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ABSTRACT

o O Tf,0
R1MO Rs aq base
Ry hexanes or toluene

aq base = LiIOH
Z:E up to >150:1

oTf O Ry O
oo, 107 Koon,
R. R.
aq base = (Me),NOH

E:Z up to 100:1

A highly stereoselective method for preparing (2)- and (E)-enol triflates derived from substituted acetoacetate derivatives is described. The
salient feature of this methodology is the use of Schotten—Baumann-type conditions to control enolate geometry using either aqueous LiOH
(Z-selective) or aqueous (Me),NOH (E-selective) in combination with triflic anhydride to provide a practical and predictable approach to these

valuable substrates.

Enal triflates have served as strategic precursors to a number
of elegant syntheses toward important target molecules
including isoprenoids,* o.,5-butenolides,? carbapenems,® phor-
moidrides,* leptofuranin D,> agelasimines,® the latrunculin
macrolides,” and angiotensin 11 receptor antagonists.® In
addition, they continue to serve as indispensable substrates
toward the development of new cross-coupling methodolo-
gies’ and more recently in carbon—carbon bond fragmenta-
tion reactions.™®

We have been interested in utilizing enol triflates as
valuable precursors in our own methodology development.
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In particular, we were most eager to utilize enol triflates
derived from acetoacetate derivatives since the starting
materials are obtainable in bulk quantities and easy to
functionalize through standard a kylation chemistry en route
to fully substituted substrates (Scheme 1). We assumed (as
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others have)** that we could readily obtain in a stereoselec-
tive fashion both (2)- and (E)-enol triflates derived from
various acyclic 3-keto esters with relative ease and in high
yields given their aforementioned historical precedence.
However, we were surprised after a thorough survey of the
literature that a general and practical method to stereoselec-



tively synthesize both geometric isomers on a broad range
of acyclic acetoacetate derivatives has yet to fully emerge.
We did come across sporadic reports on methods to
selectively generate both enolate isomers on isolated ex-
amples."® Nonetheless, these methods appear to be optimized
specifically for those substrates and have not been demon-
strated on a range of substituted acetoacetates. As a
conseguence, many are left to employ processes that are
poorly selective or, in the worse case scenario, selective for
the undesired isomer.

The synthetic utility of new methodology should be gauged
not only by the products that are produced but also by the
availability of the starting materials that feed into it. It is
not surprising that if starting materials are neither com-
mercially available nor accessible in a few short, practical
steps the methodol ogy will suffer limited application. Thus,
we realized that any methodology we develop which employs
enal triflates as entry pointswill be of little valueif we cannot
first practically access these substrates with high stereose-
lectivity and yields. In this Letter, we wish to report our
findings toward achieving this goal.

Given the precedence of successfully using triflic anhy-
dride to synthesize aryl triflates under Schotten—Baumann-
type conditions,™® our efforts initially focused on using
various agueous bases as a means of controlling enolate
geometry by judicious choice of the counterion. A summary
of our most encouraging results from our screening efforts
using ethyl acetoacetate (1) is presented in Table 1. We
quickly identified the combination of hydrocarbon-based
solvents and saturated agueous LiOH (~5 N) as a convenient
route to the (2)-isomer 2a with high selectivity (>150:1)
and assay yield (94% in hexanes). In constrast, agueous
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Table 1. Screening of Various Bases and Solvents for the
Stereosel ective Formation of (Z)- and (E)-Enol Triflates from
Ethyl Acetoacetate®

O (o] Ti,0 / base OoTf O CH; O
HscMOEt solvent Hac)\/lLOEt * TfOMOEt
1 5-10 °C 2a 2b

aqueous base solvent 2a:2b’ assay yield®

2 N NaOH THF N/A <5%

2 N NaOH MTBE N/A <5%

2 N NaOH toluene 1:2.6 35%

2 N KOH toluene 1:9.5 63%

2 N CsOH toluene 1:6.1 76%

2 N LiOH toluene 34:1 81%

sat. LIOH? toluene >150:1 91%
hexanes >150:1 94%

(Bu)4]NOH* toluene 1:39 30%

(Me)sBnNOH*® toluene 1:20 61%

(Me),NOH hexanes 1:23 79%

(Me)/ NOH?® toluene 1:18 82%
hexanes 1:24 84%

2 Reaction conditions: ethyl acetoacetate (260 mg, 2.0 mmol) was
dissolved in 10 mL of solvent and cooled to 5 °C; agueous base (5 equiv)
was then added, and the biphasic mixture was stirred for 5 min. Then triflic
anhydride (2.5 equiv) was added dropwise to maintain the internal reaction
temperature < 10 °C. °Isomeric ratios determined by HPLC analysis.
¢ Assay yield determined by HPLC analysis of the reaction mixture using
apurified standard of each isomer. ¢ ~5.0 N. ©40 wt % solution in water.
25 wt % solution. 9 15 wt % solution.

solutions of tetraalkylammonium hydroxides were highly
E-selective. We found that (Me)4;NOH (15 wt % in water)
was superior providing the (E)-enol triflate 2b with good
E-selectivity (24:1) and assay yield (84% in hexanes).™

With two predictable methodsin hand to selectively access
either the (2)-enol triflate (via aqueous LiOH) or the (E)-
enol triflate (viaagueous (Me)4NOH), we set out to challenge
the methodology on a range of acetoacetate derivatives
(Table 2). From our results, some general comments can be
made. First, the stereoselectivities and yields are consistently
higher for (2)-enal triflates than the corresponding (E)-enol
triflates. Second, in many cases, the crude enol triflates are
obtained in >98% purity by simply removing the agueous
phase from the reaction followed by concentration of the
organic phase. Finaly, increasing substitution at the 4-posi-
tion has a dramatic impact on obtaining the (E)-enal triflates
selectively and significantly reduces the overall conversion.
The most dramatic example is seen with ethyl benzoylacetate
where the (2)-enal triflate 8a is the sole isomer isolated
regardless of the base employed.*®

We next set out to explore the scope on a selected series
of 2-substituted acetoacetate derivatives in an attempt to
access fully substituted 5-keto enol triflates in a stereose-
lective fashion.*® The results are summarized in Table 3.

(17) The (E)-isomer (12b) derived from ethyl 2-phenylacetoacetate was
a notable exception. Multiple attempts at achieving complete conversion
by increasing the amounts of either base and/or Tf,O did not provide any
improvements. In addition, regardiess of the conditions we tried, we could
not separate the enol triflate isomers away from the unreacted starting
material via column chromatography.
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Table 2. Stereoselective Synthesis of Enol Triflates Derived
from Acetoacetate Derivatives®

0O O Tf,0 / base M M
+ s
Ry OR, solent R{” > “OR, * TO OR,
5-10°C
substrate base product® 7 E Jield®
solvent ratio
OoTf O
o 0 R
LiOH
HyC OEt toluene 08t >150:1  85%°
’ 2a
(Me),NOH /QOL
e
hex:.nes T~ X" 0Rt 124 70%°
2b
OTf O
o O .
LiOH g . .
H C/U\/U\OJ< hexanes OJ< >150:1  93%
’ 3a
o]
(hg:iﬁgs}[ Tfo/K/U\o/l< 122 95%°
3b
oTf O
o O .
LiOH .
NN toluene N0kt 98:1 95%
OFEt 4a
o
Me)sNOH h
(he;;nes TI0” " 0Ft 1:8.3 73%
4b
o O ot O
Noa “I;Ig,le NC’E‘ >150:1  93%°
Sa
o]
Me)sNOH I/U\
(he))(:nes TI0” "0kt 1:1.9 30%
Sb
Ph OTf O
Ph O O .
LiOH WA og si501 oane
OEt toluene
6a
Ph
(Me)sNOH k/l\/[cj)\
1:42 55%
hexanes 1107 0Rt
6b
i i LiOH \)OU}\
1 Ct A A e
Ci\/U\)J\OEt hexanes ., OFt 105:1  85%
a
Cl o
(Me),NOH U .
hexanes TI0O” X~ “OEt 1:6.6 29%
7b
o o ‘ oTt 0
LIIOH . >150:1 98%"°
Ph OEt toluene Ph OFt
8a
(1\:[51)328]{ 8a >150:1  25%

2 All reactions were performed with 2.5 equiv of Tf,O and either 7.5
equiv of sat. LiOH or 5.0 equiv of 15 wt % (Me)sNOH in water in an
open-air flask. P Stereochemistry assigned by comparison with literature
values or by NOE studies. ¢ Ratios determined by *H NMR analysis of the
crude reaction mixture.  Isolated yields. © No purification required.

Again, some general comments can be made based on the
results we observed. The same trend was observed as before
where we routinely obtain the (2)-enol triflates with much
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Table 3. Stereoselective Synthesis of Enol Triflates Derived
from 2-Substituted Acetoacetate Derivatives®

6 O Tf,O / base oTt 9 Nl
+ X
R, MORZ solvent mMORZ TfOMOHz
Ry 5-10°C Rs R
base b Z. E s 1ad
substrate solvent product ratio® yield
o o oTt O
. N0Et
)‘\gkoa htigis )\QL >150:1  929%°
!
! 9a
(o)
TIO X OEt
!
9
o o oTt O
. x
ot hL)l(OrIl—I /Kﬁ\oa >150:1  98%°
exanes Ph
Ph 10a
o)
.
Ph
10b
o o oTt O
11a
o)
(l\k/f;)(ﬁgsﬂ Ttojﬁ)\oa 150 83%°
11b
o o oTt O
- N
okt L110H /K(U\OB >150:1  93%°
5 toluene Ph
12a
o
x>
(hge)4N0H TfOJ\(‘LOEt 1:4.1 63%'
exanes Ph
12b
o 0 03 i AN
_ . O
o ~F hLlOH /Ki >150:1  76%
« exanecs %
= 13a
[o]
07 Y o™
(Me)sNOH 1:100  94%°

hexanes

g/

2 All reactions were performed with 2.5 equiv of Tf,O and either 7.5
equiv of sat. LiOH or 5.0 equiv of 15 wt % (Me)sNOH in water in an
open-air flask.  Stereochemistry assigned by comparison with literature
values or by NOE studies. © Ratios determined by 'H NMR analysis of the
crude reaction mixture. ¢ |solated yields. © No purification required. f Isomers
could not be separated by column chromatography. Contaminated with
~10% unreacted starting material.

higher selectivities than the corresponding (E)-enal triflates.
The only exception is ethyl 2-methylacetoacetate where we
see dlightly higher selectivity for the (E)-enal triflate (11b)
compared to the corresponding (2)-isomer (11a). Again, most
of the products are obtained in >98% purity by a simple
extractive workup followed by concentration.*’

In its current state of development, there are severa limita
tions that we would like to mention. We noticed in some cases
that viscous and/or heterogeneous solutions were obtained
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during the course of these reactions. This does not appear to
impact yields on a smal scale (<10 mmol) with vigorous
magnetic stirring. Nonetheless, on alarger scale we recommend
using mechanical overhead stirring to ensure proper mixing.
In addition, al attempts to access either enal triflateisomer from
pB-keto amide 14 falled to give acceptable yields (<10%).
Finally, we found that although the 1,3-diketone 15 servesas a
viable substrate to (2)-enal triflate 16a with high selectivity (50:
1) and good yield (74%) we were unable to obtain the (E)-
enol triflate 16b selectively even when (Bu),NOH was em-

ployed as the base (Scheme 2).
Scheme 2
o O TH,0 OTt O
)J\/U\NEIZ LiOH or (Me),;NOH NONEt,
14 <10%
0O O heb);asr;es oTf O 0
N + N
)J\fk szo )\ﬁk Tfoj\f‘\
Ph Ph Ph
15 16a 16b

base = LiOH (16a:16b = 50:1; 74% yield)
base = (Bu),NOH (16a:16b = 1.4:1; 50% yield)

In conclusion, we have developed a practical process
to stereoselectively obtain both (Z)- and (E)-enal triflates
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from substituted acetoacetate derivatives. The salient
featureof thismethodol ogy istheuse of Schotten—Baumann-
type conditions to dictate enolate geometry either by using
LiOH (Z-selective) or (Me)s,NOH (E-selective) in com-
bination with triflic anhydride and hydrocarbon-based
solvents. The reactions do not require an inert atmosphere,
and more notably in many cases the crude products are
isolated in >98% purity obviating the need for chromato-
graphic purification. The ease of accessing both enol
triflate isomers in a stereosel ective and predictable fashion
on a broad range of substrates should significantly increase
the utility of prior methodologies and inspire new methods
toward stereodefined olefinic products.
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