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Recent Progress on Quinone Imine Ketals:
Synthesis and Applications

Liu, Teng*
(College of Chemistry and Environmental Science, Qujing Normal University, Qujing, Yunnan 655011)

Abstract In recent years, quinone imine ketals (QIKs) have been used as excellent organic synthons to the construction of
complex organic molecules due to containing diverse functional groups (C=N, C=C and ketal etc.). Exploring the
site-selectivity (chemo-, regio- and stereo-selectivity) of QIKs is not only a very significant research topic, but also a
challenging research work. The preparation methods of QIKs and its applications in organic synthesis are reviewed according

to the recent progress.

Keywords quinone imine ketal; organic synthon; chemoselectivity; regioselectivity; sterecoselectivity
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Scheme 1 Selectivity involving the reactive site of quinone imine ketals
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Scheme 2 Route to the synthesis of N-acyl quinone imine ketals

1990 4F, Swenton W4 Pt — 04k FEAR AL/ K

3a, 86%; 3b, 89%;
3¢, 93%; 3d, 80%;
3e, 95%

Chin. J. Org. Chem. 2020, 40, 2678~2691

© 2020 Chinese Chemical Society & SIOC, CAS

R T NAE G LR, AT — R G PR IV fi 5 4 .
EITEREA D DUHBYE AN (w=2%) N 1, EiR
ZAF TR EN =S CTRATAEY) 4, BEJGIRAE BRI
FA7K/ER 7K BB J5 2 iR T e — By [|], e By 4 2L
JEIERAAE pH=6.5 4K R BHECNT. &5, =
AP BEA U B, il Florisil EMHERRIFY 7
(Scheme 3).

H
N MeO

MeO CF NH
© A E MeO N2
5 @ ———— OMe
R OMe KOH/MeOH R

4 5
R=0OMe, Br;n=0, 1

MeO MeO
NH
MeO A MeO )n
—— — ~
R (@] R N
6 7

40% ~ 68%

B 3 P R L R A I 5 PR 25

Scheme 3 Route to the synthesis of fused ring of quinone imine
ketals
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Scheme 5 Route to the synthesis of quinone imine ketals

2 MRIRBFEREERISRPHINA

21 BRIFEEGEEAIEFET FERTPHNA

1987 4, Swenton 525 T B4k 22 A E AL % 1T
G R T N-BE SR S 460 3. BEJS, tLEa) 3 5l
APV /R B8 B, PR A EE 5 5
P43 1,2-Isr= 1 13 A 14 1 4- =2 15, 1 5, 4k
H0 13 F1 14 5 BE T E R = NAS 2B R A 16 Fl
4.4- BRI CEIRTAEY 17, %7520 T N-fE 3L
e AR C' AN C-fr i B, 1538 T — R AR AL
43F(Scheme 6).

1990 4F, Swenton BRI PR R T A K AE/

2680 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

B 6 A C-F1 C A s R
Scheme 6 Reactions involving C' and C*-sites of quinone imine
ketals
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Table 1 Reactions of quinone imine ketals with nucleophiles
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catalyst. © ZnCl, as acid catalyst.
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Scheme 8 Reactions involving C2, C*-sites of quinone imine ketals and reactive paths
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B — R 5 2 BRI ATAEY) 32 (Scheme 10, a).
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Scheme 10  Diels-Alder reaction involving C%, C>-sites of quinone imine ketals
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Scheme 11 Reaction involving N, C', C*-site of quinone imine ketals: enantioselective synthesis of (—)-3-demethoxyerythratidinone

NTs

MeO OMe
9a

in stiu
H—A (Brensted acid) + (CF3),CHOH (HFIP) s=—=

MeOQ,
>®:NTS + 2 Ph
MeO

CF4
H—A-——HO—
CF4

Brgnsted acid, HFIP

N, C?-site Ph
9a 44 45, 82%
NTs Ph
. @/;i Ph
in stiu activated ® (N ® TsN
Brgnsted acid l "
— CF -H
® 3 \ H O |—
MeO” "O--H-A-~~HO—(
Me ' CFy| MeOH
B A OMe OMe
(o3 45

B 12 BRI EAGEER N, CP-AL 3 53+ 2] b )

Scheme 12 [3+2] cyclization reaction involving N, C*-sites of quinone imine ketals
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Scheme 13 Cascade reaction of 2-alkynyl quinone imine ketals
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MeO OMe H 0, C2-site
1" 53
NTs R?
R1
. N _Zn(OTh (10 mol%)
| AN toluene, 25°C, 24 h
MeO OMe H N, C?-site
9a 53
Me
NTs NTs @\g - MeO -
N
Zn(OTf), 53 H
—_— —_—
-OMe Me
MeO OMe ® OMe O NTs
9a /
A L N B -

Aromatization l

r MeO ]

O HNTs
L N J

(o

Cyclization

B 14 BWEERYEE N, C-AL8 5 53+ 20 LR
Scheme 14 [3+2] Cyclization reaction involving N, C-sites of
quinone imine ketals

2015 4, ARG T e 54 LR
iz 248 T 5 | e/ 3 - B G T BR FRT 1,4 110 s/ R Y B S R
RIET —M &R AR SRR, ST 3-mIWk 2K
[l A0 2-M5| Wk IR L AT A 56 A1 57, (EHAFEEMAZ, B
T A A 751 5 I A0 110 0 e 9 e A 0 I 7 e 3 R B A
F, Ik 1,4-00 R/ B bR 84S 2= 4)(Scheme 15).

[F4E, FRERMEUR AL T T Rt — b KR T
Cu(OTH), M 4T 5 A itk B8 0. e 4 4 Pl 5 2 M Ak 2 2
HIEREE 58 MI[3+2P AN, KEE T —FhfaifE] & 2-
R R-2,3- AR MR 59 Al 22 5 IR 15| Wk AT
M) 60 [ 75 (Scheme 16). EAEZEME, %TVE
JEXt Kita BRI VR 1)  A R ML A 1% 25 %
AR GT (4R 78,

2017 4F, VRIRIBIRMH O SRIE T R — 255 (DPP)
ek N~ FP s T JES T IV fe B 4 -5 2 T /25 Wy P 0o Ao 32 %
PER R, DL 44%~98% MWL SLHL 1 2K /25y v C—
H B, EAERNE, S5 ZRMNETHRLE
V¥R L ARG AR, 10 ELATAS XU Pl fg 2 8 iR &
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Me NHR!
54 (5 mol%) SN \_*
>
toluene, 30 °C // H , 7R
RL , | RP=Me) R R°0
| R4 R C3-site 56
\\ Q 18 examples
R I+l — 43% ~ 84% yields
Z 1
R20" OR? \HR
53
9 IR
54 (5 mol%) RAIT '
-

OO o\ /O
=4

toluene, 30 °C N OR?
< (R®=H) H
Y "OH
o C8-site 57
18 examples
54 48% ~ 99% yields
G—Og(\o\ NHR!
\
H
|
N
/S,
2 2
53a RO 0 OR alcohol elimination
1,4-addition NHR'
R,
isomerization K \
B ————
\ I
2
H R (0]
57

B 15 BRI C-hr 2 5 1 R L

Scheme 15 Reaction involving C -site of quinone imine ketals

NHPG
0
R3 %
RE ) Cu(OTf), (10 mol%) N R
! + \ R1_|
MeCN, r.t. L

R20” or? GPHN 0, CZsite
1 58 OR?

59
13 examples
50% ~ 84% yields

R\ NHCbz
NR N
Cu(OTf), (10 mol%)
A I
+ 1
NHCbZ ™ eeN, it R
2 o

Meo” OMe  58a N, C-site Ore

9 60a, R=Ts, 86%

60b, R = Ns, 80%

B 16 [ LAEEE N, C-br SB35 I3+ 2R b R B
Scheme 16 [3+2] Cyclization reaction involving N, C*-sites of
quinone imine ketals
EIEPFN[S5,5]-sigmatropic B HEE B (Scheme 17).

2019 4E, WAVERRE T = 245 R (DABCO)fEAL
R T fie SRR -5 SRR 1, 4-Inp s R, K
T BT A A LR T REOTEE, BT — &R
FN) 75 B E BN O -5 B O R AR SRR DL B O -
A5 RN A>T FLRTRE SOBIER AR AN R BRI AE = 2
THEMEAAE T B — 2 TR AUE R AR B, B
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BT SRSHRE
""S\l R? PR AE A0 AR IR AT A 8 IR AR R, 135 RS 58 fE A
P \—l— ()—oHope (1 moy O\ U TR IR S, B, AERSRRMEIL IR T, o
OC 0N Toomow 1 ) L T i P 4 5 AR B 4 2 Michael 114951
MeO' OMe *..i N-site o A B T-(Scheme 19).
9 61 sz
unprotected phenols 32 examples 1 1
44% ~ 98% yields R\NH R\N
Ms_ C i |
|N \ LN PIDA (1.1 equiv.) y
acetal exchange Q s R MeoH(©12moln) |R |
R— || ——» Al 0°C~rt,5min~7h
:5( A OMe MeO OMe
MeO | OMe MeO 8 NHR'
R3SOZNa

Ms lH+ (a)-\/
”?\ :
) Q U

g tOMe 61a

B 17 BRI R4 N-br i 25 E‘J)iﬁ“
Scheme 17 Reaction involving N-siteof quinone imine ketals
5 I I PP I A A 1, A- RN RS/ I B S A 3
Y)(Scheme 18).

rearrangement

" [5,5]-sigmatropic
lrearomatlzatlon

RL o R
N >s. OR®
i DABCO (20 mol%) ¢~
R2-L || + R—S—NHNH, 7 N
& EtOH, 40°C, 2 h NG
R3O OR3 CB-Site 1 R2
63 R'HN
9 R = alkyl, alkenyl, aryl, heteraryl 64

43 examples
60% ~ 94%

o] A“ A\j 0 0
Ph—%—NHNHg % [rlu+\7+ Ph-S/\/ = Ph—SK-
o]

H (o o
A B
63a N,
HN/TS
,Ts /]
— »|Ph— S\; H o= S D N
1,4-Conjugate + A
addition = Mo OMe */\ 7
MeO OMe
C
o ,0
N
TSHN 7
w10
R —
OMe
64a

AR 18 B ME R4iH C-A7 52 58 1LA-IR R
Scheme 18 1,4-Addition reaction involving C*-site of quinone
imine ketals

JUT- IR, Mhaske SR8 HE TR (i 1GEER T
i B AETR C - s SRR A LA, KRBT —
G < J AL X 3B B & R DU 3 R0, B
FHERRE, SNLFTIE R 0 155 U i B0 4 ] /2 b AR —

2686 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

AcOH (10 equiv.) Rz_: A 24 examples
> to 98% yield
THF (0.1 mol/L), r.t. NGO up to 98% yields

3~18h

|
OMe R3
C3-site °R

64
BR 19 B HRGERR C-Ar B 510 14- IR

Scheme 19 1,4-Addition reaction involving the C’-site of qui-
none imine ketals

SRR, WATREHIRIE T Cs,CO; fEALERIE X
YRR CPA S TR 65 I — ik B C—P B AE
YRS, R FRe 5 — ] vk v 20K ) e 08 i i = 07 ik g ST
V66 HIFT A, T H, 1R EDdE— P IE R AR 3
Bl e = 07 FEBEAT AW 67, XA FAEA HLUR B H
WA AR, AT, R Cs 5y
THURED Cs'—O B C—O #, el e
22 NI — B A (LA S A A 65y ik AU I %z 57 446
C?-if /5 (Scheme 20).

B, SuA- e UNE B TR S i — P R R
T AgOTE AL 1) 2-JRIEBE VA W . SR AZ IR OF HE Mg
*H‘Jﬁ*ﬁﬁﬁ):ﬁ%%ﬂ%&f AT — &5 4,7-3)

REALISI AT AN 69. [EAHER AR, 2N 2-F ki
. ¥ 44 A 5 7 5 R P frg IS IR 228 1 I 2 45 i R T ok
Ak A, BEJEFEREARITE R A A 52k
A BRI/ 1, 4- 10 8/ 05 Rk S AR B R R A B, BREE
5 CHA S HE LTSRS R AR B R AT SR R
R, C7 R TR O A RS IR 115 B (e 4k C, Bl S
TR IESE K AR 1,3-1 745 2] B AR~ ¥)(Scheme 21).

22 MRURERPHREFHS FERTHINA

2013 4F, Maruoka AF 70 20" 15 VK R Jfe .47 i 5
ANBIAXFRA B, FHFE Bronsted B2 70 6 LR T
i SRR 5 R 58 HIANKI IR 1,4- TN i/ ot S FE e A% o
WC R BE, ey ST AAR SR 3 1 O e 38 AR o) e 3 4 ) 3
B2 T — R a-lae-p-75 HBEL-EY 71, T H, =it
— AL RRE G BT - 07 BRI AD o- 5 BRI G ). EAS
TERRE, 2N UM B AR B B RIS SEIL 1 I I
Ji AR C-/46 AL 552 15 ¥ HB B X (Scheme 22).
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RU RY R
|N NH o NH /Ar(Het)
|| .
Il 9 ° HSICIy/Etz;N
RE )+ epar—pon  SCR OIS0, INpaey _ MSCUEN _, R
/!\r(Het) EtOH/H,0 (V:V = 2:1) N Ar(Het) Toluene, 100 °C, N, / Ar(Het)
3 3 )
RO OR 65 Cesite OR? OR?
66 67
30 examples 16 examples
82% ~ 95% 87% ~ 95%
?J
iati Ts Tso
TS\N Ts\ tautemerization H—P—Ph \IN NH o
| y/ Ph H_ph imine-enamine P—Ph
_Cs" 652" | tautemerization b
binding -Cs* -MeOH Ph ——>
MeO” 'OMe and MeO”('OMe ’ OMe OMe
9%a activiation i B 66

A Cs'

B 20 FRIWMALEI -1 S 51 C—P BRI

Scheme 20 C—P Bond coupling reaction involving C*site of quinone imine ketals

Nu
R'l
FBuOK, AgOTf A\
. Ne_q  _BUOK AgOTE R?
\NHZ N, C* C’-site H 38 examples
R1 OMe 68 Nu = ArNH, RO .S up to 85% vyields
R3 \O
g 69
R3O NH,| imino exchange [1,3] migration
O _R4 ar40matization
/S Cx @ R
R® R
catalyst intramolecular R
Q/ R4XH (X = O, NH) N—R2 nucleophlc attack @7 2
N R
cascade cyclization/ \ N
R 1,4-addition/ \"'/ =0 ¢
OMe aromatization
B
C
AR 21 2-BEEFR WL N, CF, C-fL 5 S 5B R
Scheme 21  Cascade reaction involving N, C*, C’-sites of 2-alkynylcycloheximide
R oema Ko R T % PR X TR I 45 1 7 0 5 Ak 10
N 0
| wre 4AMS wvene I LT 2014 4, RV R A 73 A
0°C,5~84h
R ). [0 TSR MRS 2.3- VRIS 72 G A
4 OR?, C”-sit OR
R0 OR3 R S'; FIP R ER IR BN, ey SZAA I R P 5 B T P SRS AT A

3
9 71

CO,H up to 89% vyields

COzH up to 99% ee
v OO

R

>20:1 dr
70, R = 2,6-Me,-4-BuCgH, '
R'® H-A R R!
H R5
RZI \N/
N R
A4

R30" OR®

B 22 B AAER C°, AHAAL mi S5 I AR SR
Scheme 22 Asymmetric reactions involving C°, ketal-sites of
quinone imine ketals

A AR R 2R 1 TIR R L i B 445 R A WL T
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)74 F1 75 BIA K. EAERERRZ, ZRNAETF R
TEACAE FH R BRI % B4 T S 2,3- BRI W ey S 2 7
1,4- 10 B/ T V8 B e B 45 21 Wl e AT A2 W 74, B S (E
Hantzsch B5(HEH)FIF= P4 B R fhE A0 A R R AR S AR 4%
PR AL B, FAAF B ATAED) 75 (Scheme 23).

F4FE, A3 — 0 kT T 1 e B R
TEALT 73/54 R 1A I I i 5 44 ] 5 2 B 24 1)
1,4-J0 80/ bt B B B B R SO N, B T I 0 O SR Ak e
SAFALTPY) 77 (Scheme 24). {EARVER R, ZRNAE
TG FEAT BRI L B A o7 B A IR . an SRR BT
PRl B AR IR AT, 1% I BTV T. IR RS
ARIRERALE A, [ BRI T HAS BIAH R =4, 55 4h,
TEFHEBERR 73 MEALAEF N, P s muik £ A K3
1 (5%~T72% ee).
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BIHE

R1
|N R® C3-site
g X 73 (5 mol%), HEH, one-pot
Ry | + RS- R4 tand ,
Z~N andem reaction
R?0" OR? H 1 Nz
72 R'HN R
15 examples H 73 (R = 2,4,6-(’Pr)3CGH2)

73

1,4-addition/alcohol elimination

41% ~ 82% yields 75

97% ~ >99% ee
73 + HEH

transfer hydrogenation

EtO,C CO,Et
T
N

H

HEH

19 examples
54% ~ 99% yields
82% ~ 99% ee

1,4-addition 73 H

transfer hydrogenation |

5
catalyst R

B 23 R EGTE O 2 5 R

Scheme 23 Tandem reaction involving C*-site of quinone imine ketals

R NHR'
N R3 OR?, C-site
HO 4 Cat. 73 (5 mol%)
R—: | + X xR - = OH
| _ Toluene, 30 °C R3 VA
R20" OR? 76 OR? R4
9 77
. 20 examples
S0 up to 99% yield
‘\P/ >95:5 dr, 5% ~ 72% ee
0% ~Oo. -
H

oc
remote activation by hydrogen

bond & conjugative effect
/—s[ ] HO
76a \ MeO OMe

B 24 B RGAGERR C, 4EEANL 525 [ BN
Scheme 24 Tandem reaction involving C*, ketal-sites of quinone imine ketals
2015 4, Maruoka PR SHRGE T 8Tk HRIERR 5 TR P IREE K AEITFR Diels-Alder M. 1 H., %
LT 70 (AL B Vi P 4 A 5 — ) 2 R I 58 (1 AN TTVEREMAE 3-Jt F7E T V. e B 44 Wi v 1) s 2 S i M )
Fx Diels-Alder . EAFERKIE, LI HT—%/ —% i BN TCHAR C=C A7 B 78 21723 ) (2 FEL KA Joe 5 B
ek U ERAL SV RPN T AXSFR Diels-Alder FRIEEU C=C BN E, Tofl 1 % (a7 B AN TPk
I AT, SRTHZRNE WM 70 AER TR ZEfk Fp 0y (Scheme 25).
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NBz NHBoc
NBz NHBoc C2?, C3-site H
70 (5 mol% T
+ \_R ( 0)
/ MS 4 A, toluene
MeQ  OMe rt,11~24h
3 58
NCOA™ NHBoc C2, Cisite ArOCN iHBoc
A 70 (5 mol%)
Me 2 MS4 R, toluene Me *
R%0” OR3 rt,4~28h R30 023
3 58a
R3 = Me, (CH,),; Ar = Ph, 3,5-Ph,CgHg 80
NBz
NHBoc ~ CZ2, C-site NBf' WHBoc
§ 70b (5 mol%)
R ) Ms4 A, toluene
o 0 rt,3~44h Ro OH
3 58a ‘_‘79

70% ~ 85% yields
68% ~ 96% ee
endo:exo > 20:1

o}
)J\N

Ar

-

Me
o 0

82 — Ts2 — Z-isomer

30% ~ 90% yields
26% ~ 96% ee

CO,H
endo:exo > 20:1 2

BocHN
T H

994
CO,H
CC

70a, R = 2,6-Me,-4-'BuCgH,; 70b, R = 2,6-Me,-
4-TrCgHy; 70c, R = 3,5-’Bu2TrCGH3; 70d,R =
SiMe,Ph; 70e, R = SiMe,Bn; 70e, R = SiPh,Bn

NCOAr

80:81 = 33:67 ~ > 85:15
total yield 10% ~ 70%
OR3 80: -77% ~ > 80% ee,

R%0 81: 44% ~ 92% ee,
81 all compouds endo/exo > 20:1
NCOA BocHN NCOAr
" NHBoc 2 Ciste el M
. g_ - 70d (5 mol%)
/ MS 4 A, toluene
Y 00C,4~28h RQ" O
\ / oG,
3 58 Ar=Ph,35-PhCeHs g,
70% ~ 91% yields
86% ~ >99% ee
endo:exo > 20:1
(0]
N
Me
(0]
-/
E-isomer \_/ 79
= TS1

B 25 LI C°, C-fLriZ 51K Diels-Alder 5
Scheme 25 Diels-Alder reaction involving C%, C>-sites of quinone imine ketals

2016 4E, BRMFIREAR R T R A B 84
AR TR AN K B R (SA)AE S I S TN 711) 14D A A0 A R A Ak
RV % SRR TR 5 2,4- )5 83 HIASKIAR Diels-Alder <
JO7, Ik H IR EA AN/ R/ i A 2 N e ST AR i R 1 b A
BT — R AT = IR OR I [de] M i R AT AE ) 85
(Scheme 26).

2017 4, AR BAPNRIE T PR 87 LA
G4 TR 5 g RE 86 FIANKTFR 25 75 R4k B Bk S v,

RLN
: l 84 (20 mol%) Et,SiH, TFA
R | SA(20mol%)  DCM,0°C, 0.5 h
rR20° “OR? . Toluene, 50°C N, C2, C3-site
9 83 |

FENLARIE ISR T N,CA 5 A 88 Al C°-
L LT 89. (EFERIE, KBH TR
A T IV fe 4 5 € B/ B B R AR AN R 1, 4- s/ BV e/
I3 F NIL B AE A 89, It JE I 5 R IV i 4 T
CPAr RN E] N-BURF=4 88, PR I M,
T IR N B G A R D N st e, N R i A
FATE 4 89 Bt Bt (Scheme 27).

R .
N E Ph
N R? ' Ph
R 14 examples N
_— 5 Upto81% yields H OTMS
, b R* up to 98% ee : 84
OR® R ,

SA: salicylic acid
85

B 26 ERILNGHGERR N, C2, C-f7 155 5 Diels-Alder )5
Scheme 26 Diels-Alder reaction involving N, C2, C-sites of quinone imine ketals
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87, R = 9-Phenanthrenyl

BHLE

R3\N 5
Rl | == :
3 ,
Rt | Rw4g>’ |
C3- site R?0" OR? C®- site 5
87 (5 mol%), r.t. 9+ 87 (5 mol%), 30 °C 5
- T — = T :
Toluene, 3 AMS R“\/ N\ Toluene, 3 AMS E
X=0 ./ *d X=0,NH :
89 N :

9 examples H

51% ~ 99% yields 86 19 examples

>19:1dr, 90% ~ 97% ee

48% ~ 99% yields
>19:1 dr, 90% ~ 99% ee

2 —_— -
| - OH X ;
R 7 RO oM cat.
N Z N
B
alcohol elimination cyclization

B 27 BRIV R SRR CO- L i 2 5 1

Scheme 27 Reaction involving C*-site of quinone imine ketals

3 RESRE
L L PTE, BRIP4 R T 2 A 4

(C=N. C=C M4ifi%5), ILERAEAT M/ FHEMELT
AL NN TR S5 BT B R A A ALY 1. BIH
AL, [ A A2 PR A2 B S U B0 4 e FEE T )
R R EBEERT N, C, C, C, - s55
RIS L, T S0F 7 PR I S f B4 4 P A 7 37 P 250 0 10
FEED, R RRRE R T KRR i et TER 8
L. BEEANLERIEET TR, E5RTIEMEL
FIMEACAE IR 32— 25 PR 3R IR % 5406 R oz n 0 £ 1k Je
JS2 4 F N T A TE G 0 1 B A, HEER I
N2 — e R 00 1 10 R 4 e WE T R A
ANEA Bl vk AT 7T UR .
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