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Palladium-Catalyzed Enantioselective Alkoxycarbonylation of
Propargylic Carbonates with (R)- or (S)-3,4,5-(MeO);-MeOBIPHEP

Wanli Zhang™ and Shengming Ma™®¢

Abstract: (R)- and (S)-3,4,5-(MeO);-MeOBIPHEP have been
identified as the efficient chiral ligands for the palladium-catalyzed
highly enantioselective synthesis of 2,3-allencates from easily
available different types of racemic propargylic carbonates with 90-
98% ee and decent yields. The potentials of the products have been
demonstrated with high chirality transfer efficiency.

Allenes are a class of compounds characterized by two
cumulated carbon-carbon double bonds exhibiting extraordinary
activities as building blocks or even as chiral ligands in organic
synthesis.'"? This unique structure has also been found in a
great number of natural products and pharmaceutical molecules,
which gave rise to ample interest in the synthesis of allenes.!"®!
Recently, many methodologies for the synthesis of allenes have
been developed,”” however, controlling the axial chirality in
trisubstitued allenes, especially the trisubstitued 2,3-allenoates,
which are extremely useful precursors for the synthesis of other
allenes due to the versatile reactivity of the ester functionality,
remains a hard nut to crack.! A common method to generate
optically active such compounds is through kinetic resolution of
racemic compounds (Scheme 1a)!® Chiral trisubstituted
allenoates were recovered in the 1,3-dipolar cycloaddition of
racemic 2,3-allenoates using bisphosphoric acid catalyst with
35-48% vyield and 85-99% ee, together with the products, 3-
methylenepyrrolidine derivatives, with 39-57% yield and 64-94%
ee; another efficient access to enantiomerically enriched
trisubstituted allenoates relies on the dynamic kinetic resolution-
based isomerization of 1-substituted 3-alkynoates with the
recovery of the starting 3-alkynoates even after 24 h, which is
barely possible to separate from 2,3-allenoates (Scheme 1b);!"
another approach utilizes organozinc reagents as the
nucleophile through the corresponding Sn2' substitution with
optically active propargylic mesylates (Scheme 1c).®! With the
help of DMSO, 2,3-allenoates could be afforded with 87% vyield
and 98% ee, whereas only one example of trisubstituted
allenoate was displayed; synthesis of optically active
trisubstituted allenoates may also be realized through Pd-
catalyzed alkoxycarbonylation of optically active propargylic
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mesylates in 69-90% yield and 80-99% ee (Scheme 1d);"
asymmetric olefination of ketenes is another option albeit using
at least a stoichiometric amount of chiral ylide (Scheme 1e).['”

Catalytic enaotioselective synthesis is the most ideal strategy
in consideration of costs and atom economy. In the presence of
chiral phosphite ligand, chiral 2,3-allenoates can be synthesized
enatioselectively through Pd-catalyzed asymmetric B-hydride
elimination of the not-readily-available stereodefined enol
triflates (Scheme 1f).""1 However, only 20% ee was detected in
the synthesis of  trisubstituted allenoates.  Applying
intermolecular addition of nitroalkanes to activated enynes to the
synthesis of chiral trisubstituted allenoates is also feasible
(Scheme 1g)!'"? High vyields and excellent enatioselectivities
were observed in the tandem addition/isomerization process,
albeit in some cases the alkynoate intermediates were detected,
which can be further transferred into allenoates under the
identical reaction conditions. Asymmetric C-H insertion of a-
diazoesters into terminal alkynes is an alternative access to
chiral trisubstituted allenoates (Scheme 1h).I"! Catalyzed by
copper(l) complexes and chiral cationic guanidinium salts,
enantiomerically enriched allenoates may be produced. Apart
from these, chiral trisubstituted allenoates may be synthesized
from the relatively complicated cyclopropenonylmethyl acetates
catalyzed by Lewis base with good yields and enatioselectivities
(Scheme 1i).1"

In._ 2013, our laboratory disclosed a catalytic asymmetric
synthesis of 2,3-allenoates with ECNU-Phos starting from
propargylic carbonates.['™ However, the enantioselectivity is not
satisfactory in many cases. Herein, we report our recent results
in identifying (R)- or (S)-3,4,5-(MeO)3;-MeOBIPHEP as the ligand
for a very general Pd-catalyzed highly enantioselective synthesis
of ‘chiral trisubstituted allenoates from cheap and readily
available differently substituted 2-alkynylic carbonates generally
with 90~98% ee (Scheme 2).

3,
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- R) or (S)-L
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¥ —_— = e r
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R300CO R R
P R2 CO balloon
/ 25°C, 24 h

R'= aryl, 92-98% ee
R' = alkyl, 90-93% ee

R (R)-L
Ar = 3,4,5-trimethoxyphenyl

Scheme 2. Enantioselective synthesis of 2,3-allenoates from racemic
propargylic carbonates

Racemic methyl 1-phenyl-2-heptyn-1-yl carbonate [(+)-1a] was
used as the model compound with [(1r-allyl)PdClI], as the catalyst
at room-temperature to investigate the ligand effect for this
methoxycarbonylation reaction. Our attempt was to finely tune
the electronic property of the phosphorus atoms in the BIPHEP
skeleton: Firstly, changing the aryl substituents of the
coordinating phosphorus atom from 3,5-dimethoxy to 3,5-
dimethyl [(R)-L1] leads to 90% recovery of the starting material,
(Ra)-2a was detected with only 4% yield (Table 1, entry 1). By
replacing the aryl substituents with 4-methylphenyl in order to
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1) 80-86% yield, 80-96% ee
2) 69-90% yield, 90-97% ee
3) 69-86% vyield, 96-99% ee

R3=H, 60-91% yield, 57-94% ee
R® = Bn, 30% conversion, 20% ee
NO,

70-95% yield
86-98% ee

Scheme 1. Reported methods for the synthesis of chiral trisubstituted 2,3-allenoates

decrease the electron-density of the phosphorous atom, (R)-L2
leads to inferior results (Table 1, entry 2). To our disappointment,
when electron-richer ligands (R)-3,5-i-Pr,-4-Me>N-MeOBIPHEP
[(R)-L3] and (R)-Ph-Garphos [(R)-L4] were surveyed, the
carbonate (t)-la remains mostly unreacted and only trace
amount of the target product was detected (Table 1, entries 3
and 4). Interestingly, when 3,4,5-trimethoxy groups were
introduced, i.e., (R)-L5, after stirring at room temperature for 24
h, (Ra)-2a was obtained in 55% yield with 98% ee (Table 1, entry
6)! Inspired by this observation, the catalyst-loading was
increased in an attempt to raise the conversion of this
methoxycarbonylation progress. To our delight, when 3 mol%
[(tr-allyl)PdCI], was used in combination with 9 mol% (R)-L5, the
desired product (Ra)-2a was obtained in 85% yield and 97% ee
with the starting material being completely converted (Table 1,
entry 7). By comparison, when (R)-ECNU-phos was used, (Ra)-

2a was produced in 78% yield with only 92% ee (Table 1, entry
5)_[15)

With this optimized chiral ligand in hand, other experimental
parameters were inspected to further optimize the reaction
conditions. Firstly, [(1r-allyl)PdCI]; was replaced by [(T-
cinnamyl)PdClI],, the product was obtained with 58% yield and
97% ee (Table 2, entry 2). In consideration of the cost, [(TT-
allyl)PdCl], was used for further study."® Among the solvents
surveyed, toluene was shown to be the best (Table 2, entries 3-
8); 1,4-dioxane was also effective, albeit with a decreased yield
and poorer enatioselectivity (Table 2, entry 3); the
enatioselectivity and yield dropped further when THF was used
(Table 2, entry 4); the methoxycarbonylation proceeded slowly in
DCM to afford only 19% of (Ra)-2a after 24 h of stirring (Table 2,
entry 5); when MTBE, DMF, or CH3;CN was applied, the catalyst
system was ineffective with a trace amount of target products
being detected (Table 2, entries 6-8).
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Table 1. Pd-catalyzed enantioselective methoxycarbonylation of propargylic
carbonates (+)-1a-ligand effect !

[(-allyl)PdCI], (1 mol%)
(R)-Ligand (4 mol%)

MeOOCO LiF (1.1 equiv.) H COOMe
>%n—8u
Ph Toluene Ph n-Bu
CO balloon
(*)-1a 25°C, 24 h (Ra>-2a
OMe
R)-L1  Ar = 3,5-dimethylphenyl MeO' O PPh,
MeO PAr, (R)-L2 Ar =4-methylphenyl

R)-L5 Ar = 3,4,5-trimethoxyphenyl

(
(
(R)-L3  Ar = 3,5-di-i-propyl-4-dimethylaminopheny!
(
(R)-ECNU-Phos  Ar = 3,5-dimethoxyphenyl

MeO PPh,
MeO I PAr, ‘

OMe
(R)-L4
) (Ra)-22 Recovery of
Entry Ligand ()-1a (%)
Yield (%)  ee (%) = °
1 (R)-L1 40 - 90
2 (R)-L2 6™ - 87
3 (R)-L3 6™ - 80
4 (R)-L4 4™ - 92
51 (R)-ECNU-Phos 781 928 21
6! (R)-L5 55 [ ggl 28
74 (R)-L5 85 g7t N.D.

[a] Reaction conditions: (+)-1a (0.2 mmol), [(Tr-allyl)PdCI], (1 mol%), (R)-
Ligand (4 mol%) and LiF (1.1 equiv.) at 25 °C in toluene (2.0 mL) under 1
atm of CO unless otherwise noted. [b] Determined by "H NMR analysis
using 1,3,5-trimethylbenzene as the internal standard. [c] 0.1 mmol ()-1a
was used in combination with 3 mol% [(-ally)PdCI]; and 9 mol% (R)-
Ligand. [d] Isolated yields. [e] ee values of 2,3-allenoates were determined
by HPLC. [f] The reaction was carried out with 0.1 mmol (+)-1a.

After further optimization, it is apparent that when 3 mol% [(T7-
allyl)PdCIl; and 9 mol% (R)-L5 were applied as the chiral
catalyst in toluene under 1 atm of CO with 1.1 eqiuv LiF as
additive, 2,3-allenoates (Ra)-2 can be obtained in the highest
yield and enantiopurity after 24 h of stirring at room temperature
(25 °C). With this optimized condition in hand, the substrate
scope has been investigated: When 1-aryl propargylic
carbonates were used, (R)-L5 exhibited excellent activity,
producing (Ra,)-2 with very high enatioselectivities and recoveries
of starting materials were not detected. When the simple phenyl-
substitued substrate (+)-1a was applied, (R)-L5 resulted in 86%
yield and 97% ee on 1 mmol scale (Table 3, entry 1). Different
substituents may be introduced into the Ar' group: both the
electron-donating groups and electron-withdrawing groups are
well tolerated, affording the corresponding allenonates in good
yields with excellent enatioselectivities (Table 3, entries 2-5).
Aryl groups with m-Cl and p-Cl make no difference, furnishing
the target products (R,)-2f and (R.)-2g with 82~84% yields and
97-98% ee (Table 3, entries 6 and 7). The reactions of naphthyl-
substituted substrates 1h and 1i were easily carried out to afford
(Ra)-2h  and (Ra)-2i with 80% vyield and excellent

10.1002/chem.201701194

Table 2. Optimization of reaction conditions®®
[(z-allyl)PdCI], (3 mol%) O
(R)-L5 (9 mol%) MeO PAr,
MeOOCO LiF (1.1 equiv.) H COOMe s A
——n-Bu /:.:< e r2
Ph CO balloon Ph n-Bu O
25°C, 24 h
@r1a solvent (Ra)-2a (R-LS
Ar = 3,4 5-trimethoxypheny!
R,)-2a
Entry Solvent (Ra) Recoveory ?df]
Yield (%) P ee (%)@ (*)1la(%)
1 Toluene 85 97 N.D.
20 Toluene 58 97 20
3 1,4-dioxane 70 95 N.D.
4 THF 50 92 N.D.
5 DCM 191 - 56
6 MTBE N.D. - 77
7 DMF 5 - N.D.
8 CHsCN 5 - 81

[a] Reaction conditions : (+)-1a (0.1 mmol), [(17-allyl)PdClI], (3 mol%), (R)-L5
mol%) and LiF (1.1 equiv.) at 25 °C in toluene (2.0 mL) under 1 atm of (
unless otherwise noted, THF = tetrahydrofuran, MTBE = methyl tert-bu
ether, DMF = N,N’-dimethylformamide, DCM = dichloromethane. [b] Isolat
yield. [c] ee values of 2,3-allenoates were determined by HPLC.
Determined by 'H NMR analysis using 1,3,5-trimethylbezene as the inten
standard. [e] 0.2 mmol (+)-1a, 1 mol% [(1r- cinnamyl)PdCl],, and 4 mol% (/
L5 were used.

enatioselectivities (Table 3, entries 8 and 9). The R® group is
also very flexible: methyl, isopropyl, long-chain n-hexadecyl,
phenethyl, 4-chloroethyl, and cyclohexyl performed very well in
this reaction, affording the products with good yields and no less
than 92% ee (Table 3, entries 10-16). Compared to (R)-ECNU-
Phos, an impressive enantioselectivity has been observed
(Table 3, entries 1', 3', 7, and 13'). The reaction of the substrate
with Ar’ and R? both being phenyl is very slow.

Furthermore when R group is methyl, allenoates 2g-s may be
accessed with ees higher than 91% using (R)-L5 (Table 4,
entries 1-3). Changing R' group from methyl to ethyl, (R.)-2t and
(Ra)-2u were provided with 90% ee using (R)-L5 (Table 4,
entries 4, 5). Further lengthening R" group to n-butyl, n-hexyl,
and n-undecyl didn’t impact the enantioselectivity by (R)-L5,
affording allenoates with 90-93% ee. By contrast, (R)-ECNU-
phos resulted in these allenoates with only 83%-84% ee (Table
4, entries 5', 6', 7', 8', 9', and 10'). The lower yielding nature for
substrates with R' being alkyl substituents may be caused by
the difficulty in removing leaving groups as compared with the
reaction of substrates with R' being an aryl group, in which the
carbonate group is placed at benzylic position. In addition, it
should be noted that the ee of the recovered starting material is
15%, indicating that the reaction is at least pattically a kinetic
resolution process (eq. 1).

[(n-allyl)PdCl], (2 mol%)

(RAL5 @ mol%) COOBn BnOOCQ

BnOOCQ . LiF (1.1 equiv.) . —=nBu ()
Ef = b Toluene Et n-Bu Et
1t CO balloon (Ra)-2t (Sa-1t
0
25°C.4h yield = 12% yield = 67%
ee = 90% ee=15%
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(S)-L5 was also effective in this methoxycarbonylation
process, affording the S-products (Scheme 3). When Ar' group
is phenyl and phenyl substituted with electron-donating group,
the enantiomers could be obtained with similar yields and ees.
The chlorine-substituted substrate (+-1n) could be transformed
into the desired enantiomer with 97% ee. It is worth mentioning
that an allyl group can also be accommodated, affording (S,)-
20 with 84% yield and 95% ee.

Table 3. Substrate scope of enatioenriched allenoates synthesis from
racemic 1-aryl propargylic carbonates ()-1

10.1002/chem.201701194
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Table 4. Substrate scope of enatioenriched allenoates synthesis from
racemic 1-alkyl-substuituted propargylic carbonates (t)-l[a]

[(z-allyl)PdCI], (3 mol%) O
Me0OGQ " (5,);'('15.295’;;"‘;/3) H COOMe m:g zﬁz
Ar' Toluene Ar R2 O
(01 CO balloon (R,)-2
25°C, 24 h (R)-L5
Ar = 3,4,5-trimethoxypheny!
Entry (1 (\ge)lsz?gl ( R? e):_gf[c]
Ar R? ? @

1 Ph n-Bu (1a) 86 (2a) 97
1 Ph n-Bu (1a) 77 (2a) 93
2 4-MeCgH, n-Bu (1b) 80 (2b) 98
3 3-MeOCqH, n-Pr (1c) 88 (2c) 97
3 3-MeOCqgH, n-Pr (1c) 85 (2c) 92
40 4-NCCgH, n-Bu (1d) 72 (2d) 95
51 4-MeO,CCqH, n-Bu (1e) 79 (2e) 96
6 3-CICqH, n-Bu (1f) 84 (2f) 97
7 4-CICqH, n-Bu (1g) 82 (29) 98
7' 4-CICqH,4 n-Bu (1g) 87 (2c) 91
g M 1-naphthyl n-Bu (1h) 80 (2h) 95
g 2-naphthyl n-CgHq7 (1i) 80 (2i) 93
10 Ph Me (1j) 85 (2)) 92
1 Ph i-Pr (1k) 84 (2k) 98
12 Ph n-CieHas (11) 86 (21) 97
13 Ph (CH,),Ph (1m) 81 (2m) 97
130 Ph (CH,),Ph (1m) 79 (2m) 93
14 Ph (CH,)Cl (1n) 83 (2n) 97
15 Ph allyl (10) 85 (20) 95
16 4-EtCqH, Cy (1p) 83 (2p) 97

[(r-allyl)PdCI], (2 mol%) O
mooco (ST o weoT e
e Toluene R R2 O
o 25°0, 201 e (RFLS
Ar = 3,4,5-trimethoxyphenyl
Entr (#)-1 Yield of ee of Recovery
y = (Ry2™  (R)2®  of ()1 @
1 Me i-Pr (1q) 23 (2q) 92 66
2 Me n-Bu (1r) 31 (2r) 91 54
3 Me n-CeHis(15) 24 (2s) 92 61
4 Et n-Bu (1t) 38 (2t) 90 49
5 Et n-CgHs7 (1u) 38 (2u) 90 60
5l Et n-CgHy7 (1u) 52 (2u) 85 26
61 n-Bu n-Pr (1v) 25 (2v) 92 66
6 n-Bu n-Pr (1v) 51 (2v) 84 21
71 n-Bu n-C;Hys (1w) 27 (2w) 90 67
7'l n-Bu n-C7Hqs (1w) 52 (2w) 84 18
gl n-CeHi3 n-Bu (1x) 24 (2x) 91 65
g n-CeHi3 n-Bu (1x) 54 (2x) 83 15
gl n-CeHis  n-CgHir (1y) 27 (2y) 93 58
gl n-CeHiz  n-CgHiz(1y) 50 (2y) 84 22
10™  n-CyHps n-Pr (1z) 35 (2z) 90 56
10'®  n-CyHzs n-Pr (1z) 54 (2z) 84 15

[a] Reaction conditions : (x)-1 (1.0 mmol), [(Tr-allyl)PdCI]; (3 mol%), (R)-L5
(9 mol%) and LiF (1.1 equiv.) at 25 °C in toluene (5.0 mL) under 1 atm of
CO unless otherwise noted. [b] Isolated yield. [c] ee values of 2,3-allenoates
were determined by HPLC. [d] with (R)-ECNU-phos; 17% of la was
recovered. [e] with (R)-ECNU-phos; 6% of 1c was recovered.!"” [f] The
reaction was carried out in 35 °C. [g] with (R)-ECNU-phos." [h] The
reaction was carried out for 26 h. [i] with (R)-ECNU-phos; 10% of 1m was
recovered. '

[a] Reaction conditions : ()-1 (1.0 mmol), [(1r-allyl)PdCI], (2 mol%), (R)-L5 (8
mol%) and LiF (1.1 equiv.) at 25 °C in toluene (5.0 mL) under 1 atm of CO
unless otherwise noted. [b] Isolated yield. [c] ee values of 2,3-allenoates were
determined by HPLC. [d] Determined by "H NMR analysis using 1,3,5-
trimethylbenzene as the internal standard. [e] The reaction was carried out
with (R)-ECNU-phos. [f] The reactions were carried out at 20 °C, data for
reactions carried out at 25 °C are available in supporting information.

[(z-allyl)PdCl]; (3 mol%) O
(S)-L5 (9 mol%) ,
MecocQ LF (1.1 equiv.) Ar COOMe MeO PAr,
=R MeO. PAr,
Ar' Toluene H R? O
CO balloon
-1 25°C,24h (Sa)-2 (S)-L5
Ar = 3,4 5-trimethoxyphenyl|
O
Qo O oo ()
COOMe 4 COOMe 4 COOMe
H n-Bu H n-Pr H
el A\
(Sa)-22 (Sa)-2¢ (Sa)-2n (Sa)20
85% yield 85% yield 84% yield 84% yield
98% ee 95% ee 97% vyield 95% ee
Scheme 3. (S)-3,4,5-(MeO);-MeOBIPHEP  accelerated Pd-catalyzed
methoxycarbonylation

The practicality was demonstrated by applying 5 mmol of (+)-
1a, affording (Ra)-2a in 88% vyield and 97% ee with the standard
catalytic formula (eq. 2).

This article is protected by copyright. All rights reserved.
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[(r-allyl)PdCI] (3 mol%)
(R)-L5 (9 mol%)

MeOOCO LiF (1.1 equiv.) H LOOMe
——n-Bu / @
PH Toluene Ph n-Bu
(+)-1a CO balloon (Ra)-2a
O
5 mmol 25°C,24h 88% yield
1.2310g 97% ee

As a class of very useful compounds in organic synthesis, the
2,3-allenoates may be easily transformed into other versatile
chemicals with high ee (Scheme 4): treated with I, at -15 °C, the
lactone (Ra)-3a could be afforded in 89% yield with 97% ee; in
the presence of DIBAL-H, (R.)-2a may be transferred into
trisubstituted 2,3-allenol (R.)-4a with 96% ee, which is the
versatile starting materials for halides, mesylates, tosylates,
amines, thiols, etc.;'"”! (R.)-2a may also undergo 1,2-addition
reaction with allyl magnesium chloride,!"® furnishing the chiral
tertiary a-allenols (R,)-5a in 80% yield and 95% ee; reactions of
2,3-allenoates with organozinc compounds is an efficient access
to 5-benzylidenecyclohex-2-enones through double Michael
addition/cyclization:" after stirring for 2.5 h at room temperature,
(4S,6R)-(-)-Z-6a can be afforded with 87% ee, interestingly
utilizing the ethyl ester led to a much higher chirality transfer
efficiency, furnishing (4S, 6R)-(—)-Z-6b with 93% ee.

MgCl (3.0 equiv.) 7
I, (2.0 equiv.) A
MeCN/H;0, 15°C, 11h THF, r.t, 3 min - Bu
R=Me R=Me ! .
(Rq)-3a, 89% yield , 97% ee i COOR (R,)-5a, 80% yield, 95% ee
Ph n-Bu
(Ra)-2
R = Me, 97% ee
R = Et, 94% ee

Hé CH,OH DIBAL-H (2.1 equiv.) / \ Et;Zn (3 equiv.)

h n-Bu  Toluene, -78°C,6 h Toluene, r.t., 2.5 h

R=Me
(Ra)-4a, 59% yield, 96% ee

R =Me, Et

(4S, BR)-(-)-Z-6a, R = Me, 41% yield, 87% ee
(4S, BR)-(-)-Z-6b, R = Et, 45% yield, 93% ee

Scheme 4. Synthetic applications of 2,3-allenoate (R,)-2

In summary, we have succeeded in establishing a chiral
catalyst system consisting of [(m-allyl)PdCI]; and (R) or (S)-
3,4,5-(MeQ);-MeOBIPHEP that facilitates the Pd-catalyzed
highly enantioselective alkoxycarbonylation of readily available
racemic propargylic carbonates, affording the optically active
2,3-allenoates with 90-98% ee: Further studies in this area are
being conducted in our laboratory.

Experimental Section

To a flame-dried Schlenk flask (100 mL) were added [(1r-allyl)PdCl],
(56.1 mg, 0.15 mmol) and (R)-L5 (438.2 mg, 0.45 mmol). After addition
of each chemical, the flask was degassed and refilled with argon for
three times to ensure the complete exclusion of air. Then freshly distilled
toluene (15 mL) was added under argon. The resulting mixture was

10.1002/chem.201701194
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stirred for 1 hour at room temperature, which was followed by the
addition of anhydrous LiF (143.3 mg, 5.5 mmol) (kept in a glove box) and
(+)-1a (1.2310 g, 5.0 mmol)/toluene (10 mL) sequentially. The mixture
was then frozen with a liquid nitrogen bath, degassed to remove the
argon inside completely, and refilled with CO by a balloon of CO for three
times. Then the solution was stirred at 25 °C for 24 h. After that, the
mixture was diluted with Et,O (25 mL), washed with brine (20 mL), and
dried over anhydrous Na;SQOy4. The resulting mixture was filtered through
a short column silica gel (5.0 cm) eluted with Et,O (50 mL), and
concentrated. The residue was purified by column chromatography on
silica gel to afford (Ra.)-2al™ (1.0129 g, 88%) as an oil [eluent: petroleum
ether (b.p. 60-90 °C)/ethyl ether = 250/1]: 97% ee (HPLC conditions: IC
column, hexane/i-PrOH = 200/1, 0.5 mL/min, A = 214 nm, tg (minor) = 5.4
min, tz (major) = 6.9 min); [a]*°s = -47.4 (c = 1.04, CHCI3) [93% ee, [a]*'p
=-47.3 (c = 1.15, CHCIl3)] "*; "H NMR (400 MHz, CDCl5): 5 = 7.38-7.22
(m, 5 H, Ar-H), 6.53 (t, J = 2.8 Hz, 1 H, =CH), 3.74 (s, 3 H, CH3), 2.45-
2.29 (m, 2 H, CHy), 1.53-1.32 (m, 4 H, 2 x CH), 0.89 (t, J = 7.4 Hz, 3 H,
CHs); ®C NMR (100 MHz, CDCl5): 5 = 212.1, 167.2, 132.5, 128.8, 127.7,
127.2,104.3, 98.3, 52.2, 30.2, 28.6, 22.3, 13.8.
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A catalytic highly enantioselective
synthesis of 2,3-allenoates from easily
available racemic propargylic
carbonates utilizing (R)- or (S)-3,4,5-
(MeO)s-MeOBIPHEP and Pd has
been developed, obtaining optically

active allenoates with 90-98% ee and
decent yields.
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