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A novel route to substituted lactams has been developed using a tandem Heck—allylic substitution reaction. The palladium-catalyzed reaction
between w-olefinic N-tosyl amides and vinylic bromides affords in one step the substituted pyrrolidones and piperidones in 49—-82% isolated
yield. In addition, it is shown that an N-phenyl amide can act as a nucleophile in intramolecular allylic substitution reactions.

Palladium-catalyzed tandem reactions have enjoyed consid-Heck reaction st&por in the allylic substitutio?f), or as a

erable interest during the past deca@everal combinations

three-component couplinig>¢” Carbon3®8 oxygen? and

of reactions have been developed both to prepare complexnitroger® nucleophiles have been used. In one particular

natural productsand to provide direct entry into synthetic
building blocks.

study, anintermolecular Heck reaction followed by an
intramolecular allylic substitution was used to prepare a

The observation that the palladium-catalyzed reaction variety ofN-tosyl 2-(1-alkenyl)pyrrolidines and -piperidines
between a vinyl halide and an unactivated olefin often results starting from acyclic olefinic sulfonamidés.

in the formation of a stable-allylpalladium species has led
to the development of the tandem HegKlylic substitution
reaction® This reaction, elaborated upon extensively by
Larock and co-workershas been carried out in an intramo-
lecular versiorf,as a two-component coupling (either in the
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We were interested in expanding this couptirayclization
strategy to acyclic amides to provide the corresponding
lactams. Substituted five-membered and six-membered lac-
tams (pyrrolidones and piperidones) are found in innumerable
natural products and pharmaceutical compoutds.addi-
tion, whereas 2-alkyt and 2-(2-alkenyl) lactams are readily
available viaN-acyliminium ion chemistry? the correspond-
ing 2-(1-alkenyl)-lactams are not easily accessible.

Initially, the olefinic amidesla—c were reacted with
1-bromopropen€ and catalytic palladium acetate using the
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conditions of Larock et al. (Scheme 1 and Figuré The
reaction with primary amidéa'* andN-benzyl amidelb'®

Scheme 1. Tandem Heck CouplingAllylic Substitution
Reaction of Amides

so because a recently described intramolecular aminopalla-
dation of ap-nitrophenyl carbamate met with failuté.
Probably, the K, difference between aN-phenyl and an
N-benzyl amide (22.4 and 25.8, respectivélys sufficient
to allow deprotonation by N&QO; in boiling acetonitrile.

For the reaction to succeed, the choice of base and phase-

2 equiv. B transfer reagent turned out to be very important. The use of

o) 5 mol% Pd(OAc); /\/& organic bases such aszHt or Cy,NMe proved to be
/\)LN/R 11 mol% P(o-tol) N rlq ° inadequate and led to precipitation of Pd-black within the
H 2 equiv. Na,COs R first few minutes of heating. Even the combined use of an
1 2 g‘;_:‘a"(’:,\f 334NCC' 2 organic base with-Bu;NCIl was not successful. Other phase-

transfer reagents such asBu,;NBr could be used, but the
reaction was then considerably slower. It appears that the
n-BuyNCI may have two roles, acting not only as a phase-

transfer reagent but also providing chloride as a stabilizing
did not afford any trace of cyclized products, and analysis |igand for palladiunt?

This is not unexpected because in the cyclization of sul- yariety of phosphorus ligands. The ligand turned out to be

fonamides, the deprotonated species is the nucleophile, whilegny important factor in the reaction rate. Shown in Table 1
the less acidic amides may not get deprotonated under these

conditions. Consequently, the neutral amides would not be_

1a,2a: R=H; 1b,2b: R=Bn; 1¢,2c: R = Ph

sufficiently nucleophilic to attack a-allylpalladium spe-
cies?®
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Figure 1. Tandem Heck couplingcyclization mechanisr.

However, encouraging results were obtained wihen
phenyl amidelc was used as a substrate. After 46 h at 90
°C, 97% of the starting material had been convertedzmd
was isolated in 41% yieltf. This is remarkable, all the more
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Table 1. Phosphorus Ligand Effect

reaction time

entry P ligand? (h) % conversion®
1 P(OEt)3 20 54
2 P(OPh)3 16 94
3 P[O(p-cyanophenyl)]s 16 100
4 PPh3 46 97
5 P(NMey); 24 72
6 P[O(2,6-dimethylphenyl)]s 16 83
7 P(o-tolyl)s 20 92

aMetal/ligand ratio= 1/2.° Determined by*H NMR.

are the results obtained with seven different phosphorus
ligands for the conversion dfcinto 2c.?! If the data in this
table are analyzed using a Tolman P14 clear correlation

is observed: ligands with larger cone angles and/or poorer
electron-donating properties gave rise to faster reactions. An
exception is entry 6, although the deviation was found to be
due to the lower stability of this ligand. When a slightly larger
amount of ligand was used, a higher conversion was
obtained.
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Although the rate of the reaction could be increased by
using phosphite ligands, the isolated yield did not signifi- 1,p1e 2. Tandem Products Using Amid@sand 4
cantly increase. On the basis of ligand stability, reaction
times, and conversions, the ligand of choice for these tandem

N-tosyl amide vinyl bromide product, yield (%)

reactions was PTolyl)3.%®

It is evident that an electron-withdrawing group at nitrogen 3 AN /\/qx o 5.8
is important for a successful cyclization. It was therefore Ts
anticipated that the use df-tosyl amides might overcome \[rBf T&O 5b, 77
the problems experienced with tiphenyl amides. The ?s

pK, of anN-tosyl amide is comparable to that of a carboxylic

acid?* Starting from commercially available carboxylic acids, /\r Br
the correspondingN-tosyl amides3 and 4 were prepared

following a literature procedufein excellent yield (Scheme

2)28 O/Br

o 5¢.53

o 5d, 55

_ ) 4 B 6a, 81
Scheme 2. Synthesis ofN-Tosylamides Ts °
1) TsN=C=0
o 2) EN o Br
3) 2M HC Ts \"/ Np b, 75
= OH ———— & N Ts
n THF, 1t, 1h N H
3:n=1, 94% B
4: n=2, 96% /\r ' X SN0 6e, 50
Ts
Tandem Heckallylic substitution reactions using and Br NXO 6d, 49
4 were carried out under similar conditions as for anfiee 0/ Ts

c¢. Overnight, both substrates afforded the desired lactams
with a variety of olefinic side chaifsin reasonable to good
isolated yields. The results are summarized in Table 2. As
can be seen from this table, even the use of heavily
substituted vinyl bromides results in the corresponding
pyrrolidones and piperidones.

To illustrate that the corresponding amides are easily
accessible from productand6, 5awas desulfonylated by

treatment with sodium naphthalenide in DREo afford the Acknowledgment. The authors thank DSM for financial
corresponding amid& in 79% yield (Scheme 3. support.

s Supporting Information Available: Experimental details

Scheme 3. Desulfonylation of5a describing the synthesis and characterizatiobop8, 4, 5a—
d, 6a—d, and7. This material is available free of charge via

/\/&o CyoHg/Na /\/&o the Internet at http://pubs.acs.org.

products can be easily desulfonylated and are valuable
building blocks for natural product synthesis. In addition, it
has been shown that-phenyl amides are able to act as
nucleophiles in intramolecular allylic substitution reactions,
a finding that should elicit more research in this field.

N DME N
Ts H
5a 7.79% OL027169X
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