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Recent Advances of Nickel-Catalyzed Homogeneous Asymmetric
Hydrogenation

Liu, Yuanhua® Dong, Xiu-Qin™“ Zhang, Xumu®
(“ Key Laboratory of Biomedical Polymers, Engineering Research Center of Organosilicon Compounds & Materials, Ministry
of Education, College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072)
(® Department of Chemistry, Southern University of Science and Technology, Shenzhen, Guangdong 518055)

Abstract Transition metal complexes-catalyzed homogeneous asymmetric hydrogenation is an important method for the
synthesis of chiral compounds. At present, it is mainly focused on precious transition metal catalytic systems, such as ruthe-
nium, rhodium, iridium and palladium. However, they are suffered from the difficulties of limited resource, high cost and en-
vironmental contamination. Therefore, it is important and necessary to develop catalytic systems based on cheap, non-toxic or
low toxic, environmentally friendly and earth-abundant iron, cobalt, nickel, copper transition metal, which are in accordance
with the requirements and research trend of the sustainable development of modern chemistry. The recent progress of nick-
el-catalyzed homogeneous asymmetric hydrogenation of prochiral unsaturated compounds containing carbon oxygen double
bond (C=0), carbon carbon double bond (C=C) and carbon nitrogen double bond (C=N) is reviewed, and some break-
throughs and considerable research results achieved are introduced. In addition, the advantages and disadvantages of different
types of substrates in nickel catalyst system are analyzed, and the future research direction is prospected.

Keywords asymmetric hydrogenation; nickel catalysis; chiral diphosphine ligand; chiral compounds; stereoselectivity
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TS B30T 50 L P 20 R AR 3o R A S I 1) 3 e A et
#2218, H 3 2016 4F Chirik ZEY5HE AL o8- A
FRER TR 1) AR A B S A S L AL ML ER 3R 47 T IR N
W, NGB JE HIARMEAL B E A AW R A S B 2
T EBERIE SVER, 6155 A A FRE AL 3
BONIRRRE. R, BATRG A R T4
SRR A P 240 P A 3o R A S T () 9 BCER AN LA 1)
—Let R, A5 A B IR VR A AR AL A A
SFFREA L, H A JE AT AR T 7T PR — 5 IR
RRFE/R. A SCEF IR AT FHEA B A A P i XU 2R A
WIRIBAT A H, AFEH-EEC=0). -HAEC=
C) UL K i~ AU (C=N) %

1 REXHFIFHEEC=0 #)HWHETMRE
R R

FIHF AL, KT EMELT FHEABEME(C=0
S RS8R AN AR S A s i T /L. 2008 4, Hamada
2612 B Ni(OAc),*H,0/Josiphos 25 FIRC A4 L1 HHEAL,
R, WL BN IR RS REI T a- B 5 -p-
IR R T 8 R 5 1 35 A AN X AR i AL S A (Scheme 1),
KBS P LL BAF 72 5 L >99/1 1) anti- Bt iy
BT I WLR B SRS — RI TN -t -a- 2
RIR B S Y). BRI, 24k R0 T B A
LD I A TG PEAR 22, RS T rp 25 1 o) e e 5 1
AN, BERK BIAFAE I Z A AR R B3, [
M7 I K AIRAE, FRE PR & N 210 bk
K. 2009 4E, %A s M E ALK R NiO-
Ac),*4H,0/L1, 7E7 N7 NaBArF [IfEAE N2l 1 753
HUAR a-Z FE I 6 R £ AN SR AL RN, 12 % B [ 3
BN 1R R (Scheme 1), LA =%, >99/1 (] anti-
PR S B TS (6 L P IR 1S F1 B-R R
AR B, RN NaBArF 20 AT/, feis
H PR N RN, Ak, Al BRI A
TR REB A RCHLAM ] T 2k A 1 et i 72, 15 3012
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RFFF YR FE e B S =8, R, P24l

o-Z LW IR, Jrnlia P AR A T T lCAR L fi

IR, BB 745 B0 R A == A0 s =7 4.
Ni(OAC),-4H,0 (5 mol%)L

1 (5 mol%)N
aOAc (1 equiv.) H

e 9 , (10 MPa) U
R OMe  TFE/HOAc (V:V = 1:4) R™ Y “OMe
NH, -HCI 3AMS,rt. NH,
R = aryl, alkyl 8% ~ 98% yield
54% ~ 95% ee
Ni(OAc),-4H,0 (10 mol%)L
1 (10 mol%) N
0 aOAc (1 equiv.) N OH
Ar alkyl aBArF (10 mol%) Ar . alkyl
NH, -HCI H, (10 MPa), PhMe, r.t. NH,

21% ~ 94% yield
61% ~ 96% ee

L1

B 1 B a2 5E-p-HEE IR EEADURHI T & a- 2 LM
R ER L BB 1R o T R I A TR SR

Scheme 1 Ni-catalyzed asymmetric hydrogenation of a-amino-
p-keto ester hydrochlorides and substituted aromatic a-amino-
ketone hydrochlorides through dynamic kinetic resolution

2012 4F, mstR R R T — SRR PNO A
FIFPERC AR L2, DLX(AH AR 25 ) 2R e il e AT 1% (R)-
ZIEH BN R, S E R AERTFETE, B
NaBH, & JZRIrT 3 2 FHERCAR L2, & R 2R ) = 4k
(Scheme 2). [ifi J5 4 3 S FH 45 A0 1) 17 B0 AN FR 3
B A SR, 0T 5 B B 147 L I BUAS T ik
84%I1] ee (i, SR T~ 1 157 P JEC A7) FR 25k S 1A A R 3145
T 10%H50f i £ 14 (Scheme 2).

2 PBREANRFHERERC=C B)HETXR
SHRM

KT AL o, B- AR 2 (1) S AR A KR A S
AT LB E] 1992 4F, 1 Scheme 3 7. Corma 258% &
T ARSI ORI 1) (L)- i 220 T8 3 A= T R 1) 7 1 U
L3, H¥H BT Rhy Ru. Co A1 Ni 1L 11(2)-2- 2 H
P fi k-3 - 2R 5 PR A TR B B AN AR AL S R rh, e
FRAEALAR REUAE T 69%I¥) ee 1H(Scheme 3).

BRI, FEMEA SRR — B (A AL o8-
ANV AN R 38 FRAS S R A S RL A 51 AR T 7 AT
FIVER. EH 2014 4, Zhou R PAHLKRIE T L5
o, B- NI I AR AL A X R e B A ) B, UG T
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Ph OH
anhydrous Na,SO,
TN — PPh

+ B
PPh H,N OH  CHClj, reflux OH
-0 _ Nﬁ)

Ph

Ph
80% yield
_ NaBH; OH
C2H50H reflux @/ OH
Ph
60% yleld
o Ni(PPh3),Clo/L2 OH
_—
Ar” Dalkyl  PrOH,KOH  Ar”* alkyl

51% ~ 98% yield
60% ~ 84% ee

Ni(PPhs),Clp/L2 OH

(0]
)H/ 'ProH, KOH )ﬁ/
> 99% yield, 10% ee

B 2 PNO ZLFhBC AR B LU R AN B e 78 S S

HH AR L
Scheme 2 Application of chiral PNO-type ligand in Ni-cata-
lyzed asymmetric transfer hydrogenation of ketones

O._ _OH Oy NHR Os NHR
(1) EtOCOCI, NEt, Pd/C
—_— > —_—
N-CPZ (5) RNH, N~CPZ cyclohexene NH

R = C(CHj3)3, (CH3)3Si(OCH,CH3)3

COOEt
COOE [Ni(acac)](ClO,4),/L3
C§_<NHCOPh 500 kPa Hy, 65 °C, 48 h C§_<NHCOPh
L o
| : 69% ee
H/\/\Si(OEt)3
NH L3

B 3 S (2)-2- 2R FIZ-3- 2R IR IR BRI A AR Ak

SN
Scheme 3 Ni-catalyzed asymmetric hydrogenation of ethyl

(Z)-2-benzamido-3-phenylacrylate

JEEAHGE R, MATIEH KA 58 E HAERI(S)-
Binapine Ak, UL HCOOH/EtN 1E NS, KBl T
Ni(OAc),/(S)-Binapine #fE{b p-Ii S HEFREE A XS FRé%
AR, R T 95%~99% F) % Mt 1% % 14 (Scheme
4). [FIBT, oI 202 2 1R e 16 AN X AR % B8 A AL IR T
86%~88%[1) ee {H. JiARHE M S50 45 H %K, HCOOH 5
Et;N JE B R 3 R T B T B E0E T, Xt B o
it S R R ER R B AL R AR AR, R
BRBEAY P BE 5 9% A3 27 4.
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NHAc Ni(OAc), (5 mol%) NHAc

R1J\/COOR2 (S)-Binapine (6 mol%) COOR?
HCOOH/Et;N (V:V = 5:2)
R" = aryl, alkyl dioxane, 60°C, 36 h  94% ~ 99% yield
R? = Me, Et, 'Pr 95% ~ 99% ee
Ni(OAc), (5 mol%) ;
AN COO'Pr (S)-Binapine (6 mol%) Ar COO'Pr
]
NHAc  HCOOH/EtN (V:V = 2:2 or 3:3) NHAc
PhCF3, 90 °C, 48 h <10% ~ 82% yield

86% ~ 88% ee

B4 B BT o M SRR KA X R A% A SR
Scheme 4 Ni-catalyzed asymmetric transfer hydrogenation of
p- and a-dehydroamino acid esters

2015 4, Z B ALl NiBry(DME)/(R,R)-Me-
DuPhos ALK 2, HCOOH/EGN(ARIEL R 5 ¢ 2)E N
SR, 80 °C N SEHL T AMANGE A R A
BB, AZAE AR R & Ve ), & T &R
FRMEHE . IOl B T IR (1 AN TR e 2R, A 1 3k
WA N 25 R, ee H 5= AIIA 94% (Scheme 5).

NiBr,(DME) (4 mol%)

Me (R.R)-Me-DuPhos (4.8 mol%) Me
AP A R
r HCOOH/Et;N (V:V = 5:2) r
R = COOMe, COOEt, ‘PrOH, 80 °C 82% ~ 98% yield
COO'Bu, CONEt,, CN 54% ~ 94% ee

BIR 5 R A IR Al R
Scheme 5 Ni-catalyzed asymmetric transfer hydrogenation of
conjugated olefins

Tk, ARSI SR I 45 R R, RN B IR
R 2k A MR A R ETE R B, Bl 5 R AR A B AN &
JEYD B NS B EEAY) C, BRIGEELY) C # R T1b
BEBUH A=Y, FIR AR SR A, M 58 il — M
TIEIR. b R R SR M EY R B R nT Rk AR 22+
i AT P, R D EREN RN D
(Scheme 6). H4b, B-H X S REERR F B R Wik )R f5 45
B EGE R =), IRe R T RAE T C—CLEN FA 8
YRR AL I AT, DR AN TR IE SR T %3 A2
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Scheme 6 Proposed reaction mechanism for Ni-catalyzed asy-
mmetric transfer hydrogenation of conjugated olefins

2016 4F, ZREA" S A FE KA R NiBr,-
(DME)/(R,R)-Me-DuPhos, 7E/KF1 AICL; F71ERI 24T,
LA N,N- " HEE I (DMF)PE AR, KA1 AICL A7 B)
T DMF 7 i 25 B P IR AR I 1 0 24 F R A S5 47 2 A
Y, BT af-AHFNFRERES 1) A R A AL,
RV H AN, S A ER A T O R
Fe L Mt R DL Wy 5 (4] A SR RE IR R 4T S S,
PAARH 7 2L R B0 T 10 W e 45 2138 5
Yi(Scheme 7). ZRT, EMG RS L HIBRE S g mERE | W i
Beo MEIGEE . WAL A T B, ROV RA
FEARERAR, WRBEEetk, WG EERRmik Bt

NiBr(DME) (4 mol%)

Me Me
R,R)-Me-DuPhos (4 mol%
s cooer B (4 mol%) COOEt
Ar AlCl5 (2 equiv.) Ar
DMF/H,0 (V:V = 3:1) 82% ~ 96% yield
110°C, 24 h 79% ~ 93% ee

B 7  LLNN-—H 5 H R (DME) A SR AR AL o, - AN
FITG A K RRFE S S A

Scheme 7 Ni-catalyzed asymmetric transfer hydrogenation of
o,f-unsaturated esters with DMF as hydride source

[A]4E, Chirik ZE*lid mil Sz R B, L H fEA
ZUE, BuNI fF7EMZIET, Ni(OAc),/(S,S)-Me-DuPhos
1A 20T DAL R T o0, B-AN T RN R BRI 1) %o s M
b, BUAS T B3 B0 75 10 6 e 3 £ 1 (73% ~ 96%  ee,
Scheme 8). ZMEAL A RIEHRWITERIRT, AMUHFH KR
T 2 FL T BRI 2R B M IR RE 8 IR & 2B S B, T
HEH N SESIAEF 8 ClLA Br & X & 5111
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RV REAR A SR, B TS A ALRH, RSB A B
B 10 e AT I SLIE PE AN MLk M AR BT R[4

Ni(OAc),
Me (S,S)-Me-DuPhos Me
BuyNI H
A COOE Bl A CO0E!
3.4 MPa H,, 50 °C 85% ~ 99% yield
18 h 73% ~ 96% ee

B8 UL a,f- AR AR R A A S B
Scheme 8 Ni-catalyzed asymmetric hydrogenation of a,f-unsa-
turated esters

N T IR ZAK IR G AL, Sl 4k
A g vk B IS T, 3R AR AL R R G R A 2
((S,S)-Me-DuPhos);Niz(OAc)sI =4 J@BEMFh, 15 [ v 4%
PEFEACNTE VAT F, 454 Scheme 9 HAHIEH
AN ZARICSEIGEE R, EFHEH 740 Scheme 9 AR
AR B e E R RAR AL MBI T,

Deuterium labeling studies

Me standard condition 100% e

s_CcooEt D2/CH5OH pr COOEt
Ph >99%, 94.0% ee I

Me standard condition Me

)\/COOEt H/CH,OD pro COOEt
Ph >99%, 93.8% ee “D

51% D  46%

Me standard condition 100%D Me
J_coogt —_D2CHOD Ph>='\rCOOEt
Ph 90%, 92.7% ee D

D 44%
) 39%
Proposed catalytic cycle

((S,S)-Me-DuPhos)3Nig(OAC)s|

A
Nl
H i H
RO YO o \\H
Ar
"M
’ ..\He o . ,

HO A "Me o7 H
<\ N So- N
RO™ ~O—|Ni]
RO AT
O Me

B9 SACkRIC LI TR T BE (A A
Scheme 9 Deuterium labeling studies and proposed catalytic
cycle
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RAEILEIN K, BEJE R AR TS B A=), R,
B TG 2 RIVIR S s Tk e e 40 10 i =R sz =0V A5 7 . R I

NHAC Ni(OAC),/(S)-Binapine E‘HACNO
R~ XxNO2  H,(05MPa), CFsCH,0H R™ "2
rt,24h 87% ~ 99% yield
R = aryl, alkyl 96"2 ~ >9§°Z ee
NHAc Ni(OAC),/(S)-Binapine  YHAC
R AN-COOR 1, CFHoH g~~~ COOR
50 °C, 24 h
R = aryl, alkyl ' 95% ~ 99% yield
R'= Me, Et 97% ~ 99% ee
)Ni/icso o NiOAC)/(S) Binapine NHAC
R™ NS0 OHICF,CH,0H (VY = 1:9) R™ S SOR
H, (5 MPa), 50 °C, 12 h
R = aryl, alkyl 75% ~ 95% yield
R'= Me, Ph 90% ~ >99% ee

Bpin [NiJ/(S,S)-Ph-BPE  Bpin
_—

, HFIP R)*\/COOR'

R coor H:(8MPa)

- 80°C,48h 94% ~ 99% yield
R = aryl, alkyl o o 89% ~ 99% e
Cpfgﬁ
P Ph
(S,S)-Ph-BPE

B 10 SEE R BR BRI A A AN EE FA SR E AR
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Scheme 10 Ni-catalyzed asymmetric hydrogenation of fun-
ctionalized enamides and unsaturated esters
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R MM 2 G K M e LT B X Fh B AN 4@ F T 34040
ANKEFR A AL S A B B DA R T . FREE R
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(S,S)-Ph-BPE i 4.1 2 5 Ty i S 3L 1 45 ) 12 A0 WA I i
(Bpin) B J 1 A 1 R 2 R T8 e 40 () AN 6 B &4 S B
75 B A FE R R ES e R s B, HEUE T B A
B SRS, T ELZE MG HE AR R I S O AR A
b B 5 R 5 7K.

4k, 2019 FEZ IS T LA EPR AR
DU EAR B M B L s A XL S AL, L=, &
T B 36 B PR AR AR S 1 0) i B PR A B T K ) T
o- S AR-B-F ARG, VLR R B s TR
(Scheme 11). 5T [Ff7 22 AR50 45 5 DA G i (1) AR X
LI B (dr>99/1), VEE NN L 7 i R M 0T T
Xof BIZE BEE H PE EE E CBE RI R, W PE I =9 S 8%
1R B I R T I AR S S Rl C=C &t
B HR TR PR e A2 o Tk, A A8 1 s T4 1)
BRI R AL, I R A5 25— iR E A =4,

NHAc NHAc
Ni(OAc),/(S)-Binapine H

R~ X ~COOR - R/\;/COOR
I H,, CF3CH,0OH, 80 °C H

R = aryl, alkyl 62% ~ 98% yield

R'= Me, Et 88% ~ >99% ee

B2 11 R P DU A SR PR I B e A o R A S 7
Scheme 11 Ni-catalyzed asymmetric hydrogenation of tetra-
substituted fluorinated enamides

B, ZBGEAHRIE T Ni(OT),/(S,S)-Ph-BPE fi
WRIFRTY p,p- — BRI C IR B ) 20 FRA AR R E AL
KL, CAMRFE =345 2] y A0 & F I ORI O
Fil (92% ~ 99% ee) A HE IR 28 O I B (96% ~ 99%  ee)
(Scheme 12). fHARF RN, ZMEAIA RS ZHIHELA
FAAL, KA T Ni(OTh), fE N8R, A 1 AR 7%
FIFZREAR T DM R RS . =9 CREAI N
B =Pt TR R, 2 AT Ni(OAc), Bilitid & 48 i
FRSEAE R TIER), —BOR AR RS #E R R A
S

3 RENHRIFMIERC=N #)HHEFIR
SHRN

{7 B IV J P A A B R PRl T R T %
IO 1 LE AR AL SR = MR & 7 o 5 e b o
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R>®: o Ni(OTf),/(S,S)-Ph-BPE R GO
R' MeOH/toluene (V:V =1:19) R’

H, (5 MPa), 50 °C, 24 h

R=aryl, Cy 92% ~ 98% yield
R' = Me. Et 92% ~ 99% ee
% 0

‘ Ni(OTf),/(S, S)-Ph-BPE
@ MeOHitoluene (V:V = 1:19)
xEn

H, (5 MPa), 50 °C, 24 h
X=CH,, O, S

n=0,12

h
94% ~ 98% yield
96% ~ 99% ee

B 12 B 9,p- ZHURIR O R AN AR S A S B
Scheme 12 Ni-catalyzed desymmetric hydrogenation of y,y-
disubstituted cyclohexadienones
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2015 4%, Zhou 25UV il F 7 BELK 85 PRSI
14 (S)-Binapine #H % [NiCl,(DME)]/(S)-Binapine f {t A&
%, f£ HCOOH/EtN #RIEEIRII T, Bseil 7oK
RS . 2R3 A0 5370 1 1 288 NI e s ko e B
A, ee {HFIE 98% (Scheme 13). MR {7 %
STARSEEG A A, AR & 52 th F RR RAR E FRE B (1 HAE
B, A R ST PR S A S AN B, B S
Ji TR AN B A R4S B A I ALE. @i DFT i
B AR RIAELER G, JES TS-R TEHRM
[T kA TS-S BMIH 5 A S Re HAb,  [R] N Ac 4
(S)-Binapine T 2% 1) CH S5RIEM AR TA71E
SSIA EARR, IE R S IRV AN
SHH AR ST %A R R S AL S AR IR R

NHR" "
N~ INiCl(DME)J/(S)-Binapine R
|
R)\R. HCOOH/Et;N, EtOH or ‘BUOH g~ gr
R = aryl, alkyl 56% ~ 99% yield
R'=Me, Et, CF3 82% ~ 98% ee
R" =Bz, Ac, Ph

B 13 BRI A R S AL S
Scheme 13 Ni-catalyzed asymmetric transfer hydrogenation of
hydrazones

AFE e SV fi 1 3 e A S B, e P 3 R e A e
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T RO B TR E M gtz —. 2016 4F,
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OH/Et;N fENEE, 754> T 0 AE AWK A 2% 40 T,
Ni(OT1),/(R,R)-Ph-BPE 5}(S)-Binapine f#{t I 5L
TR R ATIFRIE JF Ak, DR UF R TS 1 s
of B i 6 M A 81 O R K R R S AR 4 1 R R R A
W)(Scheme 14). 7 [ CR-47 5 Ji& 5 1340 Ji7 Jig 4 T LA it
5 AN [E] I BE AR AT Ni(OTS), 4H et Ak &, 7
Ni(OTf)/(R,R)-Ph-BPE 447 . F 2 e ) F1 075 25 i 1) e
oIk SR Ak rf, 5 5 B b R AR BT Js 8 ST A4k i 48 12 1)
SRR, MEHA 3,5- HE 4- S BRI AE o i T
REME SR I i (A L R 0. T B S B R (1 i 5 ik
SR Ak, A8 FH 2 R B A R RE A9 21 86% ~90% I Xf Al
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Scheme 14 Ni-catalyzed asymmetric reductive amination of
ketones using both arylamines and benzhydrazide
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Scheme 15 Calculations on Ni-catalyzed asymmetric reductive
amination of ketones with aryl amines

2019 4E, Zhou R POVEVARIE T — 1515 TH 4>
T R R JFE AL, R T BB SR
55 PRI e AN — SR SRR A A A e, S T LG ff
F5HERR . PR IE IR AN 5% JE R A % SR A X Bk
il SR Ak, KBS T KT 90% ee fEf Xt Alik
e (Scheme 16). FEVERMIE, 2T R AL D
B AT, TR 2R A e 5 T T M Bk R I TR e A
Ti(OEt), A77E 4R T FA 2K o A1 370 ) 2% BT e S8 b &
Yy, SRJG BT R — 2 R IR R A, HRIRTE T 4
BURA AL A, Tob R T %A R e AR
2 ) e 4D ) i

SR, sk &EPIRE T A Ni(OAc),*H,0/
(R,R)-QuinoxP" 14 7 51z B B R i A0 4 5 IR (00 0 T S ek
i 0z f v o e MR AR, DAR S BIRTS) ee (HAE
B — R Y F BT B ) (Scheme 17). 7536 1
SXof A7 T 57 25 W PR BROA 28 0 2K 2L R B A T S Ak
RGN R A I RR AR, 75 31 1 7= R U A ko
WG PR T T . 6T 2 R O R A i ANt
MREAM, RPFIHEAL T H =Rt REIA 2] 10500, J2 H
i D IR IE AL 1A R T RE B A e e L, AR AL 25
AN BRI [ B S, kL B 7E Tl F R R R

.

123k SR
NiCly(DME) o)
0 O\\S//O Ti(OEt), (S)-Binapine V70
+ \
R™OR HN Re toluene HCOOH/Et;N AN ke

120°C, 241 CFsCHOH,3A MS R~ g
80°C,48h 41% ~ 91% yield
most > 90% ee
R = aryl, alkyl (different bisphosphines as ligand respectively);
R' = Me, aryl; R" = aryl, alkyl

H2
0=S=0
[ NiCl,(DME) “ 0
NH  TioEt), (R,R)-Ph-BPE N
1
O  toluene HCOOH/Et;N NH
& 110°C,4h CF3CH,0OH, 3A MS A
R = Ph, alkyl 80°C. 48h 92% ~ 95% yield
93% ~ 96% ee
R o)
) I Ti(OEt),
| | + P P —_—
X H,N™ | "Ph toluene
120°C, 24 h
0
NiCl,(DME)
(S)-TangPhos
HCOOH/Et;N
CF3CH,O0H, 3DA MS ﬁHP(O)th
800or 100 C

75% ~ 83% vyield
75% ~ 94% ee

B 16 BRAEALER T 70 28 AR FRIE B A s 8
Scheme 16 Ni-catalyzed asymmetric stepwise reductive amina-
tion of ketones
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Scheme 17 Ni-catalyzed asymmetric hydrogenation of N-sul-
fonyl imines
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Scheme 19 Ni-catalyzed asymmetric hydrogenation of cyclic
sulfamidate imines
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Scheme 21 Ni-catalyzed asymmetric hydrogenation of a,f-
unsaturated sulfonyl imines
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