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ABSTRACT

N-Heterocyclic carbenes derived from benzimidazolium salts are effective catalysts for generating homoenolate species from o, f-unsaturated
aldehydes. These nucleophilic intermediates can be protonated, and the resulting activated carbonyl unit is trapped with an alcohol nucleophile,

thereby promoting a highly efficient conversion of an o, f-unsaturated aldehyde into a saturated ester. A kinetic resolution of secondary
alcohols can be achieved using chiral imidazoylidene catalysts.

The inversion of standard functional group polarity, or under appropriate organocatalytic conditiomg-unsaturated
Umpolung is a powerful strategy in chemistry that facilitates aldehydes could be converted into unigue homoenolate
the construction of organic molecules in unusual whays. nucleophiles with subsequent electrophilic characteristics at
Established catalytic reactions that employ this unorthodox the carbonyl carboh.Herein, we report the conversion of
strategy include the benzg@iand Stettetreactions in which o,f-unsaturated aldehydes into homoenolates catalyzed by
carbonyl units of aldehydes are converted into nucleophiles nucleophilic carbenes generated from ammonium gat€

upon the addition of a nucleophilic catalyst. Although the (eq 1).

development of these carbonyl anion reactions has received

significant attention, a related strategy to access catalytic o ol E o©
“vinylogous” carbonyl anions has received considerably less /\HL catalyst /@\Hf\ E—-Nuc )\/“\ )
attention* As part of our efforts focused on the development R o . R X R he

of new nucleophile-catalyzed proces&&g envisioned that HaG
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Scheme 1. General Umpolung Strategy
Conjugate Addition
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pattern has significant utility in organic synthesis, establishing
the requisite nucleophilic character at thieposition of a
carbonyl compound is challenging.

Inspired by the proposed catalytic cycle for the thiazolium-
catalyzed benzoin reactidnye hypothesized that the exten-
sion of carbonyl anion reactivity to g-position could be
achieved by use of an alkene in the formogf-unsaturation
(Scheme 2). The addition of a nucleophilic carbene cafalyst

Scheme 2. Proposed Mechanism to Generate Homoenolate
Equivalents fromo,3-Unsaturated Aldehydes
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should produce enolV. After tautomerization oflV to
activated esterV, the attack of a suitable nucleophile
completes the catalytic cycte!!

We began our investigations of this intriguing strategy by
employing the simplest electrophile, a proton (Table 1). The

Table 1. Investigation of Homoenolate Reactivity
A i
X catalyst
Ph H + BR—=OH ————— @
DBU, toluene Fh OR
1 2-4
entry ROH catalyst (mol %) additive® yield (%)
1 EtOH A (30 mol %) 57 (2)
2 PhOH A (30 mol %) 55 (3)
3 BnOH B (10 mol %) PhOH 47 (4)
4 BnOH C (20 mol %) PhOH 82 (4)
5 BnOH C (5 mol %) PhOH 82 (4)

a Reactions performed with a 1:1 molar ratio of catalyst to DBU at reflux
temperature? Performed with 5 equiv of nuclephilic alcohélPerformed
with 2 equiv of proton additive.

use of the optimal alcohol would presumably serve a double
purpose as the electrophile source and subsequent nucleo-
phile. To probe this possibility, cinnamaldehyd®) @nd
various alcohols were heated in toluene in the presence of
catalytic quantities of ammonium saks-C and DBU. With
ethanol and ammonium salt, we were pleased to isolate
the desired ester (57%), but clearly the system required
improvement. Initially, we pursued a moderate-yielding
approach that utilized a single reagent as the potential proton
donor and subsequent nucleophile required for catalyst
turnover (entries 1 and 2).

Fortuitously, while using PhOH as the alcohol in chloro-
form subjected to AlO; filtration, but not distillation, a
substantial amount of ethyl ester was observed. Our initial
hypothesis for this result was that the putative activated
acylation agent (i.e.Y) was being trapped by the ethanol
typically added to stabilize chloroform (not shown). Armed
with the knowledge that the electrophile and nucleophile can
be decoupled in this manner, we discovered that the use of
imidazolium saltC (5 mol %) with phenol as the proton
source and a second alcohol as the nucleophile affords the

to the carbonyl compound should generate tetrahedralbestyields for the reaction. This process is noteworthy since

intermediatdl, and subsequent hydrogen migration would
generate the reactive dienamitle The normal nucleophilic

no self-condensation (benzoin) products are observed, and
combinations of acids and bases in the reaction still generate

character of the carbonyl carbon is then extended to the€ffective concentrations of catalystThe combination of

[-position and, in the presence of an electrophile-Xg,
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DBU and imidazolium salts in the presence of phenolic

functionality seems to be uniquely suited for this reaction.
Encouraged by these interesting results, we proceeded to

examine the ability of other alcohols to act as nucleophiles

(10) Similar activated esters have been implicated in the reactions
between N-heterocyclic carbenes amdhalo aldehydes (Reynolds, N. T.;
de Alaniz, J. R.; Rovis, TJ. Am. Chem. So2004,126, 9518—9519) or
epoxy-aldehydes (Chow, K. Y. K.; Bode, J. \#.. Am. Chem. So2004,

126, 8126—8127).
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unsaturated aldehydes for the synthesig-blutyrolactones, see: (a) Sohn,
S. S.; Rosen, J. W.; Bode, J.Am. Chem. So2004,126, 14370—14371.
(b) Glorius, F., Burstein, CAngew. Chem., Int. EQ004,43, 6205—6208.
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s The overall reaction can successfully accommodate various

Table 2. Examination of Nucleophiles in Homoenolate o,-unsaturated aldehyde structures (Table 3). Electron-rich

Reactio
/\)J\ 2 equiv PhOH
Ph H + R—OH OBUtomere. PP or @ Table 3. Survey ofa,3-Unsaturated Aldehydes
1 loluene 27 R'" © 5mol% C R O
- M 2 equiv PhOH 3)
ROH i h ield (% + Bn—OH
entry O time (h) product yield (%) R H DBU.toluene RMOBn
o R2 R2
1 EtOH 4 2 72 -
Ph/\)J\OEt entry a,B-aldehyde product yield (%)
o
o]
2 PhOH 6 3 56
1 82
Ph OPh - X CHO on /\)J\osn 4
o] o

71

3 mon 2~ 4 82 \ /@/\/CHO /@/\)kom 0o
OH o MeQ MeO o
4 O/ 6 /\)J\O/O 5 57 . /©/\/CHO @/\)L%n 11
Cl Cl

OH o] Ph

: o)
* CHO
e P o 4 He T HyC oen 12 90
OH O  COMe o)
- . X CHO M 13
6 H3C/\CO2Me 6 Ph/\)J\O‘\ kCH3 7 61 5 HgC/\/\/ HaC™ X OBn 70

aReactions performed at 0.5 M at 100. ® Performed with 5 equiv of

CHO
ROH. 6 N 82

o
Ph/\HLOBn 14
CHs CHg
in the presence of a Brgnsted acid such as phenol (Table 2). Ph Ph O
Primary and secondary alcohols afford good to high yields 7 x-CHO o 15 82
of the corresponding esters when using cinnamaldehi)de (
Not surprisingly, the use of sterically demanditegt-butyl ¢ c
alcohol only afforded phenyl ester (56% vyield, not shown). " U 16
Ph OBn

. X CHO 86
The generation of the phenyl ester is the default product Ph)\/

observed when the potential nucleophile does not undergo on

addition. Usually with standard alcohols, this competition 4 ’

. . . ! Xy CHO no reaction -

is not problematic. When chiral secondary alcohols are “30)\/

employed, the carbon stereocenter remains intact (entries 5 2 performed with 5 equiv of PhGIOH. See Supporting Information for
and 6). general experimental details.

The use of typical nitrogen-based nucleophiles in this

general tranformation such as sulfonamides, amides, azide, o .
and anilines did not afford desired products. The results from OF €lectron-deficient cinnamaldehydes are good substrates

this intense reaction screening underscore the crucial, andor the reacti_on (entries 2 and 3). The use of unb_ranched
currently not well undestood, balance of acids and basesf-@lkyl substituents affords fully saturated esters in good
present in this process. However, during the examination of Yield (entry 4). Interestingly, the extended dienylic system
many of these potential nucelophiles, we did identify that Of Sorbaldehyde is disrupted in the reaction to affordtie
B-amino alkylidene malonat8 affords a modest yield of ~ Unsaturated ester in moderate yield (entry 5).

the corresponding bis-ester amide product (Scheme 3). The Disubstitution at thgg-positions of unsaturated aldehydes
leads to divergent reactivity depending on the substituents.

] For example, aldehydes with at least gharyl substituent

Scheme 3 are competent substrates (entries8, but surprisingly,5-
o o H dialkyl compounds afford no product (entry 9). Efforts are
/\)k MeOC._ ~COMe 5 moles € S_CO,Me currently underway to understand this differing reactivity.
* I DBU.tol N Although phenols have the best level of acidity for this
H,N” > H toluene CO,Me X
B 51% Ph 9 Umpolung process to date, various amounts of phenyl ester

can be observed when employing sterically demanding
alcohol nucleophiles such as cyclohexanol when just phenol
success and application of this unusual class of nitrogen-is used as the proton source. This competition between
delivering nucleophile is currently being investigated in the phenol or hindered secondary alcohols as the nucelophile
context of this reaction. prompted us to examine more hindered proton donors with
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Table 4. Impact of Phenol Structure on Homoenolate Scheme 4
Reaction 5mol% D
CH. o CHa CH; O
5mol% C 0 Ie) 3 5 mol% DBU :
OH : 1 Ittt

2 equiv ArOH /\)J\ /\)J\ 4 ! Ph)\OH PhOH, toluene P “OH © F’h/l\O)J\/\F'h ®)
1+ Ph ocy + Ph oar 4 v

DBU, toluene 5 17 (x) 18 $=48 (S)—18 (R)-6

@ 40% conv.
entry ArOH time (h) vyield (%) of5  yield(%)of17 = -=-------mmmmmomommmooo oo

1 @/O” 6 57 26 1© N>é“°”3 . it on H/%\TQO -

CHs,

OH D CHg CHg
2 6 58 20 P VI vl

CHg homoenolate selective

acylating agent
#+Bu

OH

3 6 65 0% . . - .
G Bu cycle of this reaction such a¥ll has sufficient facial

selectivity to undergo preferential reaction with the){
stereoisomer of 1-phenylethanol.

In summary, the combination of 3-unsaturated aldehydes
similar levels of acidity (Table 4, eq 4). By additional and N-heterocyclic carbenes accesses unusual homoenolate
substitution at the 2- and 6-positions of the phenol archi- reactivity under catalytic conditions. These unique nucleo-
tecture, the generation of phenyl est&rcan be minimized philic species possess subsequent electrophilic character at
in the reaction of 5 mol % catalysE and DBU with  the carbonyl carbon that can be trapped by a secondary
cinnamaldehdyelj. By increasing the size of the substituents hucleophile such as an alcohol. The combination of a proton
from 2,6-dimethylphenol (entry 2) to 2,6-di-tert-butyl-4- donor and a separate nucleophile affords the highest yields
methylphenol (entry 3), the level of phenyl ester can be of the resulting saturated esters. The use of a chiral
suppressed completely. imidazoylidene carbene as a catalyst in the reaction allows

We hypothesized that the use of a chiral imidazolium for the kinetic resolution of chiral secondary alcohols, thereby
would generate chiral activated esters capable of enantio-implicating a chiral activated ester as an intermediate in this
discrimination. This transformation would be synthetically process. Further investigations and applications of these
useful in the organocatalytic kinetic resolution of secondary unusual homoenolate species are being actively pursued in
alcohols while also lending credence to the participation of our laboratory and will be reported in due course.

V (Scheme 4) as a viable intermediate along the catalytic
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