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Solution-phase combinatorial synthesis d4&)-4-acylamino-5-oxopyrrolidine-2-carboxamides was studied.
First, ditert-butyl (2S549)-4-amino-5-oxopyrrolidine-1,2-dicarboxylate hydrochloride was prepared as the
key intermediate in five steps fror®)¢pyroglutamic acid. Acylation of the amino group followed by acidolytic
deprotection gave &49-4-acylamino-5-oxopyrrolidine-2-carboxylic acids, which were then coupled with
amines to furnish a library of 4S9)-4-acylamino-5-oxopyrrolidine-2-carboxamides. Four coupling reagents,
BPC, EEDQ, TBTU, and PFTU, were tested for the amidation reactions in the final step. Amidations with
EEDQ and TBTU led to the desired carboxamides. On the other hand, BPC and PFTU were not suited,
since diketopiperazines were sometimes obtained instead of the desired carboxamides.

Introduction of various heterocyclic syster¥s;* including functionalized

Because of their ability to mimic the structure of peptides heterocycles}™* and naFuraI prOdl.JCt analogs:>® Re-
and their ability to reverse binding to proteins, functionalized cently, the use of 3-§d|mthyIam|no)prop-Z-enoates was
heterocycles are interesting scaffolds for the preparation of €Xtended toward combinatorial synthesis 0'; protected 3-(ary-
diversity-oriented compound libraries for medicinal and '@mino)alanines and fused heterocycles® Until now,
pharmaceutical applications? In the past decades, various S€Veral reviews on utilization of 3-(dimethylamino)prop-2-
saturated monocyclic, fused, and spiro heterocycles with enoates an_d analogous reagent; in hgterocycllc synth§5|s have
dipeptide or related structural motifs have been prepared and?€€n Publishe&™" In connection with the synthesis of
employed as conformationally constrained mimetics of »-aminopyroglutamic acid derivatives, we have previously
dipeptides:5-¢ In this context, §-proline, ©-pyroglutamic reported alstereoselecnye am_|nat_|_0n of chyrédlcta_ms and
acid (1), and their derivatives play an important role as y-lactones’! The synthetlc_avallab|l|ty and interesting struc-
versatile starting materials and building blocks for the twral features_of these-amino Iactams promptgd us to carry
preparation of nonracemic saturated heterocycles, such a@utan extension toward the preparation of suitably protected
functionalized pyrrolidines, 5,5-, 5,6-, and 5,7-fused pyrro- y-amlnopyrogluta_mlc aqd der|vat|\_/es as building blogks and
lidines, and spiro pyrrolidines containing a dipeptide or Scaffolds in combinatorial synthesis 0f§29)-4-acylamino-
closely related structural mofif14 So far, several pyrroli- §-oxopyrrol|d|ne-2—carboxam|des as potential peptidomimet-
dine-containing libraries of biologically active compounds ¢S
have been synthesizéd' 1518 Herein, we report the first results of this study: (a) a five-
However, there are not many reports on 4-aminopyro- St€P synthesis of 1,2-dért-butyl (254S)-4-amino-5-oxopy-
glutamic acid derivatives, despite the simplicity and interest- rrolidine-1,2-dicarboxylate & hydrochloride from §)-
ing structural feature of their dipeptide-type structtre. PYroglutamic acid 1) and (b) utilization of6 as the key
Various 4-aminopyroglutamic acid derivatives have been intermediate in (_:omblnatorlal s_ol_utlon-phase syr_lthe3|s of
prepared from-glutamic acict’ L-pyroglutamic acid ),21-22 (25,49)-4-acylamino-5-oxopyrrolidine-2-carboxamidéd.
trans-4-hydroxy+-proline?®-2°> and via Michael addition of
acylaminomalonaté%?’ and azomethine ylidé%>°to dehy-
droalanine esters. Preparation of 1,2-ditert-Butyl (2S,4S)-4-Amino-5-
2-Substituted alkyl 3-(dimethylamino)prop-2-enoates and oxopyrrolidine-1,2-dicarboxylate (6) and (25,4S)-4-Acyl-
related enaminones are a group of easily available enamino-amino-5-oxopyrrolidine-2-carboxylic Acids 9. First, 1,2-
masked alkyb-formylacetates, which are versatile reagents di-tert-butyl (S)-5-oxopyrrolidine-1,2-dicarboxylat&) was
in heterocyclic synthesis. They were used in the synthesisprepared in two steps fromSfpyroglutamic acid 1)
following slightly modified literature proceduré$® Ac-
22(*) Cg;f;ﬁOj”u(:iijngvaelt*ég][klzhfn?ﬁjfzi% 12419 100. Fax:+386 12419 cording to the previously published general stereoselective
tUniversity of Ljubljana. a-amination protocot! y-lactam3 was then transformed in
*Boehringer Ingelheim Pharma GmbH & Co. KG. three steps into 1,2-dert-butyl (2549)-4-amino-5-oxopy-
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Scheme 1.Preparation of (84S)-4-Acylamino-5-oxopyrrolidine-2-carboxylic Acidg{1—8}
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rrolidine-1,2-dicarboxylat®,?® which was obtained in 82%  aminesl0{1—6}. Four reagents were chosen for the activa-
de and in 91% vyield over three steps. The crude, oily, free tion of carboxylic acids9: (a) bis(pentafluorophenyl)-
amine 6 was then treated with HEIELO or with p- carbonate (BPC§ ¢ or O-pentafluorophenyN,N,N',N'-
toluenesulfonic acid in BEO to give the corresponding tetramethyluronium hexafluorophosphate (PFPUyjving
crystalline salts. Aminés hydrochloride was obtained in  pentafluorophenyl esters2 as the reactive intermediates
68% yield and 100% de, whereas ami@el-toluenesul- (method A); (b) 2-ethoxy-1-ethoxycarbonyl-1,2-dihydro-
fonate was obtained in 67% yield and 82% de. Because ofquinoline (EEDQ), giving mixed carbonic anhydridE3as
the higher yield and isomeric purity, the hydrochloridegof  the reactive intermediates (method B); and KEIN,N',N'-
was used as the key reagent for further transformationstetramethyl©-(benzotriazol-1-yl)uronium tetrafluoroborate
(Scheme 1). (TBTU), giving benzotriazol-1-yl ester4 as the reactive
Amine 6 hydrochloride was then N-acylated with acid intermediates (method C). Our intention was to prepare a
chlorides7{1—4,8} and carboxylic acid§{5—7} to give small library of (Z549-4-acylamino-5-oxopyrrolidine-2-
the intermediate8{ 1—8}, which were subsequently depro- carboxamided1 and to find the most appropriate activation
tected with CHCI,—TFA to afford eight different (34S)- agent in terms of conversion, selectivity, and isolation of
4-acylamino-5-oxopyrrolidine-2-carboxylic acid§1—8}. the final products (Scheme 2).
With respect to the N-acylation step, two procedures were For efficient syntheses of larger combinatorial libraries,
employed: (a) acylation of the amiiehydrochloride with  we were especially interested in identifying a coupling
acid chlorides7{1—4,8} (procedure A) and (b) coupling of  reagent that would allow for an amidation process with a
the amines hydrochloride with carboxylic acidg{5—7} in minimized load of byproducts. During initial studies, we
the presence of DCC (procedure B) (Scheme 1, Table 1).found that reagents yielding Pfp esters were very useful
Once we had the desired%2S)-4-acylamino-5-oxopyr-  because the pentafluorophenol generated in the amidation
rolidine-2-carboxylic acid®{1—8} in our hands, we studied  process is volatile enough (literatéiep 143°C at 751 Torr)
parallel solution-phase couplings of the acé{4—8} with to be eliminated by a simple evaporative workup procedure
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Table 1. (2549)-4-Amino-5-oxopyrrolidine-2-carboxylic Acid Derivativesand 9

Compound  Reaction Conditions, Procedure, Yield

8{1}, 9{1} P

Boc Me—« Boc
t—BuOOC\(—f 7(1) +BuOOCa N0 _TFA _ HoOC
Toe% \(—z& T100% \q
0 HN— ’ HN—{
Procedure A 8{1} Me 9{1} Me
8{2},9{2} Ph_<° -
Cl
+BuOOC 7{2} t+-BuOOC. _TFA _ HoOC
g “o0% \q Too% \<—;‘< _(
Procedure A 8 {2} Ph 9(2} Ph
8{3},943} Boc Ph\_<0 Boc
|
t+-BuOOC 7{3} +BuOOCa N0 TFA  HOOC
\L\(/ o \q{_ 93% \q_(_
Procedure A 8{3} 9{3} Ph
Ph o
8{4},9{4} Boo _\_<C Boc Y
|
+BuOOC _ T4 tBuooC N_o TFA HooCa N_O
—_—
K—f 98% \q O 86% \q O
HNA<_\ HN~<_\
Procedure A 8{4} o 9{4} o
8{5},9{5} Ph

o
Boc \_\—4 C Boc H
+BuOOC _ ™ boC DCC ¢ BuOOC;qO TFA HOOC\(izgo
\q 100% 35% P
Hz HN
Procedure B
8{5} 9{5} o

8{6},9{6} Ph
Boc ‘\_\—(O Boc

ZT

| OH I
+-Bu0OCa N0 7{6} ,DCC tBuOOC HOOC
—_—
\q 100% 45%
NH,

6 Procedure B 8{6} 4<—\_\ 9(6} 4<—\_\

Ph
8{7},9{7} PhO,

[o]
Boc Boc
| OH |

t—BuOOC\CTO 7} ,DCC  +BuOOCa N0 TFA HOOC
—_—

ZT

_— =

100% O 5%
NH, HN
Procedure B
6 8(7 7
{7} OPh { } OPh

8{8},9{8} e

Boc Ph_é{:? Boc H

+BuOOCa N0 788 tBuoOC~a N0  TFA  HoOoCa N _O

L oo e
96% 1.0 100% 1.0

NH, HN-87 HN-S7
6 Procedure A 8{8} Ph 9(8} Ph
aUpon crystallization from water.
in a vacuum centrifuge at elevated temperatures° @3 soluble amidation products from the nonvolatiN'-

For example, BPC yields pentafluorophenol and.GG dicyclohexylurea (DCU) as the byproduct would most
byproducts and was found to be a very interesting alternative probably be problematic.

to classical coupling reagents, such as TBTU. We also found Solution-Phase Synthesis of Carboxamides 11 by Ac-
PFTU to be interesting, because the additional byproducttivation of the Acids 9 with BPC or PFTU (Method A).
N,N,N',N'-tetramethylurea (literatutebp = 175°C at 740 The acids9 were first treated with 1 equiv of triethylamine
Torr) can be evaporated, as w&lln addition, Carroll et al. in acetonitrile, followed by addition of BPC or PFTU to give
have previously shown that EEDQ can be used as a couplingthe intermediate pentafluorophenyl est&ég The in-situ-
reagent in an evaporative workup protocol because it liberatesformed active esteré2 were subsequently treated with a
ethanol, CQ, and quinoliné> DCC was not investigated as  mixture of aminel0 and triethylamine in a ratio of 1:1,
a potential coupling reagent, because separation of the lessespectively, to furnish the amidation products. To our
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surprise, the outcome of these amidations was ratherwell as electronic factors. In the case of sterically unhindered

unpredictable, since two types of products were obtained:

carboxamided 1 and diketopiperazineks. The outcome of

primary aliphatic amine&0{ 3—5}, amidation is faster than
dimerization, and vice versa, more hindered and more basic

the amidation reaction was dependent on the type of aminesecondary aliphatic amind®{ 1,2} favor the dimerization

employed. Thus, amidations &{1—6} with primary ali-
phatic amined({ 3—5} afforded carboxamidekl, whereas
amidations of9{2—5} with secondary amines0{1,2} and
p-anisidine (0{6}) gave diketopiperazined5{2—5} or
mixtures of 11 and 15 as products. Acetonitrile-soluble
compoundd 1{2;1,2}, 11{ 3;1,3,4}, and15{ 3} (or mixtures
of 11 and 15) were isolated by evaporation in vacuo in
purities below 80% and were characterized onlyH\NMR.
Since we were primarily interested in a simple workup, no
attempts were made toward additional purification of these
final productsll and15 (procedure A). On the other hand,
compounds11{1;4,6}, 11{2;3,4}, 11{4;5}, 11{5;3—5},
11{6;3,4}, and15{2,4,5} were formed as precipitates and
were isolated by filtration, washing, and drying in-2B00%
yields and in>86% purity and were fully characterized
(procedure B). Amided1{1;4,6}, 11{5;3—5}, and11{6;3}
and diketopiperazineky{ 4,5} were obtained in analytically
pure form (Scheme 2, Table 2).

Apparently, two competitive reactions took place in
amidations of carboxylic acid8 using BPC or PFTU as

process. On the other hangtanisidinelQ{ 6} is less basic
and less nucleophilic than aliphatic amines. Diminished
nucleophilicity is then reflected in competition between
amidation and dimerization. The formation of diketopipera-
zines 15 was not expected under the very mild amidation
conditions, yet explainable. Namely, the pyroglutamic dike-
topiperazine (pyroglutamic anhydride) known in the literature
is prepared by cyclodehydration of pyroglutamic acid with
acetic anhydride pyridine®®%” or by cyclocondensation of
pyroglutamic chloridé® In addition, a closely related dimer-
ization/epimerization reaction has been reported recently for
the pentafluorophenylg-pyroglutamate as reactive inter-
mediate in the peptide synthe&¥dn most casestH NMR
spectra of pure diketopiperazin&§{2,4,5} exhibited three
sets of signals. These sets of signals can be explained by
base-promoted epimerization of the initially forme&,-2
585751046 isomer 15 at positions 5a and 10a via the
tautomeric form16 (cf. Scheme 2). Since theSHaR,7S-
10&S isomer is identical to the $5a57S10&R isomer due

to a C, symmetry axis, epimerization at positions 5a and

activating reagent: (a) amidation, leading to the carboxamide 10a leads to three diastereomers.

11, or (b) dimerization oB, leading to the diketopiperazine
15. This lack of selectivity could be attributed to steric as

Parallel Solution-Phase Synthesis of Carboxamides 11
by Activation of the Acids 9 with EEDQ (Method B). To
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Table 2. Library of Carboxamided1 and Diketopiperazine$5 Obtained by Method A

Reaction Conditions, Procedure, Yield

Purity” (%)
H O H >95°
HOOCa N PFTU Mj\ N_o
\q >7NH2 3a%  pn’ N o
HN—( 10{4) Procedure B HN_(
o(1y Me 11{1;4y  Me
H M, >95°
HoocN_o PFTU Me0\©\
RO o
HN:
o1} Me 10{6) Procedure B 11; 6}
“ >90°
HOOC\( o, Ny _BPC
o] —/ Tao%
HN
10{1}  Procedure B
9{2}
15(2)
d
o H Ph 4@ oPhH
HooC N_o o= )=0
‘( \'(/ ML /\Nk(_f and  HN NN N
100% ) _/<0 N
HN
Ph 10{1} Procedure A Ph o o] H
e nen 11:15=5743 192
0 d
O H Ph O Ph
HOOC PFTU N_o 0=< N >=O
f [ j (\N and HN NH
100% N\) _40 N
HN HN
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e o " 115=5842 15
H NH, O H pPh 4 Q@ opn 86
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0 51% o] N
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@ 106 Ho' M3 11:15 = 86:14 15(2}
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HoOCa N0 Rl HN)‘\(IO
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9(2} 1003} o 1142; 3}
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N
HOOC o ., >_NH2 )\N
o PH 47%  PH 0
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S AT W
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24 100% P O N
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0% \) o) N
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NH, fo) H 30
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H
HooCa N )K(I
W >_NH2 100% W_
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Table 2. (Continued)

Reaction Conditions, Procedure, Yield Purity” (%)

H BPC O H >90
HoOCa N0 . rNHZ — N_o
g o n a% e N o
HN‘(_\ 10{5) Procedure B HN‘<_\
94} 11{4; 5}

Ph Ph

>95%¢
N —
HooC. o, NH
o) — 0%
HN‘<_\ 10{1}  Procedure B
o4
4 Ph
15(4)
NH >95°
H 2 o H =
HoOCa N\ _0 _Bre
\(_Z; o * Taan
HN‘<_\; OH Procedure B f ‘<_\;
9{5} pn 1003} 11{5; 3}
>95°

H Me H
HOOCa N >_NH > )\ N0
ﬁ o * 6% PN o
HN‘<_\; 10{44}  Procedure B HN‘<_\;
945, .
(5) on 11{5:4) Ph

H O H >95s?
Hooea Nozo N BRC o~ N_o
g o Ph 53% N 0
HN‘(_\; 10{5) Procedure B HN‘<_¥
95 .
{5} Ph 11{5;5) Ph

Ph >95b¢

H
HoocNo+_\NH_.o 2:
\(_Z; o) —/ 75%

HN 10{1}  Procedure B
9{5}
Ph

15{5)
Ph >95°
H NH,
Hooca N -0
I, -
HN: 28‘7
9(5} OMe  Procedure B
Ph 406}
15(5}
NH, 0 H >95°

H
HOOC\CTO . _PFTU
o T100%

HN OH Procedure B f
9(6} 10{3} 11{6; 3}

Ph
H M O H >90°

e
HoOCa N N_o
>—NH e,
\(_24 o 2 6% Ph)\ ﬁ)\(_f o

HN 10(4) Procedure B HN
S{e} 11{6; 4)

Ph Ph

aDetermined by*H NMR. P CHN analysis with the found values within0.4% deviation from theoretical valuesThe productl5was
obtained as a mixture of three epimetdhe crude mixture of productkl and 15 obtained upon evaporation was characterized only by
NMR. No further separation and purification attempts were underteék@HRIN analysis with the found values withit0.5% deviation
from theoretical values.

circumvent the side reaction observed in amidations with a tertiary base, thus diminishing the probability for the
BPC and PFTU, we have chosen EEDQ as the next reagenundesired dimerization reaction. Indeed, parallel treatment
for the activation of carboxylic acid& Coupling with EEDQ of equimolar mixtures of acid¥ 1—5,7} and amined0{1—
does not require the presence of an additional equivalent of6} with EEDQ in dichloromethane or dichloromethane
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Table 3. Library of Carboxamided1 Prepared by Methods B and C

Reagents, Procedure, Yield Purity (%)”

Method B Method C
(EEDQ) (TBTU)

H EEDQ: 38% (Procedure B) QR >95? 43
HOOC 0, T\ _TETU: 100% /\N)L(Io
o _ o}
AN 001) ) HN—
o1y Me 111y Me
EEDQ: 88% (Procedure B) @ H >90 42
Hooqu [ j TBTU: 100% (\N)L(i\fo
o}
HN— /N\) HN—
oy Me 10(2} n iz Me
H NHz  EEDQ:100% (Procedure A) O H 49 48
Hooc&o . TBTU: 64% HN)KCTO
O o]
AN— oH HN—
M o hwa M
H EEDQ: 89% (ProcedureA) Me § H >95° 88
HooCa N0 TBTU: 91% J & N_o
U % NHe PN o
PH H
HN 104} HN—
oy Me 1ma  Me
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o _ o}
AN 1oy ) HN—
o ™" 113 Ph
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0
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o PP 10{2) 123 Ph
b
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O o]
HN oH HN—4
2 P 4o R Ph
i EEDQ: 100% (Procedure A) Me & H >95° >90
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\(_Zé >*NH2 o N o
HN P " HN—
10{4} "
9{2} 11{2; 4}
H EEDQ: 68% (Procedure B) o H >95° 59
Hooc\&o T\ _TBTU 41% /\N)L(ifo
o _ o}
HN 101} ) HN—<_
93} o 143, 1} Ph
EEDQ: 66% (Procedure B) o H >90°¢ >90
HOOC\q [ j TBTU: 49% (\N)LCTO
o
{ P
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0 0
HN HN
9{3} {Ph ol 1(3;3 _<‘Ph
10{3} HG {3: 3}
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HN o 10{4) HN—/<;
943} 11{3; 4}
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Table 3. (Continued)

Malavast et al.

Reagents, Procedure, Yicld

Purity (%)”

Method B Method C
(EEDQ) (TBTU)
H NH, 0 H >95°
HOOCa N0 . EEDQ: 80% (Procedure A) N N _o
7, 0
HN—/<_\ o f HN—<_\
94} by 10{3} "o 11{4; 3} Ph
H e H >90
HOOC —\ B EEDQ: 71% (Procedure B) o~ N_o
) o]
10(1) HN
9{5} 1{5; 1} oh
>95°
Hooc\q NHZ EEDQ: 88% (Procedure A) o~ »\q
Ph
10{5)
9{5} 11{5; 5} oh
b
NH, MeO Q H >95
Hooc\q EEDQ: 33% (Procedure A) N*(_fo
H o]
J<_L HN
OMe 11{5; 6}
o5 Ph  10{6} Ph
H NH >95°

HOOC

o7} boph 10(3}

EEDQ: 47% (Procedure A)

H
HN M0
o]
; HN
o 11{7; 3} OPh

aDetermined by*H NMR. ® CHN analysis with the found values withif0.4% deviation from theoretical valu¢sCHN analysis with

the found values withint0.5% deviation from theoretical values.

DMSO (9:1) furnished the desired carboxamiddsexclu-
sively and without noticeable dimerization. A library of 17
carboxamidesl11{1-3;1-4}, 11{4;3}, 11{5;1,5,6}, and
11{7;3} was synthesized in 33100% yields and ir-90%
purity. Twelve amided.1 were obtained in analytically pure
form. The less soluble amide&1{1-3;3,4}, 11{4;3},
11{5;5,6}, and 11{7;3} precipitated from the reaction
mixtures and were isolated by filtration, washing, and drying

purity. Despite the fact that these amidation conditions were
similar to conditions employed in method A, formation of
diketopiperazined5 was not observed. From this point of
view, method C was comparable to method B; however,
the average purity of the products was lower (Scheme 2,
Table 3).

All novel compounds5, 6, 8, 9, 11, and 15 were
characterized by spectroscopic (IR, EI-MS, EI-HRMB,

(procedure A). The dichloromethane-soluble compounds and*3C NMR) methods and by elemental analyses for C,

11{1-3;1,2} and 11{5;1} were isolated by evaporation,
filtration through basic aluminum oxide, and repeated

H, and N. Pure compound8{1,3}, 11{1;2}, 11{2;1},
11{3;2}, 11{4;5}, 11{5;1}, 11{6;4}, and 15{2} were not

evaporation (procedure B). An exception was carboxamide prepared in analytically pure form. Their structures were
11{1;3}, which was obtained as a gummy precipitate and confirmed by MS and HRMS. Compoun@§5—7} were

was isolated in 49% purity upon evaporative workup
(Scheme 2, Table 3).

Parallel Solution-Phase Synthesis of Carboxamides 11
by Activation of the Acids 9 with TBTU (Method C).
Finally, amidations o®{1—3} were carried out with amines
10{1—4} using TBTU as the activating reagent. The acids
9{1—-3} were first transformed in situ with TBTU in the

isolated as the crude oily intermediates and were used for
further transformations without characterization and purifica-
tion. The purities of all compoundsl and 15 were first
determined byH NMR. Compounds exhibiting 90% purity
according to'H NMR were further evaluated by elemental
analyses for C, H, and N. The relative configurations at
positions 2 and 4 in the majoiSASisomer6 and the minor

presence of 1 equiv of triethylamine into the corresponding 2S4R isomer6’ were confirmed by NOESY spectroscopy.

HOBt estersl4{ 1—3}, which were then treated with amines
10{1-4} in the presence of 1 equiv of triethylamine.
Evaporation of the reaction mixtures, removal of HOBt by
filtration through basic aluminum oxide, and repeated
evaporation of the filtrates furnished carboxamidé§l—
3;1—4}. In this manner, a library of 12 carboxamidel 1—
3;1—-4} was obtained in 43100% yields and in 4290%

The structures and absolute configurations of compounds
8{2} and11{1;1} were confirmed by X-ray diffraction (see
Supporting Information).

Conclusion

A parallel solution-phase synthesis 0§(&5)-4-acylamino-
5-oxopyrrolidine-2-carboxamiddsl from (S)-pyroglutamic
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acid (1) via di-tert-butyl (2549)-4-amino-5-oxopyrrolidine-

1,2-dicarboxylate®) as the key-intermediate was developed.

In summary, 22 carboxamidd4 were synthesized. Special
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NaHCQ; (50 mL). The organic phase was dried over
anhydrous sodium sulfate and filtered, and the filtrate was
evaporated in vacuo. The residue was purified, either by FC

attention was paid to the last amidation step employing four on silica gel (EtOAe-hexanes, 1:1) or by crystallization

different activating reagents: BPC or PFTU (method A),

EEDQ (method B), and TBTU (method C). This study

(EtOAc—hexanes;y~1:2), to give8. Compounds3{1—4,8}
were prepared in this manner.

revealed that the coupling reagent has an important impact General Procedure B.Amine 6 hydrochloride (1.684 g,
on the outcome of the reaction. BPC and PFTU (method A) 5 mmol) was suspended in anhydrous dichloromethane (20

were not suited, since diketopiperazirigswvere sometimes
obtained instead of the desired carboxamitleOn the other

mL), carboxylic acid7 (10.5 mmol) was added, and the
mixture was stirred at OC for 5 min. Then a solution of

hand, amidations with EEDQ (method B) and TBTU (method DCC (2.06 g, 10 mmol) in anhydrous GEl, (20 mL) was

C) led to the desired carboxamides exclusively. In terms

added and the mixture was stirred at’O for 2 h. The

of selectivity, EEDQ and TBTU can, thus, be regarded as precipitated DCU was filtered off and washed with dichlo-
equivalent reagents; however, in terms of purity, EEDQ was romethane (3<10 mL). The combined filtrate was washed

advantageous over TBTU.

Experimental Section

Materials and General Methods. Melting points were

subsequently with ag NaHS@L M, 50 mL), brine (50 mL),
and sat. aq NaHC£X50 mL); dried over anhydrous sodium
sulfate; and filtered, and the filtrate was evaporated in vacuo
to give the oily8, which was used in the next step without

determined on a Kofler micro hot stage. The NMR spectra purification. Compounds3{5—-7} were prepared in this
were obtained on a Bruker Avance DPX 300 at 300 MHz manner.

for *H and 75.5 MHz for*3C nucleus, using DMS@s and

Experimental data for compoun@§1—8} are given in

CDCl; with TMS as the internal standard as solvents. All Table 1. Analytical and spectral data for compouBfi$—

NMR experiments were carried out at 23. Within the!H

8} are given in the Supporting Information (Tables A

NMR spectral data, abbreviation deg is used for assignmentand B).

of degenerate signals (e.g., deg t and deg dt) with two almost General Procedure for the Preparation of (25,4S)-4-
identical coupling constants. Optical rotations were measuredAcylamino-5-oxopyrrolidine-2-carboxylic Acids 9{1—8}.

on a Perkin-Elmer 241MC Polarimeter. Mass spectra were A mixture of 8 (3 mmol), CHCl, (18 mL), and trifluoroacetic
recorded on an AutoSpecQ spectrometer; IR spectra, on aacid (9 mL) was stirred at r.t. for 12 h. Volatile components
Perkin-Elmer Spectrum BX FTIR spectrophotometer. Mi- were evaporated in vacuo, and the residue was triturated with
croanalyses were performed on a Perkin-Elmer CHN Ana- Et,O (45 mL). The precipitate was collected by filtration

lyzer 2400 II. The de of the crude oily free amif@nd its
crystalline salts was determined By NMR.

(9-Pyroglutamic acid X), acid chlorides7{1—4,8} and
carboxylic acids7{5—7}, amines10{1—-6}, BPC, PFTU,
EEDQ (Sigma-Aldrich), and TBTU (Iris Biochem) are
commercially available.

Parallel Synthesis.Parallel syntheses of compountl
were carried out on a Mettler-Toledo Bohdan MiniBlock

and washed with EO (2 x 5 mL) to give9{1—8}. In this
manner, analytically pure compoun8§1—4,8} were ob-
tained from analytically pure precurso8§1—4,8}. Com-
pounds9{5—7}, prepared from the crude precurs&{H—
7}, were additionally recrystallized from water in order to
reach analytical purity.

Experimental data for compoun@®1—8} are given in
Table 1. Analytical and spectral data for compou8f$—

Compact Shaking and Washing Station and Vacuum Col- 8} are given in the Supporting Information (Tables A and

lection Base (12 positions, vortex stirring, 400 rpm in all
cases) for methods A and B and on a TehtniegeZniki
Vibromix 313 EVT orbital shaker (12-position vessel rack,
vortex stirring, 400 rpm in all cases) for method C. All
parallel evaporations were carried out on &BiuSyncore

B).

General Procedures for Parallel Amidation of (X5,4S)-
4-Acylamino-5-oxopyrrolidine-2-carboxylic Acids 9 with
BPC or PFTU as the Activating Reagents (Method A).
Procedure A. A MiniBlock with 12 positions (3x 4) was

Polyvap R-24 System (24 positions, vortex stirring, 400 rpm assembled with fritted glass vessels; the aéidé mmol),

in all cases).

General Procedures for the Preparation of (5,4S)-Di-
tert-butyl 4-Acylamino-5-oxopyrrolidine-1,2-dicarboxy-
lates §1—8}. General Procedure A.Amine 6 hydrochlo-

anhydrous acetonitrile (10 mL), and triethylamine (0.14 mL,
1 mmol) were added; and the mixture was vortexed at 20
°C for 5 min. BPC (0.394 g, 1 mmol) or PFTU (0.285 g, 1
mmol) was added to each vessel, and the mixtures were

ride (1.684 g, 5 mmol) was suspended in anhydrous vortexed for 1 h, then a solution of amine) and

dichloromethane (20 mL), cooled to  (ice bath), and

triethylamine in anhydrous acetonitril@@EtN = 1:1, 0.2

4-methylmorpholine (1.65 mL, 15 mmol) was added. A M, 5 mL, 1 mmol) were added to each vessel, and the

solution of acid chloride/ (7 mmol) in anhydrous CkCl,
(10 mL) was added dropwise at’C to the stirred solution,

mixtures were vortexed at 2L for 12 h. Finally, water (1
mL, 56 mmol) and triethylamine (0.84 mL, 6 mmol) were

and the mixture was stirred at room temperature (r.t.) for 2 added to each vessel, and vortexing af@0vas continued

h, then water (25 mL) and dichloromethane (25 mL) were for 24 h. The reaction mixtures were filtered, and the filtrates
added, the mixture was stirred for 5 min, and the phaseswere evaporated in vacuo (0.1 Torr/80) to give 11 and
were separated. The organic phase was washed subsequentlys. Compounds11{2;1,2}, 11{3;1—4}, and 153} were

with ag NaHSQ (1 M, 50 mL), brine (50 mL), and sat. aq

prepared in this manner.
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Procedure B.A MiniBlock with 12 positions (3x 4) was
assembled with fritted glass vessels; the a@d% mmol),
anhydrous acetonitrile (10 mL), and triethylamine (0.14 mL,
1 mmol) were added; and the mixture was vortexed at 20
°C for 5 min. BPC (0.394 g, 1 mmol) or PFTU (0.285 g, 1

Malavasc et al.

TBTU as the Activating Reagent (Method C).An orbital
shaker was equipped with a rack containing 12 glass vials.
The acid9 (0.2 mmol), anhydrous acetonitrile (1 mL), and

a solution of triethylamine in anhydrous acetonitrile (0.2 M,
1 mL, 0.2 mmol) were added to the vessels, and the mixtures

mmol) was added to each vessel, and the mixtures werewere vortexed at r.t. for 30 min. TBTU (0.064 g, 0.2 mmol)

vortexed for 1 h. Then solutions of amin&8 and triethy-
lamine in anhydrous acetonitrild@EtN = 1:1, 0.2 M, 5

was added to each vessel, and vortexing at r.t. was continued
for 1 h. Then solutions of amineB) 1—4} in anhydrous

mL, 1 mmol) were added to each vessel, and the mixturesacetonitrile (0.1 M, 2 mL, 0.2 mmol) were added, and the

were vortexed at 20C for 12 h. The precipitates were
collected by filtration and washed with acetonitrile (2 mL)
to give 11 and 15. Compounds11{1;4,6}, 11{2;3,4},
11 4;5}, 11{5;3—5}, 11{6;3,4}, and15{2,4,5} were prepared
in this manner.

Experimental data for compoundsd{ 1;4,6}, 11{2;1—4},
11{3;3,4}, 11{4;5}, 11{5;3—5}, 11{6;3,4}, and15{2—5} are
given in Table 2. Analytical and spectral data idrand15
are given in the Supporting Information (Tables C and D).

General Procedures for Parallel Amidation of (Z5,4S)-
4-Acylamino-5-oxopyrrolidine-2-carboxylic Acids 9 with
EEDQ as the Activating Reagent. Procedure A.A
MiniBlock with 12 positions (3x 4) was assembled with
fritted glass vessels; the acid¥1-5,7} (0.4 mmol),

anhydrous DMSO (0.5 mL), and anhydrous dichloromethane
(4.5 mL) were added; and the suspensions were vortexed a

r.t. for 5 min. Solutions of primary amind€{ 3—6} (0.2 M
in CHxCl,, 2.1 mL, 0.42 mmol) were added, and the so-

formed suspensions were vortexed at r.t. for 10 min. Then a

solution of EEDQ (0.2 M in ChCl, 2.1 mL, 0.42 mmol)
was added to each vessel, and the mixtures were vortexe
at r.t. for 24 h. The precipitates were collected by filtration
and washed with dichloromethane to git& Compounds
11{1-3;3,4}, 11{4;3}; 11{5;5,6}, and 11{7;3} were pre-
pared in this manner.

Procedure B.A MiniBlock with 12 positions (3x 4) was
assembled with fritted glass vessels, the ag{ds-3,5} (0.4

mmol) and anhydrous dichloromethane (5 mL) were added,

mixtures were vortexed at r.t. for 24 h. Volatile components
were evaporated in vacuo to give the crude carboxamides
11, which were dissolved in DMF (3 mL) and poured on a
short column filled with basic alumina (3.5 g, 3 cm,
stabilized with DMF), and the products were eluted with
DMF—MeOH (9:1, 60 mL). The eluates were evaporated in
vacuo (1 mbar, 50C) to give1l. Compoundd1{1—-3;1—
4} were prepared in this manner.

Experimental data for compound${ 1—3;1—4} are given
in Table 3. Analytical and spectral data for compouids
are given in the Supporting Information (Tables C and D).
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and the suspensions were vortexed at r.t. for 5 min. Solutions

of secondary amine%0{1,2} (0.2 M in CHCl,, 2.1 mL,

References and Notes

0.42 mmol) were added, and the so-formed suspensions were (1) Dolle, R. E.; Nelson, K. H., JrJ. Comb. Chem1999 1,

vortexed at r.t. for 10 min. Then a solution of EEDQ (0.2 M
in CH,Cl, 2.1 mL, 0.42 mmol) was added to each vessel,
and the mixtures were vortexed at r.t. for 24 h. The reaction
mixtures were filtered, and the filtrates were chromato-
graphed through a column filled with basic aluminax15
cm). First, most of the quinoline and nonpolar impurities
were eluted with CEKCI, (75 mL of eluate, fraction 1). The
rest of the quinoline and some other impurities were eluted
with EtOAc (75 mL of eluate, fraction 2). The produdts
were eluted with EtOAeEtOH (5:1, 120 mL of eluate,
fraction 3). Fractions 3 were evaporated in vacuo to give
the purified carboxamidekl. Compound4.1{1—3;1,2} and
11{5;1} were prepared in this manner.

Experimental data for compoundl${ 1—3;1—4}, 11{4;3},
11{5;1,5,6}, and11{7;3} are given in Table 2. Analytical
and spectral data for compoundd are given in the
Supporting Information (Tables C and D).

General Procedure for Parallel Amidation of (2S,4S)-
4-Acylamino-5-oxopyrrolidine-2-carboxylic Acids 9 with

235-282.

(2) FranZe, R. G.J. Comb. Chem200Q 2, 195-214.

(3) Nicolaou, K. C.; Pfefferkorn, J. A. Solid-Phase Synthesis of
Natural Products and Natural Product-like Librarids
Handbook of Combinatorial Chemistry. Drugs, Catalysts,
Materials Nicolaou, K. C., Hanko, R., Hartwig, W., Eds.;
Wiley-VCH Verlag GmbH: Weinheim, 2002; Vol. 2, pp
611-642.

(4) Dolle, R. E.J. Comb. Chem2001, 3, 1-41.

(5) Dolle, R. E. Solid-Phase Synthesis of Heterocyclic Systems
(Heterocycles Containing One Heteroatom).Handbook
of Combinatorial Chemistry. Drugs, Catalysts, Materjals
Nicolaou, K. C., Hanko, R., Hartwig, W., Eds.; Wiley-VCH
Verlag GmbH: Weinheim, 2002; Vol. 2, pp 64884.

(6) Pernerstorfer, J. Molecular Design and Combinatorial Com-
pound Libraries. I'rHandbook of Combinatorial Chemistry.
Drugs, Catalysts, MateriajsNicolaou, K. C., Hanko, R.,
Hartwig, W., Eds.; Wiley-VCH Verlag GmbH: Weinheim,
2002; Vol. 2, pp 725742.

(7) Dorwald, F. Z.Organic Synthesis on Solid Phassnd ed.;
Wiley-VCH Verlag GmbH: Weinheim, 2002; pp-1504.

(8) Hanessian, S.; McNaughton-Smith, G.; Lombart, H.-G.;
Lubell, W. D. Tetrahedron1997, 53, 12789-12854.



(2S549)-4-Acylamino-5-oxopyrrolidine-2-carboxamides

(9) Najera, C.; Yus, M.Tetrahedron: Asymmetr$999 10,
2245-2303.

(10) Belvisi, L.; Bernardi, A.; Manzoni, L.; Potenza, D.; Scolas-
tico, C. Eur. J. Org. Chem200Q 2563-2569.

(11) Angiolini, M.; Araneo, S.; Belvisi, L.; Cesarotti, E.; Checcia,
A.; Crippa, L.; Manzoni, L.; Scolastico, CEur. J. Org.
Chem.200Q 2571-2581.

(12) Wang, W.; Xiong, C.; Hruby, V. Jletrahedron Lett2001,
42, 3159-3161.

(13) Patrick, G. LAn Introduction to Medicinal Chemistrgrd
ed; Oxford University Press: Oxford, 2005.

(14) Loughlin, W. A.; Tyndall, J. D. A.; Glenn, M. P.; Fairlie,
D. P.Chem. Re. 2004 104, 6085-6117.

(15) Brady, S. F.; Stauffer, K. J.; Lumma, W. C.; Smith, G. M;
Ramijit, H. G.; Lewis, S. D.; Gardell, S. J.; Lyle, E. A,
Appleby, S. D.; Cook, J. J.; Holahan, M. A.; Stranieri, M.
T.; Lynch, J. J., Jr.; Lin, J. H.; Chen, |.-W.; Vastag, K;
Naylor-Olsen, A. M.; Vacca, J. B. Med. Chem1998 41,
401-406.

(16) Rabinowitz, M.; Seneci, P.; Rossi, T.; Dal Chin, M.; Deal,
M.; Terstappen, GBioorg. Med. Chem. Lett200Q 10,
1007-1010.

(17) Gong, Y.; Becker, M.; Choi-Sledski, Y. M.; Davis, R. S;
Salvino, J. M.; Chu, V.; Brown, K. D.; Pauls, H. \Bioorg.
Med. Chem. Lett200Q 10, 1033-1036.

(18) Kenda, B. M.; Matagne, A. C.; Talaga, P. E.; Pasau, P. M.;
Differding, E.; Lallemand, B. I.; Frycia, A. M.; Moureau,
F. G.; Klitgaard, H. V.; Gillard, M. R.; Fuks, B.; Michel, P.
J. Med. Chem2004 47, 530-549.

(19) Paul, K. C.; Burney, P. A.; Campbell, M. M.; Osguthorpe,
D. J.Bioorg. Med. Chem. Lettl992 2, 141-144.

(20) Mulzer, J.; Schider, F.; Lobbia, A.; Buschmann, A.; Luger,
P.Angew. Chem,, Int. Ed., Engl994 33, 1737-1739.

(21) of, M.; Svete, J.; Kmefic M.; Golic Grdadolnik, S.;
Stanovnik, B.Eur. J. Org. Chem1999 1581-1584.

(22) Bentz, E. L.; Goswami, R.; Moloney, M. G.; Westway, S.
M. Org. Biomol. Chem2005 3, 2872-2882.

(23) Tanaka, K.; Sawanishi, H.etrahedron: Asymmetr{998§

9, 71-77.

(24) Tanaka, K.; Sawanishi, H.etrahedron: Asymmetr00Q
11, 3836-3844.

(25) Sharma, N. K.; Ganesh, K. 8®hem. Commur2003 2484—
2485.

(26) Kaczmarek, K.; Kaleta, M.; Chung, N. N.; Schiller, P. W.;
Zabrocki, J.Acta Bioorg. Pol.2001, 48, 1159-1163.

(27) Nachman, R. J.; Kaczmarek, K.; Williams, H. J.; Coast, G.
M.; Zabrocki, J.Biopolymers2004 75, 412—419.

(28) Javidan, A.; Schafer, K.; Pyne, S. Synlett1997 100—
102.

(29) Pyne, S. G.; Safaei, J.; Schafer, A. K.; Javidan, A.; Skelton,
B. W.; White, A. H. Austr. J. Chem1998 51, 137—158.

(30) Stanovnik, BJ. Heterocycl. Chenll999 36, 1581-1593.

(31) Stanovnik, B.; Svete, Jargets Heterocycl. Sys200Q 4,
105-137.

(32) Stanovnik, B.; Svete, JSynlett 2000 1077-1091; and
references cited therein.

(33) Stanovnik, B.; Svete, &hem. Re. 2004 104, 2433-2480;
and references cited therein.

(34) Svete, JJ. Heterocycl. Chen2002 39, 437—454.

(35) Svete, JMonatsh. Chem2004 135, 629-641.

(36) Svete, JJ. Heterocycl. Chen005 42, 361—-373.

(37) Svete, JARKIVOC2006 Part 7, 35—46.

(38) Gro®lj, U.; Bevk, D.; Jaks, R.; Réaik, S.; Meden, A,
Stanovnik, B.; Svete, Jetrahedror2005 61, 3991-3998.

(39) Growlj, U.; Bevk, D.; Jaks, R.; Meden, A.; Rauk, S.;
Stanovnik, B.; Svete, Bynthesi2005 10871094.

Journal of Combinatorial Chemistry, 2007, Vol. 9, No. 229

(40) Gro=lj, U.; Bevk, D.; Jaks, R.; Meden, A.; Stanovnik, B.;
Svete, J.Tetrahedron: Asymmetr005 16, 21872197.

(41) Gro=lj, U.; Bevk, D.; Jaks, R.; Meden, A.; Stanovnik, B.;
Svete, J.Tetrahedron: Asymmetr005 16, 2927-2945.

(42) Gro=lj, U.; Bevk, D.; Jaks, R.; Meden, A.; Stanovnik, B.;
Svete, JTetrahedron: Asymmetrg006 17, 79-91.

(43) Pirc, S.; Bevk, D.; GoloBi®A.; Stanovnik, B.; Svete, Helv.
Chim. Acta2006 89, 30—44.

(44) Gro=lj, U.; Bevk, D.; Jaks, R.; Meden, A.; Stanovnik, B.;
Svete, J.Tetrahedron: Asymmetr006 17, 12171237.

(45) Stanovnik, B.; Svete, Mini-Rev. Org. Chem?2005 2, 211—
224; and references cited therin.

(46) Casar, Z.; Bevk, D.; Svete, J.; Stanovnik, Betrahedron
2005 61, 7508-7519.

(47) Pirc, S.; Bevk, D.; Jaks R.; Reéaik, S.; Golig L.; Golohig
A.; Meden, A.; Stanovnik, B.; Svete, Bynthesis2005
2969-2988.

(48) Wagger, J.; Bevk, D.; Meden, A.; Svete, J.; Stanovnik, B.
Hely. Chim. Acta2006 89, 240—-248.

(49) JaKs, R.; Bevk, D.; GolobicA.; Svete, J.; Stanovnik, E.
Naturforsch. B: Chem. ScR006 61, 1-7.

(50) Pirc, S.; Bevk, D.; Goli6Grdadolnik, S.; Svete, ARKIVOC
2003 Part 14, 37—-48.

(51) Westman, J.; Lundin, RSynthesi®003 1025-1030.

(52) Cebagk, P.: Wagger, J.; Bevk, D.; JaksR.; Svete, J.;
Stanovnik, B.J. Comb. Chem2004 6, 356—-362.

(53) Cebagk, P.; Bevk, D.; Pirc, S.; Stanovnik, B.; SveteJJ.
Comb. Chem2006 8, 95—-102.

(54) Besson, M.; Delbecq, F.; Gallezot, P.; Neto, S.; Pinel, C.
Chem—Eur. J.200Q 6, 949-958.

(55) Jain, R.Org. Prep. Proc. Int2001, 33, 405-409.

(56) Bobiev, G. M.; Yusupov, S. D.; Shakhmatov, A. N.;
Khaidarov, K. K.Pharm. Chem. XEngl. Transl.)200Q 34,
245-247.

(57) Efimow, V. A.; Kalinkina, A. L.; Chakhmakhcheva, O. G.
Russ. J. Bioorg. ChenfEngl. Transl.)1995 21, 527-531.

(58) Khalikov, S. K.; Alieva, S. V.; Ashurov, S. GRuss. J.
Bioorg. Chem(Engl. Transl.)1994 20, 202—212.

(59) Jezek, J.; Makarov, E. A.; Balashova, T. A.; Budesinsky,
M.; Andronova, T. M; Ivanov, V. TCollect. Czech. Chem.
Communl199Q 55, 1326-1335.

(60) Rabinkov, A. G.; Pozdnev, V. F.; Amontov, S. V.; Ko-
pelevich, V. M.; Gunar, V. .Chem. Nat. CompdEng|.
Transl.)1989 25, 350-353.

(61) Habermann, J.; Kunz, H. Prakt. Chem1998 340, 233~
239.

(62) Khudobin, Y. I.Bull. Acad. Sci. USSR biChem. Sci(Engl.
Transl.)1975 24, 649-651.

(63) Dahmann, G.; Heine, N. Unpublished results.

(64) Luettringhaus, A.; Dirksen, H.-WAngew. Cheml963 75,
1059-1068.

(65) Thomas, J. B.; Fall, M. J.; Cooper, J. B.; Burgess, J. P.;
Carroll, F. |. Tetrahedron Lett1997 38, 5099-5102.

(66) King, J. A.; McMillan, F. H.J. Am. Chem. Sod.952 74,
2859-2864.

(67) Parrish, D. A.; Mathias, L. J. Org. Chem2002 67, 1820~
1826.

(68) Rigo, B.; El Ghammarti, S.; Gautret, P.; Couturier 3ynth.
Communl994 24, 2597-607.

(69) Mazurov, A. A.; Andronati, S. A.; Korotenko, T. I.;
Gorbatyuk, V. Ya.; Shapiro, Yu. Hnt. J. Pept. Protein Res.
1993 42, 14-19.

CC060114S



