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ABSTRACT

Decomposition of a diazo  f-ketoamide derived from  N-trityl serine imidazolide and ~ N-protected acetanilides provides, instead of the expected
3-acyloxindole product, an enantiomerically pure (EP)  f-lactam. The amino acid stereocenter is incorporated, the second chiral center is
induced, and trityl protection of the  f-lactam ring is realized for the first time. The desired 3-acyloxindole is obtained from oxindole and
Tr-Ser(OBn)-imidazole, the X-ray of which provides the first structural determination of an EP amino acid imidazolide.

Nitrogen heterocycles occupy a premier position in both S-lactam$and the vibrant interest in polymers of BRamino
natural product chemistry and pharmaceutical science, andacids (“S-foldamers’y’ ensures that research into this
both azetidin-2-ones (5-lactams) and indoles are among thestrained four-membered ring system will continue unabated.
most investigated of such ring systems due to their well-  For our synthesfsof the marine natural product diazona-
documented impact on small molecule drug discovery. In mide A (1f we required the construction of highly func-
addition, enantiomerically pure (EB}lactams act as mul-  tionalized 3-acyloxindol@. Two approaches were conceived
tifunctional organic motifs for the elaboration of more — . . . . . .
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(Scheme 1). One sought direct acylation of the correspondingthe sequence of to 2) that this protection scheme would

C3-unsubstituted oxindole( PG= protection group, Y=
H or halogen) with a serine derivative (L& leaving group).
The second route relied on diazo compodnéavhich would

Scheme 1. Diazonamide A Retrosynthesis
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be subjected to Rhcatalyzed decomposition to promote
C—H insertion and oxindole formation as described by
Doyle1°Herein we report that each of these synthetic routes
led to unexpected discoveries. The direct acylation route led
to the first isolation and structural characterization of an EP
amino acid imidazolide and culminated with the synthesis
of 2. The RH-catalyzed C—H insertion route did not lead
to 2, but rather to the first reported direct transformation of
an EPa-amino acid derivative to thg-lactam nucleus with

prevent not only N-H insertiort? of the reactive carbenoid

to the amino acid nitrogen but also-El insertion into the
serine side chain. The acid imidazolide was chosen for ease
of preparatio®® and compatibility with the acid-labile trityl
group.

Oxindoles 3 were prepared from two different routes.
N-Benzyloxindole 8a) was prepared from isatin by a recently
published procedur¥. Unfortunately, the corresponding
MOM-protected 7-bromoisatin did not produce the desired
material from this procedure nor was theprotection of
7-bromooxindole successful. Therefore, a more general and
higher-yielding route tab was developed that employed
acetanilideb, prepared in quantitative yield from 2-bromoa-
niline (Scheme 2). Protection & afforded6 in excellent

Scheme 2. Oxindole Preparation
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yield. The anion of6 (LIHMDS) was reacted with 2,2,2-
trifluoroethyl trifluoroacetate yielding the trifluorg-ketoa-
mide, which could be converted without purification into

complete retention of absolute stereochemistry and inductionj, 8994 yield through diazo transfer (Msi®BU) and in situ

of the second ring chiral center.

The literature describes very few examples of oxindole
acylation at C3 and no examples employing amino acids or
their derivatives, some of which are prone to racemization.
We were guided to trityl (Tr) protection of the serine amine
functionality (PG) for both routes t® by the body of work

ketone cleavage during workup (10% NaOH# ) his diazo
compound underwent clean—& insertion yielding3b in
60% (50% overall yield fron®).

Standard in sittf reaction of Tr-Ser(OBn)-OH with 1’1
carbonyldiimidazole (CDI, 1.05 equiv) afforded the expected
solution of acid imidazolide8 and imidazole, which was

in this area from the Rapoport group and the documented a4ded directly to the anion of oxindol8a,b. Reaction yields

chiral stability of such derivatives.It was also hoped (for
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were variable and were ascribed to such factors as incomplete
imidazolide formatiort? the presence of imidazole in the
solution of acid imidazolide, and difficulties in managing
the reactive oxindole anion content in the presence of
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We postulated that isolation and purification of imidazolide the more common carbamate protection groups for nitrogen
8, if possible, could be used to improve the yield. To this are electron-withdrawing and activate the carbonyl.
end, Tr-Ser(OBn)-OH was reacted with excess CDI (1.5 With clean acid imidazolid& in hand,C-acylation under
equiv) to ensure complete conversion, followed by aqueousthe previous conditions using the sodium anioB pfovided
workup to remove the excess CDI. We were both pleaseda 10% increase in yield (Table 1, entry 5). The problem of
and surprised to find that this acid imidazolide, obtained in
97% vyield, was a stable crystalline solid that was easily
purified by column chromatography on silica geéAlthough
a number of simple acid imidazolides have been shown to

Table 1. Formation of 3-Acyloxindoles

) . TrHN OBn
be isolable compound$,the literature, to our knowledge, TrHN  OBn
makes no mention of EP amino acid imidazolide stability, Table 1
although these reactive amides are used extensively in OI(N\/Q = 0 N B o
synthesis? Indeed, just the opposite appeared to be the case, R 1! 43 N
as acid imidazolides are routinely prepared and immediately N R X
used without isolation because of their high reactiVitywe gz EZEA’BQ =tz . . 20 20
have also prepared stable crystalline acid imidazolides from ’ '
Tr-Phe-OH and Tr-Val-OH.

A review of the Cambridge Crystal Structure Database _entry oxindole base (equiv) 8 yield (%)
reveals that there are very few examples of structurally 1 3a NaH (1.0) in situ 42
characterized activated amino acid amide compounds. Com- 2 3a NaH (4.0) in situ 50
pounds crystallizes in the chiral space gro@222 (Figure 3 3b NaH (2.0) in situ 50
1). The position of the amine hydrogen, H3, was located 4 b LDA (2.0) in situ 40

5 3b NaH (2.0) isolated 60
6 3b Li-imidazolide (2.0)  isolated 70
7 3b Li-imidazolide (5.0)  isolated 72

reactive anion management was solved by employing lithium
imidazolide as base rather than the preformed anio8. of
This final optimization led to a reproducible 72% yield of
desired producg.

Success in the transformation @fto 3b via the RH-
catalyzed C—H insertion reaction offered us excellent
precedent for our second route 2pnamely, diazo decom-
position of4. Compoundglap were synthesized by acylation
of the anions derived froMi-benzylacetanilide ané (LDA)
using in situ generated imidazolid®, which gave the
p-ketoamides in 4555% yield (Scheme 3). Treatment with
mesyl azide (Msi)?3 or 4-acetamidobenzenesulfonyl azide
Figure 1. Solid-state structure of acid imidazolide with DBU gave the desired diazo compountisbin 89%
and 96% vyield, respectively. However, no oxindole was
observed upon rhodium-catalyzed diazo decomposition.
from a difference Fourier map. It is oriented toward the Unexpectedly, we obtained thens-trityl-protecteds-lac-
imidazole nitrogen, N2, of an adjacent, symmetry-related tam. The structure dfansisomer9 was confirmed by X-ray
molecule giving rise to one-dimensional chains of H-bonded crystallography. Therans isomer11 was isolated in 60%
molecules running through the lattice parallel to tiexis yield by treatment with the rhodium catalyst.

(N3---N2' distance= 3.3243(19) A, see table of hydrogen  This unexpected and unprecedented route tgtteetam
bonds)?° The structure in Figure 1 confirms that chirality is nucleus directly from am-amino acid, to our knowledge
retained throughout the synthesis. The bond distances andhe first documented transformation of its kind, is best
angles within the molecule are comparable to other, similar explained mechanistically by invoking a stereospecific Wolff
compoundg>??For one of these studi#8it was speculated
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Scheme 3. Wolff Rearrangement t@-Lactam
OBn
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rearrangemefft to form ketene intermediatd2, which
undergoes intramolecular attack by the trityl-protected amine.
Intramolecular ring closures afi-trityl groups have been

pathway (through2) in the metal-catalyzed transformation.
The cleanest and highest-yielding reactions were photo-
chemical. Upon irradiation, compoundla gave a 2.5:1
separable mixture oftrans and cis g-lactam isomers,
respectively, in 76% yield. Comparison with the rhodium-
catalyzed reactionv{de supra) revealed the presence of the
cisisomer in the former reaction. However, only tttans
isomer (88% vyield) was isolated from irradiation 4b
(Scheme 3, box). Wolff rearrangements generally proceed
with retention of configuratior? this was verified for9 by
refinement of the X-ray data(Flack paramete= 0.04 (11)).

In addition, we have shown that the reaction is completely
stereospecific; i.enp-Tr-Ser(OBn)-imidazolegnt8) affords

the enantiomeric materi@nt-9as shown by chiral column
HPLC; there is no indication of enantiomer formation in
either reaction.

Questions concerning the origin and scope of this unex-
pected Wolff rearrangement, in contrast te-N or C—H
insertion, the utility of trityl protection of thg-lactam amide
functionality and the facile access to stable crystalline amino
acid imidazolides in high yield are currently under study in
our laboratory and will be reported in due course.
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