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1. Introduction and aims

B-Amino acids are in the limelight of current intstedue to their valuable
pharmacological properties. They serve as essestiactural units of a number of
biologically active compounds, found in natural guots. Naturally occurring cyclopentane-
based3-amino acids, such as cispentacin and icofungigenstrong antifungal agents, while
the cyclohexane amino acid Tamiflu and teheterocyclic amino acid Zanamivir exert
notable antiviral activities. These compounds seage building blocks off3-lactams,
antibiotics and peptides. Open-chdiramino acids, and particularly®*-amino acids, a
subclass off-amino acids, are also structural elements of aatproducts with activity
against leukemia, e.dpolastatin 11, 12, 1&and D, Majusculamide C and Onchidin, natural
antitumoural agents such as Guineamide C and Dhddleeptirand Malevamide C.

The Institute of Pharmaceutical Chemistry at theiversity of Szeged has extensive
experience in the field of the synthesis and ti@amsation off3-amino acids. The research is
focused on the development of stereoselective appss towards highly functionalized
alicyclic and open-chaif-amino acid derivatives. The regio- and stereosgkesyntheses of
mono- and dihydroxylated, mono- and difluorinatgatotected amino, epoxy, azido,
isoxazoline alicyclic B-amino acid derivatives, starting from the appraja@i alicyclic
unsaturatedp-lactams have been successfully accomplished by @ double bond
functionalization.

Although numerous methods have been reported fersgmthesis of3-amino acid
derivatives, the development of new regio-, stevatrolled, efficient approaches towards
highly functionalized enantiomerically pure speséh remains an important goal.

The present PhD work was focused on the developwiestereocontrolled synthetic
strategies to novel enantiomerically pure disubtgd alicyclicB-amino esters derived from
norbornene-basetdiende anddiexop-amino carboxylates and acycpé®substituted amino
acid derivatives frontis or trans cyclopentene and cyclohexefpg@mino acids. The method
is based on functionalization of the ring C-C deuldond of thep-lactam through
dihydroxylation, and oxidative C-C bond cleavagettod vicinal diol, followed by Wittig
transformation with different phosphoranylides aratluction of the olefinic bond. All

products were obtained in both racemic and optigalre forms.



2. Applied methods

The synthesized compounds were separated andepubfi column chromatography
on silica gel and by crystallization. The newly gaeed products were characterized by
melting point measurements, IR, NMR, mass speamsand elemental analysis. Thee.
values of the optically active compounds were daeiteed by gas chromatography or HPLC.
For determination of the stereochemistry of the goumds, 2D NMR spectroscopy (COSY,
HSQC, HMBC and NOESY) and X-ray diffraction were@lsed.

3. Results and discussion
3.1. Synthesis of starting materials

Racemicp-amino ester-7 as required starting materials were synthesized By
lactams ring opening, followed biX-protection. Bicyclic diendep-amino esterl was
obtained from bicyclicdiendeanhydride via amide formation, followed by Hoffrman
degradation, esterification and-Bz protection. Stereoselective dihydroxylation tbese
compounds by means of NMO and catalytic amount ©Curnished dihydroxylated-

amino ester8-14(Scheme 1).
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The well-established protocol for the synthesidibfydroxylatedp-amino esters allowed
the preparation of starting materials in enantiocadly pure form. Racemi@-lactam 15 was
subjected to enzyme-catalysed enantioselective apening resulting in enantiomerically pure
amino acid(-)-16 and unreacte@-lactam (+)-17. Then enantiomef+)-17 was transformed to
optically pure diol(+)-9 through ring-opening reactiom-Bz protection and dihydroxylation
(Scheme 2).
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The preparation of enantiomerically pufeamino ester(-)-8 was attained through
diastereomeric salt recrystallization. The reactietween racemidiendaf-amino estelz)-18
and 1 equivalent of enantiomerically pude(-)-mandelic acid-)-19 yielded the corresponding
diastereomeric salt mixtuger)-20. This mixture was then twice recrystallized from B©EtOH
10:1, the diastereomeric ratio was monitoredt\NMR. Pure diastereomer was filtered off and
treated with a saturated NaHg®bolution giving optically pureliendep-amino acid(-)-22 with
e.e.= >99%. Following benzoylation and stereoselectilg/droxylation resulted in enantiomer
(-)-8 (Scheme 3).
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Cyclopenteneis andtrans f-amino esters were gained through enzyme-catallsedic
resolution off-lactam. Enantiomerically pure amino agi#)-25 and unreacte@-lactam (-)-24
were obtained and separated. Néx24 was treated with HCI/EtOH solution, and following
benzoylation and dihydroxylation led to opticallyrp diol (IR,2R)-(+)-10. The amino acid+)-
25 was transformed to dihydroxylatedrans p-amino carboxylate @&Z2R)-(+)-11 via
esterification, group protection, base-induced epipation and dihydroxylation procedures
(Scheme 4).
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3.2.Functionalization of cispentacins through C-C oxidéve cleavage ofdiexo-and

diendo-norbonenep-amino acids

The concept of the synthetic route included thectionalization of the ring C-C double
bond ofdiexanorbornenes-lactam anddiendenorbornengd-amino acid through stereoselective
dihydroxylation, conversion of vicinal diol by oxatve ring cleavage in order to generate the
corresponding dialdehyde key intermediate, followgdhe Wittig transformation with different
phosphoranylides and hydrogenation of formed douddad. Preliminary experiments were
conducted with racemic substances, and then thé/rdaveloped synthetic strategy allowed the
preparation of novel cispentacin derivatives inrgimenerically pure form.

The C-C bond cleavage of optically active dihydidaxgd 3-amino carboxylaté+)-9 with
NalO, gave access to dialdehy@e)-26. The in situ Wittig reaction allowed the preparation of
dialkenylated compound®)-27 and (+)-29, and further saturation of the olefinic bonds ted

optically pure substituted cispentac{ps28 and(+)-30in good yields (Scheme 5).
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The diformylB-amino ester was further transformed into the gpoading enantiomers
(+)-31 and (+)-33 in reaction with methyl (triphenylphosphoranyliggacetate and
(triphenylphosphoranylidene)-2-propanone, and gatateduction of double bonds furnished
saturated cispentacin derivativg3-32 and(+)-34 (Scheme 6).
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The synthesis ofall-cis-disubstituted cispentacin derivatives was basedsiomlar
strategy as for previously describedns-disubstituted analogues, namely the transformation
of C-C double bond of carbocycle by dihydroxylatioidative ring cleavage and the Wittig
transformation of the formed dialdehyde. Prelimynaxperiments were performed by
utilizing racemic substances. The synthetic prdtdescribed above was further extended to
the preparation of optically pure substances.

all-cis-Dialdehyde(-)-35 was synthesized fron(t)-8 by oxidative ring cleavage in
optically pure form. The absolute configurationsstéreocenters ift)-35 are R 2S3R/4S,
which was determined by chemical correlation.

Optically active dialdehyd¢-)-35 was transformed into dialkenylated Wittig product
(+)-36 in reaction with benzyltriphenylphosphonium bromigienerated phosphorane. After

C-C bond reduction, saturated compo@ad37 was attained (Scheme 7).
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The reaction of diformyl derivativé)-35 with commercially available phosphoranes

methyl (triphenylphosphoranylidene)acetate and hémylphosphoranylidene-2-propanone



gave access to optically pufg-40 and(+)-42, reduction of these products led(tp-41 and

(+)-43in enantiomerically pure form (Scheme 8).
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3.3.Synthesis of disubstituted acyclig®*amino acids from 2-amino-3-cyclopentene

carboxylic acid and 2-amino-3-cyclohehexene carbohg acid

The synthesis of*>-disubstituted open chain amino acid derivatives apgproached
by the transformation afis andtrans cyclopenteng-amino acids and cyclohexefieamino
carboxylates through above described strategyinfrgry experiments were carried out by
using racemic substances, and the protocol washefurextended in order to get
enantiomerically pure products. Optically pure kiealylated productét)-45 and(-)-47 were
prepared from dialdehyd# via Wittig reaction. The saturation of these pradufurnished

anti 3-amino carboxylate§)-46 and(-)-48 (Scheme 9).

(+)-10
Nalo, @ o NHCOPh  , paic NHCOPh
THF/H,0 PhsP-Me Br g A EtOAc -
15 min, 20 °C t+BuOK W 20°C, 1h s[ R
o H THF, 20 °C CO,Et 81% CO,Et
o 1h, 45% (+)-45 (-)-46
H S)y—s _
EtO,C - NHCOP ® o NHCOPh  H,, PdiC NHCOPh
PhgP-CH,Ph Br Z EtOAC ~
BioK Ph/\/h/R\/\Ph oo 1T Ph/\/wph
PhMe, 20 °C CO,Et 90% COEt
1h, 46% (-)-47 (-)-48
Scheme 9.



Furtheranti B-amino acid derivativeét)-49 and(-)-51 were synthesized by treating
the diformyl compoundt4 with commercially available phosphoranes. Subseioatalytic
hydrogenation led to enantiomérs-50 and(-)-52 (Scheme 10).
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Next, enantiomerically pure dialdehyd3 was transformed into acyclisyn Wittig
products(-)-54 and(-)-56. Reduction of the olefinic bond afforded final guzts(-)-55 and(-
)-57in 99% enantiomeric purity (Scheme 11).
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Finally, similar synthetic procedures afforded thgalkenylated 3-amino acid

derivatives(-)-58 and(-)-60 in enantiomerically pure form. Catalytic hydrogeaoatof these

products in the presence of Pd/C gave accesgreaturated final produc(s)-59 and(-)-61

(Scheme 12).
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Next, diformyl derivative62 was synthesized from dihydroxylatdamino esterl2
through oxidative ring cleavage protocol. The Wittieaction betweer62 and methyl
(triphenylphosphoranylidene)acetate or (triphengfghoranylidene)acetonitrile resulted in
anti open-chain dialkenylated produ@8 and64. Following hydrogenation under catalytic
conditions furnished saturate@-amino esters65 and 66 in good vyields. Furthe@anti
disubstituted compounds7 and 68 were obtained vian situ Wittig reaction. Subsequent

double bond reduction yieldgdamino acid derivative89 and70 (Scheme 13)
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The above synthetic protocol was subsequently detrio the preparation of open-
chain syn 3-amino esters. Difunctionalized Wittig productg 73 and 74 were formed by
treating the dialdehyd@l with commercially available phosphoranes. Follgyvitatalytic
hydrogenation resulted in saturated acyclic compeib, 76 and77 in good yields. Then the
reaction of dialdehyd&1 with ylide generated from benzyltriphenylphosphuwnibromide
afforded the disubstituted Wittig produé8, which wasfurther reduced to derivativé9
(Scheme 14).
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The dialdehyde80 was obtained from the dihydroxylat@damino carboxylate 4 via
oxidative ring cleavage. The dialkenylated spe8is82, 83 and87, were gained via Wittig



reaction. Subsequent olefinic bond reduction furags novelanti -amino acid derivatives

84, 85, 86 and88 (Scheme 15).
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