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1. Introduction and aims

Alicyclic B-amino acids, such as the naturally occurring, famgal cispentacin
[(1R,29-2-aminocyclopentane-1-carboxylic acid] and Icafipen [(IR,2S)-2-amino-4-
methylidenecyclopentane-1-carboxylic acid], and #n&tibacterial oryzoxymycin §j-2-
((5R,6R)-6-amino-5-hydroxycyclohexa-1,3-dienecarbonyloxgpanoic acid], have attracted
considerable interest in the past twenty years usecaf their pharmacological potential.
Cyclic B-amino acids are also of paramount importance ptige chemistry, since they can
be used as building blocks for the preparation afdifired biologically active peptide
analogues. CarbocycliB-amino acids are additionally used as starting tamogs for the
synthesis of heterocyclic compounds, potential mla@ons and natural product analogues.
Their enantiomerically pure forms can serve as athiauxiliaries in asymmetric
transformations.

One of the main research topics at the InstitutePbarmaceutical Chemistry,
University of Szeged, is the synthesis of highiynditionalized cyclicB-amino acids. A
number of scientific articles have been publishedecent years on the selective formation of
new functional groups (hydroxy, dihydroxy, aminzid® and fluoro) on cyclig3-amino
acids. The 1,3-dipolar cycloaddition of nitrile oxides & powerful technique for the
functionalization of a C-C double bond. The oldfigiouble bond in the protected cycfie
amino acids may be utilized as a dipolarophile id,3dipolar cycloaddition in order to
synthetize different functionalized derivatives.

Accordingly, my work focused on the regio- and etselective 1,3-dipolar
cycloaddition of nitrile oxides to cyclif-amino acid derivatives. The primary aim was to
study the regio- and stereoselectivity of the cgdHdition of nitrile oxides to protected five- or
six-membered cycli@-amino esters, and the transformation of the rieguisoxazoline-fused
cyclic B-amino ester carboxylates by reductive ring opermhghe isoxazoline skeleton.
Moreover, the preparation of cycloadducts in emenérically pure form through appropriate

enzymatic resolution of bicycli@-lactams was proposed.

2. Applied methods

The synthetized compounds were separated andquubfy column chromatography

on silica gel and by crystallization. The newly gaeed products were characterized by



melting point measurements, IR, NMR, mass speams@nd elemental analysis. Tke
values of the optically active compounds were daeiteed by gas chromatography and HPLC.
For determination of the stereochemistry of the goumds, 2D NMR spectroscopy (COSY,
HSQC, HMBC and NOESY) and X-ray diffraction were@lised.

3. Results and discussion
3.1. Synthesis of starting materials

The starting material®-7, as dipolarophiles, were synthetized from bicyphiactams
lab (Scheme 1). Dipolarophilé&-d were obtained by lactam ring openinglafb, followed
by N-protection (Boc or COPh protocol; Scheme 1).
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Scheme 1.

The preparation of compound and 4 was based on regio- and stereoselective
iodolactonization, and a HI elimination reactiorydroxylated amino estels 6 and7 were
synthetized by lactone ring opening3dr 4 (Scheme 1).

Enantiomerically pure starting materials @g-and (-)2a were also used for the
preparation of isoxazoline-fused cydieamino ester carboxylates. Enantiomers&agnd
(-)-1a were synthetized by enzymatic resolution of racefilactam la with Candida

antarticalipase B (Scheme 2).
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The amino acid (+8 andp-lactam (-)1a enantiomers prepared were then transformed

to the corresponding enantiomerically pure stantirajerials (+)2a and (-)2a(Scheme 2).
3.2. Synthesis of isoxazoline-fused amino ester baixylates

Novel isoxazoline-fusedcis-2-aminocyclopentenecarboxylate stereoisom@esd,
10ad, 11la-d were synthetized and isolated in good or modevatzall yields by the 1,3-
dipolar cycloaddition of nitrile oxide (generatebrh EtNG or nPrNG,, with BogO as
dehydrating agent in the presence of DMAPEi®2-aminocyclopentenecarboxylate®a(b)
(Scheme 3).
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NHR

2a: R =Boc
2b: R = COPh
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Scheme 3.



On change of the dehydrating agent Ea¢o PhNCO, high selectivity was observed
in the cycloaddition reaction. Only the previouslgtected major produ&ad was formed
and isolated, in moderate yield (Scheme 4).

EtNO, or nPrNO,, PANCO

QCOQEt

NHR

2a: R = Boc
2b: R = COPh

EtsN, THF
65°C,15h

Scheme 4.
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9a: R =Boc; R' = Me; 50%
9b: R = COPh; R' = Me; 38%
9¢: R = Boc; R' = Et; 30%
9d: R = COPh; R' = Et; 40%

The stereoselectivity of these reactions can belaggal by H-bonding steric

interactions between the carbamate moiety and ttidenoxide. The regioselectivity is

determined by the electron-withdrawing effect oé tN-atom of the amide or carbamate

group, favouring the attack of the nitrile oxidea@®m on C-4, distant from the carbamate.
The 1,3-dipolar cycloaddition of nitrile oxides (oed from EtNQ and nPrNG;,

Boc,O and DMAP) totrans-2-aminocyclopentenecarboxylatels3§b) resulted 100% regio-

and stereoselectively in only one cycloaddubtad, which could also be prepared in

moderate yield by epimerization of the very minoodquctsllad at C-5 with NaOEt in

EtOH (Scheme 5).
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w 2 2
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13a: R = Boc 100% selective 14a: R = Boc; R' = Me, 46% 11a: R = Boc; R' = Me
13b: R = COPh 14b: R = COPh; R' = Me, 42%

14c¢: R = Boc; R' = Et, 22%
14d: R = COPh; R’

Scheme 5

Et, 44%

11b: R = COPh; R' = Me
11d: R=COPh; R' = Et

The selectivity in the formation ot4ad is explained by steric and H-bonding

interactions. Steric repulsion in the transitioatstbetween the nitrile oxide and the ester

functional group and H-bonding interaction betwdles carbamate and the nitrile oxide are

responsible for the observed selectivity, but iliso determined by the H-bonding effect in
the transition state of the reaction.



High selectivity was observed in the dipolar cyddon of nitrile oxides when Boc-
diprotectedcis amino esterl5 was used as a starting material (Scheme 6). Téld was
rather low: together with the cycloaddition prod@égb, unreacted starting materibb was
isolated and recovered during the purification.sT$glectivity may be explained by electronic
and steric factors; H-bonding interactions did m@oise between the diprotected amino

function and the nitrile oxide.

CO,Et EtNO,or nPrNO, O CO,Et
Boc,0O, DMAP l\i
o
N(Boc), THF, 20 °C, 15 h 3 N(Boc),
R

15 :R=Me; 18%

16a
16b: R=Et; 15 %

Scheme 6.

On 1,3-dipolar cyloaddition to ethgis-2-aminocyclohexenecarboxyla2e, folloving
the use of EtN@ for the generation of the nitrile oxide, with BGc and PhNCO as
dehydrating agent in the presence of base, onlyistn@zoline derivativd7 was selectively
formed and isolated. When compoud was used as a dipolarophile in the 1,3-dipolar
cycloaddition of nitrile oxides, no cycloadditiomopluct was detected (Scheme 7), probably

because the C-C double bond is more isolated fhencdrbamate and ester functions.

1. EtNO,, Boc,0 CO,Et
COEt pMAP, THF, r.t, 12 h, 25%
2. EtNO,, PhNCO o) NHBoc
NHBoc  EtsN, THF, reflux, 15 h N=
2c 17,23%

1. EtNO,, Boc,0

COEt  DMAP, THF, rt, 12h ,
» no transformation
2. EtNO,, PhNCO

NHBoc  EtyN, THF, reflux, 15 h
2d

Scheme 7.

Cycloaddition to hydroxylated aminocarboxylatés 6 and 7 was unsuccessful
(Schemes 8 and 9). The reactions were attempteel wifferent reaction conditions, such as
the Huisgen (from aldoxime) and Mukaiyama (frommpary nitroalkanes) methodologies, but
only the starting material was recovered.
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Scheme 8.

The reason for this is probably the reduced reiigtof the isolated ring C-C double
bond. In contrast, 100% regio- and stereoselegtivds found in the cycloaddition of nitrile
oxide (generated from EtINOBoc,O and DMAP) tacis andtrans lactones3 and4. Only one
product,18 and21, respectively, was detected and isolated (Sch@&aesl 9) in each case, in
which, as a result of the H-bonding interactiore tboxazoline ring i€is to the carbamate,
while the O-atom of the heterocycle is closesth® NHBoc. Next, these compounds were
subjected to lactone opening with NaOEt in EtOHgewby the hydroxylated isoxazoline-

fused aminocyclohexanecarboxylal€s 20 and22 were prepared.

0 O
o—2 EtNO,
QCOQH see ©\ Boc,0O, DMAP
NHBoc Scheme 2 NHBoc 348N NHBoc
24 4
21 (32%)
%e Scheme 2 /NaOEt, EtOH
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X X

NHBoc THF,r.t. \
7 N-O
22 (88%)

CO,Et

NHBoc

Scheme 9.



The isoxazoline-fusectis-2-aminocyclopentanecarboxylat®a-d and 10ad were
next transformed by epimerization with NaOEt in BtQo the correspondingrans
compound3ad and24ad (Scheme 10).

CO,Et CO,Et
N'O NaOEt, EtOH N’O Q
o \\\‘\
NHR ~ 20°C.12h 3 NHR
R' R'
9a-d 23a: R =Boc; R'= Me; 75%
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23d: R = COPh; R' = Et; 45%

R»un C02Et R»,,” \\\COQEt
N/ NaOEt, EtOH N/
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10a-d 24a: R = Boc; R' = Me; 20%
24b: R = COPh; R' = Me; 30%
24c: R = Boc; R' = Et; 28%
24d: R = COPh; R' = Et: 10%

Scheme 10.

The isoxazoline-fusefl-aminocyclopenatencarboxylat@s,c, 10ac, 11ac, 14ac and
23a,c were prepared in enantiomerically pure form, stgrfrom Boc-protected ethyl-2-
aminocyclopentene carboxylate enantiomersZé&xnd (+)2al, which were synthetized by
enzymatic resolution of racemi@-lactam (x)2a with Candida antarcticalipase B (see
Scheme 2, Figure 1). The reactions were performethe same way as for the racemic
compounds (see Schemes 3, 4, 5 and 10).

6 5S |
0= A‘,‘? COEL ANER 58.CO,Et R> 388 N\88.CO,Et
s ‘NHBoc N/ bas 2 N/ Y6aR ~ £5

R 0 NHB oc 0 %2R "NHBoc

(+)-9a: R = Me, 62%
(+)-9¢c: R = Et, 24%

(-)-10a: R = Me, 10%
(-)-10c: R = Et, 9%

(+)-11a: R=Me, 7%
(+)-11c: R=Et, 0%

Ollal S COzEt O | \\‘COQEt R 3aR

( / 93..CO,Et
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o 3 6R
3 **R "NHBoc W R \\HBoc N 075N Lo
R

(+) -23a: R = Me, 22%

-9a: R = Me, 539
L R (+)-23c: R = Et, 25%

R = Et, 40%

Figure 1.

(+)-14a: R = Me, 52%
(+)-14c: R = Et, 34%



3.3. Synthesis of highly functionalize8-amino acid derivatives

Highly functionalizedB-amino acid derivative5-32 with four stereogenic centres
were synthetized by reductive ring opening of teexazoline ring with NaBklin the
presence of NiG] starting from the earlier prepared isoxazolingefii3-amino acid
derivativesQa, 10a 233, 244 144 19, 20and22 (Scheme 11, Figure 2).

o COEL  NaBH,, NiCI*6H,0 HO"'Q’COZ’Et

N Boc,O EtOH/THF (3:1) BocHN
W NHBoc rt.6h Me>\H NHBoc
9a 25, 80%
Scheme 11.

H HO'I/ \\‘COZEt H
Me—1.., COEt _ Q Me~1.., ™\ COE

BocHN \ >\\ NHBoc BocHN )
HO  NHBoc me H HO  NHBoc
26, 72% 27, 75% 28, 85%
H HO COLEt HO CO,Et HO.,, CO,Et
e wCOEL b N BocHN BocHN
BocHN oc NHBoc =~ °° NHBoc —°C NHBoc
HO  NHBoc OH OH
29, 82% 30, 58% 31, 78% 32, 87%
Figure 2.
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