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Combinatorial Synthesis of Heterocycles: Solid-Phase Synthesis of
6-Amino-2,4-dioxo-3,4-dihydro-1,3,5-triazine Derivatives

Ariamala Gopalsamy* and Hui Yang
Chemical Sciences bision, Wyeth-Ayerst Research, Pearb®i, New York 10965

Receied October 11, 2000

A new solid-phase synthesis of trisubstituted 6-amino-2,4-dioxo-3,4-dihydro-1,3,5-triazines from a resin-
bound amine component is described. The amine was readily converted to the corresponding polymer-
boundSmethylthiopseudourea, which upon reaction with secondary amines gave the disubstituted guanidines.
Cyclization of the polymer-bound guanidines with chlorocarbonylisocyanate afforded the triazinediones.
The third point of diversity was introduced by the Mitsunobu reaction. The method is amenable for iterative
combinatorial library generation.

Introduction 41\

Solid-phase organic synthesitias gained significant 07 NS él\
popularity because of its application in parallel and combi- HN*N o) N/\ﬁ
natorial synthesis for drug discovetyiven the ubiquitous ,J\ S
nature of a wide variety of heterocyclic moieties among oo N o 'j\ N
biologically active species, it is not surprising that synthesis 07 'N" 70
of heterocycleshas been a primary focus for solid-phase CFs )\
organic transformations, in particular nitrogen heterocytles.

Triazinediones are an important class of molecules with A B

pharmaceutic@land agriculturdl utility. It is reported that Figure 1.

6-acylaminotetrahydro-1,3,5-triazine-2,4-dione derivatives

(A) show analgesic propert®@and in addition 1,3,5-triazine-  to give the thioure&, which was converted to the corre-

2,4-dione derivatives B) possess herbicidal properfigs  spondingS-methylthiopseudoure@by reacting with methyl

(Figure 1). iodide. Reaction of this resin-bound compound with amine
To prepare a combinatorial library of triazinediones with 9 in DMSO at elevated temperature led to the displacement

a high degree of diversity required for our biological of the methylthio group to give the resin-bound guanidine

evaluation, we considered an iterative combinatorial synthesis10. Cyclization of 10 was carried out using chlorocarbon-

utilizing chlorocarbonyl isocyanate cyclization chemistry. ylisocyanate to give the disubstituted triazinedioddson

By use of this method, combinatorial synthesis of disubsti- the resin. At this stage resitl was treated with trifluoro-

tuted triazinediones can be readily accomplished; they areacetic acid in methylene chloride to isolate disubstituted

an interesting class of compounds themselves with an acidictriazinedioned 2 (for examples, see entri@2a—d of Table

NH for additional interaction with the biological target or 1).

they can be readily converted to trisubstituted triazinediones. On the other hand, a third point of diversity element can

A wide array of amines can be readily converted to be introduced into the resin-bound disubstituted triazinedi-

S-methylthiopseudourea by simple manipulations. We used ones 11 by reacting with alcoholl3 under Mitsunobtf

the amino acids attached to the solid support as the amineconditions to give resin-bound trisubstituted triazinediones

component to optimize the synthesis. 14. Upon treatment with trifluoroacetic acid in methylene
) _ chloride, the required trisubstituted triazinedioriéswere
Results and Discussion isolated (Scheme 2).
As outlined in Scheme 1, Fmoc-protected amino dcid An array of 60 compounds (4 3 x 5) were generated

was attached to the Wang resdh using 1-hydroxybenzo-  starting from 4-amino-, 3-amino-, 2-chloro-5-amino-, and
triazole (HOBT) and\,N-diisopropylcarbodiimide (DIC) as  2-chloro-4-aminobenzoic acids as amine components. Pip-
coupling reagents in the presenceNgN-dimethylaminopy- eridine,N-ethylbenzylamine, and,N-di-n-propylamine were
ridine (DMAP) in N,N-dimethylformamide (DMF) to give  used as the secondary amine components. 4-Bromo-, 4-ben-
the resin-bound, Fmoc-protected amino &id quantitative zyloxy-, 4-trifluoromethyl-, 2-phenyl-, and 3,4-dimethylben-
yield. The Fmoc group was removed using 20% piperidine zyl alcohols were used for the Mitsunobu reaction. Repre-
in DMF. The free aminel was reacted with Fmoc isothio-  sentative compounds produced by this synthesis are listed
cyanates® in methylene chloride to give the Fmoc-protected in Table 1. The purities of the crude product as assessed by
thioureab. It was deprotected using 20% piperidine in DMF HPLC! peak area were generally in the -685% range.

10.1021/cc000091w CCC: $20.00 © 2001 American Chemical Society
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a Reagents and conditions: (a) HOBT, DIC, DMAP, DMF, RT, 18 h; (b) 20% piperidine/DMF, room temperatar#) 2nin; (c) CHCl,, RT, 20 min;
(d) 20% piperidine/DMF, 1x 10 min, 1x 30 min; (e) Mel, DMF, room temperature, 18 h; (f) DMSO, 8D, 24 h; (g) CICONCO, THF, room temperature,

2 h; (h) 50% CECOOH/CHCl,, room temperature, 1 h.

While anilines were used in this array, use of aliphatic amine-

like 5-Ala during optimization gave the cyclized prodd&

Experimental Section
4-(3-(4-Bromobenzyl)-2,4-dioxo-6-piperidin-1-yI-3,4-di-

in 65% yield. Secondary amines were used to displace thehydro-1,3,5-triazin-1(2H)-yl)benzoic Acid (15a). Step 1.
methylthio group, leading to guanidines to avoid regioisomers Fluorenylmethyloxycarbonyl Isothiocyanate (5).The title

during cyclization. Both cyclic and acyclic amines worked
well. While benzyl alcohols were used in the array, optimi-

compound was prepared from fluorenylmethyloxycarbonyl
chloride and potassium thiocyanate according to the proce-

zation using allyl alcohol also gave a very clean conversion dure of Kearney et &.'H NMR (CDCk): 6 7.75 (d,J =
(~95%). However, hindered isopropyl alcohol gave only 7.5 Hz, 2H), 7.56 (dJ = 7.5 Hz, 2H), 7.41 (tJ = 7.5 Hz,

(~45% conversion). The substituents, IR;, Rs, and R, on

the triazinediones are derived from three different compo-

2H), 7.32 (t,J = 7.5 Hz, 2H), 4.44 (dJ = 7.4 Hz, 2H),
4.23 (t,J = 7.4 Hz, 1H). IR(cm): 1963.32 (N=C=S

nents, which are readily available and can be introduced stretch).

independently for the purpose of combinatorial library
generation.

Conclusion

Step 2. Attachment of N-Fmoc-4-aminobenzoic Acid
to Wang Resin (3a).Wang Resin?) (Ana Spec 106200
mesh, 1% cross-linked; loading, 1.1 mmol/g; 5 g, 5.5 mmol)
was swollen in anhydrous DMF (20 mL). A solution of
N-Fmoc-4-aminobenzoic acid§) (7.9 g, 22 mmol), HOBT

Described in this paper is a new solid-phase synthesis for(3.37 g, 22 mmol), DMAP (268.8 mg, 2.2 mmol), and DIC
1,3,5-triazine-2,4-dione derivatives. The synthetic design (3.4 mL, 22 mmol) in anhydrous DMF (30 mL) was added

includes four variable groups RR4, which are included

to the resin. The mixture was shaken at room temperature

in the scaffold, R1 from a primary amine component, R2 on an orbital shaker overnight. The mixture was filtered, and
and R3 from a secondary amine component, and R4 fromthe resin was washed with DMF (3 50 mL), MeOH (3x
an alcohol component. The procedure is quite general and50 mL), and CHCI, (3 x 50 mL) and dried.

is suitable for the preparation of combinatorial libraries.

Scheme 2

Step 3. Deprotection of Fmoc GroupThe resin 8a) (5.5

szNaF*a RZ\N’RS
R;,lq\)%,\, ) HOTRLNJ\N
0" N 0 OO)\N 0

Ra Ry

14 15

aReagents and conditions: (i) TMAD, BR, THF—CH,CI; (1:1), room temperature, 18 h; (j) 50% gFOOH/CHCI,, room temperature, 1 h.
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Table 1. Solid Phase Synthesis of 6-Amino-2,4-dioxo-3,4-dihydro-1,3,5-triazine Derivatives

Ros R

2~ R

e

[of ll‘l 0
Ry

LC (min) Yield’
MS (M+H) (%)

El’ltl’y R1 R2-N-R3

R4
12 } H
a ) %‘/@/ (INj
12b Ho)‘jij/i O "
Cl
12¢ 2 i H
HO)‘\©/ AN
12d Ho° Q H
QD\§ i
15a 1 § 2.793 58
[e]
o O
-~

1.773 78
317

2315 73
401

2.128 63
333

1.814 72
351

15b i § 2.957 62
Ho)b/i
e}

o 519
15¢ i ;
g
15d i NS § 3.518 70
Syt U SO
Cl

/@A§ 3.157 61
PO

513

597
15 't T { 3.272 67
e HOJ/VL)/% ©AM|" B’/©/\ 569
Cl

525
15g it g @A »Il/\ § 3.338 66
HO A FaC
a I j 559
15h f n { 3.101 70
H“\ND/ AN Br/©/\
0

501

15¢ o i § ©/\i/\ Fec/©/\§ 3.218 58
o

15i 2 T H 3.009 64
Ho)k©/ { AN Ph/\ox©/\

529
15j 2 T H 3.266 62
J Ho)k(j/g AN C(F: 499

a|solated yield after HPLC purificatidA based on loading of the amino acid on the resin as determined by elemental analysis.

mmol), prepared as described in step 2 above, was treatednmol, prepared as described in step 1) in anhydrous CH
with a solution of 20% piperidine in DMF (Z 50 mL, 10 Cl; (50 mL). After 20 min, the mixture was filtered and
min for the first time and 30 min for the second time) to washed with CHCI, (5 x 50 mL).
remove the Fmoc protecting group from the resin. The Step 5. Deprotection of Fmoc GroupThe resin 6a) (5.5
mixture was filtered, and the resin was washed with DMF mmol) obtained from step 4 was reacted again with a solution
(3 x 50 mL), MeOH (3x 50 mL), and CHCI, (3 x 50 of 20% piperidine in DMF (2< 50 mL, 10 min for the first
mL). time and 30 min for the second time) to produce the thiourea.
Step 4. Reaction with Fmoc Isothiocyanate To the The mixture was filtered, and the resin was washed with
4-aminobenzoic acid on Wang resifgf (5.5 mmol) was DMF (3 x 50 mL), MeOH (3x 50 mL), CHCl, (3 x 50
added a solution of Fmoc isothiocyanaty (3.09 g, 11 mL), and dried. To confirm that the reaction occurred, 100
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mg of resin was treated with 50% TFA/GEI, for 1 h, the
solution was filtered, and the filtrate was concentrated. LC/
MS analysis showed the correcttM+ H, 197.

Step 6. Preparation of the Resin-Bounded Methyl
Thiourea. To the resin-bound thioure&@4) (5.5 mmol) in
anhydrous DMF (50 mL) was added Mel (6.85 mL, 0.11
mol). After half an hour, the mixture was filtered and treated
again with an equal amount of Mel in DMF overnight. The
mixture was then filtered, and the resin was washed with
DMF (3 x 50 mL), MeOH (3x 50 mL), and CHCI, (3 x
50 mL) and dried. To confirm that the reaction occurred,
100 mg of resin was treated with 50% TFA/&E, for 1 h,
the solution was filtered, and the filtrate was concentrated.
LC/MS analysis showed the correct'M+ H, 211.

Step 7. Displacement of the Methylthio Group with
Piperidine. A mixture of the resin§a) (200 mg, 0.22 mmol;
loading 1.1 mmol/g), prepared as described in step 6, and
piperidine (87 uL, 0.88 mmol) in anhydrous dimethyl
sulfoxide (4 mL) was heated at 8C for 24 h. The mixture
was then filtered, and the resin was washed with DMSO (
x 4 mL), MeOH (3x 4 mL), and CHCI;, (3 x 4 mL) and
dried. To confirm that the reaction occurred, 100 mg of resin
was treated with 50% TFA/CHI; for 1 h, the solution was
filtered, and the filtrate was concentrated. LC/MS analysis
showed the correct M+ H, 248.

Step 8. Formation of 1,3,5-Triazine-2,4-dion€eThe resin
(108 (0.22 mmol) obtained from step 7 was swollen in
anhydrous THF (4 mL), and 70.8L (0.88 mmol) of
chlorocarbonylisocyanate was subsequently added. This
reaction was allowed to shake at room temperature for 2 h.
The mixture was filtered, and the resin was washed with
THF (3 x 4 mL) and CHCI,; (3 x 4 mL) and dried. To
confirm that the reaction occurred, 100 mg of resin was
treated with 50% TFA/CELCI, for 1 h, the solution was
filtered, and the filtrate was concentrated. LC/MS analysis
showed the correct M+ H, 317.'"H NMR (DMSO-dg): 6
1.21 (m, 4H), 1.38-1.40 (m, 2H), 3.16-3.14 (m, 4H), 7.57
(d, 2H), 8.03 (d, 2H), 11.10 (s, 1H), 13.15 (s, 1H).

Step 9. Mitsunobu Reaction with 4-Bromobenzyl Al-
cohol. To the resinl1a(0.22 mmol) in 1:1 THF/CKCI, (4
mL) was added tetramethylazodicarboxamide (189.4 mg, 1.1
mmol), followed by 4-bromobenzyl alcohol (205.7 mg, 1.1
mmol). Finally, tributylphosphine (27bL, 1.1 mmol) was
added. The resulting reaction mixture was rotated at room
temperature overnight. The mixture was filtered, and the resin
was washed with THF (% 4 mL), MeOH (3x 4 mL), and
CH,CI; (3 x 4 mL) and finally cleaved from resin with 50%
TFA/CH.CI, (4 mL) for 1 h. The solution was filtered, and
the filtrate was concentrated to 4-(3-(4-bromobenzyl)-2,4-
dioxo-6-piperidin-1-yl-3,4-dihydro-1,3,5-triazin-1(2H)-1(2H)-
yl)benzoic acid. LC/MS analysis showed the correct ¥
H, 485.30.'H NMR (DMSO-dg): 6 1.22-1.23 (m, 4H),
1.39-1.40 (m, 2H), 3.123.16 (m, 4H), 4.87 (s, 2H), 7.30
(d, 2H), 7.51 (d, 2H), 7.61 (d, 2H), 8.03 (d, 2H), 13.25 (s,
1H).

5-(3-(4-Bromobenzyl)-2,4-dioxo-6-piperidin-1-yl-3,4-di-
hydro-1,3,5-triazin-1(H)-yl)-2-chlorobenzoic acid (15b).

3
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above from 2-chloro-5-aminobenzoic acid methyl isothiourea
on Wang resin and piperidine followed by the cyclization.

A sample of resin was treated with 50% TFA/&EH; to yield

2-chloro-5-(2,4-dioxo-6-piperidin-1-yl-3,4-dihydro-1,3,5-tri-
azin-1(2H)-yl)benzoic acidtH NMR (DMSO-dg): 6 1.23
(m, 4H), 1.46-1.41 (m, 2H), 3.16-3.11 (m, 4H), 7.6%+
7.69(m, 2H), 7.90 (d, 1H), 11.10 (s, 1H), 13.10 (s, 1H).
The final Mitsunobu reaction followed by cleavage was
carried out as described above (step 9) using 4-bromobenzyl
alcohol.*H NMR (DMSO-dg): ¢ 1.12-1.24 (m, 4H), 1.4%
1.42 (m, 2H), 3.053.14 (m, 4H), 4.86 (s, 2H), 7.30 (d, 2H),
7.50 (d, 2H), 7.68(m, 2H), 7.97 (d, 1H), 13.20 (s, 1H).
3-(3-[4-(Benzyloxy)benzyl]-2,4-dioxo-6-piperidin-1-yl-
3,4-dihydro-1,3,5-triazin-1(H)-yl)benzoic acid (15c)The
resin product was prepared according to step® Tfrom
3-aminobenzoic acid methyl isothiourea on Wang resin and
piperidine followed by the cyclization. The Mitsunobu
reaction was carried out usingbenzyloxybenzyl alcohol.
H NMR (DMSO-dg): 6 1.18 (m, 4H), 1.39 (m, 2H), 3.10
3.12 (m, 4H), 4.82 (s, 2H), 5.07 (s, 2H), 6.94 (d, 2H), 7.27
(d, 2H), 7.317.44 (m, 5H), 7.61 (t, 1H), 7.72 (d, 1H), 7.96
(d, 1H), 8.02 (d, 1H), 13.30 (s, 1H). ESI-FTMS (exact mass)
MH™* Calcd for GgH,gN4Os: 513.21325. Found: 513.212009.
5-(6-[Benzyl(ethyl)amino]-3-[4-(benzyloxy)benzyl]-2,4-
dioxo-3,4-dihydro-1,3,5-triazin-1(H)-yl)-2-chlorobenzoic
acid (15d).The resin product was prepared according to steps
7—9 from 2-chloro-5-aminobenzoic acid methyl isothiourea
on Wang resin andN-ethylbenzylamine followed by the
cyclization. The Mitsunobu reaction was carried out using
p-benzyloxybenzyl alcohotH NMR (DMSO-dg): 6 0.72
(t, 3H), 3.00 (q, 2H), 4.42 (s, 2H), 4.82(s, 2H), 5.08 (s, 2H),
6.94 (d, 2H), 7.16 (d, 2H), 7.257.34 (m, 5H), 7.347.44
(m, 5H), 7.59 (d, 1H), 7.66 (dd, 1H), 7.95 (d, 1H), 13.45 (s,
1H). ESI-FTMS (exact mass) MH Calcd for GaHago
CIN4Os: 597.18992. Found: 597.18905.
5-(6-[Benzyl(ethyl)amino]-3-(4-bromobenzyl)-2,4-dioxo-
3,4-dihydro-1,3,5-triazin-1(H)-yl)-2-chlorobenzoic acid
(15e). The resin product was prepared according to steps
7—9 from 2-chloro-5-aminobenzoic acid methyl isothiourea
on Wang resin andN-ethylbenzylamine followed by the
cyclization. The Mitsunobu reaction was carried out
using 4-bromobenzyl alcohollH NMR (DMSO-d):
0 0.73 (t, 3H), 3.00 (g, 2H), 4.45 (s, 2H), 4.86 (s, 2H), 7.17
(d, 2H), 7.23-7.32 (m, 5H), 7.51 (d, 2H), 7.59 (d, 1H), 7.68
(dd, 1H), 7.97 (d, 1H), 13.45(s, 1H). ESI-FTMS (exact mass)
MH* Calcd for GeH2:BrCINsO4: 569.05857. Found:
569.05751.
3-(6-[Benzyl(ethyl)amino]-2,4-dioxo-3-[4-(trifluoro-
methyl)benzyl]-3,4-dihydro-1,3,5-triazin-1(H)-yl)ben-
zoic Acid (15f). The resin product was prepared according
to steps #9 from 3-aminobenzoic acid methyl isothiourea
on Wang resin andN-ethylbenzylamine followed by the
cyclization. The Mitsunobu reaction was carried out using
p-trifluoromethylbenzyl alcohol!H NMR (DMSO-ds): o
0.65 (t, 3H), 2.99 (q, 2H), 4.45 (s, 2H), 4.99 (s, 2H), 718
7.31 (m, 5H), 7.56 (d, 2H), 7.59 (d, 1H), 7.69 (d, 2H), 7.76
(d, 1H), 7.92 (d, 1H), 8.06 (t, 1H), 13.30 (s, 1H). ESI-FTMS
(exact mass) MH Calcd for G7H3FsN4O4: 525.17442.

The resin product was prepared according to steps 7 and 8ound: 525.17238.
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5-(6-[Benzyl(ethyl)amino]-2,4-dioxo-3-[4-(trifluoro-
methyl)benzyl]-3,4-dihydro-1,3,5-triazin-1(H)-yl)-2-chloroben-
zoic Acid (159).The resin product was prepared according
to steps #9 from 2-chloro-5-aminobenzoic acid methyl
isothiourea on Wang resin amdethylbenzylamine followed
by the cyclization. The Mitsunobu reaction was carried out
using p-trifluoromethylbenzyl alcohol!H NMR (DMSO-
ds): 0 0.74 (t, 3H), 3.02 (q, 2H), 4.44 (s, 2H), 4.98 (s, 2H),
7.17-7.31 (m, 5H), 7.557.70 (m, 6H), 7.99 (d, 1H), 13.40
(s, 1H). ESI-FTMS (exact mass) MHCalcd for G7Hz-
CIFsN4O4: 559.13544. Found: 559.13362.

4-(3-(4-Bromobenzyl)-6-(dipropylamino)-2,4-dioxo-3,4-
dihydro-1,3,5-triazin-1(H)-yl)benzoic Acid (15h). The resin
product was prepared according to steps 7 and 8 from
4-aminobenzoic acid methyl isothiourea on Wang resin and
dipropylamine followed by the cyclization. A sample of resin
was treated with 50% TFA/CHEI, as in step 8 to yield 4-(6-
(dipropylamino)-2,4-dioxo-3,4-dihydro-1,3,5-triazin-1(2H)-
yl)benzoic acid!H NMR (DMSO-dg): 6 0.64 (t, 6H), 1.18
1.30 (m, 4H), 2.98 (t, 4H), 7.55 (d, 2H), 8.04 (d, 2H), 11.00
(s, 1H), 13.22 (s, 1H).

The final Mitsunobu step (step 9) was carried out using
4-bromobenzyl alcohofH NMR (DMSO-dg): ¢ 0.63 (t,
6H), 1.18-1.30 (m, 4H), 3.00 (t, 4H), 4.86 (s, 2H), 7.29 (d,
2H), 7.50 (d, 2H), 7.59 (d, 2H), 8.04 (d, 2H), 13.28 (s, 1H).

3-(3-[4-(Benzyloxy)benzyl]-6-(dipropylamino)-2,4-dioxo-
3,4-dihydro-1,3,5-triazin-1(H)-yl)benzoic acid (15i).The
resin product was prepared according to step® from
3-aminobenzoic acid methyl isothiourea on Wang resin and
dipropylamine followed by the cyclization. The final Mit-
sunobu reaction was carried out usipgpenzyloxybenzyl
alcohol.*H NMR (DMSO-dg): 6 0.61 (t, 6H), 1.151.23
(m, 4H), 2.98 (t, 4H), 3.81 (s, 2H), 4.73 (s, 2H), 6.72 (d,
1H), 7.00 (m, 2H), 7.1%£7.25 (m, 5H), 7.6+ 7.70 (m, 2H),
7.97-8.02 (m, 2H), 9.37 (s, 1H), 13.30(s, 1H). ESI-FTMS
(exact mass) MH Calcd for GoH3N4Os: 529.24455.
Found: 529.24285.

3-(3-([1,1-Biphenyl]-2-ylmethyl)-6-(dipropylamino)-2,4-
dioxo-3,4-dihydro-1,3,5-triazin-1(H)-yl)benzoic Acid (15j).
The resin product was prepared according to stefffom
3-aminobenzoic acid methyl isothiourea on Wang resin and
dipropylamine followed by the cyclization. The final Mit-
sunobu reaction was carried out using 2-biphenylmethanol.
IH NMR (DMSO-dg): 6 0.62 (t, 6H), 1.171.24 (m, 4H),
3.00 (t, 4H), 4.84 (s, 2H), 7.197.20 (m, 2H), 7.247.45
(m, 7H), 7.61 (t, 1H), 7.66 (dd, 1H), 7.98 (d, 2H), 13.30(s,
1H). ESI-FTMS (exact mass) MHCalcd for GgHzoN4O4:
499.23398. Found: 499.23193.
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