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Recent Advances in Kinetic Resolution of Tertiary Alcohols

Chen, Yunrong ~ Liu, Wei  Yang, Xiaoyu®
(School of Physical Science and Technology, ShanghaiTech University, Shanghai 201210)

Abstract Chiral tertiary alcohol is widely present in a series of bioactive compounds, natural products and pharmaceuticals.
Consequently, the development of efficient asymmetric catalytic methods for their syntheses is highly important. Kinetic reso-
lution (KR) is an important strategy to access enantioenriched alcohols from racemic alcohols. However, due to the require-
ment to distinguish three none-hydrogen substituents at the a-position of tertiary alcohols, it is challenging to develop highly
efficient kinetic resolution protocols for tertiary alcohols with broad substrate scope. Nevertheless, significant progress has
been made in the field of nonenzymatic kinetic resolution of tertiary alcohols in recent years, and a number of novel asymmet-
ric reactions and catalytic systems have been successfully applied in the KR of tertiary alcohols. The tremendous advances in
the kinetic resolution of tertiary alcohols are comprehensively reviewed, the substrate scope, characteristics, mechanisms and

limitations of these methods are summarized, and our perspective on this research field is also provided.
Keywords chiral tertiary alcohols; asymmetric catalysis; kinetic resolution
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Figure 1 Natural products, drugs and chiral ligands containing chiral tertiary alcohol motifs
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Scheme 2 Kinetic resolution of tertiary alcohols via peptides- catalyzed esterifications
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Scheme 4 Kinetic resolution of heterocyclic tertiary alcohols via chiral Lewis base-catalyzed esterifications
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PRI R 0T B 3R e, DRSBTS 2 e 1 20 ) A ot A B 451
(dr) KT 20. EARTFPEE W i — B MR A 770 X — 2 e
BRI AP RS HR  BOR 2, R T 1% R N i
P AL R T MR RO e, e eI B A B — Fh A
AR 4aE, XFERT DARETE e R R DA S SO L ke
36 B 1 e A SR — X AR i S A A, AT E O A 2 T A
B, ol KA G A5 31— 0 v O S AR TR T B A
i, BRI T S7AR R B3R 55 (Scheme 9, b).

2016 4E, Asano 1 Matsubara 4] BAMMRE T FVEBERR
(S)-TRIP ((S)-cat. 12)MEAII & ITAEREN a - A HLFIER
W& 23 198 115473 ) Ni(Scheme 10). 1% Sl i
T T R A A 10 20 - PN S SRR R 2% . e R R (oxa-
Michael reaction)f5 212 A~ =1 o0 1) DU SR 7= )
24, FHES S F A B B R XA R IE A T
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B R (s =1.8~39), W T — L HRE R (s=9.7~
54y, X = e RSB A R SRR R, 484 T
S dr KT 10 0 1 A e ERE 23%,
AT LB R A R STARA L PR DU L i =42 25 A 26, SE
BRAT AR R A BT 1 D S Pk R DY A ST AR S5 46 A R 1)

=

=7T.

2019 4, piREm fH A F R T 1 B IR 1 Ak 40
TR [ B SEFL T 2-N-He S8 PP I e kB A G 07 7 i
UE 27 W= RBN 15475, 1 RIS 3 e B fAk 4 f
R [RIB H SE T — R A A 2 T 1 0 F T e
fii 28 f) i %] & (Scheme 11, a)2%. 1Z N EA K IFH)
JEAIE F A, 0 25 Fb LA AN [R) S L HUAR I 1 0 TR R T 42
UL R R AR, 77 38/ 35 DL S e Ik /e ik
AR 10 0 7R i A ) gl i 1% 7 R4S B S 1 3l ) 2
PR (s-factor H i AJIE 165). {HF—EATE, HEit
1% SR M AF 3 1) T 1 e ] 7= ) 7 28 3k S A AN K i I
J& RE LA W Ze 45 B0 AR 4l B2 AR BR 1) -2 U 30
(Scheme 11, b).

2020 4F, Hhes K HAEEPHRIE T 2T F 16k
A e TR AN X R 231 PR 7K 4 65 5 s S L P LA 40 67
-N-BREE A =R DL R = RN BEATAEY) 31 (=33l 7o
2R, RN SEELES A = FEOM 4H-3,1- 28 0E
WBRATAY) 32 IANXIFR S [8i(Scheme 12, a). 1EH X EY)
P fle B 4] b (Rl B AU T AT 1 180 A, FRTEARER
NESFA TR AT 355 0, s R #0 Frid
PIFEER 34, FFFEEA B0 FRicHITF LA =)
35, 3X— e W45 HR AR B 1% s I HR gt M ik AT A Dy o AR
M AESEAZ G, RS AR DU HROE i g R &
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R cat. 10 or cat. 11 . OO o OH
(1~ 3 mo%l) R
HO —R! + R3—CHO R~ j_ , + K
OH R.=iBu Me PhMe,200r0°C R
TR 5AMS OH
()17 18 17+
n=1,2

cat. 10, R = 2-’Pr-5-MeCeH3
cat. 11, R = 2-Cy-5-MeCgHj3

10
Me)\o ‘M o

kinetic resolution

Me

o () B B

1 1
= 1<) > o]—Q > oj—<:>
Me O Me 'Pr Me

17*,: 54%, 81% ee . . aro 0 17%.: 44%, 98% ee 17*4: 45%, 91% ee 17%: 40%, 98% ee
18,: 45%, 97% ee 17y 45%, 97% ee 18,: 49%, 99% ee 184: 49%, 91% ee 18,: 54%, 82% ee
<o 11 18, 44%, >99% ee, s = 389 <= 372 s 93 < <29
(b) stereodivergent resolution
cat. 10 (5 mol%)
(CHz)sMe  BuCHO, 20 °C ) O _ 0
'‘Bu '‘Bu
HO Me silica gel —<O:L"'(CH2)4Me —<O:L"Me
OH chromatography Me (CHy)4Me
() -17¢ 19: 44%, 91% ee 20: 40%, 98% ee
cat. 11 (5 mol%)
(CHz)oPh 'BuCHO, 15 °C o] o]
i + B
HO ™ H silica gel Bu—<O:L---(CH2)2Ph u—<O:L H
OH chromatography H (CHz).Ph
() -174 21: 46%, 99% ee 22: 47%, 93% ee
23 v 0 A7 R e L S R R AR
Scheme 9 Kinetic resolution of diols via chiral confined imidodiphosphoric acid catalyzed acetalizations
Bz
0 Me (S)-cat. 12 (10 mol%) OH I o R
WOH PhMe, 4 A MS, 40 °C, 24 h BZMMe O
Ph 3 R Tyt SMe
(+)-23 23* 24
23,,R="Bu 89% ee 79% ee conv. =58%, s= 13
R
OO 23,, R=Ph 84% ee 95% ee conv. =48%, s= 54
o_0

P -
o \OH ‘ R=Ph
R HBF, (0.6 equiv.)

Et20, r.t.,
cat. 12: TRIP 94%, 3.2:1 dr
R = 2,4,6-(Pr)3CeH,

(R)-cat. 12 (15 mol%)
PhMe, 4 A MS
-40 °C, 92%, > 50:1 dr

M Bz
|,,_ o ! e o e
R Ph
® © [RPh
25, 85% ee 26, 97% ee

B 10 FIERERR AR (A X FRIRREAL B 7 245 7>

Scheme 10 Kinetic resolution of tertiary alcohols via chiral phosphoric acid catalyzed cycloetherifications

Vi) [ SEHLEEAN [l (Scheme 12, b). Xof B AAR AL B ORARF I -2 AT A2 4 39 (Scheme 13, b).

2021 4, A7 We iR A 2 PR T R 1 1 ANt
R T IR 46 & O SAR BB S T 2-N-BE BB 1)
IR 36 1Al 124k oy, JF Hodid 2 B sk
T — RV EAERF A O PRSI ATAY) 37 s
RO FRAG 8 (Scheme 13, a). I 1% e N 3R A 1 T 0
Mk = A 28 3 AR R O, RE B8 DAL 57 1 7= %645 2
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%%ﬁf%%% (I, VERETE1Z N T 3 T
HE B T IERERR Cy-SPA, BEMS I T 204 [ A1k J
1B B IR LR A IR 83 (Cy-SPINOL) H J 5 i by
B HARR, 1% R F YRR A AR E R S s
PR IE B 7 HAE AN KRR A A A0 1) 2 B .
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(@) Ar
i i Q OO
NHCOO'Pr NHCOO'Pr >\NH O //O
HO N RS cat. 13 (10 mol%) HO/,’ A R3 9 \ RS o/ P\OH
R’ PhCl, 5 AMS R! :
R2 9 R? i %2
0~25°C R' R
(*)-27 27 28 Ar
cat. 13 (S)-TCYP
Ar = 2,4,6-(Cy)3-C6H2
NHCOOPr  iprooGHN OMe  'PrOOCHN PrOOCHN NHCOOPr
OH.__'\_Ph oH. s OH/\/P" OHy X Ph OH.__'x,_Ph
Me Me” = Me"™ = Et”: Me”-
p " L J o
* . 0, 0,
22’; a g 0//: gg D//: :: 27"y: 47%, 95% e OMe 27*,: 33%, 98% ee
Tl 2007 A5%, W00 27 38%, 94% ee 27%4; 41%, 94% ee 28,: 54%, 84% ee
s= 28, 56%, 93% ee, s=98 284 39%, 91% ee, s =75 §=52
© ). . "
NH ) 2
A Iy Ry Sy eor w0 I
S o . o o Vi S
Me b, 80%, >25:1 dr Me\}g\/ 60 °C, 94% yield Me Ph
28,, 94% ee 29, 94% ee %
Bz 11 TR ME AL 2-N-be S0 ok e 5 AR 7 2 AU £ 27 N B SE #8380 24 o
Scheme 11 Kinetic resolution of tertiary 2-alkoxycarboxamido- substituted allylic alcohols by chiral phosphoric acid catalyzed
intramolecular transesterifications
’ > S
Re—1 X OH cat. 14 (10 mol%) A N 0 O\P//O
_ R + R )\ ~\
NH 5 A MS, toluene, 25 °C % = OO 0" "OH
Ph/go R
(+)-31 R = alkyl, H 31* cat. 14, R = SiPh,
Me Bn, ,Ph Ve
' . ,Ph Ph * . E40 0
L OH Br g 31%;: 49%, 84% ee 2; o f;o//“ ggf ee
31%,:49%, 91% ee OH 32,; 49%, 86% ee OH d: o, o ee
32a2 49%, 88% ee NHBz s=35 s=31
s=50 31%,: 46%, 86% ee NHBz NHBz with cat. 13

32, 43%, 93% ee, s=T77

Ph

Me
standard conditions
()
NH NH

A

33

08 8
34

Ph

B 12 PR AL AR BRI R B (170 1 N KGR 530 71237 73

Scheme 12 Kinetic resolution of 2-amido tertiary benzyl alcohols by chiral phosphoric acid catalyzed intramolecular dehydrative

condensations

2021 4F, b R 8 4H 2400 ik T PR R A AL 1) 43 T

P AN B TR R S N, SIEBIR T — 2R 470 0 1 228 B 40
) 5 %4 sh 7159543 (Scheme  14). fE1Z N, e A
BB S TE B 25 A NI B PR 2E B m- M TR B Bk 1 5
Tk, FFEFHBRNE iR TS TR
PISEAZIE I, DR S 50 g 36 2 A IX s ask 45 31
PEIREE =) 41, FF W i ' 5 40 RE P Il A e 5
ZRNEYIE AV 2, SRR 1,4-2
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B, 1,5- A 1,6- ZRETEZ N A 35 8 LA S5 (o) et g
R GE BN R B s BemiA 120) [0 FS 2 F 10 T
AU JEORE, AR BAH B 1) & A 2= 0 1) 2,2-%0)
AR UYEFKRIEE(THF) PO IR (THP) LA K S8 4238 BEbe AR
V). WAb, SRR 1,3- EEREY BRI RERE
YA NI B IS5 R (s=60), RBIF 2 TR A
MEmE AT A4 42.

687

http://sioc-journal.cn/



BT FREHR

2
O._R? O R? A
OH cat. 15 (1 mol%) , 1 o
Alkyl NH ROASNH o+ o L N OH
toluene, 10 °C, 5 A MS Alkyl || 3
RS || y \
, Alkyl ]
R! R R
(+)-36 36* 3

cat. 15: Cy-SPA,
Ar = 3,5-(CF3)2C6H3

f f t f
o OYBU HO Y Ho OYBU o 0._Bu HO OYBU
~ NH

Me - NH Me\\‘_ NH Et Me NH Me ~ NH
PR ] | PR V] Pl
Ph Ph =

Ph Ph S
MeO —
36*,: 50%, 94% ee 36*,: 51%, 94% ee 36%;: 47%, 85% ee 36%4: 53%, 83% ee 36*,: 48%, 97% ee
37, 47%, 94% ee 37, 46%, 97% ee 37.: 48%, 83% ee 374 45%, 92% ee 37e: 51%, 94% ee
s=115 s=153 s=29 s=62 s =136

f
(b) Bu 'Bu OH
o/\<N Raney Ni, H, O/\< TFA Ph—"\F{N\_PIV
e

Ph=— 73% ph—t N 80% Mé
Me \ Me Ph
Ph Ph
37, 94% ee 38:94% ee 39: 94% ee

B 13 FIEERRME AL Y 2-N-T0t ek B 3 S BUEE £ 701 W 4 5 30 J1 2287
Scheme 13 Kinetic resolution of 2-N-acylamido tertiary allylic alcohols by chiral phosphoric acid catalyzed intramolecular
condensations

R? OH Ar
P! Ao UL, o
R2 OH PR n Oy
cat. 16 (15 mol%) RN 40 B
1/\)<(\d/\/OH T 00 | 0" “oH
R 4 AMS, 1,2-DCE ® + O
(+)-40 C RZ o Ar
=0,1,2,3 R\~
n=0,1,2, cat. 16
n

Ar = 2,4,6-(c-Pent)3-CGH2

41

1,4-Diols Ph, o N——Ph. o OMe
S %, OL 40%:.:44%, 94% ee -

- ) . o: 44%, 947 7 40*4: 45%, 84% ee

40%,: 45%, 90% ee  40*,: 42%, 98% ee f M 47%, 94% ee My 51%, 73% ee

41, 53%, 80% ee 41, 50%, 84% ee s=120 Me s=17
s=27 s=50 Me

: 40%, 42
40%,: 44%, 90% ee 40%: 48%, 62% ee : 40%y: 45%, 92% ee
41, 50%, 80% ee 41 40%, 80% ee } 42,: 47%, 90% ee
§=27 s=17 f $=60

BRI 14 FPERERR (LI P9 2R A FO AR AL 3 0 224 20
Scheme 14 Kinetic resolution of tertiary allylic alcohols by chiral phosphoric acid catalyzed cycloetherifications
2021 4, A s AN AR M Y D7 SR B v ROR, WPt R MR = AT 500, B ORI LA
SRk, I TR B UK T IR AL Catellani S8 X Jot F AR B AT AR P 7 i /e i A A
PESEHLRAT A 43 193 A2y, R A R WA — AN 2R S 5 RN, XA TR DA
I [l dfir=4) 44 (Scheme 15). %S BixT 2 R AL R RCIX 3 T A7 BELAR LA FR) 77 36 0 57 ik /ot R BRI, . i
W SR REAT B A7 22 97 3 H AT LAAS 21 R 45 B0 5+ 195 7 R, A FAS ] AR T A ST DL fiCe . oy ik
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A A T3 120 DA 46 1 — R AP LRI [c]
W=, S e I WA T T e e P ) e A T DAAS 3
EZ L NGBS IR R E e N AT/ N (< pTibu L I ATl
S N IR S A R T TR A A, AR BB B
FERUKT I, focJr il i S5 BR AR B PR CU .

3 ERESS5NANRRLSSHBAMEERNS
FR/ 5

B TR R B B S 5 AN R RO S SR 1 3T
JIEERGY 28, A — P SEIURRE SN 77 45 55 () SR =&
1) FH AU IEE 2 5 400 3 P EA 5k [ e A2 A S5 R A K SIE .
EH T B 218 57 J5 (A1 Tl A8 R0 R ) R R AN S5 A s 182 288 AR £
SR, RRRNEARAMIR M. 2RI, KR
I8 H R REAE 2 T RO R BE B i, TR AF
TEROR M, B ) 400 A 1 75 A S R = 1)
TR AT Hr 53200

2007 4F, Snapper Al Hoveyda [41BA27VK & 7 F A AL
/NP cat. 17 EAR IR B F2 AN O FREEIE AL S B S 3
THIEAE I 45 13 71254573 (Scheme 16). Z 5 15EAMY
3 LA AR XU T 1 0 TR (R Bl 1 2 AR 4
WA T8 F MO SRR, BRSPS Y Y
JEA, VLIS 3 R i 200 R B85 2 SR (Bh 1R &
H Ker 12~>50), HiEMH T SOn M. X2
T UCHRAE ORE AUE TH0 1) 1,2- ZRER B ) R
S, AR RS TP A TR A 2R (20~30 mol%),

il 2038 Foadt— 2 I N A

2013 £, Yamamoto PREHAPHRIE T —R BN E
J& . FHEX N-F2ELEE G BHA Nliifk. SRR EEA
(CHP) A58 A 771 749 s TR e AR i 045 TR IBEE PR 0 e AN R R A A
BN TR 53 OB 12 S Sk 5 i /PR R SOUAR ) 4 7
FoRUE 47 HAA RUFBIE R0 15207 B0OR, kB 1E
ZH s Wik 58 (Scheme 17). XANJ7 kAl LU F 35U
PR U R 0T e P o0 R AR S 2, T AU 1)
KRR G R

2018 4F, Hashimoto A1 Maruoka [#]BA2HRiE T F1k
ZE R cat. 18 FIAEFYEMIER cat. 19 PrRIMEMII Rim4
T 49 (kAL ) 115174 (Scheme 18, a). 1EEFIA
TEWK . Z Eh AR AA7E () S5 A0 T I B et 4 20 — i e
N F IR 24 2h INT-A, 4k M@ i i ir O-"F 34k )
NSRS 2-47 BE ¥R FE ¥ B 772247 73 (Scheme 18, b). %)%
A2 1 B AR B AN R b AL B 1 2R o RN, A
& H T RE ) 3 71 % 5 4, 0T DUBUEE N T 55
B/ PRI BURE I A, {524 s 4 ol L At S T
S PRI, SR F= R IR B 2 3 R R

2020 4, Toste MHAMEHCPHRIE | FHERERR ML
(177 LML T 53 5% ERAE 51 I A R4 24 -Michael
I SE LS 7153750 ) B (Scheme  19). 1F & 10 id %} %
S LHEAT B 7 5 50 DL R BRI R ER (DFT) ., A
RTFPERERR W ST LI R I 53 ¥ H 5 R R AL AR
B R e, S8 J5 A2 XU R R AR Ay R AR -

B OH | Br OH 1
» ' " Pd(OAC), (2.5 mol%) " R R OO
TFP (10 mol%), N* (30 mol%)
R? + RZ &+
K,COj3 (1.2 equiv.) o)
PhMe, 105 °C -
(*)-43 © 43+ RS R2
a4
: A
— 0 ! TFP = tri(2-furyl)phosphine : ]
Pd™- etherification ¥~ pqo
! CO,Me
v
>
IS KR <=1 RE
* *‘ ——————————————— - R Pd * LI
3 \ \ \ ¥
Pd”1Y T ®)S sy @/0” L/Br x R
ey
— R3 R ”
Br O

H s
Me N\ |
Me
Me
43*,: 57%, 61% ee
44y 21%, 97% ee

s=123

Br OH
Me -"'®—Me
Me

43*,: 45%, 92% ee
44,: 43%, 93% ee
s=91

0]

Br OH
O
Me

43*.: 34%, 86% ee
44, 42%, 89% ee
s=48

43*4: 45%, 92% ee
44, 46%, 92% ee
s=79

BK 15 S/ FVERR UK I A AL IR I 3 0 2 87 7

Scheme 15 Kinetic resolution of tertiary benzyl alcohols via palladium/chiral norbornene cooperative catalysis
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ik SR

Ne N Me
N ~
&E/\ H o Ty

cat. 17 (20 ~ 30 mol%)

HO )
RZ2  TBSCI, DIPEA, THF, -78 °C
(+)-45
HO, R R' oH
-, + ‘.
HO\/<R2 TBSO\/<R2
45* 46
HO. Me HO Me HO Me
HO\/<"pent Ho\/<fPr HO\/<‘BU

45*,: 42%, 94% ee 45*,: 44%, >98% ee
46,: 50%, 58% ee 46;: 52%, 84% ee
Krel =12 Krel > 50

45*.: 45%, >98% ee
46.: 49%, 91% ee
Krel >50

B 16 HHER 1,2- FERERRL 3 115475

Scheme 16 Kinetic resolution of tertiary alcohols via organocat-
alyzed O-silylations of 1,2-diols

RHO Me BHA (11 mol%)

. Hf(O'Bu), (10 mol%)
MgO (20 mol%), CHP (1 equiv.)
PhMe, 0 °C

(+)-47
RHO Me RHO Me
=
+ 6}
47* 48

OH Me

Me OHye
= =
O 2 0
DaiaG
Ph OH OH Ph
Ph Ph
BHA

47*,: 46%, 80% ee 4T*y,: 47%, 90% ee
48,: 49%, 84% ee 48,: 50%, 90% ee
s=24 s =58

B 17 0 PR 0 A 5 g B IR A AN B)) ) 537 oy
Scheme 17 Kinetic resolution of tertiary allylic alcohols
through catalytic enantioselective epoxidations

Michael Jf A B A 2 FE =) Al INT-B, #4EH
KHF, 43 INT-B BI{3 2Tk — i =4 52, Hfn] [l
AT v Xof Bt A 0 £ JE

2021 4, 5BnsRUR B IHRIE T e R A A
A BTSSRI 1,2- 2% 54 A FREEGB) ) F 4%
I L. 1 SN ASE F R SRR AU AT A A — i e 45
R, BRI T, fH 2 B — T B S A 4 38 e
PRI N 5 {# (Scheme 20, a). JEEAI I STARGE 2
TR X I EE o- RPN AN [ BIR SE LY, BT e
oL RS BE AT — AN 2 KA BR AT, — A&7 FHER
AN Bl T B, I B2 R ABOR, IOBAR 25 B e L
RN TR BOR, AE BRI R i 4 A
LA B4l B (1) 30 77 %45 77 (kinetic resolution of auxiliary
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@) cat. 18 (4 mol%)
cat. 19 (10 mol%)

HO R Cs,CO03 (2.0 equiv.) H%O
R OH + BnBr Nal (5.0 equiv.) R B
(+)-49 DCM-PhMe/H,0 50
0°C,50~120 h
HO Me Me HO wme HO Me
©/§/OBH ' OBn OBn
49%, 49*, 49%,
47%, 84% ee 42%, 82% ee 33%, 78% ee
HO, Me
- OBn
{ ]
S
49%4
44%, 72% ee
»
cat. 13 @ L
HO MeOH ABOH  R4N / N BnBr
Ar Me_ 052
Ar (\)
HO. Me
/‘Q/OBn INT-A

Ar
Ar
SONESS iy
5 N
Mo L1
O 10 ¢
Ar OH

cat. 19: Ar,BOH

cat. 18 Ar = 3,5-(C4F;),CgH3
B 18 TP A AR EIE LA 375 1.0-—

Scheme 18 Alkylative kinetic resolution of 1,2-diols via chiral
ammonium borinate catalysis

adjacentalcohols, KRA*). XM &R A7 %H B 1E FH AT 1% S B
AT RATR AU o-for P A 22 3 AL N RO 2R [, g Az 5
AU AL IR AR R . 2-WRIR A 2-MEmy R 45, — L8 -
U] BB, R R S RS PRI, (R T7E
WA DU LB BN 71245 7. AN IR NEE T PSR BA
RNGERI 1,4-ZBEHIBN )22 9550 (540). FHEH00
T4l B AR 23 B I 5 ey T e S A D i A TR I 25
5, 1938 — RYBA BTSSR T, L
-], Quintard A1 Bressy [2]BA321t A5 FH AL i) S g A
AR, SEBL T BAT IS5 R 1) 1,2- —RFHI3h 2 4
oy, AEFRIHEALTZ cat. 4 (HyperBTM), f#EALF =0T
PUMEZ 1 mol% (Scheme 20, b).

2021 4, AWk M LA 1EE B TR B AL
ANKEBRME G~ e B AR e S, SN T ) P R AU 56
H = 28080 715287 43 (Scheme 21, a). Z WXt 1,167 80
ot I 1) s AT 2 JER A0 2 B R A e R 80 0 24 40 RO,
LR REL s mih>200. Rl —RIE, 1,1-A0H
A3 PIAS — P Joe F2E 100 e TR I R ) e e 42z e 2 A7 e A5 21 A
WALSE R AT R o SR (U 560), TR KT PEREAE
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; 0 1) cat. 13 (2 mol%), 53 (0.2 equiv.) 'i‘J
R Toluene (0.1 mol/L), r.t. _B.
9
R? 2) KHF 5, MeOH/H,0 > Ar/B\O/B\Ar
R3 OH RS OH Rs OH
(+)-51 51* Ar = 1-naphthyl
0 53
* (\ T —(O\‘
JRZY™H (0]
o\ | KHF,
cat. 13 0 o Ar R!
53 H ( \E( MeOH/H,0
. (0]
QQ Rl 0
R® 0-B
R'" R?
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o (0] (0] O (0]
Bu Bu Bu
%, Me
Mme’ OH me’ OH Et* OH // OH Me” OH
Me

51*,: 34%, 90% ee
52,: 45%, 84% ee
C =53%, s=27

51*,: 43%, 80% ee
52y,: 52%, 73% ee
C=54%,s=13

51*
52

o 48%, 78% ee
o 45%,
C=

51*4: 61%, 42% ee
524: 30%, 86% ee
C=35%,s=12

51*,: 40%, 80% ee
52,: 45%, 69% ee
C=60%,s=8

89% ee
47%, s = 37

B 19 TR S A BT B0 TR A 5o B 2 ) R S Bk S 4= -Meii- chael D sh 77223753

Scheme 19 Kinetic resolution of para-quinols via boronic-acid-directed chiral phosphoric acid catalyzed asymmetric oxa-Michael

additions
cat* (1 ~ 10 mol%)
HO OH (EtC0),0 (0.5 ~ 0.54 mol%) HO OH HO OCOEt
1 Ny + Ty
R 3 CH4Cl or PhMe, -40 °C ~ r.t. Ry 3 R"Z :Rs
R2 R R2 R R2
+)-54 additive: Na,SO4 or . 55
= iPr,NEt (0.5 equiv.), 4 A MS 54
(@) HO  OH ol
Q . HO  OH W@ OH  OH
¢ Rt > Ph
Br W LI O e
c PN 21 gTM
cat. 21:
54*,:48%, 96% ee  54's:47%, 93% ee  54%:47%,62% ee  54"4:50%,94% ee | ot 20. HBTM (4 mol%) (5~ 10 mol%)
55,: 43%, 94% ee 55y 48%, 92% ee  55.: 38%, 97% ee 554: 42%, 96% ee
s=127 s=82 s=124 s=175
with cat. 20 with cat. 20 with cat. 21 with cat. 21
(b)
TIPSO o
,ﬂj ”(W
MeO o S PS

OMe
54*,: 48%, 94% ee
55, 45%, 97% ee
s =>200

54*: 36%, 89% ee
55; 37%, 87% ee
s=43

554:

54%,: 38%, 79% ee
37%, 78% ee

cat. 4 (1 mol%)

54*,: 44%, 76% ee
55,: 39%, 96% ee
s=120

s=19

BIK 20 T Lewis Bl b 1) (¥ 41 A P ik ol B BURE i Ak 3 77 22 4% 2>

Scheme 20 Kinetic resolution of auxiliary adjacent alcohols via chiral Lewis base-catalyzed esterifications
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SR ISR, ) R B 15 20 e iR ik A
Lei=3(56¢). BLAh, 13 A BT B IR T 1 e MR fie
73 7f8 HY LIHMDS B = Z A0 B2, BV AT S P A 47)
[ ) PR A A I DR R L JELAT 1 0T R A 41 2 (Scheme 21,
b). VR A2 AN [R5 B 7R F 7R 3 S it e Bz g A
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XFWIEFENE R, BRI T TR p- A AR DA LA
SRR ST AR R

(@) Me OH cat. 13 (2 mol%)
1 ~ "R8
R R™ 3AMS, toluene, 25 °C
NHTs
(£)-56
OH OH
R1"'MR3 + Me R3
Me NHTs RUNTs
56* 57
Me. OH Me, OH Me. OH

\\\'\S/\ Ph Pa T
NHTs NHTs

56*,: 51%, 91% ee  56%*;: 49%, 89% ee
57y: 48%, 97% ee 57.: 47%, 96% ee

ﬁ Z>Ph
NHTs

56*,: 51%, 92% ee
57, 49%, 95% ee

s=130 $>200 s =150
OH ! two-steps KR
Me\_W ! Me, OH
N PN
ﬁ NHTs : Ph‘vph
: NHTs
56%4: 42%, 78% ee | :
574 58%,82% ee ' 96" 44%, 91% ee;
s=24 | 57¢: 46%, 91% ee |
(b)
HO Me HO, Me

LiHMDS, THF, -78 °C, 91%

Et3N, toluene, r.t., 95%

W\Ph
NHTs

57,,92% ee (R)-56*,, 92% ee

B 21 PR R A AN o R 0 i — I i S5 40 s B B 36 g
ARy
Scheme 21 Kinetic resolution of tertiary alcohols via chiral

phosphoric acid catalyzed asymmetric enamide-imine tauto-
merism

2020 4, JES] R HAAEE RIE 7 HIE IR I R
FRAGEN TR OB, A R BT e R e B R BB o
JE A AR AE TF- VAR A AL T A2 BT PR R R A IR I [R1 A
FHEBEE, 1% R 3l 77 % 35 5 R A K B A8 (s-facor
3~6)34. 2021 4F, JEGIFIAAERE BRI HEE a-fr Rtk
5H NS EAE WAL BRI FRE BB 0 %
N (CuAAC) SE BT BTN i fUEE 58 1380 7 % 47 7
(Scheme 22). 1% MNA#H Pybox EFHERCA, /E&HT
WS, WO mE IS 4 A7 A HOCACIE X s B2 ) ST AR 3
Bt i, I AN ]2 WL IR 2 I s BRI B
U, HERHE B e Bt e R R A B S 1) s, 55
AR IR, 23t o A1 — AN KA BH 4 g i [,
WAL B = R AR AT LUA R N 1 B 7 2 4
73 RUR(Scheme 22, a). ZR X AR IFATCIHA . FIF T
I, HRAEFOR B AR AR LA B SRS 60, #B
BHRUFHIR 0 RCR, 1EBEM R 5 s 55118 56 (Scheme 22,
b). F555 BT A5 10 T UL RN F= 4 R (1) 20 35 R0 4 s 2 1]
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R DAREAT & B4, LRSS 21 2 MR R A 202
TREFI 1.

4 WENHMNIFRST RN

Bk DA = 280 DL RS SRR 3l 7 2547 7 1 SR s
ZAh, —EEPE K C—O I R W 2 S S Al mT LA FH
T REERI B J1 254758, IS AU 1 A S k), (H P74
ARG F LS

2006 4F, Shibasaki A1 Matsunaga [4]BAPOIF] FH A5 #x
¥ Henry M SEH B-fiSEBEE 62 HI3h 1%
(Scheme 23). fHAFE R, 1% AT Fh AR5 XL
GRS Y (cat. 22 HT cat. 23)J9 AL, I Ik & T
cat. 22 Fll cat. 23 FIELBIN 2 0 1 I e S ST AR e 6 A%
. RPN R R IR, L R R
P FE, NS EAT B e R, 16T Ry LR
R A F5 NS, BRI E R . (EE AR
N B AL T B A2 cat. 22 FI cat. 23 HEALFIHEATIC
EAZ W J5 15 2 La-Lis-(1a)/(1b), FF HAFE & 8t JF A7
EST % 2 M 121X — VR A AR 28 B 2 OS2 R 2%
EYIMEEAER IR 2009 4E, Z BB XA N )
DIFEHAT VER R, RIRHEZ S T — el 6816 ML
FH, AL La-Lis-(1a)2/(1b) AR FAE N Lewis BRAN
IR IR A A, TG R AR iR 2
A, FRRMREE NS T 5ME 4G, Wiy
Henry B[R A,

2008 4, Hayashi W14 PSHRIE T 2L I & i TR
FRURE 63 R I Ak Bl J1 4R 4 OB, AE RIS
AU JEOR [E] s A BSR40 (Scheme 24, a). 1% 2 i fd
F-HEXUBRC A Hs-BINAP B 5 /7 244 70 RO B, fext
BRI /5 3 I/ R A 3R/ 3 5 2R AR ) v e 7 2 L
R AIEAT IR 20, AR S5 21 R A 0 meade 6Pk i -1
JERE AR XA e L7 B i RN, B 1R ik
B REOA 8 T R LA F] 60~70% AL 2
AR R ee (HMIFHEERL. EFIRH—FATAEM
AR, FHERAFERSS S-H BRI T
AT P TR A, R i 3 3 3000 TR 4 S5 o A e
FER I A p Rk B, 17 R-F R RURE T S B R 18
32| £% ¥ (Scheme 24, b).

2018 4F, WRASBHUR AL POMROE T F A A YR
T PEBERR T (R (AL PR B P SRR 64 FRIBN 15245 4
M.(Scheme 25, a). {EIZ M HY, (R)-H4 2 UL Y 56
Ty R HEIREEA S SN BRI R0 65, T LR T
2Rl (S)-R T BE JEURE . 1% I BT 5 e AR
R A I B AT Hr S [ 3l 0 223 0 ROR, T T e 2/ 4
B THURIIBRARE, 20 15RO B =, Hee AR
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(a)

OH

OH CuCl (10 mol%), L (12 mol%) OH N
AgTFA (10 mol% :
RTNOY + RN oTrA - R)Yocy * R)')%\N—W o A o
{BUOAC, ~10~0°C, 2~4d RN<, N )
|| ocy 0.45 ~ 0.56 equiv. R = CHIOG S/N N—
58+ 2= CH(OCy), PH Ph
(+)-58 59 L, X = 3-pentyl
HO
o OH o OH _\_\ .
__ocy m y mOCy N R
T oc N,
[[| ocy F I ocy MeO Il ocy N

58%,: 47%, 98% ee 58%,: 47%, 98% ee

58+

:43%, 95% ee

594: 70%, 96/4 dr

§=65 §=65 §=22 [R'N3 (1 equiv.), rac-584 (2.2 equiv.)]
(b) \
A or, N yy-Bn
Em CuCl (10 mol%), L (12 mol%) HQ \B oS
) : : + FH 0 e
Sy BnN3; (0.5 equiv.), DCM, 0 °C e ] N \J
< N N—/
(+)-60 X : %
61 Ph  L,Y=0Bn Ph
\ o \ W Noy-Bn
Ok "‘O'; N\ oH Me,, HO \_/
F $
FF
60*,: 48%, 95% ee MeO OMe . . 480, 800
. 60%.: 48%, 80% ee
61, 47%, 95% ee 60%,: 45%, 80% ee o 789 dr=7.51
61y: 50%, 77% ee Ol O0%. T8%ee
b ' 60*4: dr=6.7/1 614: dr=10/1

(with L")

48%, 90% ee  50%, 89% ee

B 22 AL B R bR IAIN BBl 71 2 3 0 A
Scheme 22 Kinetic resolution of tertiary alcohols via Cu(I)-catalyzed azide—alkyne cycloadditions (CuAAC)

( et 0 OH MeO
o La~O : OH MeO
HQO R2 cat. 22/cat. 23 = 2/1 (2.5 ~ 10 mol%) HOR? NO, i L.—U'Ll ' e
17 N0z THF, -40 ~ -20 °C RV %ze T RVOR? * '
62 R)-1a- H2 R) 1b-H,
cat. 22: (R)—La-Ll3-(1a)3 . (gH _ (R-1a-H,
cat. 23: (R)-La-Lis-(1b), H  (R)-1b-H,
HO Me HO. M HO Me HO, Et HO Me
)\/N02 D N By~ NO; B NNO, o SN0,
GZ*a. 47%, 90% ee 62*,: 40%, 95% ee 62*5. 40%, 97% ee 62* : 33%, 88% ee 62%¢: 30%, 88% ee
s=58 s=19 s=23 s=76 s=6.1
Bz 23 IR A -G R A A AL BRI ) 3 ) 4 o
Scheme 23 Kinetic resolution of S-nitro tertiary alcohols via mixed La-Li heterobimetallic complexes catalysis
F 7 281G B i G AU BE TR bR P . S N A ) T 87 ER AL 7 45 SR R O SR AE Tl B G AR = R L IR N,
B BE AT HEAT — RAVBAT A AL, B et oy T 0 ZIRIEEAAL S ML ARG BB R ANER, A S ML PR R

B TP A P DA S T R R &%, AR X Se il ™
VIR 2E LS B R

2019 4, JBRAE B TR 8 O H 7K A — AL AR AE
Proriil, I8 7 FIEERLE G VR I RE IR R 3) /)
ARG N iﬁﬁﬁjﬁig*igﬂ‘]?ﬁﬁmé\ﬁﬁﬁﬂ
P, BPFEDUBARECA R 66 (Scheme 25, b). XM
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WREFEVEAT B E 5T, IF HR A 1 8IS OB A A
2SN R JERADE FRVE 2, O RO b A i Ak [
Bedk/ 75 Ak Bedk/ 207 B, LA b e AR K YA RE

PRSI Y, T bRk A s (1 B (A& — sl — e ik
R AR RE = RS IR 7. R REIURE] 10 g KA,
I FLIXAS RS (4 s 2 A A [ 44 B F) 4k A 2 AT 30
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(a)
[Rh(OH)(cod)]> (5 mol%) OH 3 )
HO RS (R)-Hg-Binap (5 mol%) M"RS i 3 (b) Proposed Catalytic Cycle:
L = + 1
Z R™  toluene, 100 ~ 120 °C RL R®
(£)-63 63*
Q Rh = Rh i
)]\ = Rh((R)-Hg-binap))
e e ‘ P "M
~ Ph ~ fBu Rh, retro-allylation
) o Rh
uph i - <_Rh
63*, 63*, ; Me protonation “
ee 89% 84% A (ligand exchange) B
conv. 67% 70% |
s 7.0 1 5.1 H on
HO » Et & k/k M\Me
\ \( Ph
HO X (S)-63, (R)-63,
= - Ph PPh, reacts remains
PPh,
s o QO

ee 71% 70%
conv. 61% 67% (R)-Hg-Binap
s 5.4 4.0

B 24 SEAEAL I PORURE SLAKIE 3 VR RR Tk 2 W 4 50 70 2247 73

Scheme 24 Kinetic resolution of tertiary homoallyl alcohols via rhodium-catalyzed stereoselective carbon-carbon bond cleavage

(@)

[Rh(OH)(cod)]> (5 mol%) 3
HO RS (R)-H -Binap2(5 mol%) OH s ! (b) Proposed catalytic cycle:
8 M R + )‘k ;
= R ° = L RS
toluene, 100 ~ 120 °C R
63*
Q Rh = Rh i
Py = Rh((R)-Hg-binap))
~ Bu Rh, retro-allylation
/o Rh
63" | uph i —— (—rn
c : protonation
: Me : N
84% : (ligand exchange)
' A B
70%
5.1 H oH
& k/k | o Me
Ph
(S)-63, (R)-63,
PPh, reacts remains

PPh,
= = QY
ee 71% 70%
conv. 61% 67% R)-Hg-Binap
s 5.4 4.0

B 25 H/RRAEAL A bR DT SRR R B AL 2l ) 224 2y

Scheme 25 Kinetic resolution of tertiary propargylic alcohols through palladium/H " -cocatalyzed carboxylations

1Ay, T CLO A B R A e 2 R 1 A
VUBARIBAR R R T AR, 3 il 5 7y 22 s, i
SO0 5 B BRSSO LERHEAT PR R, T B A
TEFNLELE A AR HE— B0 TE. 2020 4, FRAE BRI
— A I Al B BCAA S R 2 A LA, B T T B
SR (AT P R A A ) B L PR 5 4%, A s th T AT i
R A DGR VR T IE. 1580 — R IR
R AT 224K, HUOAS 55 20 57 (10 X I s 336 1 A7
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R, RN AL AT UK E] 10 g FUBEE,

2021 4, Z=AF I BAAUE FHEE AL I N-FR AR
P T e 408 A7 Bk S B0k O 355 e I 87 SR 3 4 Y e 4D e 7R 368 60
B 67, o (S)-Ha 2 o 7 Jo AU B ol A0 R DO B R )
PEIC 68, T (R)-H4) Y [ BUREAS LR B (Scheme 26). fE
R ILT M R R S N TR A 2 R R 3 R RN 3T A e
YEEEER. 12NN &R, PR R
B S T g PR, B 1SR ik B R AT 139,
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9 R, Ar
\-OMe R’ cat. 24 (2 mol%), Zn* (25 mol%) R —
H + R =——Ar — Ar + R" O
HO DCE, 30 °C, under air HG
(£)-67 MeOHN
67" 68
cl o
cl ipr
N~
| _cl Cl COy1Zn
Rh—C! 5
o Nt 2 cl )
cat. 24, R = OMe Zn*
F
Ph, Ph Ph, ‘Bu,
tBu-7'%Ph Bu————= Pr——==—Ph Me=—==—Ph
HO HO ’ HO HO
OMe ‘Bu=—==—Ph
HO

67*,: 47%, 91% ee
68,: 50%, 91% ee
s=67

67*,: 44%, 83% ee
68y, 43%, 90% ee
s=49

67*:: 47%, 79% ee
68¢: 51%, 86% ee
s=32

67*¢: 34%, 80% ee
68,: 36%, 62% ee
s=10

67*4: 34%, 99% ee
684: 19%, 65% ee
s=23

B 26 SEAEIL A H IR AN PRI 2 00 S N SE BB P 2 BURE 30 70 245 7

Scheme 26 Kinetic resolution of tertiary propargylic alcohols via rhodium-catalyzed asymmetric allenylations of benzamides

Ve 24 S2I6 A DFT 5, $2 0 M ) S A4 i 4%
PRI R T Johe TR A7 19 A 25 [ 11 2 ) o7 L 22 5, B2 R ST
Vs P D ROR I i N BRI I R, DFT i thss
TR AT REVER.

B 7L LT A ) 3K S U B)) ) SR o OB 2 4,
2020 4F Groger £ Akai 1 BASHRE 1 5 45U 1) 2253
F159% 43 [ i (Scheme 27). 1E# LA 20 B 2.6 % 7
WA, DAL SRR A UL &) V-MPS4 R
[T lipase CAL-A AMEATT, 8 BUREA XS PR AL S5 B
SRR 69 AT 1545, PR T RF5 1)
WL FEE. o, V-MPS4 F T e AL URE Y, T
lipase CAL-A F T-4L(R)-T4 BLBUE 1k P Fa b, 2
A% TAER, fE# RIIE T — N IREEY), Bk
RERIRIE(312 h), ZEATY I RWOEE] 77%.
AN, Z RN FEEM 10 equiv. KIEEALRF, b i
Bl 5 (R RE IR, 75 AT PR AN A7) 23 U8 & N s B A
A, Iz MR RAEEROR I R BR %

5 Hit5RE

R 20 FE, HBCT BEHEAL KRR 3 ) 2 %
I, ARBEEAE AL IR Bl 70 24 0 IR BLAS 31 T PR
HAARE, 2R E AR ARG B A RPOTT
R, BT S5R 2 0 AU IR e 2 sh J A oy, A
I, FI U R 5 2 5 A0 R AL [ RE, AMYRT B SE
BURURE (v 283h J124 970y, BRER A T BAT DU BTk
L ZRIME AP B AN TR . Ak, RS
FRIAN K s 2 S UL 408 7 AR 2 31 3 2 3% 0 5 30 3 A e
TSR, X B AR ) A N JiE R BN 2
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V-MPS4 & lipase CAL-A
Me

OH 0 sequential addition of
chemo- & biocatalyst inportions
25 °C, 312 h, diisopropyl ether

10 equiv.
(+)-69, (0.08 mol/L)
HO( \Me Me ‘\OY
0 - COF
(S)-69 (R)-70

23%, 66% ee
B 27 AU A RIIE s e I R (R A 0 A 3 25 3 0 2 3
chheme 27 Dynamic kinetic resolution of tertiary alcohol via
cooperative catalysis of a lipase-catalyst & an oxovanadium cat-
alyst
W EESh 122 v 0 TR it 1 R 7

B3, H AT 50 712235 20 U AT A7 A — L5 S5 BR AN
PR, Hhn: (1)Z580K R RIR 2 TR K R IE R IR 5
NAR, RAERN T — L BA Ry € 45 1 BRI R B 70 2
Peor B, AR & FAPE; (2) H A& AL
WE5h 11225 o ISR 2 FIRIA S IR DL IR R, fiEfL
FIFH B — R (5~10 mol%), A TAALRIBORA:
7. Bk, FATI RSN S 22 5 70 AT B AT IR KR
KIE A, I el ReE LUy IS -, 56—, R
A R i 252 Y IS o 2800 AN 0 R e U < R A S N
T REEsh 7123 o BB F, B H RZ07 s A
7o, ATV & R AL SN AT LS AU FR AR
S5 RNEN 1R ST LA &, A7 R RN
ZRALRIE B B B0 7127 2 Ui, B, A

T7%, > 99% ee
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ik SR

PRI RN AL S IR BRI A i, BRATTHRAE 2 THOL AL
SN AE A TT 3K, ISR s N TR ek
EEB) 147 S TR . 5 =, B — T i
AL 50%, XS T EIRI RN — AN A R A
RSN i R 73 S BE, AT BLRI a5 30 71544 73
¥ SRS SEEL G 100%™ F 4773, 10 HAFRE I 304550
TIEEPRI W S — S AR, (E R 2
BN YRS GEEN P RPTT K. il BIRIE ) F)
Y i (A AT S A B P [0 R A 1 5 v I T AU 3 70 2
PR3 SR T-, EARRAAN S HI R AR R IR LA B
R 2, Haz N AR ER_EUER] T Se B 3h 25
BRI AT, AR S SR RIRT AL
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