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PALLADTUM-CATALYZED ALLYLATION OF a-ISOCYANOCARBOXYLATES
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Summary: o-Isocyanocarboxylates underwent palladium-catalyzed allylation with allylic
acetates, in which w-allylpalladium(II) intermediate was involved. The catalytic allylation
of methyl a-isocyano(phenyl)acetate using an optically active ferrocenylphosphine ligand
caused an asymmetric induction of up to 397 ee.

Due to the electron withdrawing nature of isocyanide group, which may be comparable with
cyanide group, alkyl isocyanides undergo carbon-carbon bond formation at the a-carbon with
carbon electrophiles under basic conditions. a-Isocyanocarboxylates having hydrogens at the
carbon flanked with two activating groups are more easily alkylated with various carbon

1 Herein, we

electrophiles, which provide a convenient synthesis of c-amino acid derivatives.
wish to report that a-isocyanocarboxylates undergo the palladium-catalyzed allylation at the
o-carbon with allylic acetates. The finding is noted in that a-isocyanocarboxylate is capable
of reacting as a carbon nucleophile with w~allylpalladium(II) complex, just like the so-called
active methylene compounds,2 since the insertion reaction of isonitrile into organometallic
compounds including w-allylpalladium complex has been well known.3

The palladium-catalyzed allylation of a-isocyanocarboxylates was carried out by heating a
THF solution of a-~isocyanocarboxylate (1) (2.0 mmol) and allylic acetate (2.6 mmol) in the
presence of 5-10 mol% of tetrakis(triphenylphosphine)palladium(0) and base (2.4 mmol) such as
diazabicycloundecene (DBU), K5C05 and triethylamine (eq 1). Some representative results using
a—-isocyanopropionate are summarized in Table 1. The ratio of the regioisomeric products, o-
(1-methyl-2-propenyl )-a~isocyanopropionate (2b) and a-(2-butenyl)-a-isocyanopropionate (2b')
was found to be essentially the same regardless of whether one started with 2-butenyl acetate
or its regioisomer, l-methyl-2-propenyl acetate (entries 3 and 4). The results demonstrate
that the allylation proceeds via (l-methyl-m-allyl)palladium complex as a common intermediate.
An anomaly of the regioselectivity may be remarked. The preferential formation of the
branched isomer 2b, which arose from nucleophilic attack on more substituted carbon of the (1-
methyl-w-allyl)palladium intermediate, is contrasted with the regiochemistry in palladium-

catalyzed allylic alkylation with the so-called active methylene compounds.2

RGHCOOR' + ~-OAc ;"(Pp:azj— RCCOOR' (1)
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Table 1. Palladium-Catalyzed Allylation of Ethyl a-TIsocyanopropionate .2

reaction yieldE
entry allyl acetate base conditions (%) product®

1 CH,=CHCH,0Ac EgsN r.t. 1h 81 CH,=CHCH,Z (2a)

2 CH,=CHCH,0Ac K,CO4 r.t. 45 min 78 2a

31 MeCH:CHCHZOAc K2C03 r.t. 14 h 56 CH2=CHCHMeZ' (2b) 2b/2b'
MeCH=CHCH,Z" (2b") =62/38

44 CH,=CHCHMeOAc K,C04 r.t. 3 h 69 2b/2b'=57/43

5 PrCH=CHCH,0Ac DBU r.t. 6 h 79 CHy=CHCHPrZ (2c) 2c/2c¢!
PrCH=CHCH,Z (2¢") =16/84

6 MeCH=CHCHMeOAC DBU 50 °C 4 h 69 MeCH=CHCHMeZ (2d)

7 MeCH=CHCHMeOAc K2CO3 50 °C 2 h 59 2d

8 //>\T/0Ac DBU 50 °C 9 h 61 L (2e)

9 K,CO4 50 °C 14 h 61

5-10 mol% of Pd(PPhB)A was used as catalyst. b 1501ated yield by distillation.

Z = CMe(NC)COOEt., Z' = CMe(NC)COOMe. Q—Reaction of methyl a-isocyanopropionate.

o e

Synthetic utilities of the allylation products thus obtained are exemplified by the

following transformations (eq 2 and 3).

X ~
N 10%HCl
CHaCCO2Et — CHsCCO2E (2)
88%
2a
AIBN
n-Bu3SnH
CH3CCO2Et -3 ~ CH3CHCO2Et (3)
| CeHs , reflux,5h
NC
2e 70%

The stereochemistry of the present reaction was examined with optically active l-methyl-
3-phenyl-2-(E)-propenyl acetate (3)4 (eq 4). When (S)-3 (45% ee) was treated with methyl
isocyanoacetate in the presence of Pd(PPh3)4 (10 mol%) and anhydrous K2C03 in THF at 50 °C for
8 h, a 4 : 1 mixture of regioisomeric allylation products, a~[1-methyl-3-phenyl-2~(E)-propen-

yl]~a-isocyanoacetate (4) and a~{1-phenyl-2-butenyl)~a-isocyanoacetate (4') was produced in
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50% yield. The mixture of 4 and 4' was subjected to the reductive deisocyanation5 with
tributyltin hydride and azobis—isobutyronitrile (AIBN) (3 molZ) to give a mixture of 5 and 5'
in 63% yield. The major isomer 5 separated was determined to be an (R) isomer of 127 ee
([u]%o ~7.4° (c 1.4, CClA)).4 It follows that the palladium~-catalyzed allylic alkylation with
a-isocyanocarboxylate proceeded with stereochemistry of 277 overall retention. Higher stereo-
specificity of retention (737) was observed in the reaction with palladium-dppf catalyst6 in
place of Pd(PPhg),. The retention of configuration at the allylic carbon indicates that the
isocyanoacetate attacked the w-allyl carbon from the side opposite to palladium, since the
stereochemistry in oxidative addition of allylic acetate to palladium(0) forming m-allylpalla-
dium has been established to be inversion.7 The a-isocyanocarboxylates are classified to a

category of soft nucleophiles such as malonate and acetoacetate according to the stereochemi-

cal reaction pathway.2s%
[Pd]
Me]/NPh + CNCH,CO,Me = Me Ph+Me Ph
OAc KaCO, THE 1 CHCOMe CNCHCO,Me

(5)-3 (S)-4 4

AIBN

n-BuzSnH _ e Ph , Me Ph @)
CgHg . reflux &H,COMe CH,CO,Me

(R)-5 5’

Catalytic asymmetric allylation of the a~isocyanocarboxylates 7 was carried out by using
optically active ferrocenylphosphine ligand 6, which contains 2-hydroxyethylamino group on the
ferrocene side chain and has proved to be one of the most effective ligands for the palladium-
catalyzed asymmetric allylation.8 The results are summarized in Table 2. Under usual reac—
tion conditions optical yields were low (entries 4 and 6), but addition of 1 eq of zinc halide
was found to improve the stereoselectivity (entries 1, 2, 3 and 5). The highest optical yield
(39%) was obtained in the reaction of methyl o—isocyano(phenyl)acetate (7a) in the presence of
DBU and ZnBr, additive.

B pac-L" (5)
R?HCOzMe + ~~0Ac - — RCI:COzMe
NC Base, THF NC
H Me
R: Ph(7a) C,
R: Me (7b) PPh2
7 “Pph,

(R)~(8)-6
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Table 2. Asymmetric Allylation of a-Isocyanocarboxylates 7.2

reaction yieldh
entry 7 (R) base additive temp (°C) (%) [a]zoﬁ Z eed
1 7a (Ph) DBU ZnBr, 55 +18.4° 39
2 7a (Ph) DBU ZnCl, 63 +18.0° 37
3 7a (Ph) DBU ZnCly 20 54 +17.8° 36
4 7a (Ph)  DBU — 20 22 —_ 7
5 7a (Ph) K2C03 ZnC12 20 28 +10.5° 24
6 7a (Ph) K,C04 _— 20 76 _ 0
7 7b (Me) DBU ZnBr2 20 35 -1.3° 20

2 The reaction was carried out in THF for 2-3 days in the presence of 1 molZ% of

palladium catalyst prepared in situ by mixing di-p-chlorobis(m~allyl)dipalladium
and (R)-(S)-6. b Tsolated yield by preparative TLC on silica gel. £ (¢ 1-2,
chloroform). 4 petermined by 1y yMr using Eu(hfc)B.
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