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Efficient Activation of Allylic Alcohols in Pd-Catalyzed
Allylic Substitution Reactions

Ma, Xiantao™ Yu, Jing Wang, Zilong Zhang, Yun Zhou, Qiuju
(Green Catalysis & Synthesis Key Laboratory of Xinyang City, College of Chemistry and Chemical Engineering,
Xinyang Normal University, Xinyang, Henan 464000)

Abstract Owing to the poor leaving character of hydroxy group, the efficient activation of allylic alcohols is important to
allylic substitution reaction. In recent years, the efficient activation of allylic alcohols by non-typical acid activators and even
no extra activators has been rapidly developed, and provides a novel approach to efficient activation of allylic alcohols. The

recent developments in this area are summarized on the basis of different activation modes and mechanisms.
Keywords allylic alcohols; allylic substitution; Pd catalysis; activation by acid or acidic hydrogen; hydrogen bond activation
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TEAR 22 B0 A 2 5 Bl R o, 0 TR 2 I RV B A R AN &
3. KEfRE. 25 RN EF25EE. BEP2K
S, BRI T AEIEZRAIN 2 R R
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bR S AT AR RN IR N B BR A e S 5 OB i)
VIR ISR S S PRI MLEE, -4 P 240 1E 5 1 TR A 11
BB B N B R B IR, R, e e R S AR
P I e — SRR I T AL S TR, 0 T S R R O EE
2845 20 4ESK, I ISR V) R RS A AL — B
PR AR R R A3k P — AN 4

H TR LSRR A R 4G, WMACEER i B,
T X I B SR AR BT AL DT R, A2 A
S FE 24# FH Lewis B Bronsted 2 3¢ S H A5 T4 2
BTG AL, KRE R FE R S AR Lewis R
Bronsted [i2[ %1 B(OH);+ BEt;+ As,05. Ti(O-"Pr);~PhCO,H.
AcOH. FVEREER. R — RERSE 130T LUMEASMINTEAL
A, P TR A A e A I AR ) A S R
(Scheme 2)!#2¥1. 11 2004 4, Yamamoto 4 P* K H 2
mol% Pd(PPh;), 1 10 mol %ol & 1A 22 J LU Ak ) 7R 2 5
55K R A AV IG  EEBUAR RBE. % R B ] DA
TEIHEFII 264, 100 °CHnFA R 30 min LAk 98%[)
WA BT, RO REY AT LR T IR R A
Vi BB S LI B-BREEIN AL 5. 2014
G, ML POIRIE TR AL R T R A
FRAN I T ME 56 A8 OB, BT SR WA N I AE 4.0 equiv.
B(OH); HIE T 7 R =y R & Ax Tk — 52 Bt 117 B 388 1 -1k
R RN 2014 4F, P S g O RGE T T
b5 T E R | 1P S5 P A T R U B, B TR
A0 B 1R 2R PR R OGS S I PRI AR R 31 1 22 o0 LY
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Scheme 2 Activation and substitution of allylic alcohols under
extra acid activators conditions
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fERL. 2019 4F, Mg €. i w B PR IS 1A
WS a- BRI  BEAL A o) IR
JB2, Wt T3 W (A e A T PR — 2 T T AR 2 0 A i 1 )
. Bz, AMIRERVES AT AR 24 i SEEIL I P 2L 17
R ROEAL I B e —

SUEEI, A VR 2 HAd 5 2T I P R S AL
AL, 2506 NSRS I RIE, anid i A dRZ gt
PR TR P 9 e 7 22 10 5 AN A 770 2% 1 0 T R B
AL AR SCIEE & DR T S RAE I P I 1) e 2 1
Leim AU FT 07 T (2056, 0 I P 2 I 3 1 7 5K
BRI U AT B2 54508, DUYIRENS A B P 2k
WS (R R RS Y, Dk — B it R R IR B
PRI S R PR A SR e 5

1 FRHMBRMEUFEUEAERENR-F
E

BT EiRRIIDNE WA Lewis 2. Bronsted FR[UN
B(OH);+ BEt;v As,Os. Ti(O-Pr);« PhCO,H. AcOH.
TYEBERR . EMR — ORMR 45 55 0% 1 77 S I 045 P 6 I 1) 0
ok, A —eff B Ak RE RS AR 40 B i R 1
T RIE.

1.1 ZEWBEHNGERERENR-FE

1996 4F, Yamamoto R4 ILAE — AL RR Ak
PR S L A PO I B — S UBR PT DUR ARV, § &
Jig BRSSP R A s TR B AR S . X B SIS
AR A TR B A ON  NR — AT, IXRE T
A BT I TR B B PR S A A . LB IR 7 3 I 445 T ik i
5 TR AR AL AL T AT DUAE RO IR B A R, TR
P 35 P T s H 2880, s R 6 I P e — AL B e A A, adE
1M % T Wi %4(Scheme 3).

Pd(PPhs), (0.58 mol%)

CO, (101 kPa)
r.t., no solvent

_A~OH + EtNH ~ANEL

70% ~ 80% yield

No catalyst
CO, (101 kPa), r.t., no solvent
NR
Pd(PPhjz), (0.58 mol%)
NR

Ar (101 kPa), r.t., no solvent

‘ /\/OH + C02 4——’ /\/OTO\H
(0]

B3 bt T SR KA e
Scheme 3 Activation of allylic alcohols by CO,
2014 4F, Tunge WA WHIIE T &F S5 IEAIE
RN EAC S I TS5 5 0 T R e PO A4 R 2 X
RSBL, HI T8 a-Roii AL AL S i BE5%
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R
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R ~
Seon ¢ L N
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DMSO, 80 °C

EWG = NO,, CN, CHO 15% ~ 99% yields
2016 4F, List BN HRIE T — S kb A5 E T
HUARIR R 5 I A S ) BRSO B, Sl 7 -1 2= ik
RO IR, er fHmIA 95.5 1 4.5 (Eq. 2). TEEHH
7R T s BHE YIS +)-crinane 1% BREREME A K.
VEZ N9 9 I v LE S8R BOVE L 4 e s
PR M TR LB R R, 3k T XA A4 R A A Bl )i £,
HETIA] T B -0 P JE AR E B b TR 1 AR k.

(S)-Hg-TRIP (10 mol%)

0 Pd,(dba)s (2.5 mol%) 0 R
R ‘BuXPhos (11 mol%
+ o~ OH _BuXPhos (11 mol%) "N (2)
MS 3 A, CO, (101 kPa)

52% ~ 93% vyields
er up to 95.5:4.5

(+)-crinane

5 AN TR LT M TR SRR, SR R
IS B NEAIR A V0 )R S BR BT . — 3K 3 —
0 (DCOYE Ay BE & AT, 5 AL S I T M P s e e —
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1.2 BB HREENR-F5E

2013 4, HAEPLECOERT 700 R B b 5 T G 1Y)
I 9 R B RO R R L, NLTE PA(OAC),/1,1- 125 -
2,2'- W R R (BINAP) IR A A4 2 2 TG IR 2R 47 1.
B, WREZAERF N 1.5 equiv.Fx] F 22 L
W, RS RESIAIEEAT, I B =Y T R 1R i H
PRFE, K 150 IR TR Bk Jk 7 s ek 2w T DTS A 0 1R B e
ZLR K, 2016 4E, AATIC SR T RO A s
(10 2% AF T 07 PR B 5 Tk P 0 R R AR R B, SRR T
R BE I B 77 % TR 4y, VR s @ik >400
(Eq. 3). B Fu BRI 7 S AR 22 1l e A AH
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NHNHR?
RIINR2 ®)
s factor up to >400

R" = aryl, alkenyl, alkyl; R? = aryl, alkyl
R%= CO,R, CONHR, COR, PO(OR),
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P ZEZAE — E BT AN I A 70 4 7 2R
S L. CAMRERARA. BH. R A[E
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2002 4E, Ozawa HEIAIP21E K T @is MEI[Pd]-
DPCB 467, B RS T LETCAMITE A7 26 A R I
P 55U 3 R R A S BB L. 4%
G AT R AN IR PR VS A SR I 7 iR B, s A R A
0.1 mol %o £ 71 o = I 2% 1F T RV T v b & 2B 0 1R
TR . V3 i A OB A A i 4 5 0] Je B
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FROERE T I TR BE B ik — 2 B T BT 22 (Scheme 4). 2006 4F,
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RA~_OH+ NuH R~ Nu
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82% ~ 97% yield
NuH = CH,EWG,, PhNH,

MeQO ®
O Mes™ oTf
/P\
[Pd]-DPCB = I \P/Pd"'>>
\
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MeO
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Scheme 4 Activation and substitution of allylic alcohols via
acidic Pd-H species
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IRANIIBN 712 BSI-MS PLR AR 5. S5 SRR
ST M55 PR B A ) 7 5 TR AN 28 N, s TR RS I 1
A-EE S A B TR RN PP R, RO ALEE
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I, 7] CARR— IR B HLAR B O-JR A AL =9, At
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FIE P O AR L, - R 1 1) SOU AT I sl IR T TAC A A 5 AR
RO mE, i, KA S5H8EemE A, ik
B CHHTNHEEUR R S i #2(Scheme 5). 37T Bi-
PhePhos 45 kP i, [Al—4F, Samec U 41504
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Pd-BiPhePhos & & 3 H TR RS N-, S-, C-BAK O-
AR I TR N, FHERBACEREIE>99%.
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Scheme 5 O-Allylic alkylation of phenols with allylic alcohols
2,12 iBad A AEAE R EAL

2008 4F, Breit B4 V%1t T Pd/6-DPPon(CFs), [
HAMEE R, LI T NI B SRR AL
HMIE AT SR AT T I BRI, VR IR R B AT A
S A Ak s U 43 AR I ST W 5 L W) e 22 ol S 3 K R
TEARSEIL 1 68 M T 2R B )35 1K (Eq. 5).

Py
~

:
R/ R
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b, FRAE T IEHEMALFIRTA A, HEEN T —AMELIEIR,
[Pd] (3 mol%)
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_—

R
A~ OH + NuH s Nu
urea (3 mol%)

19% ~ 97% yields

NuH = Indoles, aryl or alkyl amines

B 6 MRS ROk VB R B RSB T 0 A4 T S
I
Scheme 6 Activation of allylic alcohols via H-bonding of urea
and ligand
2.1.3 i@id Lewis BR1E A &AL

O KRESCHRIRIE LY Lewis B2 AT LAV AL 15k -
U8, 2006 £F, Baba WAL HRIE T InCls fEAL T VE R
PR FE I 55 05| e L Y5 TR I PP RN 0 48 PO M TR 2 AU
2007 4, AGFRIEEHCHRIE T Yb(OTH; AL FiGik
IR FERE 5 1,3- B SRR FE RS, B4k,
Lewis M2 B AF MG 4 iz S T FE AL T I
A A1 075 T SR B S R P28 2 b R, 2017 4E,
Kimura @295 7 B0l Ak, Ha] AR 28 R sE
DR TR 5 I 2R SR I& T R B R, AR AN
BErbO R B 7 AR AL AR L, B L ET BUFE Dy
Lewis FRAL G ALIEPIIERT (32, DMERER B 23078
RO ) -0 TR SR IE 25 - H ()4 (Scheme 7). 2018 4F,
[F] — R R L1 SR FH 2B BB R Ak R S T T 4 T
L 50 TR Y A S 045 P R EDUAR S .
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Scheme 7 N-Allylic alkylation of amines mediated by a P-B
ligand
22 BRMEIERERERENR-AR
221 KIBEF R E AP AT 69 o - R Ak

2004 4F, Oshima VRGIZHLTHRIE T 1 7K SR AL
I PR 0 VR AL S W B AR . R
MR FS TR K R FIREAT 70T TE, 45 SRR MK AT A
IR A A F S I DY B BT s Ak, JF AR B 5%
M SE AR B — 5 AR E/E I, HEMAR R BRAR 1 S
G AL RE, T SOREAE AN 2% A MGOR) 3 % 2E (Scheme
8). 2011 4F, Hikawa 5 Yokoyama ¥ @ 2H i T /KA i
R FEIR 50 R N-IE B S, 1R
AEIE KA, A 9 R S A S -4 AT IE B
T A AR AR AR R ) T AR 2012 4F,
Yang RARZHCHRIE T KA A F bR T B TR T
AL SV U B, 2015 4F, Kato BEZH0
W A I 5 R A 5 P ) R BRI S T T Mg Wi« -
WRAEG . R I WE A S B . XA SR 1 KR
A I FE B ) 7K B S AR

cat. [Pd(allyl)Cl],/tppts Nu
H-bond activation S
1
H,O/EtOAC R
NuH = CH,(COR),, amines

R1/\/\OH + NuH
43% ~ 99% yields

(H20)m
tppts = p |
3 §/\ O\ H

NaOsS Supported by DFT

B 8 T IR THE R K S E U T B BT 5
Scheme 8 Studies on the activation of allyl alcohols by
H-bonds of water based on theoretical calculations

2019 45, Tk UL MR T KA R 1
SRS R R W ST BRI T S
W% T ARSI PSR, {4 IR AT 0
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(DOSY) 177 2Rt 7K 55 9 T 2 1 2 TR) O A FH T J@ 1 i
(Scheme 9). 45 F 3% WA I A 2 1 5 /K 2 ) b S B AR
T HCERE KRR, Bl SEUKRY SRR E T
BRI N, ST IR RIe g s, fEF A kg &
BRSCIIL T X0 I A B I ) AL

RV\/\OH 0

cat. [Pd
(1 [o ] o R2
,60°C
or + 3J\/PPh3 —_ - RsWR1

R' OH (2) HCHO CH,

R27NF 52% ~ 94% yields

(Hz0)m

§/\O\H

Supported by DOSY

BR 9 ST DOSY MK AU S Ao A I SE R 7
Scheme 9 Studies on the activation of allylic alcohols by
H-bonds of water based on DOSY

222 BEEFIVAE EAHE 7 RS AY B - A 4k

2014 4F, kIR EA T YRIE T ML, B, B
TE N e (75 A0 T 5 0 T B AE = R 21 R I B AR
S, SEELT SRR a-fi G T2 B REAL. MEEImI S
TR H R VR O R 77, A R e S b S
TR EE RN, FEFESS T RN ESTE
B, AT AR K FRAR S B R TE AL e, IR BE, 1% s B eT A
FE I8 N KA (Scheme 10). BEJE, 3K 73t i 4 bk v
FIE G S N T N R S e SRR
(OREE:AIERFITA

Pd(ll) (2.5 mol%)

0 dppf (6.0 mol%) 0
rrolidine (20 mol% N
S + RH)LF@ py ( 6) 7V%LR3
R MeOH, 20 °C R
R2 R1 R2
P ~
[Pd] (MeOH), 54% ~ 99%
\/\o

Supported by DFT

B 10 BT ENR TR R U TS A 0 T L A 7
Scheme 10 Studies on the activation of allylic alcohols by
H-bonds of MeOH based on theoretical calculations

23 REYBEZhESRERFELEREERENK- S5
23.1 Rt aR RER A H

2011 4, Hikawa 5 Yokoyama i@ 2H 7R 3& 7 /K +H
& 2-FER IR 505 A BB e £ 1 N-Jd R
RIBL(Eq. 6). VEE AN JERA 2 R 4k [T ] LA
B 5 FBR (A FH S 3000 445 PR B B (R A0 K AE SR BRIV 75
T A FE DA K5 - MR TR 5 [ 1) e 0 66 11 e 7% i 2 kS
B 7 EEREHA.
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) Pd(OAc), (5 mol%) R2 0
R TPPMS (10 mol%) l\\ OH
+ . (6)
THFHZO (Vv =1:1) SF oK
H R?
70% ~ 98% yields

2018 4F, Kleij WAAHTRIE T T a-FRiE R
iR 5 e B AL FR b S OSE, FHT oS- - Py B i
WAV A R TR RIREE 525 2 M A
SR PR X T SE R (TR R I R B E AR, SR
T 2 TSt B S B6 2 W FR IR 1) AR - S 1 S A
SR, AR EIIF, R R A AR S R A
FEEE S AL, HETAE OCEERY) -0 A B AE B T R )
1y ), FRERIE I ECEAL S AR & rp ol IR R
T B 15 B U P W 9 A AL ) (Scheme 11). Bl JE,
Kleij ERAATHRIE T HBUY a-FRIFRIR 5 2 Wk
N-IHREBARRE, BT af- AT p-Z BB S
B K.

O
ArNH, ArHN CO,H H,0 A
= OH ——— H/L R ——> R \ N-Ar

R OH [Pd], L

yield up to 98%
[Pd], Ll

-[Pd], L

B 11 AN BERZ 1 2 oK

Scheme 11 Domino synthesis of unsaturated lactams

2019 4F, Ohmiya BREEZHTHRIE T PA(TFA)/1,1'-%

TR ) K Bk (DIPPF) 5 - S 446 57 B 5] {4k R
i 15 975 TR R PR s TR SR IR BE, P 0 TR S R 280
VIR . B T R I R M 7R 1 TR B M e =X
)R AT BE/E A Brensted B8 54 P9 LI (R HE 45 4,
T SIS I P FE B )3 40 (Scheme 12).

cat. Pd 0

t. NHC
a RZW\R1

33% ~ 79% yields

RI_~__OH
NN R2J\H

N
Y
1 \
[/ RZJ\H S N-pr O ,O%
N - - H S
s\/ ~Ar 5 [Pd] R1 _ é R2
.o R OH \/\/ \H

B 12 55 00 O I 1 7K s TR s e A, e 2
Scheme 12 Dechydrative allylation between aldehydes and al-
lylic alcohols

Chin. J. Org. Chem. 2020, 40, 2669~2677



Chinese Journal of Organic Chemistry

REVIEW
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Scheme 13 Hypothesis on activation of allylic alcohols via an
six-member ring species
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Scheme 14 Experimental evidences on the substrate self-
assisted secondary bond activation of allylic alcohols
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Scheme 15 Allylic substitution of tautomerizable heteroarenes
with allylic alcohols
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