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A new method was developed for the stereoselective synthesis of a-substituted serine amino acids. The strategy utilizes a common
enantiomerically enriched intermediate obtained through an enzymatic desymmetrization. A variety of amino acids were synthesized in good
ee’s through nucleophilic acetylide addition reactions and palladium-catalyzed Sonogashira couplings.

The stereoselective constructionogéi-disubstitutedx-amino desymmetrization ofi-alkyl a-aminomalonate derivatives,
acids has attracted a great deal of attention in the synthesisvas first utilized by Fukuyama and co-workers in their total
community for some time, and numerous elegant methodssynthesis of {)-tantazole FE.

have been developédrhis attention is undoubtedly due to Fukuyama’'s method was subsequently employed in a
inherent structural challenges of these compounds as wellrecent effort by Nagao and co-workéesThe latter study

as their notable effects on biological activityLhe a-sub- detailed a synthesis af-substituted serines based on the
stituted serine unit has been investigated in the design ofenantioselective enzymatic hydrolysis of a short series of
peptide®® and is contained within natural products such as diethyl a-alkyl-a-(benzyloxycarbonylamino)malonates using
myriocin, (+)-lactacystin, {-)-conagenin, and sphingofungin  pig liver esterase (PLE) or rabbit liver esterase (REE).

E 2 Traditionally, a-substituted serines are prepared through Although the results of this study were promising, findings
a number of standard methods including rearrangements ofsuggested that the method could be somewhat limited by
chiral trichloroacetimidate®;* alkylation of chiral enolates, the identity of the desymmetrization substrate.

and the ring-opening of chiral aziridinésdowever, to our A more general enzymatic desymmetrization strategy for
knowledge, only one type of enzyme-catalyzed desym- the enantioselective synthesisafubstituted serine amino
metrization method for constructing these compounds is acids would be useful. Monoacetdt¢Scheme 1), afforded

published?®’This method, based on the hydrolytic enzymatic

Scheme 1
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Table 1. Acetylide Addition Route ta-Serine Amino Acid Analogs
E 1) H,, Pd/C, PhH

= // 2) AcOH/MeOH/H,0O/HCI (2N)
BOC(R)N 7, (i, ii, or iii)® BOC(RIN . 3) Dess-Martin Periodinane BOCHN 7, E
! " 4) NaCIO coH
DMBO OTBS DMBO OTBS allo, HO
2 (R=H) 6a-e 5) H,, Pd catalyst, MeOH 7a-e
5 (R=Bn)
Entry E* Addition Product % Yield (Addition) Amino Acid
\
_ si” N
1 TMS-CI BOCHN._ _#Z o1l BOCHN si”
7. | ?/CB:H \
DMBO OTBS
6a 7a
_ =
2 Allyl-Br BOCHN._ _# 75' BOCHN
g i
DMBO OTBS HO
6b
AN 7
3 MEM-CI BOG(Bn)N 4 0”0 85 BOCHN S
. 7, O” 20
a3 P com
DMBO OTBS HO
6¢c 7c
/ i
4 Mel BOC(BnN._Z 98 BOCHN
a <1
DMBO OTBS HO
6d
o)
5 (CH,);COCI BOCHN __Z 60 BOCHN
" "".COH
DMBO OTBS HO
6e

aKey: (i) LDA (4 equiv), THF, DMPU,—50 °C, then E (4 equiv); (ii) LDA (3 equiv), THF, DMPU,-50 °C, then E (4 equiv) and warm to rt; (iii)
Cul, toluene, NE4, 65 °C.

in 80% ee through a PLE-catalyzed enzymatic desymmetri- available from1 by a benzylatior-deacylatior-silylation
zation of the corresponding diacetate, was recently developedor silylation—deacylatior-benzylation sequence, respectively
in this laboratory and utilized in the synthesis of constrained (Scheme 1§,can undergo acetylide additions to a variety of
analogues of thex-N-acetylgalactosaminyl serine glyco- electrophiles. Compoundt, also available from12 is
peptide substructure.Our goal was to recruitl as an amenable to palladium-catalyzed Sonogashira couglings
intermediate for the stereoselective preparation of a variety with a variety of aryl halides. The orthogonal protecting
of novel oa-substituted serine analogues. Unfortunately, groups in2—4 provide selective access to both and
neither compoundl nor any other intermediates were L-amino acid configurations. Second, enantioselectivities are
crystalline, so the ee could not be enhanced further. consistent. Compound2—4 were previously shown to
The method bears notable advantages over previous onesnaintain the enantiomeric ratio established in intermediate
First, the divergent method is flexible. The terminal alkyne 1. Therefore, all amino acid products arising from these
functional group inl is amenable to a variety of synthetic intermediates would possess this ratio as well. This is
transformations, which facilitates the propagation of diversity advantageous since the enantioselectivity of a desymmetri-
at Co. Specifically, compound2 and 3, enantiomers  zation process is highly dependent on substrate strutture.
Finally, the strategy avoids problems associated with sub-
(3) () Sano, S.; Hayashi, K.; Miwa, T.; Ishii, T.; Fujii, M;; Mima, H.;  strate compatibility in the desymmetrization process. The
Nagao, Y.Tetrahedron Lett1998 39, 5571 and references therein. (b) .
Oishi, T.; Ando, K.; Inomiya, K.; Sato, H.; lida, M.; Chida, Mdrg. Lett method provides access to compounds that may not be
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Schdlkopf, U. Pure Appl. Chem1983 55, 1799. 200Q 2, 1729 and references therein.

(6) Davis, F. A.; Zhang, Y.; Rao, A.; Zhang, Zetrahedron2001, 57, (10) (a) Wong, C.-H.; Whitesides, G. NEnzymes in Synthetic Organic
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Table 2. Sonogashira Coupling Route teSerine Amino Acid Analogues

R 1)H, Pd/C, PhH
BOCHN.__Z R BOCHN. _Z 2)NH, MeOH BOCHN R
(i orii) 3) Dess-Martin Periodinane /\/
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TBSO OA TBSO OA 2 HO
P gt 5) AcOH/MeOH/H,0/HCI (2N) oaf
Entry RX Sonogashira Product % Yield (Coupling) Amino Acid
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aKey: (i) RX (2 equiv), Pd(PP§)s 10%, Cul 20%, NE{, DMF, rt; (ii)) RX (3 equiv), PAC}(PPh)2 10%, Cul 20%, NE§, CHsCN, rt.

In an effort to synthesize a variety afsubstituted -serine

amino acids, compour@glwas utilized in a series of addition

reactions to simple electrophiles(E Acetylide additions

of the dianion o to chlorotrimethylsilane and allyl bromide

(entries 1 and 2, Table 1) afford&a and6b, respectively.
Initial reduction of the internal alkyne functional group in

these product$ was followed by removal of the TBS
protecting group under acidic conditions. The free primary
hydroxyl group resulting from the deprotection was then
oxidized in two steps to the necessary carboxylic acid. A
final removal of the DMB protecting group through more
forceful hydrogenation conditions provided the tardét

protected amino acidéa and7b. Unfortunately, addition of

the dianion of2 to more reactive electrophiles such as

2-methoxyethoxymethyl chloride (MEM-CI) and methyl

iodide led to substantial quantities Nfalkylated products,
even under carefully controlled reaction conditions. There-
fore, to prevent alkylation at this position, an additional
benzyl protecting group was installed on the nitrogen in
compound?, producing compoun8.’? Acetylide additions

of 5 to MEM-CI and methyl iodide (entries 3 and 4)
proceeded smoothly to provide and6d. Manipulations to
these intermediates as before afforded the target amino acids
7c and 7d.® Finally, a copper-mediated addition @fto
trimethylacetyl chloride (entry 5) providegk!4 Intermediate
6ewas then readily transformed as before to protected amino

(12) Compound was prepared by treating compouddith 1 equiv of
potassium bis(trimethylsilyl)amide in THF at55 °C followed by addition
of benzyl bromide and tetrabutylammonium iodide and subsequent warming
to room temperature.

(13) The DMB and benzyl protecting groups were simultaneously

(11) Benzene was utilized as the solvent in this hydrogenation reaction removed in the final hydrogenation sequence.

in an effort to prevent premature removal of the DMB protecting group

(6a—e) and the TBS group8a—f).

Org. Lett., Vol. 5, No. 22, 2003

(14) Ramachandran, P. V.; Teodorovic, A. V.; Rangaishenvi, M. V.;
Brown, H. C.J. Org. Chem1992 57, 2379.
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acid7e Importantly, the alkylation route could also provide || NGNS

the corresponding-substituted-serine amino acids through Scheme 2

intermediate3 using the aforementioned methods. BOCHN n 1) DessMarin
Studies by Crisp and co-workers resulted in the synthesis = ) He P4/C, PH “ Periodinane

of a series of monosubstituted amino acids through pal- 2) ACOH/H,0MeOH  Ho  OAc 2) NaClO,

(99%, 2 steps) 10 3) NH;, MeOH

ladium-catalyzed cross-couplings of aryl halides and aryl A= pMeo-ph (1%, 3 steps)

triflates with an ethynyloxazolidine substrdfeThe second
component of our strategy would expand upon this method BOCHN R BOCHN R

by employing4 as a substrate for palladium-catalyzed cross- HO.C "’C|>H "

11 ([a]?%y: +3.7) 9b ([ -4.0)

couplings to various aryl halides (RX). Coupling 4fto
iodobenzene (entry 1, Table 2) afford@al Initial reduction

of the internal alkyne functional group in this prodtiatas
followed by removal of the acetate group. The free primary o )
hydroxyl group resulting from acetate removal was then "€moval gavelO. Oxidation of the primary hydroxyl group
oxidized in two steps to the necessary carboxylic acid. N 10, as before, and subsequent removgl of the aceta_te group
Removal of the TBS protecting group under acidic conditions &fforded the target compoundl bearing thep-serine
provided the targeN-protectedL-serine amino acida configuration.

Phenyl groups containing an electron-donating substituent N summary, a new method was developed for the
and an electron-withdrawing substituent (entries 2 and 3) stereoselective synthesisafsubstituted serine amino acids.

were successfully incorporated to provid® and 8c, The method is ba;ed on a common enantiomerically enric_hed
respectively. The successful incorporation of heteroaromatic Ntermediate obtained through an enzymatic desymmetriza-
groups (entries 4 and 5) provided intermedigidsnd8e 16 Flon.B A variety of amino aC|ds'\{vere syqthesagq selectl\(ely
Finally, in addition to aryl halides, an iodoalkéhevas in good ee’s through nucleophilic acetylide addition reactions
successfully coupled td (entry 6), affording intermediate and palladium-catalyzed Sonogashira couplings. This strategy
8f. Straightforward manipulations to intermediags-f, as 1S relatively general as well as flexible and, therefore, has
before, provided the desirédtprotected amino aciddb—f. advantages over previous desymmetrization-based methods
Importantly, a compound similar t6f was unavailable  for the synthesis ofi-substituted serine amino acids.
through methods reported earlfér.
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