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To improve the efficiency of the synthesis of bioactive natural Q Q Ph ph ‘V
products, it is essential to develop new reactions in which bond % i S—ir v e N N O
formation has high atom economy, as well as chemo-, regio-, djppmhz:—ég pthh, d:"“zphz:b Cﬁﬁwh’:@
diastereo-, and enantioselectivitin this regard, transition-metal- RRML RRM2 RRM3 RRML4

catalyzed asymmetric allylic alkylation (AAA) is one of the most  Figure 1. Trost ligands.
powerful tools?3 It has been shown that our family of ligands

(Figure 1) can perform various palladium-catalyzed AAA reactions Scheme 1. Rationale for Palladium-Catalyzed Ring Expansion

with excellent selectivity. OH AddFi’tCi’\;eLS*HA _
Nevertheless, to generate theallylpalladium intermediate in DL/ W 20Bn

allylic alkylation reactions, ionization of the leaving group is OBn '

normally required. To enhance the simplicity and efficiency, a new HA < PdL, }/ PdLY

method is required to initiate the reaction. Considering the >

hydrocarbonation of allenes catalyzed by palladhfnour group A OH o°

has recently utilized the hydropalladation mechanism to generate D%\@ . { P

thesr-allylpalladium intermediate and achieve catalytic asymmetric 0OBn p-Pdn (>< e

@, *
iy . : ) ) HA  BnO “PdL
addition of pronucleophiles to allenéwhich fulfills the twin goals " "

of high selectivity and atom economy. Table 1. Optimization of Ring-Expansion Reactions?
We wondered whether the hydropalladation strategy could extend  on o)
to intramolecular reactions, such that a catalytic asymmetric DL/ 2.5mol% Pdy(dba)y CHCI3, 7.5mol% (R,R)-Ligand éﬁ
OBn

Wagner-Meerwein shift might be possibfeAlthough a recent OBn 10mol% PhCOzH, 10mol%EtsN, Solvent, Temp.
report showed that carbopalladation of allengyclobutanols could 1 2
generate a-allylpalladium intermediate that undergoes a Wagner entry ligand solvent T(0) yield (%) ee (%)°
Meerwein shift, these reactions were not enantioseledtinehis 1 1 DMSO 60 a1 64
paper, we describe our efforts to effect asymmetric hydropalladation 2 L1 DMF 60 85 79
using palladium catalysts bearing our ligands that enable the 3 L1 CHCN 60 63 82
. . . g 4 L1 Dioxane 60 40 80
catalytic asymmetric WagneMeerwein shift with allenylcyclobu- 5 (1 THE 60 90 80
tanols initiated by hydropalladation (Scheme 1). 6 L1 DME 60 89 81
We chose benzyloxyallenylcyclobutanblto begin the study. 7 L1 DCE 60 85 83
Without any additives, the ring expansion was very sluggish and 8 ::g BgE gg gg g;
gave low conversion. Both acidic conditions and higher tempera- 10 L4 DCE 60 86 84
tures accelerated the process. Interestingly, the combination of acid 11 L3 DCE 40 90 88
and base, for example benzoic acid and triethylamine, gave the 1% tg BgE gg gg 3421
fastest reaction, which is consistent with our earlier results on the 14 L3 DCE 30 926 92
intermolecular nucleophilic addition of benzyloxyallehie, which
the control of pH is the key to good reactivity and selectivity. a2 Unless otherwise indicated, all reactions were performed using on a

0.2 mmol scale at 0.1 M for-224 h.? Isolated yield.° The ee values were

With benzoic acid and triethylamine as the additives, the reaction determined by chiral HPLC! Adding 4 A MS.

was carried out with good yields and enantioselectivity af60

(Table 1). We further optimized the reaction conditions by varying

ligand, solvent, additive, and temperature. The ee varied in different tolerates a range of groups, including benzyl (Table 2, entry 1),
solvents (Table 1, entries—T). ForL1, dichloro-ethane gave the ~ 4-methoxybenzyl (Table 2, entry 2), simple alkyl (Table 2, entry
best ee at 60C (Table 1, entry 7). Among our four ligands3 3), alkene (Table 2, entries 4 and 5), alkyne (Table 2, entry 6), and
gave the higher ee for the ring expansion of benzoxyallenylcy- ester (Table 2, entry 10). It potentially provides various approaches
clobutanol (Table 1, entries-710). Moreover|3 gave the highest ~ to further functionalize, and thereby access, different synthetic
reactivity in this ring-expansion reaction. This result allowed us to targets. For instanc® and10 can be used to synthesize chiral [4,
lower the temperature to 30 or r.t. (Table 1, entries 1013), 5] and [4, 6] spiro-ring system&1 and 22, very simply by ring-
which resulted in a higher ee but a slight drop in yield. The decline closing metathesis (eq 1).

in yield was caused by the hydrolysis of the alkoxyallene competing

with ring-expansion reactions at the lower temperatures. By adding o

0
4 A MS to prevent hydrolysis, we were able to improve the yield R Grubbs |1 j
to 96% (Table 1, entry 14). O/Hn\/ RCM | b, @
With the _optimizec_zl rea_ction conditions, we examined the scope 8. n=2 87%ee Quant. yield 21,n=2, 86% ee
of the reaction by using different substrates (Table 2). The reaction 10,n =3, 86% ee 22,n=3,85%ee
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Table 2. Wagner—Meerwein Shift of Various Allenylcyclobutanols?

OH 0
M 2.5mol% Pdy(dba); CHCla, 7.5mol% (R,R)-Ligand =
R ) OR  10% PhCOH, 10%Et;N, DCE, Temp. w/ 4AMS R OR
Entry substrate product yield’ ee
OH 0
1 é{z %%  92%
OBn 1 OBn ,
OH o
2’ Eﬁ/ é(: 97%  89%
devs 3 oPuE,
OH 0
3 Eﬁ/ éf 100%  86%
o
0\9; 5 ‘9; 6
OH 0
e DS/ éf s 8%  81%
0o 7 o S
OH _
5 D</ éo( L 100%  86%
O—== 9 \93/\
3 0
OH —
W 88%  84%’
6’ = ;12
4 4y o
OH =
7 Ph OBn 95% 95%
Ph Ph 14
Ph OBn 13 o
OH —
g E'M gy o8 2%  94%
OBn Et 16
Et 15 o
OH —
c OBn
9 dBn 93% 92%
17 18
OH ?
c OB
10 ~— OBn o Cﬁ# " 80%  94%
EtO,C “P) 19 ZEOCZ 20
Et0,C 2 102

aUnless otherwise indicated, all reactions were performed on 0.5 mmol
scale at 0.1 M for 12 h at 28 usingL3. P Performed at 30C usingL3.
b Performed at 60C usingL4. ¢ Isolated yield £ Unless otherwise indicated,
ee values were determined by chiral HPL'@e values were determined
by chiral GC.

Scheme 2. Diastereoselectivity of 3-Monosubstituted Cyclobutanol

OBn OH [e}
(o]
— % 24a —
—_— —_— * T . 0,
BnO. n-BuLi BnO__ OBn Ring Expansion | OBnEﬁE’}%ik
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We have also studied 3,3-disubstituted cyclobutanols. However,
their reactivity was poorer than the unsubstituted cyclobutanols and
gave lower conversion at 3. Reaction at elevated temperature
(60 °C) gave a full conversion with 1620% decrease in ee using
L3. Switching to ligand_4, which gives a higher ee at 6C, solves
this problem. This improvement is mainly due tel’'s rigid
backbone, which makes its enantioselectivity more independent of
the reaction temperature. As a result, we can perform the ring
expansion of 3,3-disubstituted cyclobutanols af60maintaining
good ee (Table 2, entries-10).

This methodology is also amendable for 3-monosubstitued
substrates, for exampl24 (Scheme 2). Subjecting the major
addition produc®4ato the ring expansion allows us to selectively
generate two stereogenic centers of cyclopenta@bme one step.

The assignment of the absolute configuration was made by
conversion to the dio27 (Scheme 3), a known compound whose
asymmetric synthesis depended upon a chiral auxilfarjhis

Scheme 3. Assignment of the Absolute Configuration
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Scheme 4. Mechanistic Rationale
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compound served as a useful intermediate to synthesize highly
functionalized tetrahydrofuran natural products, for exangales
kumausyné?® The stereochemistry of compoundl could be
rationalized by our proposed working model (Scheme 4).

In summary, we have developed a useful new method for the
catalytic atom economic asymmetric Wagnéteerwein shift of
allenylcyclobutanols catalyzed by palladium, which provides a
general way to synthesize cyclopentanones witthiral O-tertiary
center. Moreover, the use of 3-monosubstituted substrate enables
us to obtain excellent diastereoselectivity and enantioselectivity.
Studies of the mechanism and other substrates are underway.
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