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FHEGREA BT TR E AR R

OB EEE

(ZWRRZAEY S0 RIRPP0T 7 SR AL B s =

A5

HE 443002)

A

WE RV 2 AR 531 8 WG BT, W0 R I T-VEAae i A s Va6 AR T o e dk. i T+
VEGEREAAE T IR TR, FLAEAE AR & R A B, JraERA SRR, 288 7 HAT T NN-46/E . N,O-%ilk
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Catalytic Asymmetric Synthesis of Chiral Acetals

Du, Peng Zhou, Haifeng™*

Shen, Guanshuo

Zou, Kun

(Hubei Key Laboratory of Natural Products Research & Development, College of Biological & Pharmaceutical Sciences,
China Three Gorges University, Yichang 443002)

Abstract Acetals are common building blocks of many drugs and natural product molecules. It was found that the biological

activity of chiral acetals is usually superior to their racemates. The catalytic asymmetric synthesis of chiral acetals is challenge

for its racemization and attracts attention until recent years. In this review, the recent studies on catalytic asymmetric synthesis

of chiral aminals, N,0-acetals, N,S-acetals, O,0-acetals, as well as its application in synthesis of chiral drugs containing acetal

moieties are reviewed.

Keywords chiral acetals; catalytic asymmetric synthesis; chiral phosphoric acid

GEE 1 SRR 2 R R IR AW o 1 R LR 45
LG, QiR T & I 250 2,57 (Aquamox) ¢ ] Mg
I (Thiabutazide)!, 0l fl 22 /& # 24 25 74 4 3¢ M
(Cevimeline)™!, ¥A 73 25 24k 91 % £ (Pipoxolan)( K 1)1
2008 4, Brown /NHAF 78R A5 48 i SR ) — S ek
i ()~ X6F B S5 AL A 1) A T M A T L (R)- e e S A4 4141,
BRI T AR i I N T 22 ), (B2 B T T4 is Ak
Gkt E, ARl et i, HAE AT FR A &
R A BT, fEARLZ R T, AT F1E NN-i
B, NO-ZilE. N,S-4ilE. O,0-4 B AL AS KRR & 1K
Tt 50t FE AT AR

1 F N N-GEEREURITRE R

2005 4%, Antilla %15 S 318 LT MR ER(R)-PAL A
AL, W BB B B i S N-TE 3 55 7 s 0 i
ASTEFRINER A e TF- 1 N N-ZEBE I 773 (Bq. 1), Wik
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PERTIE 2] 99%.
_Boc(Cbz)
N § (R)-PA1 (5 mol%) HN/B°°(C'°Z)(1)
Ar R" SR2 ether, r.t. Ar)\NR1R2

up to 99% ee

(R)-PA1

2012 4, TIshihara /NHAU R BLLE T2 DU R (R)-SA 5
2,6- 7 FEMERE B ER AL S, BEi% S N-BEEE D A 1
Jié o 7 A5 BE A 15 2 -k N N-ZE S, Sk P Rl IA
98% (Eq. 2).
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H2N028:©5L )NH
Cl N
H
Aquamox Thiabutazide

Cevimeline

Paecilospirone

Cﬁ%

E. Coli inhibitor

(0]
OO
(0] )
CX-614
an ampakine drug

SIRT1 ihibitor

Sedative  OMe

[ W S NN EYE b S as7

Figure 1 Drugs and natural products containing acetals

(R)-SA (5 mol%) Cbz.

N/Cbz o] pyridine (5 mol%) NH O
L A /-\N)LR @
Ar H2N" "R Mgso,, DCE "W

0°C,1h
] 12 examples
P, up to 98% ee

ol ves

SOsH P =

OO SOzH . N\ /
i-Pr,

(R)-SA

2,3- A MR AL A ) B S AR s, HL
XoF W AR IE A [, B3 2008 4E, List 2584 8 Uik
BT 2,3- A EPRIRER AR B, DT PR R
(S)-PA2 AL, 3 41 U 2 2K W It fi 55 Mg 7 IS PRI
IR (—45 C)x M 24 h, 153FM 2,3- & FEmLk
FitL &9, P23 72%~94%, Xk 50%~98%

(Eq. 3).
(0]
- 0,
AN N, i _(SYPA2 (10 mol%)
L R2~ ~y Toluene, 5 AMS
NF -45°C, 24 h
(0]
X
= L @
Z N "'/RZ
H
19 examples

up to 98% ee

90N
O\P,/o A
r:
o g
Ar
(S)-PA2
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5 AR, Rueping /NAPHBIRIE T HA M H & 42 F
PEBERR AL I R L, 722 73%~93%, X BREREPE
80%~92%, {H FT A 1T J&) BR T~ 4B A7 o AR EE (1 05 A&
5. MG BT L T B B BEER (S)-PA3 A
3, SEELT AR IR P B 5 A0 AR ) 5 A 1 s B
Hil & Tk 2,3- MR A S 0 72, R e R
AL F] 98% (Eq. 4).

0 X 0
@\)L @)L (S)-PA3 (10 mol%)
NH, + H
CHCl5, 3 A MS
NH, rt,24h

X = Cl, Br, OMe, NO,
o]

NH X
e f
N

H

18 examples
up to 98% ee

2012 4F, W EPLBER" 0 5T R I UL P B RR (R)-
PA4 AT, 4% 3 28 gk Ml R I ke g Ji R i DL
B 2,3- A PEREIRER, 77 54%~90%, X ik £
83%~97% (Eq. 5).

Br T FYEBE R A WL o TR AN, 2012 4,
Kesavan 25U ok FHEEIE & BRCEY Sc(ll)-inda-
pybox N F] 2,3- A EERRIBREH A XS FR Bk, 1% A AL
A 238 FH T 48 A7 TG BUAR IR 1) 05 B I RO G D I, e 2R
80%~97%, XTHLEFE!: 80%~98% (Eq. 6).
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O
X
R17‘\ NH, . N‘/ (R)-PA4 (10 mol%)
A NH Rz)\H CHCI3, 3 AMS
-20°C, 24 h
(0]
R17‘\ NH
A P (5)
H
18 examples

up to 97% ee

SN

o (T
e ™

Ar o

(R)-PA4
CH,Cl,, 4 AMS

\
= H
-20°C ~r.t.
11

30 examples
up to 98% ee

Sc(OTf)3 (1 mol%)
inda-pybox (2.5 mol%)

inda-pybox

A8 G 2 2 P I e R0 i 41 2R Ak 5 W (B 39 38 ) 78 T 1k T
FR AL, AT LA e B E AR i 1 ) T 1 R A
N,N-%5 1, 725 42%~82%, XMLkt 42%~95%
(Eq. .

R VERAEFHEAFEA T, &k i
G B S WA IR R & BT 1% N,N-4i . 2013
4, Toste BB AR T R 3,3-=MEURS
BINOL ‘& 221 F- MR (Triazole-PA), FEIh M FH FIAR
P FRAE XM AR WOk B A . C—N SRR B, 15
B 1,2,3,4- VU e 22 1) TR ERAR N N-4a 8 =),
FEH 42%~93%, KTBLEREE 60%~94%, 3,3'- =M HUAR
SEANAE A AL TE P A7 A B 77 A 2 (R AL BH RS, B 5
W53 1 E) R S S A P A e s 6o Pt a2 28 1 v I 1 G B (B
8). FEIAE IR A LT A B TR R N Ak R, Rt
SRR LI CETR IR S5 75 B IE4i A AXITFR[1,5)-E 5
WG P SEIL T MR N N-46 B AN FR A R, R
32%~81%, WWLLEFEME 72%~84% (Scheme 1).

2014 4, BRSLEHIEEAVVRE T — R R
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15 examples
up to 95% ee

(a) condensation
(b) intramolecular amide addition

Triazole-PA (5 mol%)

Oxidant (2.2 equiv.)
N
H NazPOy4, p-xylene
RN R2 rt,48h

(0]
ve
8
R1/N R2

18 examples
up to 94% ee

R S : O BFs-
e {
0 o)
0" ©OH
99
R '

N=N Oxidant

Triazole-PA
(S)-PAS fEALH) 2-FEE IR IR FR R 5 Fbe Bk 2 — e 225
U REAN SRS SR - P IR A — % BRI S B Bl
FHEIPR NN-ZERER T, FREE ik 94%, WMk
ik 96% (Scheme 2).

1E4 B & AT IR I R, A
JTFE NN-4iil. Patil B 704111 LL(PPhs AuMe/(S)-PA4)
TG, 2-J J5 2% FR i 5 400 2 3 2 P I e 48 o) e i 5%
Mg SRR AR 1,2- A I 28 R
FH NN-ZERE, PR OIEE] 95%, Xk £ AT A F
98% (Scheme 3).
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BT RIRE R

o) H CO.R!
N g B*—H R N N
= PO * HN—Ar ——= ' )(
'Il\ R2 R2
R2 R2

HO OH
B*—H
*B-H_*_Ar 4 COR’
| Asymmetric [1,5]-H shift £ Ar
el ] OOR Rl T
Z N\<H +N4\R2
sz R2 B* R2

B 1 45 7W[,5]-E5: /& i

Scheme 1 Synthesis of acetals via intramolecular [1,5]-H shift

(O
O
O\ //O 17‘\ LHQMe
(@] * P R'— N ‘ X
H o~ "OH Y - . Ry N
.

=
R1_ X OMe HzN/\/N\RZ o_ 0 N\ " j
— * _P{_ HN N
CHO o l, g
R
(a) nucleophilic addition 16 examples
(b) lactamization up to 96% ee
. Pr-i
i-Pr
(O\ pe
0~ “OH
i-Pr .
Pr-i
(S)-PAS5
B2 L ANMIAL & i
Scheme 2 Synthesis of acetals via lactamization
R2 R
R? XX
4 HeN N s o, AN Z X~
N . | ——R3 (S)-PA4(5mol%) R H PhsPAuMe (2 mol%) = N
RI—L P HyN = T N o Iy
CHO 5 (@) (b) z
HN
o
0o 24 examples

0,
(a) Enantioselective condensation up to 98% ee

(b) Alkyne hydroamination

B3 SRS WT IR U A i

Scheme 3 Cooperative catalysis by metal complex and chiral phosphoric acid
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RV IE TSRS S TR
(PPh; AuNTEy/(R)-PAS) I FMEAL T, 1-(2- LRI TE) ML
5 HEEER IR & o T I A Z A -7 1 N [1,5]- A # -
AN RRAN RS ER R B S AR BT PEIIR N ON-SERE K U715, 4
& J AR AN YRR FH &40 A 1.5 A1 200 mol %M,
FrE R BOE BN T LUAF] 97% (Eq. 9).

NH
Z 2 PPh3AuNTf, (1.5 mol%)
©\/ (R)-PA5 (200 mol%)
+
D toluene, 80 °C, 40 h
OCHs

anti/syn: 63/37
ee: 97%

2 F% N,O-FFEEREXATIRE K

2008 4, Antilla #F 5t 41U LT IEBERR(R)-PA4 N1
b7, SIS EE 5 N-TSRAK T A X R0 o e 45 31 T4k
N,O-45 W%, PZN 62%~99%, XfMikfEt N 65%~
95% (Eq. 10).

O O

L R)-PA4 (5 mol% M
JN Ph , pon PAEMO%) N ph (10)
R
R EtOAc, r.t., 24 h R o
R, R' = aryl, alkyl 20 examples

up to 95% ee

TESE THENERAH NN T AL FIfEAAEH
N, BB T DA e 1 IV fl AT AR A2 A et g 5
KA EIFE N,O-4i, ee {HFTIE ] 78% (Eq. 11) 2,

NBoc
N A1 (10 mol%)
R— O + ROH
z N\ CH3CN/EtOH (V:V =1:1), 0 °C
CHs
BocHN R
| N .
R~ 0 (1)
“ N
CHj3
20 examples
up to 78% ee
AN
LR A
T
MeO S
~
N
A1
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2010 4%, List Bff 78 212" BLAE Tk W 19 e A2 O Ak
T, KBRS AR (B AR AL AR 35 28 W A s
XoF B IZE Nl P DA BRRIR -1 N, O-Z8 1%, %o iz 4%
PERTEE] 97%, (H/K ML 5 75 & BER RN, X Bii 4
P HE 50% (Eq. 12).

o o]
0 A2 (10 mol%)
N
RN NHp L > R "H(12)
T R H toluene, 5 A M.S. = O)\R‘
OH 50°C, 96 h
Pr-i 21 examples

up to 97% ee

Pr-i

2012 4E, Rhee @220 78 & DAL T M40 EL A4
MIEAVE T, 1 TR bR ST I e 5 00 s 255 o S ik v LA
RAEAKIRR NN R B AR BT N, O-4i % (Eq. 13).

N Te
R NH Pd(OAc),/L* 1
. A ( )2 R Nw.‘\\\ (13)
“ OR2 CH2C|2, r.t. OR2
A A
(@] R O
N
NH N
H
PPh, PhyP
L*

3-J BN W-2- W TE B W E T H AN T A3
AL, PTCA SR R BT BR AT AR sk
SE R 3,3-N,0-BUAR W Wk -2-Fa AL &4, 7= o] ik 2
97%, XtWris AT LLL E] 93% (Eq. 14)2),

OR!
N Boc\N A3 (10 mol%)
R—— o+ Ul
= N N\BOC CH2C|2
H -40 °C or -70 °C
_Boc
1o M
R'O N\B
X8 oc
R o (14)
Z N
H
16 examples

up to 93% ee

MeO

http://sioc-journal.cn/ 1645



BIHE

3 FE N, S-ERAEXTSTRE R

i S R N S A R N,S-46 B B BRI T T,
2011 4, Antilla B 7042 R SEIRIE T N, S-4a BE AL A
STRRE R, DAL (R)-PAS NMEALT, @ HilE 5
N-BEAC R AN S BRI RS R S B, 7 5 A0 %) W B 2y my
1EE] 99% (Eq. 15).

(0] (0]

)L R)-PA5 (2 mol% )L
JN Ph . RreH (R) ( o) Hl;l Ph' (15)
R R/\S/
R, R'=aryl, alkyl 22 examples

up to 99% ee

X UR R 2H PSS TR I, DA BRUIR - 2 e 2 U
REHIAT LN 7 Ad IAHE RS HEALTT, N-Boc JE % BAT 2
ﬁﬁﬂk STEE AT DUECTE NS-gERE G Y, 12k
R, TP S, R E 0.1 mol% i

3, f£—30 C/MN 5 min, f=3RA7 LLUEZE] 99%, X
FENEN 93% (Eq. 16).
B N A4 (1 mol% /B
R + R'SH (—mo} i r (16)
Ar A" S0,Ph CHClo, -30°7°C por g7

HEEETHEEH/NTT A5 BT, 3-FRAmH
W -2 5 A0 20— FE R U T B gk AT A Xk im Bl vl BA AR
B 3,3-N,S-HUR 5| k-2l fk &4, rF=Znlik 98%, *f
W 1 Tk #1) 94% (Eq. 17)1).

SR!
N Boc\N A5 (10 mol%)
R-L o + i I ——
! N CH,CI
= N\ Boc N 2v12
R2 -40°C,9~12h
Boc
r'g N
No
X Boc
R o) (17)
ZN
\R2
18 examples HO Et
up to 94% ee oﬂ]
N
\
N\
A5
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2013 4F, ERITHFRAPIRIE T 5ETHEAN
NG A6 AL TR S — 5 £ W RE AT AE ) AN SR
RN, B IRAE R T & =5 P ENTFE NS4k
G, PEERAT LA ] 99%, Xk AT IAF] 95% (Eq.
18). Wi 5 1,4-—MEe-2,5- - fEZE T T AT HIEILT,
AT DA I [3 2] %6F ik B 4 sl A o g B MR 2R B e B L
RS NS-AREE SR T DY A A, B
JR =4, o} ke B AT LA 2 80% (Eq. 19) 7).

A6 (1 mol%)
PMP PMP
F3CAN/ + RSH —— F3C/'\N/ (18)
CH20|2 r.t. H
05~2h 18 examples
up to 95% ee
CF3
(0} O
SN
N
NH N CF3
H
MeO N
~
N A6
HQ Boc

A7 (10mol%) R, /

- ._—N
R) - CHCl, QJ woH (19

OH 0°C,12h
up to 80% ee

2015 4E, Nakamura 250 50 R B, S XS 9NB81T 4= 4)
A8 1] LA B 5 R Ol PR AN R RO R B, 4931 3,3-
N,S-EUARH| We-2-F2R G, 723 91%LA b, Wik
PER] LIS E] 99% (Eq. 20).

NAdoc A8 (10 mol%) Adoc o

2 equiv. TMSOH N g
O +R%SH ——— R 0 (20)
toluene Z~N

-80°C, 8h R

M 18 examples
N7 ‘

up to 99% ee

N H
N S XN
N
eO N o O
Adoc: 1-adamantyloxycarbonyl
N/ TMSOH: trimethylsilanol
A8

4 Fif O,0-HEENELTXIREMK

5 Ho A A AN A e ) A XS FR - O L, 0,0-4i 1Y)
FEACASKI AR & CE BAT B, AOGHTE TR DR, H
B 2012 4F, TEGREAPRE T —FF RS S
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FEALIRT 1,10 00(2-F2 8 0 FE 5 075 05 ) i 8 A 0 AR AL AN 4
Eﬂmir“ G TR 0,0-4a Wi i 77 1%, W Mk £

1599%, FEIIZITIERTRH B & FHERIR 0,0-4i
ﬂﬁ”ﬂﬂﬁ@m A9 [, FTS T PRSI A G i £ 14
AT LLAE] 99% (Eq. 21).

OH 0 OH /L
NN Hg (5.1 MPa)
R R ————~
= " Pz CHyCly, rt.

@1

18 examples
up to >98/2 d.r., > 99% ee

; /\j ’Bn BArF”

Ph Ph ‘_\_/

PArz AI'2P

Ir/L* A9

List #f 70HPE TR 0,0- 46T A FR &
07 THI S SR PR e, AbATT T A B T T PRI i
HLNTFHEALT] A0, ZAEAT PTG AL s 2 A SR (1)
FHMAEE, B RE R M E R N RAES TN
AN RN RS B A B T PR R O,0-45 1R, X B gk # E
AT LLRR 97%, 20T 8 AR R R AE [ R ALk & Nature
F(Eq. 22).

0 OH " A10 (1 ~ 10 mol%) Q0
\ o (22)
MTBE, -25 °C

15 examples

up to 97% ee
/P\

Ar = EQEt g@
i-Pr

A10 A10'

AR AR R 38 18 5 R 5 T 18] A R 4
AL SN, Gn A10"RT AMEAL RS 548 — BEEk 1,3- ZBEIAS
ST RRGA AL R DA BT 0,0- 46 1, 7= 3K Al LLik B

93%, XfLik R AT LAE E] 99% (Eq. 23) B,
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_p1
-~ RIOH o A0 (5moi%) RO
A0 Emol%)

N + 3 s A R® (23)
"R20H R 5A MS, toluene R2GO
0~50°C 19 |
- examples
22h~10d up to 99% ee
Q 7[ % i
) o™
730) “~"ph Q
Br
rt,2d 50°C,6d

93% vyield, 91% ee 83% vyield, 99% ee

b5, Nagorny /NAPYHE 7 & BT MEREER PAS tha]
DB AL 20 J5 2 0 T2 Tk 2 1 PN 1) AN G R m s e 2 2 i

PEREIR O,0-481R, X REREE T LLL H] 96% (Eq. 24).

R R
fO R PAS (5 mol%) o o-¢R
/. | " OH pentane 1; / (24)
R’ 3500°C N n

2013 4F, ZEFAEIR M7 & 2 PPh;AuMe FIF
PEWERR(R)-PAG6 WhRIMEALIREE . 5 & . /KiplE =4
Iy IR BEE TR IR 0,0-4i R ()35 77 1%, 7R LLik
F 97%, XMLk BEMETT LUAS] 95% (Eq. 25). Rodriguez
N BV ARIE TR A T, BL(JohnPhos)AuMe
FI(R)-PA4 NG, FlE. J5E M. LEERET =4
By 57 RMNAF R FHIBIN 0,0-460 M, X Bk PerEnr
PLIZF] 96% (Eq. 26).

PPhsAuMe (5 mol%)
(R)-PA6 (10 mol%)

+ ArNH, -
15°C, 4 AMS
1,2,4-trichlorobenzene

(25)

up to 97% yield
>25:1 dr, 95% ee

(JohnPhos)AuMe
(5 mol%)

OH H (R)-PA4 (10 mol%)
C + o)\fo + ANHy —

R =
= o
\@/ o rt, 4 AMS

n toluene, 1 ~3 h

0 0-° 26
NHAr

n

5 FHERECAIHREREFHLYIERF
HIRF
WEFER I 2,3- S AR R 25 24 4700 (S) - %of I S ) 4
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I AE DS PEAR T (R)-X S A A1, Guidotti #F 78415458
o F IR 2 10 5 245 B WE R SR AL A ) 1 B — X R A
i, FFHEAT T BWSEES. T AhE SR AR B Tt R A A
(I3 P e T A BT B R AL A, Bl T G A A KT RR S
BOEJUVEAFUASEI, BRI &R 2,3- S m Pk A
W 1 25 24 W) 3 R e AR, iR T v I T 2 e 2 0R
% ¥T #7 5% (Metolazone) « PR [, W W
(Cyclopenthiazide) . Ul 3 WE W (Bemetizide) « 41 I &
(Bendroflumethiazide)&. ¥4k, MiEF1E NN-5EEA
XIFRG AR IR &, WEITE B 2,3 - e e i ] A
WE W R 2 W () AN X Bk G b AT 7 WI2B B 9E. List B
RN R I T N N-GR I () B 5 VR N P B 2
UM R R R 25 A FR G, AR A11
AT, 402 ik SRR TR e B 40 2 2 2% PR IR -5 A I ) e A
FEi RN 7 d, HrR RS G Y kB AT DLk
F 90% AL, ML SRHIR M FEE T LUAE] 61% (K 2).

PUMLAR T M55529 & N,O-4al TP rt, Hdjie s
TR Factor Xa FVE 14 A2 4 HE AR 65 £5. Mi-

HoN
HZNOZSI:[ NH)\ 2 OZS:@[ /

(R)-Thiabutazide
81% yield, 91% ee

S //O
FaC N

(R)-Bendroflumethiazide
80% vyield, 92% ee

(Aquamox)

(R)-Cyclopenthiazide
72% yield, 91% ee

(R)-Penflutizide
74% yield, 90% ee

HZNOZS;CEL NH
cl N)\/

O\\ 2
HoNOLS S\NH (S)-Aquamox
]@[ ) 78% yield, 61% ee
FgC H o NN

kami #F 78 41 HROE T T 42 IR 4% 5 ) (Salen-Mn) AL )
M55529 A XS FR & i, 0 B i 4 1 TS DLIK B 86%
(Scheme 4).

6 it

AT ERIERIFME NN-Z6/E . N,0-4iEE . N,S-4i
% . O,0-FEBE WAL A KRB B AT T TR B 253A,
VAR IE 1 A SRS B E T IR A ML T
PRI RG T B -5 IV Je PR A K R s e 7 3 SE B,
BRI — S R FURUR, (FU RSB —, IRAE
NV EA R, R2 B EEAEYEE R RSP
ARG R A SZEL. B H Al e 2 1 2,3- 4%
e IR ] ) AN TR A5 B, BT R T (14 7 92580 2 DA AT S 2 2 HH
Wil SN R, 28GR T RIEA &R, TR
ST ARG N AT, WS AR AT 7 A B 2.
TSR D AAS XS RR B it SO T R 1) = [l E
JEiERVE R B EIR AR E AT R A

B2 & NNl AR LR 25

Figure 2 Antihypertensive pharmaceuticals containing chiral aminals

Mn/L*
A wﬁf — %
Bn—N
NH, cl CH,Cly, 4AMS

0°C~rt,3d

Q&V oL

M55529
62% yield, 86% ee

Meo

I I Cl

COzEt

fN‘:‘ /:N
seoli'iee

o Ne)

Me Me
O‘ﬂ PFg OO

Mn/L*

B4 $riiaf M55529 AR FRE
Scheme 4 Asymmetric synthesis of antithrombotic M55529
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FUEAEREAC SV RCETTTE, IR 25 4 1 5 T
PEZGWII) 5 RS T AU A JE T FC N . AS PR I A
BEAT I 05 A B A S LA FR AL, A sp?
C—H B/ AT FRAZ SO SR~ e 2E Bl SR R
J T E 4 8 (KR 7T
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