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Abstract: @2,3-Butadienyl)lactamsreact with aryl iudidesin the presenceof n-Bu,NCl, K,COg
anda catalyticamount of Pd(PPhJi to give bicyclicenamidesresulting from attack of nitrogenon
the centralcarbonand transferof the aryl groupto the terminalcarbonatomof the allene.
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Allenes constitute an interesting class of organic compounds with unusual chemical properties due to
their two cumulated double bonds. ’ An interesting example which recently caught our attention, is the
palladium-catalyzedreaction of allenes with organic halides (or triflates) in the presence of different nitrogen
nucleophiles.2-4Severrd years ago, we reported m efficient synthesis of allene-substituted Iactams of type la
via acid-induced reaction of oethoxylactams with propargyltrimethylsilane.s We rixently set out to
investigate the possibility of palladium-catalyzed cyclizations of @@trns 1. Precedent for this reaction type
was found in the work of Prasad and Liebeskind,2f who have converted ~-lactarn 2 into the carbapenem
skeleton 3 by reaction with excess allyl bromide and catalytic palladium acetate. In this paper we report our
first results, featuring an unprecedented type of allene cyclization with NC-bond formation taking place at the
central allene carbon atom.

Our first experiments were aimed at the cyclization of la5 according to the published protocolx to
arrive at structures of type 4. However, we were unable to effect a successful cyclization in this manner.
Moreover, the use of the conditions developed by Gallagher and coworkers for related cyclizations of allenic
amides (iodobenzene, catalytic Pal(O),base, DMF, 70 ‘C) were equally ineffective when applied to la.
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Being unable to achieve a successful cyclization of la, we dixectedour attention to ring closure
tmctions of the homologous allene lb. Its synthesis (eq 1) involved an N-acyliminium coupling of 5-
ethoxypymolidinone(5b) with propadienyltributyltin,Zf followed by a Crabw rcactionb to give lb in 53%

overall yield.7Much to our satisfaction, application of the Gallagher conditions to lb gave a clean reaction to
produce a major product as a colorless oil in 64% yield (eq 2).

Phl(4.o equiv),
Pd(PPh~4(0.1equiv),

. (2)

K.&03, 6U4NCI
MeCN,3 h, reflux7 8b 64% 9 66%

Surprisingly, the obtained product was not the anticipated compound 7, but the 5,5-bicyclic system
8b. Strong indications for the formation of the five-membered ring were the position of the olefinic proton in
the ‘H NMR spectrum at remarkably high field (brs, 8 (CDCIJ = 4.79 ppm) and the presence of a clear AB-
system for the benzylic protons (6 (CDCIJ = 3.87, 3.97 ppm, J = 16.1 HZ).8Additional evidence was
obtained by smooth reduction of the enamide double bond (Et$iH, CFqC02H) to give the pyrrolizidine
derivative 9 in 85% yield. Evidently, opposite to the previously observed reactivity of allenes, the amide
nitrogen reacts at the central carbon atom of the allenic moiety, while the phenyl group is transferred to the
terminal position. To the best of our knowledge, this represents the first example of a nitrogen atom nmcting
with the central carbon atom of an allene under palladium-catalyzed conditions.

Table1. Precursorsandoydizationsofm(2,3-butadienyf)laotams.
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Iactam(yield) Iactam(yield) Ratio6/10C Yield(8+10)

Q’
OEt

NH

o

1 SC

P’(Y’I
o 0

6C(94%) IC (73%) 6c/10c86/12 46Y0

9 ,$,OEt

NH

o 0

2 5d 6d 93% ld 90% 8dl10~ 93I7 72%

g
R,,. :

~

N/
o

Ph

R,,.r *
NH

o

F14,. x
J“NH

o

R,,.

Po ‘H i

3 5e R= H,X = OBZ 6e 63%a
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aTMSOTfwasusedastheLewiaacid.bSea:reference2f.cBasedon IH NMRdateofthecrudaraaotionmixture.
dsteremhemi~vtantstive~asaignedasshown,basadon10c.‘OrIlyoneisomerobservedby‘HNMR.

In order to investigate the scope of this reaction, a number of cyclization precursors were prepared
following the reaction sequence shown in eq 1. The starting ethoxy lactams were either prepared viaknown
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b
Figure1.Chem3DTMrepresentationof
thecrystalstruefureof 10C.

procedures (5c and d),’ or were commercially available (5e and f). The
yields of the conversions into the cyclization precursors lc-f and the
results from application of the aforementioned conditions (Pal(O),Phi)
are summarized in Table 1. In contrast with the pyrrolidinone-derived
allene lb, allenes ICand d did not only lead to the expected enarnides
8Cand d, but also to small amounts of isomeric products 10c and d, in
which the phenyl group was transferred to the internal spz-carbonof the
allene and an exocyclic double bond was formed (entries 1 and 2). The
structure of the minor isomer 10c was proven unambiguously by X-ray
crystallography (Fig. 1), thereby confirming the formation of the NC-
bond at the central carbon atom of the allene.’”The cyclization of the fl-
lactarns le and f (entries 3 and 4) proceeded cleanly to give the
carbapenems 8e and f, without formation of the other isomer. The
slightly higher yields in these cases might be attributed to the higher
nucleophilicity of the $lactam nitrogen atom. Although other aryl
iodides (such as l-iodonaphthalene) behaved in a similar manner as

iodobenzene, extension of this methodology to vinyl halides appeared to be troublesome. Vinyl bromides
sofar proved to be virtually ineffective under the standard conditions and use of 2-iodo-l-heptene led to the
desired product in only 23% yield.

A rationale for this unprecedented behavior of allenes is detailed in Scheme 1 starting from Ic. The
phenylpalladium(II) halide (formed in situ from iodobenzene and Pal(O))complexes to the terrninrd double
bond of the allene, rendering the olefin sufficiently electrophilic to undergo nucleophilic attaekl’ by the
tethered amide nitrogen atom (viz. 11) leading to intermediate 13. Reductive elimination of Pal(O)then leads
to the major isomer 8c. Formation of 10c can be explained likewise through activation of the internal allene
double bond. Alternatively, it is conceivable that the shown ?wllylpalladiurn complex 14 (formed viz
isomerization of one of the wdlylpalladium complexes) plays a role in this mechanism.
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Q’”
NH ●

-HX
Phl

Q?

N/ -Pal(O)
Q ;:pdLphx —

-R

N/

/
Pal(O)

o 0 PdL2Ph

1!

o Ph
11 13 8C

P
NH ●

n
N

~ IC 11
f

PdL2Ph
Q 14

Phl\ # H
Pal(O)

T

-HX,~PdLPhX —

R

PdL,Ph ‘~

R

Ph

‘-ii
N N

o 0 0
12 15 Ioc

Walkup4and Gallaghe# have previously suggested this type of activation of an allenic double bond
by an in situ formed organopalladium(II) halide. The formation of their products could also be explained by a
different mechanism, which proceeds via a mllylpalladium intermediate as proposed by Tsuji2gand Cazes.3
In our case, however, it is clear that the latter mechanism does not take place because this would lead to
products of type 7.

In summary, we have shown that co-(2,3-butadienyl)lactams readily cyclize under the influence of an
in situ formed organopalladium(II) species with the lactam nitrogen reacting at the central allene carbon atom,
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thus giving rise to several pyrrolizidine, indolizidine and carbapenem derivatives. We are currently working to
further elucidate the mechanistic details and establish the synthetic possibilities of this type of reaction.
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