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Abstract: The combination of electron-rich alkoxyacetylenes and
cationic gold catalysts provides excellent reactivity for the Meyer—
Schuster rearrangement under mild conditions. Optimization of the
reaction conditions with respect to stereoselectivity and investiga
tionsinto the scope and mechanism of the rearrangement of second-
ary ethoxyalkynyl carbinols (y-ethoxy-substituted propargyl
acohols) to a,B-unsaturated esters are described.
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cohol, rearrangement

Propargy! acohols are readily available, versatile toolsin
organic synthesis, providing access through different re-
action pathwaysto alkenes, allenes, alkynes, ketones, etc.*
For example, hydrometalation (syn or anti), substitution
(at the a- or y-centers), hydration, oxidation, hydrogena-
tion, and deoxygenation all may be accomplished through
selective activation of propargyl alcohol substrates. This
study? focuses on using electron-rich alkoxyacetylenes to
control sdlectivity so as to access the Meyer—Schuster re-
arrangement,® a formal 1,3-hydroxy migration followed
by tautomerization.

The Rupe and Meyer—Schuster rearrangements™
(Scheme 1) are not often used in chemica synthesis due
to harsh conditions and poor selectivity. The Meyer—
Schuster products (from path b) are especially rare be-
cause the dehydration that leads into the Rupe pathway
(path @) generally takes precedence under traditional
modes of activation that target the substrate through the
alcohol moiety (i.e., acidic catalysts).

Coordination of the alkyne using soft, late-transition-met-
a Lewis acids,* including cationic gold catalysts,>® pro-
vides afundamentally different mechanism for activating
propargyl alcohols (Scheme 2). ‘Soft’ activation of the
alkyne is likely to be more tolerant of sensitive function-
ality than ‘hard’ activation of the oxygen atom and can
provide complementary selectivities.

We recently reported on a two-step strategy for the
HWE/-type olefination of hindered ketones:2 (1) addition
of ethoxyacetylide® then (2) gold-catalyzed Meyer—
Schuster rearrangement (Scheme 3). Alkyne addition to
carbony! groups is relatively insensitive to sterics, where-
as the resulting congested tertiary ethoxyakynyl
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Scheme 3 Two-step olefination of hindered ketones?

carbinols are sterically and electronically primed for rear-
rangement.

Having identified this important two-stage tactical appli-
cation, we focused our attention on step two, the Meyer—
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Schuster rearrangement.® In our earlier study, which fea-
tured highly reactive tertiary propargyl acohol substrates,
rearrangement occurred immediately upon addition of the
gold catalyst. Main goalsfor thiseffort included (1) toin-
crease the scope of the rearrangement, and (2) to identify,
through rigorous experimentation, conditions that afford
the enoate products stereosel ectively.

Herein we report new reaction protocols and observations
with respect to the rearrangement of secondary alcohol
substrates (prepared by addition of lithium ethoxyacetyl-
ide to the corresponding aldehydes). In particular, our ef-
forts focused on the rearrangement of secondary
propargyl acohols with simple alkyl substituents. These
aliphatic substrates (e.g., 1a, Equation 1) are lessreactive
towards the Meyer—Schuster reaction than tertiary propar-
gyl alcohols, which ionize more easily. However, the
dampened reactivity of secondary acohols (and the steric

Tablel Meyer—Schuster Reaction of Ethoxyakynyl Carbinols?

LETTER
OH czt;\lyst ((1(()) mol%; o
additive (10 equiv
= X J\OE
T=—o0Et t
solvent, r.t.
la 2a

catalyst: AuCl-AgSbFg > AuCl3, AuCl, PhzP-AuCl >> AgSbFg
additive: EtOH >> CF3CH,0H, AcOH, PhOH, morpholine, none
solvent: THF—CH,Cl, > THF, CH,Cl,, EtOH, H,0

Equation 1 Qualitative screening for optimal conditions

distinction between the alkyl substituent and a hydrogen
atom) provides greater control and the opportunity to en-
hance stereosel ectivity in the formation of the a,B-unsat-
urated ester products 2.

Equation 1 summarizes observations from extensive
gualitative experiments on the rearrangement of la (de-
rived from pivaldehyde) to 2a. We examined three main

OH 5 mol% AuCI-AgShFg
10 equiv EtOH O
R)\ THF—CH,Cl, (1:1) R/\)J\OEt
OEt r.t., 30-60 min
1 2
Entry Substrate Product Yield (%, E/Z)
1af OH Me X COEt 91 (97:3)
1b° Me MeZM/\/ 93 (E)
Me X ¢
Me OEt 2a
la
282 OH X -CO:Et 80 (94:6)
P ©/\/\ 82 (99:1)
X
OEt 2b
1b
3a? OH X _-CO,Et 91 (63:37)
3P Y 90 (86:14)
5 X 2c
OFEt
1c
4a OH X _CO,Et 75 (57:43)
4p° O/V 78 (70:30)
X
OEt 2d
1d
5a® OH X _-COEt 72 (40:60)
5bP O/V 70 (40:60)
X
OEt %e
le
6a2 OH X _-COEt 90 (47:53)
i ©N 92 (91:9)
6c° XD 90 (53:47)
OEt of
1f

2 Sol utions of AgShF; (5 mol%) and AuCl (5 mol%)*2in 1:1 THF—CH,CI, added sequentially to ethoxyalkynyl carbinol (1, 1.0 equiv) and EtOH
(20 equiv) in 1:1 THF—CH,CI,. No camphorsulfonic acid (CSA) was included unless otherwise inidcated.

1.0 Equiv CSA.
¢ Reaction conducted in 2-butanone instead of 1:1 THF-CH,Cl,.14
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variables: gold catalyst, additive, and solvent. Among the
protic additives, which are envisioned to assist in the
formal 1,3-hydroxy migration, ethanol was significantly
more effective than other agents tested. Reactions con-
ducted in amixed system of THF and CH,Cl, were most
efficient (qualitatively) and selective for the E-alkene iso-
mer (quantitatively). Finally, only minor differences were
observed among the various gold catalysts; dl of the
cationic gold catalysts that we screened were more or less
effective. Silver(l) hexafluoroantimonate (AgSbF)
showed little activity on its own, but when employed in
conjunction with the gold catalysts it exerted a positive
effect on the E/Z-selectivity of the reaction.

Further experimentation indicated that a catalyst |oading
of 5 mol% was optimal. We observed no significant ef-
fects of activated silica gel on these small-scale reac-
tions® Addition of camphorsulfonic acid (CSA)
accelerated the reaction, whereas an acid scavenger [2,6-
di-(tert-butyl)-4-methylpyridine, DTBMP] inhibited the
reaction. These results, along with earlier experiments,*!
indicate that exchangeabl e protons play an important sup-
porting role in the gold-catalyzed rearrangement.

We tested the rearrangement protocol on a series of repre-
sentative secondary acohol substrates (1a—f, Table 1).22
Neopentyl alcohol (1a) gave rise to nonenolizable enoate
2a with nearly complete stereoselectivity (entry 1a).
Alkyl-substituted alcohols 1b—d afforded enoates 2b—d
(entries 2a—4a) to the complete exclusion of dehydration
products (cf. path aof Scheme 1).

Inclusion of camphorsulfonic acid (CSA) in the reaction
mixture improved the stereosel ectivity of most reactions
(entries 1b—6b, cf. 6avs. 6b); however, in this protocol the
substrates must tolerate more acidic conditions.

Sequential addition of the silver and gold precatalysts in
solution to the reaction mixture provided optimal stereo-
selectivity and reproducibility.*® Premixing the gold and
silver salts gave poorer results with respect to selectivity,
as did addition of the precatalysts as solids. Reactions
were typically conducted under an inert atmosphere of ar-
gon using anhydrous THF and CH,Cl,, but similar results
were obtained in ‘open-flask’ reactions using reagent-
grade solvents. The small amount of water present in re-
agent-grade ethanol does not interfere with (and may fa-
cilitate) the reaction.

Scheme 4 shows one reasonable mechanistic sequencefor
the Meyer—Schuster reaction (1 — 2). Coordination be-
tween the ethoxyalkyne and the cationic gold catalyst pro-
motes y-substitution to generate a1,1-diethoxyallene. The
immediate expulsion of water (I — 11) accounts for the
lack of B-hydroxy ester byproducts, which stands in con-
trast to acidic hydrolysis of ethoxyalkynyl carbinols.1a¢
The gold catalyst may or may not promote the subsequent
reincorporation of water to produce I11; this step (11 —
I11) determines the stereochemistry of the eventual prod-
uct.'® Rapid collapse of intermediate 111 yields enoate 2.

The mechanism outlined in Scheme 4 implies that the ex-
ternal acohol incorporatesinto the enoate ester product to
apartia (but not statistical) degree, based on competitive
collapse of tetrahedral intermediate 111.17 Alcohol 1awas
subjected to the rearrangement conditions using n-pro-
panol asthe external alcohol promoter (Equation 2) under
the assumption that n-propanol and ethanol would be ex-
pelled from the tetrahedral intermediate at similar rates.
The corresponding a,B-unsaturated ethyl and n-propyl es-
ters(2a and 2a’) were obtained in an approximately 1:1ra-
tio,*® which is consistent with our mechanistic hypothesis.

5 mol% AuCIl-AgSbFg

10 equiv n-PrOH Q
Me Me N
Me A THF-CH,Cl, (1:1) Me OR
Me OEt r.t., 30 min Me

la 2a, 2a'
(R = Et, n-Pr)

Equation 2 Partia incorporation (ca. 50%) of external acohol
additiveis consistent with postulated dialkoxyalleneintermediate (11)

Finally, the experiment illustrated in Equation 3 de-
monstrates the applicability of these conditions to the
synthesis of o,B-unsaturated esters from tertiary acohols

(3—4).12
AuCI-AgSbFg (5 mol%)
OH EtOH (10 equiv) o
X THF=CH,Cl, (1:1) N Nogt
OFEt r.t.,, <5 min, 92%
3 4

Equation 3 Facile rearrangement of atertiary ethoxyalkynyl
carbinol

o}
o [Au*], EtOH /\)J\
e
X okl R OFEt
1 2
+
J (Al — EtOH [
HO----4 Au* OH
R + EtOH X +H,0 OEt
< — Ny — X
RTOG "o \6%? ] R OEt
OEt H
[

Scheme 4 Hypothesis on the Meyer—Schuster reaction pathway
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In summary, a,B-unsaturated esters were prepared from
ethoxyalkynyl carbinols using cationic gold catalysts.
Substitution on the acohol substrate, including aryl,
alkyl, and vinyl groups, is well tolerated, with aliphatic
substituents providing the highest stereoselectivity. Nei-
ther Rupe-type elimination products (from loss of water)
nor B-hydroxy ester products (from addition of water)
were observed. Mechanistic observations and important
factors that influence the stereochemical course of the re-
action are reported.

The mild, efficient, and convenient reaction conditions
should find use in chemical synthesis. This work illus-
trates the potentia role of activated, electron-rich alkyne
substrates in the rapidly emerging field of catalysis using
soft, late-transition-metal cations.*®

Typical Procedurefor the Addition of Ethoxyacetylene of Alde-
hydes: 1-Ethoxy-3-tert-butyl-1-propyn-3-ol (1a)

To aTHF solution (5 mL) of ethyl ethynyl ether (0.4 g, ca. 40% by
weight in hexane, ca. 5.7 mmol) was added n-BuLi (2.5 M in hex-
ane, 1.4 mL, 3.4 mmol) dropwise over 5 min at —78 °C under argon
atmosphere. The solution was allowed towarm to 0 °C over 1 h and
held at 0 °C for an additional 30 min, then recooled to —78 °C. Piv-
adehyde (0.28 mL, 3.2 mmol) was added in one portion dropwise.
The solution was alowed to warmtor.t. over 1 hand held at r.t. for
an additional 3 h. A sat. ag NH,Cl solution was added to quench the
reaction and the mixture was extracted with EtOAc. The organic
layer was washed with H,0O, sat. ag NaHCO,, and brine, then dried
over MgSO,, filtered, and concentrated. The residue was purified
using silicagel column chromatography (EtOAc-hexane) to give 1-
ethoxy-3-tert-butyl-1-propyn-3-ol (1a) as a light yellow oil; yield
0.48 g (97%).

Typical Procedurefor the Gold-Catalyzed M eyer—Schuster Re-
arrangement of Ethoxyalkynyl Carbinols: Ethyl 4,4-Dimethyl-
pent-2-enoate (2a)

A mixture of AuCl (7.4 mg, 0.032 mmol) in 1:1 CH,CI—THF (5
mL) was prepared and allowed to stir for 20 min to give a homoge-
neous solution with an insoluble residue. A separate 25 mL round-
bottomed flask under argon was charged with 1a (100 mg, 0.64
mmol), EtOH (95%, 0.36 mL, 6.4 mmol) and a solution of AgShF
(11 mg, 0.032 mmoal) in 1:1 CH,Cl,—THF (5 mL). The mixture of
AuCl in 1:1 CH,CI~THF (5 mL) was then added dropwise. After
40 min, the reaction mixture was filtered through a plug of SIO,
with the aid of 1:7 Et,O-hexane. The filtrate was concentrated and
purified using silica gel column chromatography (Et,O-hexane,
1:50) to give ethyl 4,4-dimethylpent-2-enoate (2a); yield 0.091 g
(91%, 97:3 E/Z ratio).

Typical Procedurefor the Gold-Catalyzed M eyer—Schuster Re-
arrangement of Ethoxyalkynyl Carbinolsin the Presence of
Camphorsulfonic Acid (CSA)

A mixture of AuCl (7.4 mg, 0.032 mmol) in 1:1 CH,CI~THF (5
mL) was prepared and allowed to stir for 20 min to give a homoge-
neous solution with an insoluble residue. A separate 25 mL round-
bottomed flask under argon was charged with 1a (100 mg, 0.64
mmol), EtOH (95%, 0.36 mL, 6.4 mmol), CSA (0.15 g, 0.64 mmol)
and a solution of AgSbF; (11 mg, 0.032 mmol) in 1:1 CH,Cl~THF
(5 mL). The mixture of AuCl in 1:1 CH,Cl,~THF (5 mL) was then
added dropwise. After 40 min, the reaction mixture was filtered

Synlett 2007, No. 6, 949-953 © Thieme Stuttgart - New York

through aplug of SiO, with theaid of 1.7 Et,O-hexane. Thefiltrate
was concentrated and purified using silicagel column chromatogra-
phy (Et,O-hexane, 1:50) to give ethyl (E)-4,4-dimethylpent-2-
enoate (2a); yield 0.093 g (93%).
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