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The palladium-catalyzed coupling of a range of enol triflates with amides,

simple and widely applicable synthesis of enamides, which may not be r
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carbamates, and sulfonamides has been developed. This offers a
eadily available by other means.

In recent years there has been a surge of interest in thebe prepared,the synthesis of highly substituted enamides

palladium-catalyzed €N bond-forming reactions of aryl
halides with amines and amid&s These reactions can
proceed under mild conditions and are compatible with a

range of substrates, offering improvements over traditional ti

methods. For many palladium-catalyzed reactions, enol
triflates can also function as reactive coupling partders;
however, this has only recently been extended-tdN®ond-

in an efficient and stereoselective manner is more challeng-
ing.” The palladium- or copper-mediated amidation of a vinyl
halide appeared attractife¢however, the controlled produc-
ion of these substrates would also present a challenge. In
contrast, the selective formation of a single enol triflate from
a ketone may rely on simple kinetic vs thermodynamic
control in the enolate formation step and can be tuned by

forming reactions with the amination of a simple enol triflate judicious choice of base and solvent combinations. To the

to afford an enamine.The related amidation of an enol
triflate would constitute a straightforward synthesis of
enamides, which are valuable substrates for asymmetric
hydrogenation reactions and hence for the synthesis of
optically pure amines (Scheme 1).
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With regard to a recent drug discovery program at Merck,
a stereodefined trisubstituted enamide was required for
hydrogenation studies. While 1,1-disubstituted enamides can
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best of our knowledge, no amidations of enol triflates have
been reported, and in this paper we describe our initial studies
on this useful reaction.
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Table 1. Optimization of Coupling Conditions

- SO, O, (R
FiC 7 FiC 2 Ec Z>NHAc ©
1 2a 2b PPh, PPh,
Xantphos

ligand palladium solvent base temp time conversion ratio?
Xantphos Pd(OACc), dioxane Cs,CO3 80 °C 16 h >95 45:55
Xantphos Pd(OAC), dioxane Cs,CO3 rt 6 h 75 92:8
Xantphos Pd,(dba)s dioxane Cs,CO3 rt 8h 85 94:6
Xantphos Pdy(dba)s dioxane Cs,CO3 rt 20 h >05 45:55
PCys Pdy(dba)s dioxane Cs,CO3 rt 16 h 0
BINAP Pdx(dba)s dioxane Cs,CO3 35°C 16 h 16 46:54
dppf Pd,(dba); dioxane Cs,CO3 35°C 16 h 0
Xantphos Pd(dba)s THF Cs,CO3 rt 6 h 67 93:7
Xantphos Pdy(dba)s dioxane KOtBu rt 3h QP
Xantphos Pd,(dba)s dioxane iProNEt 35°C 16 h 0

aHPLC ratio of2a:2b. Starting material converted to alkyne

The readily accessible enol triflatealong with acetamide,

With a viable coupling procedure in hand, attention was

was chosen to screen reaction conditions, and initially turned to the generality of the process and the couplings of

the procedure developed by Buchwilfbr the amidation
of aryl halides was examined [Pd(OAgcXantphos’, and
CsCQO; in 1,4-dioxane at 8C°C]. After 8 h, complete

a range of structurally diverse enol triflates with different
amides were studied (Table 2). Where enamide equilibration
was not possible, reactions were run at 8D and, as

conversion of the enol triflate to a 1:1 mixture of two new anticipated, this higher reaction temperature allowed for
products was observed, and after chromatographic separacomplete consumption of starting material without detri-
tion, these were identified as the two isomeric enami2les  mental side reactions.

and 2b.1° This indicated that the coupling was indeed a  The coupling was found to be compatible with primary
viable process but also suggested that isomerization of thealiphatic and aromatic amides, including the hindered trim-
enol triflate or product had taken place during the reaction. ethylacetamide and adamantanecarboxamide (entries 4 and
Indeed, resubjection of either of the purified enamides to 5), and also with functionalized amides (entry'8)n the

the reaction conditions afforded a 1:1 mixture of isomers. case of secondary amides, good yields were obtained with
Lowering the temperature to 4®0 °C led to slower the cyclic 2-pyrrolidinone (entry 7), biN-methylbenzamide
isomerization, and at room temperature the enamides weredid not react with either enol triflat8 or 4. This may be
relatively stable to the reaction conditions. Hence, for due to steric constraints, as a similar lack of reactivity for
successful implementation, amidation at room temperaturesecondary amides has been observed in related reattions.
would be required. On the basis of this, a number of The high yields obtained for the couplings of primary amides
palladium sources, ligands, bases, and solvents were screenechn also be attributed to the lack of reactivity of the

for this reaction

As can be seen from Table 1, running the reaction at room-

temperature allowed for moderate conversion with minimal
isomerization and a change of palladium source tgd®ad)

secondary amide product to further coupling. The hindered
enol triflate5 required higher reaction temperatures, reaching
only 80% conversion after 20 h at 8C (entry 8). Some
form of enol triflate activation by electron-withdrawing

gave a 94:6 ratio of enamide isomers with high conversion substituents or conjugation appeared to be necessary, as enol

after 8 h. Even at these temperatures product equilibration

still occurred after prolonged reaction times. The use of
ligands other than Xantphos (P£BINAP, dppf) was not
successful, with only BINAP providing any of the desired
product. Changing the solvent had only a minor effect;
however, CgCO; was found to be the optimal base. Amine
bases did not promote the reaction, and the use afBiO
afforded solely the corresponding alkyne.

(9) Kranenburg, M.; van der Burgt, Y. E. M.; Kamer, P. C. J.; van
Leeuwen, P. W. N. MOrganometallics1995, 14, 3081.

(10) New compounds were fully characterized'bly 1°C, IR, and HRMS
and/or elemental analysis.
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(11) General Procedure for Palladium-Catalyzed Amidation Reaction:
Synthesis of Enamidél1. To a solution of enol triflat& (255 mg, 0.832
mmol) in dioxane (5.0 mL) at room temperature was addefOs (379
mg, 1.16 mmol), trimethylacetamide (109 mg, 1.08 mmol), Xantphos (43.6
mg, 0.075 mmol), and B¢tlba) (23.0 mg, 0.025 mmol). The mixture was
degassed and stirred at 80 for 9 h after which time complete conversion
was obtained. The mixture was filtered, concentrated, and purified by flash
column chromatography (toluene) to give the desired enamide (214 mg,
96%): mp= 96—98°C; IR (CHCk solution) 3252, 2920, 1650, 1645,
1510, cnT?; *H (400 MHz, CDC}) 6 7.37 (dd,J = 7.9, 1.4 Hz, 2H), 7.27
(tt, J=17.9, 1.4 Hz, 1H) 7.19 (dd] = 7.9, 1.4 Hz, 2H), 6.73 (s, 1H), 2.64
(m, 2H), 2.35 (m, 2H), 1.76 (m, 4H), 1.00 (s, 9H3C (100.6 MHz, CDGJ)

0 176.3, 140.8, 130.9, 128.6, 128.1, 127.0, 125.6, 39.0, 30.7, 27.6, 27.3,
22.8,22.7; LCMS 258 (MH, 80), 174 (80), 157 (100); HRMS1&H»3NO
(MH) theory 258.1858, measured 258.1851.
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Table 2. Coupling of Various Enol Triflates and Amicdes

entry enol triflate amide product yield®
F.C /1 F.C = 8 (+ 5% isomer)
2 oTf _ NHCOR - 88%
3 Ph Q RZMe Ph 9:R=Me 9:88%
4 r NH - 10: R = Ph 10: 84%
3 : R=tBu 11:R = Bu 11: 96%
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16
NHCOPh
é/COZEt 47%
17
NHCO,R
Ph 18: R = Bu 18: 80%
6/ 19:R=Bn 19: 95%
NHSO,Ar
Xy~ CO,EL 87%
20

aReagents and conditions: enol triflate 1.0 equiv, amide 1.2 equp@sl.4 equiv, Pgldba) 3 mol %, Xantphos 9 mol %, 0.2 M in dioxane, 3G,
8—14 h." Isolated yield after chromatographyAt room temperature? Using KOtBu.© At 80 °C.

triflate 6 did not react with acetamide or benzamide (entry nitrogen compounds. Bottert-butyl and benzyl carbamate
9) and only trace amounts of product were isolated from the underwent coupling reactions with enol trifléén high yield

reaction of enol triflate with 2-pyrolidinone (entry 10). In

(entries 12 and 13); however, the less nucleophiic

substrates where elimination to alkynes or allenes was nottoluenesulfonamide could only be coupled with the highly
possible, KOtBu could be employed as an alternative base.reactive enaol triflatet (entry 14)*?
With enol triflate3, shorter reaction times were required with

the soluble base compared t0,C8&s (entry 3); however,

The presence of an aryl bromide in either coupling partner
did not interfere with the desired reaction under the above

competing hydrolysis to the starting ketone lowered yields conditions. For example, the coupling of enol trifl&er 4
with 2-bromobenzamide at 5 afforded solely the product

with enol triflate 4 (entry 11).

While amides are the most commonly employed nitrogen resulting from amidation of the enol triflate with no polym-

protecting group for enamide hydrogenation reactions, the
harsh conditions required to remove these groups can limit
substrate compatibility. With this in mind, -€N bond-

(12) While a conjugate addition/elimination pathway could operate for
this enol triflate, we feel that this is unlikely due to the lack of reactivity
in the absence of palladiumx6% conversion after 24 h). We thank a referee

forming reactions were studied with other readily available for alerting us to this possibility.
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Scheme 2

@ @f*““ﬁ ©A@/

COzEt NHy —om @)L
@COQB
OTf b NHAc
= _— =
Br 21 Br

aReagents and conditions: (a)/C©s; 1.4 equiv, Pe(dba} 3
mol %, Xantphos 9 mol %, dioxane, 3C, 16 h.” Acetamide 1.3

equiv, CsCOs; 1.4 equiv, Pe(dbay 3 mol %, Xantphos 9 mol %,

dioxane, 23°C, 9 h.

erization of the bromobenzamide or subsequent Heck reaction
of the product (Scheme 2). Coupling of acetamide with enol
triflate 21 at room temperature gave an 83% yield of the
product from reaction of the enol triflate. Increasing the
reaction temperature to 50C resulted in some alkene
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isomerization, but no coupling with the aryl bromide group
was observed at this temperature.

In conclusion, we have demonstrated that the palladium-
catalyzed amidation of activated enol triflates to afford
enamides is a viable procedure for the synthesis of a range
of cyclic and acyclic enamides. The reactions proceed under
mild conditions that would be compatible with a range of
functionality. Selective coupling of an enol triflate in the
presence of aryl bromides can be achieved. Carbamates, and
in some cases sulfonamides, can also be coupled efficiently.
Where enamide equilibration can occur, control of reaction
temperature allowed for stereoselective synthesis of the
required enamides.
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