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Advances in the synthesis of «-quaternary o-ethynyl c-amino

acids

Thibaut Boibessot! - David Bénimékis! - Patrick Meffre' - Zohra Benfodda®

Abstract o-Quatcrnary o-ethynyl d-smino acids are an
important class of non-proteinogenic amine acids that play
art important role in the development of peptides and pep-
tidomimetlics as therapewtic agents and in the inhibition
of enzyme activities. This review provides an overview
of the literalure concerning synthesis and applications of
c-qualernary a-ethynyl a-amino acids covering the period
from 1977 to 2015,

Keywords w-Quaternary g-ethynyl c-amino acids -
Quaternary amino acid - Unsaturated amino acid

Intreduction

Armiing acids and their derivatives play a central role in the
design of life, The relevance of the 20 proleinogenic 1.-amino
acids as building blocks in peptides and proteins is self-evi-
dent, but the class of quaternary w-amine acids also culled
a-disubstituted amino acids has attracted the interest of
organic chemists duc to their biological importance. They
play a crucial role in the development of peptides and pep-
tidomimetics as therapeutics agents (Avenoza et al, 2001,
2003; Cativiela and Diaz-de-Villegas 1998, 2000, 2007
Hruby et al. 1997; Olma et al. 2012; Sawyer 1997). Thus,
quaternary ¢-amino acid residues such as a-aminoisobutyric
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acid and isovaline ure present in peptatbel and peptaibiot-
ics which constitute a family of peptide antibiotics of fungal
origin. Peptaibiotic could destabilize the membrane by for-
mation of pores in the bilayer membrane (Degenkolb et al,
2003, 2006} The additional alky! substituent could inhibit
the free rotation of the peptide backbone leading to unique
folding when incorporated into peptides. They can restrict
the conformational freedom of the peplides and provide
key information conceming the comformation responsible
for biological recognition (Tanaka 2007; Venkatraman et al,
2001).

Moreover, peptides containing o,a-disubstituled amino
acid residues atso tend to have an increased hydrophobic-
iy, as well as an increased stability toward both chemical
(O'Connor and Liu 2003; Polinelli et al. 1992) and enzy-
matic degradations (Almond et al. 1962, Khosla et al,
1981). Therefore, the demand for efficient sources of
unusual amino acids useful for the high-throughput syn-
thesis of customized peptides is of crucial interest to date
{(Hoghes 2009).

In this field, unsaturated c-amino acids have turned out
to be especially important building blocks for incorpora-
tion in the protein structure due to the diverse reactivitics
of the multiple bonds and their ability 1o introduce biologi-
cally active functionalities (Berkowilz et al. 2006; Ruljes
and Schoemaker 1997), These compounds are often used
in peptide chemistry to confer B-turn secondary strocture
to induce new properties (Duggan el al. 2005), Several
unsatvraled amino acids were used as enzyme inhibitors
{Berkowitz et al. 2004; Keith et al. 1975; Metcalf and Jund
1977, Rando {974, 1984; Tolman and Sedmera 1988), in
particular  f.y-unsaturated amino acid derivatives. For
example, a-vinyl glycine inhibits pyridoxal phosphate-
dependant enzymes (Berkowitz et al. 2006; Danzin et al.
1981: Feng and Kirsch 2000; Maycock et al, 197%; Tendler
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Fig. 1 Quaternary o-unsaturated amino acid derivatives. a Quater-
nary a-viny! amino acids. b Quaternary e-ethynyl amino acids

et al. 1987) and a-ethyny| glycine is a suicide substrate for
alanine racemase (Kuroda et al. 19804, Iy, Meffre and Le
Gofiic 1996; Walsh [97%). Some unsaturated amine acids
are constituents of antibiotic (Yonezawa et al. 2000) or
markers. such as 2-amino-4-hexynoic acid (Sasaki et al.
i 988).

Finally, unsaturated amino acids can be functional-
ized by varions chemical processes such as Diels—Alder
reactions {Kotha 2003; Kotha and Ghosh 2004), [2 + 2]
cycloadditions (Avenoza et al. 2{{}3), and catalytic trans-
formations including hydroformylation (Ojima el al. 1993),
metathesis (Biagini et al. 1993; Gardiner et al, 2004; Has-
san and Brown 2010); Kaul et al. 2003; Nolen et al, 2003,
Rutjes and Schoemaker, 1997), Heck (Collier et al. 2002
Crisp and Gebauer 1996; Gurjar and Talukdar 2002) or
Svzuki-Miyaura cross-coupling reactions (Krebs et al.
2004).

Quaternary a-viny! amino acids (Fig. la) have been
reviewed as part of reports concerning qualernary g-amina
acids (Berkowitz et al. 2001, 2004; Cativiela and Di%az-de-
Villegas 1998, 2007).

This review will provide an overview of different synthe-
ses of quaternary g-ethynyl amino acids (Fig. 1h} covering
the literature from 1977 to 2015, Most of the compounds

are actually free or (N,O)-protected o-ethynyl derivatives of
naturally cceurring u-amino acids: phenylglycine, phenyla-
lanine, w-ethynyl-3.4-dihydroxyphenylalanine (a-ethynyl-
[DOPA), alanine, glutamic acid, and omithire,

Synthesis of «-ethynyl phenylglycine derivatives

Hata et &, (2011) described the synthesis of 7 which uses
the nucleophilic addition of Grignard reagenis to iminjunt
salts penerated from amino ketene silyl acetals (Fig. 2).
Ethyl 2-{dibenzylamino)-2-phenylacetate 2 was prepared in
two steps by w-bromination with ethyl 2-phenylacetate 1,
N-bromesuccimide (NBS) and benzoy] perexide followed
by the substitution by dibenzylaumine. Treatment of 2 with
KHMDS followed by silylation led to amino ketene silyl
acctal 3 in 48 % yield. The amino ester 7 was prepared in
& one pot reaction starting from 3 in 82 % yictd, Oxidstion
of 3 by N N-dibromodimethythydantoin (DBDMH) led to
mtermediate iminium salt 5 {not isclated), which was then
immedialely reacted with cthynylmagnesium bromide 6
and Lewis acid BF; OEt, to give the amino ester 7.

A mechanism was proposed by the authors. The oxida-
tion of amino ketene silyl acelal 3 gave w-bromoester 4,
and the BF; Lewis acid-induced elimination of the bromide
ion led to the formation of the iminium satt 5 {Fig. 3),

Synthesis of «-ethynylphenylalanine derivatives
To the best of our knowledge, three methods for the synihe-

sis of racemic a-cthynylphenylzlanine backbone (as free or
protected form) have been described in the literature,

NBn, NBny
opt 1) MBS, PhCOO,COPh, Refiux, 2.5h opt KHMDS, TBSCI ~ OEt
ph/ﬁr ii) HNBn,, E1OH, Reflux, 19h ph/krr t -

o - THF ; -78°C OTBs

83 % o 48 %
1 2 3

@® Br OEt

NBn, BngN i) DBDMH
Ph o} i) 6 H-==MgBr, BF;.0Et,
Bh OFt -
il EiCN, 0°C, 5 min
o 82 %
Iminium sait: 5 7

Figz. 2 Syathesis of the protected c-ethynyiphenylglycine 7 (Hata et al, 2001}
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\ y 1} 0
N0 ;
o \( /!
N‘Br BF,.0Et, Iminium sali: 5
DBOMH
Fig, 3 Mechanism of compound 5
Fig. 4 Synthesis of Si(Me)s
a-cthynylphenylalanine 12 Si{Me}s
{Casara and Meteall, 1974) cl AlCH; CHZC,l2 I I
I+  HCoL—H : -
NHCOZCZHS 12h, 2500 chOZC H
Si(Me), 65% NHCO,Et
8 9 10
i) LDA/HMPA
iy PhCHARr
75%
H Si(Me)a
N KOH (2M, 12 h, reflux) or
KO0 CH,Ph - HiCOL,C CH.Ph
NHy SIHCi;, KOH (1M, 3h, 25°C) NHCO,EL
12 11

Casara and Metcalf claimed the synthesis of the fully pro-
tected -cthynylphenylalanine 11 as well as the free amino
acid starting from acetylenic glycinale derivative 10 (Casara
and Metcalf 1978). Compound 18 is readily prepared by the
amidoalkylation of bis-(trimethylsilyl)-acetylene 8§ with the
2-chioro-N-carboethoxy glycinaie 9, uvsing Friedel-Crafis
conditions {(Newman 1973; Walton and Waugh 1972). The
regioselective atkylation begins by deprotonation of 14
with an excess of lithium diisepropylamide in hexameth-
ylphosphoramide (LDA/HMPA) at —70 °C, followed by
the additien of benzyl bromide in THF to give 11 in 75 %
yield atter chromatography and recrystallization. Finally,
a-ethynylphenylalanine 12 is synthesized by atkaline hydrol-
ysis foltowed by ion exchange chromatography (Fig. 4). No
experimental details or detailed analysis were deseribed.

Mechanistic considerations suggest the use of 12 as
potential enzyme-activated irreversible inhibitors of the
corresponding a-amino acid decarboxylase.

More recent papers report the synthesis of racemic N,O-
protected c-ethynylphenylalanine and show the interest
and the difficulties to synthesize a f.y-unsaturated c-alky!
amine acid {Ferndandez Gonzdler. et al. 2U1{; Finkbeiner
et at. 201.1).

Gonzalez et al. described the direct ethynylation of
2-nitro-3-phenyl propanoate 13 using the hypervalent
iodine reagent ethynyl-1,2-benziodoxol-3(1H)-one (EBX)
generated in situ from bench-stable trimethylsilyl-ethynyl-
1,2-benziodoxol-3(1H)-one {TMS-EBX, 14) in the pres-
ence of tetrabutylammonium fluoride (TBAF) under mild
conditions to give 13 (Ferndndez Gonzdlez el al. 2010).
Reduction of the nitro group in 15 to hydroxytamine 16
was conducted using Zn dnst/NH,CL. The sclective reduc-
tion of hydroxylamine 16 into the corresponding amine
was possible using Sml, in THFtBuOH. However, the
purification of the free amine was difficalt, but quenching
the reaction with triflucroacetic anhydride {TFAA) allowed
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\ Il JL
oN— EtOZC’LNOz _ENACL | eo,c-TNHOH

CH,Ph TBAF, THF, -78°C CHyPh EtOHIH,0 (1:1) CHoPh
7% 94%
13 15 16
Smip THF, tert-BuOH
then TFAA
67%
I o
EtO,C N J'L CE
PhH,C H 3
17
Fig 5 Synthesis of the protected a-cthynylphenylalanine 17 (Fernindez Gonzdlez et al, 2010}
',Ar
iPr3Si
0 3 \C13 o H|
N, I O
-0 13CH - Atl Il
CO,Me + —_— — 120H
O 002MB
CcCMe
18 19 20 21
1.2 Shift
78%
H
2l
C
CCaMe
22

Fig. 6 Possible mechanisms for the ethynylation reaction and lubeling experiment (Ar = phenyl-2-carboxylale) (Ochiai et al. 19%h

the isolation of the corresponding Llriflucroamide 17 in
67 % yield {Fig. 3).

The mechanism envisaged by the authors for this reac-
tion is a conjugate addition of enclate anion to the alkyne
derivative, followed by an elimination and 1,2-hydride
shift. The use of *C-labeled reagent 19 with keto ester 18
ied 10 the intermediate 20 which generates alkylidenecar-
bene 21 by efimination of aryliodine. Finally, migratory
aptitude of the §-hydrogen of alkylidenecarbene 21 led to
22. The acetylene transfer proceeds through a 1,2-hydride
shilt mechanism similar to the one proposed for alkynyli-
odonium salts (Cchiai et al. F9DY (Fig. 6).

For reasons of synthetic accessibility, the {abeled TIPS-
EBX reagent 19 was used. Generally, TIPS-EBX was as
efficient as TMS-EBX 14 as the reagent precursor, although
the silyl group remeval was slightty slower.

Finkbeiner and co-workers (2014) developed a direct
electrophilic alkynylation of azlacltones. Azlactones are
versatile C%tetrasubstituted w«-amino acids precursors
which are easily accessible from g-amine acids via cyclo-
dehydration and o-functionalization. They can be converted
back into the epen chained efficient form through base-
induced ring opening.
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CH,Ph
0 CHyPh
Acy N o
Ph ﬁ COH 85°C, 2h \ d
90% Ph
23 24

TMS
25 @
TMS—== F*)Tso PhH,C //
DIPEA Ph N o
CHLCl, rt, 30 min )\—0
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26
KF, CH3OH
55°C, 30 min
98%
¥
H
MEOEC_‘,‘\\
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27

Fig. 7 Synihesis of the protecied a-ethynylphenylalanine 27 (Finkbeiner et al, 2014}

The N-benzoylated amino acid 23 reacted with acetic
anhydride to give aztactone 24 by cyclodehydration in 90 %
yield {(Macovei et al. 2012). The direct ethynylation of 24
with TMS-ethyayl (phenyl)-iodonium tosylate 25 gives the
tetrasubstituted azlacione 26 in 94 % yield. The ring open-
ing and deprotection of azlactone 26 by KF in methanol
give the rucemic (V,0)-protected o-ethynyiphenylatanine
27 in 98 % yield (Fig. 7).

Full deprotection of 26 under acidic conditions failed
due to an undesired decarboxylative hydration of the triple
bond.

Benfodda and co-workers {Benfodda et al. 2015) described
the synthesis of racemic protected o-ethynylphenylalanine
36, the separation of two enantiomers by chiral HPLC and
lhe determination of their abselute configuraiion (Fig. 8).
Oxazoliding 29 was prepared in three steps slarfing from
commercially DL-2-benzylserine 28 in good overall yield,
Compound 29 was reduced wilth LiBH, into alcohot 30,
which was oxidized under Swern conditions to afford the
desired protected aldehyde 31 in good yield. Compound
31 was converted into alkyne 32 by Bestmann—Ohira rea-
gent. Compound 32 was hydrelyzed by HCI 6N 1o alford
thie amino alcohol hydrochloride 33. Amino protection was
conducted with Boc,O in the presence of TEA to give 34.
The alcohot 34 was oxidized under Dess—Martin and Pinnick
conditions to afford 35 in 32 96 yield. The quaternary amino
acid 35 was esterified by TMSCHN,; to give 36.

Enantiomers of 36 were successfully separated under
anaiylical conditions and under semipreparative conditions.
The absolute configuration of the separaled enantiomers of
36 was determined by vibrational circutar dichrotsm.

Synthesis of «-ethynyl-3,4-dihydroxyphenylalan
ine {ar-ethynyl-DOPA)

Two methods have been described for the synthesis of this
compound.

Taub and Patchett (1977) described the synthesis of
hydrochleride of a-ethynyl-DOPA 42 stading from 37.
Alkytation of 37 with 38 led to 39 in quaotitative yield.
The acylation of 3% with lithium diisopropylanide (LDA)
and methyl chlosoformate followed by Schiff base cleav-
age gave the trimethylsilyl amino ester 40 in 20-25 %
yield starting from 37. Desilylation of 40 was performed by
ireatment with sedium methoxide in methanol to give the
ethynyl amino ester 41 in 70 % yield. Finally, deprotection
of 41 was accomplished using 6N HCI to give hydrochlo-
ride of c-ethynyl-3,4-dihydroxyphenylalanine 42 in 90 %
yield (Fig. 9).

Metcalf and Tund (1977) described the synthe-
sis of a-ethynyl-3 4-dimethoxyphenylalanine 46 from
37 in 50 % overall yield. The alkylation of 37 with
3,4-dimethoxybenzyl bromide 43 led to 44, The use of
LDA instead of BuLi avoids the extensive dialkylation.
The acylation of 44 with methyl chloroformate gave
45, Compound 45 was converted inte o-ethynyl-3.4-
dimethoxyphenylalanine 46 using PANHNH, foitowed by
KOH (Fig. it}).

In the same paper, the authors synthesized «-ethynyl-
DOPA 48 in the same way as described above (Fig. 11).
The atkylation of 37 was realized with 3,4-isopropylidene
benzyl bromide 38. Acid hydrolysis of 47 gave 48 in 24 %
overall from 38.
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i) BocyO, TMAH
CH,Ph i} Mel, DMF

HO™ ™3 i) DMP, TsOH
HpN CO4H 90% - 5. NBoe
D1L-2-Benzylsering
28 29
o 9
PhH,C B-OCH,
OCH,
. NB - N
o 0C g 2
KoCOQs ; CHaOH ; 0°C
74%
32
HCI (6N), 0°C
93%
¥
Y Boc,0, TEA a

HD/}/ HE O o
PhH,C NH,*CI :
2 3 34%

33 34

Fig. 8 Synthesis of the protected g-cthynylphenylalanine 36

Synthesis of o-ethynylalanine derivatives
Synthesis of a racemic derivative of e-ethynylalanine

In 201 1, Maity and Lepore described the synthesis of non-
racemic azaproline derivatives by cyclization of B-alkynyl
hydrazines 54 or 553 (Maity and Lepore, 2011). Over the
last decade, azaprolines have taken on an increasingly
important role in bicorganic (Liu et al. 20{13) and medicinal
chemistry {Lange et al. 2006).

The addition of propargy] ester 49 to azidodicarboxy-
lates 50 and 51 catalyzed by DBU (1.8-diazabicyclo[3.4.0]
undec-7-ene) gave the desired beta-alkyny? hydrazines 52
and 53 in good yield {87 and 07 % respectively). The silyl
deprotection was performed using tetra-n-butylammonium

PhH:C ch,oH

PhH,C NHBoc

LiBBH, -
5% MeOH inTHF . O._/VE0e
-12°C
92%
30
DMSO, {COCH),
PhH,C TEA, CH,Cl,
CHO 52%
NBoc
31
i) Dess-Martin oxidation O
ii} Pinnick oxidation #
= HO
32% PhH,C NHBoc
35
TMSCHN,
THF/CHsOH (2/1)
25%
o)
i
MeC

PhH,C NHBoc

36

fluoride (TBAF) in isopropanci. After silica get column
chrematography, the products 54 and 55 were obtained in
very good yield (Fig. §2).

Enantioselective synthesis of both enantiomers
of protected o-cthynylalanine

To the best of our knowtedge, four methods for the asym-
metric synthesis of a-ethynylalanine {as free or protected
forn} have been described in the literature.

The first method described in the Hierature is an asym-
inetric synthesis of the amino acid by the bis-lactim ether
method. With this method, Schéllkopf et al. reported
the first synthesis of (R)-a-ethynyialanine methyl esier
(8chillkopl et ai. [988).
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Si{Me)s C C
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i I n T Py .
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h Q CHPh 20-25 % from 36 Q
CHPh o P
3 33 Fh Ph Ph Ph
a7 N opn 33 40
CH4ONa
CHA0H
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H H
3 T
C C

ey
Q
Z2-0-0
E4
3
39
I

HCI (&N}
-

Refiux - 2h
oH 90% N *
Ph
42 41
Fig. 2 Synthesis of hydrochloride a-cthynyl-3,4-DOPA 42 (Taub and Patchetl 1977}
§E{Me)3 §i(Me)3
Si(Me), @ G
|‘| Cu i) LIN(CH{CH3)2), éﬂcochg
GH, D UN(CH(GHs)), N B0 \
1 . = It 1]
N ii) Br HiCO CHPh ol /u\onne H,CO CHPh
CHPh OCH, OCH;
HsCO 43
47 OCH, A4 a5

H

t

c

1t

¢ i} PhNHNH,

C-COH i) KOH

NH -

2 50 % overall yield
HaCO from 37
OCHz
45

Fig. 10 Synthesis of of c-ethynyt-3.4-dimethoxyplienylaiznine 46 {Meieall and Jund 1977)

The bis-lactim ether 56 reacts with Buli or LDA in
tetrahydrofuran at —70-°C to give the lithiated bislatim
ethers 37. To obtain the w-ethynylalanine product 64,
two dilferent ways were envisaged. Tn the first case, the
lithiated bislatim ether 57 reacts with acetyl chloride in

THF to give 58 in 86 % yield and N-acylated isomer
59 as a by-preduct in a small proportion. In the second
case, the lithinm compound 57 reacts with paraform-
aldehyde to give the aicohol 68 product in 95 % yield
(Fig. 13).
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Fig. 11 Synihesis of a-ethynyl- H H
DOPA 48 (Metcalf and Jund & &
P ut HY
¢ ;
— G-COMH __HCIEN) G-COH
Q NH, NH,
*o HO
OH
s 48
HaC i g c
COR 3 i) TBAF-3H,0
_ CH, N pey Etsi== T nyhciwiy == COH
EtySi—=— + i P N-CORy " ormr N—-COR
CO,EtL o CH,Cly NN iproy NP
R10,C 0°C ; 4h HN, 25°C ; 3h HN
CO4R, CO,Ry
49 50. Ry = iPr 52.R, =iPr, 87% 54. R, = iPr, 98%
51. Rq = Bn 53, R, = Bn, 67% 55. Ry = Bn, 98%
Fig. 12 Synthesis of B-alkynyl hydrazine 54 and 55 (Maity and Lepore 2011)
CH3
s Pra, Ny _OCHy  p, OCH
a . - I*\,C:H3 + /[ I
' HCO™ "N =0 pco
, 5 CHy
fPrfINiOCHa BuLi or LDA spr,,:[N]:QcH3 58 59
—_—-— J—
HCO™ "N CH,  THETOC oSy Aoy,
56 57 Prs, N___OCH,
T
H3CO™ "N™ “ch,0H
60

Fig. 13 Synthesis of 58 and 60. Reagents and conditions: a acelylchloride, THIE, —78 °C., 58: 86 % b paraformaldchyde. THE, —78 °C, 6:

95 %, (Schitilkopf ct al. FI88)

Fig. 14 Synihesis of the alkyne
61 starting from carbinol 60
(Schillkopf et al. 1985}

inh‘__ N

HyCO™ N

60

The compoeunds 38 and 60 are the key intermediates for
the synthesis of (R)-a-ethynylalanine methyl ester §4.

Oxidation of carbirol 66 was realized under Swern con-
ditions in 93 % vield followed by Corey—Fuchs (ransforma-
tion to yield alkyne 61 in 67 % yield {Corey and Fuchs,
1972) (Fig. 14).

-~
o

I} Swern oxidation

OCHg ii)Carey-Fuchs _ iF'r»,,, N‘\ OCH3
CH,OH HaGO™ "N” Yo=cy
61

Compound 61 could be also synthesized by “one-pot”
treatmenl starting from 58.

Firat, 58 was treated with LDA and diethy! chlorophos-
phate at —78 °C in THF to give the enol phosphate 62,
which was not jsolated. The solution of 62 in THF was
again cooled to —78 °C, An excess of LDA (2.2 eqs.) was
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iPr., N_ _OCH, 1 ELDA iPrs,
/'[ *ICH ii) CIPO{OE), :
o 3 —_—
HiCO” N Ys_g  THF,T8°C  [H,cO
|
CH
58 3

Prs, N_ _OCH,
* e

a
o e - I*CH3
- HaCO™ "N” “c=cH
N_-OCHj
~CHa L 61
N™ "c=CH,
O
;:ID(OEt)Z iPra,, N\v OCH,
Q b :E\\CHa
1 o~ Sy .
62 HaCO™ "N” Ycz=csiMe,
63

Fig. 15 Synthesis of 61 and 63 starting from 58. Reagents and conditions: & LDA in THF at 78 °C (3 h) then phosphate buffer (pH = 7) at
room lemperiture. 61: 23 %: b LDA in THF at —78 °C (3 I then chiorotrimethylsilane at —30 °C, 63: 28 St.({Schollkopl el al. 1935%)

Fig. 16 Synthesis of (R)-o- iPr,, N\ OCH; .
elhynylalanine methyl ester 64 I&CHS
(Schtilkopi ot al. 198%) o
Ha,CO N Yc=cH
HCI {D.25N} HyMN, R.CH;
& 3days-rt MeO,C° C=CH
49%
iPr,, N, _OCH; 84
i ey
e
N

H;CO

added and the resulting solution was stirred at —78 °C
during 3 h. At this stage, the solution of 62 was allowed
o warm to room temperature and two different methods
were used 10 obtain the acetylenic derivative. If a phosphate
buffer was added, the product 6} was obtained in 23 %,
whereas the addition ol trimethylsilane at —30 °C allowed
the formation of compound 63 in 28 % (Fig. 15).

Finally, acid hydrolysis of 61 and 63 with HC] (0.25 N}
was performed for 3 days at room temperature to obtain
(R)-a-cthynylalanine methyl ester 64 in 49 % yield
(Fig. 16).

In 1989, Schmidt et al. reported the first synthesis of
{R)-N-Boc protected a-ethynylalanine 71 {Schmidt et al.
[1949). They described the conversion of optically active
2,3-epoxide alcohols into amino acids (Fig. 7). The epox-
ide intermediale 66 was obtained by Sharpless epoxidation
of {(E)-3-methylpent-2-cn-4-yn-1-¢l 65, The epoxy aico-
hol 66 reacted with trichloroacetonitrile in the presence of
DBU to give the imidic ester 67 in 3! % yield. Then, an
intramolecular opening of the epoxide ring with boron trif-
Ineride diethyl etherate led to the formation of dihydrooxa-
zine 68. Treatment with hydrochloride acid (2N} followed

C=CSiMe,

63

by a protection step with (Boc),O atforded the aminodio}
69 in 87 % yield. Sodium pericdate oxidative cleavage of
the vicinal diol 69 allowed the formation of the aminoalde-
hyde 79. Finally, N-Boc protected alpha-ethynylalanine 71
was obtained by Pinnick oxidation in 62 % yield (Fig. 17).
In this case, the oxidation of aminodiol 6% lo amine acid is
not possible using potassium permanganate due to the pres-
ence of the triple bond.

In 1993, Colsor and Hegedus described the first synthe-
sis of the free a-ethynylatanine (Colson and Hegedus [993)
(Fig. |8). In this work, the original approach is the syathe-
sis of an optically active f-lactam ring by a photochemi-
cal reaction to obtain an oc-alkyl-a-amino acid. The oxa-
zolidine ring of 74 was converted (o an oxazelidinone ring
by hydrolysis with hydrochloride acid (0.2 N) followed
by recyclization with triphosgene. Compound 75 obtained
was then alkylated with retention of stereoselectivity using
KHMDS and jiodomethane to give compound 76 in 80 %
yicld with very high diastereoselectivity (=97 % de). For
this reaction, the use of lithium bases (tert-BuLi or LDA)
showed lower vield due to degradation. Then, the -lactam
ring was cleaved by gaseous HC! in methanol to yicld ester
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. . NH
N +-BuQOH/Ti(OPr-i), N\ CHCCN :
N H L-{(+}-DET/CH,Cl, N DBUICH,Cl, \\ ,U\
— — ¢ OH - \ o7 el
OH -20°C, 4h N 0°C, lh S
85-95% 91%
65 66 67
Et,0-BF,
CH,CY,
98%
i)y HCI (2N} / dioxanc
l l 0 NalQ/H,0/THF _ H,0,50°C,15h cal
25°C, 15 min ii} (Boc),0 / KHCO; / dioxane N—< 3
z - H,0, 25°C, 15h 0, N7
Ny B 91% - ; o
NH A
Boc” 87% // 3
HO
70 69 68

NaCl0,/K,HPO,/H,NSOH/H,0
Digxane or t-BuOH

25°C, 2k

62%

71

Fig. 17 Synthesis of (R)-N-Boc prolecled w-cthynylalaning 71 (Schmidt ef al. 1984}

77, which was used without purification. Cyclic aminal 77
was cleaved using aqueous solution of hydrocheric acid
(1 N) for 2 days to give aldehyde 78 in 50-55 % yield,

Compound 78 was converted ine the bromoalkyne 86
via dibromovinyl slkene 7% by treatment with carbone
tetrabromide and triphenylphosphine, followed by elimi-
nation with KQH. Finally, a-ethynyialaninc 81 was syn-
thesized by reductive cleavage of oxazolidinone ring and
metal-halogen exchange of the acetylenic hatide followed
by ion exchange chromatography (Fig. 18}.

Avenoza and co-workers {19991) developed a siraight-
forward synthelic route to obtain pure (5)- and (R)-o-
ethynylalanine starting from (5)- and (R)-c-methylserinals,
84 and 85, respectively (Fig. {9). The two building blocks
84 and 85 werc prepared starting from the same prod-
uct {R)-2-methylgiycidol 82 (94 % ee} which was trans-
formed into the corresponding compound 83 in five steps

with an overall yield of 75 % (Hatakeyama et al. 1997}
Then. compound 83 was converied in three steps (82 %) to
{S)-a-methylserinals 84 and in five steps (48 %) to (R)-a-
methylserinal 85 (Avenoza et al. 1994a) (Fig. 19).

The conversion af aldehyde 84 to acetylene 88 was per-
formed by a Corey-Fuchs (ransformation. In the first slep,
the dibromoolefin 86 was obtained by preparation of the
dibromomethyl phosphorene using bromoform (CHBry)
and potassium lerl-butoxide in the presence of tiph-
enylphosphine. The acetylenic function was obtained by
wreatment of 86 wilth two equivalents of BuLi. Then, the
oxazolidine ring was cleaved by the action of coenc. hydro-
chloric acid to give 1,2-amino aicohel hydrochloride. The
protection of amine function was performed with (Bece),O
in the presence of sodium carbonate to give 87 from 86 in
54 % yield. To transtform compound 87 in the desired (R)-
a-ethynylalanine derivative (R)-88, the alcohel function
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Ph
eh i) HCE (0.2N) «Ph
{Co)SCr:—‘( X 0 ii) Triphosgene o <0
gsw N\J #PryNEL, GHaCla N\J
e 0°C O
91%
72 73 74 75
i} KHDMS
THF, -78°C
ii} DMF
i) CHal
iv) NH,C! {ag)
80%
~Ph O N Ph o’»“.\.Ph
HCH (1N
)_N (1N N, o HCi(g) MeOH A N o+ 4
THE C 0 2an,25¢ O ="
Meozc CHG 4Bh, 25°C | MeG,C” Y . N\J
o .
50-55% HM G
78 77 76
CBry, PPhy
CH,Cly
2h, 25°C
85%
«Ph wPh i) 5.5eq.LifNH;
)‘N KOH (1N) )_N fi) tBuli HaN,S &
>\¢L Dioxarie iy \BuOH / THE MeO,C
MeOZC Br  48h,25°C MeOZC ; 2 A
95, AN iv} HCI
Br v) lon exchange
75%
79 80 81
Fig. I8 First synthesis of the free ¢-ethynylalanine 81 (Colson and Hegedus 1993}
Fig- 19 Synthesis of both s CHOC
puilding blocks 84 and 85 (Ave- 3 steps o7 T,
noza el ab, |94y} 82% NBoc
O on  _3sters HO/YCHzcoztBu 84
L<\ 75% BocHN
82 83 CHO
5 steps O/X
%NBOC
48%

was oxidized with Jones reagent. followed by hydroly-
sis with conc. hydrochloric acid al room temperature and
finally trealed by propylene oxide in ethanol at refiux
(Fig. 20), The other enantiomer (5)-u-ethynylalanine {5)-
88 was obtained using (he samie strafegy, but starting from

(R)-g-methylserinal 85 (Fig. 21). The synthesis of (K)-88
and ($)-88 was described in seven steps wilh an overall
yield of 32 % from 84 and 85, respectively, The authors
confirmed the same identical spectral data with an optical
rotation of opposite sign between (R)-88 and (5)-88.
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) Buli, THF, -78°C

i} Jones Oxidation

Br BT iy Hel it} HG!
CHBry, tBuUOK fiiy Na,C O3, (Boc)O iii) Propylene oxide,
5, CHO PPhy, PhMe ] H,0O-THF HO’>/// EtOH Hozc}ﬁ%
O Vo rmame @ v T Y T e ™
o 30 min at -20°C ‘ 54% BocHN™ ™ 76% BocHN ™~
/\‘“B"" 17h at 25°C )rNB‘"’
79%
84 86 a7 {R)-88

Fig. 20 Synthesis of (#)-enantiomers of -ethynylalanine 88 (Avenoza ot al. 199%92)

Same strategy L
CH
O/\K © as in Fig.20 HO?C\S(/
£ o
NBoc BocHN
B5 (S)-88

Fig, 21 Synthesis of (8)-cnantiomers of w-ethynylzlanine 88 (Ave-
noza el al, 1998h)

Synthesis of racemiic N-protected o-etliynyl
2.{3,3,3-trifluoro)} alanine methyl ester

The first synthesis of a racemic a-trifiuoromethy! substi-
tuted acetylenic g-amino acid is described by Burger and
Sewald (1990}, The additien of amino group of carba-
mate 99 {o methyl tilluorepyruvate 89 gave carbamate 91,
which was obtained in 80 % yield as a crystalline solid in

The same type of Michael addition was used by Sémeril
et al. (2001) and Shchetnikov et al. (2008, 2010) Lo oblain
the same product 93 or analogs with different protective
groups on the amine function. The products described by
the (wo authors are listed in the Table I.

In 2001 and 2008, Séméril and Shchetnikov described
ihe N-alkylation of carbamate 94 and sulfonamide 93 in
the same conditions. Treaiment of the two compounds by
sodium hydride at 0 °C in DMF followed by the addition
at room temperature of allyl bromide or propargy] bromide
gives the desired N-lully protected compounds 96 and 97
in 40 and 50 % yield, respectively (Fig. 24},

Table I Geaeral  structures  of  q-cthynyl
{trifluoromethyi) alaning methyl ester

2-[N-projected}-2-

Bibliographic references  Compound R,

. . e . . H Sémeril el al. {2001} 94 8O,Ph
analytical qualily. Dehydration of 91 was performed with  pMe0,C. N-R4
triffuoroacetic anhydride in pyridine at 0 °C to give 92 in
. . a Y Py = FSC&
68 % (Fig. 22).

Treatment of imige 92 with sodium acetylide fol- Shehetnikov ctal. (20081 93 Chz
lowed by hydrolysis led to the desired o-ethynyl Shchetnikov el al. (2010 95 Boc
2-[N-benzyloxycarbonyl]-2-(trifluoromethyljalaniae Shchetnikov et al. (201 93 Che,
methyl ester 93 in 80 % yield (Fig. 23). Shchetnikov et al. 2010y 94 50,Ph

X
9 O cHoy 0 CF (CF3CO),0 N OCHPh
+ ————
FiC7 COMe  PhHCO' NH;  B0%  PhHCO™ N HCOzMe Pyridine ; 0°C  F3C” CO,Me
G 68%
89 S0 91 92
Fig. 22 Synthesis of imine Y2 (Burger and Sewald 1990)
Fig. 23 Synlhesis a-cthynyl O i) THF, -50°C
2 N-benzylogycarbonyl]-2- 30 min, then i
{triflucromethyljalanine methyl N)J\OCHZPh ii} HCI/H,0 MeC,C. NHCC,CH,Ph
—_._._.,.._..-.—h-
ester 93 (Burger and Sewald + Na H 80% FSC>&\\
[BEI] F2C” “CO,Me

92

93
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Fig. 24 Synthesis of CF i} Nah oF
N-alkylated secondary amine - o3 DWF; 0°C 3
frakyiilen secondary sl H—=—4CO,Me — - H—==—dCO,Me
9% amd Y7 {Sémeril et al, 2004 it) 3-bromoprop-i-ene 2
Shehetnikoy el al. 2008, 2010) NHSOPh - M 0 e NSQOPh
40% 4
96
i) NaH
CF,
— DMF; 0°C CF3
H—=-—COMe ~— — > H—==—<CO,Me
NHOBZ ii) Propargyl bromide NCBz
20°C =
50%
97
_ ==—MgBr - 0 . 0
"\ go CF3C0OCO,E \ “9 CO.EL  (0.5M in THF) g“‘- CO,Et .\S“s CO,Et
3 P S 3 — i Vel & SR ~VRCF
RN THE140°C Tot” DN Ner 70°C TR Rl *
2 hours 3 75%in2steps B B
a8 a5 {28,85)-100 major diast. {2R,Sg)~10T minor diast.
e.e. = 97.5%
Fig. 25 Synthesis of both dinstereoisomers 180 and 101 (Crucianclli ¢t al. 2004)
Fig. 26 Synihesis of ($)-o- « 0 co,kt CO,Et
cthynyl 3.3.3-ifluoro alanine \E'f TFA » 8 z
cihyl ester 132 Tol” P ~N"% CF3 MeOH : 0°C TFA-H,N" % CFa +  Tol—50,Me
HOW 1h at 26°C
72%
100 (5)-102

Synthesis of (S)-ce-cthynyl 3,3,3-triffvoro alanine etliyl
ester

To the best of our knowledge. the synthesis of (S)-a-ethynyl
3,3,3-trifluore alanine ethyi ester reported by Crucianclli
el al. (2004) is the frst synthesis of a non-racemic form
of an aming acid with a tefluoromethyl group and ethy-
nyl substituents in the alpha positien. The intreduction of
CF, substituent in the alpha position to non-racemic amino
acids is a challenge for the chemist and often requires com-
plex and tedious protocols. This strategy is based on the
reaction of an enantiomericalty pure sulfinimine of trifluo-
ropyruvate with Grignard reagents.

The iminophosphorane 98 was prepared according to the.

procedure described by Asensio and Bravo (Asensio ct al.
2001; Bravo et al. 1998), Then, both diastereoisomers 10
and HH were prepared in one-step synthesis. Staudinger
reaction between 98 and trifluoropyruvate gave the suifin-
imine 99 without isolation, followed by the addition of a
soluticn of ethynyl magnesium bromide (0.5 M in THF) at
—70 °C. Both diastereoisomers were obtained with 75 %

overall yield. Major diastereoisomer 100 presents an ee. of
97.5 9% (Fig. 25).

Desulfonylation of 100 was realized by treatment with
TFAMeCH at § °C to give (8)-a-cthynyl 3.3.3-rifluoro
alanine ethyl ester 102 in 72 % yield (Fig. 26).

Synthesis of (R)-methy! 2-{(2-methoxyphenyl)
amino)-2-(trifluoromethyl)but-3-ynoate

In 2011, Huang et al. (2011) described a second syn-
thesis of a non-racemic loerm of ¢rifluoromethyl amino
acid derivatives. The original strategy was based on
highly cnantioselective alkynylation of keloimine 103
via zine/BINOL catalyzed process (Fig. 27). The pro-
ceeding afforded a facile access to optically active qua-
ternary amino acids with high enantiomeric excess
(e.e = 91.9-99.6 %).

The addition of trimethylsilylacelylene o @-CF3 keto-
imine ester 103 was performed with dimethylzine and
BINOL derivative (R)-104 to give (R)-105 (97.7 % ec} in
84 % yield, The terminal alkyne (R)}-106 was obtained in
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Fig. 27 Synthesis of {R)-
methy] 2-({2-methoxyphenyl)
amino)-2-(trifluorometliyl),
but-3-ynoale (R)-166 (Huany
clal. 201 1)

{Ms)8i
Me,Zn (1.2 M in THF ; 1.2 equiv)
104 {5 mol%}

S

NH
Fac\“" Co 2M8

—=—H {1.7 equiv)

©:O Me
N

- W

I Teluene ; 1t
F1C” GO Me 84% Si(Me)s
103 (R)-105
e.e =977%
Si(Me)s _
TBAF (1.0 Min THF)
THF ; 0°C
OH 92%
] ! OH
Si(Me)y QOMB
(R)-104 NH
F,C ["CO-Me
(R)-106
Si(Me SifMe i
(Mela (Me)s i) SiHCI;
Il i) LDA/HMPA Il ii) KOH 1
i} H,C=CHCO,CHy iit) HCI
MEOZC H . - MEOEC COzMB —e—— HOZC {CHQ)zCOzH
NHGO,Et 65% NHCO,E NH,-HC
10 108

Fig. 28 Synthesis ol ¢-ethynyl glulamic acid hydrochioride HIS (Casura and Metcalf 1978)

92 % yield by treatment of (R)-185 with the TBAF solution
{1.0 M in THF).

Synthesis of «-ethynyl glutamic acid hydrochloride
and c-ethynylornithine

Previously in  this review {see “Synthests of
w-ethynyiphenylalanine derivatives” of this review), we
described the synthesis of a-ethynylphenylalanine by
Casara and Metcalf in 1978, In the samc paper, the two
authors reported the synthesis of a-ethynyl glutamic acid
hydrochloride by the same method (Fig. 28).

Michael addition of the anion derived from 19 on
meihy] acrylate gives the compound 187 in 65 % yieltd.
The deproiection of 107 ted to compound 108 with no

yield indicated. The authors claimed that the NMR anal-
ysis, IR spectra and elemental analysis arc in agreement
with the structure,

The frst step of this method was utilized by Danzin in
1981 (Danzin et al. 19%1) to synthesize o-ethynylornithine
111 as potential enzyme-activated inhibitors of mammalian
ornithine decarboxylase (Fig. 29).

The regioselective alkylation of H was accomplished
with lithium diisopropylamide and 1-iodo-3-benzaldim-
inopropane to give the non-isolated intermediate 169. The
&-lactam 119 was obtained by cyclization of 109 in mild
acidic conditions. Then, the free amino acid was synthe-
sized by alkyne hydrolysis of the TMS group aad of the
Jactamn ring. Finally, a-ethynylornithine 111 was obtained
by ion-exchange chromatography and recrystailization in a
mixture of ethano} and water in 59 % yield (Fig. 29).



Advances in the synthesis of w-quaternary w-ethynyle-amino acids

Fig. 29 Synthesis of Si(Me)q Si{Me;
g-cthynylornithine 111 (Danzin | I i) LDA (excees) [ l
al, 198
elai, 1981) it} I-{(CH2)s-N=CHPh
MeQ,C——H — MeO,C——{CHy)s-N=CHPh
NHCOEt  7gec: N2 NHCO,Et
18 168
iy HCI {11V}
i) NEt3
45% from 10
b SifMe)s
i Il
MeSit EtO,CNH
HO,C—1—(CHa)s-NH, o 5
2
NH, Reflux ; 1h HN
59%
11 110
HO Me
HO,C i P 9%
2 S . T H
\I/\ N @] N N
NHAC/<\OHH H OH
O 0
I
0 Me

Oxazolomygin A 113

!
OH e

Neooxazolomycin 114

Fig. 30 Struclure of (+}-lactacystin 112, oxazolomyein A 113 and neooxa

Synthesis of fully protected optically active
o-cthynyl serine

In 2003, Brennan et al, {2003) described he synthesis of
the intermediate ($)-121 which is used in the total synthe-
sis of (+)-lactacystin 112 described by Corey et al. (Corey
et al. F99R) (Figs. 34, 31).

2-Ethynylpropenol 115 was transformed into the chi-
ral epoxide 116 (30 % ee) in 66 % yield using Sharptess

zolomycin £14 (Brennan et al. 20003; Corey et al, 19%8)

cpoxidation, Treatment of the epoxide afcohol 116 with
trichloroacetonitrile in the presence of DBU gave the
acetamidate 117 in 65 % yield. The cyclization of 117 was
performed using Et,AICI 1o give oxazoline alcohol 118.
The alcohol function of 118 was protected with TBSOTT
using 2,6-lutidine as a base to give 119 in 92 % yieid. The
oxazoline ring was cleaved by treatment with dilute hydro-
chlozic acid {1 N) to give 2-ethynyl-2-amino alcohot which
was (0t isolated and immediately converted into a mixture
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Fig. 31 Synthesis of {S)-cnanti- L{+)DIPT
omer 121 (Brennan et al. 2003) Y Ti{OIPr)y VY ClaCCN Y/
:() Cumene hydroperoxide Y/ oBU 7
OH  CHaCh:-10°C S _on 0°C:65% A —
56% T
115 (Sy116 (117
ee = 90%
ELAKCH
CH,Cla
0°Ctort
75%
o TBSOTS o
2,6-lufidine ”
TBSO™ "/—N - HO™ "N
B CH,Cl,; 0°C tort 3
i) HGI (1) o~ "CCl, 92% 0”7 CCly
THE ; it
i) CHiCH@Bncoc (K119 (S)-118
NaHCO3
DCM 1t
76%
Y i) Dess-martin periodinane
CH,Cly ; 0°C
| 1 Br i1y NaClIQ, { NaH,PO, Br
teri-Butanal / 2-msethyl-2-butene I 1
HO™™5 L = MeO,C
$ N O i) TMS-CHN, \ N 0
078S CH4QH
Benzene ; rt 0TBS
(S)-120 60% from 1120 (S)121

of epimers of the amide 120 with racemic 2-bromopro-
pionoyl chloride in 76 % yield. Dess—Martin oxidaiion,
Pinnick oxidation and esterification with (trimethylsilyl)
diazomethane led to the final compound (8)-121 in 60 %
overall yield for these finat three steps (Fig. 31).

In 2007, Bennett et al. (2007} described the (R) enantiomer
of compound 21 (Fig. 32). This melecule is an intermediate
ir the synthesis of a commen precursor to both the }-lactone
and y-lactone pysrolidinone ring systems, found in oxazolo-
mycin A 113 and neooxazclomycin 114 (Fig. 30).

The synthesis described by Beanctl and co-workers
differs from (he one of Brennan et sl. described above
(Fig. 31) with small modifications. In the first case, the
epoxide altcohol (R)-116 {83 % ec} was prepared by the
reaction between 115 and (—)-diisopropyl o-tarlrate
in 77 %. The reaction gives the (K) enantiomer of 116 a
smaller enantiomeric excess (83 % ee). In the second step,
the protection of the alcehol function of (R)-118 was per-
formed using imidazole as a base in 83 %. Finally, the first
oxidation step of (R)-120 was performed using a combina-
tion of NMO (¥N-methyimerpholine-V-oxide) and TPAP
(tetrapropylammonium perruthenate) allowing to obtain
{(£)-121 in 55 % vield from (R)-120 (Fig. 32).

Miscellaneous

In 2006, Fukumoto and co-workers reporled the first
total synthesis of (++)-B-erythroidine 122, a non-aromatic
dienoid-type Erythrina alkaloid (Fukumetoe ct al. 2006),
Erythring plant species are the main source of tetracy-
clic alkaloids. This family is classified into two groups
depending of the nature of D riags: D rings arc non-
aromatic (structure 122} or aromatic (structure 123).
Compound 122 contains a non-aromatic unsaturated lac-
tone and is called a lactonic alkaloid (Amer et al. 1991)
{Fig. 33).

Over the last decades, the Erythrina alkaloids have
received considerable attention due to their intriguing
biological activity. Some members of this [amily showed
pharmacelogical effects such as sedative, hypotensive, ncu-
romuscular blocking, antidiarrheal and central nervous sys-
tem activity (Padwa et al. 19U3).

The authors described the synthesis of ethynylated
amine acid fragment 136, & key intermediate in the synthe-
sts of (+}-f-erythrotdine 122.

Treatment of 2,3-O-isopropylidene-p-threitol 124 with
p-toluenesulfonyl chloride followed by treatment with
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Fig. 32 Synihesis of (R}-enan- O{-DIPT {26%)

tiomer 121 {Bennett ¢t al. 2417} y/ TH{OIPr), (20%) Y/ Cl3CCN
% Cumene hydraperoxide ~_</ DBU %
.- — —_— -
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% 81% e
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ee = 83%
EtAICI
CH,Cl
0°Cort
63%
/\/Z/ TBSOTS /\/Z/
Imidazcle
TRSO™ ™ h}l\ -~ HO™™ 3\
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N o
b HE (1) 0~ “CCly 83% o7 eey
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i) CHyCHBrcoor  (RIF118 (RyA18
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CH,Cl, ; it
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Ho— N iiy NaGIO, / NaH,PO, Me0,C H
teri-Butanal f 2-methyt-2-butena ;
iii) TMS-CHN,
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55% from 120

MeO™

122 123

Fig. 33 Structure of B-erythroidine 122 and gengral structure ol aro-
matic erythrina alkaleid 123 (Fukumota ot al. 20016}

triflvoromethanesulfonic acid gave 125 in 87 % yield. The
acetylenic product 126 was obtained by reaction of 125 with
lithiated propargy] tetrahydropyranyl ether in 88 % yield.
lodination of 126 by nucleophilic substitution with sodium
iodide in DMF gave 127 in 87 % yield. Reductive cleavage
of iodide derivative 127 with activated Zn and acetic acid
afforded alcohol 128 in 90 % yield, The alcohot 128 reacted
with iodomethane followed by subsequent removal of THP
protecting group with pyridinium p-tolucnesulfonate to get
129 in Y8 %. Successive treatment of 129 with Red-Al®
(sodium bis(2-methoxyethoxyjatuminum bybride: 65 % in

toluene) and jodine give the regioselective Z-alkene 130. A
Sonogashira coupling with trimethylsilytacetylene foliowed
by the removal of TMS group with potassium carbonate led
to alcohol 131 in 81 % yield (3 steps from 129).

In the first attempt to obtain epoxide 132, Katsuki-
Sharpless conditions were used but gave poor distereose-
lectivity. The second altempt was performed with mCPBA
and aliowed to furnish an inseparable mixture of « and p
diasterecisomers, but with excellent diasterenselectiv-
ity (6:94, respectively). The high diastereoselectivity was
explained with a transition state where mCPBA was ori-
ented (o the f-face by hydrogen bonding.

Treatment of the alcohal function in 132 with trichloro-
acetonitrile in the presence of DBU and molecular sieves
(4 A) gave the acetamidate 133, which was used for the
next step without purification. Cyclization of this com-
pound was performed with Lewis acid (BF;-OEL,) in meth-
ylene chloride at —20 °C to give six-membered 134 with
quaternary center in 93 % (two steps). Hydrolysis with
diluted hydrochloric acid solution (1 N) followed by N-Boc
protection with (Boc),Q and sodium carbonate gave diol
135 in quantitative yield.
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| P 93% (2 steps)
135 134 133
i}y NalQ,
THF/H,0
i} NaClO; / NaH POy _ CO;Me
2-methyl-2-butene MeO., 5
1BUOH/R,0 R “NH,
iif) CHoNp I
MeOH
jv) TFA 136
CH,Cly

79% from 135

Fig. 34 Syathesis of methyl 128 4R)-2-amino-2-ethynyl-4-methoxyhex-5-enoate 136 (Fukumolo et al. 20006)

Finally, a sequence of four steps was realized fo obtain
the desired ethynylated amino acid derivative with the free
amine. An oxidative cleavage was performed with sodivm
periodate followed by a Pinnick oxidation lo give the

carboxylic acid function. Then, the esterification was accom-
plished with diazomethane and the Boc protecting group was
removed by treatment with TRA in methylene chloride to
give 136 in 79 % overall yield from 135 (Fig. 34}.
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MeOZC(CH;)gCHO
MeO CCO:Me NaBH(OAC), MeO CO;Me Allyl bromide COZMe
L. $ . MS.{dA ela NS KCOy |
I NS roc 0 = I H/I DMF ; 100 DMF ; 100 G /i
B86% CO,Me 97% I H CO.Me

136 137

Fig. 35 Synihesis of e-cthynyl M N-diatkylated amino acids derivative 138. (Fukumoto el al. 2001)

At this stage, a two-step sequence was performed (o
obtain the dialkylated tertiary amine 138 derived from 136
in good yield, A reductive amination was realized with
methyl 3-formylpropancate and sodium triacetoxyboro-
hydride ta give 137 in 86 % yield. Then, the secondary
amine 137 was allylated in the presence of allyl bromide
and potassium: carbonate to give a-ethynyl N.N-dialkylated
amino acid derivative 138 (Fig. 35).

Conclusion

a-Alkyl a-ethynyl amino acids are an important class of
non-proteinegenic amino acids that play an importan role
in the development of peplides and peptidomimetics as
therapeutic agents, and in the inhibition of enzyme activi-
ties. Their extensive use is limited by the availability of
enuntiomerically pure compounds in large quantities. As
we have shown in this review. a wide variety of synthetic
approaches to these compounds has been developed, most
based on racemic syntheses and seme syntheses lead to
optically active compounds (ethynylalanine, ethyayl phe-
nylalanine, triffuoroclanine and ethynyl serinej.
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