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The growing application of combinatorial organic syn-
thesid on solid support has been reflected in the rapidly
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increasing reaction types and synthetic strategies. It has beeischeme 2

regarded as an important tool for the synthesis of a large
number of pharmaceutically interesting compounds. Coupled
with high-capacity screening systems, this technology may
revolutionize the drug discovery process. However, the solid-
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phase approach often requires additional research and

development time. We are focusing our research efforts on
liquid-phase combinatorial synthesis (LPCS) using soluble
polymer support-poly(ethylene glycol) monomethyl ether

of MW 5000 to generate librarisThis macromolecular
carrier, in contrast to an insoluble matrix, is soluble in most
organic solvents and has a strong tendency for precipitation
in certain solvents. After complete reaction, the product
remains covalently bound to the support, and purification
can be accomplished after precipitation simply by filtering
and washing away the unwanted material.

The guanidine and urea functional groups are crucial
components in many medicinally interesting molecdles.
Therefore, practical methods of rapidly synthesizing guani-
dine- or urea-containing molecules are of great interest in
drug discovery and lead optimization. To study the soluble
polymer-supported synthesis of piperidine- and piperazine-
containing guanidinebye investigated the reactions of three
separate PEG-bound amified —3) with the newly devel-
oped guanylating reagéni,N -di-Boc-N"'-triflylguanidine
4 under basic conditions in G&l, (Scheme 1).

Results are summarized in Table 1. It can be seen that
aminoguanylation proceeds smoothly at room temperature
to give the corresponding,N-di(Boc)-protected guanidines.
Progress of reaction is easily followed by TLC analysis
(observation of disappearidy and is conveniently estimated
by 'H NMR without any polymer cleavage. Guanidines are
liberated from the polymer support by 1% KCN/MeOH in
high yield (80-95%) and high purity (8286%)8 Although
the exact intermediates for the guanidine formation are
unknown, the possible in situ generated highly electrophilic
bis(Boc)carbodiimide may be the reactive speéies.
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To increase the chemical diversity of the library, polymer-
bound guanidine8 is reacted with various amines. It is
expected that the desired product could be cleaved by the
transamination from the polymer support. However, we find
that no products are liberated from the PEG-supported
guanidines in refluxing THF. Instead of the desired ami-
nolysis product, one compound has been isolated and
identified as the amidinoureld after cleavage (Scheme 2).

Although aminolysis of many carbamates is well under-
stood??the Boc-protecting group is known to be particularly
stable under basic conditions and is also strongly resistant
toward various nucleophilic reageritsTherefore, a brief
investigation of the range of applicability in this discovery
was carried out. Results are reported in Table 2. Treatment
of polymer-bound guanidin@with several different primary
amines (entries-17) results in the complete conversion of
N,N-bis(tert-butoxycarbonyl)guanidines to the-(N'-tert-
butoxycarbonylamidino)ureas on the support. The coupling
reaction proceeds well by treatment with 3 equiv of an amine
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Table 1. Liquid-Phase Synthesis &f,N-Bis-Boc-guanidines

Entry  Resin bound amines Product Yield®(%) Purity®(%)
ﬂ Q\ ﬁ/g NBOC 81 86
NH,  OCHj3
NHBoc
N N
ﬂ L ﬂ NB°° 95 83
OCHj NHBoc
N/w
ﬂ K/N N 80 82
OCH,4 >=NBoc

BocHN

aYields are based on weight of crude sample and are relative to the initial lo&d®ogity determined by HPLC analysis of crude
products. Products show satisfactdly NMR and MS data, which are consistent with the proposed structure.

Table 2. Preparation of Amidinoureak0 from N,N-Di(Boc)guanidine on the Support

Entry R4RNH Observed MS®  Yield°(product) ~Crude purity(%)
1 S~~~ NH2 504 78(10a) 86
9 >>NH2 490 95(10b) 83

3 |:>-NH2 516 80(10c) 84
4 O—\ 538 80(10d) 93
NH

S
5 @—\ 544 78(10e) 74
NH

Q N
6 __/ 575 72(10f) 86
NH,
CHg
7 552 82(10g) 90
s 9
8 H 504 92(10h) 93
~ N~
9 —H 518 80(10i) 86
\_/

10 Q_\N CH, 552 82(10j) 88

aConfirmed by mass spectra (FAB ° Yields are based on weight of crude sample and are relative to the initial lo&dtngty determined
by HPLC analysis of crude products. Products show satisfaétbtyMR and MS data, which are consistent with the proposed structure.

in THF after heating for 8 h. Excess amines can be easily need less time (around 5 h) to complete reactions, since they
washed away after precipitation of PEG-bound products. It are more nucleophilic than primary amines. In contrast to
is worth mentioning that poorly nucleophilic, sterically the other approach¥susingn-BuLi for carbamate depro-
hindered aniline also reacts well to form corresponding tection, our method demonstrates the advantages of the one-
amidinourea (entry 7). Moreover, this method is also pot procedure to prepare Boc-substituted amidinoureas. It is
successfully applied to secondary amines and generated thevorthy to note that, in contrast to the various restrictions on
N,N,N-trisubstituted ureas in high yield and high purity the analysis of reaction development in solid-phase synthesis,
(entries 8-10). The greater reactivity of the secondary liquid-phase synthesis allows routine analytical instruments
amines can be realized by the fact that secondary amineqUV, IR, NMR, TLC) to monitor reaction progress without
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following the cleave-and-analyzeechnique. This nonde- (3) (a) Matsuda, KMed. Res. Re 1994,14,271-292. (b) Berlinck, R.

; ; ; G. S.Nat. Prod. Rep1996,13,377—421. (c) Collins, J. L.; Shearer,
structive approach to monitor reaction progress makes the B, G.: Oplinger, J. A.: Leo, S.: Garvey, E. P.. Salter, M.: Duffy, C..

LPCS metho_d even m-ore Valuapl_e- o Burnette, T. C.; Furfine, E. S. Med. Chem1998,41,2858-2871.
In conclusion, a facile and efficient liquid-phase method (d) Mori, A.; Cohen, B. D.; Lowenthal, AHistorical, Biological,
that employs a soluble polymer support to synthesize Biochemical, and Clinical Aspects of the Naturally Occurring

idi d idi has b ted. Th Guanidino Compound$lenum: New York, 1983.
guanidines and amidinoureas has been presented. The SCOPe 4) spey, J. v.; Sun, C. MSynlett1998 12, 1423-1425.

of the coupling method is assessed using a variety of aromatic (5) Feichtinger, K.; Sings, H. L.; Baker, T. J.; Matthews, K.; Goodman,

and aliphatic amines including aniline. All reactions involved © Xl; _OT?- Cherglggfyﬁt?;{ 343}th843_9-5f(T ble 1. entry 1) |
. . S . A pical procedure for the synthesis Bf(Table 1, entry 1) is as
a_re highly effl_(:lent in _gIVI_ng the de_SIred comppu_nd_s in high follows: PEG-supported piperidind (500 mg, 0.096 mmol),
yields and high purity just by simple precipitation and triethylamine (39.84L, 0.29 mmol), andN,N'-di(Boc)-N"-trifluo-
washing. This method of synthesis is versatile and produces romethanesulfonyl guaniding(56.1 mg, 0.143 mmol) were stirred
compounds with known pharmacophoric scaffolds, which are in 5 mL of CH,C, for 8 h. After completion, the solution was
. . . . . . concentrated by rotary evaporation, and the reaction mixture was
thus ideally suited for Com_bmatonall “brar_y .gene_ratlorj. precipitated by slow addition of cotert-butyl methyl ether. Polymer-
Further work on the mechanism of aminolysis is actively in bound product was then filtered under aspirator pressure using a
fritted funnel and washed several times with cold ethanol. The crude
progress. ! ne . .
PEG product was redissolved, precipitated twice, and dried in vacuo
. for the next sequence. The transesterification of acylated product in
Acknowledgment. This research was supported by a KCN/methanol is representative for the cleavage procedure: polymer-
grant from the National Science Council of Taiwan. bound guanidine was dissolved in 5 mL of 1% KCN/CH and

stirred at room temperature overnight. The solution was precipitated
into icy cold ether. The polymer was filtered, and the combined
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mental details for the preparation of all products and (4050 mg, St%)- The Crudle puri(w of this Compouhnd Wflis determined
i ot ; ; ; to be 86% by HPLC analysis (250 4.6 mm Spherecloneu5Si,
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NMR spectra. This material is available free of charge via CDCl): 6 11.49 (s, 1H), 8.39 () = 4.6 Hz, 1H), 7.97 (dJ = 8.2
the Internet at http://pubs.acs.org. Hz, 2H), 7.38 (dJ = 8.2 Hz, 2H), 3.90 (s, 3H), 3.53 (s, 2H), 3.32
(m, 2H), 2.87 (m, 2H), 1.98 (m, 2H), 1.71 (m, 2H), 1.49 (s, 9H,
References and Notes H-Boc), 1.48 (s, 9H, H-Boc), 1.34 (m, 3H). MS (FAR m/z 405
B (M* — Boc) 305, 246, 149. Exact mass calcd fofidsN4O4: m/z
(1) (a) Hermkens, P. H. H.; Ottenheijm, H. C. J.; Rees, Dl &@rahedron 405.2504. Found: 405.2523.
1997,53,5643-5678. (b) Booth, S.; Hermkens, P. H. H.; Ottenheijm, (7) Kim, K. S.; Qian, L.Tetrahedron Lett1993,34, 7677—7680.
H. C. J.; Rees, D. CTetrahedron1998, 54, 15385-15443. (c) (8) (a) Yuan, C.; Williams, R. MTetrahedron Lett1996,37, 1945
Cowley, P. M.; Rees, D. GCurr. Med. Chem1997,4, 211-227. 1948. (b) Tilley, J. W.; Blount, J. FHelv. Chim. Actal980, 63,

(d) Borman, SChem. Eng. New$999, March 8, 33-60. 832-841. (c) Wagenaar, F. L.; Kerwin, J. F., JrOrg. Chem1993,
(2) (a) Han, H.; Wolfe, M.; Brenner, S.; Janda, Rroc. Natl. Acad. 53 4331-4338.

SOl 1S A1995,92, 0419 0423, (0) Park, W o oo Mo Jaksche: (9) (a) Myers, A. G; Yoon, TTetrahedron Lett1995,36,9429-9432,
- WONg, . M... AM. &Nem. 0995, 116, 102 . - (©) (b) Kociceski, P. JProtecting Groups;Thieme: New York, 1994;
Dreef-Tromp, C. M.; Willems, H. A. M.; Westerduin, P.; van Veelen, pp 192-195

P.; van Boeckel, C. A. ABioorg. Med. Chem. Let.997, 7, 1175~ . . .

1180. (d) Gravert, D. J.; Janda, Rhem. Re. 1997,97, 489-509. (10) ;g&og%‘?_“g'(;BPerez' M.; Colovray-Gotteland, V.; HalazySglett
(e) Pan, P. C.; Sun, C. M.etrahedron Lett1998,39, 9505-9508. ' '
(f) Shey, J. Y.; Sun, C. MBioorg. Med. Chem. Lett1999 9 (4),
519-522. CC990015X



