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Abstract—The efficiency of an Ugi/de-Boc/cyclization strategy for construction of heterocyclic compounds has been improved
through the incorporation of microwave and fluorous technologies. In the synthesis of substituted quinoxalinones and benzimid-
azoles, a fluorous-Boc protected diamine is employed for the Ugi reactions. Both the Ugi and the post-condensation reaction pro-
ceed rapidly under microwave irradiation and the reaction mixtures are purified by solid-phase extraction (SPE) over FluoroFlash�
cartridges.
� 2004 Elsevier Ltd. All rights reserved.
Multicomponent reactions (MCRs) have proven highly
efficient in the assembly of diversified molecules.1 The
complexity of the initial products can be further in-
creased by performing post-condensation modifica-
tions.2 In order to access more diverse scaffolds, inputs
of varying reactivity are used in the same array synthe-
sis. To drive the underperforming inputs to completion,
excess equivalents are often used leading to unreacted
components, which complicate the intermediate purifi-
cation for the post-condensation reaction. Recently Hul-
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.
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Scheme 1.
me and co-workers at Amgen reported an Ugi/de-Boc/
cyclization sequence to construct heterocyclic cores of
quinoxalinone and benzimidazole (Scheme 1).3 The
Ugi reactions gave good yields, but took 36–48h to
complete at room temperature. The condensation prod-
ucts were purified by double scavenging with immobi-
lized tosylhydrazide and diisopropylethylamine to
remove excess aldehydes and unreacted acids, respec-
tively. Final products were generated by de-Boc/cycliza-
tion with TFA at room temperature for 4–24h. We
; Ugi reaction; Solid-phase extraction; Quinoxalinone; Benzimidazole.

e-mail addresses: w.zhang@fluorous.com; ptempest@amgen.com

N

N

O

R

R
O

N
H

R

R

N

N

R
O

R
N
H

R
R

N

N

O

N
H

R

R

N

NH

O
R

N
H

O

R

TFA-THF
3 4

1 2

3 4

1

2

24 h

4 h

TFA-THF

4

2

Boc

4

1

Boc

mailto:ptempest@amgen.com


O

CO2H

Ph
NH2

N
H

F-Boc N

N

O

R
O

N
H

R

Ph

N

N

N

O

O

N
H

N

N

N

O

O

N
H

N

N

N

O

O

N
H

N

N

O

O

N
H

O
N

N

O

O

N
H

O
N

N

O

O

N
H

O
N

N

O

O

N
H N

N

O

O

N
H N

N

O

O

N
H

N

CHO O CHO CHO CN CN CNC8F17 O

O

N

NH

O

R
O

N
H

R

O
Ph

R3CHO

R4NC

MeOH TFA-THF

+

µw (100oC) 

a, 72% (91%) b, 63% (52%) c, 61% (89%) d, 70% (92%)

e, 66% (90%) f, 55% (95%) h, 63% (91%) i, 51% (64%)g, 81% (71%)

+

R3CHO = R4NC = 

1 2 3 4

F-Boc = 

3 4
µw (100oC) 

2-step yield% 
(product purity%)

F-SPE F-SPE

3 4

F-Boc

<20 min <20 min

Scheme 2. Microwave-assisted fluorous Ugi/de-Boc/cyclization for quinoxalinones 4.
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report here a modified procedure that uses microwave
irradiation to reduce the reaction time and uses fluorous
SPE to simplify the purification of Ugi condensation
products.4,5

Fluorous synthesis combines the characteristics of solu-
tion-phase reaction with phase-tag separation.6 The
functional group protection and substrate attachment
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Scheme 3. Microwave-assisted fluorous Ugi/de-Boc/cyclization for benzimid
with fluorous reagents have been employed in parallel
and mixture syntheses.7,8 Common protecting groups
such as Boc,8b PMB,8d Cbz,8f,h and silane8e for solu-
tion-phase synthesis as well as Wang8d and Marshall9c

resins for solid-phase synthesis now have fluorous ana-
logs. To improve the efficiency of the Ugi/de-Boc/cycli-
zation synthesis, we replaced the normal Boc group
with the fluorous-Boc group to protect the diamine.10
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The fluorous component was used as the limiting agent
in the Ugi reaction. The desired condensation products
containing the F-Boc group were easily separated from
the reaction mixture by fluorous SPE. Thus, a mixture
of F-Boc protected diamine 1 with a slight excess
amount of acid 2, aldehyde, and isonitrile in MeOH
was irradiated under microwaves at 100 �C for 10–
20min. The reaction mixture was loaded onto a Fluoro-
Flash� cartridge for F-SPE.11 The MeOH fraction was
collected and concentrated to give the desired condensa-
tion products 3 or 6. Compounds 3 or 6 were then trea-
ted with 50:50 TFA–THF under microwave irradiation
at 100 �C for 10–20min to give quinoxalinones 4 or
benzimidazoles 7.12 The final products were purified by
F-SPE and purities were checked by LC-MS (254nm).
The synthesis of quinoxalinones 4 is shown in Scheme 2,
which has nine examples of Ugi reactions involving
the reactions of ortho-N-FBoc phenylene diamine 1,
phenylglyoxylic acid 2, three different aldehydes, and
three different isocyanides. Another nine examples for
the synthesis of benzimidazoles 7 using diamine 1, benz-
oic acid 5, three different aldehydes, and three different
isocyanides are shown in Scheme 3.

Compared to the original Ugi/de-Boc/cyclization proce-
dures, which take 1–2days, the fluorous/microwave
approach has more favorable reaction and purification
conditions: less than 20 min for each reaction and no need
of the double scavenging step. This general strategy can be
applied to other MCR and post-condensation reactions.
Acknowledgements

W.Z. thank the National Institutes of General Medical
Sciences for SBIR grants (1R43GM066415-01 and
2R44GM062717-02). Thanks to Chris Hulme for help
with the manuscript.
References and notes

1. Selected reviews on MCRs: (a) Domling, A.; Ugi, I.
Angew. Chem., Int. Ed. 2000, 39, 3168; (b) Ugi, I.; Hech, S.
Comb. Chem. High Throughput Screen 2001, 4, 1; (c) Ugi,
I. Pure Appl. Chem. 2001, 73, 187; (d) Orru, R. V. A.; de
Greef, M. Synthesis 2003, 1471; (e) Nair, V.; Rajesh, C.;
Vinod, A. U.; Bindu, S.; Sreekanth, A. R.; Mathen, J. S.;
Balagopal, L. B. Acc. Chem. Res. 2003, 36, 899; (f) von
Wangelin, A. J.; Neumann, H.; Gordes, D.; Kaus, S.;
Strubing, D.; Beller, M. Chem. Eur. J. 2003, 9, 4286; (g)
Zhu, J. Eur. J. Org. Chem. 2003, 1133.

2. Recent reviews: (a) Armstrong, R. W.; Combs, A. P.;
Tempest, P.; Brown, S. D.; Keating, T. A. Acc. Chem. Res.
1996, 29, 123; (b) Hulme, C.; Gore, C. Curr. Med. Chem.
2003, 10, 51; (c) Hulme, C.; Nixey, T. Curr. Opin. Drug
Disc. Dev. 2003, 6, 921; See also: (d) Tempest, P.; Pettus,
L.; Gore, V.; Hulme, C. Tetrahedron Lett. 2003, 44, 1947,
and references cited therein.

3. (a) Tempest, P.; Ma, V.; Kelly, M. G.; Jones, W.; Hulme,
C. Tetrahedron Lett. 2001, 42, 4963; (b) Nixey, T.;
Tempest, P.; Hulme, C. Tetrahedron Lett. 2002, 43, 1637.

4. Early work on fluorous MCR and purification by liquid–
liquid extraction, see: Studer, A.; Jeger, P.; Wipf, P.;
Curran, D. P. J. Org. Chem. 1997, 62, 2917.
5. The solid-phase Ugi/de-Boc/cyclization has been recently
reported by Brittany L. Hayes at the Second International
Microwaves in Chemistry Conference, 4–7 March 2004,
Orlando, FL.

6. General reviews on fluorous synthesis and separation: (a)
Curran, D. P. Angew. Chem., Int. Ed. 1998, 37, 1175; (b)
Curran, D. P. In Stimulating Concepts in Chemistry;
Stoddard, F., Reinhoudt, D., Shibasaki, M., Eds.; Wiley-
VCH: New York, 2000; pp 25–37; (c) Curran, D. P.
Synlett 2001, 1488; (d) Dobbs, A. P.; Kimberley, M. R. J.
Fluorine Chem. 2002, 118, 3; (e) Yoshida, J.; Itami, K.
Chem. Rev. 2002, 102, 3693; (f) Tzschucke, C. C.; Markert,
C.; Bannwarth, W.; Roller, S.; Hebel, A. Angew. Chem.,
Int. Ed. 2002, 41, 3964; (g) Pozzi, G.; Shepperson, I.
Coord. Chem. Rev. 2003, 242, 115; (h) Zhang, W.
Tetrahedron 2003, 59, 4475; (i) Zhang, W. Chem. Rev.
2004, 104, 2531; (j) The Handbook of Fluorous Chemistry;
Gladysz, J. A., Curran, D. P., Horvath, I. T., Eds.; Wiley-
VCH: Weinheim, 2004.

7. (a) Reviews of fluorous protecting groups and tags:
Zhang, W. Speciality Chem. Magazine 2004, 24(5), 30;
(b) Zhang, W. In The Handbook of Fluorous Chemistry;
Gladysz, J. A., Curran, D. P., Horvath, I. T., Eds.; Wiley-
VCH: Weinheim, 2004; pp 222–236.

8. Fluorous protecting groups: (a) Wipf, P.; Reeves, J. T.
Tetrahedron Lett. 1999, 40, 4649; (b) Luo, Z.; Williams, J.;
Read, R. W.; Curran, D. P. J. Org. Chem. 2001, 66, 4261;
(c) Luo, Z.; Zhang, Q.; Oderaotoshi, Y.; Curran, D. P.
Science 2001, 291, 1766; (d) Schwinn, D.; Bannwarth, W.
Helv. Chim. Acta 2002, 85, 255; (e) Curran, D. P.;
Furukawa, T. Org. Lett. 2002, 4, 2233; (f) Zhang, W.;
Luo, Z.; Chen, C. H.-T.; Curran, D. P. J. Am. Chem. Soc.
2002, 124, 10443; (g) Filippov, D. V.; van Zoelen, D. J.;
Oldfield, S. P.; van der Marel, G. A.; Overkleeft, H. S.;
Drijfhout, J. W.; van Boom, J. H. Tetrahedron Lett. 2002,
43, 7809; (h) Mazoni, L. Chem. Commun. 2003, 2930; (i)
Read, R.; Zhang, C. Tetrahedron Lett. 2003, 44, 7045; (j)
Curran, D. P.; Amatore, M.; Campbell, M.; Go, E.;
Guthrie, D.; Luo, Z. J. Org. Chem. 2003, 68, 4643; (k)
Miura, T.; Goto, K.; Hosaka, D.; Inazu, T. Angew. Chem.,
Int. Ed. 2003, 42, 2047.

9. (a) Fluorous �catch and release� tags:Wipf, P.;Methot, J.-L.
Org. Lett. 1999, 1, 1253; (b) Zhang, W. Org. Lett. 2003, 5,
1011; (c) Chen, C. H.-T.; Zhang, W. Org. Lett. 2003, 5,
1015; (d) Zhang, W.; Lu, Y. Org. Lett. 2003, 5, 2555; (e)
Zhang, W.; Lu, Y.; Chen, C. H.-T. Mol. Diversity 2003, 7,
199; (f) Zhang, W.; Chen, C. H.-T.; Lu, Y.; Nagashima, T.
Org. Lett. 2004, 6, 1473; (g) Zhang,W.; Nagashima, T.; Lu,
Y.; Chen, C. H.-T. Tetrahedron Lett. 2004, 45, 4611; (h)
Cioffi, C. L.; Berlin, M. L.; Herr, R. J. Synlett 2004, 841; (i)
Jing, Y.; Huang, X. Tetrahedron Lett. 2004, 45, 4615.

10. ortho-N-FBoc phenylene diamine 1 was prepared by the
reaction of 1.2equiv of phenylene diamine with 1.0equiv
of F-BocON (available from Fluorous Technologies, Inc.
www.fluorous.com) in THF at room temperature for 2h.
The crude product was purified by F-SPE.

11. For more information on F-SPE and FluoroFlash�
cartridges, please log onto: http://fluorous.com/down-
load/an_spe.pdf.

12. General procedures for fluorous Ugi condensation reac-
tion: A mixture of ortho-N-FBoc phenylene diamine
(0.1mmol, 1equiv), acid (1.1equiv), aldehyde (1.5equiv),
and isonitrile (1.1equiv) in 0.5mL of MeOH was irradi-
ated under microwave at 100 �C for 10–20min (including
2min ramp time). The concentrated reaction mixture
(�0.2mL) was loaded onto a 2-g FluoroFlash� cartridge
for SPE.11 The MeOH fraction was collected and con-
centrated to give the condensation product. General
procedures for de-Boc/cyclization reaction: The Ugi

http://www.fluorous.com
http://fluorous.com/download/an_spe.pdf
http://fluorous.com/download/an_spe.pdf


6760 W. Zhang, P. Tempest / Tetrahedron Letters 45 (2004) 6757–6760
condensation product (0.1mmol) was mixed with 0.2mL
of 1:1 TFA/THF and irradiated under microwave at
100 �C for 10–20min (including 2min ramp time). The
reaction mixture was neutralized with 1.0N aq NaOH.
The concentrated organic layer (�0.2mL) was loaded
onto a 2-g FluoroFlash� cartridge for SPE. The 80:20
MeOH/H2O fraction was collected and concentrated to
give the final product. The analytical data (1H NMR and
MS) of the representative compounds such as 4a was
consistent with that reported in literature.3b
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