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Abstract: A method for the solid phase synthesis of urea libraries from primary and secondary amines is
described which utilizes a thiophenoxy carbonyl linker. Sequential release of different urea products from
a common batch of resin using a “milking” procedure has also been accomplished. © 1998 Elsevier Science Ltd.
All rights reserved.
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small organic compounds for broad biological screening and directed structure activity studies using existing
leads.! Ureas are a common functionality found in many compounds with biologic activity.> Our group has
already published on methods for the parallel synthesis of urea libraries under solution phase conditions which
utilize solid phase scavenging resins. Scialdone has also recently published on a method for the solid phase
synthesis (SPS) of bisurea libraries which utilizes a p-nitrophenyl ketoxime linker.* The scope and structural

diversity of both of these methods is limited by the number of commerc1ally available lsocyanates (<320). 3
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generate ureas from readily available primary and secondary amines (Scheme 1). We wish to describe in this
manuscript the scope of this methodology and its use in conjunction with scavenging resins to generate
libraries of disubstituted and trisubstituted ureas.
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Use of a 4-methylthiophenoxycarbonyl (Mtpc) group as an amine protecting/activating group has been
reported by Lorenz.” The Mtpc protecting group is reported to be stable to both acidic and basic conditions
and easily removed under mild basic conditions after oxidation of the sulfur atom. We speculated that a solid
phase variant of this protecting group would provide a useful “diversifiable” linker for use in solid phase
synthesis.>!

Using a modification of the procedure of Flanigan,® Merrifield resin could be readily converted to resin 1
using 4-hydroxythiophenoi and KOH with heating in DMF (Scheme 2). Resin 1 was then converted to ;
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nitrophenyl carbonate resin 2 using p-nitrophenyl chloroformate and N-methylmorpholine.” Resin 2 is

intermediate which maintains its activity for several months when stored at ambient temperature in a
. 10
dessicator.
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Resin 2 was converted to resin bound carbamate 3 by treatment with 2 equivalents of a primary or
secondary amine in DCM or DMF at ambient temperature (Table 1). A second treatment of resin 3 with
amine was generally performed to ensure complete conversion to resin 3. In our initial experiments we
thought it necessary to oxidize the thioether linker in order to activate it sufficiently for cleavage with a second
amine. This was accomplished by treatment of resin 3 with 3 equivalents of m-CPBA to presumably give the
resin bound sulfone 4. Overnight treatment of resin 4 with a second amine (1.3 eq.) and triethyl amine (1 3
eq.) at 60°C in THF followed by treatment with an isocyanate scavenging resin (2-3 eq.; 0.67 mmol / gt
remove excess amine provided the expected urea product in both good yield and purity (Table 1; entry 1).

Attempts to use resin bound carbamates of secondary amines under the cleavage condmons failed to
produce the expected urea product, presumably due to its inability to form an isocyanate intermediate (Table
1; entry 2). To confirm that urea formation does proceed through an isocyanate intermediate the resin bound
benzylamine 5 was heated in THF in the presence of triethylamine (2.0 eq.) overnight. Resin § was then
removed lrum the reaction mixture by filtration and the resumng filtrate was treated with cyc10nexylamme
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After further exploration of the scope of amines which could be used in our method as resin bound
intermediate 4 we encountered several unacceptable limitations as a result of the oxidative activation step:
indole ring systems which were highly desired in our libraries were completely destroyed under the oxidation
conditions; basic nitrogens were quantitatively converted to there N-oxides. As a result of these limitations,
we examined cleavage conditions which could be used on the unoxidized resin intermediate 3.

Application of our initial cleavage protocol to the unactivated resin bound intermediate 6 provided the
expected urea product in low yield (Table 1; entry 3). A moderate yield (57%) of urea product could be
obtained from 6 by extending the reaction time (72 h) and mc.r.dk,mg the concentration of triethylamine to 10
equivalents (Table 1; entry 4). Interestingly, attempts to carry out the final cleavage of resin 6 using neat

triethyl amine as the solvent provided no detectable product Durmg the course of our investigation, Freer
published a report on the benefits of using acetonitrile as solvent when converting unsymmetrical diaryl
carbonates to ureas.'” Changing the solvent in the cleavage step to acetonitrile and increasing the amount of

triethyl amine in the cleavage step to 4 equivalents provided both high yields and purities (>95% by 'H NMR)

of urea products using a variety of resin bound carbamate scaffolds (Table 1; entries 5-9).
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Next we turned o ition to i .‘ves{.gauus the ieasibiiity of hea;mg a Siusu. oallin ¢ tivated re
4 sequentially with different amines, in effect, “milking” the resin of its p .roducts.’ To accomplish this goal
we chose not to use any triethylamine in cleavage conditions to control the amount of isocyanate formed

during the reaction. In our pilot experiments, resin 5 (10 eq.) was treated with an amine (1 eq.) in acetonitrile
for 24 h (Scheme 3). The filtrate was collected and the resin was washed extensively with acetonitrile and
DCM.™ Acetonitrile and a second amine (1.0 eq.) were then added to the resin and an the procedure was
repeated. Using this sequence five unique urea products were obtained in both good chemical yield and purity

(>95% by '"H NMR)'® from a single batch of resin 5. Aitempts to carry out this procedu
resin intermediate 3 were unsuccessful due to incomplete consumption of amine.

A o oxidized
ure on an unoxiaized

Scheme 3
Amine 1 Amine 2 Amine 3 Amine 4 Amine 5
24 h 24 h 24 h 24 h 24 h
5 ~ ~ ~ N ~
ST lf\f\llll/\)\ YT lAl\lll .)\ /\nn .
BnNACUI ~ . BNNHCONH ~ Fn BnNHCO-N NFh
84% AN 67%
BnNHCONH '}' BnNHCONH—(_\NBn .
Ph 2370
68%

79%



Table 1.
HNR.R Cieavage conditions
172 a-c
DMF / DCM N . /7 N\ - HNR3R4
2 ——— (P x—\\__//—uuuNH,H2 + R;R,NCONR,R,
m-CPBA [~ 3: X=8§
DCM, rt L2 X = S0,
Product Product
Entry ﬁ—x—( &—OCONR R,| X HNR;R, Cleavage Mass | HPLC Purity
Conditions | Recovery ¥| @ 220 nm?
1 3 NHBn SO, HzN/W a 88% >98%
< L
5 (A}
2 f—N SO, BnNH, a <1% NA
) / \
3 N —\__/ S BnNH, a 4% >98%
4 6 S BnNH; b 57% >9%0%
5 6 S BnNH, c 89%'® | >98%
=N\
6 %‘H o~ N-Z S BnNH, c 83% | >98%
7 \/\/' S BnNH, c 2% | >98%
~\
8 L S ;s\ ph c 08% | >95%
N HN N
TN AR
i
9 N g L S HN A~ c 79% | >95%
UH ! J’ T NH
O

Cleavage Conditions: a). amine (1.3 eq.), triethyl amine (1.3 eq.), THF, 60°C, 24 h; exccss amine scavenging with polymer
bound isocyanate , 2 h; filter. b). amine (1.3 eq.), triethyl amine (10 eq.), THF, 60°C, 72 h; excess amine scavenging with polymer
bound isocyanate, 2 h; filter. c). amine (1.3 eq.), triethyl amine (4 eq.), CH;CN, 60°C, 24 h; excess amine scavenging with
polymer bound isocyanate, 2 h; filter. *Mass recovery calculated from initial Merrifield resin loading. All structures were
confirmed by 'H NMR and electrospray MS. £ HPLC conditions (4.6 mm X 50 mm YMC ODS-A with 5 um particle size); gradient
elution 0-100% acetonitrile (0.08% TFA)/water (0.1% TFA), 2.5 mL/min for 8 min then 100% acetonitrile (0.08% TFA), 2.5
mL/min for 1 min.
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In conclusion, a highly general method for the synthesis of urea libraries from primary and secondary

amines using a thiophenoxy carbonyl linker has been described. Use of this resin for both heterocycle
synthesis and resin capture applications are currently under investigation and will be reported at a later date.
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Preparation of resin 1: A mixture of Merrifield resin (i00 g, 1.0 mmol / g; Novabiochem; HL 100-200
mesh), 4-hydroxythiophenol (75 g, 595 mmol) and crushed KOH (22 g, 393 mmol) in DMF (1000 mL)
was heated with mechanical stirring at 90° C for 16 h. After cooling, the resin was filtered and washed
with DMF and water. The resin was stirred in 700 mL of water for 10 min., filtered and washed with
DMF and water. The resin was taken up in 700 mL aqueous IN HCI and stirred 10 min., filtered and
washed sequentially with water, methanol, DCM and ether. After drying overnight in a heated vacuum
oven (40° C ), 103.6 g of resin 1 was obtained as a white solid. Elemental Analysis; C, 87.00; H, 7.46;
S, 3.23. Preparation of resin 2: To a mixture of resin 1 (103 g, Calc. Loading 0.93 mmoi/ g) and N-
methyl morpholine ( 19.4 g, 191.6 mmol) in anhydrous DCM (1500 mL) at 0° C was added p-nitrophe
chloroformate (38.5 g, 191.6 mmol) in one portion. The reaction mixture was warmed to room
temperature and stirred overnight using a mechanical stirrer. The resulting resin was filtered and washed
with DCM (2 L). The resin was stirred twice with 1 L portions of DCM for 15 min. and finally washed
with DCM and ether. After drying overnight in a vacuum oven, 121.9 g of resin 2 was obtained as a light

yellow solid. IR (KBr) 1777.9cm’".
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. A slight loss in activity (10-20%) of resin 2 was noted in resin batches which were stored in a dessicator at

room temperature for >9 months.
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absence of a nucleophile accounting for the low yleld of urea product

. Freer, R.; McKillop, A. Synth. Commun. 1996, 26(2), 331-349. More recently, Thavonekham has

published similar results; Thavonekham, B. Synthesis 1997, 10, 1189-1194,

. Insufficient washing of resin in between amine additions resulted in contamination of expected urea

products with previously formed urea products.

. All products gave the expected M+1 peak by electrospray MS.
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