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N-acetyl enamine formation is disclosed which involves LiBr-mediated addition of MeLi to substituted nitriles. The

resulting enamides are isolated in high yields and excellent purity which permits subsequent hydrogenation at very low catalyst loading.

Functionalized aryl enamides are important intermediates inand (4) the coupling oN-vinylacetamide with aryl halide

synthetic organic chemistry. They are pivotal precursors for (Scheme 1}.The first method, although the most direct, can
asymmetric hydrogenation to provide the corresponding provide complex reaction mixtures with low yields. In 1998,
chiral phenethylamines, which are widespread in natural

products and medicinal agert#lthough a great deal of
attention has been devoted to the development of new metal

ligand complexes for asymmetric hydrogenation, methods
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result, utilizing current literature methodology, practical
enamide synthesis remains a challenge.

J.; Hall, S. SJ. Org. Chem1987,52, 3901. (b) Effenberger, F.; Eichhorn,
J. Tetrahedron: Asymmetrd997,8, 469. (c) Roman, U. V.; Ruhdorfer, J.;
Knorr, R. Synthesi€ 993,10, 985. (d) McMahon, K.; Donald, A. RCan.

There are four common approaches to enamide prepara—J- Chem.1993 71, 450. (e) Effenberger, F.; Eichhorn, Tetrahedron:

tions: (1) addition of an organometallic to an aryl nitrile
(usually Grignard reagents) followed by a quench of the
imine with the appropriate electrophilé! (2) reaction of
an oxime with iron in the presence of A2 (3) transition-
metal-catalyzed coupling of vinyl derivatives with amide,
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Burk and Zhang reported an alternative protocol from ketones
via the formation of an oxime followed by reaction with Fe/
Ac,O/AcOH. Yields with this protocol however remained
low for a variety of substrates (2%56% yield from the
ketone), and an additional oxime formation step is required.
An alternative approach recently reported by several groups

Table 1. Optimization with Various MeM

NBOC NBOC
1. MeM
Cl CN 2. Ac,0 Cl
2a 1a NHAc
entry conditions yield (%)*

1 MeMgBr 20-53
2 MeMgBr, Cul 40-59
3 MeMgBr with added LiBr 55—58
4 MeMgBr, Cul with added LiBr 58—62

5 MeMgI 0b
6 MelLi 58—60

7 MelLi with added LiBr 82
8 MeLi—LiBr 86, 80¢

aAssay yield? No reaction was observed below I, and only

deprotected product was observed at room temperdtiselated yield.

involves palladium- or copper-catalyzed coupling of vinyl
halides/triflates with amides. Although these protocols appear
to be high yielding and stereoselective, they require additional

Scheme 2

steps to form the necessary vinyl substrates or access to the

properly functionalized coupling partners.

Despite the fact that the addition of an organometallic to
a nitrile is the most direct approach, this method is usually
not preferred due to complex reaction mixtures, irreproduc-
ible results, and low yield&!=¢5We recently required an
efficient synthesis of an aryl enamide (e.g., compotgajl
and decided to further investigate the details associated with
this method. In this communication, we report preliminary
mechanistic studies of this complex transformation which

laid the groundwork for the development of a robust,
selective, and high-yielding methodology. We also describe
a solution to the described problem with a methodology that
affords enamides in high yield and purity from the corre-
sponding nitriles.

We initiated our investigations by examining the addition
of MeMgX to benzonitrile2a followed by a quench with an
acetyl source. Following protocols disclosed in the literature,
different sources of MeMgX (%= Br, ClI, I) were screened
with and without various additives (CuX, MgXBF;—OEt)
in different solvents (diethyl ether, THF, MTBE, toluene).
Using MeMgBr, heat (5660 °C) was required for the
addition to take place and the enamide was obtained-n 20
53% yield (Table 1, entry 1). MeMgl did not react ab
°C, and at room temperature, only deprotection was observed
The use of a copper promoter improved the reaction yield
slightly; however, the best yields were obtained with added
LiBr and Cul and were about 60% (Table 1, entries5.
BOC deprotection was observed under all the conditions
using the Grignard reagents, in addition to a small amount

of dechlorination. In addition, careful analysis of the reaction .

profile by NMR and isolation of major side products revealed
a complex reaction manifold, which is outlined in Scheme

imine 3 is first obtained and quenched with an acetyl group
to generate acyl iminé. Under the standard enamide reaction
protocols, the acyl imind tautomerizes to the corresponding
enamide upon warming to room temperature. Upon aqueous
workup, the acyl imine is hydrolyzed to the corresponding
ketone7 so it is crucial to observe complete tautomerization
to the enamide. In addition, significant amounts of C-acylated
byproduct6 and the bis-acylated enami8@evere formed in

the reaction.

With a better understanding of the reaction pathway and
major side reactions that were occurring, we surveyed other
reagents with the aim of modifying the course of the reaction.
We turned our attention to MeLi (Table 1, entry 6), which
gave a more reproducible and cleaner reaction profile than
the corresponding Grignard reagent MeMgX, although the
assay yields were still modest (580% yield)® With MelLi,
at low temperatures, complete consumption of nitrile was
observed in the absence of dechlorination or BOC removal
but C-acylated byprodué&was still an important component
in the mixture. Different sources of MeLi (MeLi in gD, in
cumene/THF, or in diethoxymethane) were investigated in

2. Indeed, once the Grignard is added to the nitrile, metallo-

(5) Samuel, O.; Couffignal, R.; Lauer, M.; Zhang, S. Y.; Kagan, H. B.
Nouw. J. Chim.1981,5, 15.
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(6) Unlike with RMgX, Boc deprotection and dechlorination were not
observed at low temperatures with MeLi. Screening conditions: (a) 0.8
1.5 equiv of MeLi at temperatures from50 to +10 °C. (b) AcO (1-2
equiv) in MTBE or toluene solution at temperatures frerf0 to+10 °C.
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several solvents, but none of these conditions provided subsequent catalytic hydrogenation reaction. As a result, an

significant yield improvementHowever, a screen of several
inorganic additives revealed that the MelliiBr complex
afforded a much cleaner reaction profile, with 86% vyield of

aqueous crystallization is usually preferred and advantageous.
With an optimized protocol established, we probed the
scope and limitations of the improved enamide formation

the desired enamide obtained using the complex in etherusing the MeLi-LiBr complex?® The MeLi—LiBr procedure

(Table 1, entry 8). MTBE, RO, and toluene gave similar
yields and impurity profiles. Similar yields were also
obtained using MelLi, adding separately 1 equiv of LiBr

has been used to prepare various enamides-i86@o yields
(Table 2). The procedure worked with both electron-rich and

(Table 1, entry 7). Lower yields and more byproducts were || A

obtained with less than 1 equiv of LiBr, including the
C-acylated byprodu@. Byproduct6 was also observed when
the reaction was run in THF or while undercharging the
MeLi—LiBr complex (0.8 equiv). No C-acylated product was
observed under the optimum protocol which consisted of
adding the MeLi—LiBr reagent to the nitrile in MTBE and
aging the resulting mixture at low temperaturel(Q to—30
°C). Upon complete disappearance of the nitrile, the mixture
was cooled {40 to —50 °C) before slow addition of A©
in MTBE or toluene, maintaining the temperature lower than
—30 °C. Quenching with neat A©® or acetyl chloride led
to complex reaction mixtures and a lower assay yield of
enamide. No product was observed using EtOAc or MeOAc
for the quench.

In some cases, the bis-acetylated enarbides observed
(even while using 1 equiv of A©). The bis-acetylated

enamide could be easily converted to the desired enamide
with an aqueous NaOH treatment in EtOH after the aqueous

workup (NaCO; and NHOH worked equally well$¢
Addition of acid (CHCOOH, HCI) did not result in the
desired transformation and in the case of HCI led mostly to
hydrolysis to the ketone.

The role of LiBr in the reaction has not been fully

established. We have been able to isolate a crystalline

complex of nitrilelawith LiBr, which suggests lithium may
be complexing the nitrile group to activate it toward
nucleophilic addition. On the other hand, it is clear that LiBr
plays a key role in the acetylation reaction, with greater
amounts of C-acylation occurring in its absence. This
suggests LiBr may be minimizing tautomerization of the
metalloimine prior to the acetic anhydride quench. Further
work on the role of LiBr is ongoing.

The reaction mixture was worked up using mild aqueous
base (NaHC@or K,HPQy).8 Ketone7 was a major byprod-
uct when employing strong acidic quenches. Direct crystal-
lization of the enamide from the resulting organic layer was
accomplished from an EtOAc/MTBE/heptane mixture. Al-
ternatively, the enamides could be crystallized from EtOH
H,0O to afford highly pure substrates for subsequent hydro-
genation. It is important to note that the inorganic impurities

from the enamide formation can often act as poisons in the

(7) When the MeLi reaction is carried out at low temperaturd@ to
—30°C) and quenched cold (below30 °C), the acyl imine4 is observed

Table 2. Scope and Limitations

1. MeLi.LiBr ,&
R-CN - HN™ "0
o O R&
2 )j\
O
entry product yield (%)
[e]
1 ©/HJ\ 90
a 1b
2 I 70
o
cl 1c
3 [o]
" iy 73
1d
F o
4 " A 85
F le
)
5 Z 76
Cl
HN o]
AT
S, NHAc
I
6 D~ 1 60
7 @\% 7
NHAclh
I
8 @l N 62
MeQ 1i

-poor aryl nitriles with the corresponding enamides prepared
in good yield. No dechlorination was observed with aryl
chloride enamides (Table 2, entries 1, 2, and 5). Enamide
1f, which could not be made with the oxime protocol, was
obtained in good yield. In the case of enamide derived from

(9) A typical experiment is as follows. Using a MetiLiBr complex:
MeLi—LiBr is added to a cold solution<10 to —30 °C) of the nitrile in
MTBE (12 volumes). After aging the cold solution for 360 min, the
solution is cooled to-40 to —50 °C and 5 M Ae¢O in MTBE is added
slowly such that the temperature remain30 °C. The reaction is warmed

as the major product. By working rapidly, we were able to isolate the acyl to room temperature, and after complete tautomerization of the acyl imine,
imine 4 prior to tautomerization by solvent evaporation at the end of the the mixture is treated with EtOAc and aqueousHRO,. The solution is

reaction and column chromatography purification. Of interest, these acyl

dried (NaSQy), filtered, and evaporated to dryness. If diacetylated enamide

imines, unlike the corresponding enamide, could also be reduced in situ by is present, the solution is diluted with EtOH and treated with aqueous NaOH.

NaBH, affording the corresponding acetamide. An asymmetric reduction
could be envisioned and will be the subject of future work.

Upon slow addition of KO, the enamide crystallizes out. Using MeLi: MeLi
is added to a solution of the nitrile, LiBr, in MTBE (12 volumes) at cold

(8) EtOACc was added during the workup to increase the solubility of temperatures (from-10 to —30 °C). The rest of the reaction proceeds as

the enamide.
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thiophenelg, this protocol represents a significant improve- protecting groups. The enamides could be used in subsequent
ment over the low 15% vyield isolated from reaction with hydrogenation with low catalyst loading without requiring
methyl Grignard. Of interest, the adamantane substrate alsgurification by column chromatography.

converted efficiently to the corresponding enamide in 79%

yield as compared to 43% yield using the oxime protdcol.  Acknowledgment. We thank Mirlinda Biba and Jennifer

In summary, the formation of enamides via the addition chjlenski for their help performing the high-resolution mass
of an organometallic species to a nitrile remains one of the spectrometry analysis and X-ray analysis.

most direct approaches. The low yields and complex reaction
mixtures can be explained by studying the details of this
complex reaction manifold. We have disclosed an improved
protocol to aryl enamides in high yields (600%) which

is applicable to ortheubstituted benzonitriles. The protocol
has been extended to other enamides and is compatible wit
various functional groups including aryl chlorides and amine OL061318K

Supporting Information Available: Experimental de-
tails, characterization, and spectra for all new compounds.
This material is available free of charge via the Internet at
mttp://pubs.acs.org.

3906 Org. Lett, Vol. 8, No. 18, 2006



