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Asymmetric Hydrogenation of Cyclic Dehydroamino Acids and
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Abstract Chiral cyclic amino acids, possessing the unique structure and special properties, can be found in various chiral
drugs and chiral catalysts as structural motifs. Transition-metal-catalyzed asymmetric hydrogenation, which has the advantages
of high efficiency, environmental friendliness and atom economy, becomes the preferred method for the syntheses of such
compounds. The related works on this field are reviewed for the first time in this paper. The catalytic asymmetric hydrogena-
tion of various types of cyclic a- and f-dehydroamino acids and their derivatives is introduced, and the advantages and disad-
vantages of different kinds of transition-metal catalysts (including complexes of Ru, Rh, and Ir) are discussed. Thus a perspec-

tive is proposed for the future development.
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Figure 1 Widely-used drugs with the structure of cyclic amino
acids and their derivatives
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Figure 3 Ru-catalyzed asymmetric hydrogenation of an exocy-
clic amino and endocyclic vinyl five-membered cyclic
a-dehydroamino ester
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Figure 4 Ru-catalyzed asymmetric hydrogenation of an exocy-
clic amino and endocyclic vinyl seven-membered cyclic
a-dehydroamino amide
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Ik % COOMe 7 F- 14 2 il b 21 e s M 7R .

2000 4F, Beak %57 - MR IE A= 005k (1) AN X6 FR B
WFFH, X IRER N IR Y M R 257N TRIRIR - VR
FER K HAT DA FR A S 4T T 2 — D I
F. KIL N-Boc TR AR a- i EZFEBE/E Ru-BINAP
AR RAEH T AT 315 46% XS ik BPE(E 1, Entry
2), R - IR LRI o- i = 2 N-FUCT A
N-3, 5- HEIR BN RS T 92%~96% KX Bk $%
(3 1, Entries 3~5), M N _EBA AR a-i A
RAHE N-Z CHEPI A FRAT T 74% 0 Bk £ 10 (3R 1,
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Table 1 Ru-catalyzed asymmetric hydrogenation of endocyclic
amino and endocyclic vinyl six-membered cyclic a-dehydro-

amino acids and their derivatives

Ru-BINAP
N Acyl TR, N Acyl
R R
Entry R Acyl Yield/% ee/%

1 COOPh COOMe 82 79
2 Boc COOMe 66 46
3 Boc COOH 95 96
4 Boc CONH¢-Bu 99 96
5 Boc CONH(3,5-Me,CgH3) 78 92
6 Boc CON(C,Hs), 83 74

Entry 6). 73 4 ] Rh-BINAP 1 Rh-DuPhos f# 14 1 £ %t
IR - Mot 35 R P %o PR a2 308 1 (R 26 22 (4 3l R 0%
42%). LIRGERU, o SRR LR S TE ST
Ru A0S0 0 1 i ok Bt 498 28 e 81 e s Ak PO 1 .

2001 4F, Beak ¥ K 3R Ru-BINAP #E{b 14
FA T35 GRS E e R o i S 2 25 1 R 7k
[ YA R AL, 5 BIERTT T 34%A1 34% IR XT Bt
HREIEGE 2).

K 2 HARFERAIHIEEETTIR oI IR S 1
AR Ru L&A

Table 2 Ru-catalyzed asymmetric hydrogenation of endocyclic
amino and endocyclic vinyl seven-membered cyclic a-dehydro-

amino acid and amide
Q Ru-BINAP Q
N H, N

‘ Acyl ‘ Acyl
Boc Boc
Entry Acyl Yield/% ee/%
1 COOH 90 34
2 CONH(3,5-Me,C¢H3) 98 34

© 2015 Chinese Chemical Society & SIOC, CAS
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Table 3 Rh-catalyzed asymmetric hydrogenation of a series of
endocyclic amino and endocyclic vinyl a-dehydroamino esters
(Et-DuPhos)
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Table 5 Rh-catalyzed asymmetric hydrogenation of a series of
endocyclic amino and endocyclic vinyl a-dehydroamino acids
and their derivatives (TRAP)

Me
Rzpk(

(@ RvErDuPhos (@-. ©i & (T _ ReTRAP ([l E
N COOMe H, N CooMe | —e D/j\A | (Nj\A PN
Cooph cooph , O i y
| Epv R ' Me PRy
Et-DuPhos ! TRAP
Entry n Yield/% ee/% Entry n R Acyl Conv./% eel%
1 0 84 0 I 2 Boc COOi-Bu 86 87
2 1 95 27 2 2 Boc CONH?-Bu 100 83
3 2 96 95 3 2 Cbz COOi-Bu 100 11
4 3 96 97 4 1 Boc COOi-Bu 100 35
5 4 97 96 5 1 Boc COOMe 100 85
6 8 96 91 6 1 Boc CONH?-Bu 100 93
7 11 86 86 7 1 Cbz COOi-Bu 100 92
P " 8 1 Bz COOi-Bu 100 73
2001 4, Beak Z5°30K A Rh-Et-DuPHOS f# b4k 0 0 Ac COOMe 96 %6
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Table 4 Rh-catalyzed asymmetric hydrogenation of endocyclic
amino and endocyclic vinyl seven-membered cyclic

a-dehydroamino acid and amide

Rh-Et-DuPhos

(L o= ()
N™ “Acyl H, N

‘ Acyl
Boc Boc
Entry Acyl Yield/% eel/%
1 COOH 98 90
2 CONH(3,5-Me,C¢H3) 90 94

1999 4, Tto 25N HLHF & ) Rh-TRAP {14 2 B
FF 5 P RS 3R P 065 B 20K - B 0 T i R T
AT R S AL, AROUE Lo R RS T B (1
87% )Xo ik 54 (38 5, Entries 1~3), 1 H X RIMERK
(134 38 7S JC IR LG R [ RE AT 3RA3 93% A1 86% (1)
Kk PE(FR S, Entries 4~9). B4k, Z LA RN
I B-O HUARFN B-N B HIZS TOIH R 73 533K 15 T 97%-
73%M1 97% I ik B, BT AT T A R HIV 2
R 35 B R T U (B S).

2000 4F, Kuwano PLJ% Tto 250 F5R Rh-TRAP i
PR 2 S FH T30 P fig 2R P 05 J 28 28 9 L C IR ol
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Figure 5 Rh-catalyzed asymmetric hydrogenation of benzo-

and f-O-substituted six-membered cyclic a-dehydroamino am-
ides
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Table 6 Rh-catalyzed asymmetric hydrogenation of N-acyl

N

indole-2-carboxylic acids and esters

mAcyl
N

Rh-L, 052CO3

Hy, -PrOH

PipPhos
&
@Q\}PR;
Fe
@ Me
WalPhos
Entry L R Acyl Conv./%  ee/%
1 TRAP Ac  COOMe 95 95
2 TRAP Boc COOMe 86 78
3 PipPhos Ac COOMe 100 74
4 PipPhos Ac COOH 54 37
5 PipPhos Boc COOMe 48 4
6 WalPhos Boc COOMe 87 77
7 WalPhos Boc COOEt 26 85
8 WalPhos Boc COO¢-Bu 27 83

W T LB IC A N V- 25 1| Ok PR R T () SRR Rh
LS. FIRETERRAE NI IR AT, FIFEIF R 1)
Bl T U R E R IIC A4 PipPhos B iEi3K45 1 74% Xt i 1%k
Ik 6, Entry 3). 117X N- 2. B35 15| s P o e e 3¢ 12
FLBRARF] 37%(Entry 4), X N-Boc 5| Mk F & T ) Xof sk 126
BN 4%(3 6, Entry 5), %t N-H 15| M: FER S ) 5 A
ARSI, B, 3 H T WE 6 FraRmIbLEE, A
TEBH, Cs,CO5 1EF T HEAIEHR LA Rh(DH Sy S o (] .

2010 4E, Agbossou-Niedercorn 2|4 1o 2 70
(XU R AA B T N-Boc 5[ W HH R B I A6 BR Rh fiEAL
Sk, PR T ) WalPhos R SIECAANT G . Z B8 F0
BT e R 0 BIERIE T 77%- 85%F1 83% )% e ide ¢ 14
(% 6, Entries 6~8), n[1EIZ MMM RE & FEED
N-Boc W5 Wk FRERFE i Boc Il =4 LA K s A8 36l 7= 4 1) 77
ach
133 &Itk

2010 4E, Pfaltz 510K HCFF & 0 s MERRIR B A L1
FU B/ E AR L2 ST N-FBE 3 5] Wk F R B P AN 6 R
Ir AL E AL, 5 N-Bocs N-Ac A1 N-Ts 153 (05| W FE iz
CEEE =7 HERTE T 93%99%F1 99% [t Kok e e 54 (%
7).
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Figure 6 Proposed mechanism of Rh-catalyzed asymmetric
hydrogenation of N-acyl indole-2-carboxylic acids and their de-
rivatives

KT N-BRIENI TR ZEE AR Ir AL i
Table 7 Ir-catalyzed asymmetric hydrogenation of ethyl N-acyl

©f>—cooa
N

indole-2-carboxylates

Ir-L
mcooa
N Ha

\ \

R R
Bn_ Bn Me
7, N 74
e 0 Q \
Cy,P N<< t-Bu,P Nx
Ph Ph
L1 L2
Entry L R Conv./% ee/%
1 L1 Boc 88 93
2 L1 Ac 96 94
3 L2 Ac 97 99
4 L2 Ts 95 99

© 2015 Chinese Chemical Society & SIOC, CAS
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TCH ARG T 1%00 Bk FE (R 8, Eentry 3).
2006 4, Imamoto LA f2 Gridnev ZEU N 3L T80l T 1k
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DiPAMP 744 SMS-Phos B T-1% R B, X 7S TG R
YIER1S T 99% (1% ik £ 8, Entry 8).

2000 4£, Sawamura P 5 Tto 25204 i 1/ b0 T 1
XUBEAC {4 TRAP N T I IMIEFE IR IME IS TR o
S EL TR A X AR Rh LS, 3RAE T 78%IH 1%}
Wik P (3R 8, Entry 9).

534k, 2003 4F, Evans 25220 rpt F-HE /BRI (4 LS
L T ER M I B R AMA FL SR /S TR o Il S 2 2R TR B
IAXITFR Rh AL, SmdkAR T 95% T ik £
(# 8, Entry 10). 2005 4F, Reetz 252304 4l 7 1 2 Bl i 4
L6 N THAIMEEIRIMEFERINIR o S FERR R 1)
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12).

1.42 ARt

2004 4, Minnaard. Feringa P& de Vries £ 5
PEFBRICAA L7 BT o S 2 R BRI AN KRR T fi
A, HA IR AN IR IR A MA IS H TR S TCIRIR a-
Jii S S TR G 7 I 3RAT T 15% M 85% [k iz £ (1
7).

E 0
COOMe Rh-L7 COOMe ; H
L el T S B
H2 : l
NHAc . Ph

NHAc :
n =0: 100% conv., 15% ee ! L7
n=1:100% conv., 85% ee

B 7 HSMNEEIIMEEERIOR oI A BB AR I

AL

Figure 7 Ir-catalyzed asymmetric hydrogenation of exocyclic

amino and exocyclic vinyl a-dehydroamino esters
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Table 8 Rh-catalyzed asymmetric hydrogenation of exocyclic
amino and exocyclic vinyl a-dehydroamino esters

 COOMe  Rh-L COOMe
(@—<NHAC H, (@_<NHAC
Me\P‘K o é Me\P,K pr'v'e
[P.,,/ ? % [P_,/g/P?
A P AR

Bisp* DiSquareP*

e QQ @

7<Me

P
TCFP

SMS-Phos

. A Me. _.O-PPh, OO o
; ~ 1Pr”""8—3,5-Me,CgHs OO o}
L5

FERRIE K AR FR Rh

L6
Entry =n L Conv./% eel/%
1 0 BisP* 100 91
2 1 BisP* 100 98
3 1 DiSquareP* 100 1
4 0 L3 100 34
5 1 L3 100 80
6 0 TCFP 100 99
7 1 L4 100 89
8 1 SMS-Phos 100 99
9 1 TRAP 100 78
10 1 L5 100 95
11 0 L6 100 97
12 1 L6 100 95

© 2015 Chinese Chemical Society & SIOC, CAS
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Figure 8 The classification of f-dehydroamino acids and their derivatives
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AN C3-TunaPhos JNARIEEC, XA RS I K
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2012 4, Kajiwara 220 FA0L i) 4k T XUBE I 14 o7
T =AM N-J7 RS ook p-Fit S 2 R IR TR 1)
KR Ru LS L. B AR YR HBF,, 285 F)
H Ru-dtbm-BINAP LA R, Fmishid T 95% 1% it
EREE(E 9). RLATTBOREIA TR, F=4eid s 45 il
)5 ee TR F] 99%.

2014 4F, FRGBELIY I T RIS LR
WIESERIRIR B A S B A AR AL . X AN [
AL A R B T8 R LT OUBF LA FT Ru 428 (O Hd &
YIRCR BT, Hrp I Ru-TunaPhos ALK 256 F 030
IS TCI R =0 70 RS T 61%H1 94% It ik 4%
(3K 10).

212 #(Rh)#E

2004 4, Hoge 252804 HHF & ) Rh-TCFP {41k R
ST B-Mi S SRR (AR FR AL AL, eI
HAMEIE IR PRI eRR - A B BRI 315 T
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R 9 A IMEIEIA N IGIEIIOR -1l S IR BRI A
Fr Ru AL S L

Table 9 Ru-catalyzed asymmetric hydrogenation of cis exocy-
clic amino and endocyclic vinyl f-dehydroamino esters

RHN COOR' RHN COOR'
Ru-L
Ha
n n
Men
O PPh2
o PPh2 /\E é
DIOP
Me-DuPhos TangPhos
98 O O
PPh, MeO PPh, (<) PPh,
! i PPh, MeO i PPh; ) i PPh,
BINAP MeO-Biphep TunaPhos
Entry L n R R Conv./% ee/%
1 DIOP 0 Ac Et 100 34
2 Me-DuPhos 0 Ac Et 100 67
3 TangPhos 0 Ac Et 100 59
4 BINAP 0 Ac Et 100 99
MeO-Biph
5 cO-Biphe - e Bt 100 99
6 TunaPhos 0 Ac Et 100 99
7 TunaPhos 0 Ac Me 100 99
8 TunaPhos 0 Boc Me 100 98
9 TunaPhos 1 Ac Et 100 92
10 TunaPhos 2 Ac Me 100 80
11 TunaPhos 3 Ac Me 100 44

© 2015 Chinese Chemical Society & SIOC, CAS
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Figure 9 Ru-catalyzed asymmetric hydrogenation of a cis exo-
cyclic amino and endocyclic vinyl six-membered cyclic
f-dehydroamino esters
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Table 10 Ru-catalyzed asymmetric hydrogenation of trans ex-
ocyclic amino and endocyclic vinyl f-dehydroamino ketones

(0] (0]

R
in NHAc

R Ru-L
in :NHAc Ha

TangPhos DuanPhos

85%FINT UL FE (3R 11, Entry 1).

R 11 IFINEIEIA N EIE IR B-IE E IR A
PR Rh fEALE L

Table 11 Rh-catalyzed asymmetric hydrogenation of cis exo-
cyclic amino and endocyclic vinyl f-dehydroamino esters

AcHN COOR Rh-L AcHN COOR
Ha :

N
<

P-R
P,
7< Me
TCFP L8
Entry L R Conv./% eel/%
1 TCFP Et 100 85
2 L8 Me 100 76

BINAPINE
MS\Q
P—, OO o} O
( Me PPh, ( <)n PPh,
ZjMe ! l PPh, 5 l PPh,
Me™"
Me-BPE BINAP TunaPhos
Entry M-L n R Yield/% ee/%
1 Rh-TangPhos 1 H 90 61
2 Rh-DuanPhos 1 H 86 44
3 Rh-BINAPINE 1 H 68 35
4 Rh-Me-BPE 1 H 76 52
5 Ru-BINAP 1 H 70 92
6  Ru-TunaPhos 1 H 73 94
7  Ru-TunaPhos 1 Me 36 67
8 Ru-TunaPhos 0 Me 45 61
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2007 4F, Gladiali PAJ% Beller 25204 -1t s R e 4
L8 BT -l A& HE R BRI A4 7R Rh AL fk, Hor
XA A e B2 30 I B 2R A ek p- I A L R T
WS T 76% 0 Bk FE (3K 11, Entry 2).

22 ABREIFINGESE

R? Acyl
Acyl)\j Rz)\a
RN )n N )n
Jig =X ISE:N

22.1 4T(Ru)fEl
2004 4F, Pousset 201 VOKE 2 b T 10U B Ak
FF s IR A S R AN TR oo R - R R
Big AN FR AL AL, F] ] BINAP £l MeO-Biphep 43 1)
RAF T 94%F 97% N WLk #E 1% (R 12, Entries 1~2).
WFE R I Ru MR RANGE T/ oK ey, R IA 2
BT RAETFIR RN
2011 4E, Borner 25 WKl F M 0UBEIC & BINAP [
FF s IR A S R AMAE TS e R - R R R
FEFIAKTIR Ru AL AL, 3R13 T 90% % o #: (R
12, Entry 3).
222 #(Rh)#4L
2004 4R, Pousset ZEPEENT Ru AL 264 T a3k
PG FEIR AN SE N TCIRR BT S L R B 2 7 A T
SIS A 1), TR Rh A A A R SR SEELZ R
MIATI R AL, 2t FRAR TR, R IR A P
[ Fc 44 Me-DuPhos Hi1 FerroTANE ] 3K 155 =1 ] 93% 11
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SR SHR

F 12 SOUHRAZEEIRIMEIEIIRIR B- I A R BRI 1 A
FrfEfb =L

Table 12 Asymmetric hydrogenation of trans endocyclic amino
and exocyclic vinyl f-dehydroamino esters

X X
Y wio [
X COOEt i} COOEt
y oy
R

H, R
X= CH2, (@]

Mel,.Q C(Et

P P AWS%IVMM
Me  Ef F@ \ > e
N ‘§>

P
(Q JosiPhos
Me Et

Et-FerroTANE

Me-DuPhos
e EI? oo Y P
gg Oy
BINAP Tol-BINAP MeO-Biphep
Entry M-L n R Conv./% ee/%
1 Ru-BINAP 0 Ac 100 94
2 Ru-MeO-Biphep 0 Ac 100 97
3 Ru-BINAP 1  COOMe 100 90
4 Rh-Me-DuPhos 1  COOMe 100 93
5 Rh-Et-FerroTANE 1 COOMe 100 95
6 Rh-BINAP 1  COOMe 100 85
7 Rh-MeO-Biphep 1  COOMe 100 91
8 Rh-JosiPhos 1  COOMe 100 14
9 Rh-Me-DuPhos 0 Ac 70 82
10 Rh-Et-FerroTANE 0 Ac 95 80
11 Rh-BDPMI 0 Ac 100 96
12 Ir-JosiPhos 1 COOt-Bu 80 4
13 Ir-BINAP 1 COOt-Bu 100 79
14 Ir-Tol-BINAP 1 COOt-Bu 100 86

95% Xt Wik £EE(R 12, Entries 4~8). [FI X PN
1 Rh FC& AL H IR 5 3 AT 3R 1 82%F1
80% ¥ X} Wik 2 14 (3% 12, Entries 9~10).

2004 4, Lee %200} ¢ 2UIF P BB IR AMEIE S FoT
R p-A R IEREGIEAT T AXFR Rh A AHT L.
ook T SUBSBC /& Me-DuPhos X F S B AR 3K 15 T
99% X ML FEVE, (AR A 37%. 1A I K
e TR B AR BDPMI U %) Y i B 25 2, B 24y T 3
5 100%HI ALK L 96% X IRk B PE(R 12, Entry
11).

223 &Ik
2004 fERT, Pousset ZFPUREINH T T S PR P i JE
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WAHMERR/STEIRIR B-M A R EERRER AR Ir AL
2. BRI O JETIEY), R Tol-BINAP 3545
T HerEr 86% 1IN ML FEME(FR 12, Entries 12~14).

2.3 HARRERAGESE

R2 R? R2 : Acyl
o R' O R' o R T AR
X N X !
RN_ N ! N
O\(\’);,N\R \(\,)77 \R nN\R : n \R
&+

iz

2.3.1 #(Rh)ER

2006 4, TR DI Y AT T R
W I FEIR AR LN TR -t S U R I MR ) A
R, AR A Rh-TangPhos #4014 £ 85 i v]
IRIT 99% I ML L. B TUARIL, XWUEFMER N B
ORAPHE NG 55 52 M0 K (3R 13). 1 Rh-BINAPINE Al
Ru-TunaPhos {44 22X 1% s B L% A TG E.
K13 IR N IR/ TOHR B- I A = S R IR A
A AR AR AL E A
Table 13 Asymmetric hydrogenation of trans endocyclic amino
and endocyclic vinyl six-membered cyclic f-dehydroamino esters

and ketones
o

Acyl
(T Rh-TangPhos

! I

Entry R Acyl Conv./% eel/%
1 COPh COOEt 100 66
2 CO#-Bu COOEt 100 48
3 COOMe COOEt 100 91
4 COOBn COOEt 100 90
5 COO#-Bu  COOEt 29 99
6 COOMe COMe 100 69
7 COOMe COPh 100 66

© 2015 Chinese Chemical Society & SIOC, CAS

2.4 IRHMREIRIMNGES
N @Y R
o ~_R' R'N xR xR
O  NRR' O NRR' O NRR'
Ve
-
%W xR xR
NRR' NRR' NRR
R

2.4.1 4 (Rh)fER
2012 4, Wills 25549 yont— AR IR 1 i FE 28 41
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W FE IS TEIRR B- Tt S FE I 0 fie 1 %o AR AL Sk
HAT TS, WEAR R IO EEA R AR RAEH T 2
FEAE AT 2, W] Rh-Et-DuPhos 1E J9 AL,
FIRN, TR T WY, MEGUEEER 90%. #F
BT R 30 CHF, i 1% EFIRIEE =Y, 1
A R 6o T 38 B DU 184 i £1) 95%. 2 i Rh-TaniaPhos 1
AT, 58 45 A0 g ik BE I S g =4, %o e 4%
4 98% (K 10).

0 0 0
SN, RhiL
m:ﬁ SRS
07 "N" "0 oo NS0 07 >N"S0o
Bn Bn Bn
Rh-Et-DuPhos (r.t.): 100 (90% ee) : 0

Rh-Et-DuPhos (30 °C): 89 (95% ee) : 11
Rh-TaniaPhos (r.t.): 0 : 100 (98% ee)

= S

P N CyZP Fe
PCy2
el &> NMe;

Et-DuPhos

TaniaPhos

B 10— MBI SMEIEIA MG TN TOHIR B S FE
T /R AR R AL

Figure 10 Rh-catalyzed asymmetric hydrogenation of a cis

exocyclic amino and exocyclic vinyl six-membered cyclic
p-dehydroamino imide

242 &R

2008 4, Beller 205065 BB T 1 L9 N FH T g-Bi A&
FERREE AR Ir AL S AL, Jodh st — ARSI IR 4
WHER NI B A K KR R A3 3 TR R
M 11).

o} o)
><O Ir-L9 ><O
— T»
o) NHAc 2 e} NHAC
o} o)
__________________ < 1% yield
OMe

OMe

B 11— IROMEIERIME RN TR B-Iit S K IR
FIASFR Ir fE LA
Figure 11 Ir-catalyzed asymmetric hydrogenation of an exocy-
clic amino and exocyclic vinyl six-membered cyclic f-dehydro-
amino Meldrum's acid
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PRt S R 2 R S AT AR A FR AL E b
AT T AR R, T2 O AR R 1
e R VOB I, BT VR 2 IR S R R
LHATEMRYIFARAEE SR, H2 MR
WHFT. BlE ORI IR S AT E VI 7 SR AN W g, %
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