BB BALTEMEGR 1, Entries 1~3). &
TR, =REEFEAY Fes(CO) , SR 3 A48 AL 44
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Table 1 Screening of catalysts and conditions for ATH of pro-
piophenone

(0] OH
(R,R,R,R)-3IFe complex (2 mol%)
KOH, i-PrOH
Additive/ 5 b b
Entry Iron complex = KOH/mol% 20 mol% Yield”/% ee’/%
1 Fe(BF,),*6H,0 28 None - —
2 FeCls 28 None — —
3 Fe,(CO)y 28 None 1 —
4 Fe3(CO)p, 28 None 14 90
5 Fe;(CO), 28 KCl1 33 95
6 Fe3(CO)p, None KClI — —
7 Fey(CO)p 10 KCl 5 82
8 Fe;(CO), 40 KCl1 15 88
9¢ Fe;(CO), 28 KCl1 13 78

© 2017 Chinese Chemical Society & SIOC, CAS

RN 2% LR EA(0.5 mmol), i-PrOH (10 mL), 50 C, 16 h; ° P22 J% ee {f
A R Hr e E, FPEEREA: CP-Chriasil-Dex CB column; €70 “C.
Ko F 1 % 6 BB ECAR (R,R,R,R)-3 FII Fe3(CO),, J&
BrAE AL, BRATE S TR WAl i
%ﬁxﬁ%fﬁ%%%w%&ﬁm%m HAFE T mtE
gk A, TESRERAL b, FRATH — DRz ik R R
&%%ﬁﬁ%%%%ﬁﬁ%%%%%@ﬂﬁ2)$%
AL, HIECAA(R,R,R,R)-3 Fl1 Fes(CO)y, JE AT A= BRI AL 771
Xof 2 Tt 75 A T 1R AN R R 2 e AN S S 340 3R I L s R R
WOEFEE. X TR OE. RNE . KBRS — RV
ot S, LA ARG T S R4 (0T e 1 E e v
Al1k 96% ee(F 2, Entries 1~6). LAKEREUR 2K 2 B 1
IR, AR BRI T B B (R 2,
Entries 7~10). % i & BRI L8, X7 1 2 B
7K CHAECAR S TaA B AR 2 20 B o e R e
(3 2, Entries 11~16). {3 —1&1Z, MKPR 2-HFK
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SRS, S AR AR E, H™ 0T Rk 99%,
1B KA R S5 (o B FEE(R 2, Entry 14). 5 3-F
SEHETR LA EL, 2- Y ARHE R LR P It S 2 2% A T 1Y)

AR PR A N AT+ 221, N 20 h )&, (S)-
2-HEAIEE 2 RN 6%, MHEFEMEDE RE 14%
ee(3 2, Entries 18, 19). 2475 [Alf B K AIEH N 2-28 2,

£ 2 Fey(CO)o/(R.R.R,R)-3 TR A M Z P05 T B I AN RS e S0 S L ¢
Table 2 ATH of a broad scope of ketones catalyzed by Fe;(CO);»/(R,R,R,R)-3

JOL Fe3(CO)12/(R,R,R,R)-3 (2 mol%) OH
R? R2 KCI (20 mol%), KOH (28 mol%), i-PrOH  R17*R2
Entry Ketone Time/h  Yield/% ee’/% Config® Entry Ketone Time/h Yield’/% ee’/% Config.t
o) (0]
1 ©)\ 16 30 91 S 12 ©\)\ 16 14 69 s
Cl
lo) (0]
2 ©)J\/ 16 33 95 s 13 /©)J\ 16 27 87 s
Cl
0 (0}
3 ©)J\,-.pr 16 12 94 s 14 ©\)\ 5 99 67 s
Br
O (0]
4¢ ©)\n-3u 16 23 96 R 15 Br\@* 16 27 48 s
0 (0]
5 QJW 16 13 85 s 16 /©)J\ 16 34 91 s
Br
0 (0]
6 ©)J\© 16 12 94 R 17 /@J\ 16 24 43 S
NC
0 O
7 d\ 16 24 94 N 18 ©\)\ 20 6 14 N
OMe
(0] (0]
8 /@* 16 30 94 s 19 Meo\@* 16 40 93 s
lo) (0]
9 /©)J\/ 16 24 94 s 20 C':©)J\ 16 38 64 s
Cl
O (0]
10 \/@* 16 20 93 N 21 16 24 92 N
o} o
11 /@* 16 15 77 s 22° 16 26 94 R
F

“ R4 Bl 0.5 mmol, Fi : Fes(CO)p : (R,R,R,R)-3 : KCI : KOH=50: 1

21110 : 14 (molar ratio), i-PrOH 10 mL, 50 °C; 7% J ee fH t1/UH (038 20 Mty

5E, FrEEREH:: CP-Chriasil-Dex CB column. 3= Z P24 F-PEEE [ 485 4 B 5 SCHR[2901 e 45 5 © FHERRAA N(S,S,S,S)-3.
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Wi Je 1,1- 2R BRI R A IR, A PREE 78 S SO
ThREIRAFAR = B0 e 45 (3R 2, Entries 21, 22).

2 ZEig

MBRAN 513 RO RIVERZ G K, B5 TH
5 F M 2 16 e G A4 (R, R, R,R)-PNyHyg AL A B (AL,
TR RAETT A B A R S IR . 522 AT IGER
FHE PN, -RIEC/BRAEALAR RAR L, 2R RO RS T
PERC 1A BB PN, - BC A, BT TR M, (R,R,R.R)-
PN H¢/Fe3(CO)y, HEALIAR Z T 2 Fh 57 5 B 1R AN X B e
M BN, IR e A6 BRI BEE (B ik 96% ee),
{EREATEPES A Rt — 2D iR . AL R DTS X R
PR ARYR T T AERC AR 2 7 P 34 O I A AR
%, R T 5O E R g A, R4
W B RE A, RO B S B, SROCA A TR 4%
EIECALALE; F U7, B RBER TR o 2k
(RO, AT AR o < o FRORE 2832 T 98 e S 5 D PRI A
SETE. BT RUBRBC AR, BRI A AL I AR Hh R e
o4 B BRI AR KA AT RERS AN, AT 3 850i%
AR R PR B X BB AT Fe 45 ROV RAT S 5 st &
JRGHT R FAE R AL SR T MBI 2%

3 IS
3.1 X5

Mettler Toledo 43 #T K “F(AB104-N 7Y); Bruker
Avance I1 400 MHz. Bruker Avance 11 500 MHz 1% ki 3L4R
WEREA, FRE IR AR A R AR GC950 AR
{%; CP-Chriasil-Dex CB column TP & i%kfE. T/KAEH
B HRARIE T VAL 3, R 25 AT R &t — P 4lifth
B,
3.2 FHZEEBECA(R RR,R)-PNH: BIE K

T £ 14 2 BB 14 (R,R,R,R)-PN,H, & 7155 %
SCHR[32]. R R (2- H G Ik 2R ) R R B (159 mg, 0.5
mmol) & (1R,2R)-2-Z F-F L H R U T Bi5 (214 mg,
1.0 mmol)fK KN ZE 25 mL WA, ZARP FIAH
FE(15 mL). MR FI, Bt b5 Gz mie g, Kk
B 34 h, TR NEEAHNERE. WIEREER,
3% B O AR =) 350 mg, 72 98%. 'H NMR (500
MHz, CDCL3) &: 8.79 (s, 1H), 8.76 (s, 1H), 8.02 (s, 1H),
7.94 (s, 1H), 7.68~7.56 (m, 1H), 7.40~7.18 (m, 10H),
6.90~6.77 (m, 2H), 3.58~3.42 (m, 2H), 2.94~2.77 (m,
2H), 2.23~2.08 (m, 2H), 2.08~1.95 (m, 2H), 1.75~1.62
(m, 4H), 1.50~1.42 (m, 4H), 1.34 (s, 18H), 1.25~1.16
(m, 4H).

¥ iR G B & P(650 mg, 0.91 mmol)FIHIE 1L
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(1.3 g, 34.3 mmol)INZE 50 mL X&FHH, FH TR
THINFEE(30 mL), FHEFENR, HiPERA 12 h 51 iER
N FERAR TA R ERR, I & 5E(50 mL)Fl
R0 mL), 7P RAEEL. A HLE 052K HAn
BERIKBEGZ IR, G TKRBRN TS5 I8, R %
WA, BT RS AR A 590 mg, 723 91%. '"H NMR
(500 MHz, CDCly) 8: 7.62~7.45 (m, 2H), 7.43~7.30 (m,
5H), 7.29~7.20 (m, 2H), 7.20~7.18 (m, 2H), 6.87~6.72
(m, 2H), 5.05~4.42 (br m, 2H), 4.08~3.82 (m, 4H),
3.35~3.11 (m, 2H), 2.26~2.14 (m, 2H), 2.10~2.00 (m,
2H), 1.98~1.85 (m, 4H), 1.69~1.56 (m, 4H), 1.44 (s,
18H), 1.30~1.21 (m, 2H), 1.13~0.98 (m, 6H).

7£ 25 mL Schlenk & H A L&A BRILEYI(357
mg, 0.50 mmol), Z A FIMAZEF G mL), T
0 C Fi4in=4% /(0.8 mL, 10 mmol), =iF T gkL:H
PE 12 h 5 IR R N SSRGS mL)FERE, RN
AR NI ER NV, =& E(15 mL X 3)AE
W, AIFENAE, ALK, HE, g Bk
PRV, BT A A 7k 248 mg, RN FHEZ
W LA (R, R, R,R)-PN4H,, 77Z 96%. 'H NMR (400
MHz, CDCl;) d: 7.58~7.36 (m, 3H), 7.35~7.28 (m, 4H),
7.26~7.13 (m, 4H), 6.92~6.75 (m, 2H), 4.12~3.73 (m,
4H), 3.25 (br s, 6H), 2.46~2.28 (m, 2H), 2.28~2.00 (m,
4H), 1.98~1.84 (m, 2H), 1.75~1.60 (m, 4H), 1.28~1.12
(m, 6H), 1.03~0.82 (m, 2H).
3.3 AMREBEMRE

AL S B3 a0 N AR PR M — e BT 2 G
JB LA (R,R,R,R)-PN,H Al Fe5(CO), M 25 mL Schlenk
RBVE T, ZARYF, N 10 mL RAEE, £
BN AE R B 30 min J5, I —E &) KOH/i-PrOH #
T, AREEBEEE 15 min, JONJRPIEE. RS8R E 2 T
T E), 2SR C T I S 7 SRR Ak i
3.4 B EYIEHIRIE

HARL AR C I AE Y, RAFEHE S5 CHR29].
SRR F= R ] ee {H ARSI, F
8 4,384 4 CP-Chriasil-Dex CB column. 22444
it P 468 0] 1) 28 5 SRR [29] b LA HH

4 Bh A1l (Supporting Information) Xt #7578 A 1L
FREF= ISR i . X A Rk AT DL B AT Y 3
(http://sioc-journal.cn/)_I N #.
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