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Several alkaloids isolated from the marine bryozGérartel-

la papyracea incorporate an array of unusual functional groups,

including aB-halogenated enamide moiety (Figure' Due
to their unique structures, both the chartellings-8¢ and
chartellamides4 and5)? have attracted attention as synthetic

targets. However, little work to date has focused on formation

of the 8-chloroenamide moiety found in the chartellines and

the 8-bromoenamide of the chartellamides. We are currently
exploring synthetic approaches to these marine metabolites and

now describe some of our initial results for the efficient con-
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2 chartelline B, X =H, Y =Br 5 chartellamide B, X = Br
3 chartelline C, X=Y =

struction of the haloenamide portions of these natural products.

There has been a substantial amount of recent work Figure 1. The chartellines and chartellamides.
dedicated to the synthesis of stereochemically well-defined
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enamide$ and enamide-containing natural proddctsa
metal-catalyzed coupling of vinyl halides with amides and
lactams. Buchwald et al. have developed a mild and
convenient improved procedure for the stereocontrolled
N-vinylation of amides with vinyl halides using copper(l)
catalysis withN,N'-dimethylethylenediamine as the ligeihd.
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This methodology also allows the synthesis of 7 substrates (Scheme BrLactaml4 reacted with iodo bromo
membered lactams via the intramolecular vinylation of
amides’

At the outset of our research, nothing had been reported

on metal-induced couplings of amides or lactams with 1,2- Scheme 3
dihaloalkene&.During the course of the studies outlined here, o 5 mol % Cul Q
however, the Isobe group described a single example of such NH ggg%oﬁg'f N’\rBf
a process. Thus, it was found that a 5:1 mixture of o + M - . o Ph
halogenated enamid8sand9 could be obtained via coupling N MeHN  NHMe N
of p-lactam 6 and (E)-f-chloro vinyliodide 7 with the 4q BoC Boc 45390,
Buchwald conditions (Scheme %). ° o (100%)
; e g
Br NH 702"0, Td Br N/\f
Scheme 1 ot ——>
o o Br EEM MeHN  NHMe Br ZEM
16 %
O N o
NH “ 5 mol % Cul Me ; i i ;
=\ CSZCOZ,THF 8 cpmpoundllto glveﬁ—bromoenaml_dd_S in 39% isolated
N O+ . o yield (100% based upon recovered iodide). We were pleased
Mo veHN NHMe o to find that tribrominated spiro-3-lactami6'? coupled
6 7 91% N smoothly and chemoselectively with simple iodo chloro
Q—go\g\[ substrate’ to produce3-chloroenamidd 7 in moderate yield.
ae The couplings of some 4-dihalovinylimidazoles with

tribromo spiro-$-lactam substrates were also investigated
(Scheme 4). Reaction of the Boc-protected tribrgtvactam
18 with imidazole20 under the standard conditions resulted

9

Our initial investigations were aimed at both developing
the chemistry required to construct the requisite haloenamid
moieties and determining the functional group compatibility

- Scheme 4
of this methodology. Therefore, know(E)-1-chloro-2- o
iodovinylbenzene ()2 and (B-1-bromo-2-iodovinylbenzene Br 5 mol % Cul
(11)L° were coupled with 2-pyrrolidinone (10) with use of Br NH ¢l Co00, THF
the reaction conditions described by Buchwald for simple o+ N\> - -
vinyl iodides (Scheme 2). Treatment of the chloro compound  Br ’F?: N MeHN  NHMe
BOM
18 R = Boc 20
19 R =Me
Scheme 2 5 ¢ Cl
Cul, Cs,CO3 Br CONTNAN

THF, 70 °C LD
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N 21R=H 23%
Z1XX CBr 1:2; § - gﬁ g% (60%) 22R=Me 91%
o]
B NH 7 (132 rgocl) %Tglli[
7 and lactaml0 with 20 mol % of Cul, cesium carbonate, Br N N\> 70
andN,N'-dimethylethylenediamine in THF at 7€ produced . N O+ N —
the S-chloroenamidel 2 in high yield as a single geometric BOM  Meo,c BOM MeHN  NiMe
isomer. Moreover, the reaction was completely iodide 23 24
selective, and none of the coupling product analogou® to © cl
was detected in this case, or in any of the examples discussed Br AN
below. In the case of bromo iodo compouhtl, however, Br o l N\>
the yield of coupled produdt3was significantly lower (21%; Br N ool Bom
60% based on recovered starting iodide). BOM -
We next investigated the coupling of some sfirtactams 25 45% (67%)

structurally related to the chartellines with model dihalo
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in formation of the haloenamid2l in low yield due to the
lability of the protecting group in this system. However, the
more stable methyl-substituted analodi®scoupled in high
yield with imidazole 20 to afford S-chloroenamide22.
5-Substituted imidazol24 also reacted with BOM-protected
lactam 23 to produce coupled produ@s in 45% isolated
yield (67% based upon recovergd). This compound is a
potentially useful intermediate for synthesis of chartelline
A (1).

Since the chartellines and chartellamides contain a 2-bro-

moimidazole moiety, we decided to explore the compatibility
of this functionality with the coupling methodology (Scheme
5). Thus, 2-pyrrolidinone 10) was coupled with 2-bro-

Scheme 5
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moimidazole26 to afford the undesired lacta7 as the

major product, along with a small amount of bis-lactaé
Finally, it was found that this methodology can also be

effected intramolecularly (Scheme 6). The cyclization pre-
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cursor31was prepared via a DCC-mediated esterificdfion
of pyroglutamic acid (29) with known (E)-1-iodo-2-chlo-
rovinyl alcohol30*2 lodo lactam31 was then subjected to
the usual Buchwald conditions to afford seven-membered
bicycle 32 in moderate yield.

In conclusion, we have developed a simple, efficient
method for the stereocontrolled synthesigdfaloenamides
in moderate to good yields via the copper-catalyzed halogen-
selectiveN-vinylation of lactams with E)-3-chloro and (B-
B-bromo vinyliodides. This methodology can also be effected
intramolecularly, thereby providing interesting possibilites
for the total synthesis of the chartellinés-3 and chartel-
lamides4 and5.
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