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Simple Coupling Reaction b(_a.tween Amino Nop R N R? N
Acids and Weakly Nucleophilic HzN—<N,,,q HzN*SIRS HzN*S]\A;LNO

Heteroaromatic Amines
R! = CHp-CeHs; CHa-CaHy-(p-NOy); CH-Cett 1
R? = H; CgHs-(p-NO,)

2

Gilles Quééver, Stphane Burlet, Cdrik Garino,

Nicolas Pietrancosta, Younes Laras, and R3 = H; Br; NO,
Jean-Louis Kraus* ) . . .

Figure 1. Weakly nucleophilic amino heteroaromatic compound
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In this paper, we wish to report the results of a compara-
tive study concerning solution-phase N-acylation between
various substituted weakly nucleophilic heteroaromatic amines
and a selectetll-Boc-protected amino acid model{Boc-
Receied December 9, 2003 Ala) using different coupling reagents according to a parallel

Introduction. The application of parallel synthesis to synthesis procedurc_e. The resulting described small library
generate combinatorial libraries as an efficient means of Of these new versatile synthons will be enlarged to a greater
creating pharmaceutical “druglike leads” has gained consid- SiZ€ by solution-phase automated synthesis and then will be
erable interest By accelerating the synthesis and screening Used in the design of new protease inhibitors.
of an ever larger number of synthetic analogues, combina-  Results and DiscussionPreparation of amides is one of
torial chemistry has greatly impacted the drug discovery the most important and fundamental processes in organic
procesg. Recently, we published results on combinatorial Synthesis, and many methods have been reported. Several
synthesis oN-acylthiourea®and on parallel solution-phase ~ coupling reagents of free carboxylic acids and amines have
synthesis of peptides and pseudopeptides of biological been _developed in order to achleve the effective syn'ghe&s
interes® Our goal was to prepare compounds that could be of 6_1mIdES7. However, for acylation of weakly nucleophilic
tested through high-throughput or medium-throughput screen-2mines, rather drast|c. reaction condltlons. are required for
ings on various proteolytic enzymes involved in pathologies completion of the reaction. Numerous coupling reagents have
as different as HIV and HBYor neurodegenerative disor- Peen described to achieve peptide bond formation with
ders, such as Alzheimer's diseds our present research ~ Satisfactory results (yields, mild conditions) with weakly
program on the development of new molecules as potemia|nucleoph|_l|c amines, mainly substltut_ed anilines, but no
y-secretase inhibitofswe are interested in the solution-phase Comparative studies have been published so far on the
synthesis of a parallel library of new pseudopeptide deriva- €fficiency of standard coupling reagents to catalyze the
tives bearing various weakly activated amino heteroaromatic @cylation of weakly heteroaromatic amines.
moieties. For instance, acylation of anilines was achieved through

Our objective was to introduce through an amide bond, the use of_nonconventlonallcouplmg methods and reagents,
on biologically active peptides or pseudopeptides, substitutedSuch as silyl carboxylatéstrimethylsilyl polyphosphates,
heterocycles, such as substituted 5-amino-tetrazoles, substi¢hloranhydrides of amino acid hydrochloridégy reaction
tuted 2-amino-thiazoles, and substituted 2-aminobenzothia-Of N-protected amino acids witbrnitrophenyl isocyanaté,
zole (Figure 1), and to evaluate their anti-protease inhibitory dialkyl pyrocarbonates in protic solvertfsand also through
properties. These heterocycles were selected because thej€ use of well-known conventional coupling methods and
provide variations in aromatic, electrostatic, and hydrogen- f€@gents [The terminology “conventional” or “nonconven-
bonding properties: (i) all of these heterocycles can partici- ional” is only based on the frequency of use of the coupling
pate in hydrogen bonding as both acceptors and donors; (iiyMethod reported in the literature], such as dicyclohexyl
they are aromatic systems; and (jii) they display acidic or carbodiimide, mixed carboxylic carbonic anhydrides, phos-
basic properties, depending on their substituents. In addition,Phorus reagents, symmetrical anhydrides of protected amino
some of these heterocycles bearing a nitro substituent car¢ids, carbonyldiimidazole, and BOP reagent.
be reduced into amine groups suitable for further coupling ~ Four different coupling reagents, BOP (Castro's re-
reactions, allowing the design of nonpeptidic receptor ligands. 29ent);* DCC/HOBt* HBTU;* and a slightly less conven-

At first, it seems that introduction of such heterocycles fional reagent, phosphorus oxychloride (PgCt were
in a peptide sequence should be quite straightforward usmglnvestlgated. Other coupling reagents derived from BOP
conventional standard coupling methods, but we discovered(PYBOP and PyBroP) or HBTU (HATU and HCTU) were
soon that the coupling between such weakly nucleophilic "0t tested beca}use of their similar reactivity with BOP and
heterocyclic amines and amino acids was not trifling with HBTU, respectively. L
standard coupling reagents. At this point, we believed that _ Different criteria were used to compare the efficiencies
N-acylation of such heterocyclic amines required preliminary Of the coupling reagents and reaction conditions: nucleo-

investigations before extrapolation to automation on our Philicity of the amino group conjugated to the aromatic or
Chemspeed automated synthesizer. heteroaromatic ring, thermodynamic coupling conditions

(temperature, reaction time, solvents), ease of purification
* Corresponding author. Phone: (33) 491 82 91 41. Fax: (33) 491 82 Of the resulting products and side products, and possibilities

94 16. E-mail: kraus@Iluminy.univ-mrs.fr.
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to be used in automated parallel synthesis.
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Various synthons were used to perform this study. Some Scheme 1.Synthesis of N-Substituted 5-Aminotetrazoles
of them were commercially available, that is, 2-amino-6- 1ab—3a/b and4-Substituted Aminothiazole®4
nitrobenzothiazole, 2-aminothiazole, and the 5-substituted (i) R
2-aminothiazoles, whereas the others were not, that is, the N. N. N.,.R
2-substituted 5-aminotetrazoles and the 4-substituted 2-ami-@) “zN_</N :EH - HzN—<\N_;": * HzN_(;l :E
nothiazoles. They were easily synthesized according to
procedures described in the literature.

Synthesis of substituted 5-aminotetrazoles was performed No, (i
in DMF to solubilize the poorly soluble 5-aminotetrazole in j@ 2
HoN.__NH, . )

a b

NO,
the presence of cesium carbonate as base (Schenté 1a). ) e — Bk N—(/NJ/O
After one night at 80°C, we noticed by TLC monitoring S Br s

the presence of only two compounds, which were of very 4

different polarities. Surprisingly, each compound was identi- 2 (i) RBr, CsCQ, DMF, 80°C; 30-35% inb, depending on the nature
fied as a N-aromatic ring substituted 5-aminotetrazole, that °f R: (i) EtOH, A; quantitative.

is, the N-substitutedlaand the N-substitutedLb. The major
difference is in their respectivéH NMR spectrum, in
DMSO-ds. The more polar compound was characterized by
the presence of two main signals at 5.56 (kl;Cand 6.96

The coupling reaction between 5-amino-2-substituted
tetrazoleslb and2b andN-Boc-Ala worked in good yields,
when POC] was used as coupling agent but totally failed
ppm (broad s, M), whereas the other one, the less polar When BOP or DCC/HOBt were used as activating agents.
isomer, displayed these two characteristic signals at 5.84 and¥-Acylation of 2-amino-4-(4-nitrophenyl)-thiazolé oc-
6.14 ppm, respectively. Thanks to these data, we could curred in satisfactory yields whexrBoc-Ala was activated
unambiguously identify both isomers. Indeed, on the basis b% POC} zccordmg togx k“OV.V” mechanllé‘h(n(_)t Shgwn)ﬁ
of the results previously described in the literattirthe less whereas the same con ensatiorNsBoc-Ala activated wit
polar one was identified as the-dubstituted isomer while §tandard cou.pllng reagents BOP or DC.C/ HOBt occurrgd only
the more polar one was the;{dubstituted tetrazole. Our In very IOW yields, 19 and 5%’ respectl_vely. N-Acylation of
identification was confirmed later because the more polar the 2-amino-5-substituted thiazole series (Compo@hds,

5-aminotetrazole derivative (hsubstituted) did not react with 11) occurred with various yields whatever the coupling

N-Boc-Ala in the presence of any coupling agent because reagents used. In contrast, 2-amino-6-nitrobenzothiazole is
of the steric hindrance of the Nsubstituent N-acylated in high yields when amino acid activation is

The spectral patterns obtained for the 4-nitrophenvl achieved using BOP or DCC/HOBt reagents (quantitative
derivativez and thg wide difference in polarity were sirlrjﬂlarly yields) _and 76% with P-OG" vields appeargq to be depgnd—
eInp . Y ent mainly on the substituents at the 4-position of the thiazole
observed for the two othersubstituted S-aminotetrazoles g " 4ctivation with POGI being the less active coupling
(2b and3b) subsequently synthesized and described herein. o aqent whatever the substituents at the 5-position of the
The other noncommercially available synthon used in this aminothiazole ring.

project was a 4-substituted 2-aminothiazole. The hydrobro- LT was assayed on two different substrates, 5-amino-

mide salt of the 2-aminothiazolé'® was the result of a  5_4_pitrobenzyl)-tetrazoléb and 2-amino-4-(4-nitrophenyl)-
modified conventional Hantzsch syntheSigchieved from ;016 hydrobromide sat, but these conditions did not
a-haloketones and thiourea in refluxed ethanol. Herein, the |oo4 to the expected coupling produtand.

desired compound was isolated in high yield by filtration
after cyclocondensation oft-bromo-4-nitroacetophenone
with thiourea (Scheme 1b). This synthon, a well-known
pharmacophoré,is generated in high yield and purity, with
very low amounts of byproducts. For these reasons, 2-ami-
nothiazole scaffold has been widely described in the literature

for solution or solid-phase parallel synthesis to generate IargeCharge distribution will be hard: this pertains to both

scale librarieg® 2 . . : .
. _ ) electrophiles and nucleophiles. The heteroarylamines in-
All these synthons were submitted to N-acylation with @ yolved in this study are borderline nucleophiles between

protected amino acid modél-Boc-Ala, under the conditions  hardness and softness and, thus, difficult to classify according
described in Table 1, and the results are summarized in Tablgg their nucleophilicity. However, it can be underlined that
2. when POC] is used as activating coupling reagent, the
The monitoring of the various reactions was performed acylation is performed in pyridine as solvent, which is also
by the TLC/ninhydrin detection method, which could be a borderline nucleophile, whereas reactions carried out with
suitable in the case of an automated synthesis application.BOP or DCC/HOBt as activating reagents are performed in
Analysis of the results shows evident discrepancies amongthe presence of 3 equiv of DIEA, which is a harder
the coupling methods. As far as the carboxylic moidty (  nucleophile than pyridine.
Boc-Ala) was identical for all the attempted coupling As far as a high solvation energy will lower the ground-
reactions, its activation by the coupling reagents (ROCI state energy relative to the transition state in which the charge
BOP, DCC/HOBt) can be assumed to be accomplishedis more diffuse, resulting in a decreased reaction rate, in
efficiently under each of the tested conditions. Taking into contrast, a lower-energy transition state leads to an increase
account this hypothesis, the next step, which is the condensain reactivity. To explain the discrepancies found in the
tion of the heterocyclic amine on the activatdeBoc-Ala, efficiencies of the coupling reaction, it can be postulated that
should be at the origin of the observed discrepancies. solvation of heterocyclic aminesb, 2b, and4 is a low-

These results merit several comments. It is well-known
that the rate of a nucleophilic substitution is dependent on
basicity and nucleophilicity of the species involved in the
reaction. In the case of a substitution reaction, nucleophilicity
should be the dominant property. According to the kard
soft acid-base concept a species with a high and localized
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Table 1. Yield Comparison among the Coupling Reagents, R®@tidine (Method A), BOP (Method B), DCC/HOBt (Method

C), and HBTU
Coupling reagent H
BocHNJ\H/OH + HN-Ar ——— BocHNJ\(N\Ar
O

o Solvent
Temperature
Reaction time

(Yield)

Ar: heteroaromatic moiety

Coupling conditions

POCI5/Pyridine BOP DCC/HOBt HBTU
n° HoN-Ar Yield Yield Yield Yield
") " " "
Rl
NO,
76% no reaction ° no reaction ° no reaction °
5 (RT, 18 hrs) (RT, 24 hrs) (RT, 24 hrs) (RT, 24 hrs)

CHy

b

Ny~
HzN_</ \ /@ 74% no reaction no reaction not tested
6 n=N o (RT, 2 hrs) (RT, 24hrs) (RT, 24 hrs)

63% not tested not tested not tested
7 CHy (RT, 24 hrs)
R® R’
NO,
)©/ 77% 19% 5%° no reaction ®
8 H (80°C, 12 hrs) (RT,18hrs) | (RT, 48 hrs) (RT, 24 hrs)
2
N R
9 | m I H Br 30% 15% 33% not tested
s (-15°C, 4 hrs) (RT, 18 hrs) (RT, 2 hrs)
10 H H 41% quantitative quantitative not tested
(RT, 3 hrs) (RT, 48 hrs) (RT, 24 hrs)
11 H NO, 58% 88% 84% not tested
(RT, 18 hrs) (RT,48hrs) | (RT, 24 hrs)
N
12 HN—( :@\ 76% 93% quantitative not tested
) NO» (-15°C, 30 min.) (RT, 18 hrs) (RT, 4 hrs)

aTemperature, reaction timéNo desired compound was detected by TLC monitorfithe coupling system was EDC/HOBY, in place
of DCC/HOBL.

energy process in pyridine, as compared to equivalent peaks corresponding to the two expected isomers in identical
processes in solvents such as DCM or DMF. proportions. These results are described in the Experimental
Moreover, a bulkier nucleophile will be less reactive than Section as Supporting Information.
a smaller one because the trigonal bipyramidal geometry of In summary, as depicted in Table 2, one can see that
the SN2 transition state is more sterically demanding than POCk/pyridine (method A) worked fine (entri€s-10; clear
the ground state. The above results indicate that heterocyclicpink dots) to well (entries, 6, 8, 12, dark red dots) for
amines bearing the bulkier substituents compoufitisab, each studied amino substrate. On the other hand, BOP
and 4) gave satisfactory yields when the coupling reagent (method B) or DCC/HOBt (method C) worked well for three
was POC), but they only slowly reacted when coupling substrates (entriekD—12; black and dark red dots) but were
reagents were BOP or DCC/HOBt, and no reaction occurred not efficient in some of the studied cases or were completely
in the case of HBTU. inefficient (entriesb, 6; entry 7 was not tested for methods
We confirmed that during the coupling reaction activated B and C; white dots). One can imagine that, technically, this
by POCE, no racemization occurred. The chiral HPLC procedure involving POGlas coupling agent will be more
profiles for compoundl2 obtained using both coupling suitable to automation than the two other methods, the results
agents POGland BOP were found to be identical under both of which are not as homogeneous as for method A (BOCI
conditions and displayed only one characteristic HPLC peak. pyridine).
These results were compared to the similar data obtained In conclusion, N-acylation of weakly nucleophilic het-
for the corresponding racemic derivati2R,S) synthesized erocyclic amines by protected amino acid is not a straight-
from N-Boc-(R,9-Ala and using POGlas coupling agent.  forward reaction which could be achieved under any standard
In this later case, HPLC profiles showed the presence of two coupling conditions. Through the use of PQ@®@¥e were able
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Table 2. Summary of the Yield Comparison among the References and Notes

Three Described Methodologies (1) Forreviews, see: Dolle, R. H. Comb. ChenR003 5, 697—
753 and references therein. Terrett, N. ®ombinatorial
Chemistry Oxford Chemistry Masters; Oxford University
Press: Oxford, 1998. Obrecht, D.; Villalgordo, J. M Solid-
Supported Combinatorial and Parallel Synthesis of Small-
Molecular-Weight Compound LibraripsBaldwin, J. E.,
Williams, R. M., Eds.; Tetrahedron Organic Chemistry
Series; Pergamon, Elsevier Science Ltd: Oxford, 1998;
Volume 17.

(2) Triggle, D. J.Drug Dev. Res.2003 59, 269-291.

(3) (a) Armstrong, S. K.; Quéver, G.; Marr, I. L.; Ritchie, A.

L. Analyst 200Q 125 2206-2215. (b) Qu&ver, G;
Bouygues, M.; Kraus, J. LJ. Chem. Soc.-Perkin Trans 1
2002 1181-1189.

(4) Anastasi, C.; QUéver, G.; Burlet, S.; Garino, C.; Souard,
F.; Kraus, J. L.Curr. Med. Chem2003 10, 1795-1813.

(5) Petit, A.; Bihel, F.; Alves da Costa, C.; Pourdui®.; Checler,

F.; Kraus, J.-LNat. Cell Biol.2001, 3, 507-511.

(6) Schmidt, B.ChemBioChen2003 4, 366—378.

(7) Benz, G.Comprehensie Organic SynthesisVolume 6;
Trost, B. M., Fleming, I., Eds.; Pergamon Press: Oxford,
1991; pp 38t417.

Method

Compounds

5

10

11

0O CCOOOO|-
il 1 I Jelolelolelk

12

o 00000000 -

O O [ ] (8) Miyashita, M.; Shiina, |.; Mukaiyama, Bull. Chem. Soc.
no reaction Jpn 1994 67, 210-215.
. % 00 70% % . (9) Rao, C. S.; Rambabu, M.; Srinivasan, Plr8lian J. Chem.,
vields| o 00 530 [0%70%] - 70%< - quantitative Sect. B: Org. Chem. Incl. Med. Chet987, 268, 407
411.
2 Method A, POCYpyridine; method B, BOP; method C, DCC/  (10) Sliede, J.; Rozhkov, E. N.; Pastors, P.; Zicane, D.; Ravina,
HOB. I.; Gudriniece, E.; Kalejs, ULatvijas PSR Zinatnu Aka-

demijas Vestis, Kimijas Serif987 345-347;Chem. Abstr

PR ; 1988 108 75798.
to perform the parallel solution-phase synthesis of new (11) Shioiri, T : Muramata, M.: Hamada, ‘Chem. Pharm. Bull,

versatile adducts incorporating an amino acid model coupled 1987 35 2698-2704.

to specific heterocyclic systems (substituted amino thiazole (12) pozane\,/’ V. FInt. J. Peptide Protein Red994 44, 36—
or tetrazole) bearing nitro substituents, which cannot be 48 and references therein.

obtained through the use of standard activating coupling (13) Castro, B.; Dormoy, J. R.; Evin, G.; Selve, Tetrahedron
reagents. Our results indicated that when the weakly nu- Lett. 1975 14, 1219-1222. _ _
cleophilic heterocyclic amines, to be coupled, are rather bulky (14) Bodanszky, M.; Bodanszky, AThe Pratice of Peptide

Synthesis2nd ed.; Springer-Verlag: Berlin, Heidelberg, 1994
(compounddlb, 2b, and4), the use of phosphorus oxychlo- and references therein.

ride (POCY) in pyridine could be an alternative method for (15 Rijkers, D. T. S.; Adams, H. P. H. M.; Hemker, H. C.: Tesser,

solution-phase automated synthesis, easy to run, with rea- G. |. Tetrahedron1995 51, 11235-11250.

sonnable to good yields, and quite suitable for product (16) Modification of the procedure described in: Haque, W. PCT
purification (see Experimental Section in the Supporting WO 02/04421, 2002Chem. Abstr2002 136 102296.
Information) without affecting the stereochemistry. In con- (i;) E!nbelrfa,gq.Htljrg. CT(e”QQl%QES' 33]78_3%80(5195(1 2o
trast, it seems that electrodonating or -withdrawing substit- (18) 37'2%’_3'725;’_ avacek, 5. 4. Am. Lhem. 50 ’
uents on the amino heterocyclic rings do not allow any (19) Hantzsch, A. R.; Weber, J. i€hem. Ber1887 20, 3118-
discrimination between the coupling reagents to be used. 3132. Furniss, B. S.; Hannaford, A. J.; Smith, P. W. G.:
These first very encouraging results will be the starting point Tatchell, A. R.Vogel's Textbook of Practical Organic
of an automated synthesis of a larger library of new amino Chemistry 5th ed.; Longman Scientific & Technical: Har-

low, U.K., 1989; p 1153. Falcao da Fonseca,Revista
Portuguesa de Farmacia978 28, 118-122. Joule, J. A,;
Mills, K.; Smith, G. F. Heterocyclic Chemistry3rd ed;

acid-heterocyclic synthons bearing nitro groups which would
be then used in the design of a series of new protease

inhibitors. Chapman & Hall: London, 1995; pp 384885.
) ) i} (20) Bailey, N.; Dean, A. W.; Judd, D. B.; Middlemiss, D.; Storer,
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