Organozinc Reagents in DMSO Solvent:
Remarkable Promotion of Sy2' Reaction

for Allene Synthesis
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ABSTRACT
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The Sy2' reaction of propragyl mesylates with organozinc reagents was dramatically improved in DMSO solvent, and the stereoselective
conversion of chiral substrates was successfully achieved using LiCl-free diorganozinc without the loss of optical purity.

Organozinc reagents have been widely used as soft nucleophiles
in organic synthesis, where the control of the nucleophilicity is
highly important for many selective transformations.* Various
methods have been utilized for the promotion of reactivity, and
conventionaly ate complexation or transmetalation has been
employed.* Meanwhile, alenes have gained attraction as unique
functionalities in natural product chemistry? and as important
building blocks in transition metal catalyzed cyclization chem-
istry.® In connection with our recent studies on the reactivity
control of organozinc reagents,* we focused our interest on
solvent effects for promoting the reactivity of organozinc
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reagents. In this paper, we report alene synthesis using the
dramatic effect of DMSO on the reaction of propargyl elec-
trophiles with organozinc reagents.

Solvent is one of the most important parameters in organic
reaction. The solvent effects on organometallic reactions have
been studied energetically,® not only in terms of the improve-
ment of solubility of metal salt but also in terms of the change
of the oligomeric complex structures®® acceleration of
reaction,> and influencing the reaction selectivity.®> These
effects alter according to the physicochemical nature of the
solvents (polarity, donor number, and acceptor number, etc.).
Therefore, it is considered to be an attractive research subject
to investigate the relationship between solvents and reactivity
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for organometallic reagents. DM SO has long been regarded
as an excellent polar solvent for a wide variety of organic
reactions® but has been hitherto thought of as an unlikely
solvent for organozinc reactions.’

The synthesis of substituted allenes has been extensively
studied,® and the Sy2' reaction of propargyl electrophilesis
one of the important methods by which to achieve this.
However, the use of organiczinc reagent as nucleophiles for
this Sy2' reaction® has been limited due to their poor
reactivity, and this has led to organozinc reagents being
employed for other modes of allene synthesis instead.’® To
clarify solvent effects on the reactivity of organozinc
reagents, the S\2' reaction of propargyl electrophiles with
organozinc reagents was investigated using DMSO as a
solvent.

In our preliminary experiment, the reaction of diethylzinc
and 3-phenylpropargyl mesylate (1) in various organic solvents
was carried out a room temperature (Table 1). In nonpolar

Table 1. Solvent Effect on Sy2' Reaction of 1*

ZnEt, (2 equiv) t
L)
S Solvent, rt, S
A Ms Time
1 2

entry solvent Er DN time (h) yield (%)°
1 CH.Cly 41.1 - 24 n.r.
2 toluene 33.9 - 24 n.r.
3 THF 37.4 20.0 24 n.r.
4 CH3CN 46.0 14.1 24 n.r.
5 DMF 43.8 26.6 24 43
6 DMSO 45.0 29.8 18 90

2 All reactions were carried out using 3-phenylpropargyl mesylate (1)
(0.3 mmol) and diethylzinc (0.6 mmol) at rt. ° Isolated yield.

solvents such as CH.Cl, and toluene, the resction did not
proceed at al (Table 1, entries 1 and 2). In polar solvents such
as THF and CH3CN, failureto react was again observed (Table
1, entries 3and 4). To our surprise, in polar and strongly donor
solvents such as DMF and DMSO, the S§\2' resction was
dramaticaly promoted, and the target alene 2 was obtained
(Teble 1, entries 5 and 6). The best result (90%) was observed
when DM SO was employed as solvent. The solvent polarlity
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(En)* of CH3CN (46) islargely similar to those of DMF (43.8)
and DMSO (45.0). On the other hand, the donor numbers
(DN)*? of DMF (26.6) and DMSO (29.8) are higher values
than that of CH3CN (14.1). The highest DN solvent gave the
most excellent result.

To examine further the scope and limitations of the procedure,
the reactions of other substrates were investigated. 3-Phenyl-
1-phenethylpropargyl mesylate (1a) and 3-butyl-1-phenethyl-
propargyl mesylate (1b) reacted smoothly to give corresponding
1,1,3-trisubstituted alenes 2a and 2b (Table 2, entries 1 and
2). Various subgtituents on the aromatic ring of the 3-arylpro-
pargyl mesylates (2c—h) were also compatible with this alene
synthesis. Substitution with an e ectron-donating methoxy group
is acceptable to the reaction, and the corresponding alene 2¢c
was obtained in good yield (Table 2, entry 3). However, yidds
of dlenes 2d,e were moderate when methyl-substituted sub-
strates 1d,e were utilized (Table 2, entries 4 and 5). The
tolerance of the akoxycarbonyl group (1f), the cyano group
(19), and the bromo substituent (1h) to the alene synthesisis
considered to be synthetically important (Table 2, entries 6—8).
The reaction of the substrate with termina alkyne 1i was also
found to be successful, and 1,3-disubstituted alene 2i was
sdlectively obtained in high yied (Table 2, entry 9). It is
noteworthy that no deprotonation of the terminal alkyne was
observed during the reaction.X®*® The allenylsilyl compound
2] was obtained from the trimethylsilylated substrate 1j using
similar reaction conditions (Table 2, entry 10). The high
functional group tolerance of this allene synthesis using
organozinc reagents in DMSO is considered to offer sig-
nificant advantages over the use of conventional organome-
tallic nucleophiles® Lastly, di-n-butylzinc, prepared from
n-butyllithium and zinc chloride, can be used for the reaction,
allowing the corresponding allene 2k to be obtained quan-
titatively (Table 2, entry 11).

A functionalized alkylzinc halide has a so been employed
for this alene synthesis, with ethoxycarbonylpropylzinc
bromide prepared using Rieke's zinc'® having been reacted
with 1a in DMSO to give 3 in 57% yield (Scheme 1).

To examine the stereochemistry of alene formation, an
enantiomerically pure substrate was employed for the reaction.
The chiral propargyl mesylate 5'* was prepared from (R)-(+)-
3-butyn-2-ol and reacted with LiCl-free dibutylzinc™® to give
chira alene 6. The absolute configuration of 6 was determined
as (R) by converting 6 to the known chiral furanone 8, the

(11) Reichardt, C. Angew. Chem,, Int. Ed. 1979, 18, 98-100.

(12) Gutmann, V.; Wychera, E. Inorg. Nucl. Chem. Lett. 1966, 257—
260.

(13) Zhu, L.; Wehmeyer, R. M.; Rieke, R. D. J. Org. Chem. 1991, 56,
1445-1453.

(14) Grée, D.; Grée, R. Tetrahedron Lett. 2007, 48, 5435-5438.

(15) Cote, A.; Charette, A. B. J. Am. Chem. Soc. 2008, 130, 2771—
2773. When Zn(nBu), containing LiCl was used for the Sy2' reaction,
complete racemization was observed.

(16) (a) Marshal, J. A.; Wolf, M. A.; Wallace, E. M. J. Org. Chem.
1997, 62, 367-371. (b) Corbera, J; Font, J.; Monsalvatje, M.; Ortuno, R. M.
J. Org. Chem. 1988, 53, 4393-4595. (c) He, Y.-T.; Yang, H.-N.; Yao, Z.-
J. Terahedron 2002, 58, 8805-8810.

(17) (@) Elsevier, C. J; Vermeer, P. J. J. Org. Chem. 1989, 54, 3726—
3730. (b) Marchall, J. A.; Robinson, E. D.; Zapata, A. J. Org. Chem. 1989,
54, 5854-5855. (c) Myers, A. G.; Condroski, K. R. J. Am. Chem. Soc. 1995,
117, 3057-3083. (d) Laux, M.; Krause, N.; Koop, U. Synlett 1996, 87-88.
(e) Brummond, K. M.; Kerekes, A. D.; Wan, H. J. Org. Chem. 2002, 67,
5156-5163.

Org. Lett, Vol. 10, No. 15, 2008



Table 2. Addition to Other Propargyl Mesylates®

R . R
NN ZnR; (2 equiv) /&
AN Ms R1 [ \‘RS
R DMSO, )
R, ° Time Rs
1a-j 2a-j
entry product time(h) yield (%)°
t
1 Ph o\\.‘\\\/F’h 24 90
H
2a
t
2 n-Bu O\\.\\\\/Ph 24 69

5 o5H 24 59
H

2e
t
6 oH 22 88
EtOOC H
2f

t
7 5 16 71
NC H
29
t
8 N 16 74
Br H
2h
X
9 H™ e~ Ph 24 86
H
2i
t
10 TMS™ Teg e Ph 24 59
H
2
-Bu
11 ©/L'\\. H 24 100
H
2k

2 All reactions were carried out using 3-phenylpropargyl mesylate (1)
(0.3 mmol) and diethylzinc (0.6 mmol) at rt. ° Isolated yield.

configuration of which was assigned as (R) with an optica
purity of 98% ee (Scheme 2). This fact indicates that the butyl
group attacks the triple bond with anti stereochemistry in this
S\2-type reaction and that selectivity is the same as with the
conventiona organocopper reactions.*’

'H NMR spectra of dimethylzinc in different solvents were
measured for the preliminary estimation of the activation

Org. Lett, Vol. 10, No. 15, 2008

Scheme 1. Addition of Functionalized Alkylzinc Halide
o]

/\OJ\/\/ZHBF

(2 equiv) 0
\\ OMs P 0o

DMSO, rt, 24 h
1
3 57%

>

mechanism. The methyl signals of dimethylzinc in DM SO
and THF at room temperature were observed as sharp singlets
at —0.99 ppm (DM SO) and —0.84 ppm (THF), respectively

Scheme 2. Reaction of Chira Propargyl Mesylate

ZnCly+2xNaOMe+2xn-BuMgCl

o MeOOC ' ) ji)OMe
\\(OH — \(OMS Zn(n-Bu), (2.0 equiv) nBu Me
- - 5

.
—

4 yMe 5 1 Me DMSO, 1t, 24 h 6 4
(R)-(+)-3-Butyn-2-ol 87%
>99% ee
. n-BugSnH (1.1 equiv
Br (15 equiv) ° Me PA(PPhg) 210 mol %)) Oj\,\c> Me
CHoCly, 78°C g THF, 1, B’
3h 7 ! 30 min 8 H
81%

100%

(R)-(-)-98% ce

(see Supporting Information). This result suggests that
dimethylzinc acts more carbanionically in DM SO by virtue
of the stronger solvent donation to zinc. It is known that the
coordination of donors to akylzinc compounds causes
higher-field shifts of the alkyl protons in the 'H NMR
spectra.*®

In conclusion, the Sy2' reaction of propargy! electrophiles
with organozinc reagents was dramatically improved in
DMSO solvent, and stereoselective conversion of chiral
substrate was successfully achieved using LiCl-free diorga-
nozinc. Further investigations on the scope and limitation
of these DM SO-promoted organozinc reactions and associ-
ated mechanistic studies are underway.
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