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Palladium Catalyzed Asymmetric Synthese- Of Chiral Allenes
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Allenes as useful synthetic intermediates b
BF;*OEt, > o syn/anti

74
b Me Hy5C7 OH 99 /1
°=‘\H + iPrCHO

Bu, S Me 90% yield
Z /

SnCl,
Marshall, J. A. Chem. Rev. 1996, 96, 31-47.
CsH
=——C;Hy \”--Ti(O/Pr)z _ S C,H..CHO
< . - Ti(OPr), — L .
CsHyq CsHi4

dr. 93/7
yield 62%

Sato, F. et al. JACS 1997, 119, 11295-11305.

SlMes
SiMe
W| O H 3 O H

‘j / H /
ij\ 86% O @)

Carreira, E. M. el al. JACS 1997,119, 2597-2605.

The first chiral allenic natural product

__._/CH3

pyrethrolone

CH, Staudinger and Ruzicka, 1924
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.ructure and Properties

H AH

1.061 1.086
UV, ax 171 nm 175 nm
IR 1950-1960 cm’™

HOMO -10.13 ev -10.19 ev
LUMO 5.01 ev 5.05 ev
NMR 74.1 ppm
e ¥ CH; 1.58 ppm
2 :{b— 84.4 ppm
4.49 ppm T 4.94 ppm
210 ppm
JHa, 1 = 6.67
]H, CH3 = 337

Allenes are like olefins in terms of chemical reactivities
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CIP rules and absolute configuration 2 ab

Lowe, G. Chem. Commun. 1965, 411
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Syntheses Of AL .es

Conceptually,
X Rs
R . —
Ri. 3 Dehydrohalogenation —
P — N base H R4
R2 %R 7 R1
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N
éllenation of electro 15)3 /Pl //0\ M
R R
Rearrangement of cyclic carbene R, 2 — R, 2 X
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Nu
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Coupling of allenyl metallic X

with other organometallics g i Rs S\’ substitution
— = MF'=< = = 4 R, + Pd(0)

or its protonation R,




Anti sterevoelectivity in Pd

catalyzed allene synthesis

X
1,3

CeHs
—- _:/)H CeHsZnCl, THF -E1,0 CoH CH
HC==C C\x 2.5-3.2 mol % of PAlPPhyT, € 5>C'—C C‘Hs s (1)
(R)-1a, X = CH,CO
b, X = CF,CO, PLARE
¢, X = CH,S(0)0 o anty Jsyn
X sy ‘W’%m b 52 /Ig " CoHs
~C==CH Al (w&{}ﬂ'ﬁ)y-, //["CGHS ///_I-H
c,.,u,znc: THEF - Etzo
@‘ 1.3-2.0 mol % of FdLRPhyI,, 3 + 13
3a, X =CF ,CO, . 5
2, § 8}}'; S(OO)O aﬂ"'; / Syn
v . >0 4 16
Home YR Pay 3b 9% 2
~ i 3C 38 12
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Vermeer P et al. JOC 1983, 48,1103-1105.

Synt.csis of o-allenyl palladium complexes

Re.,
}—CR3 Rz “=+=CRyX

l Pd[PPhy, Pd[PPhy],
R Y B o Y Bo
2 ';: =CR3Pd[PPh3,X or RyC=CCR;R,Pd[PPh],X
4
IR 1900 cm™ ~ 2150 cm® ™
"H NMR Ry=H
] P, H(l= 6"'9 HZ
BC NMR Cp=190-200 ppm CB,Cy = 80-100 ppm
31p NMR 20 ppm, one sharp signal
| -4 R # g
RZ s la, 2a, 3g CHs LH3y H c°
’>C=C=C/R L ."Zk::. :: ?-C. HCSH,(?H : cl C
* “L4Hg 3 (o]
B SO - L - S S M
i, 3¢ CHy ~ H  CHy o
lrans-3 19, 49 H H 7-CqHg e L
1h. 4h H H SilCH3)y cI trans-4
Stereochemical outcome
H\‘. * PACPPhyl, PdlPPhs 12X PatPPhy,  He o /H
Phee ¢ —C==(CH T ((,—(T_'C — r-cmcs__c_c\ar
OAc rms-(m-(-)-u.n’-Ph;x-Cl (5)-2¢
(R)-1d ¢.R's 7-C4Hg; X - Br
AN /
Cpphs) , Br
0o =—H
Ay

Vermeer P et al. Organometallics 1986, 5, 716-720.



Palladium Catalyzed Propargyl \lkylation

OAc
5~7mol% Pd[PPh;}4 X, NU
R + Nu -
S THF, rt
1, R= Ph,' 3, R= PhCH2CH2
Table I. Palladium(0)-Catalyzed Propargylic Substitution®
substrate nucleophile time (h) product yield (%)
1 /\ZnCI 0.8 PHA'Y\ 36
A
14
3 _ 2 P"M'Y% 68
15
3 —=—2nCi 96 P nM' Yf// 39
. 10
3 MeZnCl 40 p../\/\Y 62
7
3 CyHy— = — AlEL, 12 PhM'ﬁ/¢,CsHu 87
18
1 Et;Al 3 P,,/\j/\ 68
19
1 { /\,}:S" : 48 no reaction
3 (Agsn 72 no reaction

¢ All reactions were carried out according to the general procedure given in the Experimental Section. Yields are of isolated products.

» NO reaction

NaCH(COOMe)2
1 o0r3

Pd cat. rt 13h

Keinan E. et al. JOC. 1986, 51, 4006-16.



Propargylic Alkylation vs allyl .lkylation

OAc
R/\. Ph
Ph \\ 5 mol% Pd[PPh,]4 / ﬁ/
+ PhZnCl =\
THE, rt
OAc r -
Ph)\%\ Jent l'Od ‘)oof fojp ar ﬂ Le R/\/k Scheme III. Hypothetical Relative Energies of Allyl pq(y,
’0. e Pw f \ :S:heme qu) and Propargy! Pd(IT) Complexes (Schem,'
o ol ky[wh on =y
ras i | ;

Concentration (-%) :_,

40

! ! 1 1
i2 24 38 48 60

1_'Ime (min)

Figure 1. Pd(0)-catalyzed competitive substitution of 1 and 2
with PhZnCl: PhZnCl (1 mmol) was added to a 5-mL THF
solution containing 1 and 2 (1 mmol each) and Pd(PPh,), (0.05
mmol) at room temperature. Disappearance of 1 (A) and 2 (@)
was detected by GC (10% SE-30 on Chromosorb W).

Keinan E. et al. JOC. 1986, 51, 4006-16.



Bifunctional Substrate Competition

6a R = Me; 6b, R = Ph R

OAc

Ph X *

X

5 ~7mol% Pd[PPh,]4

Nu

THEF, rt

Table II. Palladium(0)-Catalyzed Substitution of Conjugated Bifunctional Substrates 6°

> products

products

group substrate nucleophile time (h) yield (%)
A 6a (R = Me) NaCH(CO,CH,), 10 HE(CO;CHy), HG(CO;CHy), 70 -
PR Y §\R Ph = \\\R
28a 97 28b 3
6b (R = Ph) NaCH(CO,CH,), 1 29a 70 29b 30 (E:Z = 1:3) 90
6a ognau" 1 91
/\% ° >
A
Ph {.,\ Ph = §\
30a 71 30b 20
B 6a PhZnCl 2 R Y Ph 94
3
6b PhZnCl 0.2 e e th 86
Ph
32
6a /\chl 1.3 Ph/M‘Y\ 68
a3
6a MeZnCl 48 n.M.Y 71
34
6a EtAl 1 PnM-Y\ 63
35
C 6a sg,sn/\.\ 2 CaHy It 73
P NP S PnM.Y
360D 20(£:Ze3:1) 36c 80
6a ( NS» 3 Q A 75
PR R
Ph = Q\
378 38(E: 2 113) 37b 64
6b P 24 A A 57
PR
PH Z S
Ph Ph
388 33(£:241:3) 38d 67
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n-Allyl Palladium Catalyzed Sy...nesis Of Allenes

R? Pd / dpbp R! R?
(2 mot %) .
R,/\)\,,Hs + MNY =‘$_Nu

Br R?

1a-1 2m-r 3
1a:R'=Ph,R2=R¥*=H 2m: Na[CMe(COOMe),]
1b: R' = PhCH,, RZ=R%=H 2n: Na[CH(COOMe),)
1c:R' = (E)-PhCH=CH, R2=R3®=H 20: Na]CMe(COMe)(COOEY)]
1d:R'=Pr,R2=R3=H 2p ; KICMe(COMe),}
1e:R'= nCyHys, R2=R3=H 2q: NaOPh
1f:R'=Ph, R?=Me, R®=H 2r : KN(Boc),
19:R'=R2=Ph, R3=H 2s: LiPPh,

1h:R'=H,R2=Ph,R?=H
dpbp =

1i:R'=Ph,R?=H, R®= Me
Ph,P PPh,

Scheme 2. m-Allylpalladium-mediated catalytic synthesis of functionalized

allenes.

Table 1. Palladium-catalyzed synthesis of allenes 3 from bromodiene 1 and
nucleophile 2.4

Entry  Bromodiene  Nucleophile  T[*C)  r[h]  Yield [%]M

1 1a 2m 23 12 91 (3am)
2 1a 2n 23 12 79 (3an)itl
3 la 20 23 12 93 (3uo)
4 la 2p 23 6 96 (3ap)

5 1a 24 2 24 83 (3aq)
6 1a 2r 23 12 89 (3ar)

7 1a 2s 0 3 62 (3as)lc
8 1b 2m 23 12 91 (3bm)
Y Tc¢ 2m 23 12 92 (3em)
10 1d 2m 23 6 &8 (3dm)
1 le 2m 23 6 93 (3em)
12 1f 2m 23 12 90 (3 fm)
13 1g 2m 23 12 95 (3gm)
14 1h 2m 23 6 93 (3hm)
15 1l 2m 23 6l ROl 3im )

Ja] Reaction was carricd out in THE in the presence of 2 mol% of the
catalyst generated from [PACI(y*-CH,) |, and dpbp. [b] Yield of isolated
product after column chromatography on silica gel. Jc] Doubly reacted
products, rac- and meso-3aw’, were isolated in 19% yicld (hased on Tu) as n
ractmeso = 47153 mixture. [d] Mixture of two diastereomers (50/50), Je} The
product was oxidized during an acrobic work-up and isolated as
corresponding, phosplinc oxide, [1] Mixture of two isomers (577 = sy
Il 18% oF Vi was recovered (F17 6/1). Jh] Mixture of iwo disstercomers
(SU/50).
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P—P = dppb (4x) F F
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Scheme 3. Catalytic cycle of the allene synthesis renction (Solv, - solvent)

Synthesis of intermediates

[PdCl(n-allyl)]2 + (R)-binap + NaCMe(COOMe),
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Hayashi, T. et al. ACIEE. 2000, 39, 1042-4.



Catalytic Enantioselective S hesis Of Allenes

Effect of DBA ligand on enantioselectivities

Pd[(R)-bina
Ph"NY™ 4 NaCMe(COOMe), (R binapl,

Br rt, 91% ﬁph‘
Pd[dba], + R-binap
e >~ 68% ee
dba + Pd[(R)-binap],
87 — 67% ee

Scheme 2. Catalytic Cycle of the Enantioselective Synthesis
Reaction of Allenes

¥ F(=<=,
Pd(binap) K d

z

}: ~—Nu
=
513

U-blnap PP

Table 1. Isomerization Rates between the Two Diastereoiso
g me
of [(Benzyhdcnc-n-allyl)Pd(binap)]BAH’ « (5) in CDCly? *

+
M BAF K /=/|\\_]+BAH’ -
Pd_ Ph . P Pd 4
P\'_/P Kot P‘\e/“P
temp/°C  [DBA] ks k- Is™V kyfke, [major)/[minor)¢
20 0 0.19  0.086° 2.2 1.9
2 cquiv 24 1.3 1.9 1.9
40 0 049 0.25 2.0 1.9
2equiv. > 5.4 >22 1.9

“ The absolute configurations of the major and the minor isomers

have not been determined. * The rate constants from the minor isomer
;o the major. ¢ The rate constants from the major isomer to the minor.

The refative concentration of both isomers determined by 'H NMR,
¢ Due to the slowness of the exchange, the value contains some degree

of uncertainty. / Due to the quickness of the exchange, the value contains
some degree of uncertainty.

Scheme 1
Pd/(R)-binap (10 mol %)

Nu
dba (2 eq to Pd) .
RESYSS 4 ( -~ =

base, 20 °C R
Br .
1a-@ 2m-n

1a:R=Ph
1: R = farroceny OO
1¢: R = tert- PPh,
1d: R = n-CgHy7 PPh
2m: Nu = G(NHAC)COOE), OO
2n: Nu = CMe{COOMe), (R)-binap

Table 2. Palladium-Catalyzed Asymmetric Synthesis of Allenes 3
from Bromodiene 1 and Nucleophile 22

% eet [a)¥p
entry dicne NuH basc solvent yield%% (config) (c in CHCly)

la 2m NaH CH;Cl; 59 (3am) 52(R)
la 2m KOBu CH,Cl; 98 (3am) 75(R)
la 2m CsO'Bu CH)Cl; 75 (3am) 89 (R) -—141(0.66)
1a 2m CsOBu THF 77 (3am) 58(R)
la 2m CsO’'Bu toluene 61 (3am) 41 (R)
la 2n NaH THF 88(3an) 68(R) —87(0.50)
1b 2m CsO'Bu CH:Cl; 34 (3bm) 80(R) —314(0.64)
le 2m CsO'Bu CH;Cl; 74 3cm) 75(R) —29(0.50)
1d 2m CsO'Bu CH;Cl; 73(3dm) 54 (R) —33(1.00)

(Y- R Y- VAN R

¢ The reaction was carried out with bromodiene 1 (0.50 mmol), Nu-H
2 (0.55 mmol), and base (0.60 mmol) in a given solvent (5.0 mL) at
20 °C for 24 h in the presence of 10 mol % of the catalyst generated
from Pd(dba); and (R)-binap or Pd{(R)-binap]; and dba. * Isolated yield
by silica gel or alumina chromatography. ¢ Determined by HPLC
analysis with chiral stationary phase columns: Daicel Chiralcel OJ
(3am), AD (3an, 3cm, 3dm), and OD-H (3bm).

Hayashi, T. et al. JACS. 2001, 123, 2089-90.



Umpolung Allenyl Palladim Species

K/i"",-__o%

* Electrophile * Nucleophile

R? R
Al Pd(PPh,) ](0.05 equiv) R P )
0Bz + PHCHO oCrMld(0.05 equ PR+ /')\f "o
& z EtyZn (2.4 - 3.6 squiv) # [ OH Y
R2 R? OH R! Et
1 2 3 4
. Ph
able 1, J'.'lllaldium-culul,wvd Propargylations of hcnmhlchvdcuccnrdmg 10 Equation (4) 9 2 " )\(Ph
) ’ . ==~ 0Bz 4 75 Vi .
R Ph/\ Ph/zq #
un ! mmol 11h} Products " 21 (57) 3f(12 OH
E,Zn fa) (Yicld [%]) [b) )
/\Oaz Ph Ph
Z 16 7 ZY
H Z Z
10 = OBt 34 96 4
18 H .. (57;3»1 M%Si/\ 2 Measi/\orH
e 1g 2g (80)
Me
/ X Ph M e
" b A n ° 24 0 = Ph
H OH /\oez Z
dl X =0B: 3.6.[3.0] A 26 (70) o), [90) Me™ " 4h Me2h (60) lc?H
X = OTs 3.6 1.5 2b (55) [c)
X = 0CO,Me 3.6 7 2b (72) [¢] fa) Reaction conditions: | (1.2 mmal), benzaldehyde (1.0 mmol). dicthylzine (indicated
X = Br 3.6 0.2 2h (88) {c] amount), [Pd(PPh,),] (0.05 mmol} in THE (S mL)
Yields for the Spectroscopically homogencous produ
Ph Ph hyde used, le] Mixture of sy and anti isomers in »
Ph Ph ¢[ #nd yiclds for g reaction curricd oul jn benzene/TH
o8 3.6 1 4 H o briackets,
= o H OH \f N
1 “~2¢ (79) [q] Bt ¢ 20)
R'
36 25 Ph RY /J 22 R
4 OBz 4
M H o PdX PaEt
2d (71) i
Ph Me
Ph " | pdO
e R L
e OH R' R! R?-
2e (2
e (22) 3e (56) R2 ?‘

R‘
/L ; /KM PhCHO ,)\,/P“
X = —

A2 Z Y R? [1/ OH
1 Et 4 v R 3 -

Scheme 1. Mechanistic rationale for the propargylation and allenylation of ben-
aldehyde according to Equation (a).

Tamaruy, Y. et a]. ACIEE. 1996, 35, 878-879.



ACHO
OMs 2a-e bg/le R
“ —_—
= "Me PA(PPhs),, Et,2n 4/\1’
THF. 0°C - OH

Ja-e
R yield, % anti:syne ee,avc g
¢-CeHyy, a 85

95:5 95
CéHi3, b 70 88:12 90
TBSOCHZCHz, c 56 86:14 8649
(E’)-BuCH-CH, d 71 77:23 88
l-octynyl, e 60 68:32 90
% Ana)

ysis by gas chromatography. ® For the ap

rrected for the ee of the starting ma

ti isomer, ¢
o
diol.

terial, ¢ Analyzed a4 the

Table 2. Addition of an Allen

ylzine Reagent, Generated
in Situ from Propargylic Mesylate 4, to Aldehydes 2a-d
OMs Me
RCHO £ R
Ze 2
Pd(PPh3)4, EtaZn, OH
OAc . OAc
. THFO°C . Sad
R yield, % anti:gyne egbc g
¢-CeHyy, a 51 95:5 96
CeHys, b 57 90:10 89
i-Pr, ¢ 47 95:5 96
(E)-BuCHg CH, d 57 70:30 d
21H NMR analysis, ¢ 1H NMR analysis of the O-methy] map.
delate® of the t1,

€ antj isomer, ¢ Corrected for the ee of the starting
material. 4 Not determined.

OMs Me Ms
Mo H 0Bn
Z M Hm/'\/OBn a &
s (70%) OH
OAc 4 (S)s OAc 7 @
Ms Me Me
e Yo A OB
Z H_A_OBn a #Z
+ \c")/\/ (_.78%) O
OAc 4 (R)6 OAc 8
a. Pd(PPhg, , EtyZn, THF, 0°%C to nt
CHp=CH, OMs

+ ‘.
CHoCHg / Me

R
Pd(PPhy),
2 PPhy 2PPh,

R Me
EtPd(PPhgy), Phyp >=';H
=Pd
R PhaP =" oms
F'=~“H EtaZn
Zn,
OMs R Me
>=-;‘H
PhaP
PhaP "Ny
EtZnOMs EtZnOMs

Figure 1. Possible catalytic cycle for Pd(0)-catalyzed zincatio
of propargylic mesylates.

Marshall, J. A. et al. JOC. 1998, 63, 3812-13.



Oxidative Transmetalatic.« To Allenylindium

M’ BusSnLi R>'=. Mo InXe
o # H  CuBrSMe, BuySt H o Bussnx
! ] 0
\ 2CHO T 2
R R A R
X, ln>=‘='.<h""e H/\g—l

OMs  con i Ho Me M DMA-HO,
/AMO THF l/ Ty

H 78 °C
(R)-1 (e@ >95%) 2 (e 72%) @
H ? o
H Mo O b5a
n 91% H OH
N (91%)
! 3 4a (a0 22%)

(95:5 antl: syn

Table 1. Variation of Catalyst and Solvent in Additions
of Allenylindium Reagents Derived From Mesylate (R)-1
to Cyclohexanecarboxaldehyde

e ey
" Me O 5a
W M Inl, 5 moi% cat, | _ZF
3:1 THF-HMPA OH

(R)-1 (ee >95%) 4a

catalyst yield, % anti:syn® ee, %°
none 66 96:4 0
Pd(dppnHCl, 76 95:5 95
Pd(dppfCl,b 63 87:13 87
Pd(dppf)Cly¢ 80 91:9 90
Pd(dppHCl# 66 93:7 91
Pd(OAc),PPhg 75 95:5 91

“ Ratios and ee values were determined by GC analysis, ¢ 3:1
THF-DMPU as the solvent, ¢ 1:1 THF-DMPU as the solvent.d 20:
1 THF-HMPA as the solvent,

Table 2, Additions of Transient Chira] Allenylindium
Reagents from Mesylate (R)-1 to Representative Achiral

Aldehydes
OMs HTR Aille lgle
/k"Me 0s R R
= =3, = v oz
zZ H = = i
H AT H/\&‘ H OH
()1 4 8
R yield, % anti:syn ee, %
¢-CeHy; (5a) 76 95:50 956
CsHy3 (5b) 73 82:18% 96%
DPSOCHzCHz (5¢) 88 88:12¢ d
(E)-BuCH=CH (54) 68 71:29% 96¢
1-heptynyl (5e) 62 72:285 955
Ph (50 85 45:556 92¢

%5 mol % P@(dppﬂClz, 1 equiv of Inl, 3:1 THF-HMPA, room
temp. b Analysig by gas chromatography on a f-cyclodextrin
column, ¢ Calculated from the 'H NMR spectrum. ¢ Not deter-

mined.

H
H

H\"/\/ODPS
Me Me

Ms Y
/i..m o7 A oDPS
>
Z H PdidppnCly (5%) ZY

H e (1.5 equivy, H OH
(R)-1 an THF-QMPA 8
87
%) "
H_A_ODPS
OMs Me hilla
- o7 _ A_ODPS
# Me above = H
Wz (88%) H OH
(S)-1 9
PdLn H A
2 rag 4 ‘=~:H MX,,
H Z H -2Ln MsOP,d\ n -Ln
v Ln Vi (4)
H H
R
== 3Ln y—— - |
X, —Fp?: oo H
o,MsLn -Pdeu n ‘OMS
Vil it

Marshall, J. A. JOC. 1999, 64, 696-7.



Palladium Mediated Reductior.
Pd(PPhs), (cat.)
Smi, A

[
AN R? i R2
THF D

+ EF
OPO(OEY),

Table 1. Pd(0)-Catalyzed Reaction of Propargylic Esters with Sml,.

entry substrate electrophile products (ratio)? % yield?
Ph P Ph
1 X H* (i-PrOH) NS N \/\ 66
OPO(OE), (98:2)
2 : H* (--BuOH) (>99:<1) 80
Ph
(¢] X
; (N A
O?o: . on 7
(94:6)
"Bu
4 N Pr HYG-POH)  "Bina, e P *"BU\/\,pn 84
OPO{OE1),
(>99:<1)
5¢ H* (1-BuOH) (>99:<1) 89
ny nBU
Bu \\ 9 "Bu — \\
6 OH ' OH 49
OPO{QEY),
(94:6)
"Bu
"Bu S 7 "Bu _ X
N = .
OPO(OEL),
(2:98)
"Bu
8 o "Bu__ __ X 45
o O e
(4:96)

* Determined by 300- or 400-MHz 'H NMR and/or GC-MS analysis. ® Combined yield. € The reaction was carried out at 40°C.

Mikami, K. et al. TL. 1995, 36, 907-8.

t Propargylic Phosphates

Table 1. Secondary propargylic phosphates as substrates

Pd{PPha)
P (5 mol%)
X Smk P Pn\/\
proton source i X
OPO(OEY;  pue
1a allene acetylene
n 2 2
entry proton source % yield  allenelacetylene @

1 t+-BuOH 80 >99: <1

2 i-PrOH 66 98:2

3 H,0 70 56:44

4 Ho ™ 86 90:10
HO

5 Meozc)ﬂcozm 56 84:16
Hq OH

6 IPrOy copr! 46 36:64
HO OH

7 Meozc)—(cozm 59 37:63
HO OH

8 j 81 15:85

MeO.C COzMe
9b 22 10:90

¢ Determined by 'H NMR analysis.
¥ Reaction was performed at 0 °C for4.5 b

Table 2. Primary propargylic phosphates as substrates

Pd(PPhg)¢
et xn (SS":IM) CaH
S 2 n "CaH1
proton source Coi = + \
OPO(OEY, e
1b 1 aliene acetylone
2b 3b
entry proton source % yield allenelacetylene @
1 -BuOH 50 6:94
2 H,0 33 19: 81
HO OH
3 o ?L/—(co o 6 55:45

* Deterinined by 'H NMR analysis

Mikami, K. et al. SynLett.

1997, 1375-6.



Al'-nic ester substrates

Two possible mechanisms

R'o,C
X _R?
Table 1. Regioselective feduction—protonation of Propargylic phosphates in the presence of Pd(0) catalyst OPO(OEY,
OPO(OEt)z Pd(PPh;), (cat.)
. Smi,, +BuOH . 2 R S Pd()
X R\ . COR? 4 /\
oz THF = CO,R?
; n 1
propargylic phosphate " R'O,C 1 2
allena acelylene A R2 R OgC/\_ _AR
1]
substrate® product (ratio)*® % yield PdL, LPd
OPO(OEY), 2 sm{ll)
X El/\\. ” X 53
COMe - COzMe Ncome Pd(0)
(>99: <1)
OPO(OEt),
n n Py "CoH R‘OZC RY
C7H|5 \\ C7H,5 '\/002Me + 7 IS/\ 100 |||>-=.w
COMe CO-Me LaSm
(>99: <1)
OPO(OEt), +
\ N, "
. x
xR X-C0:"CeHyy  + \ 83 1 2
CO,"CgH,y C0,"CgH,; R'O.C, A
(>99: <1) H
OPO(OEY),
N
1\ *x-COzMe A
F COgMe CO,M
T F & 3§ + “ 2vie c (o] sm¥,
O\/\/ n 7 86 o~ °M La Sm(l) Sm(lly
, . 1 Sm(ll) .
Y Z Y Ao %Ru O\/\/R,,; (EtO)zOPO/ OR" " EO0p0. _Z OR!
OTBDMS OTBDMS 5 5 2
OTBDMS OTBDMS OTBDMS OTBDMS R? R?
(>99: <1)
Smi", i
R~'=(2.R;<—;Hz,0}§igcﬂs)<CHz)zcn=c<cu,),. o " orSm L SmilL,
ned by MR analysis.
See Ref. 13, (E:O)zopo% OR' — ,/AOR‘ — " _Z CoA
1) =
R? RC R?
u L
—_—
‘é./ 002H
R,

Mikami, K. et al. Tetrahedron 2001, 57, 889-898.



Sm(Il) rec  tion of propargylic phosphates

ible 2. Regioselective reduction-protonation of propargylic compounds in the absence of Pd(0) catalyst

oP
Smiy, tBUOH 1
» R \
91)\ R\ ___COR? + /\
= COR? THF == CO.R?
n
propargylic compound allene acetylene
substrate product (ratio)* % yield
OPO(OEY),
XN
% \‘%/CO'J,Can + \ n 79
CO,"CaHyy CO,"CgHy7
(>99 : <1)
MeO
x N COCaHy,  + \ 4
CO;"CeHyy Rz e CO,"CgHy7 ®
‘EtO (>99: <1)
EtO
N\ CO,"CaH no reaction -
2 CgHyy
ermined by 'H NMR analysis.
Results with optically active phosphate
o (R)-BINOL / (PrO),TiCl, oH
(10 mol%)
+
N MS 4A A
CO,Me CH,Cl, 91% o6 CO,Me
0°C )
(95%)

Pd(PPh,), (cat.)

1) n-Bull/ THF, -78 °C QPO(CE, Smi,, +BuOH @\/\
2) (Et0),POC, 0 °C A THF N COMe

COMe 10 min

94% 9 R
(94%) 91% ee (53%) racemic

Mechanism for racemization

R’ R‘
\Rz \I/Rz
5,,0(05,)2 OPO(OE),
Pd(0) ’ J Pd(0)
. -
R, _.=/R2 n‘\= _ R
LPd"’ LaPd"" |
2 Sm(l) 2 Sm(ll)
—\1\ Pd(0) Pd(0) I -
[ .
Rl AN e R'\= __R?
Lsm"? * — QW TLsmt
X Sm7L, J
l R*OH R'OHJ
R, R? 1 2
H H

Possible dynamic kinetic resolution process

Kinetic Resolution

fast

(R)-allenylmetal ————pe-  (F)-allens
up to 50% yield
slow
(S)-allenyimetal ........_ + (S)-allene

recovery

l Dynamic Kinetic Resolution

fast
(R)-allenylmetal —————pe  (A)-allene

n deracemization UP 10 100% yield

s
(S)-allenylmetal ......._. ~ (S)-allene
no recovery



0O o] Y
”‘d}'”' R! H
E

Table 3. Regio- and enantioselective reduction—protonation of propargylic phosphate

Pd(PPhj), (cat)

OPO(OEY), Smly, chiral alcohot O\A
= THF s _COMe
COzMe 10 min o
racemic
entry chiral alcohol % yield % ee® conﬁg."
Ph Ph
/o]
OH
1 ><o:¢0H 52 41 R
Ph Ph
TADDOL
Pro,c  co,p’
2¢ / 70 24 s
HO - ©OH
Ph  OMe
3 71 67 s
HO ©
Ph\_\
4 > 86 13 R
HO OH
Ph Ph
5 ‘——< 7 86 R
HO OH
MeO,C OMe
6 H 46 24 s
HO ©
Ph
7 mph R=H 25 45 R
8 N‘n OH R_Me 24 80 R
0
9 68 95 R
o OH

* Determined by LIS-NMR analysis using Eu(hfc),.
® Determined by Lowe-Brewster’s rule.
€ Acetylene-type product was also obtained in 9% yield.
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Summary

X * Allenylpalladium species can be easily generated
* Quite stable species, even configurationally
* Very versatile intermediate
* Can act as both electrophile or nucleophile (transmetallation)

Other new methods towards chiral allenes:

Bergman, G. et al. ACIEE. 2000, 39, 2339-2343.
Nelson, S. G. el al. JACS, 2000, 122, 10470-1

Tillack, A. et al. J. Organomet. 2000, 603, 116-21.
Myers, A. G. et al. JACS, 1996, 118, 4492-3
Ito, Y. etal. JOC. 1996, 61, 4884-5.

Review: Pd-Catalyzed Reactions of Propargylic Compounds in Organic Synthesis,
Tsuji J., Mandai, T. ACIEE, 1995, 34, 2589-2612.



