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The biphenyl substructgre and'lts'heteroarorn.atlc conge- 1. NaHMDS (2 eq) o vAN
ners are frequently occurring motifs in commercially avail- YN THE, rt. 15 min. PN
able drugs. For example, aryl 2-aminopyridines have been s —Br 1 - ? N X
reported for the treatment of nitric oxide synthase-mediated HaN~ "X~ 2. Carbonate resin 1 O-Wang
disorders. Similarly, aryl-substituted 2-aminopyridines and r, 3-16h 2

2-aminopyrimidines are useful for the treatment of diseases
modulated by the adenosine receptdss a result of these
biological activities, we became interested in preparing solid- " - -
phase combinatorial libraries based on these structures, . MH purity  yield

. . . . entr amine (LC/MS) (%) (%)
particularly those which contained aryl and heteroarylamines. _ —
Reported herein is a novel method for attaching anilines, 1  2-amino-5-bromopyridine  173/175 100 94

Table 1. Yield and Purity Data for Carbamate-Linked Aryl
and Heteroarylamines

. - . N . 2 2-amino-5-iodopyridine 221 97 100
2-aminopyridines, and 2-aminopyrimidines to the solid 3 2-bromoaniline 172/174 82 66
support via a carbamate linker that facilitates the construction 4  3-bromoaniline 172/174 100 77
of libraries of phenyl-substituted anilines, 2-aminopyridines, 5  4-bromoaniline 172/174 >954 87
e Ziocommin 2%

The use of a carbamate .Ilnker.can _be trgced ba(;k 10 g ZAiodoaniline 220 85 63
Letsinger’s attachment of amino acids via their N terminus 9 2-amino-5-bromopyrimidine  174/176 97 66
to hydroxymethyl polystyrene for the synthesis of dipeptifdes. 10  2-amino-5-iodopyrimidine 222 100 71

A convenient way to form the carbamate linker utilizes the

activated carbonatg, which was first reported by Leznoff cleavage. Kelly and McNeil’s solution-phase methdor

as a monoblocking agent of symmetrical diamines (Schemethe Boc protection of arylamines provided evidence that
1)5 Carbonatd_is a robust polymer-bound reagent for solid- deprotonating 2-amino-5-bromopyridine with sodium bis-
phase synthesis that can be produced on a large scale angyimethyisilyl)amide (NaHMDS) would improve its reactiv-
stored for at least 6 months without loss of actiVity. ity with 1.1° Indeed, we found that the application of this
Carbamate formation is straightforward with aliphatic amines, method to carbamate formation on the solid support provided
as evidenced by numerous reports in the literatumet, this resin2, as shown in Scheme'2Upon treatment with a 1:1
method is problematic with anilines, aminopyridines and mjxiure of TFA/DCM, resir? afforded a quantitative yield
aminopyrimidines. In a preliminary experiment, Fhe acti\{ated of 2-amino-5-bromopyridine in high purity. As shown in
carbonaté (60 mg, 0.74 mmol/g) was treated with 2-amino-  Taple 1 (entries 48), similar results were obtained for a
5-bromopyridine (5 equiv) and triethylamine (5 equiv) in 2 range of bromo- and iodo-substituted anilines and 2-ami-
mL of anhydrous dichloromethane (DCM) at room temper- o5y ridines. However, this method was less successful for
ature overnight. Foll_owmg a sta_ndard was_hmg proto_col, the 2-amino-5-bromopyrimidine (37% purity) and 2-amino-5-
resin was treated with a 1:1 mixture of tnfluproacenc acid iodopyrimidine (31% purity). LC/MS analysis indicated that
(TFA) and DCM to afford only 4-nitrophenol instead of the e major side product was formed via nucleophilic substitu-
expected 2-amino-5-bromopyridine product. Presumably, the io of the halogen atom on the pyrimidine ring by another
2-amino-5-bromopyridine is not sufficiently nucleophilic to  p510genated 2-aminopyrimidine. This prompted us to exam-
displace 4-nitrophenoxide from the carbonate resin. AN jye whether the side reaction could be suppressed by reducing
alternative procedufdor carbamate formation with anthra- 11« amount of reagents and adding the NaHMDS to a
nilic acid using hydroxybenzotriazole (HOBI) artdN- preformed suspension of pyrimidine and resin. We were
diisopropylethylamine (DIEA) in DCM/DMF (2:1) was also  gragified to find that this modified procedufaramatically

unsuccessful for our substrate, providing a 1:1 mixture of improved the purity of the cleaved pyrimidine products
HOBt and 4-nitrophenol (as determined ¥y NMR) upon (Table 1, entries 9 and 10).

* To whom correspondence should be addressed. Phone: 203-677-7362. _A_‘S shown ilt'l SCheme 3, solid-supported _iOqO_'SUbStitUt_ed
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Scheme 3
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Table 2. Purity and Yield Data for 45 Phenyl-substituted Aryl and Heteroarylamines

product characterizatiod)

entry aryl iodides?) aryl boronic acidsJ) MH™ (LC/MS) purity (%) yield (%)
1 2-iodoaniline phenylboronic acid 170 82 87
2 3-aminobenzeneboronic acid 185 74 90
3 4-fluorophenylboronic acid 188 80 81
4 4-tolylboronic acid 184 94 70
5 4-methoxyphenylboronic acid 200 88 50
6 2-methylphenylboronic acid 184 68 58
7 4-(dimethylamino)phenylboronic acid 213 80 57
8 4-cyanophenylboronic acid 195 93 57
9 (4-methoxycarbonylphenyl)boronic acid 228 96 59
10 3-iodoaniline phenylboronic acid 170 100 43
11 3-aminobenzeneboronic acid 185 100 46
12 4-fluorophenylboronic acid 188 100 40
13 4-tolylboronic acid 184 94 32
14 4-methoxyphenylboronic acid 200 95 22
15 2-methylphenylboronic acid 184 92 50
16 4-(dimethylamino)phenylboronic acid 213 98 31
17 4-cyanophenylboronic acid 195 98 51
18 (4-methoxycarbonylphenyl)boronic acid 228 98 52
19 4-iodoaniline phenylboronic acid 170 81 31
20 3-aminobenzeneboronic acid 185 65 37
21 4-fluorophenylboronic acid 188 83 26
22 4-tolylboronic acid 184 91 37
23 4-methoxyphenylboronic acid 200 62 18
24 2-methylphenylboronic acid 184 72 23
25 4-(dimethylamino)phenylboronic acid 213 52 17
26 4-cyanophenylboronic acid 195 77 34
27 (4-methoxycarbonylphenyl)boronic acid 228 74 20
28 2-amino-5-iodopyridine phenylboronic acid 171 94 60
29 3-aminobenzeneboronic acid 186 82 42
30 4-fluorophenylboronic acid 189 92 57
31 4-tolylboronic acid 185 90 53
32 4-methoxyphenylboronic acid 201 89 48
33 2-methylphenylboronic acid 185 92 50
34 4-(dimethylamino)phenylboronic acid 214 88 49
35 4-cyanophenylboronic acid 196 77 54
36 (4-methoxycarbonylphenyl)boronic acid 229 83 46
37 2-amino-5-iodopyrimidine phenylboronic acid 172 96 35
38 3-aminobenzeneboronic acid 187 87 22
39 4-fluorophenylboronic Acid 190 93 25
40 4-tolylboronic Acid 186 94 39
41 4-methoxyphenylboronic acid 202 90 26
42 2-methylphenylboronic acid 186 94 32
43 4-(dimethylamino)phenylboronic acid 215 90 33
44 4-cyanophenylboronic acid 197 81 13
45 (4-methoxycarbonylphenyl)boronic acid 229 64 18

undergo Suzuki coupling reactions with phenyl boronic acids  As reported in Table 2, product purities ranged from 52
under standard conditiolg® to afford the corresponding to 98%, while product yields ranged from 13 to 90%. To
phenyl-substituted products. To demonstrate the efficiency better understand the origin of this variability, we calculated
of the solid-phase route, a library of 45 phenyl-substituted average purities and yields on a “per reagent” basis. These
aryl and heteroarylamines was synthesized by coupling five data are summarized in Table 3, where entried Xcor-
immobilized iodo-substituted aryl and heteroarylamines with respond to the iodo-substituted amine reage@)s &nd
nine substituted phenylboronic acids. This chemistry was entries 6-14 correspond to the phenylboronic acid reagents
carried out using IRORI MicroKans, and the yields and (3). Low average yields were observed for two amine
purities of the 45 products are listed in Table 2. reagents, 4-iodoaniline (entry 3) and 2-amino-5-iodopyri-
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Table 3. Average Purities and Yields Evaluated by Reagent and 2 are included in the Supporting Information. This
% % material is available free of charge via the Internet at

entry reagent Nourity2 yield? http://pubs.acs.org.
1 2-iodoaniline 9 84t 3 68+ 5 References and Notes
2 3-iodoaniline 994 141+4
3 4-iodoaniline 9 734 27+ 3 (1) Bemis, G. W.; Murcko, M. AJ. Med. Chem1996 39,
4 2-amino-5-iodopyridine 9 8£251+2 2887-2893.
5 2-amino-5-iodopyrimidine 988327+3 (2) Esser, C. K.; Hagmann, W. K.; Hoffman, W. F.; Shah, S.
6 phenylboronic acid 5 9% 451+ 10 K.; Wong, K. K.; Chabin, R. M.; Guthikonda, R. K.
7 3-aminobenzeneboronic acid 5 8% 47+ 11 Maccoss, M.; Caldwell, C. G.; Durette, P. L. Patent WO
8 4-fluorophenylboronic acid 5984 46+ 11 9618616, 1996.
9 4-tolylboronic acid 5931 46+7 (3) Borroni, E. M.; Huber-Trottmann, G.; Kilpatrick, G. J,;
10 4-methoxyphenylboronic acid 5 856 33+ 7 Norcross, R. D. Patent WO 0162233, 2001.
11 2-methylphenylboronic acid 5 846 43£7 (4) (a) Letsinger, R. L.; Kornet, M. J.; Mahadevan, V.; Jerina,
12 4-(dimethylamino)phenylboronic acid 5 828 37+ 7 D. M. J. Am. Chem. Socl964 86, 5163-5165. (b)
13 4-cyanophenylboronic acid 5 854 42+8 Letsinger, R. L.; Kornet, M. J. Am. Chem. S0d.963 85,

(4-methoxycarbonylphenyl)boronic acid 5 3 39+ 8

a Standard error= o/(NY?), whereo = standard deviation and
N = number of observations.

midine (entry 5). On the basis of the initial amine loadings
listed in Table 1, only 4-iodoaniline provided samples in
significantly lower purity and yield relative to the other four
amines (Table 1, entry 8), suggesting that the 27% average
yield for samples synthesized from 2-amino-5-iodopyrimi-
dine arises from premature cleavage of the carbamate linkage
during the reaction sequence rather than low initial loading
(see Table 1, entry 2). Although we did observe some resin
leakage from the IRORI MicroKans during the synthesis of
the library, it is difficult to explain why 2-amino-5-iodopy-
rimidine-equipped resin would leak to a greater extent than
the other four amine-equipped resins. Of the nine phenyl-
boronic acids utilized in this library, 4-methoxyboronic acid
(Table 3, entry 10) gave the lowest yield. It should be noted
that even a 20% yield of final product was sufficient to meet
our requirements for screening.

In conclusion, we have developed an efficient method to
attach unreactive amines such as anilines and amino-
pyridines and amino-pyrimidines to Wang resin via the
carbamate linker. To exemplify the utility of this approach,
a small library of phenyl-substituted aryl- and heteroaryl-
amines was synthesized via Suzuki coupling of the im-
mobilized aryl iodides with a range of phenylboronic acids.
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