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Monoallylation of 1,2-Diols by Pd/Sn Bimetallic Catalysis

Masami Kuriyama,'*! Tsubasa Takeichi,'*! Masaaki Ito," Noritsugu Yamasaki,
Ryota Yamamura,"”! Yosuke Demizu,"” and Osamu Onomura*!®!

Selective transformation of 1,2-diols is highly important in
synthetic organic chemistry and a variety of methods for the
selective monoalkylation of 1,2-diols have been reported,
which required an excess amount of 1,2-diols in most
cases.!'! In the past, many stoichiometric methods have been
developed, such as reductive cleavage of acetals,” use of
polymer resins,””! thallium salts,) monosodium salts,”! silver
oxide, dibutyltin oxide,” arylboronic acids,”™! and direct al-
lylation of 1,2-diols through intramolecular dehydrohalo-
genation.”) On the other hand, only a few catalytic reactions
were reported with limited successful examples using tin di-
chloride,"” palladium salts,'!] phase-transfer catalysts,'? and
crown ether.!”! In particular, selective monoallylation of 1,2-
diols is quite important in these types of transformation be-
cause the allyl group can be utilized as a protecting group
and convertible synthetic foothold. However, no successful
monoallylation of 1,2-diols have been reported in catalytic
methods.? !

Recently, we reported the effective methods for monoacy-
lation of 1,2-diols with dimethyltin dichloride™! or copper-
(I1) salts™! as catalysts and also developed the selective
monoalkylation of 1,2-diols catalyzed by copper(II) chloride
or arylboronic acids.""! However, these catalysts gave insuf-
ficient catalytic activity with only a narrow scope of sub-
strates for monoallylation of 1,2-diols. Therefore, we exam-
ined other catalyst systems and found that combined cata-
lysts composed of a transition metal and Lewis acid promot-
ed monoallylation of 1,2-diols effectively. Herein, we de-
scribe the efficient selective monoallylation of 1,2-diols by
Pd/Sn bimetallic catalysis.

Initial studies were aimed at finding effective catalyst sys-
tems for the selective monoallylation of 1,2-diols. Palladium
and tin salts were focused on because palladium salts were
known to be good catalysts in the allylation of mono-ols and
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the ability of tin salts to selectively activate 1,2-diols has
been already examined.'*!”! A broad range of phosphine li-
gands, palladium catalyst precursors, and tin salts were eval-
uated and selected results were shown in Table 1. First of

Table 1. Optimization of the catalytic system.!

Ligand
QOH . P~ Pd/Sn OH
S —
OH AcO Cs,C0O; O/\/
CH,Cl, RT, 22 h

1a 2a
Entry Ligand Pd Sn Yield [%]®
1 DPPE! Pd(OAc), Me,SnCl, 84
2 DpppY Pd(OAc), Me,SnCl, 92
3 DPPBF! Pd(OAc), Me,SnCl, 94
4 DPPPent!! Pd(OAc), Me,SnCl, 90
5 DPPHex*! Pd(OAc), Me,SnCl, 90
6 DPPBZ" Pd(OAc), Me,SnCl, 93
7 DPPF! Pd(OAc), Me,SnCl, 89
8 DPPB!! PdCl, Me,SnCl, 87
9 DPPB! [Pd(acac),]"! Me,SnCl, 73
10 DPPB!! [Pd,dba;]™ Me,SnCl, 60
11 DPPB!! [Pd(dba),]™! Me,SnCl, 83
12 DPPB!! Pd(OAc), Bu,SnCl, 82
13 DPPB!! Pd(OAc), 0Oc,SnCl, 78
14 DPPBI Pd(OAc), Ph,SnCl, 86
15 DPPB!! Pd(OAc), Bu,SnO 80
16 DPPB!! Pd(OAc), none 60
17 none Pd(OAc), none 0
18 DPPBI none Me,SnCl, 0
19 none none Me,SnCl, 0

[a] Reaction conditions: cis-1,2-cyclooctanediol 1a (0.5 mmol), allyl ace-
tate (1.5 mmol), ligand (0.125 mmol), Pd (0.05 mmol), Sn (0.05 mmol),
Cs,CO; (0.75 mmol), CH,Cl, (3 mL), room temperature, 22 h. [b] Yield
of the isolated product. [c]1,2-Bis(diphenylphosphino)ethane. [d] 1,3-
Bis(diphenylphosphino)propane. [e] 1,4-Bis(diphenylphosphino)butane.
[f] 1,5-Bis(diphenylphosphino)pentane.  [g] 1,6-Bis(diphenylphosphino)-
hexane. [h] 1,2-Bis(diphenylphosphino)benzene. [i] 1,1’-Bis(diphenylphos-
phino)ferrocene. [j] acac =acetylacetonate. [k] dba=dibenzylideneace-
tone.

all, the investigation of phosphine ligands in the monoallyla-
tion of cis-1,2-cyclooctanediol (1a) with allyl acetate in the
presence of cesium carbonate was conducted in dichlorome-
thane at room temperature (Table 1, entries 1-7). DPPB
was proven to be a superior bidentate phosphine ligand, al-
though most of the phosphine ligands gave excellent results.
A series of palladium sources were screened and palla-
dium(II) acetate showed the highest catalytic activity
(Table 1, entries 3 and 8-11). The influence of tin salts was
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investigated and dimethyltin dichloride was found to be the
most suitable (Table 1, entries 3 and 12-15). On the other
hand, the allylation reaction without tin salts led to a de-
crease in yield (Table 1, entry 16), and the catalytic systems
composed of only palladium(II) acetate, dimethyltin dichlor-
ide with DPPB, or only dimethyltin dichloride did not work
at all (Table1, entries 17-19). In addition, this catalytic
system showed quite high chemoselectivity (Scheme 1). The
DPPB (25 mol %)

/\/
; OH Pd(OAC), (10 mol %) o
a

Me,SnCl, (10 mol %) 2a

+  pAcOTNF » 5%

Cs,CO;3 (1.5 equiv) +
CH,Cl, RT,22h

(3 equiv)
OH

99% (recovered)

Scheme 1. Allylation using cis-1,2-cyclooctanediol and cyclooctanol.

catalytic allylation with a 1:1 mixture of cis-1,2-cyclooctane-
diol and cyclooctanol was conducted to give the monoal-
lyalted product and unreacted cyclooctanol in 75 and 99 %
yields, respectively. The mono-ols such as cis-2-(allyloxy)-cy-
clooctanol 2a and cyclooctanol did not react at all under the
same reaction conditions (Scheme 2). These results regard-

Table 2. Scope of diols.""!

DPPB (25 mol %)
Pd(OAG), (10 mol %)

OH Me,SnCl, (10 mol %)
- no reaction
o/\/ allyl acetate (3.0 equiv)
Cs,CO3 (1.5 equiv)
2a CH,Cl, RT, 22h
no reaction

L

Scheme 2. Allylation using cis-2-(allyloxy)-cyclooctanol or cyclooctanol.

ing the catalytic systems and chemoselectivity suggested that
palladium(II) acetate with DPPB was fundamental for the
induction of allylation and dimethyltin dichloride was effec-
tive for the selective recognition and reactivity enhancement
of diols by bidentate complexation,'® which could not be
achieved effectively in the case of cis-2-(allyloxy)-cycloocta-
nol 2a.

Investigation of various symmetric diols in the allylation
with the Pd/Sn bimetallic catalyst using allyl acetate was
conducted (Table 2). Although cis-1,2-cycloheptanediol (1b)
and cis-1,2-cyclohexanediol (1¢) led to excellent yields
(Table 2, entries 1 and 2), the allylation of cis-1,2-cyclopen-
tanediol (1d) gave the product 2d in 74 % yield (Table 2,
entry 3). The trans-isomer 1e was also a good substrate in
this catalytic monoallylation, affording the product in 99 %

R DPPB/Pd(OAc), R
OH P Me,SnCl, OH
(Qn a0 ™ o (Qn
R OH CHch; RT 22 h K o—\:
1 2
(n=0,1,2)
Entry Substrate 1 Product 2 Yield Entry Substrate 1 Product 2 Yield
[%]® [%]"
OH OH OH OH
1 1b CE 2b C[ 9gldl 9 1j Cbz—N(I 2j Cbz—N:I 98
o 0 NF OH 0N\F
OH OH Me OH Me OH
2 1c (I 2c (I gqldl 10 1k I 2k I 9gldl
OH o™ Me” ~OH Me” S0
OH OH Ph_ _OH Ph__OH
G (T e AU N IS GHENE TG U
OH 0 \F Ph” ~OH ph N0 NF
OH OH 4-Me-Ph OH 4-Me-Ph OH
4 1e Ii:r 2e (:r 9gldl 12 1m I 2m I 98
“'OH K 4-Me-Ph” ~OH 4Me-Ph” YO NF
OH OH MeO,C OH MeO,C OH
5 1f ©:I 2f @iI 97 13l 1n I 2n I 45
OH o™NF Me0,C” ~OH Me0,C” Y0 ™
OH OH Ph_ OH Ph_ _OH
TN SEEN ® ST :
o © Ph””"OH ph” 0" NF
OH OH OH OH
7[6] 1h O/\:[ 2h [e) gg[d] 15 1p X 2p >< o 77
OH 0N\F OH \—
OH oH OH OH
8 1i S/\:i 2i S(I 97 16 1q ( 2q 0
OH 0N\F OH O_\=

[a] Reaction conditions: diol 1 (0.5 mmol), allyl acetate (1.5 mmol), DPPB (0.125 mmol), Pd(OAc), (0.05 mmol), Me,SnCl, (0.05 mmol), Cs,CO;
(0.75 mmol), CH,Cl, (3 mL), room temperature, 22 h. [b] Yield of the isolated product. [c] Allyl acetate (2.0 equiv). [d] Yields were determined by GC.
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yield (Table 2, entry 4). The reaction with cyclic cis-1,2-diols
containing t bonds proceeded with no side product to give
excellent results (Table 2, entries 5 and 6). The heterocyclic
cis-3,4-diols containing oxygen, sulfur, and nitrogen were ex-
amined. This type of heterocyclic substrate did not decrease
the reaction rate (Table 2, entries 7-9). The allylation of ali-
phatic linear meso-1,2-diols 1k proceeded efficiently as ex-
pected, affording the quantitative yield (Table 2, entry 10).
Although the linear meso-1,2-diols with aromatic rings were
easily converted to the desired monoallylated compounds
(Table 2, entries 11 and 12), the substrate with ester groups
gave a moderate yield (Table 2, entry 13). The threo-hydro-
benzoin 1o also reacted with ally acetate smoothly with
91% yield (Table 2, entry 14). Although the 1,3-diol 1p was
suitable for this allylation method (Table 2, entry 15), the al-
lyaltion reaction of 1,4-diol 1q did not take place at all
(Table 2, entry 16).

On the other hand, unsymmetrical linear substrates that
contain primary and secondary alcohols in one molecule
were examined under the same reaction conditions
(Scheme 3). Only the primary alcohol moiety in diols 1r and

DPPB (25 mol %)
Pd(OAc), (10 mol %)
nHex \[OH Me,SnCls (10 mol %) nHex OH

oH allyl acetate (3.0 equiv)r \[o/\/
I Cs,C05 (1.5 equiv) 2r
CH.Cl, RT,22h

98% vyield
TBDPSO/\[OH _ TBDPSO/\[OH
OH o/\/
1s 2s
87% vyield
H O,H“\[OH CH OH}[OH
OH o/\/
1t 2t
52% yield

Scheme 3. Allylation of unsymmetrical substrates.

1s was allylated and the products 2r and 2s were obtained
in 98 and 87 % vyields, respectively."*! The allylated glycer-
ol derivative 2s is known as a useful intermediate for biolog-
ically active agents.”!! This reaction system was also effec-
tive for triol 1t, leading to an acceptable yield without any
other allylated compounds.””!

In summary, we have developed the efficient selective
monoallylation of 1,2-diols with Pd/Sn bimetallic catalysis.
This process was successfully applied to various diols, such
as cyclic 1,2-diols containing & bonds, heterocyclic 1,2-diols,
and an aliphatic 1,3-diol, as well as aliphatic cyclic and
linear 1,2-diols. In addition, the catalyst system achieved
high chemoselectivity even in the presence of a 1:1 mixture
of cis-1,2-cyclooctanediol and cyclooctanol. This selective al-
lylation could be useful for synthetic studies because it was
carried out under mild conditions. Further efforts will be fo-
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cused on the development of an asymmetric version in our
research group.

Experimental Section

Representative procedure for selective monoallylation of 1,2-diols
(Table 1, entry 3): Under an atmosphere of air, a round-bottomed flask
was charged with palladium(II) acetate (11.2 mg, 0.05 mmol), 1,4-bis(di-
phenylphosphino)butane (53.3 mg, 0.125 mmol), dimethyltin dichloride
(11.0 mg, 0.05 mmol), cis-1,2-cyclooctanediol 1a (72 mg, 0.5 mmol), and
cesium carbonate (245 mg, 0.75 mmol). Then, dichloromethane (3 mL)
was added followed by allyl acetate (150 mg, 1.5 mmol) and the mixture
was stirred at room temperature for 22 h. After this time water was
added and the resulting mixture was extracted with ethyl acetate and the
combined organic layers were dried with anhydrous magnesium sulfate.
After filtration, the volatile components were removed with a rotary
evaporator. Purification of the crude product through silica gel column
chromatography (hexane/ethyl acetate=10:1) gave 86 mg (0.47 mmol,
94 % yield) of the allylated product 2a.
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