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Abstract Transition metal-catalyzed hydroacylation reaction

of aldehydes with m-unsaturated compounds provides an

economical and efficient method for the construction of C—C bonds, not only allowing readily available starting materials to

be used as substrates, but also featuring high atom and step ec
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BRI R . A RLE S REN C—H #E
SO HR, - AN R B R 1 S It A S R B JE Ak
HIE R T — g, 23 TR
FERL — Rk, AL SRR LS N o R 43
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—EALBRECA TE & @ ot b, B S5 38 SR 3 Bk 2R R0 e A
P & SR YA R A2 oA E R (Scheme 1), Atk 7E
FH 2SR A, ) Jd B ) B L i Ay X 28 e I 1)
(P

1972 4E, Sakai ZFUHRIE T 4- ) (1 S AL S8,
KILAE Wilkinson AL FIAAAE R, BRI 4-BdEE T
DLAE SR LA AN IR TR B PR AR 7240, RS2 T T Bk B L R A
7E(Scheme 2). 7Rt 5, ABb PG E] T i &k
&, dEESRENHENEY R RS T i E, RN
eIy R e W o i 1 AR /B (AP N A
FICH R R BB BRI IS .

o]

| , O R!
R ])\i_, [Rh(PPh3)s]ICI (1 equiv.) RS f I:
+
r.t., slovent
RN R2 R2
17% ~ 34% yield 20% ~ 35% yield

Slovent = CH3CN, CgHg, CHCI3

B2 HESEMER 4- 05 R 1 S WAL S8
Scheme 2 Hydroacylation of 4-pentenal catalyzed by stoichio-
metric metals

SR, TR EN RN A AE, ARG ER) CO 7y
TRATRERMECALIE M, SN TR A i i
TR, B S B R SE AR B A2 ) — ELDUORH R AR
KRBkl TR, BESRPUERARRE, BRR
YA B AN (KR, 2R L R SEAR IR AR 3R AS 1
BRBL E O RGBT 1A DR HE R 2 455,
(BRI S R AT A i 2 T 2 — SRR B 2 —
SRR, R Z 0 FTAT I e SR AL ) 7 1 A R 7 TRV
ANKI PR S B 25 BU R 4. i, AR 4Rk
0ok o IR < o R A PR A R S A S L P E e 3R AT A
GLI ARG, BISer T TR AN RA, XA
Xt PR I A S5 7 PR AN o R 42 ] 46 s AT e IS L 2 458 i AT
TR 24,

1 TESREXHAIMIRS FREBERN

RN AR, BB, ISR N AN ST
FREzsh, f ELIER ] B R 5 1 BT 0 T AN BRI AL
SNE. Fa HRE L 28 IX 8% 1 N OB SR BT LA 4y
R A A 7 S R o 2 R,

1.1 REEBHANRS FREET R
11,1 AR EE b 12 09 2B AL R

1983 4, James SECHRGE T 70T WA FRABE R
8. E# {4 FH [Rh(S,S-chiralphos),]C1 1E JyfE 4k 7, I
TR B SENG S T 2,2- U 4- A B A )
FREBEAL IS, 315 40%~ 50%FIR 26 F ik 52%(1) ee
B (Scheme 3). M HT, WUHUAC S B 51 N FE (1) 4840,
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DMREREIFN C=C X Gy 42k, SKARTH IR BLE 1,
ok S B SRR RN, A T B I R AR R,
PEZ AT T IR AN 5, RIS R F ISR i
F, AT LUK ee (EHRTEE 69%, {H 2 SRR H I 5 1)
FEAE(17%)161.

r §  [RN(S.S-chiralphos)]CI (0.16 mol%) R O
Ph;@ 160 °C, neat ph_’-é
/ Me,, _PPh,

40% ~ 50% yield
up to 52% ee

|\/|eJi pph, (S:S)-chiralphos

B3 2- R4 AT AN 0 Bk S A S L
Scheme 3 Asymmetric hydroacylation of 2-disubstituted 4-pen-
tenal

eI FEAE | Sakai 25781 I [Rh(DIPMC),]C1 1E/#
T, ZEHEMERTER, SEILT 4- IR (A KPR Sk
1, KIF T 68%~T8% I NHH AN 73%~T7%H] ee
(Scheme 4). X 2AETPEEY) AR TR A B AL S S, B
SRZ S TR T LUK, (BRI Z BT AR,
2% AT AN BIEAE SR 254, SN AT BAGA
AT
o Rh(DIPMC)CI (25 mol%) o
H rt, PhCN Ii?
¢ ~Pph,
& PPh,, (+}DIPMC R
68% ~ 78% yield
R = n-Bu, t-Bu, Ph 73% ~77% ee

B 4 4-HUR-4- S I A AR U A S S
Scheme 4 Asymmetric hydroacylation of 4-substituted 4-pen-
tenals

1992 4F, Sakai ZEPVKIL, PHE T A Rh E4L7)
[Rh(BINAP)CIO4] 7] PAZEAIG 7 0 1 2640, #if) 17 Jiid
WL, FEIRTF mE OE R, T SRR R, R
N LA ] 9% ee fH, {HR2MEH H AR EF Rh
THE AT B8 0% 9 1 BTG 1 DA B o Wi BEE D JR R. Bl
J&i, 1994 £, Bosnich SE10-1Z522 1 25 b SO BC A4 T2 B 114
FHES T Rh LT, AL 4- D00 B PR AN X R Bk Ak S B,
&I chiralphos, BINAP, Duphos 25t A% AN [F] 25 74 ) Jeg
YT LSRG m O LR R GR 1), fEF AN, BT
Rh HEALFIBEE 45 & PN T IE 7S ERALIE Rh; H
T Rh 5 T456 RS, ke nT DR S %7
T RAERCARAL e, HIATIERAEN. 52 AR,
AT SR T RA— AN S E AR, iES51E R
I3 F AR A e AR X S, AT S AR, A5
RAERR R SONE. F SRR, RSP TR A2 45 3
B R R0 TR R e s BT A R, R A
JE(UN SiMes) B ER PRI (U0 C(O)Me), 3T LLIRAFER
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ik SR

TF (R SEARIE SN, R AN R R A 1 R A 75 B AN [R) 2
R AR A, G0 Duphos & T ke 3L BUR K42, chi-
ralphos 53 H T 75 FEHUACA &, 111 BINAP W] H K407
BEL ) 5 42 DA S T R I e

F 1 FET Rh AL 4- SRR A R 2 WA

Table 1 Asymmetric hydroacylation of 4-pentenal via cationic
Rh catalyst

0 0
H [Rh(Ligand)]CIO4 (4 mol%)
r.t., DCM or acetone

R R
Entry R Ligand eel%
1ab Me (S,S)-MeDuphos 94
oab Et (S,S)-MeDuphos 95
3ab ipr (S,S)-MeDuphos 96
42b Cyclopentyl (S,S)-MeDuphos 96
5¢ t-Bu (S)-BINAP > 99
6°¢ SiMe; (S)-BINAP >99
7° Ph (S,S)-chiralphos 78
8¢ 4-MeOCgH, (S,S)-chiralphos 75
9° C(O)Me (S)-BINAP 87
10°¢ C(O)Ph (S)-BINAP 94
11b CO,Et (S)-BINAP > 99

a [Rh(Ligand)(actone),]PFg (5 mol%) used. ? Actone. ¢ DCM.

sol ng

oo

(S)-BINAP (S,5)-MeDuphos

Me,, _PPh,

L

Me” “PPh,

(S,S)-Chiralphos

1993 4, Sakai SFUSHRIE 1 0HHR I AU KA (4-
Fe-3- S M I -4- T ) ) 2 W PR AL SR AL S B 2000
8, AT XA Suemune AR, #E—B 8T ANE G
FERUREE S S SLSCR AR B ME IR (R 2). 1E# &K,
AL Rn(BINAP)CLIE PR, 7 A0 B e () £ i i
(50 mol%) A REIRTFIE & (7=, Hr=Llm=CAE. H
b2 F, BHE T4 Rh(BINAP)CIO, fEAL B
v, AN /N 47 2 B (5 mol%) B T 3R AS B i AR,
AR O . AHRRAIEOLT, SN =PI ] ik
WA LT, A 95% L EH ee {H.

1995 4F, Bosnich ZEUSHBAS ] T B 7 45 73 (1) S0
ST 3-HUARIR 4- s B SRR A AR B S
2SR L 3-2RFE-4- A I R Y, Rh(BINAP)CIO4 fE A
AT, TRIA 2 BRI T=1, K13 S1% MR FI
48%I1) ee fH. BRULZAb, BRI H] 4-2KIE-4- S0
(42% ISR LA B, 3-2K J5E-3- SIS (7% 3R ) i 1l P24
(Scheme 5). X FIXBEEIF=MIHIA R, 154 H TIfFE
FEAE: Rh X C—H B N A Rk 5 Rh-H R s, 5
BRI AR, H AR IR, B4 —0
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K2 Rh M 4- SRR 1 20 PR AL U8
Table 2 Rh-catalyzed desymmetric hydroacylation of 4-pen-

tenals
(0] (0] (0]
H  Rh complex (5 mol%)
+
rt.,, DCM
R R
R R R R
cis trans
Entry R Rh complex Yield/% eel/% cis:trans
14 Me Rh(R-BINAP)CI 25 > 95 97:3
24 Me Rh(S-BINAP)CI 31 >95 97:3
3 Me Rh(R-BINAP)CIO,4 81 > 95 3:.97
4 Me Rh(S-BINAP)CIO,4 84 > 95 4:96
5 Ph Rh(R-BINAP)CIO,4 70 > 95 18:82
6 Ph Rh(S-BINAP)CIO4 76 > 95 17:83
7 Bu Rh(R-BINAP)CIO, 74 >95  2:98

8 Bu Rh(S-BINAP)CIO,4 77 > 05 2:98

450 mol% of catalyst used.

o o
RN(S-BINAP)CIO,
H (1 mol%)
P rt., DCM * “ 5
Ph PH Wj\
51% yield H

48% ee Ph
42% yield

Ph O

Me. _~
H

7% yield

B 5 Rh AL 3-HL-4- I mE ) 30 ) 245 7 A AL S B
Scheme 5 Rh-catalyzed asymmetric hydroacylation of 3-subs-
tituted 4-pentenals via kinetic resolution
i B-H TH BRI 5 I JFH B, 13 2R IR i 3-8 3E-3-
PAREE R P20, a0 SRR RS Rh-H 0 5, H 46 A M ke
e By, FRAAENE R, LARRIEN Rh 55— -4
N, F KA p-H IR CARGE SRR, AT LS 3] 4- 383
4-JEmE. B, VR EE TUARSEIRIGIE T iZHL R AE.

1998 4E, Ny 1Bt — D i 57 T I 0 ek £k,
Sakai FFSIEE T 2 4-BURIT RGOSR, K
AW e T AR 75 B e, mT ASRAS 5 v A0 i
B, B i EE ORI R 25 Y 83% ee, TMI45 HLF-HUAR
FR) 57 FE I e 0T R e PR BLAIR, A9 ok FR S IR R 0 e
HA 18%I1] ee fH.

2001 4F, Suemune F1 Tanaka ZE A5 22 1 EXTFRAY
4- TR T 1) Bl /3 5 % 3 B AN 0 AR A e A S R, 3RAF T
46% IR AN 95%(1) ee {H(Scheme 6).

2011 4, Carreira 25U Fj [Rh(C2Ha)2Cl] 1 5 fiEAL
7, SPINOL B 447726 ¥ W ik Wk (E W c A&, SEBL T 4-
PRI T IR AN R A AL SR (Scheme 7). R BIR T 4-05
SRR fe BA B Bad& A, AR R L T 2aE 2
g H TR 5 B Im IR, R RAIRTS 90% LA Y ee
fH.
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H  Rh(S-BINAP)CIO,4
4 mol%)
rt., DCM

46% yield 34% yield
>95% ee 54% ee
B 6 Rh AL 4- SRR B0 70 2247 3 AL S
Scheme 6 Rh-catalyzed asymmetric hydroacylation of 4-pen-
tenals via kinetic resolution

[Rh(C,H4)>Cl], (4 mol%)
Ligand (8 mol%)

(e} (0]
MeP(t-Bu), (8 mol%)
H AgSbFg (8 mol%) é
80 °C, 1,2-DCE, 15h /

R

10 examples
54% ~ 80% yield
80% ~ 97% ee

iﬁiﬁi&

O MeC6H4 p CF306H4
62% y|e|d 54% yield 68% yield
96% ee 90% ee 97% ee

B 7 4- M A S R S B R

Scheme 7 Asymmetric hydroacylation of 4-pentenals

2015 4F, Dong 2EUMRIE T 2,2- R -4- SO EE
F2XF BRAK I B (Scheme  8). 24 f# I (R)-DTBM-MeOBP-
HEP {E AR, S A% 15 2 51— 1) 2 I = 4.
SSHLERGN Scheme 8 fion: B, B C—H Ml Rh &
AR, B Rh-H Y0Fh, Bl 51900 5121/
AN, HRE S B-HIHER, AR Rh-H 42 FH SRl
A RiiERITBAEAN, BEIEIEFER, 53528
FEH).

2017 4F, Dong %F2OMEff F[(S,S)-BDPP]CoCL f# 1t
[F) R (1) S BB, I 3RAG T 38T B 7= P A0 3 L 7 )
(Scheme 9). 1E# NN, AEIFIMZEEBENEIFT Co ity
(1 5 MM : Co S 2 C—H 88 A Ak in sl J 15 31 I B 2 Co
—H Yk, W5 ZF S AT A, 53] T Co ¥k
BUE NI Co IRk, it — kA E IR TH bR 5 153 230
TR B A A PR ). AR BT R ERFFLN Rh R
REH, ARG G Rh FRA AR SE M) TR A4 B-H IHER,
M DL B S5 A5 2 DY e R,

2019 4, Dong 5PV T @5 1545770 I 50,
ST 2,4- HUAR-4- R I AN FREBEAL SR, R4S
L e WS S A e (R R B R . ISR, Y T SR AE i
AL T o A AT DAL AR ey, Horp, ROR RV IR AE
Rh AT AL RS AR AR, T S 4 28 (1) JEC A
RS, WRIEEE S EH, R MAL R P B,
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o 0
R [Rh(coe),Cll, (2.5 mol%) R
H ligand (5 mol%) |
AgBF4 (5 mol%)
7 \ o
40°C,DCE, 4h 73% ~ 91% yield
91% ~ 99% ee
@) (i) oxidative addition .
(i) (ii) olefin insertion (ii)

(iii) phydride elimination (i)

(iv) reductive elimination

R, (iii) R H

g 7o
MeO PAr,
MeO l PAr,

Ar = 3 5-(t-Bu)-4-MeOCgH,
(R)-DTBM-MeOBPHEP

B8 Rh AL 2,2- HUR-4- SO ¥ 5 S AL S
Scheme 8 Rh-catalyzed isohydroacylation of 2,2-disubstituted
4-pentenals

o o
R [(S,S)-BDPPICoCl, 2 mol%) Ph. o o
j{\H Zn (10 mol%) (Ef C&
. +
50 °C, MeCN, 24 h N
Y A\ Me X
Me Me 58% ~ 92% yield
A of 0,
Ph,P PPh, 64% ~ 92% ee
(S,S)-BDPP

@ F3C
O /{
:\ “Me S
76% vyield 93% vyield 93% yield
92% ee 90% ee 90% ee

>20:1dr,>20:1 10:1 dr, 151 10:1dr, 15:1 rr

BR9  Co AL 2,2- — HUAR-4- b i ) B A0 S
Scheme 9 Co-catalyzed hydroacylation of 2,2-disubstituted 4-
pentenals

M) S H 2SR 2 A0 8 R FIBL R JER W, T P=4 2 8] 5F
A RAEFAR A, XA DL monf ik £
H #5321 H #57#)(Scheme 10).

VR 38 I A% BN 25 3N 1 535 73 R 1R 285 SO0 T A4
BRI, X T 2,400 ARy ek Bl 75 = (1)
&Y, T AR B SR A O e, FR A =
PRI EAR(R 3). MeAk, BT 2-05 F-4-Fe HE 20 R
ﬁ%fﬁﬂiiﬁi%ﬁj@rﬂ% HA& 58 A Ay
fift, ZRFE) BT E I AT A, i
I JiR A e AR e B R I PR .
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Bl
.0 o WInEAS 2] Rh-H Yfh, 129005 4-5000 0 A K
R A Rh() Rl e pH R, T LLSEEL T PRI A Rk, A
¢ Ke(fast) i? MR AN 152977, Phs iR o Big #4521 B
R? R? FR=H.
amine | Krac amine %‘
]

0]

o)
1 1
R H Rh(l) R
ks(slow)
R2 R?

B 10 ZhEsh A AR AL RN

Scheme 10 Dynamic kinetic-resolution hydroacylation

R3 AXTREABA BB N R R A
Table 3 Enantioselective DKR hydroacylation

o 0
R! [Rh(cod)Cl], (4 mol%), ligand (8 mol%) Rl_
H AgSbFg (10 mol%), amine (10 mol%)
50 ~ 65 °C, toluene, 24 h -
R2 R2
Substrate Ligand and amine Product
0 0
Alkyl Alkyl,, 10 examples
H  (R)-DTBM-Segphos 63% ~ 94% yield
with 1-AdNH, / up to > 99% ee
- up to > 20:1 dr
AIkyI AIkyI
OO ,,,,,,,,,,,,,,,,,,,,,,,,,
Alkyl, 8 examples
Al H JoSPOPhos Yoo 53% ~ 51 % yield
with 1-AdNH, up to > 99% ee
H up to > 20:1 dr
Ar Ar

(R)-DTBM-Garphos A,
with 2,6-Et,PhNH, |:>
L-Selectride (3 equiv.)

10 examples
48% ~ 76% yield
up to > 99% ee

up to > 20:1 dr

(R)-DTBM-Segphos
Ar = 3,5-(t-Bu)2~4-MeOCeH2

JoSPOPhos OMe
(R)-DTBM-Garphos

[FI4F, Sato SEHRGE 1M HE M 4-100k AT 503530
TIEEPRIr 7T AR FR AL S B (Scheme 11). #£—
THRIRR , EF L T REE M TR, 5
RGN BAERSER. B, AT B IR I,
S AT AR BB USRS SR RIS, B A]
LIS RIEG ) ee fE. HIUL, TR IEHI BN,
PRI R RL A6 AT, REAT TR SErmt 7T, it —
YNGR IS, E& R, 4-9 8 SISV s msa mr
IR EIR LS R, iR, Rh BeMEER: C—H A
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actone, 45 °C

e}
[Rh(Ligand)]BF4 (10 mol%) R
4-fluorobenzonitrile (10 mol%)

o

13 examples
O 43% ~ 84% yield
< 36% ~ 96% ee
o PAr,
(O O PAI'2
o)
Ar = 3,5-(t-Bu),-4-MeO-CgH,
(R)-DTBM-Segphos
———————————————————————————— Selected examples ------------------ooomooeoeoe-
0 0o 0
il
@/\/Ph @ACOQMe @,Sl( Pr)s
80% yield 70% yield 69% yield
96% ee 67% ee 36% ee

B 11 A-IHOAR T P S 1 e v

Scheme 11 Dynamic kinetic-resolution hydroacylation

2021 4, FKITREEBISZHL T 3- I EE R S AL
RE, ML T & COYRLT LRI IE(Scheme 12). 1EF A
NTLJG Rh PR iAo s Aa g R, LUK AR R
THER, (H2RMe Pl A AL f N SV BRSO, AT SE 3
Z AL, e, AT Rh 5 C—H B4 I AR Bk
FRh-HYIF, MWK BTN, 25 p-HH
RIS RIARSGIR, B R A E IR TR I N AL R
B 270, [EAERE N, f-H RSB A I ke

R Q [Rh(cod)Cl], (2.5 mol%) R O
R H (R)-DTBM-Segphos (5 mol%) R
“ NaBARF (5 mol%) .
Ar 110 °C, 1,4-dioxane, 24 h ArY
(i) oxidative addition 95%; ~ 99"/2 yield
(i) (ii) olefin insertion 70% ~ 98% ee
(ii) (iii) fhydride elimination
(iv) reductive elimination (iv)
R O
R Rh
A
O

o g PAr, Ar=3,5-(t-Bu)y-4;-MeOCgH,
) PAr, (R)-DTBM-Segphos
.9

B 12 3-SR A AR AR S A

Scheme 12 Asymmetric hydroacylation of 3-pentenals

Chin. J. Org. Chem. 2022, 42, 3152~3166
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TERT % FRAFIN, Bl i ERAE H CONH)
H 5 Rh & T, Tk M, Btk Rh HEE
el R SR H R RA -H T RS 2K bl
7.
1.1.2 A fe ke 126 A B B

PR RR T X G N 2 Ak, 38 BT DA B4 N A=
B o B- ANV R ZEAL &4, 2002 4E, Fu 25R20RIE 1%
RBLIAR R . B, MATER 3,3- —HufR-4-
IRk N Y, 7E[Rh(ligand)|BF, 4L T, il 5
LI AF BT IR ER (R 4). IR, 3 AL
(1) AR R BU RS 2 T OB MR . MR A RS T A
FEERCAL, 038 T SR BRI A, ORI & T RN
T E. SR 3 BN =R, (S.S)-Pr-Duphos 5
=8 SRS NAT IR G RSV N vivk 3 C i <1 e ] D B |
20~40; 4N 3 A NZERRET, (R)-Tol-BINAP 2 & Al
R, Horp R I 07 FHL AR 2> (R B I 5 PR AE
FHILE— BRI T Rh AR I XU 1 2 0 B b &
AR B BE, s I R % A e WA 238 R e o) R 438 1 15 281 1
el U (3R U B 2 4.

KA AR 1R

Table 4 Kinetic resolution of 4-alkynals

0
[Rh(ligand)]BF 4
H Smol%
MeO "10~30°C, DCM_ °C, DCM + MeO
R’ %
OMe

Substrate ngand Product
o)
o
/< ©: MeO"
3 examples
lpr 53% ~ 56% vyield

(s S)-Pr- Duphos 90% ~ 93% ee

e}
PAr,
R2
PAr, R1=
Med

3 examples
. = 4-Me-CgH, 60% ~ 76% yield
R™ = alkyl (R) Tol-BINAP 95% ~ 99% ee
Q MeQ, o
—
MeO H R g
Z R
R 91% ~ 95% yield

Rh((R)-Tol-BINAP)]BF 4 (10 mol% 82% ~ 95% ee
[Rh((R) JIBF 4 ( )

2003 4F, Fu Z52VK B 3-H 48 5k -4- R EE 7 [Rh((R)-
Tol-BINAP)|BF, 4L, Aews &4 FATE) i2Eivs). Bt
i Rh-H PFhor 5%t S,R F  JE 2X K Je = g,
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AR 2] S- AT B AT R-3A X (Scheme 13).

(0]
&x " trans Rh
< addition addition
N MeO
MeO R MeO / R

R
J T ™ l
O (5 mol%)
MeO' EQ/ R
MeO
25% ~ 47% yield 36% ~ 66% yield
85% ~ 99% ee 46% ~ 88% ee

B 13 4 SUHRREHTATE 307

Scheme 13 Parallel kinetic resolution of 4-alkynals

— MR, 1170 Rh M A AR A 5 A p-H H
B, LR AR JFIERR. AR 1% A, Rh BEJGVESE
ke AR TR p-H TR, XERL TR e R 42 5 4 ik
ART KA B-HIERR. 5346, 3 A0 A R e s B2
TEH, MEAERN T RIS Rh BCAL(EHE RN, 17 HAER
fiBh Rh AR R BR, 15200075384,
1.1.3 e A @i fe s AR 09 A BLIL B

BERLBERR 1 5 ARMIEAMB AN I R Ak, I RE XS
PAEAATER AN AL, 2016 4, Dong Z#2SHRIE T Rh fiEfL
R e 2 I X A ) 25 6 R A S AL S B (Scheme
14). FEPIRRAS R ) S R 2% A1, e 5k mT A AN [R] Az B
FIERFE IR, — DR FAE PG, 7045 205 0
S AR B4, AR AERC AL VA 77 DME A1 ‘AmOH H
IR T OSSR, POV EATRE A E Rh Hhd]
A, AT Bk, AR 2 3 1% 07 vk 8 T L9 3R B
H 41 71 (—)-mesembrine A .

(0] [Rh(NBD)CI], OHC Rh(COD),SbFg (0]
R (2.5 mol%) R! (5 mol%) R
o X o JoSPOphos O 0 JoSPOphos O 0
- (5 mol%) (5 mol%)
N 10 °C, DME S” 80 °C, tAmOH .~
IX N /X
RIZ \Rz R2 R2 RZ \R2
19 examples

(0] 23 examples
by pj )y ?\/: PPhy 51% ~ 99% yield
tBu Me 83% ~ > 99% ee

JoSPOPhos

53% ~ 91% yield
87% ~>99% ee

ffffffffffffffffffffffffffff Selected examples~m~~~~~~~~~~~

81% vyield 59% vyield 92% yield 95% vyield
6:1dr 2:1dr >20:1dr > 20:1 dr
> 99% ee 98% ee 90% ee >99% ee

B 14 O B EXTRRL

Scheme 14 Desymmetrization of dioxocyclohexane
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1.2 FHEEBHANIRT FREER X
12,1 8id 2B R & R LR &4

2005 4F, Morehead S5PHRIE T 757 EEBER 70 TN E
AL SO, s AT FH A M B 28 F I R R, [Rh((R)-
BINAP)[CIO4 1E AT, DL R A e of Bl id 45 14 44
7 3-HEUAC BT (Scheme 15). JEA% W B BRI AN
o5 i B A T LA 47l e 25

0 0
[Rh((R)-BINAP)|CIO,
H (2 mol%)
rt., DCM
R R

8 examples
88% ~ 97% yield
70% ~ 99% ee

B 15 65K A S AL SR

Scheme 15 Hydroacylation of 2-vinyl benzaldehydes
2009 4, Dong S8 JEUA JEA) HHBR T W B N Tk
SN, SEHLT 97 A N B B A PR AL SN, A5 E
FEA AEFAAY(Scheme 16). ¥ %%, Rh Mg C—H
BEAEAINAEL, 193] Rh-H YR, 2R Rh (92 B A7 5
AULEVET . RO UL R e e & fRE KB, fid
BT X HIRAD T RS S PR AL B A R R
oM. & AR R? BUREER R S &G Hus s 1
UG C A REAS 31 ey YL 4 A1 e 0 R B4 30 T e 3 BUAR
B, WIS TN EERPUE T T E S R TIUR
FLRT7 R, PR B T RERU S 2 VLD, 0 T &R
R IUREE R D7 5, 075 A = S R AR S . A
FH K 1% 7128 F T (S)-(—)-3-n-butylphthalide 4 1L,
BE— DR T A& OTIERI SR TE. A SR T A kR

ISR, RIS IEAL F-3R57 b XU T 3 A ik e .

o)
[Rh(cod)CI], (2.5 ~ 7.5 mol%) N
| N H Duanphos (5 ~ 15 mol%) | 0
A0 AgX (5 ~ 15 mol%) 1// o
R! 75 ~ 100 °C, toluene R R2

oo 8 examples
\ 17X 8% ~ 97% yield
o 70% ~ 99% ee
| 0= S

Duanphos

B3 16 Rh {4k 75 1 L5 1R AN ) FoR Sl A S 7
Scheme 16 Rh-catalyzed asymmetric hydroacylation of aro-
matic aldehydes with ketones
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2 J&, Yoshikai ZE2OUii B Co fEALFSLEL 1 X AH [F] 2
RO Y ) & N (Scheme 17). i i {f Hl  CoCly,
(R,R)-BDPP Fll Zn [ G Z, ARSI 28 F S ] LATR
R AT A BRI A SN, 75 21 T 1 B IR S5 A 1.
Il CoBra, (R,R)-Ph-BPE Al In fJ2H & 0] LUNFUF] Hi 46 £k 4
il 5% PR ) SR A S, 19 B TFPE IR R 4.

0
CoCl, (10 mol%) N
(R,R)-BDPP (5 mol%) |/ _
0 Zn (50 mol%) R! R2
“ ! 25°C, MeCN, 12 h 6 examples
| ] 20% ~ 95% yield
A X 81% ~ 97% ee
R R? In (20 mol%) 0o
80 °C, MeCN, 12 h N
X =CH,, O CoBr, (10 mol%) | o]
(R,R)-Ph-BPE (10 mol%) //
R2
17 examples
. 53% ~ 98% yield
< PTN_P 82% ~ 97% ee
PPh, PPh,
(R,R)-BDPP R R -Ph-BPE

BI=X 17 Co fHEAHR R K 1 AR AR AL SR
Scheme 17 Co-catalyzed asymmetric hydroacylation of alkenes
or ketones

2014 4F, Stanley 50045 BRI H 7+ WA WA R L
KIMFA G IR TR ZIHE L. AR T N-LHH-2-
g IR TS 1) 231 P AN R UL Sz, DA s YA 5 A v i
PEAS 21 S W5 Rl 25 7= ) (Scheme 18). 2 J&, fifl
MIBUSARIE T 3- 20 F-2-W5 | W 1) 237 P AN 5o R & Ik
PSR, AT DR GF A R . ey . R IRy 4 K2R
FeIRGER. SR, MAE N RS NHEEERT, Sk Ab 5w &)

R2

2
R o [Rh(cod)Cl], (2.5 mol%) ~
R3—/ ] 2\ Ligand (5 mol%) 2 A\ o)
X N H AgBF4 (5 mol%) X N
g 60 °C, THF
1 R!
R 14 examples
45% ~ 99% yield
95% ~ 99% ee
1 1
R [Rh(cod)Cl], (2.5 mol%) R
Ligand (5 mol%) R
N H R
R2-7- | A\ NaBARF (5 mol%) g2~ | A\ o
S~y 60 °C, THF by Ay

23 examples
65% ~ 99% yield
84% ~ 99% ee

(S)-MeO-BIPHEP

KX 18 Rh AR R
Scheme 18 Rh-catalyzed hydroacylation
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ANRER A LIS s B4 ST LI 7R NaBARF X B
ibuke Al ERE et Jiup AR

2016 4, Coltart ZEP24IE T FME ik 5 i I 4 @ 1 [+
{H A 0 32 0 PR ) S A S S (Scheme 19). & i A
BRAN 213 () FPE R RAR B YRR B A4, SEINT meiz £
sl FHRSBESESERTEE T, 25 Rh 5
WHE C—H BEEAINRIE R Rh-H #9F, B35 kAT

Feli NI SR 5 R A5 21 7= 4 3-HUAR B35 .
Ar
O—QN Ar = 3,5-(CF3),-CgHs
N  OTMS (20 mol%) o
o H
Rh(acac)(C,Hy), (2.5 mol%) N
N H dppe (5 mol%) |//
A F PPTS (20 mol%) R 2o
R! R2 100 °C, dioxane (0 5 moI/L) 14 examples
23% ~ 89% yield
26% ~ 88% ee
OTMS
B 19 IR T ik I 4 W R4 A 1 St 1 S 2

Scheme 19 Hydroacylation via cooperative catalysis of imini-
um-ion and transition-metal

[FJ4F, Stanley FBSHGE |05 HEME S 1,1,2- =B
R 1 70 N A X PR E AL [ B (Scheme 20). [ B
BB AW Y), RIFED Rh AR a-%
) AL, A5 B4, VRl A sE g A
% V2 R B (DFT) TH 500 S REALFRBEAT T 0F 7T, B
Rh HEALFIBERSACE Lewis BRIEHE o- 22 1) S A AL )L AR :
Rh 15 5B HEAR AL, #55 FHOEEE 0 Rh YFh, Jot
THESRABETEHAREME, R ERNEARERT
FA A, 2 R RS R, 2 A

[Rh(cod)Cl], (2.5 mol%)

(R)-DTBM-Segphos (5 mol%) o
NaBARF (5 mol%) | A H
100 °C, 1,2-dioxane, 24 h // \
PAr, PAr, R H i
9 examples
49% ~ 91% vyield
82% ~ 99% ee

0_0 0.0
Ar = 3,5-('Bu),-4-MeO-CgH,
(R)-DTBM-Segphos

alkene il
hydroacylation

a-epimerization

EI=X 20 Rh AL 1,1,2- =BG A FRENEAL S8

Scheme 20 Rh-catalyzed asymmetric hydroacylation of 1,1,2-

trisubstituted alkenes
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2017 4, Yoshikai SEBHRIE T Co AL I Akl S
1,1,2- = HUAC BE R I 2 1) 43 7 9 AS 5 B & e AL e B2
(Scheme 21). £ CoBr,, (R,R)-BDPP DA K Mn [I4H 514 &
AR, SOSELAISCR e ol e 3 4k A v =l o) e a2 %
P2 A BRI B SL & ). 5 Stanley %5 T
A FIFRORIG R IRA ], 12 R RS = BB A 2
TERRMEY). 3 = BRERIRIG A AE E/Z T,
VEZFEMAIFIN E/Z oA vT Be 20 B 25 38 s .
Rk, MATTEE SR T R L AR X S B RS e, R BN T
E/Z>20 : 18 E/Z=2 . 1 WIHEIEY, RNIEHE LR &
Bt Al 32 B DA B ARt i i B PE A5 21 H AR =4

CoBr, (5 mol%)
1) (R,R)-BDPP (5 mol%) o
Mn (50 mol%)

R N H 80°C,DMF, 12h oo T N R
AN R . F~
R1 h1
PPh; PPhy 26 examples
Elz (R.R)-BDPP 66% ~ 99% yield
1% ~ 97% ee
ffffffffffffffffffffffffffffff Selected examples ----------------oooooeee-
o) o]
MeO F.
EIZ > 20:1 \Cé.nsu \Cé.nsu

By By
92% yield, 91% ee, > 20:1 dr 84% yleld 89% ee, 17:1 dr

E1Z=2:1 “ OMe

97% yield, 97% ee, 20:1 dr
Bz 21 Co AL 1,1,2- = UG A AR A AL S5

Scheme 21 Co-catalyzed asymmetric hydroacylation of 1,1,2-
trisubstituted alkenes

2019 4F, FKTRRAFOIMARIE 157 3 W A0 A AR AR Y
T35 AR IR AL S R (Scheme 22). %R ST T
ZIE R& MR NRY), DU RSB 1 e
V. R R TR A S, OB RT LA BB iR
AR ee fH. fEIZMNH, FFEMH Hy RKiG 1Ll
FFFE] LRh". A2 PRt — 2 S8 A3 2 Rh-H
Yk, TGN, JFRAE B-H B, A SEHURY)

86% yleld 93% ee, > 20:1 dr

ZIE W TUR) B AR ekt SRASENAS BN 1R 70 RN
Q [Rh(nbd),]BF4 (5 mol%) Q?
H (R)-DTBM-Segphos (5 mol%) R
> H, activation
R 80 °C, DCE, 3 h
3 examples

82% ~ 86% yield
37% ~ 69% ee

B 22 ABQ-Fedk I3 HE R A R AL

Scheme 22 Asymmetric hydroacylation of 0-(2-alkylvinyl)ben-
zaldehydes
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ik SR

2020 4E, Shirai 1 Yamamoto Z50PMi Y Ir {4k 52 ik
T 5 AR (1) 53§ WA B AR AL & S (Scheme  23).
TR BLFIFES Rh A RBIZEALL: 5, —0 Ir A
C—H FUL A B =AN I-H W0Fh, 205, T S BRI
£, KA Ir-H FBEXSEEREN; &5, KAREHERR
CEy/

0 0
[Ir(cod),](BArF,) (10 mol%)
I N H (R)-Segphos (10 mol%) | N
// o 90 °C, toluene, 24 h // i
R' R2 under N, R R2
14 examples
0 23% ~ 74% yield
% O 78% ~ 98% ee
0 PPh,
0 PPh,
O ‘
(R)-Segphos
—————————————————————————————— Selected examples --------------oooooe-
0O
; . ;
I/H nBu H
59% yield 52% yield 70% yield
92% ee 96% ee 93% ee

B 23 Ir AL S 5 IR A AN AR S I A S

Scheme 23 Ir-catalyzed asymmetric hydroacylation of aromatic
aldehydes with ketones

1.2.2 i#id AL R B A s LIRS

Bk T e A ICERAE, NATTIE A S8 A X AR A
ST N TCER. 2014 4F, Stanley 25057140 T Rh AL
N-475 TR - 2P| W g DA K% N-Js R 5 -2 -k gt e 2 4 5 0 1)
ASKEFRE AR, BE 1 DA iy YT 268 00 e i it gt MR A5 3]
I W - | Rk A % 0| B Bk (Scheme 24). BT
Foe A BRI R 75 EE R 7 0 L BTSRRI,
TG ECN AR N, 2RI A A = A )
Tk SRR TR A SR TR SR B RS . SR, MR RNIE R
i By e Bh S me fe v DUBRIEAT, Bon TR &R
NEE . PR HEN, KA P S 7 A B TR 4 )8
PIHL IR, AT 4 M S LA B8 77, AT 8 2 =
TR B .

ZJa, Stanley ZEBSHRIE T Rh A IS0 P9 2K
FH S (R A X FR AR AL [ N (Scheme  25), 133 endo 4%
PR =4, T a0 S A PR AR R AR R R A
MEAG B, MIAS 3] exo EHEMEI =Y. [N, Rh-H
MiFE TR IEAN G, a7 g-H HEk, BEERER
*@f&ﬁ%' ﬁ—fﬁ'é/i\lﬁﬁ ene [N, 2 Jait oKk
P25, Jmak &R ith, VB3 &R BHMHEA R IR A
il = 4.

3160 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

3
R? Rz o
2 [Rh(cod)Cll, (25~ 5 mol%) &
Rl CHO (R)-To-BINAP (5 ~ 10 mol%) - | o
>N AgX (5 ~ 10 mol%) N
\\( 100 ~ 120 °C, 1,4-dioxane
R :
R1
X = BF4 or SbFg 24 examples

51% ~ 98% yield

92% ~ 99% ee
777777777777777777777777777777 Selected examples -----------------ooooooo-

TR O B

CO,Et

95% yield, 99% ee 56% yield, 96% ee 98% yield, 98% ee

KX 24 Rh HEALKEBE R G RS BN IO
Scheme 24 Rh-catalyzed hydroacylation for synthesis of nitro-
gen-containing six-membered ring

[Rh(cod)Cl], (2.5 mol%) - CHO
Ligand (5 mol%) R
. CHO NaBARF (5 mol%) ZNF R2
R1:— 100 °C, 1,4-dioxane .
= R2 0
g R
= R2
PAr, R
15 examples
PA
2 49% ~ 89% yield
( 96% ~ 99% ee
Ar = 3 5-('Bu),-4-MeOCgH,
(R)-DTBM- Segphos

""""""""""""""""" Selected examples ---------cooeoeoeoooeooes

0 o)
: ? “CH; MeO : ?""CHs : %l"'Ph

88% vyield 84% vyield 83% vyield
98% ee 99% ee 97% ee
1:9 1:19 1:20

B 25 Rh (AL AT P9 35 HYRE O AN X R S 1
Scheme 25 Rh-catalyzed enantioselective hydroacylation of
ortho-allylbenzaldehydes

1.2.3 Lki%%&ﬁ/‘\ﬁi‘#’ff\ﬂ:/‘\%

[ AE W vE 2 I VAWTVEZ | N PO R VS 1= L K 8
ML SR H R %A%m#/\ﬁﬂ’whéﬂz ESpalilESND]
ANFIRERN. 2009 4F, Dong ZEPURIE T 44 J7 14l Bh 1 5%
FEWE AN 73T W IR SRR FR I & B AL 1 5 M. (Scheme 26).
PEE I, T 1.2-ZHURIE R, RO T At
JCIR Y, T L1- RS E, TR, R
N T A\ TR PR, AN, ARIBCARS T e
B R /N R A3 X I S ATL B 34T T 5E, A
N Rh E5efl C—H #EL K, 52 Rh-H #05;
Bl )5, Rh fE 58K &R FECAE LT Rh 35, A
AR 1% Mg, B 5 IGRIA H# TN, B
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J eI Tyt Rh el eI 7570 R, 38 EHER Ja
AR RI-ETCH I\ TTIE ).

o)
N H R? [Rh(Ligand)]BF,,
R3-L /\)I (5 mol%)
= 1
X R rt, DCM
X=0,S, S0 o
Q H
R3—\
X R =H) R2 H)

S e

(R,R)-Me-Duphos
———————————————————————————————— Selected examples'm—————~——————~—~—

O (R,R)-Me- Duphos
(RR)Me-Duphos ~ (R-DTBM- Segphos n= oo yield
95% yield 89% yield bee
96% ee 97% ee n= 25, ;f % yield
""""""""""""""""""""""""" Mechanism - > €€
7 D
Rh’D . Rh | u
v D
‘ S
(i)h o

(i) C-D bond activation
(i) olefin insertion

©\)LD (iii) reductive eliminatior]
X
(6]

B 26 Rh fELIG RSB FTH IR

Scheme 26 Rh-catalyzed hydroacylation for synthesis of me-
dium-sized ring

BRItz 4, Dong Sl I 77 HE M AN Ik (1 A B AL
S RERAFH I A, AATIEARIE T O JRT- Al B Y
75 WA 73 AR A S AL B L, DA it AT 3 A s FR 0 T
WRMEAAR LN BRI EY). 25, MATSCRA N
JE 5B, [RIRESEEL 1 55 HERE X 7 PO R A S A S L
(Scheme 27). M ML 2 /i 1 TAEZRAL, &R 2&imid
T AR O F IR R rpIaldA, 3t i A A= S e A S .

N T R ST RO AL SR B R R R, 2012
4, Douglas SEUUE AT A HEME SCIL 157 2L B AT K 1)
AR FREABEA SN, A AR SR 28 I F 2R PE A &5 4)
(Scheme 28). T Jun 55K TN HE A WAL, 2
FEMEE, AT 77 A R4 SR S, 1 AR
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0
[Rh((R)-DTBM-Segphos)]BF4
H (5 mol%) Q _‘\\H
R N
rt., DCM R
oY o

0 8 examples
85% ~ 98% yield
99% ee

0
0 [Rh((R)-DTBM-Segphos)]BF 4
©\)LH (1 ~ 5 mol%) S
R rt, DCM J\R
N
Y j
9 examples

84% ~ 99% yield
88% ~ 99% ee

B 27 Rh fEALE S BEACA SR 3R
Scheme 27 Rh-catalyzed hydroacylation of ketones for synthe-
sis of medium-sized ring

o [Rh(coe),Cl], (2.5 mol%) (0]

phosphine (5 mol%)

H amine (10 ~ 25 mol%) M
BzOH (10 mol%) ©
PhNH, (1.2 equiv.)

Me 80 ~ 100 °C, PhCF3;
2-amino-3-picoline/PPhs: 81% yield
2-amino-3-picoline/L2: 30% vyield, 23% ee
L3/PPhs: 82% vyield, 31% ee

Ph_Ph gn. 0 Ph
o0 !
Yy X PN N N\«O
A Toae Y AT
b
HoN N Ph" pp HoN N
2-amino-3-picoline L2 L3

BX 28 &mAAHLD T FEEH TR
Scheme 28 Metal-organic cooperative catalysis for medi-
um-ring synthesis
MEWE B 5] NTFIE Evans 4%, M AT IERE LM NE
AT, RJEHTEBAC R, et Ll 81% MM
31%M1 ee fEAF 2 H AR/ . AR A Wik #0221 wT e
PR T T P AT 2 S B o, AN BESR A R SL AR5 5
K.

B, I A FRER AL S R A SR &
CF@E’J&T”EP ﬂimﬂﬂ’lﬁrﬁﬁiﬁ%ﬂ, [[TREIN A7l
WSEONA IR, B 2867 75 24 B SR A 3 4 5 LA
SKHL, S EURNIRPN R R PE. Douglas 51 AW AL
RIS TIE I &Rt T — A iigie, A 84E
AR G2 (% B AT BT 5T

2 TEEBECHATHRY FESEIC R

FHEET 737 P ROBE, 731 [A) S B S 2 ) S s E T
WLk < J v W) A 5 TR M kel N BT B3k, AL, gl
048] < Jo e TR A P P i e I R D ) SR B RO LA
1980 4, Miller 141t AT 1 731 ) U A S S Ok
FC, (HR — BRI RAL. ARSI TR
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e 53R SR

TFHRBDI AN, SO T A B I3 . Moo [RhLgmdlO  sweo

21 RETHMGENHTETRRERMRE A e, AR
2006 4F, Bolm SIS T KBEERBEAIIBAT > e, SRR

5] B 2L A4 7 (Scheme 29). 7K % B (9 0 3 e P:% 25% ~ g% yeld

acac fFFil R T/ MM 4k, 37705 Rh iy, 1 Rh L dve | eonsones

FIREIE C—H BRIGRILINE, I BRer A MIBtE R Q

o, SR Bk, (RR)Ma-Duphos

[Rh(acac)(CoHy)2] (5 mol%)
H Lb Walphos (5.5 mol%) )()J\Lb
/
* 80°C, (CHCl),  Ar

NO, 95% yield, 82% ee
o > 99:1 exo:endo

H [Rh(acac)(C,Hy)2] (5 mol%)
. Ab (S)-Monophos (10 mol%)
OH 80 °C, (CH,Cl),

OH Ar (6]
98% vyield, 54% ee
95:5 exo:endo

O
GEKLW o _ v

M PR, P-N

SO

(S)-Monophos

<d>> Walphos

R = 3,5-Me,-4-MeO-CgH,
R' = 3,5-(CF3)2-C6H3

BRI 29 AR BEDIOR M A0S PR BE A B
Scheme 29 Asymmetric hydroacylation of salicylaldehydes
with norbornadienes

Bolm &0k 1 & B UG AR B, A LA 3%
it & Walphos HE1% LA exo IEFE A 82% %} BiE M
2R F=W), T2 B RC AR (S)-Monophos U LA endo %
P LA S 54%1H) ee {EAFEI=H). exo Al endo 1ML
RN Ay RV T HAR AR AL TE 5 BB A S
5N, FEUK R AT AR EC AL, Rh AL TR endo
ALy AR AR Z 5 [ SIS, FEOK R I A Be DL — A ke
BeAz, AT Rh 5846 ) T A7 T2 BEENE exo fir.

2008 4, Willis ZEHOHR 18 7 1,3- HURIIECIA R B-
s AT 1Y) 531 18] A %o AR Sk 4K [ 82 (Scheme 30). 1% %
Rieb AR R VRIS, A B e i I AR A T
DURGFHh e 2. RIS, ARG T hedkmg, 5 Beme 2 A
() B 3% T A e . 5 RE 3 1,3- AR B o2
FHELE, AT IRFOZIRLI 2 TS 218 3l ) 547 535
U, FEZ AT TACHINLER SEIS % 52, M{EFH 99% ee
() R e Y FRTEDCARS 5 408 PP nd 5 28 R A R R AT, (R,R)AN
(S,S) e RY PR FE A 70 2 2 tH ARG A B IR P )RR e, 3X —
&5 F Ut 1% S S I A T I 6 B b B g 2 R S SRk SE B,
T AL e B & 30 1) 4 70 i 1.

20104F, FET 2 /17T IO TAF, Dong Z£147)
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ffffffffffffffffffffffffff Selected examples -------------ooeoooooeo-
SMe O

X Ph X Ph Ph

I:9ent Ié’ent
65% yield, 80% ee 81% yield, 92% ee 25% yield, 94% ee

SMe O
SMe O X Ph
(R,R)-catalyst H
H Pent
75% yield, 92% ee
+ _
Ph SMe O
Pent._#" “H (S,S)-catalyst xPh
Pent
(R)-allene en
99% ee 73% vyield, 87% ee

B30 13- “HURBAEM - AREE AR AR A AL
Scheme 30 Asymmetric hydroacylation of 1,3-disubstituted
allenes with f-S-substituted aldehydes

{6 F AR SR A 9 5 ) 2R SR EL T s I TS R AR AL ) RK
e 1) AN SO PR A S S, R % DA v WSO 2R R v X B e 2 12
32 BE =) (Scheme 31). {HJZ, 418 B A 2540
5K ¥l B, W43 2 B85 =9, Rk, /B35,
TV HRFP I I F 4 N5 # AR S A2 B F e Rh 2R A ] 4,
KRB A /N gk TR R P8, M, TR Rk
feE EAFIM I Rh AU G Rh 304N 5 A2

#2545, Dong SEMSINARIE T /KMl 5 BRI R4 1)
ST IR A SO, SR FH 20 BRAL 1) SR — 2 A
FErRL, DUE D B BN = AT ek B A T 2
PRI BB A YI(Scheme 32). N, EiGHERIFR A
I8 A R 5 1 OB S 1, T LR TR A (1) 25 06k
FRAL AT DA — AU T RO F — Al TR,

2022 4, Fletcher SE4HRIE T 75 & M58 T 15153
TR B Ak [ N (Scheme  33). 1% & B A FH K M s 5 Y
T T B BUACER T M5 N A, J8 s 25 00 PR AN R J T 1 v
O, SRAFREE I EX WOIE B, (ER 2 A0 R R AE
JRAIS, RRSIANRERAE, R TKMERIEEE S &8
Rh FHafAfE 2] 7 EEEH.

2009 4F, Suemune SEPOHRIE 1 /KB EE RIS M AR A
1,5-C @ A FREBE R B, 13 3 SCEE =)

Chin. J. Org. Chem. 2022, 42, 3152~3166
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OH O [Rh(cod)Cl], (2.5 ~ 5 mol%)

SN Ligand (5 ~ 10 mol%)
R~ KPOy (5 ~ 10 mol%) OH O

=

30 ~ 40 °C, DCM SR?
R’l._'. N
A Me (SR?

= >—M 16 examples

74% ~ 99% yield
> M 36% ~ 97% ee
“1Me

Ph

H homoallyl H
( )‘ favored \

pathway - — i Linear product

B h (i) olefin insertion
ranc eAd product (ii) reductive elimination (i | favored
3 pathway

O O, LYo
Org w8 L ‘ ;th-;‘H _), OgeS
P‘Re,/ PRy L P’R{ :<

H
H allyl

B 31 KM A e A B A 0 A e o I A e

Scheme 31 Asymmetric hydroacylation of homoallylic salic-
ylaldehydes with sulfides

OH O Q(P(tBu)z
CyoP” Fe 1M o
X e e
R H s Ar— H
= : (5 mol%)

+ /A_‘RZ

[Rh(cod)Cl]; (2.5 mol%) H

Me_R? K.PO 0 Me
3PO4 (10 mol%)
o 18 examples
A 70°C, toluene, 12 h 81% ~ 99% vyield

88% ~ 99% ee
OH O

H H
Cl
Ph ~Ph
"Me Me /Me

95% vyield, > 99% ee, 13:1 dr 92% vyield, 99% ee, 12:1 dr

81% yield, 99% ee, > 20:1 dr 88% yield, 99% ee, > 20:1 dr
B 32 KA T4 44 A AS S AR AL

Scheme 32 Asymmetric hydroacylation of salicylaldehydes
with cyclopropenes

(Scheme 34). /KIZEEMEY 2L Rh FCA7 A2 e o A4
HlE Rk, S—u R LS Rh Bofs, WA 7145
B SRR ). iﬁﬁiﬁ&@ﬁ%@?ﬁﬂf%ﬁ’]%%*ﬂ
TBRIEFEVE, (RIS, XEuEFmEER, RA 1!
22 RFEFHEIEN S FEANNIREE YR &

7 % S0 B PR e 4% 1R B M AR E 42 HE A )
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W

) >NCbz

iy

[Rh(cod)OH], (2.5 mol%) o

(R,R)-Me-Duphos (6 mol%) KON
TN H Ar . NCbz
R~ 60 °C, toluene ol
¥
15 examples
67% ~ 89% yield
63% ~ 99% ee
R Me\@
Me
(R,R)-Me-Duphos

77777777777777777777777777777 Selected examples -----------------coeeaoooo-

RN 0]
" “NCbz OH ClJ
o/ @/Lu, NBn
0]

79% yield, 63% ee
>5:1dr

| : 0
" S:o

84% yield, 96% ee 84% yield, 96% ee
>20:1:1 dr 8:1dr

B 33 FKIGIEANIR T I B AN X AR S A 2
Scheme 33 Asymmetric hydroacylation of salicylaldenhydes
with cyclobutenes

71% vyield, 97% ee

OH O

OH O
H [Rh(coe),Cl], (10 mol%)
(S)-BINAP (10 mol%) N
R ZnBr, (20 mol%) Me
50 °C, 5% EtOH in (CH,CI),  1:1 branched:linear
NN 86% yield, 84% ee

B 34 OB AR AR

Scheme 34 Asymmetric hydroacylation of hexadienes
HR LA, 0BG Bk PR S ML, LR A A e R B PR
7 RESE R 2 REE, AT BRI 10T iR S L B
Vb, R JETE T A% SR B I 201 R AN R S A S
I 5 AT E A R . 2009 4F, Tanaka SF0UHRIE 1 H] HLE
L IR AY s T 2 ) ) AN B S A B L, e 8 LU i )
HSr 3 A e DR s £ 145 1) H AR #(Scheme 35).

RN, SHBEERRBIE R R R EE, K
NBERERE A B T 5 @A, Bhfe il i dmA
ABRETE, AR E e PRk, B, (EEie
BE— 30 FI ST AR ke 1 U e Wik B A IR AL, 24
K INBCAA PR A — ] 5 < JR BC A I, 5 i A G A
THER, WTRUBCRIAF 2] R AR 1. T 240 e RS A4
AT 5 — 5 g R BC AL, H AT B s [ 7 B i
K, BRI DL S 4 8 Hh oAy AR AR 5 28 S R

2014 4, Dong SEU2HRE T ] H 1 AR L 2 8] (1
AR SN, DA S A o BRIE A 2 o B
FEHR I (Scheme  36). A& A NHBIGE 1) Josiphos

http://sioc-journal.cn/ 3163



BilLE
o] [Rh((R,R)-QuinoxP*)]BF,
; (5 mol%) O R? RS
o, |
R . H 80 °C, (CH,Cl), " N-
Me
2 R3 v Bu o
R l? N\ P 12 examples
/]\[r"LR‘t ;[ 73% ~ 87% yield
3 N Poe 97% ~ 99% ee
B
(R,R)-QuinoxP*
R Mechanism = ---------cnomomomome
tBu P/-R Me
OMe H Rh(l)* 1 ’

L NPh .
o Me Rh(l)* 2
)I\ + NPh2 —_— or
R H Ligand r 7
o {Bu /@"F\ Me
1 Y ’
O Me, H P P,

2 < R 4
R)J\/‘k[rNth S Me |, — R0\ Bu
I -Rh(l)* Os A—Me

(S)-product

B 35 WA IR R AN R AL S R
Scheme 35 Asymmetric hydroacylation of acrylamides and
aldehydes

0 [Rh(cod),]BF4 (10 mol%) 5
R1”\H Josiphos (10 mol %) o Ar R
. rt, DCM, 24 h R” N0 N‘R3
Ar R? o)
N.3 21 examples
O)\Ir R I Me 46% ~ 98% yield
o o™ p Fe CH 69% ~ 96% ee
{ s P
Josiphos
—————————————————————————————— Mechanism  ------------ooeoeoeoe oo
p-acceptor Me

Me R,N.__0O @H
ArQPQ\QH ;/[AQF-’ Fe

P(tB
o  Rhae—P(Bu), A7 S0 RS (B0
RN < H/L
2 =0 o s-donor rR" O
Ar R 3
promoted by { unfavored
trans-effect '
O Ar
O Ar R
)J\ NR' JI\ - NR'Z
L . R™ 07
5 O

(S)-product (R)-product

B 36 T AR P A PO AN X AR e A e
Scheme 36 Asymmetric hydroacylation of ketoamides and
aldehydes

FC A4 X S5 I R 3 M R e B 38 O BB AR A B
fFAE—A m-acceptor [ 75 FEBEHARIEF—> o-donor
B RSB EACEE. HoR | m-acceptor B 75 Sk 5 FRAE
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MALT e B, I ER G KA TN, EA o-
donor Mkt S & mEAMM L T RARAL, DL
IR A, FERFRE 3L R R, I ECR R AL
HAS B 0 Wk B P2 ).

TELE A I, Dong 255313 2 B BDPP 2 - MEXU BT
Pt AT DUBRE 3% R R EAT, FF 0] DO IR E F
EZBFELAFNAEN), (B~ ee [HAFFE—L T (Scheme
37).

o uq /H\
U l (10 mol%)
1 t
" + " Rh bZAeBFBm 1% o & R
[Rh(nbd),]BF 4 (10 mol%) 1Jj\ N,
AR 30 °C, DCE U
N o}
e} “R3 4 examples
o 36% ~ 88% yield

33% ~ 63% ee

B 37 WAL R (1 A AR i
Scheme 37 Asymmetric hydroacylation of ketoamides and
aldehyde
2020 4, Lautens Z*HRIE T Co HEALIK 701 [ AR
PREEAL SOBE. AATIAE Y ] B 55 SR E AT 1, 6-0 A oA s
LY, 18I HR I S AT B R AL Y A R 2% 36 2K )
(Scheme 38).

o} CoBry (5 mol%) H
Py (S,5)-BDPP (6 mol%) L
Ar” H NaBARF (7.5 mol%) o
+ Zn (50 mol%) A WY
/Y/\/m °C,DCM (0.2 mollL) /'
R a .
_ 24 examples
Y =0, NTs PPh, PPh, 35% ~ 95% yield

8% ~ 98% ee

(S,S)-BDPP

ffffffffffffffffffffffffffffff Selected examples ----------oeeimmiieeaeo oo

S0 o L 8 D

Me Ph

59% y|e|d 8% ee 76% yield, 97% ee

84% yleld 98% ee

B 38 WA 1,6-H ok (A X AR S B AL S b

Scheme 38 Asymmetric hydroacylation of 1,6-enynes and al-
dehydes

FEIZ N, AT AR AT RER) S B A — 2 — 1
Co Je 577 HMER) C—H AL AL, 753 =4 Co hlalfk,
ZJE GIRBRIRE, X XU AN BB AR UOR AE AN O, T
TSR BRAFEIME Y, R Co Bk AL
WL, BEITTH Co WA, )5 F5 07 5L A A
NIRRE, AFEIETCH Co HhIa A, A -H ¥H BR AL
THERAS 2. SRR DU 22 PR AL 1R, B
TOT RS, BRIt R DL S MR AR RN (HAZ,
i AR S R AR, L5 R R £, R IR R
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(15 SRR AE LAz ) k3 7 S AR,

2021 4, RajanBabu I Af1 H Co 1E AR, ST
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2,4-HURI IR S R NAF R 12-INE =4, T 4-
BRI I S e 2l [ MR 2 4,1-I0R =1, 5 05
WS SIS 4,3- IR =), AR Bt T 1% RS F] RE
FIBLEE: B%, — BB T Co SR i K A A LI
b, R =MIETHE: Co Pl 25, B-H THERFEJEH
PREEv/

((S.S)-Ph-BPEICoBr,

o R2 (10 mol%) R2m R/Ar
o . NaBARF (20 mol%) ‘@f
™ NS
Ar/R™ H Zn (1 equiv.)

R' rt., DCM, 24 h R'
9 examples
54% ~ 84% yield

0/ ~ 0,
(S.S)}Ph-BPEICOBr, G~ 80%~98%ee

(10 mol%) —
O 7 NaBARF(0moi%) [ § or /Q/&
Ar/R)LH N Zn (1 equiv.) R H Ar
R!  rt,DCM,24h R R
28 examples

26% ~ 98% yield
80% ~ 99% ee

———————————————————————————————————— Mechanism-----------------o oo
R2 + R? R
0 [LCol| i
N & O
R1 R1
oxidative reductive
cyclization elimination
2 * 2 ’
R R Shydride R R
H elimination ‘
(L& (
\Co'” 1 coll
R R" 7

B 39 e 1,3- 0 I A AR AL S
Scheme 39 Asymmetric hydroacylation of 1,3-dienes and al-
dehydes
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ISR AR BT AR, K EEAA S
TR 9T 3RAS AR E AR e RlAA, w5 2R R -
SIS R TR R BCAL, ARG 3 VAL A %
Y. — ARG 7 75752 8 S BEAT P )
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JEAD A IV ()RS B SR . X R HME 2
2T 731 IR A A S B, AT i < i o 1 A
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REF AR E @R A, 38k, N T RIS I SRR %
P, m- AR S0 B AR AT 23 A S AT 5 A S Y
D). — il AR . B MM, &
WA RCALEE B R0 1,6- @ AR IR %, @) A
VAIER R A B s . R ) E AN S A A 2 BT
RAGE B PRI, O 7 R AT A SO, -
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