CHENIRTRY

Article

Subscriber access provided by American Chemical Society

Cellulose Beads: a New Versatile Solid Support for Microwave-
Assisted Synthesis. Preparation of Pyrazole and Isoxazole Libraries
Lidia De Luca, Giampaolo Giacomelli, Andrea Porcheddu, Margherita Salaris, and Maurizio Taddei

J. Comb. Chem., 2003, 5 (4), 465-471« DOI: 10.1021/cc0201187 « Publication Date (Web): 11 June 2003
Downloaded from http://pubs.acs.org on March 20, 2009

[(gp— -—NHZ
(Celluisd-NH, O _ CSA(at) _ \”)i’( NH,XH /—i
Y
MWI

CH(OMe)2

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 2 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of Combinatorial Chemistry is published by the American Chemical Society.
1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/cc0201187

J. Comb. Chem2003,5, 465-471 465

Cellulose Beads: a New Versatile Solid Support for Microwave-
Assisted Synthesis. Preparation of Pyrazole and Isoxazole Libraries

Lidia De Luca, Giampaolo Giacomelli, Andrea Porcheddu,* Margherita Salaris, and
Maurizio Tadded

Dipartimento di Chimica, Uniersitadegli Studi di Sassariyia Vienna 2, I-07100 Sassari, Italy and
Dipartimento Farmaco Chimico Tecnologico, Wersitadegli Studi di Sienayia Aldo Moro,
[-53100 Siena, Italy

Receied December 27, 2002

The synthesis of libraries of substituted pyrazoles and isoxazoles has been developed via in situ generation
of polymer-bound enaminones. The synthetic protocol makes use of commercially available aniline cellulose,
a low-cost and versatile biopolymer, under very mild conditions. This new support allowed us to carry out
reactions in polar solvents under both conventional heating and MW irradiation without degradation of the
polymer. The reaction between cellulose-bound enaminone and hydroxylamine or hydrazines to afford the
target heterocycles in high yields directly in solution is the key step. The support can be conveniently recycled.

Introduction Results and Discussion

The importance of solid-phase organic synthesis is rapidly ~As @ part of a general program looking at base matrixes,
increasing as the concept of combinatorial chemistry begins@lternative to both polystyrene and PEG-based resins com-
to attract growing attention in the drug discovery com- monly used in SPOS and PASP applications, we have
munity The physical and chemical properties of solid examined the applicability of various beaded cellqus_e
supports play a decisive role in a specific synthesis. The SUPPOrts to organic synthesis. Cellulose shows_ g_ooci swelling
reactivity of a resin depends on both its chemistry and the Properties in polar and aqueous solvents, and it is biodegrad-
environment in which the support is ustloreover, the  able, too* Since the early reports by Frank, derivatized
access of reagents to reactive sites within the polymer matrix c€llulose has found widespread applications in the synthesis
is crucial for the success of a synthesResins based on of peptides and oligonucleotides, both in combinatorial and

polystyrene cross-linked with divinylbenzérare the most I high throughput parallel synthesis formats® .
widely used solid supports for organic synthesis; they have ~Classical cellulose sheets have been used in multiple
a good swelling in low-polarity solvents such as benzene, Peptide synthesis with the SPOT technigleRecently,
toluene, halogenated hydrocarbons and tetrahydrofuran (THF) Several problems related to the use of fibrous and powdered
thereby “opening” the matrix. Therefore, they enable a cellulose have been solved py introducing new forms, which
number of reactions to be carried out. However, they do not &€ both porous and spheri¢alThese cellulose supports,

swell efficiently in aliphatic hydrocarbons or polar solvents, Notably beads, can offer considerably higher loading levels

such as methanol and water. Moreover, polystyrene resinsthan those obtained with planar supports. Consequently, these

suffer thermal and chemical instability and extensive adsorp- "€W beads appear well suited for the synthesis of libraries

tion of reagents. Since “one-bead” screefiifug biological and heterogeneous screening assays. Surprisingly, to _the best

activity is typically carried out in aqueous solutions, the use °f our knowledge, only a single report has been published.
In that paper Steel et &.describe the use of a cellulose-

of polar solvents in solid-phase synthesis should be a ) h )
requirement for many of today’s supports. A long-standing based resin as a scavenger support to remove the bromine

goal has thus been the development of new resins that eas€XCESS OF acylating agents. .

the shortcomings of PSDVB.57 The selection of possible Herein, we wish to report the novel use of a commercially
supports introduced and tested over the years includesava”abléo aniline functionalized cellulose as support for
polyamides polyethylene-polystyrene films, cotton and chemical synthes'is.. The ceilulose employed was a modified
other carbohydrate’$, controlled-pore silica glass, poly- bead-form containing aminoaryl-ethyl sulfone groups in
(ethylene glycob-polystyrene (PEGPS and TentaGel) graft  1€Xible chains (Figure 1). _

resins, poly(ethylene glycobpolyacrylamide (PEGA) res- To prepare a Iibra.ry of pharmacologically _relevant het-
ins 2 tetraethylene glycol diacrylate/cross-linked polystyrene, erocyclic scaffolds with a good level of potential molecular

; Iy . - “ diversity, we decided to use this natural polymer as support
and chemically modified polyolefin particles (‘“ASPECT®).
ety lied polyoletin part ( ) for the preparation of a library of highly substituted pyrazoles

and isoxazoles. Our choice for these heterocycles was based
* To whom correspondence should be addressed. Ph808e079229528, their intrinsic int t basic struct f | &
Fax: +39 079212069, e-mail: anpo@uniss.it. on their intrinsic interest as a basic structure of several dtugs
8 Universitadegli Studi di Siena. and on the possibility to have substituted scaffolds with
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Scheme 1.Retrosynthetic Analysis of a Library of Pyrazoles and Isoxazoles
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o Scheme 3. Preparation of Cellulose-Bound Enaminone
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Figure 1. Aniline-functionalized cellulose.
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potentially large molecular diversi#f.For example, substi- 7\

tuted pyrazoles have already been prepared in the solid | *

phasé® and in solutiof* following different synthetic strate- CHONMe:

. . . . . . . . da-cc Y=0:R=Me: R' = PhCH;, Et, Me

gies in which hydrazine derivatives cyclize with 1,3- 445 v-0:R=%r  R'-Eg Allyl, Ph PhCHyCH, Pr, ~CHyCHyOH, -CHaCHACN

dicarbonyl or o,f-unsaturated carbonyl compounds. We  4km: Y=0. R='BuCHy: R'=PhCH,CH,CH,, -CH,CH,0H, -CH,CH,CN

. . . 4nr: Y=N;R="Pr; R' = Ph, PhCH,, PhCH,CH,, cyclopentyl, eyclohexyl
decided to follow the retrosynthetic approach reported in Reagents and conditions: (2) DMF, 80, 48 h. Yields are-96% (as
Scheme 1, originally described by Schenone "fmd co- determ?ned by colorimetric éssays of ;:eIILilose Beads).
workers?® and further employed by a group at Pfizer to
prepare a selective NHE-1 inhibitéThe sites for molecular  at the same temperaturerf6 h to give the corresponding
diversity in this approach are the substituents on hydrazine solid-supported3-enaminodionest that were isolated by
(NR3), the derivatives of the carboxylic function (ester OR filtration.2®
or amide NHR), and the substituents on the startjfigreto We prepared compoundlin an “one-pot” reaction, too.
ester (R). Therefore, a mixture of cellulose supportdegormylimida-

According to Scheme 1, enaminones were identified as zole dimethylacetal and aj-keto ester3 were mixed and
convenient starting materials because they can react withheated for 48 h in DMF in the presence of 10% CSA as
different bidentate nucleophiles to give pyrazoles and isox- catalyst (Scheme 3). The filtration from the beads gave
azoles. We decided to anchor tffeenamino ketones on  B-enaminodione4 in good yields (loading measured with
cellulose support in order to have a versatile rapid synthesis.respect to that of the starting cellulose).

Consequently, the Nfgroup on cellulose was an attractive The synthetic strategy was initially optimized using
point to realize a “catch and release” approach delivering commercial 5-keto esters and subsequently extended to
the target libraries with minimal purification steps. Utilizing [-keto esters anfi-keto amides prepared on solution phase
this functionality, we needed to prepare a formamide acetal according to the classical malonic ester metfiod.

on solid support. We decided, therefore, to prepare a Treatment of the cellulose-bound enaminodasr with
modified Bredereck’s reageitl to convert the amino group  monosubstituted hydrazines or hydroxylamine afforded the
of cellulose into the formamide ace¥al (Scheme 2) to  corresponding isomerically pure pyrazolesr isoxazoles
immobilize af-keto ester or amide. 6 (Table 1), restoring the starting aniline cellulose.

The cellulose was so treated with an excess of formyl The heterocycle cyclization was carried out to completion
imidazole 1 under acid-catalyzed conditions (camphorsul- by refluxing4 in 'PrOH in the presence of several hydrazines
fonic acid: CSA) in DMF. The mixture was heated at 80 or hydroxylamines. Aftel h of refluxing, pyrazoleba—z
°C for 36 h to afford the functionalized supp@tand then were obtained in excellent yields, whereas isoxaz6sesk
treated with an excess ofadicarbonyl compounds in DMF  needé 5 h ofrefluxing. At least 5 equiv of hydrazines or
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Table 1. Regiospecific Synthesis of 1,4,5-Trisubstituted Pyrazoles and 4,5-Disubstituted Isoxazoles Using Cellulose-Bound

Enaminonegi?

0 1
H Q@NH, R
0 / ’
Y NH,XH /
~ R! a, b N\ \ R
0O (0]
4a-r 5-6
entry R R Y X % yield

5a Me PhCH (0] N-Ph 99
5b Me Et O N-Ph 99
5¢c iPr Et O N-Ph 98
5d iPr allyl o] N-Ph 96
5e iPr PhChH (0] N-Ph 98
5f iPr PhCHCH; (0] N-Ph 94
59 iPr Ph(CH),CH o} N-Ph 94
5h iPr iPr O N-Ph 99
5i iPr BUOCH,(Me)CH o} N-Ph 95
5] iPr Chz-CHCH, O N-Ph 99
5k iPr Chbz-prolinol O N-Ph 98
5l PhCH 4-(OH)-cyclohexyl (0] N-Ph 95
5m ‘BuCH; HO(CH,).CH, O N-Ph 96
5n Et(Ph)CH EtCH(OH)ChCH; o} N-Ph 94
50 iPr (MeO)PhCH NH N-Ph 98
5p ipr PhCHCH, NH N-Ph 98
5q iPr Et NEt N-Ph 99
5r ‘BuCH, cyclopentyl N N-Ph 97
5s Me PhCH o N-CONH, 94

5t ‘BUCH;, ‘BUOCH,(Me)CH o] N-CONH, 95
5u Me Me o) N-(2,4-Ph(NQ),) 97
5v Me Et (0] N-(5-benzothiazol) 97
5z Me Me (0] N-(5-(4-Cl-Ph)thiazol 98
6a Me Ph @) (e} 99
6b Me Me O (6] 98
6C Me Et ] O 98
6d 'BUCH, CNCH,CH, O ] 97
6e ‘BUCH, Ph(CH).CH, o] @] 96
6f iPr Et O (0] 97
69 iPr Et NEt (0] 98
6h Pr —(CHy)20(CHy): N ] 97

6i Me 4-CR—PhCH, N ] 99

6j ‘BuCH, cyclopentyl N (0] 98
6k Bu cyclohexyl N (0] 99

aReagents and conditions: (a)-6& X = O, 'PrOH, 5 h, reflux; (b) 5az, X = NR, iPrOH, 1 h, reflux (5s and 5t, 20 h reflux).

hydroxylamine was necessary to force the reaction to We decided to optimize the timing of the protocol using
completion. The excess of reagents could be easily removednicrowave irradiation because the key steps of the synthesis
through an aqueous acidic workup or by using an amine acidwere endothermic reactions. In recent years, the concept of
resin scavenger. Pyrazoles and isoxazoles were obtained irspeeding up resin-bound chemistry by microwave activation
high yields and excellent purity=(95%, as judged by HPLC/ has created a lot of interest from both the academic and
UV220/MS measurements) independently on the structureindustrial communitie$?** In a significant number of

of the p-keto ester orf-keto amide employed. Using
semicarbazides, the cyclization reaction (entrgand5t)
requires up to 20 h. The cellulose, differently from the classic
polystyrene (PS-DVB) resins, has good swelling properties
in 'PrOH. Moreover, at refluxing temperature, cellulose is
much more resistant than common synthetic polymeric

matrix to thermal shock.

publications, rate accelerations and very high loading for
several solid-phase protocols have been reported, with
reaction times being reduced in some cases from hours to a
few minutes®

Thus we reinvestigated the “one-pot” Bredereck-type
condensation (Scheme 4) under microwave irradiation.
Cellulose-bound enaminone synthesis can be effectively
performed in high yields within 15 min using a self-tunable

So the cellulose used can be conveniently regenerated inmjicrowave synthesizer at 8 36 The reaction was carried
turnover cycle. The procedure described could be, in fact, out in an open vessel to allow the removal of the formed
repeated using recycled cellulose, with high yields of the methanol from the equilibriur®f. Even the further cyclization
desired products having excellent levels of purity for at least was successful carried out iPrOH under microwave
four cycles, after which yields dropped to 85%.

irradiation, giving high yields of the desired pyrazoles and
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Scheme 4. Microwave-Assisted Synthesis of Pyrazoles and Isoxazoles Library
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Reagents and condition: (a) DMF, 8C, 15 min. (b)PrOH, 82°C, 15 min. Reaction regulated via a temperature sensor in a MW oven. All reactions
were carried out utilizing controlled single-mode microwave irradiation under open-vessel conditions. For details, see text. The yield aoisgatend
after workup was>95%, and the purity was 98%, as determined by HPLC. For a graphical representation of all compéur@jssee Figure S in the
Supporting Information.

isoxazoles after 15 min of heating at 82, again working a strong carbonyl absorption bands at 1690, 1640, and 1573
in an open flask® Moreover, using the MW-assisted cm™, indicating successful solid support capture of the
protocol, the cellulose-supported aniline could be recycled -keto estef?

up to 10 times without any reduction in yields and puffty. Cyclization. The cellulose sample from the above experi-
During the development of this protocol, we used two ment @a) was suspended in dH?rOH (5 mL) in a round-
colorimetric tests to verify the progress of the reactions. The bottom flask with a reflux condenser. To the supported
free amine on cellulose was monitored using theaphthol B-enaminone, a dry 2-propanol solution (10 mL) of phenyl-
test”®° This rather sensitive assay enables the detection ofhydrazine hydrochloride (0.43 g, 3 mmol) or hydroxylamine
even small amounts of free aromatic amines on the cellulose,hydrochloride (0.21 g, 3 mmol) and NED.34 g, 0.46 mL,
and thereby, a negative test indicates that the enaminone was.3 mmol) was added. The mixture was heated at reflux until
probably present on the solid support. The presence on thedisappearance of carbonyl function on the support bound
resin (and consequently, the delivery from the resin) of material (negative to an FeCkolorimetric test). After
enaminoned could be monitored also with an “iron lll test”  cooling to room temperature, the cellulose was then collected
4l that was able to do an intensely colored complex (rust- using a Buchner funnel and successively washed WitBH
brown) with enolizable ketones. Finally, chemical identity (3 x 10 mL). Before storing, the bead cellulose was washed
was established bH NMR and HPLC/UV/MS measure-  with MeOH (3 x 3 mL) and dry E£O (3 x 5 mL) and dried
ments, and a selection of these samples were further corroin a vacuum. All of the alcoholic layers were combined and
borated by comparing theltH NMR data with the spectra  concentrated in vacuo, and the residue was dissolved jp CH
obtained from conventional solution-phase experiments.  Cl, (20 mL). Methylene chloride solution was sequentially
In summary, we have described the versatility of the use washed with 5% HCI aqueous solution, saturatedO\
of cellulose for preparing libraries of substituted pyrazoles aqueous solution, and brine and dried over anhydroys Na
and isoxazoles under very mild conditions and through a SQO,. The solvent was evaporated to dryness under reduced
microwave strategy. Thermal drawbacks of solid-supported pressure to give the pure title pyrazéie(0.14 g, 99% yield)
chemistry, such as degradation of the polymer support causecdr isoxazole6a (0.11 g, 99% vyield).

by heating for long times, are so avoided, and at least for 2. Microwave Irradiation Procedure. Cellulose-Bound

the compounds we have prepared, cellulose appears to bg&naminone.To a suspension of Perloza VT-100 (1.0 g, 0.5

more convenient than the most common synthetic resins.mmol) swollen in DMF was added a solution di-

Furthermore, the low cost of the cellulose beads may permit formylimidazole dimethylacetal (0.43 g, 3 mmol), benzyl

carrying out a solid-phase synthesis on amacro scale, t00 acetoacetate (0.58 g, 0.52 mL, 3 mmol), and camphosulfonic
acid (43.0 mg, 10% w/w) in DMF (15 mL). The open flask

Experimental Section was irradiated at 86C (by modulation of the power) for 15

General Procedure for Conventional and Microwave- ~ Min in a self-tuning single mode CEM Discover Focused
Assisted Pyrazole and Isoxazole Synthesis. 1. Conven- Synthesizer. The mixture was cooled rapidly to room
tional Thermal Protocol. Cellulose-Bound EnaminoneTo temperature by passing compressed air through the micro-
a Suspension Of Per|oza VT-]_OO (1 g, 05 mmo') Swonen in wave CaVity for 3 min. The I’eaCtion pI’OgreSS was monitored
DMF was added a solution oN-formylimidazole di- by ap-naphthol colorimetric test. After cooling to room

methylacetal (0.43 mg, 3 mmol), benzyl acetoacetate (0.58temperature, the cellulose sample was collected by filtration
g, 0.52 mL, 3 mmol), and camphosulfonic acid (43.0 mg, using a sintered glass funnel. The cellulose was thoroughly
10% w/w) in DMF (15 mL). The resulting mixture was Washed with alternating portions of DMF (8 10 mL),
heated to 80°C for 48 h (until negativeg-naphthol ~ MeOH (3x 10 mL), and E£O (3 x 10 mL). The cellulose
colorimetric test). After cooling, the cellulose sample was Sample was dried under reduced pressure. An FTIR spectrum
collected by filtration using a sintered glass funnel. The (KBr pellet) of this modified cellulose sample showed strong
cellulose was thoroughly washed with alternating portions carbonyl absorption bands at 1690, 1645, and 1573'cm

of DMF (3 x 10 mL), MeOH (3x 10 mL), and E{O (3 x indicating successful solid support capture of/tHeeto ester.

10 mL). The cellulose was dried under reduced pressure. Cyclization. The cellulose sample from the above experi-
An FTIR spectrum of this modified cellulose sample showed ment @a) was suspended in dH?rOH (5 mL) in a round-
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bottomed flask with a reflux condenser. To the supported
B-enaminone, a dry 2-propanol solution (10 mL) of phenyl-
hydrazine hydrochloride (0.43 g, 3 mmol) or hydroxylamine
hydrochloride (0.21 g, 3 mmol) and NED.34 g, 0.46 mL,
3.3 mmol) was added. Then the suspension was placed into
an open flask, and the reaction mixture was exposed to
microwave irradiation as above for 15 min at 82 and
monitored for the disappearance of carbonyl function on the
support-bound material (negative Fe€blorimetric test).
After cooling to room temperature, the cellulose was then
collected using a Buchner funnel and successively washed
several times withPrOH (3x 10 mL). Before storing, bead
cellulose was washed with MeOH (33 mL) and dry E2O
(3 x 5mL) and dried in a vacuum. All of the alcoholic layers
were combined and concentrated in a vacuum, and the
residue was dissolved in GEl, (20 mL). Methylene chloride
solution was sequentially washed with 5% HCI aqueous
solution, saturated N&QOs; aqueous solution, and brine and
dried over anhydrous N80O,. The solvent was evaporated
to dryness under reduced pressure to give the pure target
pyrazole5a (0.14 g, 99% yield) or isoxazoléa (0.11 g,
99% vyield).

5-Methyl-1-phenyl-1-H-pyrazole-4-carboxylic Acid Ben-
zyl Ester 5a.Pale yellow oil, 99% yield!H NMR o (ppm):
2.57 (s, 3H), 5.32 (s, 2H), 7.317.52 (m, 10H), 8.07 (s, 1H).
13C NMR 6 (ppm): 11.9, 65.6, 112.5, 119.1, 125.4, 128.0,
128.1, 128.5, 128.6, 129.2, 136.2, 141.9, 143.7, 163.5. MS
(ESI+ ve ion): 293.6 (M+ H)*. HPLC purity 99%. Anal.
Calcd for GgH16N20, (292.12): C, 73.95; H, 5.52; N, 9.58.
Found: C, 73.98; H, 5.49; N, 9.57.

5-Methylisoxazole-4-carboxylic acid benzyl ester 6a.
Pale yellow oil (99% yield)*H NMR ¢ (ppm): 2.35 (s, 3H),
5.30 (s, 2H), 7.367.39 (m, 5H), 7.73 (s, 1H}3C NMR ¢
(ppm): 10.8, 71.7, 100.9, 128.2, 128.7, 141.3, 150.1, 158.1,
169.8. HPLC analysis: 99%. MS (ESive ion): 218.3 (M
+ H)™. Anal. Calcd for G,H11NO; (217.22): C, 66.35; H,
5.10; N, 6.45. Found: C, 66.31; H, 5.04; N, 6.42.
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(39) The synthetic strategies herein developed on cellulose beads subjected at conventional heating), so that in the second
can be in principle applied to other amine-functionalized solid cycle, it was necessary to purify the heterocycle by chro-
supports, such as polystyrene (P$)ndael (3J), TentaJel matography or preparative HPLC. Moreover, no increase in
(TJ), and PEGA. However, only-methyl aminomethylated purity was observed using a microwave irradiation.
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1) for increasing the swelling of PS resin. Pyrazdies-c aniline amine.
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ered after aqueous workup 1i70—75% yield (purity>94% brown) with enolizable ketones. Therefore, this old colori-
as judged by HPLC analysis). The reaction times were metric assay is suitable and sensitive to detect the presence
comparable both under conventional heating and under (absence) of-dicarbonyl compounds on solid support.

microwave irradiation. At last, using recycled PS support, (42) See experimental part in ref 25.

the purity of final compound decreased to 80% (65% for PS CC0201187



