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Parallel Solid-Phase Synthesis of Trisubstituted
Triazinobenzimidazolediones

Géeard Klein, Achyuta N. Acharya, John M. Ostresh, and Richard A. Houghten*

Torrey Pines Institute for Molecular Studies, 3550 General Atomics Court, San Diego, California 92121

Receied December 20, 2001

An efficient method for the solid-phase synthesis of trisubstituted [1,3,5]triazina]thghizimidazole-2,4-
(3H,10H)-diones from resin-bound amino acids is described. N-acylation of the primary amine of a resin-
bound amino acid with 4-fluoro-3-nitrobenzoic acid, followed by displacement of the fluoro group and
reduction of the nitro group, generated a resin-boosttlanilino derivative. The dianilino compound was
treated with cyanogen bromide to generate the corresponding iminobenzimidazole, which, following treatment
with N-(chlorocarbonyl)isocyanate, afforded the resin-bound triazinodione derivative. Alkylation of the
triazinodione compound with an alkyl halide yielded, following cleavage of the solid-support, the trisubstituted
[1,3,5]triazino[1,2a]benzimidazole-2,4(3,10H)-dione.

Introduction group of the resin-bounanitroaniline3 with tin(ll) chloride

The application of solid-phase synthetic techniques in dlhyd_rate (SnQPZHZO)ll generatecb—dlanlllno _compound
recent years has largely focused on advancing medicinal® Which was cyclized using cyanogen bromide (CNBr) to
chemistry! Successful syntheses of mixture-based combi- form iminobenzimidazole5. Recently, we have reported
natorial libraries, starting from peptidesand proceeding ~ complete cyclization ob-dianilino derivatives using cyano-
to heterocycle$?> have augmented new directions for 9gen bromide to form iminobenzimidazole derivativé$he
pragmatic high-throughput screening (HTS) utilizing a wide resin-bound iminobenzimidazolg was cyclized withN-
range of biological assays. Many pharmaceutical companies(chlorocarbonyl)isocyandtéto form triazinobenzimidazole-
have adapted these techniques to synthesize large individuatlione compound. In all cases, LE&MS showed complete
arrays of compounds, as well as mixture-based libréries,  triazinobenzimidazoledione formation.
order to rapidly identify lead compounds. Triazinodiones are
structurally novel molecules reported to exhibit interesting
biological® herbicidal! and analgesfgroperties. The related
triazinobenzimidazolones are reported to act as selective A
adenosine receptor antagorfistad as benzodiazepine recep-
tor inverse agonist¥.

On the basis of our ongoing efforts toward the preparation
of mixture-based combinatorial libraries, the scope of
diversity of compound was found to be limited because of
its having only two positions of variability. To increase the
number of diversities around the triazinobenzimidazoledione

In a continuation of our efforts to synthesize small- sc_affold, necessary _for the potential synthesis of a Ia_lrge
molecule heterocycles and their synthetic combinatorial MiXture-based combinatorial library, alkylation at the amide
libraries (SCLs} we describe herein an efficient strategy of the triazinobenzimidazoledione moiety was carried out
for the solid-phase synthesis of substituted [1,3,5]triazino- With different commercially available alkyl halides ¥R X
[1,2.a]benzimidazo|e-2,4da71(]—|)-diones_ The final products =1, Br) The best results were obtained USing an aIkyI halide
were obtained in high purity>(80%), and the general nature  With 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) as the base
of these synthetic approaches will enable the synthesis of ato generate compourd The final product was cleaved from
mixture-based combinatorial library of these compounds. the solid support using anhydrous HF and extracted with 95%

acetic acid in water to yield compour&l

Results and Discussion o
Seventeen individual control compounds (Table 1) were

A Boc-protected amino acid was coupled to 4-methyl- prepared using five amino acidslanine-phenylalanine,
benzhydrylamine (MBHA) resin, followed by deprotection | _eycine,L-serine, ancp-fluoro-L-phenylalanine) to incor-
of the Boc group to generate compouhtlaving a primary  porate the first (R position of diversity, nine amines
amine (Scheme 1). The primary amine was N-acylated with ;v iamine, cylopentylamine, 4-methylbenzylamine, hexyl-
4-fluoro-3-nitrobenzoic acid usiny,N-diisopropylcarbodi- amine, 2-methoxyethylamine, cyclohexylethylamifeahd
imide (DIC)* to generate compourfd Following treatment 9 anéseebutylamine R andé)) to incorporate the second
with a primary amineg-nitroaniline derivative8 was formed (I‘\;Z) position of diversity, and five alkyl halides (iodo-
via arylfluoro displacement. Reduction of the aromatic nitro methane 3-trifluorometho;<ybenzyl bromide, 4-fluorobenzyl
bromide, 2,3-difluorobenzyl bromide, and 3-methylbenzyl

* To whom correspondence should be addressed. Phone: 858-455-3803. ) i ] - . -
Fax: 858-455-3804. E-mail: rhoughten@tpims.org. bromide) to incorporate the third §Rposition of diversity.
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a(a) (i) Boc-NHCH(R)CO.H (6 equiv, 0.1 M, DMF), DIC (6 equiv), HOBLt (6 equiv), 2 h, room temp, (ii) 55% TFA/45% DCM, 30 min, room temp;
(b) 4-fluoro-3-nitrobenzoic acid (10 equiv, 0.1 M, DMF), DIC (10 equiv), room temp, overnight; I8HR (20 equiv, 0.2 M, DMF), DIEA (20 equiv),
room temp, overnight; (d) SngPH,O (20 equiv, 0.5 M, DMF), 14 h, room temp; (e) CNBr (10 equiv, 0.1 M, DCM), room temp, overnight; (f)

N-(chlorocarbonyl)isocyanate (10 equiv, 0.1 M, THF), room temp, overnight; (g) (i) DBU (10 equiv, 0.1 M, THF), 15 min, room tempX ¥ R |, Br)
(10 equiv, 0.1 M, DMSO), 2 h, room temp, (i) and (ii) were repeated twice; (h) HF, anis@éC, 1.5 h.

Table 1. MW and RP-HPLC Purity Found for the Trisubstituted [1,3,5]Triazino[dl®enzimidazole-2,4(3,10H)-dione$

R2
Y=
0 —N
/U\(Hm/@N =0
HoN )/._N\
R'" O o R

product R R? R3 MW (calcd) MW (found) purity (%)
8a —CH;, —(CHy)sCHs —CH;, 386.2 387.2 (Mt HY) 85
8b —CH,CH(CHs),  —(CH,)sCHs —CH;, 428.2 429.2 (M+ HY) 81
8c —CH,OH —(CH,)sCHs —CH;, 402.2 403.4 (M+ HY) 83
8d —CH,CeHa(4-F)  —(CHp)sCHs —CHs 480.2 481.3 (M+ HY) 81
8e —CH,CeHs —(CHy)sCHs —CH;, 462.2 463.2 (M+ HY) 82
8f —CH,CeHs —CsHo —CHs 474.2 475.2 (Mt HY) 82
89 —CH,C¢Hs —CH,CgH4(4-CHs) —CHgs 510.2 511.3 (M+ HY) 81
8h —CH,CeHs —(CHy)sCHs —CH;, 490.2 491.4 (M+ HY) 81
8i —CH,CeHs —(CHy),0CHs —CH;, 464.2 465.3 (M+ HY) 80
8j —CH,CeHs —(CH,)sCHs —CH,CgH4(3-OCFRy) 622.2 623.4 (M HY) 80
8k —CH,CgHs —(CHy)sCHs —CH,CeHa(4-F) 556.2 557.3 (M H*) 84
8l —CH,CeHs —(CHy)sCHs —CH,CeH4(2,3-F) 574.2 575.4 (Mt HY) 80
8m —CHyC¢Hs —(CH,)3CHs —CH,CeH4(3-CHs) 552.2 553.4 (M+ HY) 80
8n —CH;, —CH(CgH11)CH* —CH; 440.2 441.3 (M+ HY) 72
80 —CH;, —CH(CgH11)CHs* —CH; 440.2 441.3 (M+ HY) 73
8p —CH,CeHs —CH(CHg)C,Hs* —CH;, 462.2 463.3 (M+ HY) 80
8q —CH,CeHs —CH(CHs)C,Hs? —CH; 462.2 463.2 (M+ HY) 80

aThe yields obtained were greater than 80% in all cases with respect to the initial loading of the resin (1.10 mé&dTivtg.purity
was determined from the relative peak areas (%) of HPLC chromatograms run with a gradie®8568b Bcetonitrile in water (0.05% TFA)
for 30 min atA = 214 nm.¢ (R) configuration.? (S) configuration.

The compounds were purified by RP-HPLC and were CNBr or N-(chlorocarbonyl)isocyanate cyclization reactiéhs.
characterized by HRMSH NMR, and**C NMR spectros-  Appearance of a strong proton signabat11.4 ppm in the
copy. H NMR spectra of corresponded to the CO-NH—CO—
The'H NMR spectra of intermediate compourisland6 of the triazinodione moiety. Disappearance of this signal in
[a, Rt = —CHs, R? = —(CH)3CHjs; b, Rt = —CH,CH- the 'H NMR spectra of compound8 indicated that N-
(CH3)2, R? = —(CH,)3:CHjy] after cleavage and purification  alkylation occurred at the amide of the triazinodione moiety
indicated negligible racemization<(l%) during either the  (step g, Scheme 1). However, thd NMR spectra for a
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few compounds 08 (examples, b, ¢, andd) indicated that Conclusion
while N-alkylated compound was the major product

(~90%), approximately 10% of side product was obtained,
most likely due to O-alkylation. It has been reported that

N-alkyl andO-alkyl barbiturates were formed during alkyl- used as an efficient cyclization reagent for cyclization of

ation of barbituric acid? Similar O-alkylation was observed iminobenzimidazoles to form [1,3,5]triazino[ Labenzimi-
for compounds8n—q derived from chiral primary amines ..o 5 4-(81,10H)-diones "

[(R)- and ©-cyclohexylethylamine andR}- and §)-sec

butylamine] at the second ¢Rposition of diversity. These Experimental Section

results also indicated that negligible racemizaticri¢o) ] ) o

occurred during fluoro displacement by amine or DBU-  4-Methylbenzhydrylamine (MBHA) resin (1% divinyl-

mediated alkylation. Five signals t146-178 ppm in the ~ Penzene, 108200 mesh, 1.1 mequiv/g substitution) and

13C NMR spectra for all of the compoun8swere assignable ~ N:N-diisopropylcarbodiimide (DIC) were purchased from

to the two amide carbons, the two amide carbons of the CNeém Impex, International (Wood Dale, IL). Boc-amino

triazinodione moiety, and the guanidine carlents acids and\-hydroxybenzotriazole (HOBt) were purchased
. L . . from Calbiochem-Novabiochem Corp. (San Diego, CA) and

Following optimization of the different reaction steps, 120

dditional ol ds based in which Bachem Bioscience, Inc. (Philadelphia, PA). All other
additional control compounds based on prodigin whic reagents and anhydrous solvents were purchased from

each position of diversity was varied, were synthesized. A Aldrich Chemical Co. (Milwaukee, WI). Analytical RP-
total of 57 different amino acids were used at the firs)(R o) ¢ \yas performed on a Beckman System Gold instrument
position of diversity, 32 primary amines at the second (R (rjierton, CA). Purification of the samples was made using
position of diversity, and 31 alkyl halides at the third®R a Vydac 218TP54 C18 column (0.46 cm25 cm). LG-
position of diversity to determine their potential suitability ;g (ESI) data were recorded on a Finnigan Mat LCQ mass
for inclusion in the synthesis of a mixture-based combina- gpectrometer (ThermoQuest Corporation, CA) using a Betasil
torial library? Amino acids having an extra amine function- C18, 3um, 100 A, 3 mmx 50 mm column. High-resolution

ality (i-e., lysine and ornithine) at the first position JRf  mass spectra (HRMS) were recorded at the Mass Spectrom-
diversity were found to lead to the formation of undesirable etry Facility of the University of California at Riverside,

byproducts. Similarly, products derived from glutamine, cgjifornia.

asparagine, tryptophan, histidine, and methionine analogues Typical Procedure for the Individual Synthesis of
at the first (R) position of diversity were found to have low  Tisubstituted [1,3,5]Triazino[1,2-a]benzimidazole-2,4-
purity (<40%). The use of bulky amines, such as 1-ami- (34 10H)-diones.MBHA resin (100 mg, 0.11 mequiv) was
noindan and 1,2,3,4-tetrahydro-1-naphthylamine, at the sec-gggjed inside a polypropylene mesh padk&olypropylene
ond (R) position of diversity led to low-purity (30%)  pottles were used for all the reactions. The resin was washed
products. Approximately one-third of the alkyl halides, such with dichloromethane (DCM), followed by neutralization
as 2-phenylbenzyl bromide, geranyl bromide, and crotonyl \ith 5% DIEA in DCM, and washed with DCM.
bromide, used at the third §Rposition of diversity also gave (a) Coupling of Boc+-amino Acid. A Boc-amino acid
low-purity (<40%) products. (6 equiv, 0.1 M) in DMF was coupled to MBHA resin using
The percent yield of the crude compounds was calculated DIC and HOBt (6 equiv each) f® h atroom temperature
with respect to the theoretical loading of the resin (1.10 followed by washes with DMF (three times) and DCM (three
mequiv/g). The percent purity of the final compounds was times). The Boc group was deprotected using 55% TFA in
calculated from the relative percentage areas of HPLC DCM for 30 min, followed by neutralization with 5% DIEA
chromatograms run dt= 214 nm. From the building blocks  in DCM.
tested, those having crude purity greater than 80% were (b) N-Acylation of the Primary Amine Using 4-Fluoro-
selected for potential use in the synthesis of a mixture-based3-nitrobenzoic Acid. The primary amine of the resin-bound
combinatorial library22 Thus, 40 amino acids for the first amino acid was N-acylated with 4-fluoro-3-nitrobenzoic acid
(RY) position of diversity, 20 primary amines for the second (10 equiv, 0.1 M, overnight) in DMF using DIC (10 equiv),
(R?) position of diversity, and 20 alkyl halides for the third followed by washes with DMF (three times) and DCM (three
(R® position of diversity (included in the Supporting times). A negative ninhydrin test confirmed the completeness
Information) were found to be suitable for use in the of the coupling reaction¥.
synthesis of a mixture-based combinatorial library. Prede- (c) Displacement of the Fluoro Group.The resulting
termined isokinetic ratios for Boc-amino acids will be used resin-boundo-fluoronitro derivative was treated with a
for coupling of mixture® for the first (R) position of primary amine (20 equiv, 0.2 M, overnight) in DMF in the
diversity. Because of the current lack of availability of presence of DIEA (20 equiv), followed by washes with DMF
isokinetic ratios for the reaction steps involving the primary (four times), DCM (two times), IPA (two times), and DCM
amines and alkyl halides for second?(Rand third (R) (three times).
positions of diversity, respectively, 400 mixtures made up  (d) Reduction of the Aromatic Nitro Group. The
of 40 compounds each will be used for the synthesis of a resulting resin-bound-nitroaniline was treated with tin(ll)
combinatorial library. These results will be reported else- chloride dihydrate (20 equiv, 0.5 M) in DMF for 14 h at
where. room temperature, followed by washes with DMF (eight

A novel approach for the solid-phase synthesis of trisub-
stituted [1,3,5]triazino[1,&]benzimidazole-2,4(3,10H)-di-
ones has been presentdd(Chlorocarbonyl)isocyanate was
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times), MeOH (two times), and DCM (three times) to

generate the-dianilino analogue.
(e) Cyclization Using Cyanogen Bromide.The resin-

Klein et al.

10-Butyl-3-methyl-2,4-dioxo-2,3,4,10-tetrahydrobenzo-
[4,5]imidazo[1,2-4][1,3,5]triazine-7-(carboxylic acid)[(1R)-
1-carbamoylethyl]Jamide (8a).'H NMR (500 MHz, DMSO-

boundo-dianilino compound was cyclized by treatment with de): 0 0.91 (t,J = 7.4 Hz, 3H), 1.33-1.37 (m, 5H), 1.72
cyanogen bromide (CNBr) (10 equiv, 0.1 M, overnight) in 1.75 (m, 2H), 3.27 (s, 3H), 4.13 @,= 7.1 Hz, 2H), 4.43

DCM followed by washes with DCM (four times), IPA (two
times), and DCM (three times).

() Cyclization Using N-(Chlorocarbonyl)isocyanate.

The resulting resin-bound iminobenzimidazole derivative was
treated withN-(chlorocarbonyl)isocyanate (10 equiv, 0.1 M,

overnight) in THF followed by washes with DCM (two
times), DMF (two times), DCM (two times), IPA (two times),
and DCM (three times).

(g) Alkylation with an Alkyl Halide. The resulting

triazinobenzimidazoledione analogue was treated with 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) (10 equiv, 0.1 M, 15
min) in THF, followed by decantation of the base solution
and treatment with an alkyl halide (10 equiv, 0.1 M, 2 h) in
DMSO at room temperature. Following decantation, the base
treatment and alkylation procedure were repeated once to
ensure complete alkylation. The resin was washed with DMF

(four times), DCM (two times), IPA (two times), and DCM
(three times) and was dried.

All washes with DCM, DMF, IPA, THF, or 5% DIEA in
DCM were made for~2 min each. The final compounds

were cleaved using anhydrous HF in the presence of anisol

for 1.5 h at 0°C,!8 followed by extraction with 95% acetic
acid in water and lyophilized.
1-Butyl-2-imino-2,3-dihydro-1H-benzoimidazole-5-(car-
boxylic acid)[(1R)-1-carbamoylethyllamide (5a).'H NMR
(500 MHz, DMSO6dg): 6 0.89 (t,J = 7.4 Hz, 3H), 1.36-
1.34 (m, 5H), 1.641.67 (m, 2H), 4.14 (1) = 7.1 Hz, 2H),
4.40-4.43 (m, 1H), 6.99 (s, 1H), 7.39 (s, 1H), 7.60 {d+
8.5 Hz, 1H), 7.85 (dJ = 8.5 Hz, 1H), 7.91 (s, 1H), 8.45 (d,
J = 7.6 Hz, 1H), 8.79 (s, 2H).
1-Butyl-2-imino-2,3-dihydro-1H-benzoimidazole-5-(car-
boxylic acid)[(1R)-1-carbamoyl-3-methylbutyl]amide (5b).
IH NMR (500 MHz, DMSO¢g): 6 0.86-0.91 (m, 9H),
1.30-1.35 (m, 2H), 1.52-1.56 (m, 1H), 1.63-1.72 (m, 4H),
4.14 (t,J = 7.1 Hz, 2H), 4.43-4.47 (m, 1H), 6.97 (s, 1H),
7.41 (s, 1H), 7.60 (d) = 8.5 Hz, 1H), 7.85 (dJ = 8.5 Hz,
1H), 7.91 (s, 1H), 8.45 (d]) = 7.6 Hz, 1H), 8.79 (s, 2H).
10-Butyl-2,4-dioxo-2,3,4,10-tetrahydrobenzo[4,5]imidazo-
[1,2-a][1,3,5]triazene-7-(carboxylic acid)[(R)-1-carbam-
oylethyllamide (6a). 'H NMR (500 MHz, DMSO¢s): o
0.91 (t,J = 7.4 Hz, 3H), 1.33-1.35 (m, 5H), 1.7+1.74
(m, 2H), 4.14 (tJ = 7.1 Hz, 2H), 4.43-4.46 (m, 1H), 6.99
(s, 1H), 7.39 (s, 1H), 7.67 (d, = 8.3 Hz, 1H), 8.0+8.03
(m, 1H), 8.49 (s, 1H), 8.59 (dl = 7.4 Hz, 1H), 11.41 (s,
1H).
10-Butyl-2,4-dioxo-2,3,4,10-tetrahydrobenzo[4,5]imidazo-
[1,2-a][1,3,5]triazene-7-(carboxylic acid)[(R)-1-carbam-
oyl-3-methylbutyl]Jamide (6b). 'H NMR (500 MHz, DMSO-
ds): 6 0.87-0.92 (m, 9H), 1.321.37 (m, 2H), 1.521.56
(m, 1H), 1.68-1.74 (m, 4H), 4.14 (t) = 7.1 Hz, 2H), 4.43-
4.47 (m, 1H), 6.98 (s, 1H), 7.41 (s, 1H), 7.67 ®= 8.5
Hz, 1H), 8.01-8.03 (m, 1H), 8.49 (s, 1H), 8.55 (d,= 8.1
Hz, 1H), 11.41 (s, 1H).

€

4.46 (m, 1H), 6.99 (s, 1H), 7.39 (s, 1H), 7.70 (U= 8.6
Hz, 1H), 8.03 (dJ = 7.2 Hz, 1H), 8.56 (s, 1H), 8.61 (d,
= 7.6 Hz, 1H).23C NMR (125 MHz, DMSO€g): 6 13.6,

18.0,19.2, 28.1, 29.4, 42.5, 48.9, 109.6, 113.1, 124.9, 125.2,
129.3,133.2, 147.2, 151.3, 154.5, 165.1, 174.3. HRMS (El)

m/z. 386.1694 found ([M]), 386.1703 calculated for
C]_8H22N604 ([M +])
10-Butyl-3-methyl-2,4-dioxo-2,3,4,10-tetrahydrobenzo-
[4,5]imidazo[1,2-9][1,3,5]triazine-7-(carboxylic acid)[(1R)-
1-carbamoyl-3-methylbutylJamide (8b). 'H NMR (500
MHz, DMSO-dg): 6 0.87—0.92 (m, 9H), 1.33-1.37 (m, 4H),
1.52-1.57 (m, 1H), 1.651.75 (m, 2H), 3.27 (s, 3H), 4.13
(t, 3 = 7.1 Hz, 2H), 4.48 (m, 1H), 6.98 (s, 1H), 7.41 (s,
1H), 7.70 (d,J = 8.5 Hz, 1H), 8.03 (dJ = 7.5 Hz, 1H),
8.56-8.57 (m, 2H).2*C NMR (125 MHz, DMSOeg): o

13.6, 19.2, 21.4, 23.1, 24.5, 28.1, 29.4, 40.4, 41.6, 51.8,
109.6,113.1, 124.9, 125.3, 129.3, 133.2, 147.2, 151.3, 154.6,

165.4, 174.3. HRMS (El)ywz 428.2155 found ([M]),
428.2172 calculated for gH2gNgO4 ([M1]).
10-Butyl-3-methyl-2,4-dioxo-2,3,4,10-tetrahydrobenzo-
[4,5]imidazo[1,2-9][1,3,5]triazine-7-(carboxylic acid)[(1R)-
1-carbamoyl-2-hydroxyethyllamide (8c).'H NMR (500
MHz, DMSO-dg): 6 0.91 (t,J = 7.4 Hz, 3H), 1.33-1.37
(m, 2H), 1.74 (m, 2H), 3.28 (s, 3H), 3.73 &,= 5.9 Hz,
2H), 4.13 (t,J = 7.3 Hz, 2H), 4.46 (m, 1H), 4.94 (m, 1H),
6.51 (s, 1H), 7.11 (s, 1H), 7.42 (s, 1H), 7.72 Jd= 8.5 Hz,
1H), 8.04 (d,J = 9.4 Hz, 1H), 8.37 (dJ = 7.8 Hz, 1H),
8.56 (s, 1H).
10-Butyl-3-methyl-2,4-dioxo-2,3,4,10-tetrahydrobenzo-
[4,5]imidazo[1,2-4][1,3,5]triazine-7-(carboxylic acid)[(1R)-
1-carbamoyl-2-(4-fluorophenyl)ethyllamide (8d).*H NMR
(500 MHz, DMSO¢g): 6 0.91 (t,J = 7.4 Hz, 3H), 1.33
(m, 2H), 1.72 (m, 2H), 2.983.13 (m, 2H), 3.27 (s, 3H),
4.11 (t,J= 7.1 Hz, 2H), 4.66 (m, 1H), 7.047.09 (m, 3H),
7.35-7.38 (m, 2H), 7.57 (s, 1H), 7.67 (d,= 8.2 Hz, 1H),
7.94 (d,J = 8.2 Hz, 1H), 8.48 (s, 1H), 8.70 (d,= 8.6 Hz,
1H).
10-Butyl-3-methyl-2,4-dioxo-2,3,4,10-tetrahydrobenzo-
[4,5]imidazo[1,2-4][1,3,5]triazine-7-(carboxylic acid)[(1R)-
1-carbamoyl-2-phenylethyllamide (8e).'H NMR (500
MHz, DMSO-dg): 6 0.90 (t,J = 7.4 Hz, 3H), 1.3+1.36
(m, 2H), 1.69-1.73 (m, 2H), 2.99-3.04 (m, 1H), 3.1+
3.14 (m, 1H), 3.27 (s, 3H), 4.11 3,= 7.1 Hz, 2H), 4.67
(m, 1H), 7.13-7.16 (m, 2H), 7.227.25 (m, 2H), 7.34 (dJ
= 7.6 Hz, 2H), 7.58 (s, 1H), 7.67 (d,= 8.5 Hz, 1H), 7.93
(d,J=7.7 Hz, 1H), 8.48 (s, 1H), 8.71 (d,= 8.5 Hz, 1H).
3C NMR (125 MHz, DMSO¢dg): 6 13.6, 19.2, 28.1, 29.4,

37.2, 41.6, 54.9, 109.6, 112.9, 124.9, 125.1, 126.1, 128.1,
129.1,129.2,133.2, 138.5, 147.2, 151.3, 154.5, 165.3, 173.3.

10-Cyclopentyl-3-methyl-2,4-dioxo-2,3,4,10-tetrahydro-
benzo[4,5]imidazo[1,2a][1,3,5]triazine-7-(carboxylic acid)-
[(1R)-1-carbamoyl-2-phenylethyllamide (8f). *H NMR
(500 MHz, DMSO¢g): 6 1.70 (m, 2H), 2.01 (m, 4H), 2.17
(m, 2H), 3.0:-3.13 (m, 2H), 3.26 (s, 3H), 4.664.69 (m,
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1H), 5.06 (t,J = 8.7 Hz, 1H), 7.12-7.32 (m, 5H), 7.57 (s,
2H), 7.64 (d,J = 8.3 Hz, 1H), 7.91 (dJ = 7.8 Hz, 1H),
8.52 (s, 1H), 8.70 (d] = 8.5 Hz, 1H).13C NMR (125 MHz,
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1.39 (m, 2H), 1.721.76 (m, 2H), 2.99-3.13 (m, 2H), 4.12
(t, J = 7.1 Hz, 2H), 4.68 (m, 2H), 5.15 (s, 1H), 6.52 (s,
2H), 7.10-7.15 (m, 2H), 7.19-7.34 (m, 5H), 7.55 (m, 1H),

DMSO-q): 0 24.4,28.1,28.2,37.2,54.5,54.8,110.3, 113.1, 7.69 (d,J = 8.6 Hz, 1H), 7.93 (dJ = 7.5 Hz, 1H), 8.49 (s,
124.9,125.1,126.1, 128.0, 129.0, 129.1, 132.2, 138.5, 147.2,1H), 8.71 (d,J = 8.6 Hz, 1H).

151.0,154.2, 165.2, 173.3. HRMS (Eiyz 474.2022 found
(IM*]), 474.2016 calculated for gH26NsO4 ([MT]).
3-Methyl-10-(4-methylbenzyl)-2,4-dioxo-2,3,4,10-tetra-
hydrobenzo[4,5]imidazo[1,2][1,3,5]triazine-7-(carboxylic
acid)[(1R)-1-carbamoyl-2-phenylethyllamide (8g)*H NMR
(500 MHz, DMSO¢g): 6 2.26 (s, 3H), 2.963.12 (m, 2H),
3.29 (s, 3H), 4.65 (m, 1H), 5.30 (s, 2H), 7:148.22 (m, 5H),
7.28-7.32 (m, 4H), 7.48 (dJ = 8.2 Hz, 1H), 7.55 (m, 2H),
7.85 (d,J = 7.8 Hz, 1H), 8.48 (s, 1H), 8.66 (d,= 8.6 Hz,
1H).
10-Hexyl-3-methyl-2,4-dioxo-2,3,4,10-tetrahydrobenzo-
[4,5]imidazo[1,2-4][1,3,5]triazine-7-(carboxylic acid)[(1R)-
1-carbamoyl-2-phenylethyllamide (8h).*H NMR (500
MHz, DMSO-dg): 6 0.84 (t,J = 7.4 Hz, 3H), 1.2+1.30
(m, 6H), 1.73 (m, 2H), 2.993.14 (m, 2H), 3.26 (s, 3H),
4.10 (t,J = 7.1 Hz, 2H), 4.66-4.68 (m, 1H), 7.1%+7.33
(m, 5H), 7.58 (dJ) = 8.5 Hz, 1H), 7.67 (dJ) = 8.5 Hz, 1H),
7.92 (d,J = 7.5 Hz, 1H), 8.33 (s, 1H), 8.48 (s, 1H), 8.70 (d,
J = 8.5 Hz, 1H).
10-(2-Methoxyethyl)-3-methyl-2,4-dioxo-2,3,4,10-tetrahy-
drobenzo[4,5]imidazo[1,2][1,3,5]triazine-7-(carboxylic
acid)[(1R)-1-carbamoyl-2-phenylethylJamide (8i)*H NMR
(500 MHz, DMSO#g): 6 2.94-3.03 (m, 2H), 3.18 (s, 3H),
3.45 (s, 3H), 3.69 (1) = 5.3 Hz, 2H), 4.29 (tJ = 5.1 Hz,
2H), 4.65-4.69 (m, 1H), 7.1+7.34 (m, 5H), 7.57 (m, 1H),
7.91-7.93 (m, 2H), 8.35 (s, 1H), 8.47 (s, 1H), 8.69 {d+=
8.5 Hz, 1H).
10-Butyl-2,4-dioxo-3-(3-trifluoromethoxybenzyl)-2,3,4,10-
tetrahydrobenzo[4,5]imidazo[1,24d][1,3,5]triazine-7-(car-
boxylic acid)[(1R)-1-carbamoyl-2-phenylethyllamide (8j).
H NMR (500 MHz, DMSOsg): 6 0.92 (t,J = 7.4 Hz,
3H), 1.34-1.38 (m, 2H), 1.76-1.76 (m, 2H), 2.99-3.13 (m,
2H), 4.12 (t,J = 7.1 Hz, 2H), 4.67 (m, 1H), 5.10 (s, 2H),
7.09-7.15 (m, 2H), 7.2£7.33 (m, 6H), 7.46-7.45 (m, 2H),
7.56 (s, 1H), 7.69 (dJ = 8.6 Hz, 1H), 7.92 (d) = 7.5 Hz,
1H), 8.49 (s, 1H), 8.71 (d) = 8.5 Hz, 1H).
10-Butyl-3-(4-fluorobenzyl)-2,4-dioxo-2,3,4,10-tetrahydro-
benzo[4,5]imidazo[1,24][1,3,5]triazine-7-(carboxylic acid)-
[(1R)-1-carbamoyl-2-phenylethyllamide (8k). 'H NMR
(500 MHz, DMSO¢g): 6 0.91 (t,J = 7.4 Hz, 3H), 1.33-
1.38 (m, 2H), 1.69-1.75 (m, 2H), 2.98-3.14 (m, 2H), 4.10
(t, J=7.3 Hz, 2H), 4.66-4.70 (m, 1H), 5.04 (s, 2H), 7.11
7.24 (m, 6H), 7.3%+7.34 (m, 2H), 7.447.47 (m, 2H), 7.56
(s, 1H), 7.66-7.68 (m, 1H), 7.9%7.93 (m, 1H), 8.49 (s,
1H), 8.70 (dJ = 8.6 Hz, 1H).2*C NMR (125 MHz, DMSO-

10-Butyl-3-(3-methylbenzyl)-2,4-dioxo-2,3,4,10-tetrahydro-
benzo[4,5]imidazo[1,2a][1,3,5]triazine-7-(carboxylic acid)-
[(1R)-1-carbamoyl-2-phenylethyllamide (8m).*H NMR
(500 MHz, DMSO¢): 6 0.91 (t,J = 7.4 Hz, 3H), 1.35
1.37 (m, 2H), 1.7+1.74 (m, 2H), 2.27 (s, 3H), 2.983.14
(m, 2H), 4.16-4.13 (m, 2H), 4.68 (m, 1H), 5.02 (s, 2H),
6.52 (s, 2H), 7.067.24 (m, 7H), 7.32 (dJ = 7.5 Hz, 1H),
7.55 (s, 1H), 7.68 (d) = 8.6 Hz, 1H), 7.91 (dJ = 7.5 Hz,
1H), 8.49 (s, 1H), 8.58 (d] = 8.6 Hz, 1H).

10-[(1S)-1-Cyclohexylethyl]-3-methyl-2,4-dioxo-2,3,4,10-
tetrahydrobenzo[4,5]imidazo[1,24][1,3,5]triazine-7-(car-
boxylic acid)[(1R)-1-carbamoylethyl]amide (8n).*H NMR
(500 MHz, DMSO¢): 6 0.83-0.86 (m, 1H), 1.0%+1.12
(m, 3H), 1.27#1.30 (m, 2H), 1.35 (d) = 7.3 Hz, 3H), 1.54
1.60 (M, 5H), 1.751.78 (m, 1H), 1.931.96 (m, 1H), 2.17
2.18 (m, 1H), 3.27 (s, 3H), 4.434.47 (m, 2H), 6.99 (s, 1H),
7.39 (s, 1H), 7.78 (d) = 8.5 Hz, 1H), 7.98-8.01 (m, 1H),
8.58-8.62 (m, 2H).13C NMR (125 MHz, DMSOdg): o

155,17.9,25.1,25.2, 25.6, 28.1, 29.2, 29.6, 40.1, 48.9,55.7,
110.7,113.1,125.1, 129.1, 147.2, 151.1, 154.4, 165.1, 174.3.

10-[(1R)-1-Cyclohexylethyl]-3-methyl-2,4-dioxo-2,3,4,10-
tetrahydrobenzo[4,5]imidazo[1,24][1,3,5]triazine-7-(car-
boxylic acid)[(1R)-1-carbamoylethyllJamide (80).*H NMR
(500 MHz, DMSO¢g): ¢ 0.83-0.88 (m, 1H), 1.0+1.12
(m, 3H), 1.27-1.30 (m, 2H), 1.35 (dJ = 7.3 Hz, 3H), 1.54
1.60 (m, 5H), 1.751.78 (m, 1H), 1.931.96 (m, 1H), 2.1#
2.18 (m, 1H), 3.27 (s, 3H), 4.434.47 (m, 2H), 6.99 (s, 1H),
7.39 (s, 1H), 7.78 (d) = 8.6 Hz, 1H), 7.98-8.01 (m, 1H),
8.59-8.62 (m, 2H).23C NMR (125 MHz, DMSOeg): o

155,17.9,25.1,25.2, 25.6, 28.1, 29.2, 29.6, 40.1, 40.9, 48.9,
55.7,110.7,113.2,125.1, 129.1, 147.2, 151.1, 154.4, 165.1,

174.3.
10-[(19)-seeButyl]-3-methyl-2,4-dioxo-2,3,4,10-tetrahydro-
benzo[4,5]imidazol,2a][1,3,5]triazine-7-(carboxylic acid)-
[(1R)-1-carbamoyl-2-phenylethyl]Jamide (8p):H NMR (500
MHz, DMSO-dg): 6 0.79 (t,J = 7.4 Hz, 3H), 1.53 (dJ =
6.9 Hz, 3H), 1.871.90 (m, 1H), 2.082.14 (m, 1H), 2.99
3.04 (m, 1H), 3.1%3.14 (m, 1H), 3.26 (s, 3H), 4.664.70
(m, 3H), 7.14-7.16 (m, 2H), 7.227.25 (m, 2H), 7.34 (dJ
= 7.4 Hz, 1H), 7.59 (m, 1H), 7.75 (d} = 8.6 Hz, 1H),
7.89-7.91 (m, 1H), 8.51 (s, 1H), 8.72 (d,= 8.4 Hz, 1H).
13C NMR (125 MHz, DMSO€): ¢ 10.8, 17.5, 25.9, 28.1,

37.2, 52.6, 54.8, 110.5, 113.1, 124.9, 125.1, 126.1, 128.1,
128.9,129.1, 132.3, 138.5, 147.2, 151.1, 154.3, 165.2, 173.3.

10-[(1R)-seeButyl]-3-methyl-2,4-dioxo-2,3,4,10-tetrahydro-

ds): 0 13.6, 19.3, 29.4, 37.2, 43.5, 43.7, 54.8, 109.7, 112.9, benzo[4,5]imidazo1,24][1,3,5]triazine-7-(carboxylic acid)-
114.8,115.0, 124.9, 125.2, 126.1, 127.9, 129.1, 129.2, 129.8](1R)-1-carbamoyl-2-phenylethylJamide (8q).'H NMR
129.9,133.2,133.3, 138.5, 147.2, 151.4, 154.1, 165.2, 173.2(500 MHz, DMSOsg): 6 0.79 (t,J = 7.4 Hz, 3H), 1.53 (d,

HRMS (El) Wz 556.2227 found ([M]), 556.2234 calcu-
lated for Q;ongFNsO4 ([M +])
10-Butyl-3-(2,3-difluorobenzyl)-2,4-dioxo-2,3,4,10-tetra-
hydrobenzo[4,5]imidazo[1,2a][1,3,5]triazine-7-(carboxylic
acid)[(1R)-1-carbamoyl-2-phenylethyllamide (8l).*H NMR
(500 MHz, DMSO¢g): 6 0.92 (t,J = 7.4 Hz, 3H), 1.34

J = 6.9 Hz, 3H), 1.87-1.90 (m, 1H), 2.08-2.14 (m, 1H),
2.99-3.04 (m, 1H), 3.14-3.14 (m, 1H), 3.26 (s, 3H), 4.66
4.70 (m, 3H), 7.147.16 (m, 2H), 7.22.7.25 (m, 2H), 7.34
(d,J= 7.4 Hz, 1H), 7.59 (m, 1H), 7.75 (d,= 8.6 Hz, 1H),
7.89-7.91 (m, 1H), 8.51 (s, 1H), 8.72 (d,= 8.4 Hz, 1H).
13C NMR (125 MHz, DMSO#y): 6 10.8, 17.5, 25.9, 28.1,



350 Journal of Combinatorial Chemistry, 2002, Vol. 4, No. 4

37.2, 52.6, 54.8, 110.5, 113.1, 124.9, 125.1, 126.1, 128.1,
128.9,129.1, 132.3, 138.5, 147.2, 151.1, 154.3, 165.2, 173.3.
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