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ABSTRACT

s Tfa-GlyOfBu R
A WyZnCI> MeOOCRy\g/COOtBu 96% ds
, 2 B N
(Et0)0PO  COOMe oo A > 98% ea

Zn-chelated glycine ester enolates are highly efficient nucleophiles for the synthesis of trans-methoxycarbonylcyclopropyl- and cyclobutylglycines
by domino sequences of Michael additions and subsequent ring closures. They react to give the anti isomers with high yields and excellent
diastereoselectivities.

Cyclic amino acids such as carboxycyclopropylglycines have the MIRC (Michael-induced ring closure) concgpb the
attracted interest due to their remarkable biological activity. desired cyclopropylic compounds by using lithium enolates
They can be regarded as conformationally fixed analoguesof O'Donnell’'s phenylimino glycine estetras nucleophiles.
of the natural amino acid glutamate. It has been shown thatThese glycine synthons react with a wide range of acceptor-
these amino acids can interact very strongly and selectively substituted unsaturated systems such as nitro compounds,
with the metabotropic glutamate receptors in the mammalian sulfones, and estefsBesides the imines, the Schollkopf
central nervous systemsTherefore, the interest in the bislactime ethers can be used for an asymmetric approach
stereoselective synthesis has increased considerably in recertf that kind® Kanemasa et al. used enolates of sarcosine
years. Besides approaches to introduce the amino acidesters and amides and observed selective anti or syn product
functionality via Strecker reactichseveral routes have been formation, depending on the protecting groups uséa
developed to construct the cyclopropyl unit, e.g., by metal- efficient synthesis of the syn product was also described by
catalyzed cyclopropanations or carbene addition reactiens. using enolates dfl,N-dibenzylglycinaté® The ring-enlarged
Joucla et al. were the first to report an approach based oncyclobutyl analogues can be obtained via an anti-selective
[2 + 2] cycloaddition?!

In our group, metal-chelated glycine ester enolates play a
dominant role in the stereoselective synthesisxedmino
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acids!? Therefore, we wanted to apply these nucleophiles configuration of the amino acid center relative to the
also to domino reactions such as conjugate additions andneighboring carbon atom. With respect to the synthesis of

subsequent cyclizations.

optically active amino acids, we were interested in substrate

Due to very promising results in the field of the palladium-
catalyzed allylic alkylation$® we used the chelated zinc
enolate of trifluoroacetyl (Tfa)-protected glycine esteas

5 with an additional methyl group at the allylic position

(Scheme 2).

a nucleophile and commercially available methyl 4-bromo- _

Scheme 2. Syntheses of Cyclopropyl Amino Acids

but-2(E)-enoate?a as a first acceptor (Scheme 1). The

Scheme 1. Reactions of Chelated Enolates with
Functionalized Michael Acceptors
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reaction gave a mixture of the desired cyclopropyl products
4, with an exclusive trans orientation of the substituents at

the cyclopropyl ring, and the direct substitution prod@ct
in a 7:3 ratio. To avoid the direct substitution, we switched
to a weaker leaving group X, which should react not with
the glycine enolate directly but hopefully with the ester
enolate formed in the Michael addition. And indeed, with
phosphate2b, we could observe only the cyclopropyl
products in 59% yield, but the,3-diastereoselectivity was
lower (anti:syn= 79:21) than before. In palladium-catalyzed
allylic alkylations, the diastereoselectivities were raised
significantly when (Z)-configured substrates were used
instead of thek)-isomers. A similar effect was also observed
here. In the reaction ofZ)-2b, only one diastereomer was
obtained (GC analysis), which was identical to the major
isomer in the previous reactions.

After cleavage of thd-butyl ester moiety by treatment
with trifluoroacetic acid, we could obtain crystals for X-ray

structure analysis. The X-ray structure showed the trans

SN, _TRGyOBu _ MeOOC. s £ s COOM®U
LHMDS, ZnCl, yv
(Et0),OPO  COOMe 86% R NHTfa
(2)5 6a
s COOMe R,
S _Tfa-GyOBu _ . MeOOC._ " COOBu
OPO(OEY, LHMDS, ZnCl, s
74% &b NHTfa
(E)-5
86% ds 84% ds
> 98% ee > 98% ee

The (S)-enantiomer of this chiral molecule could be
obtained very easily by an enzymatic kinetic resoluttai
the corresponding propargylic alcohol and subsequent Lindlar
hydrogenatiod® Michael addition of the chelated enolate
to (2)-5 also gave the anti isomer exclusively, with the methyl
group cis to the carboxy group (cis:trans96:4 in the crude
product) in 86% yield and with complete retention of
configuration!® In this case, four stereogenic centers were
controlled and directed by only one in the allylic substrate.
The relative stereochemical assignment was confirmed by
the X-ray structure oba (Figure 1).
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Figure 1. ORTEP plots of6a.

Interestingly, when the same experiment was carried out
with (E)-5, we obtained four diastereomers in 74% overall

substitution pattern at the three-membered ring and the anti
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yield. Now, the main isomer in this reaction was not identical ecules, only one diastereomer could be detected by GC
to the main product of the previous reaction. The diastere- analysis. By using iodide as leaving group (7b), the yield of
omers6b with the methyl group trans to the carboxy group 9 could be increased to 78% and only 12% X3 was
were created preferably (trans:eis81:19). In this case&ha obtained. X-ray structure analysis 8f (Figure 2) again
and 6b showed almost the same ratio of anti:syn isomers confirmed the relative configuration to be anti, trans.
(86:14 and 84:16, respectively). The assignment of the
isomers was supported by NMR examinations. oy we |
could observe strong NOE contact between the methyl group
and the amino acid €H group, which could not be observed
for 6a.

To prove the generality of this domino reaction, we synthe-
sized the corresponding)-substrated with leaving groups
in homoallylic position. For these molecules, two different
pathways concerning the second reaction are possible: either

C-alkylation leading to a four-membered riBgor N-alky-
lation to give a five-membered ring0 (Scheme 3). c130
G,
Scheme 3. Reactions of Chelated Enolates with Homologated 01&@ ) S \o
Michael Acceptors 3 H
P oo ‘tBuOOC/\D'
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« COOMe  LHMDS, ZnCl, fBuOOC?ACOOMS Figure 2. ORTEP plots 0f.

COOMe

25h,-78°C
X=Br 7a 53 % ()8
X=1 7b Br In conclusion, we have shown that chelated amino acid
Tfa-GlyOfBu

78 °C1t \ LHMDS, ZnCl, ester enolates are versatile nucleophiles for stereoselective
Michael additions. Subsequent cyclizations provide interest-

Tta ing constrained amino acids in high yield and excellent

NHTfa N stereoselectivity. Up to four stereogenic centers can be
tBuooc/\D.»»‘\COOMe BuOOC... ( 7 created in one step.
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For the brominated substra&a, we could isolate the . . . ) .
Michael product8a (only one diastereomer detectable) in Supporting Information Ayaﬂable. Experlmentgl pro-
59% yield by quenching the reaction after 2.5 -at8 °C. cedures as well as analytical and spectroscopic data of
When the reaction mixture was allowed to warm to room- all . descrlbgd 'comp'ounds and XRAY da}ta 6fand 9.
temperature overnight, we could obtain the cyclized products Th|§ material is available free of charge via the Internet at
in excellent yield. Cyclobutan@ was formed preferentially hitp://pubs.acs.org.
(52%) besides proline derivativid (39%). For both mol- 0L034777J
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