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Conformationally restricted, orthogonally protected 2,4-diaminocarboxylates with a cyclopentane skeleton
were efficiently synthesized frorfi-lactam 6, the syntheses involving strategies of diastereoselective
epoxidation of thgg-lactam and the corresponding monoprotected amino esters with opposite selectivities
followed by regioselective opening of the oxirane ring with sodium azide. The enantiomers were also
prepared. This new class of compounds can be regarded not only as conformationally congtyained

diamino acid derivatives but also as potential functionalized carbocyclic nucleoside precursors.

3Introduction

Among the large family of-amino acids, 4-aminocyclopent-
2-ene carboxylic acid and derivatives can serve as confor-
mationally constrained, potentially valuable scaffolds for phar-

Further, the 3-azido-4-hydroxycyclopentanoic acid moiety has
been reported as a synthetic scaffoldfeturn mimetics! These
compounds may also be applied as precursors for the synthesis
of carbasugars and carbocyclic nucleosides.

maceutical assays as anticancer and antiviral agents and as Carbocyclic nucleosides are a family of synthetic and

important building blocks in the synthesis of peptideghey

naturally occurring compounds which have attracted great

may also be regarded as conformationally restricted GABA interest among chemists and biochemists during recent years.

mimetics? Various mono- and dihydroxylateg-aminocyclo-

pentanecarboxylic acid diastereomers have been incorporated

into tripeptide sequences.

T Institute of Pharmaceutical Chemistry.

Many of them exert important biological activitifsand are
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potentially effective therapeutic agents for the treatment of viral
infections?” A number of synthetic carbocyclic nucleosides
exhibit antitumor, cerebroprotective, and cardioprotecfive

effects. Several naturally occurring carbocyclic nucleosides, such

as aristeromycifineplanocin Al° and some of their derivatives,
display antitumor and antibiotic activi}.Synthetic carbocyclic

nucleosides with significant therapeutic properties have also

been discovered. For example, carbovd) &nd abacavir 3)
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with antiviral properties have been reported to inhibit the
replication of HIV19.12
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The alicyclic f-amino acids have gained great interest in
recent years in view of their pharmacological poteriialhe
natural cispentacind, an antifungal antibiotic with a cyclo-
pentane skeleton, is one of the most important derivatives. It is
additionally a component of the antibiotic amipurimyéfa.
(1R,29)-2-Amino-4-methylenecyclopentanecarboxylic acid (ico-
fungipen)5 is known as an antifungal agent. Cyclic, confor-
mationally rigid3-amino acids such asans-2-aminocyclopen-
tanecarboxylic acid or 2-amino-3-methoxycyclopentanecarboxylic
acid have been used as building blocks in the synthesis of
peptidest*

The aim of the present work was the synthesis of orthogonally
protected 2,4-diaminocyclopentanecarboxylate diastereomers
containing both thes- and the y-amino ester unit on a
cyclopentane moiety.

Results and Discussion

Our synthetic strategy was based on the functionalization of
the olefinic bond of the readily available azetidindievia its
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SCHEME 1. Synthesis of Amino Esters 8ae and Epoxy Lactam 11
Boc,0 or Z-Cl or S .
(I _O_EtOH/HCI QCOOB FmocOSu 4QTCOOR
0°C, 30 min TEA, THF,0°Ctort
6 NH path A NH,HCI 3 2%HR
7 (89%) 8a: R = Boc, R' = Et; 82% (from 7)
8b: R=2Z, R' = Et; 70% (from 7)
8c: R = Fmoc, R' = Et; 62% (from 7)
8d: R=2Z,R =Bn; 77% (from 12, two steps)
Boc,0, 20% DMAP, TEA 8e: R = Boc, R' = Bn; 68% (from 12, two steps)
" EHF' n.6h 1. Boc,0 or Z-Cl/NaOH
pa dioxane/H,0, 0 °C to rt
2. BnCl, DBU, THF
A 6h
2 1 o]
. mCPBA, CH,Cl, o‘\\Q\FO COOCH
5-NBoc ™ g°c 5h "~ NBoc HLHC
10 (71%) 11 (68%) 2
12
SCHEME 2. Synthesis of Epoxy Amino Esters 9ae SCHEME 3. Synthesis of 2-Amino-4-azidocarboxylates

4 mCPBA, CH,Cl,

0°C,5h

COOR'
O

NHR
9a: R = Boc, R' = Et; 64%
9b: R=2Z,R' = Et; 48%
9c: R = Fmoc, R' = Et; 43%
9d:R=2Z,R =Bn; 51%
9e: R = Boc, R'=Bn; 55%

5
COOR'
1
3

2'NHR
8a-e

epoxidation by two different routes with opposite diastereose-
lectivities. In the first approach, monoprotecie@mino ethyl
esters8a—c were prepared in good yields frof-lactam 6
through amino estef (Scheme 1, path A). In the next step, the
p-amino estersBa—c were submitted to epoxidation of the
olefinic bond (Scheme 2). Epoxidation of a moNeprotected
alkene (carbamate or amide) with peracids is known to give a
high degree of cis selectivity, presumably via a hydrogen-
bonding interaction of the amide and the peracidic reagent in
the transition state of the reacti#fWe studied the epoxidations
of amino ethyl ester8a—c with Boc, Fmoc, or Z protecting
groups in the presence af-chloroperbenzoic acid in dichlo-

14a—e and 14h

COOR!
o

NHR
9a: R' = Et, R = Boc
9b:R'=Et,R=2Z
9c: R' = Et, R = Fmoc
9d:R'=Bn,R=2Z
9e: R' = Bn, R =Boc

NaN; 20% NH,CI
EtOH/H,0, A, 4 h

Ngl:,; TCOOEt

O _NH
he
(0]

15 (42% from 9c)

NaN; 20% NH,CI
EtOH/H,0, A, 26 h

NaNj3, 20% NH,CI
EtOH/H,0, A, 4 h

5
Nos }-COOR" NaOEt, EtOH, t, 28 h MNo'+(”COOEL
3 2 (91% from 14a)
HO NHR HO NHBoc
14a-e (44-73%) 14h (28% from 9a)

tertiary amine would not exert the esdereodirecting effect
observed earlier in the transition state of the epoxidation of esters
8a—e. For this reason, the Boc-protected lacthdwas treated

romethane. As expected in all cases, the reaction proceededyith m-chloroperbenzoic acid at @ for 5 h (Scheme 1, path

diastereoselectively, furnishing tes-epoxidea—c as single
diastereoisomers in yields of 4%4% yield (Scheme 2).

In a similar way,cis-epoxy derivatives of benzyl aminocar-
boxylates9d and 9e were synthesized in yields of 51% and
55% by the epoxidation of esteBsl and8e (Scheme 2). Benzyl
aminocarboxylate8d and8e were prepared from lactagvia
the protected amino acid8aand13b, whose carboxylic group
was benzylated with benzyl chloride in refluxing THF in the
presence of DBU (Scheme 1).

With the above epoxidation procedure, the presence of a

monoprotected amino group (carbamate) on the cyclopentene

skeleton always led to cis selectivity, resulting in tieepoxy
amino ester®a—e.

It was expected that introduction of the oxirane skeleton trans
to the 5-amino group on the cyclopentanecarboxylic amino ester
moiety of 10 would be possible without changing the reaction
conditions or the oxidizing agent, but starting from the Boc-
protected lactamlO (Scheme 1, path B). In lactarh0, the

(16) (a) Smith, M. E. B.; Derrien, N.; Lloyd, M. C.; Taylor, S. J. C.;
Chaplin, D. A.; McCague, RTetrahedron Lett2001, 42, 1347. (b) Wipf,
P.; Wang, X.Tetrahedron Lett200Q 41, 8747. (c) O'Brien, P.; Childs, A.
C.; Ensor, G. J.; Hill, C. L.; Kirby, J. P.; Dearden, M. J.; Oxenford, S. J.;
Rosser, C. MOrg. Lett.2003 5, 4955. (d) Masesane, |. B.; Steel, P. G.
Tetrahedron Lett.2004 45, 5007. (e) Kiss, L.; FofroE.; Fuop, F.
Tetrahedron Lett2006 47, 2855.
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B). In this case, in consequence of the presence of the bulky
Boc group, the trans’-epoxide11was formed exclusively. The
main reason for the opposite, trans selectivity of the lactam
epoxidation may be the fact that in lacta® the lone pair of
electrons of the nitrogen is distributed between the carbamate
and the carbonyl of the lactam, lowering the negative charge
on the carbamate oxygen and decreasing the possibility of
hydrogen bonding with the peracid. In lactdf) therefore, not
only steric but also electronic effects account for the trans
diastereoselectivity.

An extra amino group was introduced in position 4 on the
cyclopentane skeleton of amino est8es-e by opening of the
oxirane ring in epoxy aminocarboxylat®@a—e. For this, the
azido group was used as nitrogen source. The reactions with
NaN;s in refluxing EtOH-H,0 in the presence of a catalytic
amount of NHCI for 4 h in all cases proceeded regio- and
diastereoselectively, giving 4-azido-2-amino estbds—e in
yields of 44-73% yield (Scheme 3).

The attack of the azido group took place at position 4 of the
cyclopentane ring 09, through regioselective opening of the
oxirane ring in ester8a—e resulting in 4-azido derivativesla—

e. The stereochemistry of these azido ester derivatives was
proved unambiguously by NMR and X-ray diffraction analyses.
These expected results are eloquent proof of the trans relative
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SCHEME 4. Synthesis of 2-Amino-4-azidocarboxylates 14f and 14g

1.2 equiv NaOEt COOEt NaN, 20% NH,Cl N3 COOEt
EtOH,0°C,1h O

EtOHH,0,A, 4h &
NHBoc HO NHBoc
of (83%) 14f (63%)
. o
d;,Q\f NaOEt, EtOH, rt NaOEt, EtOH, rt
NBoc 22h, 81% 25h, 77%
11
1.2 equiv NaOEt sQ‘“COOEt NaN3 20% NH,Cl N3 .«COOEt
EtOH, it,24h O EtOH/H,0, A, 4 h
NHBoc HO NHBoc
99 (32% from 11) 14g (66% from 9g)

SCHEME 5. Synthesis of the Orthogonally Protected 2,4-Diaminocarboxylates 16&;h

N3/, COOEt 1. PPhg, HoO/THF, rt, 4 h FmocHN.,, COOEt
2. FmocOSu, TEA, rt, 12 h
HO NHBoc HO NHBoc
14a: 1R* 16a: 1R* (27% two steps)
14h: 18* 16h: 1S* (32% two steps)
N3 COOEt 1. PPhg, HyO/THF, rt, 4 h FmocHN COOEt
2. FmocOSu, TEA, rt, 12 h
HO NHBoc HO NHBoc
14f: 1R* 16f: 1R* (28% two steps)
14g: 1S* 16g: 1S* (25% two steps)

stereochemistry of the 2-amino group and the 4-azido group in the presence of PRI,0 in THF, followed by the reaction with

14a—e (see Supporting Information). FmocOSu in the presence of triethylamine giving the orthogo-
When the azide-mediated opening of the oxirane rin§an  nally protected diaminocarboxylatéaf—h, unfortunately in

was effected under similar conditions as previously reported, low yields (25-32% in the two steps, Scheme 5). It is

but for a longer time (26 h) in refluxing EtO+HH,0, isomer- noteworthy that when the azido group was reduced by catalytic
ization occurred at position 1 08a, giving the y-azido hydrogenation in the presence of Pd/C, a complex mixture was
diastereomerl4h in only a modest yield (28%)14h was obtained.

obtained in good yield whefi4a was stirred in EtOH in the The epoxidation of the amino esters and the ring opening of
presence of 1.2 equiv of NaOEt at room temperature for 28 h, the resulting epoxides by using NalWere also performed for
with isomerization occurring at C-1 irlda (Scheme 3).  the enantiomeric substances (Scheme 6). The starting com-

Interestingly, afte 4 h of heating in EtOH-H,0, the epoxy pounds (55R)-6 and (IR,2S)-12 were prepared through the
amino este9c (Fmoc protecting group) gave not only azido Lipolase (lipase B fronCandida antarcticgcatalyzed enanti-
esterl4chbut also oxazolone derivativis (Scheme 3), probably ~ oselective ring opening of 7-azabicyclo[4.2.0]oct-3-en-8-one,
via the opening of the oxirane ring with Nah the first step, using a slightly modified literature procedureThe enantiose-
followed by the attack of the 3-hydroxy group d#ic on the lective ring cleavage of#)-6 was performed successfullf (
carbonyl carbon of the 2-carbamate group. The structure of > 200) on the 10 g scale by adding the enzyme in portions to
oxazolonel5was proved by means of X-ray diffraction analysis the reaction mixture (see the Supporting Information).
(see the Supporting Information). In conclusion, a simple route has been developed for the
The preparation of atfans-epoxy amino esterdf was synthesis of orthogonally protectety-diaminocyclopentan-
achieved from trans’-epoxy azetidinonéd 1 by opening of the ecarboxylate stereoisomers, based on the diastereoselective
lactam ring on treatment with 1.2 equiv of NaOEt in EtOH at €poxidation reactions and regioselective opening of the oxirane
0°C. When the ring opening was performed at room temperaturefing. These new types of compounds are conformationally
for a longer time (24 h), isomerization occurred at C-11af constrained diamino carboxylates and can be considered as
furnishing the epoxy derivativ@g, which could also be obtained ~ functionalized carbocyclic nucleoside precursors.
from 9f by epimerization (Scheme 4).
The stereochemistry &f was determined by means of NMR ~ Experimental Section

and X-ray dlffra(_:tlon ana_llyS|s, and as ex_pected, the trans position General Procedure for the Epoxidation of Compounds 8ae
of the oxirane ring relative to the 2-amino group was observed 4,4 10. To a solution of amino ested@a—e or f-lactam 10 (18
(see the Supporting Information). mmol) in CHCI, (150 mL) was addeth-CPBA (21 mmol) at 0

For epoxide®f and9g, the attack of the azido group on the °C. After the mixture was stirred for 5 h, GBI, (120 mL) was
oxirane ring occurred from the less hindered face (C-8)of added and the resulting mixture was washed with saturated
furnishingy-azido ester diasteromeldf and14g respectively,
in good yields (63% and 66%). Azido amino esfelf could (17) Forrg E.; FUdp, F. Tetrahedron: Asymmeti§004 15, 2875.
also be converted to diastereontetg on treatment with 1.2 (18) Kanizsai, ., Szakonyi, Z.; SillarigaR.; D'Hooghe, M.; De Kimpe,

. - . . N.; Fuop, F. Tetrahedron: Asymmetr006 17, 2857.

equiv of NaOEt in EtOH (Scheme 4). The azido function was ' (19) Sheldrick, G. M. SHELX-97, University of Giingen, Germany,
converted to the Fmoc-protected amino group by reduction in 1997.
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SCHEME 6.
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Synthesis of the Enantiomers of Aminocarboxylates 14&;h and 16a,f-h

>r°
NH
(+1-)-6

iPro0,70°C, 4 h

e

5R "NH

(-)-6
LseeScheme1

13/0
o
4R 55 NBoc

(-)-11

see Scheme 4

18.COOEt N3 4RA~IR COOEt
3R /25 2s

Qﬁcoor-c

2S'NH
(+)12
SOCl,, EtOH, 70 °C, 3 h
and see Scheme 1

SR COOEt

1R NHBoc

see Scheme 3
+ABA~R.cookt Na HRAI8.cooEt
SR 2R 2R

HO NHBoc H NHBoc
()-14a ()-14h
lsee Scheme 5 l

FmocHNARAIS.co0Et FmocHNARAIRCOo0Et FmocHNARA~IRCcooEt  FmocHN Y318 .cookt
33 3s) /s 3s 2R 3s)_ (2R

‘NHBoc ‘NHBoc
(-)-14f ( )-14g
l see Scheme 5 l
18
NHBoc HO NHBoc
(+) -16f (-)-16g

HO NHBoc

(+)-16h

NHBoc
( )-16a

NaHCQOyYH,O (3 x 150 mL). The organic layer was then dried Esters 16a,f~h. To a solution of azido estdrda, 14f, 14g or 14h
(Na;SO,) and concentrated under reduced pressure. The crude(450 mg, 1.43 mmol) in THF (18 mL) were added BFP3i75 mg,

product was chromatographed on silica gehéxane/EtOAc 3:1).

Ethyl (1R*2R* 3R* 5S*)-2-(tert-butoxycarbonylamino)-6-
oxabicyclo[3.1.0]hexane-3-carboxylate (9a)white solid; yield
64%; R = 0.35 fr-hexane/EtOAc 3:1); mp 5655 °C; 'H NMR
(400 MHz, CDC}, TMS) ¢ 1.27 (t,J = 7.15 Hz), 1.46 (s, 9H),
1.92-1.99 (m, 1H), 2.652.70 (m, 1H), 2.742.81 (m, 1H), 3.44
3.45 (m, 1H), 3.53-3.54 (m, 1H), 4.16-4.20 (m, 2H), 4.384.45
(m, 1H), 6.40 (brs, 1H). Anal. Calcd for,eH,1NOs: C, 57.55; H,
7.80; N, 5.16. Found: C, 57.81; H, 7.56; N, 5.39.

General Procedure for Opening of the Oxirane Ring in
Amino Esters 9a—g. To a solution of amino est&a—g (8.9 mmol)
in EtOH (30 mL) and water (2 mL) were added Na(4.2 g, 17.8
mmol, 2 equiv) and NECI (93 mg, 1.75 mmol, 20 mol %), and

1.43 mmol) and KO (70 mg, 3.9 mmol) , and the mixture was
stirred for 5 h. E4N (433 mg, 4.29 mmol) and FmocOSu (482 mg,
1.43 mmol) were then added to the solution, and stirring was
continued for another 12 h. The mixture was then taken up in EtOAc
(50 mL), washed with KD (3 x 50 mL), dried (NaSQO,), and
concentrated under reduced pressure. The crude product was
purified by column chromatography on silica gelt{exane/EtOAc
2:1).

Ethyl (1R*,2R*3S*,4R*)-4-(((9H-fluoren-9-yl)ymethoxy)car-
bonylamino)-2-(tert-butoxycarbonylamino)-3-hydroxycyclopen-
tanecarboxylate (16a)white solid; yield 27% fron22g R = 0.40
(n-hexane/EtOAc 1:1); mp 186190 °C; 'H NMR (400 MHz,
CDCl;, TMS) 6 1.27 (t,J = 7.15 Hz, 3H), 1.44 (s, 9H), 1.66

the mixture was stirred under reflux for the time indicated in 1.70 (m, 1H), 2.5%2.54 (m, 1H), 3.2#3.30 (m, 1H), 3.60 (brs,
Schemes 3 and 4. The mixture was then concentrated under reducedH), 3.97-4.03 (m, 2H), 4.144.30 (m, 4H), 4.43-4.45 (m, 2H),
pressure, and the residue was taken up in EtOAc (150 mL), washed4.85 (brs, 1H), 5.31 (brs, 1H), 7.27.43 (m, 4H), 7.567.59 (m,

with water (3 x 100 mL), dried (NaSQy), and concentrated in
vacuum. The residue was purified by crystallizationhexane/
EtOAc) or chromatography on silica gel-fiexane/EtOAc).

Ethyl (1R*,2R*,3R* 4R*)-4-azido-2-(tert-butoxycarbonylamino)-
3-hydroxycyclopentanecarboxylate (14a)white crystals; yield
73%;Rs = 0.45 (-hexane/EtOAc 3:1); mp 166102°C; 'H NMR
(400 MHz, CDC}, TMS) 6 1.28 (t,J = 7.15 Hz, 3H), 1.44 (s,
9H), 1.91-1.99 (m, 1H), 2.43-2.50 (m, 1H), 3.33-3.38 (m, 1H),
3.74 (brs, 1H), 3.944.00 (m, 1H), 4.0+4.04 (m, 1H), 4.1%
4.24 (m, 2H), 4.324.42 (m, 1H), 5.25 (brs, 1H}:3C NMR (400

MHz, CDCk, TMS) ¢ 14.8, 29.0, 32.7, 45.2, 54.8, 62.5, 66.9, 78.0,

80.6, 156.1, 177.1; MS (ES, posjyz 337 (M + Na). Anal. Calcd
for C13H2oN4Os:
H, 7.13; N, 17.52.

General Procedure for Azido Group Reduction and Protec-
tion of the Amino Group: Synthesis of Orthogonally Protected
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C, 49.67; H, 7.05; N, 17.82. Found: C, 49.33;

2H), 7.74-7.78 (m, 2H);3C NMR (400 MHz, CDC}, TMS) 6

14.8, 29.0, 30.4, 45.9, 47.9, 56.0, 58.9, 62.1, 67.5, 78.3, 80.8, 120.7,
125.6, 127.8,128.4, 129.1, 129.9, 132.8, 165.2, 170.5, 174.4. Anal.
Calcd for GgHa4N,O7: C, 65.87; H, 6.71; N, 5.49. Found: C, 65.61;

H, 6.83; N, 5.10.
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