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Iron-Catalyzed Hydrogenation Reactions

Guo, Na Zhu, Shoufei™
(State Key Laboratory and Institute of Elemento-Organic Chemistry, College of Chemistry,
Nankai University, Tianjin 300071)

Abstract The transition-metal-catalyzed hydrogenation of unsaturated organic compounds including alkenes, alkynes, alde-
hydes, ketones, and imines, is one of the most important organic transformations for both academic researches and industrial
applications. The most popular catalysts for hydrogenation reactions are based on precious metals, such as rhodium, rutheni-
um, iridium, and palladium. The exhausting resource, the increasing high price, and the toxicity of the precious metals restrict
their future applications. Iron is the most abundant transition metal in the earth crust and therefore the cheapest one with ex-
cellent environmental benign characters, is considered as an ideal replacement of the precious metal catalysts for hydrogena-
tion reactions. This review paper introduced the newest achievements in the study of iron-catalyzed hydrogenation reactions in

both homogenous and heterogeneous systems.
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TR AL T R AT B, B — AN 2 Th A
ﬁ%ﬁ%@ﬁ%%ﬁ%i%mmﬂﬁ%%kxﬁﬁz%
T AL E AL, W T ARSI RGN R4,
ESRPIFI AL SN M HLEE - B ARE 2 AL, rT A B
%5 ) A ISR K2 HALE 2009 452 BT SCHR, AN6E
ST TUAFE A A S A S I PR R . T e 4 ]
R, ASCUVBRAEA T B R R R 28, SRR . ok
B B, B, RSN ERMNIET RS, FFRI
AT BOHE TR CCRR BT A 2014 4 7 ), FERIEHER
i T SRR SRS A A Ak AR T ST R, DRI A
AT FZAER ) A5, R R A S ki AL A
PR % B, SCE IR HE AL Ak SR LI AN
PRI AT TPA, DU 2.

1 SELHERIMRENSIHR N

B e S A S N G AP LI () Z 0k
a7 s Hy, P24 -
Ak, SR TR EREANFIE R RS G S0P 1%, 5%
MAELIEIN(Scheme 1, A); ()8 &ML S L 56
RRAEBANRNL, Re5EKEEM, TRENRN,
FEME R PRI S TR FFAE (Scheme 1, B). T3k LA

1

[LFe(0)]
B >/ AN R
R’l R2 H
H
LFe(ll) R4 LFe (Iny
\_/4 .
. RL_R
rR2 R

BRAE AR 32 2855 A DR A S N EAT 2 A 4R
1.1 BRESKENLFT

Bk R e N R FIME B A 13— 28 Fe(0)V LB,
BT BRI FCARTE — i 264 T o] LA i, 7= ARG AL
R, BT DURAE S OB B 4L 77]. 1964 4, Frankel
ZEFID)L Fe(CO)s AEALT, SEEL T T ER H s (1) &k
SN (Scheme 2). AATTRFH I FA B T v g 5 o R I 44K
FHER RS (180 C). X — ALK RFNETEA
L AL R EIL 10 mol%, HAb B (A AL Ak
TIRPIEL, TON)FIFE AL AT (AL AR B /N 3L AL T
JEYIEL, TOF)RAK, FAth b & 44, S0 Sk
HUEEE 2. e AEAHIEREER S 3 FNAS 8RRk
fIP=, Hoh DLERS 2 (& &, FLEEHEF0IAA,
MEIHTR F (1) 1 S5 7E Fe(CO)s AL ™ R AERMIME, ARk
HEL IS 4, BETER G- RS G 5, TR
G5 YIRS B, BTG 2 SRR AR
JTBFEHE I KORPBEAR, 38 BB 2 = W15 B AR X —
W TR A S T LA B A, RTEEAL N
R EL Fe(CO)s 5 m bGP, U0 HIFRIE 1A 29 2 g
R EIPER. AR R N E T, Fe(CO)s AT BASE
P RRIR FR R X Fh &5 =AY 2 AR AL,

R3

B 1 SRR R S AR PR AT e

Scheme 1 Two plausible mechanisms of iron-catalyzed hydrogenation of olefins

H, (2.76 MPa)

M M
*N0. (7002 ©  Fe(CO)s (10 mol%)
= CO,Me C47H35CO,Me
X Z cyclohexane MeM ToTies2
180°C, 7 h 2(TON=4.1) 3 (TON =0.5)
‘Fe(CO)s H2’ , I/
Fe(CO) TN
Me- I~y COMe 5 Me _Fe wCO,Me
4 w -2C0 oc” |oco

B 2 BRAEL AR P S K S AL

Scheme 2 Iron-catalyzed hydrogenation of methyl linoleate
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FLgt 55 3 9 R G O A Ak 2B,

Cais Fll Maoz!'%%3% % Frankel TAERIE R, &% T —
AUV - = RIER A, I TR
PR, % B R R R BAE R R IR R (165 °C)iEAT

Wrighton 5 R FIIL 4 4P (300~380 nm) & S
75 :AERE Fe(CO)s IPRIE RIS, P A RN AR 18k
AL, FEIRAEI%ME @25 C, 101 kPa Hy), 528l T %}
SRR S 1), 124k 207 B LR U, BRI
BUNIR R Sy Ak,

Grant 252 fE A EHRET R Fe(CO)s fEALIRIEA
FHEA BT TR SR, FH4h H T %% S AT BERIHL
H(Scheme 3). 7EIX LI, EKAMEIEHE Fe(CO)s Ik
BB, AR AR Fe(CO)s, 1% MK RES 7
AIEESREE, 18I N R S b 550 TR S
AL,

1.2 BRRENENSESIELT

1998 4F, Brookhart &1V i 7 — i g XUV fi% i
KRR & 6, FHRILIZLEWIRE NS = A LG
PRI R4 [ 2004 4F, Chirik 250 2% 54 6 788U
Bl F, H#RFE NaBEGH BJEE BN RE S 7

1 BIMEIRE T Fe(CO)s ALK B S M
Table 1 Pentacarbonyliron(0)-catalyzed hydrogenation of ole-
fins under ultraviolet irradiation

H, (101 kPa)

R'  R®  Fe(CO)s (10 mol%) R! R?
=( H H
4 hv (366 nm) 4
R2 R benzene, 25 °C R? R
IR IR | AL E /%
— 30.8
Me_/_\__Me n—C(,H14
Me Me 26.9
Me)\/ Me Me)\/ Me
Me Me Me, Me 13.6
Me o Me Me Me

J @
L,

R B

LR (OF)X G T S5 HE3ET 1 AL,
J I RHWE XU i BC A4 RE 8 3220 Bk L 3R1G 8T, TR T
U R A 7R 70,

(Scheme 4). J&%k, fbA @ BITE/RKIE. IR, NMR DL
Fe(CO)s
hv
-2C0
= + H,C=CH
Fe(CO)s * HC=CH, Fe(CO)3 s——=——2= (n2-CH,=CH,),Fe(CO)s
H, H,C=:CH, - H,C=CH,
- CoHg
Hy
H,C=CH,
+H,C=CH H,Fe(CO H
HoFe(CO), +H2C=CH_  FaFe(CO) (CO)Fel_

HQC|CHZ\_/ CH,CHs

B 3 Fe(CO)s fALIR IR A B 7] BEALEE

Scheme 3 Proposed mechanism of pentacarbonyliron(0)-catalyzed hydrogenation of olefins

N2 (9)
Na/Hg or NaBHEt;

Ar = 2,6-(i- Pr)2 CeHs
6a (X = CI) 6b (X = Br)

| X
Me = Me
-
— Fe—
A7 &N DA
N2 N
7
| A
Me Me_. = Me
-— f\\l
Fe—N N—~Fe—N
SAr L Y
N N2 Ny
7

B 4 e XU JC i 5 Bk ) 455 0

Scheme 4 Iron complexes of pyridine-diimine ligands
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HKEY T REERAA RN T (2R, 405 kPa
H,) i A A A 22 Pl s R S S URE (3R 2). A7) 7 o i
M AN BRI 1R R B35, TON #z i 2500,
TOF # /% 1814 h ' (Entries 1~5); Xl fgdk. HUR
RIEH LB AT 52 14 (Entries 6~9), {HZX&H HH
I WA S R R B B I e i A T VR IR
(Entries 10~12), T4 P4 B8 AR O i B AR V50 A
WiEE(Entries 13, 14), A3 CMERIE K T HEATIK
.

2 K/EY T RUNEREREN R
Table 2 Hydrogenation of olefins catalyzed by complexes 7
R3 H, (405 kPa) R3

7 (0.3 ~ 5 mol%)
R4J\KR1 R4)\(R1

toluene or neat

R? r.t. R?
Entry J&A iE  TON TOF/h ' Ref.
12 min~ 333~ 131~
1 Alkyl” X [14a, 14c]
19h 2500 1814
5 ~ 16 240~
2 I , 20~333 [14a, 14c]
min
Me
3 3.5h 333 104 [l4a]
Ph
6 min ~ 333~
4 57~96 [l4a]
26 h 2500
5 P XxMe  5min 20 240 [l4c]
0 240~
6 RTVAN 5 20 [l4c]
n=0,1 480
7T Me X-COEt  5min 20 240 [l4c]
8 (Me} N~ 15 min 316 1270 [l4c]
9 MeHN._~. 1h 316 320 [14c]
10 HN o~ 24h 67 3 [14c]
Ac A
11 NS g 17 44 [l4c]
Me
12 0, Jj\/COZMe 6h 20 33 [14a]
13 AN 15h 0 0 [14c]

14 o:@ — 0 0 [14c]

255 7 AT DLSEIL P R (U = 2R3k 2R 2-T B
MEM, BhEBINUAERE, ARG R DA R
Fse ke (Scheme 5. (HiZ 2% & W) AN B A AL S bk (T =
FIEIE 2B &AL

HA—1RM2E, EAHFRRBFMT, 26497 Pk
I A A T TR A LR 2 S Y JE I AR A AL T (PA/C) FR
YR F(Wilkinson fEALFFIAT Crabtree L)L E 5
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H, (405 kPa)
7 (0.3 mol%
R—R ( °) /N, —— R~y
CgDg, 22 °C R R
R = Ph, Me

BIRX 5 &G 7 AR AN R
Scheme 5 Hydrogenation of internal alkynes catalyzed by
complex 7

(3R 3), RMW] T BRAEAL IR I Ko S SN ) R .
K3 WA T HH ISR A

Table 3 Comparison of catalyst 7 and other known hydrogena-

tion catalysts

H, (405 kPa)
cat. (0.3 mol%)

B ———— nBu Me

toluene
22 °C, 12 min
Cat. TOF/h ™!
7 1814
10% Pd/C 366
RhCI(PPh;); (Wilkinson catalyst) 10
[Ir(COD)(PCy;)Py]PF, (Crabtree catalyst)” 75

© 2015 Chinese Chemical Society & SIOC, CAS

“ COD= 1,4-F 3 Z4fi; Py=ML0E; PCy;= =IF 3L/

Chirik 2532 H T 1250 OB AT BEHLEE (Scheme
6). EMERGE G T BAMBEMANES T, HFEMIER
fir, SRJF R AR 77 5 Hy, 724 AR

|\
Me Pz Me
N
N—Fe—N
A7 /N Ar
N2 N
7
l-zN2
|\
Me N/ Me
— Fe—
Ar” SAr
X |\
Me | Me Me pZ Me
PN PN
N—~Fe—N N—Fe—N
A N A Ar” | SAr
" =
R R
® "
Me -~ Me
N
— Fe—
7 I\, DAr
R

B 6 &aW 7 AE RS B fE
Scheme 6 Proposed mechanism of the hydrogenation of olefins
catalyzed by complex 7
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AP AR, T2 D75 B N R SR bR 55 I 90 IR,
SE MG R

Chirik ZE VI & BB 7 IS 525, A R T —Fb
HTIIEE e XSO F AR R 28 59 8, WU 2R M8k 4%
A O RS U U AR R L A B A 1008, 2%
H 8 15 1-CR A PRI L 7 B m LS
PE, (HRTEZ BRI R I S RS PERUIK. 2541 9 F
10 7RI REEN I B T2E59 7 (Bq. 1).

H, (405 kPa)

cat. (0.3 mol%) o~

n-Bu” “Me (1)

pentane, 22 °C

| P(i-Pr),
Ph Ph
Feo
\Ar \_¢ { |
N, N H I
2 N2 P(i-Pr),

N—Fe—N
AT SN
8
10
TOF = 5300 h" N 1
Ar = 2,6-(i-Pr),CgH3 TOF =109h
/Ar _ Ar Ar
Me N SiMes e N/ ; Me N/
= | ='"\_ - ="\
L e L rt
Me” N SiMes e N 2 me” N
Ar Ar Ar
9a 9b 9¢
TOF=4h"(at60°C)  TOF =90 h" TOF=90h"

2012 4, Chirik 25O AR 7 3047 7 ks, B
N-Z R B AR R g, R T8 — Rl icE b
4G 11, SERE X0 E IR G4 7 ML, 264
11 78 = HURBIY B IIR A 1 1 S A S B A 3R B0 H B
mEREYEGR 4). (B2 H X R e % S A A
TSI DY BAREE PR 2 ) A R
1.3 ZNBECIHISE ST

1989 4, Bianchini 1L IU $ I e (A F1 gk i) 2% 510
12 YE N FIRTR, S8l T XSimbk S (Eq. 2). ZKR
VL g% 15 B B IR B B, BDoF S K e BT ), B BB AR
Bt b B e A BEE Y. a2 ke, K
IS Jei 1] LA [R5 A

H, (101 kPa)
12 (1 mol%)

R—= R/\ @)
THF, 63 °C

TOF =21.2~452h
R = Ph, n-C3H;, n-CsHy4, ‘5\/\0Me

PhoP~—p B
<\ |/§ "BPh,

Ph,P—F&—PPh
VA
Hy H

12
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R4 M =IO HE A
Table 4 Iron-catalyzed hydrogenation of tri- and tetra- substi-
tuted olefins

R3 H, (405 kPa) R3
t. (5 mol%
R4J§/R1 L:no)» R4J\/R1
R2 23°C R2
A
7 s D
7 "N N NN\
J | L
wo Wy
Q\ N2 NZ’Q
Me Me
Me 11 Me
JEA ’ 1
K - N
AL 2R /% B IE)/h AL E % I [8]/h
Me . 24 >95 .
Ph X Ph
Me Me 24 >95
= 32 1
Me
Me 24 >95
@ 0 12
M 24 68
© 48
Me 3 cisltrans=3 © 1
Me Me 24 0
= 0 24
Me Me

© 2015 Chinese Chemical Society & SIOC, CAS

Bianchini F1 Ora 252 ik i N #EAT 7 HLERHF 5%,
PEH LU LTS PA (Scheme 7). E- AL 12 F1H)
— N E R ECP R a), IRt —ATEAL S, SRR

p PD a*
C"\Z;J{H PLLLH =R
P IL k : CP | H,
2 L b

d
R H -7
) T H g
H H Ppe
\<\ “, H
P™~p 2

B 7 a9 12 s RS AT R L
Scheme 7 Proposed mechanism of the hydrogenation of termi-
nal alkynes catalyzed by complex 12
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RLCEHR b), SRIE AR L R SR R A 36N R,
A A R ) TR AR CE R ©), ik 5 S SER,
REAM, TERENNCERR A, e). IR 2L
MM A RFFALGRZL 2 ).

2004 4F, Peters il Daida® 4538 7 — 285 0 10 = i B
BCARFNER 25 &) 13 (AL IR I R BR I 1 S A S B
BRI 26 A LU IR AN, {E 35 138 AN =1 (Bq. 3).

H, (101 ~ 405 kPa)
13 (10 mol%) P
N 1 Me
CgDg, 23 °C R @)
TOF up to 24 h''
R R = Me, Bn, PMe;3, PEt3

|
Fe

R1
R = Ph, alkyl

/
PR BENpEr,
&
i
Ph

13

2013 4F, Peters 252278 ik TAERFERY b, 6 2%
WARE 13 0 REE, KR T 7 — NI s 5R
é‘ﬁﬂﬂ SRR MR BV 14 (Eq. 4). K5 14

SIS v M R i R AR A OB, L s PR 13 AL

H, (101 ~ 405 kPa)

14 (10 mol%) PR

Vi

R R Me 4)

CeDs, 23 °C

R=Ph,H TOF up to 15 h™’

: E \\-B’ ; 3
(i-Pr)ZP\ | '
l:’/Fe"P(Pr-/)z

(Pr-2 '\,
14

MR FER B, S &9) 14 208 i T i
Wi nl iy, X— IR RN ET s T RR,
TERCE A — AN OGR4k 15, 3F 1T SL X I
JEFHRE I S AL (Scheme 8).

Milstein 25215 @ 7 —28 &Y e 48 1 e Uik
MEL-EY) 16 A, LT PR SR M. (Eq.
5). M LME R BRI B, RIMHEIR SN E ik
Bk, BRI, AL 16 AT LAERE Z @ £ X
RN, X2 R PRI E RIEBPER AR R A
1.4 FR{AIERBEMERE S LT

AR S50 E PR S A AN WLER I ST AR AT
B, BRI S YA DU &, fae i E, 18
SERRE AR AR Z M. B AR R T — L J5 A il
A T,
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P(Pr-); +2H y PP
B/ Ny /\:2 :B/\//H
/ /Fe—Nz % /Fe\
P P\ H
(Pr-i)2\ (Pr-\ %
P(Pr-i), P(Pr-i),

H
14 R 15

Pr I)z

Q P(Pr-i),
\
PI’ I% Pr 1)2 /_,
P(Pr- 1)2 P(Pr-i),

B8 &aW 14 LG RS SR AT REHLER
Scheme 8 Proposed mechanism of the hydrogenation of olefins
catalyzed by complex 14

H, (0.4 ~ 1.0 MPa)
16 (0.6 ~ 4 mol%)
_—
THF, 90 °C

11~72h 76% ~ 99% yield
61:39 ~ 100:0 E/Z

RI——R? R1/\/R2 ®

R'=aryl, TMS
R? = aryl, Me, TMS, H

thp\i __PPh,

/" S>NCMe
/:N\ /H
Me /B\
H™ H
16

1968 4F, Tajima Al Kunioka®LA AlEt; f1 PhMgBr
PEJ9S A, SEBL T [CpFe(CO),CIIHE b 3L e fi ke (b
wo13-T 2 Esl, i EEE cis-F trans-2-T
(B 1 01 HRER), R I E S D 1- T M=
AL AR AN B R A T YR, DR A R 2
HR WLIE T BE ) AR B(Eq. 6).

H, (6.08 MPa)

| CpFe(CO),Cl (2.5 mol%)  Me Me M
AIEt; (6 mol%) €
+ = o+ [ ®)
|  benzene, 40~45°C,15h ||
Me Me

2.1% 45.6% 52.3%

W SN LA AL LT DY 2P (Scheme 9): (i)
BREE GV & R AR R AR TR S 4, A b Rk A 4k
(i) e o R ) A e A AR A A o e AR Ak — 97 S Hp R Ak
(i) M Xy k- B AT AR, AR OB e SR 2R &
W, (v)EJEHRMERRESR R, A RE 1),
SERAME TR

Chin. J. Org. Chem. 2015, 35, 1383~1398



Chinese Journal of Organic Chemistry

REVIEW

RAl + FeX, R,AIX + RFeX, (i)
RFeX,; + Hy, ——= RH + HFeX,4 (ii)
= * HFeX,y === H3C—-CH, —FeX,1 (iii)
H3C—CH,—FeXp.1+ H, —— H3C—CHsy + HFeX, (iv)

B 9  CpFe(CO),CVAIBt; b s B ) T BEALEE

Scheme 9 Proposed mechanism of the hydrogenation of olefins
catalyzed by CpFe(CO),Cl/AIEt;

Inoue 2PNl AL BTG PE AL 5, {3 AR Bk &
YT VR AR R 1, Elliﬁ%fﬂﬁ’*]é%?: S TR
MEAEq. 7). &SR, RIS A s
PEA B R gEE, YR B AR R S 8 i

BF R £ 20 SR B AL 9 R AR R 0 AR AR 3R 1% A
Scheme 9 FTRHIZELL.
H, (101 kPa)
17 (2 mol%)
PhLi (16 mol%)
Colg™ > Et,O, r.t,20 h CoHi™ Me ()
T 92% yield
s—Fe
SRS
ol | NeBu
cl

17

5J/T, Thomas %56V FIR 7 A IE R A4 58 1 —
Wk S BOE AL R, S22 R — U AT
THURHE R A4, TON ik 33, TOF #x ik 33 h!
(Eq. 8).

H, (0.1 ~ 5.0 MPa)
FeCl, (3 mol%)
rac-18 (0 ~ 3.2 mol%)

i-PrMgCl (15 mol%
R1/\/R2 [¢] ( 0) R1/\/R2 (8)
THF, 20°C ~r.t, 1~ 16 h
TON up to 33
Q TOF up to 33 h**
—N  N=
— \
rac-18
AN e Me o PH  Ph
50% ~ 99% yield 7% Yyield 96% yield 96% yield
Ph X N 1BDMSOT X
Ph™ "Me 99% yield 93% yield
99% yield 90% yield

1.5 FEBESKEURENS RN

ot 48— 8, BRYIR PR (FeNPs) tH 7] LR {1t I
JERRIE A, 1 A 5T 1 e o i B Ak gl oK
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KI5, 2009 4E, de Vries £ H] EtMgCl £ 2. kL
THF ik )i FeCly; 3 2| ¥ PE Fe-NPs, ‘P H A A
(2.67£0.60) nm. % Fe-NPs REW7EIRFIZ51F (0.1 MPa
H,, SR )AL — B B 2 DA R I R Ak
J§7, FIHE E G TE(EG. 9). {H/&1% Fe-NPs {4k 7%}
JEA AT BEL K B R AR AR AU, oA = B R E PU Y
RIFIE, MAREMAEA AR IR, o i A B RS
BERUR IR AL, X TR LA, 1R XS A4
KRB, T AR B e A S R .

H, (2.0 MPa)
«. _R?2 _Fe-NPs (5 mol%) R2 9
RIS THF. it 15h R ©
PO /~\ Me )L
nBu” S n-Pr Me n-Pr N n-Pr

100% conv.

P PP ﬂb

100% conv.

100% conv. 22% conv. 100% conv.

O ()

100% conv. 100% conv.
(at100°C, 18 h) (at100°C, 18 h)

100% conv.
(at 100 °C, 18 h)

n-Bu

100% conv.

n-CgHiz—= n-Bu—=—Et n-Pr———"\
OH
100% conv. 100% conv. 100% conv.
(1.0MPa, 0.5h) (2.0 MPa, 15 h)

Lefort I de Vries ZEP*hlid sl J12Emf7e, $RH T
Fe-NPs AL HL RS AL I PT BEHLEE (Scheme 10). 1ZE 1k
SRS PR DR B A v M R R R T e = AR -t U 1]
R, SRE & HPEITEN, SRS D TR REL, 53
I J BbE 2 = .

H\
R——H Fe/ H 1
_R _\—R\
Ho

/H Path 1 Path 2

\\m% H/\

BIZK 10 BRYNAKIIORLAE M e M B A0 s B2 ) T e AL R
Scheme 10 Proposed mechanism of the hydrogenation of ole-
fins and alkynes catalyzed by Fe-NPs

Bauer Al von Wangelin 255 FIARALRY J7v2:, H
EtMgCliEJf FeCl; £33 7 THF £25€ [ Fe(0)#& (B2 LN
5A), LSRN TR R LIEE M EN(Eq.
10).

B, Prechtl 1 von Wangelin 2% SUF ] EtMgCl
R FeCls 15 284K Bk FeNPs(Z) 5 nm), 7£1E e/
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iz & ik SHER
H, (0.4 or 3.0 MPa) I HAEAER 3 WG AR R .
FeCls (5 mol%)
EtMgCI (10 ~ 30 mol%) H, (1.0 MP:
R! _— R2 J o R1\/\R2 (10) 2( a)o
THF, 20 or 45°C .. _R2 Fe-NPs (2.4 mol%) R
1 3~16h 9 % yi RIS mesitylene, rt, 20 R (13)
R" = aryl, benzyl 36% ~ 99% yield yl ,rt,
RZ=H, Ph Vo
n-Cefs 3/\ /\(\/)4/\ n-CsHy 1/& Me/\/ =

B4 (IL) PR PR AR A 58 P S B T P ke ) &40 SR (Eq.
11). 7€ IL E5IANFEEBLEAR R FMA LK, nr el
RAETE I B, 138 Z Uk, IL M AU R
T Fe-NPs [Miafdffae, @A FIF AT 22 LA
TS H.

H, (6.0 MPa)
FeCls (5 mol%)
EtMgCl (20 mol%)
0,
R R MeCN (100 mol%) =

R 1 w2 11
heptane/lL, 80°C, 18h R R an

R' = aryl, alkyl
R? = aryl, alkyl, TMS, CO,Me

L= +F\N—Bu-n

/
Me Me
NTf,

13% ~ 98% yield
92:8 ~100:0 Z/IE

Breit £ il i i# 75 J% 00 fif Fe(CO)s 15 2 47 B 7E 1k 2
B BB )7 (CDG) I FeNPs, H1##%K 3.66 wt%,
TR 2 H AR N(4.3711.62) nm, H B AR & L&
. Z TGO RO R A U IR R R
AR A, RNRE N 100 C, ASESTH
2 MPa, TON fx ik 111, {HXFFEIR B ek 2 B Hi e
A J LA 1S (Eq. 12). 1% Fe-NP/CDG FE N
B IARFITEAL, BRI, A RS S5 1 B s 2k f
F). R G, Fe-NP/CDG W] LA Hi a7 & i it b 3
B, I HREIEEA R 2 AN S TE E.

H; (2.0 MPa)

Fe-NP/CDG (0.9 mol%)
i-PrMgCl (5 mol%)

2 2
1w R 1I~R (12)
RN THF, 100°C, 24h R
n-Bu” X Ph X ﬂb
100% yield  99%yield  100%yield  73% yield

40% yield, w/o i-PrMgCl

O () =

79% yield 99% yield 100% vyield

Chaudret 25522 {Fe(N[Si(CHs)s]2),} » 75 Ha 47 Bl i
2150 CEILPEAR, 3208/ Fe-NPs (1.5+0.2 nm). 1%
Fe-NPs 7E 5 i 1A K 7108 1.0 MPa 614 Rk e 645 2%
fHE A 22 i — BN — AR S A B 1 &4k (Bq. 13),

1390 http://sioc-journal.cn/
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>99% conv. >99% conv. >99% conv. >99% conv.

(0.5 mol%)
P A Ph @
nopr X Prn ArTS Ph

>99% conv. >99% conv. >99% conv.
no reaction

O Ay e

>99% conv. >99% conv. > 99% conv.
(0.5 mol%)

Bn—= Ph—=——Ph n-Bu———Et
>99% conv.

n-C6H13—:
>99% conv.

>99% conv. no reaction

Moores 23] NaBH, 7 7K/ FF I (18 & 1 T ik SR
FeSO, 15 2| — i HA 72 2 25 H I S A 0. 52 1 4 K Bk
$i(Fe-CSNPs), H-F¥ZH A N (44£83) nm, 7 E)E
FEN(6£2) nm. 1% Fe-CSNPs 1 L7E 2B Ak 45 e m,
PR A, S — BRI A BRI K 7 1 oK
J 0 DA & it ok A A v B9 1, P 3 VA 9 1 (B,
14). BT HES 17 Z 454, Fe-CSNPs X /K FIGE SR I
T2, AR R A BRI, AN R
NEgESR, R T DL (b sk AR 2 2, ERAEA 10 K
ATh BB CRARF A2 i TG 12k

H, (4 MPa)
Fe-CSNPs (5 mol%)
2 2
S R (14)

1 1

RN EtOH, 80°C,24h R
PR nCoHy ﬂb n-CeHyy—=
100% conv. 91% conv.  96% conv. 88% conv.

(decane/1-decene = 14)

2 . EFMEEREELSL

L9 4 R AR A | TR R I e ) A A A R AT P
RO, MBI A b, B R AN G R (0 X B
B AR P, HEWS BRSP4 R a5 %k
PEBEOTINAR, B 5 R AR TR RS =), BT EET
BT (R XU REAE A A4 28 0T DUIE Ik 7S J0 PR i 3 2 v 2t S
U R % S N (Bg. 15), ATsziba k&, K
JEH T — RAUNUE RE BT, STBL T G el 1 XU
R Sd
2.1 FIJDERETKEZ S MELT

ESRFLLE 1999 4F, Kndlker 255k & % 1 5 Shov 1
AL EA B 5 R0 () 2 e O R R SR 2% B 19,

Chin. J. Org. Chem. 2015, 35, 1383~1398
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o] H,/Catalysts OH

Ph™ "Me Ph™ "Me (19)

R| R \ 5
«~RuU (
A
oc H SMe
Ph

Shvo catalyst

5
Ar, Hy R PhO_Q

P, H N >|4 \ +
,/",, | R2 1 H5

RuU Me | |

Ar, _H N

Cl R3 P I | N
Ary Ha C “Ru ]
S
x R

A\
!

Arz

Noyori catalyst 2

HZ H ) 2007 4E, Casey F1 Guan®""A4 & VK4 &4 19
HFEENR N . ERAR R NG, 19 feis
122 P IR R A ROBE, 4533 &8 %) TON F1 TOF (Eq.
16). ZMEAFIXTEE . A BT FEREME, BEAREMLE
F. RHRRES. BREREE, R X e w RE R BT
RS2 M. T 5 B S AL A Ak S S B A AL HLEE,
AT BE LA S PR I A S IR S 0 P 7 s S A S

H, (304 kPa)

Q 19 (2 mol%) OH 6)
1 2
R R toluene, 25 °C R'" °R?
T™MS
o)
] SH
vFe\TMS
OC™[ ™h
ocC
19
|o o] o) 0
Ph) Ph)J\ Me Ph)J\ Ph Ph)J\CF3
TON=50  TON=50 TON=345 TON=50
TOF=25h" TOF=25h" TOF=05h" TOF=300h"
o} N 0 o
Ph)JW | X Me Ph /\)J\ Me
TON =25 Z
TOF=04h' TON=50 TON = 49
TOF=6.2h" TOF=2h"
o 0
Ph
WLMe Ph
0
TON =50 mesold| = 25
TOF =1.4n" TON =50
TOF =25h""

AT 1938 R LASEIL o, - NATER I EAL, (HAEAS
3] (0 2 3 4 A B 7 0 0 R A 5 4 A R
MEE(Eq. 17). FEMFIZEAET, 1ZAEA T 1 e SCELRE T i
AL, (HZETERAR, HETHES] 65 C T R M(Eq.

Chin. J. Org. Chem. 2015, 35, 1383~1398
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H, (304 kPa)

O Me 19 HO. Me HO. Me
—_— +
= toluene, 25 °C = ; (a7

Ph 6d Ph Ph
42 : 56
H, (304 kPa)
Ph 2 Ph
IN/ 19 (2 mol%) HN™ "
Ph) toluene, 65 °C Ph (18)
TON =27
TOF=0.7 h"

Casey M1 Guan'**15) 55 2B Ak AL 7 0 b 2%
W) 22 [(EL, IR AW 22 SEERIECARAS N,
FEWZ RN T B2 FER M [F) R AL B (R 22 R AR i
fr)5ER I (Scheme 11). f#4L7] 19 M@ [F I TiHE, &
HHIEVERS 20, [FRS RIS FER AR T, HEIAAS
BRI R 21, SRS FIREEAT ROAL, 15 BI7EARIER T AT
DL B kg A 22, HriEjR 21 il S HUEATE
AL AL (21~23), FEF=YDBE A [R] T S AR e
(23, 24), HHA ST 19, TERMELTEIR.

™S
oH X o o)

un N
H 4 Fle s H )J\
yocgé/ \H \\Ph\ H
™S 19 ™S
o o
\ ~N
Lotms H I:I ™s H
e, i e )
aw N - W N
OFd “H HQH °%d H\/O
\ PH %,
24 1 H “ph 20
TMS H T™MS
—0. 2 o)
Nrvys H = Nms H
Fe \ Fe \
oc*d S M w78
&d > )O.\....H OCOC/ DH/{O
23 H pn 21“ pn
™S
=0,
|e TMS/‘H
ocY4 To
oc

H
\I%Ph
H

B 11 BREE 19 MEACERIE LS P SR T RERLEE
Scheme 11 Proposed mechanism of the hydrogenation of car-
bonyl compounds catalyzed by iron complex 19

22
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Chen"'F1 Zhang 251153 Jj] i i %5 FE 77 o6 (DF T) 1154
(T ERZ R B HLER AT 109, R [E ) 75 o3
TVERS 20 W\ J12E R 2 T 2H FI.

M2 G 19 fae iz, Bt AR AL
) gz ih P AL T & OB Renaud 2R B T —
Fb AR E O FRIE RS 50 25 A i g 5 19 1977
#%(Scheme 12). AT = F i () B8 AR R 28 A0 55D,
BAEY) 25 — B A L Ak, AR R
KA a4k 26, RAEERSMERT, A RSIE
) 19. 28-GW) 25 Bl RS R T B 1 38 iR 2 A
¥ (Scheme 13). 7E1% N H, [ Bl 5 i I 37 A= i 0
Jie, SRJa ARG Bk AR R I HLER (a4 27) AL,
BENA G E TR B, 1207 R S AR E M
WV fi B e AR, 76 & R B R AR 3SR ok
BEAE TR RS CE S | FRAFAE T i Mt S A L.

TMS TMS
C&oo  _ Mewo 0
|

T™MS  -CO,, -MesN |>T™S
N 2 Wes N
oc“/ “co oc" [ O
ocC ocC
25 26
™S
H, o
- N
[>TmMs H
Fe
oC"[ “n
ocC
19

B 12 AAEIE A A BE A ) 19
Scheme 12 [n situ generation of 19 through oxidation of
MegNO

Hz (0.5 MPa)
s 25 (5 mol%) s 4
o R MeNO (5moi%) R \N/R
1J\ 2 * HN\ 0 J\
R R ¢ EtOH,85°C,16h  pipo
R = alkyl, aryl; R? = H, alkyl; 38% ~ 94% yield
R® R*=H, alkyl, aryl
H,0 T
s ™S
R\N/R4 %—O\H
_— I“TmMs T Re
R1/Il'\,.,‘- ) \“‘.Fe\ ‘\N/R
R oc™ { L AN
oc A
R™ %2
27

B 13 Bk G125 A IR SR A S8
Scheme 13 Reductive amination of aldehydes and ketones cat-
alyzed by iron complex 25

Renaud 5 EFEERES G 1) 28 HKIR 5] N IR 4
o, 3R AR K B VE MR, FEKH SEEL 7L A
TR A [ R (Eq. 19).
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H, (1.0 MPa)
28 (2.5 mol%)

R3
-
JOL < JNl\ >Me3NO(3.75m0I%)
— -
R? \R!"R2 H,0, 100 °C, 14 h

R3
OH HN™
R1J\R2 R1J\R2 (19)
18% ~ 98% yield
Me3N+\/\N: C TI\SS
FIe T™S
oc™| €O
ocC

28

Beller 251 48 &4 25 15 N MEAL AT AA, 7EMEAL
BRREMAET, LT Z2MEE. AeSwrEN,
TON #¢ /= Al 34 3700 (Scheme 14). & PEAE AL 774 Bl 4
W FEBRIE 2R, SRS & 25 il — Ak
FEEAR, B — 41 AR, AR Rk A P A
29, ZHERFHOKIR T, KT iR 19. (H
T ERREME, MRV Casey &HMEALKMALL,
Beller A MAAERRIZY, X4 0] RE 2 B S B &
TR R R 2 —.

H, (1.0 ~ 3.0 MPa)
0 25 (0.01 ~ 1 mol%)
JJ\ , KCOj3 (0.05 ~ 5 mol%)

R'" "R 1 2
i-PrOH, 100 °C, 17 h ROR

OH

R' = aryl, alkyl TON =100 ~ 3700
R2 =H, alkyl
K,CO3 + H,0O
TMs KHCO; +KOH CO» ™S
= o
[>T™S |
e e ™S o+
ocY/ “co oc™ [ >y
ocC ocC
25 29
H0  KoH ™S
NI
N
|>tmMs H
re
oc“[ >y
ocC
19

B 14 BRECE) 25 (AL AN f Ak SR
Scheme 14 Hydrogenation of aldehydes and ketones catalyzed
by iron complex 25

XA AR BB HEAL TR AT BLIE AL a,p- A1
AN (R B T O B OUGEE, 2R 3L LR A O 2R (Eq. 20).
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H, (3.0 MPa)
R 25 (0.1 ~ 0.5 mol%) R
RZJ\AO KaCO3 (05~ 025 mol%) Jﬁﬂ 20)
R3 i-PrOH/H,0, 100°C, 17h R 18 OH
R;=H, Ph, Me TON = 200 ~ 1000
R2 = Ph, alkyl
R3=H, alkyl

MATE AT 19 5T\ T Ee AR sl P [
ML SR, SEBL T ) R ARSI i ) AN X R A AL S A
Berkessel 25"7E = B B A AL AR AE F 863516 T,
e -1t T IR A 1 31 Bk A 30 R — ANk
5, AT — R TFHEAR 32, BEW 32 %’@%‘éﬂ:
KT RRE A B, AH X Bk B e R
32% ee (Scheme 15). %) 32 (EE S A H, j‘c, B
R G B = FiE PR A Fh 33~35 (Eq. 21), HA133
FEARTHEMEALT, T 34 F1 35 A& — Xt AExT SRR, X

T 52 2% AT AR A AR 38 02 168 R I T S5 e 36 P AN vy 1 3 2
CL
o\ Me
/P—N
Qe o
R
o TMS L* =31 o TMS
0 R=H, aryl C@zo
NS [~TMS
Fe. conditions A or B Fe.
oc%/ Cco oc* le co
oC *L
30

32
20% ~ 94% yield
condition A: Me3NO, toluene, reflux (2 ~ 4 h)
condition B: hv irridiation for 36 h

H, (1.0 MPa)
32 (10 mol%)
jDL hv (Amax = 350 nm) OH
Ph™ "Me toluene, r.t. Ph”™*"Me
up to 90% yield
up to 32% ee

B 15 25 32 AR Z B A X R R B
Scheme 15 Asymmetric hydrogenation of acetophenone cata-
lyzed by iron complex 32

o ™S h1omPa) o ™S
o hv °N
I:Ie ™S ——— I"TmMs H 4
ocj >co dg-toluene oo le\H
*L L*=31 oC
32 33
TMS TMS
E ' ; 21
TMS H + TMS H 1)
C\\ l H *I_\\ l H
ocC
34 35

33:34:35=0.04:1.00:0.69
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Beller 25Nz FH W [F AL (R S0, 5 fEAL ) 19 AT
PERERR(S)-36 454G, SCHL 1RV fe A FR AL OB, HX
57 IR E T Rk #6VE (Scheme  16). 7EiZ W FIMELIA R
o, R (S)-36 JEE A B L, TR TRk
EV19 EW AT A, T TR A %
RIS T TR, S0 i BE 8 ST IR g B PR 2 i,
IR T 15 24 = (P ROGe B k. 1A R0 5 2 B W Rl 5
AR, REHAGHL T X BUEREIEE T 90% ee; ARSI
Z P00 107 B SR A R AL, Xk BRI

H, (5.0 MPa)
_R® (S)-36 (1 mol%) /R3
NI 19 (5 mol%) HN

R1”OR2 toluene, 65°C,24h R!7R2

R
L

N7
57

Ty
R

(S)-36
R = 2,4,6-(i-Pr)3CeH,

R'= aryl, R2= alkyl, R3= aryl;
60% ~ 93% yield; 80% ~ 98% ee
R'= alkyl or alkenyl, R2= Me, R3 = aryl;
69% ~ 94% yield; 67% ~ 83% ee
R® R3

/

TR C@

Jl\ TMS H
! oc” l H
oC
19

R

B 16 BRA5EW) 19 FITVEBERR P 17 (A R S 2 R AN PR
SR

Scheme 16 Asymmetric hydrogenation of ketoimines catalyzed
by iron complex 19 and chiral phosphoric acid

Je K, Beller M1 A1 [F] i 55 & FH - 2R CIR 0 i
(Eq. 22)PA S & A W i 45 K PRI R R R E . 23) IR AN KRR,
R, 18 58RI RAR AR [ B HF R, 3R45 T
2L B e A 3 4R

L2,

H, (0.5 MPa)
(S)-36 (1 ~ 2 mol%)
19 (3 ~ 5 mol%)

toluene, 60 °C, 24 h

o
SONE
N~ "R

H

R =aryl, 67% ~ 90% yield, 58% ~ 64% ee

http://sioc-journal.cn/ 1393
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H, (0.5 MPa)
(S)-36 (1 ~ 2 mol%)
19 (3 ~ 5 mol%)

X N\
X o DE ), @
X N/ R toluene, 60 °C, 24 h

X=H,R=aryl;, 83% ~95% yield, 60% ~ 94% ee
X =H, R =alkyl; 94% yield, 56% ~ 66% ee
X =Me, R=Ph; 80% vyield, 65% ee

Beller 204 ity Rl A0 AR 22 F T B BBk S s o
(Scheme 17). AibAI 14 F S BRAC AR 42 25 59 37 4L
it o () S B S A BB W i, A AN 05 8, AE
BRAEALT) 19 FIF-IERERR(R)-36 W AL T R AEAXTFR
SR, [FIRE T LS oy PR X B g 36 12k

_Bu-t
P +
| ™Au BF,
Ph Bu-t R2
37 (1 mol%) <
R-=+ R e |
oluene, r.t., R Me
R" = aryl, alkyl; R% = aryl
H, (5.0 MPa)
(R)-36 (2 mol%) /RZ
19 (5 mol%) Hjl\
_ >

toluene, 65°C,24h  R'* Me

71% ~ 96% yield
70% ~ 94% ee

B 17 AR P I HO AN AR AL S A S RE
Scheme 17 Catalytic asymmetric hydrogenation of imines in
tandem reactions

2.2 FE-BEZRECIATERIE S MBI

2008 4F, Morris 580K PO 1 B2 Be AR — 4k 2%
EWI(R,R)-38 AT 2R ORI EM N H, 7E 50 °C, 2.53
MPa H, [ /1R, 193] 40%KIFL R A 27% ee HIXT LG
PEYE(Eq. 24). BE4FR IS, X RMEAFITERR A
P th e B AR S A AL PR RE L) 7R S N rh, R FE A
I FE RO AR 25 HARACLI SO, 58 WO 7R A A0 U E S
N A REAE R T AR B 5 H-Fe-N-H Z5F L7,
I BRI L SR T A A (2 L Eq. 15).

H, (2.53 MPa)
O (RR)-38 (0.44 mol%) OH 1)

Ph)J\Me KOBu-t (6.7 mol%) Ph” ~Me
i-PrOH, 50 OC, 18 h 40 % conv.
27% ee
2+
2-
AN [BF 42
AN
P/ L p
L = MeCN
(R,R)-38

1394 http://sioc-journal.cn/

%I Morris ZWVUR T — =1 1 FPE - R
PRI 2 A PIMEAL T, R se sl T 2 FhiR 1 A0 R
%, TON #5% =32 £ 5000, TOF % =132 2000 h™ ', 24 H T
PELEEW(S,S)-39 VENMEATTIRT, BEIRTS5 1 85% ee [1)
TR (R 5). M E FHERE G, %N
7 2 B} 5 FE e LW LA 2, i HLBE A RS A A
BELIE N, 52 [R50 328 36 1 AR T s A T 8 ) 5
M — AR,

K5 EEANS,S)-39 ML AN R AL R

Table 5 Asymmetric hydrogenation of ketones catalyzed by
iron complex (S,5)-39

H, (507 kPa)
(S,5)-39 (0.1 mol%)

PCyZ
< | co

LiAlH4 (0.6 mol%) Fe Br )

o] t-amylOH OH Me (o | [BF4]

R1J\R2 KOBu-t (1 mol%) R'” “R2 P PPh,
THF, 50 °C
(5,9)-39

R! R? TON TOF/h™' eel%
Aryl Me 950~990 630~1980 76~85
Ph Et 900 1500 83
Ph i-Pr 900 150 60
Ph c-Hex 800 65 37
2-Thiophenyl Me 950 240 82
2-Furanyl Me 900 220 85
2-Pyridinyl Me 200 200 74
Alkyl Alkyl 910~970  90~970 0~46

© 2015 Chinese Chemical Society & SIOC, CAS

2011 4, Milstein P4 1% 7 — 240 A A 2k (1
LGN 40, FERLII N TR A SR B H (B,
25). MR L s g T, 7EIR, 415 kPa H,
NEPAT5E AL, TON fe il E) 1880.

H, (415 kPa )

jDJ\ 40 (0.05 mol%) Jo\H
(25)
R'” "R? KOBu-t (0.1 mol%) R R?
EtOH, r.t.
R' = aryl, alkyl TON up to 1880

R2 = alkyl, aryl, H TOF up to 430 h""

J& 3k, Milstein 250064 40 5 NaBH, A1 EtOH UM, &
BT — R4S S ) 41 (Scheme 18). @?%ﬁ#@fﬁﬁ
SERIAE AR, 5 Re e h A R R () S A SR, TON %
s 1980.
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H, (415 kPa)

o) 41 (0.05 mol%) OH
R'” "R? EtOH, 40 °C R17R?
R = aryl, alkyl TON up to 1980
R? = alkyl, aryl, H TOF up to 330 h""
P(i-Pr),
NaBH, J | «HBH3
— N—Fé—CO
EtOH — H/
P(i-Pr),
41

B 18 BREEGW) 41 HEALRERIER ) 2L [
Scheme 18 Hydrogenation of aldehydes and ketones catalyzed
by iron complex 41

Milstein &55%f bR &0 s M F2 T 40T AT REdL 3
AT 40 B SRAERAAAE ST TS KBr, RGN LR
RN, 133055 IaE 42, 255 41 T
DUE SRt MBS A, 2k 42, ESAE
a2 fEA T RERR, BRI EPEAE 43,
(4R 43 @it —For s s B S B I RS 44, JERE
BB ATECAR b S A S 5 B AR I SR, AR R
ST, FETE RUE AL BT AE (Scheme 19).

P(i-Pr); P(i-Pr);
N | WBr / N\ | HBH;3
N—Fe—CO N—Fe—CO

7
H l H |
P(i-Pr),

P(i-Pr),
+KOBu-t, EtOH +EtOH
KBr, tsu% -2H,, BH;

P(i-Pr),
by a%
\\OEt
N—Fe’"
1 2 H
R R _ ' ~co 2
P(i-Pr),
42
R2
H H--7 R’
TWM 'W
W OH
[ N—/TELO N Fe “O\
—<0C Et
P(i-Pr), IPI’
44
(0]
R1J\R2

B 19 BREEEY) 43 F1 44 EABIEL S S AL 1 AT REHL AT
Scheme 19 Proposed mechanism of hydrogenation of carbonyl
compounds catalyzed by iron complex 43 or 44

Blt, Milstein 25025 fd A AAC PR A0 Bk 1) A 2%
w45 ST =R OIRBE BN, 135 =R LW
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(Eq. 26). &N K IFERIEA S, ERKE =R O
RIS B =/ OB, RIGHL G — MELTEIR, 53]
RAEEATEY).

H, (2.5 MPa)
45 (1 mol%)
0o NaOMe (5 mol%) OH

P'S J + ROH (2¢)

FsC~ “OR

1,4-dioxane, 40 °C, 16 h  F,;C

R = alkyl P(t-Bu), 25% ~ >99% yield
VA «H
N7Fé—CO
—\H
P(t-Bu),
45

Fairweather 1 Guan™* L) 2 Beller Z£55°°) 1 5F- [A] isf 41
TE s A I D R B 1Y P-N-P A AR RN R ) 48 &
V) 46, SZHLT ZFEETE CERIREE L &Y A R B
(Eq. 27). Fairweather fil Guan %536 I 1% 4 AL 75 FH T
A AR W R R I A .

H, (1.0 ~ 5.2 MPa)
o 46 (1 ~ 3 mol%) OH

1 27
RJ\OR1 toluene, THF or neat R) + RIOH (27)
115~135°C,3~24 h
R = aryl or alkyl 50% ~ 98.6% yield
R' = Me, Et, Bn H _BH3
—P(Pr-i
He B (Pr-i)
N7FIe—CO
¢,
(Poz46

2.3 ZIAMECHFFSKHIASKZSIELT

2013 4E, Beller 204U A U0 U6 B C A4 ANk 1 28 540
47 AL o - ABRIBE A B, IR1S T IR AF 1t ik
Bk, %ﬁ%%%ﬁ@ﬁ%@qm)ﬁ%%ﬂmTu%
AT PR AL, [RIRESRAS LA ar i &5 L. AIRT T A
%%%Mzmﬂ}mﬂTL@%wwf&ﬁ%#T%%
SN, T H BT B N R b

R H, (2.0 MPa) R!
~ 0,
RWO 47 (0.2 ~ 0.4 mol%) R%OH 28)
RO i-PrOH, TFA R3
(o] ~
R! = H, alkyl 120°C,2~5h 97% ~ 99% yield
R? = aryl, alkyl .
R =H, alkyl

BF,

http://sioc-journal.cn/ 1395
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MR SRR ARG TH SIS R, Beller S50V H
T FAIMEALHLFE (Scheme 20): HEALT 47 B M E
H, A T a4k 48, RN AERCHE. 1% 50 P A
48 1E 5T T AR — NSRBI T, AR AL A
YA Ak 49. HhIE A 49 FRPIRCAL 5 K AR 51 A5
%, BEIPEA 50, fr@d SRR, ERENY,
[FI RO 5, SCELREAL I B A AR AL TR3A T, o
TR RENS 0 25 AR IE A B 20 R I g

PPh2

\Fe F

Ph

2 PPh2
a7

H, ‘ -HF
PPh2

\Fe’Hz o

P~ Fe’ H P\ Fe’ H,
Ph, Ph
C% o
L - L | .
51 H*
49

B 20 BREKEH 47 HEAL o f-AMEANEE A0 S 7 1) AT BEALEE
Scheme 20 Proposed mechanism of the hydrogenation of
o,f-unsaturated aldehydes catalyzed by iron complex 47

2.4 JEEELT

T, HEERAME R RSP TS 20 RLEH
T4t PN BCiA 52 F1 Fes(CO), &5 A AL, SEBL
TR AT B R TR 1D 0 O B S Ak (Scheme 21).
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AR R RS VB, X1 % 2857 S e S B LA -
75 BEBUAR p-FRARR B R RE LS AR e (X R Fe b, X e
25 RACR AR 1) AN AR A SN H AT SR B 7K. L
BT FURM, IZMEA R RIRAT RE R AR MR R, #eF 1t
FEVR(R.R,R,R)-52 ME i A 9K BRIRL A& S IE 1 TP AL
7, B REW i R SR A BREAL B BT FTIE
Xt R S ARSI AR B TR R AT B AT IR G O A 41 .

H, (5.0 MPa)
(R.R,R,R)-52 (0.5 mol%)
0 Fe3(CO); (0.5 mol%) OH
R' “R? KOH (20 mol%) R'™R?
MeOH, 45°C, 5~ 10 h
R' = aryl, heteroaryl, Ph,CH 60% ~ 99% yield

R2 = alkyl, alkenyl 51% ~ 99% ee

H, (5.0 MPa)
(R.RR,R)-52 (2 mol%)

O O OH O
Fe3(CO)15 (2 mol%)
Ar)J\/U\OEt Ar)*\)J\OEt
KOH (80 mol%)
EtOH, 65°C, 30 h 89% ~ 97% yield
93% ~ 99% ee
~NH HN—
: ;—NH HN—/\
(R.RR,R)-52

Bz 21 Fe/52 fEALHR HI AN PR SN

Scheme 21 Asymmetric hydrogenation of ketones catalyzed by
iron/52

3 HikS5RE

AR A i (Haber-Bosch 1. 25) /& Ak e B
HHLYE, R b A AL OB, T HL A AR kA
A V5 Wilkinson A JLF-7E [R]— B 315 % B,
{H27E Wilkinson {#A0 AT & 1 40 R, Bk
A B LT 58 4 85 AT Z00% . 75 2004 4F, Bolm
ST A R A LSO 1 A 4583 S & e, AN
TR — BOE N A A RN, B2, [
FEAEAE 2004 4F, Chirik 254538 7 I 0 fi& Bic A fn gk i
wEY T G RENEN RN, it R T
Wilkinson A6 1X— 8 F0 8 15 A AT E B H ALk AL
SRR RENE. B, B AT AT RS AR SR AL AR L K
SRR ST AN W I B, R A A SN A B 2
FIEM, BN —AHEH TE BRI 5T 4.
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1R 51 10 8, A RIS R B A
T HR A IR, T AR Bk A AL AN B A T R H ok, BRI
THEALEALSIIER. R T Chirik & J& I T @ S0
W7 7 CAAR, — RFITHRESAE AL & R ok, I
FRIINEFH T . BAANERZ SR S, AR AN
Wik e, H RTE— SR A A 5 R B4 mT DUAN
SrE R M AARIESE. TR BT T T, MR AT ] B
B Bt G JRAEAGTRI, B W & e B A B =, L x
) H 3 45 M R Ak ) 7V R B KBRS I LA 5 40K
AR AR AR A AL RS, RO AR B . X
et e o s T B S B BRI 7).

HREIENA B, LSRN o B FmELt, Ba
PRAEALFITE T MGV L IR BEVE . B RE Y 52 PR Id 2 i
IR e M7 T, ERAFAEAR K ZEBE. b T8k itk
WIRMEIT S, E5EEA LA FRFELE, F
n, xR AN, 514 e AR T4 TT LA B 5
H /il TON A+ J5 1) TOF, [Ei B GE4s AR = vt
Wige LT (R R AL H AT AIC S ARAE 5000 LLAY.
TX U [ OK ) 22 B TS T T R ) A 1 7 AN A X
Forkh. TATEEHARE, SRS PR 215 2
SRHE 2 B R
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