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STUDY ON THE ASYMMETRIC CATALYTIC
SYNTHESIS OF CHIRALT-LACTONE

ABSTRACT

Chiral y-lactone is one of the most abundant substances in nature, which accounts for 10% of
total amount of nature compounds. It has multiple substitution sites, each of which has capability
of owning one or two substitutional groups. Thus, many methods are designed for the synthesis of
different kinds of y-lactones according to their patterns of substitution, which contain oxidation by
transition metal, asymmetrical synthesis of multi-chiral-center y-lactone via non-metal ligand, and
utilization of stereo-hindrance effect of substrates to form asymmetric product. Besides, there is
also a physical way of separating racemic product through dynamic Kinetic resolution. In our
research, we utilized self-made RuPHOX-Ru ligand to conduct hydrogenation by using
4-phenyl-4-oxobutanoic acid as substrate to synthesize chiral y-lactone and got extraordinary
result of over 90% enantiomeric excess. In the following stage of our research, we testified factors
like solvent, alkali and pressure of hydrogen to screen the optical reaction condition. Meanwhile,
we synthesized 15 4-subtituted-4-oxo-butanoic acids which is similar to 4-phenyl-4-oxobutanoic
acid in structure for further studies. In short, we’ve proven theoretically through this research that
our ligand has gigantic potential to be applied in industrial field.

Key words: chrial y-lactone, asymmetric hydrogenation, RUPHOX-Ru, 4-oxo-butanoic acid,
durg
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IR E AR, 2GR AN B3R TR R 57 o (B2 U SRS PR AR 4 4 & BREER 1
W, TR PR w8 — R U £ . A I RE R, AR 2 IR CVA B &3 1 FE &k
(5 VR4 B E R WA, R e AR AR 73 AE X RGO T 1 1 — A AR FEHT 1%

\"/\AR_. 40\

OH 5 7 9
i a . NN,
- R — >
QO 5 7 2 11 d
NN
(0] )l 6 % 10
2
H N ., 5 7 9 11 R
2 P N
I'/N 1 3 R b » 1 4 6 8 10 12
0 5 78 10
] AT N f
6 9

(a)vinyl acetate, Novozym 4335, diethyl ether (b)1)NaOH, CH;OH 2)HCI aq.

& 1-10

1.4 RuPHOX-Ru Bg{&k 5 78 B g

IR SCATIR , BT FCARTEFRIE AT FR AL (51X 28 L R I AT AR — 1,
¥R B R 2 B A& J9 LA Noyori SAE 19 BINAP AT2EY), Bith 2 ANEAT /bl AU A
BANEAIA & B AR ROEREE, (kAT 5 ST BIRE AR, BAEMN
F 3 s2br4E . Noyori 25 N\ RS BINAP-Ru (11D BRARSZIR T KT 99.5%(1) ee {8, 1H
FE S AL R skt 100 S K% ; Eugenia V. Starodubtseva 25 A ) RuCl;—BINAP-HCI i
1 RGAE A B U S ARFF 60 N RAE . RILTEA SRS R A Rk I AT 32
PG S B2 PR N T 4T RECARTEA ST IR AL 1 EZEH 7.

AR E T AT RBAR R %EEEIJJEI’JAEE
TS [ BUAR 3 1 DY 2 % AT IR A BRMBELT t-Bur /thB
RUPHOX-Ru {4751 12 T XU SUR Lt (D), Mm ——Ru =
T R IIRRAL A BEIEIAL G LB o BURA oy, g CI
IR LA 0 R N R EAMB IR, SR 5E a5k,
P ee fH I 99.9% (& 1-11), FF H.Ae0s FH /K s b v (R, Rp)-RUPHOX-Ru
o BREEME, MET BIRIET RECR, iZECARAE ML RS AR BT R B A AR AR
A 10 83 20 NKRAE, B SRR SR AT BUEAR . IX 784 M AR E H RUPHOX
HFITE RN A B A e .

9] OH

RuPHOX-Ru, H, (20 bar) .
Ar)J\/\N/ - Ar)\/\ -

-~ N
|
R Toluene + H,0, KOH, 25°C R

/Ru’Cl
th th "PPH,

14 examples, 100% conversion, up to 99.9% ee, S/C = 2000

#
o
=i
B
w
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o) OH
RuPHOX-Ru, H, (20 bar) :
AF)K/\ N e ‘ Ar/\/\ ’Tj -

R EtOH, DBU, 25°C R

20 examples, 99% yield, up to 99% ee, S/C = 2000
A 1-11

APRLL 4-FIE-4- 8 AT BRAF U)K RUPHOX-Ru HEAL I RS T y- A B
HIAKIFREAHTC s (RIS X ERAIREAT — REUI G BIAF RIS v-Bl R IAL S DR T
BT RIVERE, DUIIEAS M AU AR BREACRUR , 9 — e 25 LU e A 18 P A& R AN
PR Er R AT R i RS 53 o 16 BEHEAL R B FEANDU AT URIZ AL S W AR & I (it
AL SR, 38T DL T8 2R SN R RV [l DA S SIEBR 25 A, A ARSI LA — S5 5 F
NENERL BXEK.

BT BT, ARSCEESE T y- BRI & SO QT 1 AR

(1) BRI E kL, & R — R AR

(2) DVEBJRYIBEAT AR R EAC AL (RO, WA IR, R R SR 055D,
(3) BATAFRIIIhIE, DB R R K E .

#
(o]
b=l
=
w
b=l
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FH v -REE A RENLE R

BT RUNTHE A

2.1 YA RN

MG e RS AURY) 3-2K B IR IO 45 4 EoRFE & y- IR P 5K DY ik
JE T IRANTT A, BREERFRIE (1 RE 2 S S Rl SR T2 B 21 ) b 5 A T A e 24zl
UEAE RS, T 2-1 o) R 3 AT DLHEAT O3 . BT DU Be i R T2 B BRI AT AL
&, WHRWTHRE 57 A, W H 1 3 AN 3 F 1 R A1 4 45

O
)WOH - )O\J§
R
Ph

O

A 2-1

22 RMERFZE

AT TR RN EE R _ERT 73 A5y R FEETAIDUBREE o DR e Al DAd g #ixX
PR E LRI T AT 2 HARIRY o X T TR B K3, 5 0 5 92l 2 18 5 S B AR
IR, B BT ZRREF AR AU, SRR BN A (K 2-2).
(850 S AT 35 TR (PR SR 38 VR A RAR R 77 8, (B T2 2 55 B okl S B A ) AN —,
FIREAS BUANIR 745 T P L JUTRE G 17 7 ) AN — [ T i, LA PRl i 2 PR, S
RL AR B, HP R BB HIAEAFRRYIA & R, SRR R B PR g R A )
Jrike

0 O
X X H
R : + o AICl, > R : COO
= =
(0]
(0]
(0]
0]
Br MgBr E:
R'\ Mg, Iy ‘R©/9 (DS >R,\ COOH
| = | |
= THF = 2. HCI =

A 2-2

#
o
=
P2
w
p=it
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2.2.1 fH-Tu AL SON

2.2.1.1 4>

AT A S AR A s b — AN P 2 R OB, H B B BILLE X AN IRSATY I 776 BR AT 25
&G R .

1877 4, Friedel 1 Crafts DAZRAEVE A, TEARY AR R (A7 AE RACKE 1,1,1- =& 4ht
Ay 1,1,1- = 2 %% (Gustavson S i) BB 5 17 3F A4 B FRITHEAT, T T k)
HWARF| T Zincke MNP AL NN, S0t B S5 R IAE, M1 T LU E
RAEI: R R AR R AR 2 AT QAL T Zincke [N BUEEIRANAS & Zincke [
PIEALT, FIERIMEL TR =S . B 2 Wkl sL, MATIESE T Zincke $2Hi 5%
ol & SR A S AN AR SRR S AL, BT AR A A S E R S BRI . B e e e B
BEIEAFE Y,  ALHEAE T b R v I A e R

BT RN R C-C BB N A I ik —, AT Tl & & A5 550, 438
F5EM, FTUX R BT LSRR . R EG ., Jekl, BRI T AR BAJEE T Z M
H

2.2.1.2 - FO B A S S ) v [ A

R R N — &3, RG] TARZEEER B E . SR A, (e ek
IS AR R LR 5 2 2 ) G s AR B AR BE A A IR NI 7T 32— 4R ], BHEZATHRH T
EZ LT VA LRI Ny A

20 4 40 AR, Seel xR4T Tz M RMARIIBE T, ABATTEARIR 25 1F K £ Bl &R0
SRR R LLRA BRI ESEY, W E R SRR,
B e 1] A O B3 T B I 50 CHaCO+ BF,— ), 10

1957 4F, Susz 5™t Seel WRMALG B AT T LLAMAM,  CoAg —=6
FFE RIS EIE ) a FARFIER I, EY] THCEY) a AFEAE. JR12 A B
AT Z RS = A R B i) B 101 VR & T S A S kAT AL 2 ®

BRI 2 S, HRDLF N AR G A VAN R 1 b BORRAEMR A o T2 i A TR S 2L A 18
ey Hasie: (R T SR =R R 11 IREHIS A E SRSV &8 T b
b EER S, R ENEE.

T Fl—BE) Cook WALIAT 7 2MAMSse, HESIE o
FHIRMAERE. e TE—SxipRam, Hige [0 leal  J o
PIERRAE B S B A, PR RN A TR :

TEH S RRMER TR, (AFERAY, H C-Cl#giE 55, T 7 LB &M =S i%
VIR EIE LIRSS H T TSNS, AR A SR = SRR B
Wi, ARSI S RN &Y ¢ rImiE, BAAEE IR NREY d
B B

TEMLZ R R 2 5, VF2 R 500 Hr AR AT I B 7T, FRUF S8 515 R
J8E IS TR FA T,

SR8 v RS S B (I T AR 2, (R 30 () W0 R A S Sk R Hp sl % PR A [) H i) 4
(R 8 R XT s I 45 S F  Ar I8 A AR DK RS2 ], 3% 1.3 BH FE F S48 v BB b S B 7 V25 i AR
A8 220 SR R TG A o B DRI A ST M A R SR (R I FE AR EL D o SRTTANE

11T L3
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], JXEE S5 SRR WY & ) v T AR AL SO e A0 S N b B AR B I S v o8, JF AR+
BHE .

2.2.1.3 fH-7a Bk B Ak 2 7 i 52 e R 25

FERT U SO B A S B IR T, AR BIR S « 3 R0 b S S BA 0 B 52
1982 4, Glavincevski 45 7L HEAT {# 5 1ot T A0 S 2 rp AL BRI T o, A IR PR X w42 4 5 17
FHAAW, FHHAT T —RAEEM (& 2-3).

K4

CH3COCI + AICl5 AICI3-CH3COCI

Kz

K 2-3

2AICI5-CH5COCI

AICI3'CH3000I + A|C|3

MR N-54°CH}, KoKy =0.540.2; 45 4-64°CHf, Ky Ky=0.840.2, 4k & A-44°C
i, KuK;=0.240.1.

BE & SIS 2, A AT DARE— 20 I s B2 AR IS FE HR AR AL . 2002 4,
Csihony 25T I 42 T 0°C N I s BE R N, FEAFH LU RS 18 fEHT M s 2 1b
MRS, N T SRR AT, NAZR AR T AT SN EL e iR e S N 22 e AR R R
[45]

SR 77 5 {8 e I A S N RIS AR K o FEANFIVARI AT IO, 81 1128 T RS2 AN
[ o FEHEAT S NEB 7 ST, Brown 254 b BT 12 s S 26 F I S0 e v e ik 47 0 9 0.

2.2.2 1& KM

2.2.2.1 i/

% EQ 3 (Grignard reaction) - 1899 4 HH 4 7E % [E B &) K% (University of Lyons) 1
W FLAE IR Victor Grignard & B . 1912 4F-Aih AT B A RI AR 4 a8 AL S Ak s 82 (1925 ] 35 Paul
Sabatier IR 44 118 NURM 2 . 4% IRR PR —RANE BT R, 5 WL — K2
R KB IE I N B NG S A R (B BSE) KA, AR R E#H =
Pl . SRR, %R R A B B E R, A DU E R AR A R S B
RE R Bt . BRESAIEIE, Hhah, PR, TR, BRI S e A R (0 XU S5 v] AR e R
N o

2.2.2.2 [ ML

£ UL Z el DY ARG RV R O R 2 oh s s AU AN BRY 22 51 K151 R e 18— € TR
N UL s B BRI . B SRS A W2 S SR R TTEAT, Yot ilid g 1A
M B SR iR H1 2, B e SOB R — DM IR 8 1, et sifb 8. fERta
IS, i BRI D9 2R A iR O T i B OB S o — AR OL T, s R xt Bk
SERIINREA 7N TEIA A PSR, SR T 2% PR (e (87 PSR, T AT fE LR L T4 7
T (K 2-4).

F1270 £33
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R-X +Mg — R-X" + Mg~
R-X" - R+ X
R + Mg~ — RMg"

RMg" + X~ — RMgX

I‘Br :
0o Mg R MgBr
om Y o) HO" _ Ho
)k * R Meer > ‘ ! —_— — 3
gBr Mg R HoO R
T Br
R

Bl2-4 #% BB e REAL 2

2.2.2.3 SRS B S N 1Y B R R

(L HRS G E

N T ERIRER RAFIIER, WS ARk, MEA R EE T fF5%
PEROVEF A VUSRI . 2- R DU . Mk BT BRSSO AR, BT A
(% BFRIAE 0 i8 i, wT AR T B TR A VIR A SN, TR S B v 6 7 B ORAIE ™ 1
TR, RNIEE B TAE TAT. BT R rTHHERNME EEASE. BE. B
FraEsE, BREHLRIINARECR, ERE TSP RN AL A SEE; S ik, %
AL, AGAEAT . DRIAEA R FE s FH Bk A Do BRSO BE IR s ML il o

(2)  EJEBEIELL

EIEBETIER, TTR W A AR R I A=, G 15 s AU SN
DR L < Je % 10 3 P e A% R R B 75 Jl D 45 0 A AR K RS 5 132 B AR N D B 1
B, AR S NI R AR B, BRSSOV o BT AEAR 2R P R R W R B D42
JAB. H—RIOTERAAEERTIAN 1, 2- ROk, ZFOS BRI R T, JF
HLA8 K22 By IR R il AR 7 i) o 10 H iR kel A s AU SR G, A A
FEAZHBANRPGERE, AR PIRIE LSRN R 1 _EIRT5ESN, TR il A Wy B EE R
PR T RS AR Z, ANITEATIE 1L .

(3)  MLMIYERF

RS TR 22 TR RN, (EREAE 51 R R A A 7 BE =k, AR, B8R
AP BR R H AR N AR B AR R IR I AR RTINS, BRI AR %, FKEER
82 B B RS S R BEAT o

#
&
=
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w
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2.3 [EYgit B

2.3.1 BRI 1308

IO R PR ST 5 A (A2 P TS 2 B B2 A SR o 7 55 Ao RS B, AT (A
S AT RN GE T I AR B — ORI A IS, Pl =5 LSS, =
Er SN AT e BRI AL, Togs f 7 UGS, LRI P R sl 2 0, T 51 AR
B ALLEIGRAL o T 2445 FF BURIE AL BH BRI, 5 N 1R d H fEX AL 7E Friedel-Crafts
SIS A 4TI, WS R e N, B R B U,
AMELUR A, EEANRNL,  EUIH IR B2 % WL Friedel-Crafts S¢S I, ®2AH T HH
FERNS b S L PR o 8 5 A IR A SRS R, A (1 28 P 7 I P RO R 21 1 A
MIVEF o S H 500 T AT 25 W0 7 BRI I 07 A5 S Ak, oA 36 R H 3 B QR £ 57 A AE DA
WAL, POl - B2 AL JR AR BB TR R, 1T ol HE 25 A0SR Jm U ZE B 3-fiF 3 SRR
TR, A DR D 2 PR L PR A AT R R 57 R AN S AL, TR AT T AR
s Rt a Ak, Has i IR I SR, IR B A as R

NH,
[O] @COzH
CO,H
NO, NO;

CO,H

© (T
CO,H

& 2-5 AN FIBUREER I3 FR AL R B IR

Y

ST DA RS, FEBOTHRYIN, 3ATTSe 7 ISR 1 HL 7 200N R, X SR I g it
ITHIRERIHE « 5 W g i FHRURE N ZUEE . L, WIS, AT G, BATER T
FH BT SRR Dy 2 225 T2k ] RGBS B0 i, AP ek g ey 14>, IR

B T8 XA F B =R FE RIS R SRR R, 3T DO H Ik R e
NMADEE=A, /2] 7 ARZ ZBUUH RPN — D = PR JEY) . R EEET T, AT
Wit 7 2, 4-T RS RRIIE N Z BURH SRR 78, T 2 RUURIAEE 2,
Beaita it R0z 719 HARRL . BRI s R Yt o, RATIE R LU AU
x, WD RN Z BRI 9 7E .

FEWRCH T BRI TS T, AR 7 BRI A = U 3 L i, WEAR A5, SR, IR
TR A R TT %, KB W 1 B 1R & BB R M, DRI EAE SRR, i
T =9 AR O AL BRI AR I HLBE A e 1 X6 A A a] 47 (1 =980 FF 3.
TR TR BRI LR e B, AT AL = 980 Y ik ) JER ) A% AE Jim B AT T PP 45l HE oK

#
=
=
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232 K&

bR A RELBRF BRI RIS . EATHRAAPER, BT T U, (ERAETT 2%
AR A& TR E AL EE o I SIUIE L H BRAE 2 ST AT 1 Fh R s DAL AR e
BTN E B R BRI R . — 7 IR AN R BOREE, g, & IR4E, 53— 5 i Bk
REE, WARIAIRAL . AT SRR L IRy AR TR, 22 B o A S R PE U TR &
R AE, DR AR AT 0 H IO Wit &

2.3.3 FFIMTAEW)

BERAC S PRI BETE WA 5 TN T, 385 vt R B 7 PR A H A A Z R AT 7T 1%
FREFIIC SN —TRETECAAA T y- A BRI & AT B AT A0 & IR SRRSO &
AWK MEWy. ML, MERESESE, BIMAOTRERNIATER. L 3R, MRS BRitZAh, ATiE
SRR ST IR, FEH AR T WRZSERI &4

2.3.4 fRhRALED)

75 B EIFEAE R A, ARVt rh, JAHE H e 1 s R S, 2R
—ANEBIRER R SEEE O, R AMNIR. SV U ERIEE, FikAnE
B AR OEE, e A A AL, (HRE 107 EE, AT DA R
—MREFRIXTLE . RBERARELIESH, AT LAt D G A . AT DRI AL S
AT R HE RS A ey S 8L B L 5 Bl o

24 [RMIESGER

B H AL, ASHETTE BREERYIF AT B . AL BRSO A NS R . fEIE
AN, AR NG R T MDA HT . 47 RIX LRI "H-NMR 25088 LA S B £ i
ARSAER LS T UHE.

#
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[¢]
WOH ©)KWOH H30\©)W W H
o
HsC H3CO
OMe O CH; O

OH H5C

\@’W \@’W

o v D’W
CIQ;%OH F Q)W @M

O)W

%

B 26 H—K

2.4.1 W/ F LSRRI

SR T 2R BT 2 K, 7 B o e s L5 Rl PR 1 2 15 1 AR 22 AN R A A s 1)
F% I%MTZ 4- " HEEBERMIAR 2, 4-“HELRIZ AN GZIREGFIAF B 7 S b
PR, T B SRR AR IR S HEAT B e QIR ST, A% B & BRI ot b
TSR, WRRMETHE TR, TR RAK . R, 5 AUk g o, AR
RAT BRVER I S L) o A 2 B AR Bt i A B A A A BB S I o I PR R P41 2 (s 3 s D7
ixﬂgmo@%Z%,E?%%éﬁ%W%HE%%%EEXﬁ%,%ﬁ%ﬁﬁ%ﬁ%%
B R AEREAT WP AL, I f il B A S R IR B AL P . RSB, U
FEEAE G, PRI . DR IE R AR TR AT B 1 Al H R 50% 4, i
Rl gk QUGN RAE A 2, PR S AR ARV R B 0 28 T e S8 A 2%
YIRS iR = et E AT 2 Al DU VRS 0 £ S D WNI U E -5 S A R R Z SR
TEHAT JR SERIAL .
F 2, &ZHEBUL 2, 4-ZHIEIRILNRY, MR 7 ST . T
RPN, AEAUE N A I R AT, Bl S AT Al . PR b B R
Piim TARZ, BE]T 90%LL L.

2.4.2 =@ REUCREIED)

O AR T B, A BRSO, W AR . AR,
H TSR 56 A B 18] =980 T BV OK, O 7RSI 22 SOUT 75 B TRV LA A S BRSO B A s
I S BIAG 274 o AR = F5 FF B (R R el T ok Z AR NLAR JEURE (AR =3 FR BE 980, 3

1671 37
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H AT AR A i, AN ik i 75 v R a7 s 7 JE AR ], 505 4 T 32, ] DA TR EAT & K
2.4.3 KRR

B3R ARSI R T, HERARAE MR . IF B2 5 )M BRI FRAR R, Hex
FEIRI B AL A A SN PR RS A 1) s ARTR RIS R T s BB 1. ANSH T
4SRRI A-BURIE AR Hop A-RORE RIS TN S RS 1, BRI 4-
BRIL R E IR 2 o o0 T 5 S S JE 45 2 A7 s AL IR, A £ BRI SR 5 I IR
THE RN, H TSR TR R T BB 2, AR FRI i s 7 rh sl s b il i
PRI AN o BEA, AURSERAEI A T AR SR T8 2 5 ORI JEURE, AR RAG 26 [
(= HEMER R, PTRER A e BARSRRAT, 943 7 A% IR R B R AR ARG, 2B T —
BRI o DRl AT SR B SR T e 7 2 HL Al ) D 75 5 1o

2.4.4 FITHEYRIEY)

T B RIS S IHAR SR - i v LUE R B . T 2R 2 i 73,
HAS TR BEOR, DA mT LIS 08 5 S S A5 3 B — R A 40 o

AR TCH, BT ERATIR, HAZRT G AR, BATH G T —Fas3 i 8wy, it
EOTEZ IR TN G KA 2, R 5 S ) A B H bR . AN Ty
IHRINTEIR, 2N HIRI R NS, S A SONAR 2 S I HUORE AR B, X875 )R 2E
M2 ARG oy IRXE . 2o T IR AE AR AR, T8 T ROV 1. MR, 77
HAIGH AR

AR TCE AT R R A 25— Ko T2 LSRN RARZ , 50 S W B
AT, BRIEEL a-IRZEA B-IR 2200 JF0RE, SIS B S NG 2SR o

2.4.5 HAb

AW IR ER T AR A AR R IR IR S IR AL, AEAS IR e ok 5 T IR
BRI, T AN BAREE  H T RO BL R e B, R RN R R 38—
T8 P IVELREIR, BEANE K, BAET AR, FMEAET LR OE UL —E A
Beo RALE DL HE VR RIN A D BRI B R AR IE, OBE 3R ai b IR
WA I e AR AN R VAT R e L e TR B T A5 2 - 2 (K =)

AT T3 B 2L i VRN AN 2R IR, (EREIR AT . Hor R IR 5 i B

FARRIR E RS IR, A 08 Sl A P B PRl e o (L 2 S5 IR I B L J 220 R
BRI EARY, B E SRR 3 %SRSV & AR AR 4 i 5, SR E SE R & s
POGE TR, SR T EBRNKERINE T, DX SR & I T & R

2.5 INEE
TEARUCRTU, A AL (8 50 A BN, A R4 1 15 AR A5 KR

IN_ESEHT AR A& BRI ER 73, — 38 26 FRANE YRR SR FUE A . S R B 2544
WH L), O T REMIIR SR O T R AF KL .
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BZE SUFEHRTHE

B 3-1 7, y-FRARRAEIE 4 LL G AL RIS AR T, BB AR A T
PER y-A B XA RE D, AR R SR BGOSR (A R0
g SR GOLER- VL e SN P LTS E 2L U PR SR AT i DS pvAvE S CREE S 3
IS o PRI AT FE K — K H AR T AR BRI ER R 6t — N R R A S S 2, 7
A ee (I REIE BB A ALY H, B E B S S E A E 9 Bl RS B
SR RSN 1% S ST AL o

(0] t-Burt
on RUPHOX-Ru (1 mol%) 0 /th Bu
Hy, RT,24 h, PPh3 (1.0mg) % Cl—Ru L ci
> p- u’
o Base, Solvent Pth CI ph2 th\ “PPH5

(R, Rp)-RuPHOX-Ru

A 3-1

3.1 AL

o)
0 op RUPHOX-Ru (1 mol%) o)
©)J\/\”/ H, (20 Bar), RT, 24 h, PPhs (1.0 mg) __ x
o KOH (2.0 eq.), Solvent (3 mL)
31 TR
T TR AR % ee {H/%

1 FH i 13 94.3
2 N 90 95.6
3 IENEE 96 94.0
4 J N >99 93.8
5 ET 89 91.9

FATIAIITH T 4611 R TSR 56 A SR 1o A I A 1 512 6 RT3 FH T sie 6 I 1) s B 2% AR
B, DAz AR BA I JFUNIE — i 2N SR 2 o PRI AEAT SRV FRIRh SR I ik v, SIS
S BRSO B AME S . T IRSHIR AR R, BATEA 1 TR B R N
LW WA EY ERE, éﬁ*ﬁ’lﬁf‘i’ﬁ%;ﬁﬁi_{tﬁi Fetb R Se ik Ty, A 20T
TR . XRBEFIRRIEARERKR, I HMARER /. R =N (et 5 i

187 £33



AN Y H X AL

"g’ iﬁ,’\“’f Fi v -HEEM R FREN AR
H. WXTHA & FoRE, BEERBENIEK, ee (HiZHT ETF, (HE, FERHH K, MXT
MR B LR, OBEHE R IR, HEBUEAYE. EHELE L, HEfds
WEE, 3 H UL R EEERER, B350 ee HEAE, FLZEEEE, DUIRHAEE NG
FH B IR .

0 70N

o

3.2 EAIFE

0]
0 OH RuPHOX-Ru (1 mol%) O
H, (20 Bar), RT, 24 h, PPh3 (1.0 mg) _ %
o} Base (2.0 eq.), i-PrOH (3 mL)

R 32 BiA RS R

75 T AL %% ee {H/%
1 LiOH H,0 50 89.9
2 NaOH 96 90.8
3 KOH >99 93.8
4 tBUOK >99 91.9
5 Et:N NR
6 DBU NR
7 DIPEA NR
8 DABCO NR -
9° KOH 43 91.9

10° KOH >99 92.4

VE: a: BN 1.0 4E; b: BN 3.0 4E; DBU: 18-—% 4 -t —H#-7-%%; DIPEA: N -
3R, DABCO: 1, 4-—%Z—¥ [2, 2, 2) Ek

AT X% S e B PR DL A — ANk . M EIRERIEKRE,
Bronsted Bk 1) 77 7535 0] LIS S SBCRIZEAT , RT3 AT THERR R b 2845 i Lewis B, BTG
EEAT . — 7 A RE A Bk Bronsted BB SR T Lewis B, 5 —J7 1 Lewis Hi ) 7 1]
ABH AT REXT 12 S SRR T BHAS AR FH o 75 2800 DY M, SR SR T BRI A B T5
A, A S A T & S = ee EIMAR TR T BEH . ERIIHET 1, AT
AT T L5 4EE 3 5 U2 M SIS TR, S 25 BRI Y & 2R, #Ak
RIE) TR KMEZ, FEH ee A PTFEAC; 480 & ERONN, FHARRA LB, (HE
ee (A T REMAIPEMIC. XUl E AR RIS SL R, AWM L2 EE M R YR
IS (PR A o e R WSO B RN A 3 12k
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3.3 S5ME=R

o
0 op RUPHOX-Ru (1 mol%) 0
©)K/\”/ Hy, RT, 24 h, PPh; (1.0 mg) g s
O  KOH (2.0 eq.), i-PrOH (3 mL)
R 3-3 AR
F= [E3&/Bar AR % ee 1H/%
1 50 >99 93.4
2 20 >99 93.8
3 10 >99 95.3
4 6 > 99 95.9
5 2 45 59.5

PAV R %5 T RN i BN SR AR IR IZ RN IR . 45 R BoR S U R
SRIFA RS . SR A 50 Bar iZ#TFEMICE] 6 Bar I, FEALRIFR TR, (H2
ee fHA T —MMREMHET . BZ&IAF] T HAL 96%IK fif 45 A o AH G FA T — P PSR 5R F) 2
Bar I, HALKEIR TRE, JfHIE ee HEZH M HCRR20T . X klig, RATHEL
MIHSEEFE T 6 R U, IXAS BRI AR T (R RA HAR S B2 2% A, R A 1) S 26 1 A
PNFE AN FHFEME T BRI

3.4 INEE

FEA I TTH, FATTR R SR A5 SRR = AT 1 — BRI, 725E T &
(EREINES I NR T i e S WA E b A WG R 0 U N/ Pl =1 i s 0 e /el e 3 i P | W ER
SE T REENRY FE T iR B G A B o IR I R SR A TR R S AR D R
B IE, AR R SR (8] 5555 . IXHR 7 A A eI 5 S i S (K 5%
TIR G

&
N
o
p=i
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w
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FE R4

FEAYATTLH, FATEL RUPHOX-Ru /E v-BRIER AL A REAL TR, DA i AR5 2 5 0] Ak
R G T B EAE R y- N EERAL B . D9 T IE R AF R RRCR , FATHI R B 5%
PrE R P AR R E  T & R R A, e SRR R At T SE R R
Rkt o 9 T SRUEIZ N AN R E 1, A TR ISR A 2 S5 T T AR 45 2R
ARt &4, MTRSENEM T BT IR a BN R 2, BE H AT 7 B
Porb it — Wk, IR, X AR A RS 2R I SER A R e . RE Wk,
FESRIS SR AT B, FAT TS50 5 AAEAL IR B 1 A 75 B HE AL BE 70 AR IR R R S 56 26 A
FALE T [RISEI He A AL R s 1 7 JE ] LEaBl Pt
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SERE KBS

5.1 S2I&EM

A S SR AE B TUR R HEAT SR EURE S 724 LLFRAE 7407 . 'H NMR (400 MHz)
FI7E Varian MERCURY 400 ZYAZ IR e . wtidid & H HPLC T Daicel
Chiralcel AS-H #1152 .

5.2 JR¥IERKR

5.2.1 L {-5e S VA R

B AU T TR B A R R K . B 250 mL =8k, — Mk, =M
FE, Sl AT MO, FEARET EREF (5.09,50 mmol) FIJE/K =& k4 (13.3 g, 100
mmol), BT =#keirh, A E — M. BEERRE (RO fF R M IS5 1
B EWAD) (50 mmol), RS # I NFHOR - CGE AR, W5 SR b g s
FEND. BRERIE, E— DT O A E— R R RSB 25 S
W2 40 mL S ke T =3eeirh, FTOFREIBiHE, BN REE T IR IR .
RPN BIRERER, JFRMEBR T, Z 5N, BERMNEiE. @i meE R 77 2
TE SRR TR TE e A TR RG, WsE IEddE, T UK KRS A 5 S S AS BRIl 240,
/i 6 M HCI AR & pH=1, Z S A NIER W 408 CBRel — S P20 25 Tk g
BTREET, 19207 APPSO U E & S I R A A T WP I A4 Gl -
TR AR A, ANFREIX DR, HRAERRNEFIRS, T rE 2R, X
S 7 ) 7 LI I R AR A o S A A T £ R T A

(0]

OH
® O

4-([1, - B )-4-3)-4- AR TH. A4 . "H NMR (400 MHz, CDCl3) & 8.06 (d, J = 7.2 Hz,
2H), 7.70 (d, J = 7.2 Hz, 2H), 7.63 (d, J = 7.6 Hz, 2H), 7.48 (t, J = 6.8 Hz, 2H), 7.44 — 7.38 (m,
1H), 2.80 (t, J = 6.0 Hz, 2H), 1.25 (t, J = 6.0 Hz, 2H).
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O
OH

(0]
Br

4-(A-BFER)-4-EMRTH. K. 'H NMR (400 MHz, CDCls) § 7.85 (d, J = 8.4 Hz, 2H),
7.62 (d, J = 8.4 Hz, 2H), 3.28 (t, J = 6.4 Hz, 2H), 2.82 (t, J = 6.4 Hz, 2H).

@]
BFD)J\/\I(OH
o O
|
4-(3-R-4-FEREFR)-4-ERTH. AGFEHA. 'H NMR (400 MHz, DMSO-D6) 6 8.08 (s, 1H),

7.97 (d, J = 8.8 Hz, 1H), 7.19 (d, J = 8.8 Hz, 1H), 3.89 (s, 3H), 3.16 (t, J = 6.0 Hz, 2H), 2.51 (t, J
= 6.0 Hz, 2H).

o)
S OH
W
o)
4-8AR-4-(y-2-3)- THR. I, LR I 2 B8 AT A & iE . Bksb B
T Bk =&k (13.3 g, 100 mmol) 5 T &R (5.0 g, 50 mmol) MIAZ] 60 mL £t
TR S e, SIRBEREEA NS . BEE R EELY (4.0 mL. 50 mmol) S8 In £ SR A
2, RN RN — AN N8 S R AE =R N R 3 AN M SEERE A 0.2 M
HCI 7K, SHEAR SR HE 1 he RSl iefs 208 £ Z W, JFELE 0°CHE it
Wo WUE, WM, B~ EEME (1M, 3>00 mL) ¥R, i85 Ik B AR IR
o 19E, FEAFHKESS. "HNMR (400 MHz, CDCls) 6 7.77 (dd, J = 4.0, 0.8 Hz, 1H), 7.66
(dd, J = 4.8, 0.8 Hz, 1H), 7.15 (dd, J = 4.8, 3.6 Hz, 1H), 3.27 (t, J = 6.4 Hz, 2H), 2.82 (t, J = 6.4
Hz, 2H).

0]

o
F

4-(A-BHR)-4-ERTRR. OO, HWRWERNZBITANKS R EE. SBRnT.: %
oK (25mL, 26.5 mmol) FI'T —EREF (259, 25 mmol) BT =#keii+, A 50 mL T4
B &, N —HE PR, BN — DA — DR R SRE . 255
HERIINTC K E A4S (7.8 g, 58.5 mmol), HNAFEEEEHHEE 4 AN/, 5w 58 B s B
REINVKPEK, HEEIMNEERIEER, FN R 30 204, IR I, f2ida
TR =5 HF-. 'H NMR (400 MHz, CDCl3) 6 8.01 (t, , J = 8.6 Hz 2H), 7.14 (t, J = 8.6 Hz,
2H), 3.29 (t, J = 6.4 Hz, 2H), 2.81 (t, J = 6.4 Hz, 2H).
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4-4-—HERER)-4-ERTRR. AOEE. RS RS LS ROE. B3
WH: K24 HEHERK (3.27mL, 25 mmol) FIT —fREF (2.59, 25 mmol) E N =FiEe
B, BN 50 mL PR ARG, BERE, UK. it Ao K EER (3.33g, 25 mmoD),
I SESe JE R B RVRER, IR 15 /NI o SOBESE RSN 30 mL VKKK v, 8 e #E
BRIk R &, 25 USRI/ B2 OB (40/20 mL) ZEHL. A HUAH S 7 FH 7K
WA EhK B, I HTKRERE TR, AVUHIET . &5 H CBR CBRAUA T 25 5
'H NMR (400 MHz, CDCl3) 6 7.89 (d, J = 8.8 Hz, 1H), 6.54 (d, J = 8.4 Hz, 1H), 6.46 (s, 1H),
3.91 (s, 3H), 3.86 (s, 3H), 3.31 (t, J = 6.4 Hz, 2H), 2.74 (t, J = 6.4 Hz, 2H).

5.2.2 LS IR 1 A

SO0 AT I HCT 5 D SRR 2 100 mL. HU— =308, AREVEESE (0.73 g, 30 mmol) Al
3-5 fifl, ESEIAN—WLT, FREE TN L. Hh— AR EE, mANTHRE
AR E SRR, O S OHE RS OAE, RIRH O RAGREES. BERGHUR
IR (40 mL) AIN =3Ue i 1, o 8 0 HE o TV 56 488 TR 035 e ARt B 1) i A48 (22 mmoD),
W SKARAN =SB, e N R, FIRXNLIN AR R, ik R 20 s 1k
oz JEAkeR SN (AR 40 min 247, Wnsese R R AR B =8, ARECT
TR (2.0, 20 mmol), FEIIAN—AMEF, ZJEE-ANEIR S, W EEESEREEA
B, HFHAGEEEEHEAMAMH O, AMERS-HRES =K, BREFSNNE SR TS
W HL 20 mL DYSRRR , JE AR R, 858 fa il — N ORI R R R E, IR AR B B T-78°C
IR TR o PRS0 BRI RS PRI VN B B8 S = SR R v s =
SEEE G MBI, WINSE UG 4R SKIE 15 min, KRS EBOGHE T RIE RN . FRERIR SR
e R B HERR, RS EAF B R R BAE RGBT, TS 2IE HLAE
JeJEF 6 M FRERER . TRRIBRER SV DL S MR & Sk ki, b JOKBRBR B T4, b SE
BT M= R A AT WD 3 A, s a A ik O 0R O T 45 i

0]

H,CO OH
o)

A4-3-FEEERE)-4-ERTE. A4, 'HNMR (400 MHz, CDCls) § 7.56 (d, J = 7.6 Hz,
1H), 7.50 (s, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 3.85 (s, 3H), 3.30 (t, J = 6.4
Hz, 2H), 2.81 (t, J = 6.4 Hz, 2H).

0]

OH
)
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4-FAR-4-(3-FREFHE)-THR. HA 4. 'H NMR (400 MHz, CDCls) § 7.79 (d, J = 8.4 Hz, 2H),
7.38 (m, 2H), 3.32 (t, J = 6.4 Hz, 2H), 2.82 (t, J = 6.4 Hz, 2H), 2.42 (s, 3H).

OH

iy

4-23- " HEFE) A FRTER. AMGFEAE. 'H NMR (400 MHz, CDCls) 6 7.39 (d, J = 7.6 Hz,
1H), 7.28 — 7.24 (m, 1H), 7.15 (t, J = 7.6 Hz, 1H), 3.17 (t, J = 6.4 Hz, 2H), 2.80 (t, J = 6.4 Hz,
2H), 2.31 (s, 3H), 2.30 (s, 3H).

OH

%

4-(3,5-ZFRFFIE)-A-FMARTE. Bk, 'H NMR (400 MHz, CDCl3) 6 7.59 (s, 2H), 7.21 (s,
1H), 3.29 (t, J = 6.4 Hz, 2H), 2.80 (t, J = 6.4 Hz, 2H), 2.37 (s, 6H).

OH

ks

4-(2,5- " FFEFEIE)-A-FARTE. @4, 'H NMR (400 MHz, CDCl3) 6 7.50 (s, 1H), 7.20 (d,
J=7.8Hz, 1H), 7.13 (d, J = 7.8 Hz, 1H), 3.22 (t, J = 6.4 Hz, 2H), 2.79 (t, J = 6.4 Hz, 2H), 2.45 (s,
3H), 2.36 (s, 3H).

OH

iy

4-2,4-— BEEFE)-4-ERTH. A&, *H NMR (400 MHz, CDCl,) § 7.66 (d, J = 7.8 Hz,
1H), 7.07 (d, J = 7.8 Hz, 2H), 3.22 (t, J = 6.4 Hz, 2H), 2.77 (t, J = 6.4 Hz, 2H), 2.49 (s, 3H), 2.35
(s, 3H).

COOH

3

A-(ZE-1-F5)-4- 84T R A fE 44 . "H NMR (400 MHz, CDCl3) 6 8.62 (d, J = 8.4 Hz, 1H), 7.99

#2507 33
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(d, J = 8.0 Hz, 1H), 7.93 (d, J = 7.2 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.61 — 7.46 (m, 3H), 3.37 (t,
J=6.4Hz, 2H), 2.89 (t, J = 6.4 Hz, 2H).

O

F3C OH
0]

4-FRA-G-EFFEER)-TRR. AFH 4. "H NMR (400 MHz, CDCI3) 6 8.24 (s, 1H), 8.17 (d,
J=7.6Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.63 (t, J = 8.0 Hz, 1H), 3.34 (t, J = 6.4 Hz, 2H), 2.85 (t,
J = 6.4 Hz, 2H).

O

Cl OH
)

4-B-FHEE)-4-EMRTH. AL, 'HNMR (400 MHz, CDCl3) 6 7.96 (t, J = 2.0 Hz, 1H),
7.86 (d, J = 7.6 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H), 3.29 (t, J = 6.4 Hz, 2H),
2.83 (t, J = 6.4 Hz, 2H).

5.3 YIS

LI HTHCE 2 R AR, B RERGREETFERNS M BUNLE, NN
Jei TR 5 T A FR BT 75 B A AT = 2R FE B AN o R S SR AL A ) 75 AR B 5
Bk E SRR FREGE R EHREERE TEALEN, 2 FERNETERTEETF
BN EFERNARE NN 3.0 mL RAR, WBINEEERHENE, F18RI152 5
e FERA—ERZMEASR, TEEETHW MG

WAt KRR T AE AS-H, i 0.8mL/min, 25% iPrOH,210nm, {4 B4 i ] tg,= 12.056
min, tg;=13.785 min.

o)

b2 S kmg-2- (3H) -AH. "H NMR (400 MHz, cdcls) § 7.40 — 7.27 (m , 5H), 5.52 — 5.46 (m,
1H), 2.69 — 2.59 (m, 3H), 2.24 — 2.10 (m, 1H). *C NMR (101 MHz, cdcls) & 176.90, 139.36,
128.72, 128.41, 125.26, 81.21, 30.92, 28.92.
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STUDY ON THE ASYMMETRIC CATALYTIC
SYNTHESIS OF CHIRALT-LACTONE

Charity is used to describe asymmetry of a molecule’s stereo structure. When the center
carbon is linked with four different groups, it could form to different compound according to their
ways of linkage, just like human’s two hands. Thus, it’s nothing more accurate and scientific for
us to use charity to show this phenomenon. Most drugs own charity due to their complex
molecular structure. While their pharmacological effects are achieved through interactions
between drug molecules and corresponding ligand, stereo structure thus becomes an important
factor. In general, enantiomers differ in pharmacological activity, metabolization process and
velocity and its toxicology. For example, L-dopa can be used to treat Parkinson's disease. It’s a
pre-drug that can finely pass BBB where it is then converted to L-dopamine. D-dopa, on the other
hand, can’t be decomposed in brain tissue which results in accumulation in brain that offers hazard
to human health. Some enantiomers, however, don’t have significant difference, such as
propafenone. In this case, it’s no need to conduct further separation. In conclusion, when it comes
to examples like L-dopa, separation of enantiomers or asymmetric synthesis is vital in drug
production.

y-lactone is one of the most abundant substances in nature, which accounts for 10% of total
amount of nature compounds. Such as Xanthatin, which is proved to have good activity to restrain
the growth of parasites. Antibiotics, like antimycin A, which owns excellent bioactivity of
inhibiting the growth of fungus, is also belongs to y-lactone. Other than biological application,
v-lactone is also applied to the field of food and perfume industry. y-lactones with simple structure
tend to have flagrant odor can keep for a long time. It can also be used as synthetic intermediates
for some complex compounds. In conclusion, y-lactone, as a kind of nature compound with
abundant amount, can exert enormous potential in various fields.

The ring structure of y-lactone has multiple substitution sites, each of which has capability of
owning one or two substitutional groups. Thus, many methods are designed for the synthesis of
various kinds of y-lactones according to their patterns of substitution, which contain oxidation by
transition metal, asymmetrical synthesis of multi-chiral-center y-lactone via non-metal ligand, and
utilization of stereo-hindrance effect of substrates to form asymmetric product. Besides, there is
also a physical way of separating racemic product through dynamic kinetic resolution. But overall,
methods of asymmetric synthesis of specific y-lactone are still inadequate and many researches are
waited to be accomplish.

When it comes to the 5-subtituted y-lactones, which are targets of our research field, there’re
numerous ways to synthesis in great yield in some methods, great ee value. All the methods can be
roughly divided to two kinds, achiral and asymmetric synthesis. Most methods of former one
utilize common transitional metal catalyst such as manganese, gallium, iridium, etc. For instance,
Angelo Clerici et al. found an aqueous titanium trichloride/ammonium system that can effectively
conduct reduction of a wide range of ketone derivatives to corresponding alcohols with high yield.
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Duo Wei et al., on the other hand, found another type of metal to form metallocatalyst. Here,
rhenium was utilized to firstly synthesize a precatalyst, the key to the success of the reaction was
the use of a well-defined rhenium complex bearing a tridentate diphosphinoamino ligand as the
catalyst. This catalyst was proven to be an excellent one on various hydrogenation of ketone
compounds and could successfully synthesize y-lactone when using y-keto acid ester as substrate.
Other methods, such as radical reaction by using hypervalent iodine (I11), which is provided by
Toshifumi Dohi et al., are also considered to be effective ways to expand the scope of substrates
and result in a much more flexibility of y-lactone synthesis. These catalysts provide excellent yield
but can’t be applied to the synthesis of bioactive substances whose steric configuration matter a lot
in activity and some side effects. Some physical approach, such as dynamic kinetic resolution, can
solve this problem but this result in very low yield of specific configuration with maximal
conversion rate being 50%. So, it turns out that asymmetrical synthesis is the optical solution.

R. Noyori firstly devised mono-substituted y-lactone by using BINAP-Ru (1) as asymmetric
catalyst and got up to 99.5% of ee value. Henceforward, researchers put more and more effort on
asymmetric synthesis in the field of y-lactone. Ruthenium, the metal used by Noyori was later
frequently utilized in the following research. Stephen K. Murphy and W M. Dong made
expansion of this catalyst by using y-aryl-y-keto alcohol as substrate, and got asymmetric
v-lactone through asymmetric hydrogen transformation. They’d expanded range of substrate to
some aryl backbone but as for enantioselectivity, they only got up to 93% of ee value which was
slightly lower than their precursor. Eugenia V. Starodubtseva et al. introduced RuCl;—BINAP-HCI
catalyzing system which is capable of synthesizing y-lactone in high stereo selectivity. Meanwhile,
Yan Su et al. also made it by using Ru-TsDPEN complex. Both methods have high ee value but
own low vyield. Besides metals like Ruthenium, some metal-free organic compounds, like
B-Chlorodiisopinocampheylborane by P. \eeraraghavan Ramachandran, et al., are also applied in
relative research. In addition, bioengineering technology also plays a role in asymmetric synthesis.
For instance, some researchers have used enzymes of yeast to catalyze relative substrates in order
to get chiral y-lactone. Yasutaka Shimotori et al., on the other hand, introduced Novozym 435, a
kind of lipase, to select S-type of y-hydroxyamide from racemate, which later on could be
converted to corresponding y-lactone. Even though there exist lots of methods, they inevitably
have some flaws such as low yield or rigorous reaction condition. Thus, there’s urgent need for a
method with high enantioselectivity, high yield and mild reaction condition.

Here in our research, we utilized self-made RuUPHOX-Ru ligand to conduct hydrogenation by
using 4-phenyl-4-oxobutanoic acid as substrate to synthesize chiral vy-lactone and got
extraordinary result of over 90% enantiomeric excess. Compared with other catalyst, it has
relatively mild reaction condition and can exert its potential in aqueous environment. Most
importantly, it only requires 10-20 bars of hydrogen to complete the reaction. In our previous
research, RUPHOX-Ru showed great enantioselectivity and yield on hydrogenation of simple
ketones, ¥aminoketones and a-substituted acroleic acid. Based on the results of our previous
research, we hypothesize that this complex can also perform well in synthesis of y-lactone.

We screened basic reaction condition factors such as H, pressure, base and solvent in the
early phase of research. We firstly tested five alcohols as solvent and found that isopropanol had
the highest conversion rate and great enantioselectivity. We then chose isopropanol as standard
solvent. Following same protocol as mentioned, we then selected optical H, pressure and found
that in fact, H, pressure had negative influence on ee value. An increase on ee value was found
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when we decrease the pressure from 50 to 6 bar, however, both conversion rate and
enantioselectivity decrease severely when the pressure was too low. Following experience of
screening alkali shew that Bronsted base could conduct reaction well while those Lewis base, such
as Et;N or DBU, resulted in no product synthesized. Among all the Bronsted bases tested,
potassium hydroxide with 2 equiv. had the best effect with ee value being 93.8% when H, pressure
is 20 bar. With all these factors selected, we’ve finally made it to acquire 95.9% of ee value using
basic substrate.

The main content of this research hitherto is synthesizing various substrates that are similar
with 3-benzoylpropionic acid to testify the universality of our RUPHOX-Ru complex. Synthesized
by Friedel-Crafts reaction or Grignard Reaction, those substrates were roughly divided according
to electronic effect of substituents on the aryl ring, stereo-hindrance, halogen substituents and
types of aryl rings. With those factors in mind, we finally made 26 different substrates, 15 of
which are synthesized by myself, for further studies and authenticated their structure by *H-NMR.
With broad range of structure, these substrates provide decent understructure for our subsequent
research.

In conclusion, we utilized RUPHOX-Ru as catalyst to hydrogenate y-keto acid and acquired
chiral y-lactone with high enantioselectivity and high yield. In order to achieve the best result, we
screened three factors that affect the yield and ee value by using control variate method. We’ve
also synthesized many y-keto acids that owns similar structure with 3-benzoylpropionic acid to
further testify the universality of our catalyst. However, we can’t provide the result of
hydrogenation with those substrates due to the limitation of time. Anyway, based on current result
of this research, the RUPHOX-Ru complex has already shown excellent result and can perform
reaction in very mild condition, which indicates extreme superiority compared to other catalyst of
same kind.
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STUDY ON THE ASYMMETRIC CATALYTIC

SYNTHESIS OF CHIRALT-LACTONE

Lingyun Hu, Jing Li, Delong Liu*

Chiral y-lactones were synthesized via RuPHOX-Ru complex-meditated hydrogenation of
3-benzoylpropionic acid. By conducting control variate method, we screened 3 factors that affect
reaction most and successfully concluded an optimal reaction condition, which later result in
excellent productivity and high enantioselectivity (95.9%). Various substrates that have similar
structure with standard 3-benzoylpropionic acid were synthesized by Friedel-Crafts reaction and
Grignard reaction for further studies of testing the universality of RUPHOX-Ru complex.

1 Introduction

y-lactone is one of the most abundant
substances in nature, which accounts for
10% of total amount of nature
compounds.  Chiral  lactones are
compounds that have shown medicinal
importance as  anticancer  agents,
antibiotic agents, antiviral agents, and as
antidepressants. y-lactone is also applied
to the field of food and perfume industry.
y-lactones with simple structure tend to
have flagrant odor can keep for a long
timel!). Thus, a effective way to synthesize
y-lactone to achieve both high yield and
high enantioselectivity is needed.

Here in our research, we introduce
RUPHOX-Ru complex as catalyst to
hydrogenate 3-benzoylpropionic acid
and finally get corresponding chiral
y-lactone. Compared with other catalyst,
it has relatively mild reaction condition
and can exert its potential in aqueous
environment. Most importantly, it only
requires 10-20 bars of hydrogen to
complete the reaction. In our previous
research, RUPHOX-Ru showed great
enantioselectivity and  yield on
hydrogenation of simple ketones,
(aminoketones and  a-substituted
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acroleic acid™. Consequently, we
hypothesize that this complex can also
perform well in synthesis of y-lactone.

o
2 op  RUPHOX-Ru (1 mol%) o
Hy, RT, 24 h, PPh; (1.0 mg) .
2, RT, 240 PP (10 M9)
o Base, Solvent

Scheme 1

a9 o
B (N\/ - /&}*t-su
C-Ru._

/ [ p—erpRuC
PhsP CI Ph,

P-RUL
Pm}:‘ PPH3
(R, Rp)-RUPHOX-Ru

Herein, we screen the factors of the
reaction mentioned above first in order
to find a best reaction condition for our
later stage. Then we synthesized various
compounds that are similar to
3-benzoylpropionic acid for
hydrogenation, which has not yet been
conducted due to lack of time.

2 Results and discussion

2.1. Screening of reaction factors

0]

0]
on  RUPHOX-Ru (1 mol%) o
H,, RT, 24 h, PPh3 (1.0 mg) x
o Base, Solvent

In our research, y-keto acid can be
transferred to y-lactone in 1 day by the
appearance of ligand and hydrogen in
base environment. During this process,
the amount of catalyst, hydrogen
pressure, temperature, time, amount of
additive and base and the type of solvent
play an important role in yield and
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enantioselectivity. One of our main
purpose is to conclude an optimal
reaction condition among all these
factors to achieve both high conversion
rate and high ee value.

o}

(o}
OH RuPHOX-Ru (1 mol%) O
H, (20 Bar), RT, 24 h, PPh; (1.0 mg) .
[¢] KOH (2.0 eq.), Solvent (3 mL)

type and how much the base is needed in
this reaction. Following experience of
screening alkali shew that Bronsted base
could conduct reaction well while those
Lewis base, such as EtsN or DBU,
resulted in no product synthesized.
Among all the Bronsted bases tested,
potassium hydroxide with 2 equiv. had
the best effect with ee value being 93.8%

Entry Sol. Conv./%  eel/% when H; pressure is 20 bar.
1 MeOH 13 94.3 o o
RuPHOX-Ru (1 mol%) o
2 EtOH 90 95.6 WOH Hy, RT, 24 h, PPhs (1.0 mg) Q/j
o KOH (2.0 eq.), i-PrOH (3 mL)
3 "PrOH 96 94.0
4 'PrOH >99 93.8
5 "BuOH 89 91.9 Entry H./Bar  Conv./% ee/%
Table 1 1 50 >99 93.4
The effect of several solvents was 2 20 > 99 93.8
examined on the reaction. As shown in 3 10 > 99 95.3
Table 1, all the solvents perform well in 4 6 >99 95.9
enantioselectivity, but their conversion 5 2 45 59.5
rate differ a lot. Alcohols with three  Table 2

carbons tend to have high conversion
rate. However, ethanol can achieve the
highest enantioselectivity, which is more
than 95%. Considering both two factors,
we finally chose isopropanol as solvent.

o}

(o}
OH RuPHOX-Ru (1 mol%) O
H, (20 Bar), RT, 24 h, PPh; (1.0 mg) .
[¢] Base (2.0 eq.), i-PrOH (3 mL)

Entry Base Conv./%  ee/%
1 LiOH H,0 50 89.9
2 NaOH 96 90.8
3 KOH >99 93.8
4 tBuOK >99 91.9

5 EtsN NR -

6 DBU NR -

7 DIPEA NR -

8 DABCO NR -
9? KOH 43 91.9
10° KOH >99 92.4

Table 2

a:1.0eq. b: 3.0 eq.
We then move forward to testify what

H2m

5 7

We finally selected optical H, pressure
and found that in fact, H, pressure had
negative influence on ee value. An
increase on ee value was found when we
decrease the pressure from 50 to 6 bar,
however, both conversion rate and
enantioselectivity  decrease  severely
when the pressure was too low. So, it
turns out there’s no need to set pressure
so high for this reaction.

Since the time was limited, we didn’t
examine all the factors that affect this
reaction. But the current reaction
condition has already shown excellent
conversion rate and enantioselectivity.
Which is enough to be applied to the
later stage.

2.2. Synthesis of substrates

The main content of this research
hitherto  is  synthesizing  various
substrates that are similar with

3-benzoylpropionic acid to testify the
universality of RuUPHOX-Ru complex.
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Synthesized by Friedel-Crafts reaction
or Grignard Reaction, those substrates
were roughly divided according to
electronic effect of substituents on the
aryl ring, stereo-hindrance, halogen
substituents and types of aryl rings. With
those factors in mind, we finally made
26 different substrates (Scheme 2) for
further studies and authenticated their
structure by 1H-NMR. With broad range
of structure, these substrates provide
decent understructure for our subsequent
research.
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Scheme 2

3 Conclusion

To summarize, we utilized RUPHOX-Ru
as catalyst to hydrogenate y-keto acid
and acquired chiral y-lactone with high
enantioselectivity and high yield. In
order to achieve best result, we screened
three factors that affect the yield and ee
value by using control variate method.
We’ve also synthesized many vy-keto
acids that owns similar structure with
3-benzoylpropionic acid to further

testify the universality of our catalyst.
However, we can’t provide the result of
hydrogenation with those substrates due
to the lack of time. Anyway, in early
phase of this research, the RUPHOX-Ru
complex has already shown excellent
result and can perform reaction in very
mild condition, which indicates extreme
superiority compared to other catalyst of
same kind.

4 Experiment section

4.1. General information

Unless stated otherwise, all reactions
were performed under a nitrogen
atmosphere using freshly distilled
solvents, and workups were carried out
in air. DCM and THF were distilled over
dehydrating reagents. Commercially
available reagents were used without
further purification. 1H NMR (400 MHz)
and 13C NMR (100 MHz) spectra were
recorded using a Varian MERCURY
plus-400 spectrometer with TMS as an
internal standard. High performance
liquid chromatography (HPLC) was
performed on a Shimadzu LC-2010A
liquid chromatograph using Chiralcel
AS-H columns.

4.2. General method for the
preparation of y -keto acid

1. Friedel-Crafts reaction: Put succinic
anhydride (5.0, 50 mmol) and
Aluminum chloride anhydrous (13.3g,
100 mmol) into a clean 250 mL
three-necked flask, then put aromatic
compound (50 mmol) into a dropping
funnel, which is later connected to the
flask. Inject 40 mL dried DCM into the
three-necked flask and put in on
ice-water bath with electromagnetic
stirring. Add aromatic dropwise after
internal temperature stabilizes. Use TLC
to determine whether the reaction is over
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and add some ice into the mixture if it’s
completed. After the mixture becomes
stable, add 6 M HCI until pH~1 and
extract product with DCM or EA. Dry
the resulting product under reduced
pressure after dried by magnesium
sulfate. The crude product is further
purified by flash chromatography and
recrystallized by PE/EA.
4-([1,1'-biphenyl]-4-yl)-4-oxobutanoic
acid. White crystal. *H NMR (400 MHz,
cdclz) 6 8.06 (d, J = 7.2 Hz, 2H), 7.70 (d,
J=7.2Hz, 2H), 7.63 (d, J = 7.6 Hz, 2H),
7.48 (t, ) = 6.8 Hz, 2H), 7.44 — 7.38 (m,
1H), 2.80 (t, J=6.0 Hz, 2H), 1.25 (t, J =
6.0 Hz, 2H).
4-(4-bromophenyl)-4-oxobutanoic
acid. White crystal. *"H NMR (400 MHz,
cdclz) 6 7.85 (d, J = 8.4 Hz, 2H), 7.62 (d,
J=8.4 Hz, 2H), 3.28 (t, J = 6.4 Hz, 2H),
2.82 (t, J = 6.4 Hz, 2H).
4-(3-bromo-4-methoxyphenyl)-4-oxob
utanoic acid. White crystal. '"H NMR
(400 MHz, dmso) ¢ 8.08 (s, 1H), 7.97 (d,
J=8.8 Hz, 1H), 7.19 (d, J = 8.8 Hz, 1H),
3.89 (s, 3H), 3.16 (t, J = 6.0 Hz, 2H),
2.51 (t, J=6.0 Hz, 2H).
4-0x0-4-(thiophen-2-yl)butanoic acid.
White crystal. This compound is
synthesized according to existed
literature®!. '"H NMR (400 MHz, cdcls) &
7.77 (dd, J = 4.0, 0.8 Hz, 1H), 7.66 (dd,
J =4.8, 0.8 Hz, 1H), 7.15 (dd, J = 4.8,
3.6 Hz, 1H), 3.27 (t, J = 6.4 Hz, 2H),
2.82 (t, J= 6.4 Hz, 2H).
4-(4-fluorophenyl)-4-oxobutanoic acid.
White crystal. This compound is
synthesized according to existed
literature. '"H NMR (400 MHz, cdcls) &
8.01(t,,J=8.6 Hz 2H), 7.14 (t, J = 8.6
Hz, 2H), 3.29 (t, J = 6.4 Hz, 2H), 2.81 (t,
J=6.4 Hz, 2H).
4-(2,4-dimethoxyphenyl)-4-oxobutano
ic acid. White crystal. This compound is

synthesized according to existed
literature®. *H NMR (400 MHz, cdcls) &
7.89 (d, J=8.8 Hz, 1H), 6.54 (d, J = 8.4
Hz, 1H), 6.46 (s, 1H), 3.91 (s, 3H), 3.86
(s, 3H), 3.31 (t, J = 6.4 Hz, 2H), 2.74 (t,
J=6.4 Hz, 2H).

2. Grignard reaction: Put magnesium
turning (0.73 g, 30 mmol) and 3-5
granules of iodine into a three-necked
flask which is placed on electromagnetic
stirring. Pour 40 mL dried THF into it
and inject little amount of corresponding
halohydrocarbon into the system by
syringe first, then heat up the mixture by
an air blower. When the mixture turns to
colorless, stop heating and slowly inject
the rest of halohydrocarbon into mixture
dropwise. Wait until mixture cools down
to room temperature. All the liquid was
carefully transferred to a flask which
contains 20 mL of THF and succinic
anhydride (2.0 g, 20 mmol) via syringe
and react in -78°C for about 15 min.
Then take it out to react in room
temperature. After the reaction is
complete, add about 30 mL DCM to
extract product from mixture, the
organic phase is then washed by 6 M
HCI, saturated sodium hydrogen
carbonate and brine and finally dried by
MgSQ,. Get crude product by reduced
pressure, which is further purified by
flash chromatography and recrystallized
by PE/EA.
4-(3-methoxyphenyl)-4-oxobutanoic
acid. White crystal. *H NMR (400 MHz,
cdclz) 6 7.56 (d, J = 7.6 Hz, 1H), 7.50 (s,
1H), 7.37 (t, J = 8.0 Hz, 1H), 7.12 (d, J
= 8.0 Hz, 1H), 3.85 (s, 3H), 3.30 (t, J =
6.4 Hz, 2H), 2.81 (t, J = 6.4 Hz, 2H).
4-0x0-4-(m-tolyl)butanoic acid. White
crystal. 'H NMR (400 MHz, cdcls) &
7.79 (d, J = 8.4 Hz, 2H), 7.38 (m, 2H),
332 (t, J=6.4Hz, 2H), 282 (t, J=6.4
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Hz, 2H), 2.42 (s, 3H).
4-(2,3-dimethylphenyl)-4-oxobutanoic
acid. White crystal. *H NMR (400 MHz,
cdcls) § 7.39 (d, J = 7.6 Hz, 1H), 7.28 —
7.24 (m, 1H), 7.15 (t, J = 7.6 Hz, 1H),
3.17 (t, J = 6.4 Hz, 2H), 2.80 (t, J = 6.4
Hz, 2H), 2.31 (s, 3H), 2.30 (s, 3H).
4-(3,5-dimethylphenyl)-4-oxobutanoic
acid. White crystal. *H NMR (400 MHz,
cdcls) 6 7.59 (s, 2H), 7.21 (s, 1H), 3.29
(t, J = 6.4 Hz, 2H), 2.80 (t, J = 6.4 Hz,
2H), 2.37 (s, 6H).
4-(2,5-dimethylphenyl)-4-oxobutanoic
acid. White crystal. *"H NMR (400 MHz,
cdcls) 6 7.50 (s, 1H), 7.20 (d, J = 7.8 Hz,
1H), 7.13 (d, J = 7.8 Hz, 1H), 3.22 (t, J
= 6.4 Hz, 2H), 2.79 (t, J = 6.4 Hz, 2H),
2.45 (s, 3H), 2.36 (s, 3H).
4-(2,4-dimethylphenyl)-4-oxobutanoic
acid. White crystal. '"H NMR (400 MHz,
cdcls) 6 7.66 (d, J = 7.8 Hz, 1H), 7.07 (d,
J=17.8Hz, 2H), 3.22 (t, J = 6.4 Hz, 2H),
2.77 (t, J = 6.4 Hz, 2H), 2.49 (s, 3H),
2.35 (s, 3H).
4-(naphthalen-1-yl)-4-oxobutanoic
acid. White crystal. *"H NMR (400 MHz,
cdclz) 0 8.62 (d, J = 8.4 Hz, 1H), 7.99 (d,
J=8.0 Hz, 1H), 7.93 (d, J = 7.2 Hz, 1H),
7.86 (d, J = 8.0 Hz, 1H), 7.61 — 7.46 (m,
3H), 3.37 (t, J=6.4 Hz, 2H), 2.89 (t, J =
6.4 Hz, 2H).
4-0x0-4-(3-(trifluoromethyl)phenyl)-b
utanoic acid. White crystal. '"H NMR
(400 MHz, cdcls) o 8.24 (s, 1H), 8.17 (d,
J=7.6 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H),
7.63 (t, J =8.0 Hz, 1H), 3.34 (t, J = 6.4
Hz, 2H), 2.85 (t, J = 6.4 Hz, 2H).
4-(3-chlorophenyl)-4-oxobutanoic acid.
White crystal. *H NMR (400 MHz, cdcls)
0796 (t, J =2.0Hz, 1H), 7.86 (d, J =
7.6 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H),
7.43 (t,J = 8.0 Hz, 1H), 3.29 (t, J = 6.4
Hz, 2H), 2.83 (t, J = 6.4 Hz, 2H).

4.3. General method for

hydrogenation of 3-benzoylpropionic
acid

Put appropriate amount of isopropanol
into anaerobic tank after removing air
via liquid nitrogen. Precisely weigh
substrate, ligand, triphenylphosphine
and potassium hydroxide and put them
into reaction tube, which is afterwards
placed in hydrogenation reaction
cauldron. Put 3 mL isopropanol into the
tube in anaerobic tank before filling the
cauldron with H,. After that, put reactor
on electromagnetic stirring.

Condition of HPLC: Chiralcel AS-H
columns, 0.8mL/min,25% iPrOH,
210nm, retention time: tg;= 12.056 min,
tr1= 13.785 min.
5-phenyldihydrofuran-2(3H)-one. 'H
NMR (400 MHz, cdcl3) & 7.40 — 7.27
(m , 5H), 5.52 — 5.46 (m, 1H), 2.69 —
2.59 (m, 3H), 2.24 — 2.10 (m, 1H). ©*C
NMR (101 MHz, cdcls) & 176.90,
139.36, 128.72, 128.41, 125.26, 81.21,
30.92, 28.92.
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