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The use of Phoxime resia (phosgenateg@-nitrophenyl(polystyrene)ketoxime) in the synthesis of acyclic

and heterocyclic amino acid derived ureas is described. Ragas previously shown to be a useful precursor

in the solid-phase preparation of nonsymmetric ureas from thermolysis of corresponding primary amine
oxime carbamates and subsequent trapping with an amine in solution. Generation of functionalized polymer-
supported primary amine oxime carbamatear{d9) for further diversification was accomplished by addition

of amino acids or substituted hydrazines to resiiithe use of these functionalized oxime carbamate resins

for the generation of acyclia-ureidoacetamides, 3-aminohydantoing, and 1,2,4-triazine-3,6-dion@&sis

suitable for combinatorial library generation.

Introduction hydantoing®>3° 5,6-dihydropyrimidine-2,4-dione%, and

In recent years, combinatorial synthesis has rapidly duinazoline-2,4-dione¥.* The synthesis of nonsymmetric
emerged as a powerful methodology for the preparation of Uréas using phosgenatpdhitrophenyl(polystyrene)ketoxime
a wide variety of diverse molecular structures. The generation (Phoxime resin,2) has been previously demonstrated.
of nonoligomeric, small molecule libraries has especially Primary amine derived oxime carbamates of resserve
attracted great attention for new drug lead discovery and &S Solid-phase, heat-labile isocyanate equivafeiits.Gen-
optimization due to their preferable physiochemical and €ration of functionalized polymer-supported oxime carbam-
pharmacokinetic propertiég. In general, solid-phase syn- ates for further diversification can bg a useful method to
thesis, rather than solution-phase synthesis, can be thetXPand the number of these latent isocyanate equivalents
preferred method for the generation of combinatorial libraries Peyond the limited number of commercially available iso-
because of the greater ability to automate a solid-phaseCyanates or where separate isocyanate generation and
protocol, primarily due to the use of excess reagents in Nandling may be problemati€? This can be accomplished
solution to effect cleaner reactions and ease of workup by Py the addition of amino acids or substituted hydrazines to
simple filtration. Furthermore, split and mix strategies enable '€Sin 2 where, in both cases, these functionalized resins
a rapid escalation in the numbers of possible compounds inPresent carboxyl and amino groups, respectively, suitable for
the library obtainable from functionalized resifsowever, ~ further transformations such as amide bond formation.
purification cannot be performed until after release of the Thermolysis of these further functionalized resins can either
final product, thus reactions with high yields involving resultin acyclic urea products upon trapping with an amine
reactive intermediates are critical for the successful genera-in solution or heterocyclic urea products by intramolecular
tion of combinatorial libraries. Accordingly, facile manipula- ~ €yclization.
tion of reactive functionality would be very important in Peptidic molecules are often good leads for inhibitor
combinatorial synthesis. Because of their high reactivity with design; however, peptides seldom serve as drug candidates
nucleophiles, isocyanates or activated synthetic equivalentsdue to poor bioavailability. Therefore, molecules which can
have been widely employed as reagents for small moleculemimic the function of peptides with increased bioavailability

combinatorial library generation such as ured8amidino- and pharmacological behavior have been the focus of many
ureast® sulfonylureas/ '° azatides? carbamated! 24 research groups. In that sense, ureas and urea derivatives
have attracted a lot of attention as a peptidomimetic
T Contribution no. 7901. Dedicated to Professor Albert 1. Meyers. inhibitors38—43 A class of urea peptidomimetice,-ureido-
*To whom correspondence should be addressed. E-mail: tamide derivati l id h b
mark.a.scialdone @usa.dupont.com. acetamide derivatives (acyc ic-urea ami esp, has een
*To whom correspondence should be addressed regarding X-ray used as non-peptide CCK-B/gastrin receptor antagotfigiis.
crystallographic studies. E-mail: will. marshall@usa.dupont.com. Acyclic a-ureidoacetamideS can be synthesized utilizing
§ DuPont Life Sciences Enterprise. in2 f th binati f ot . d
Il University of Pennsylvania. resin 2 from the combinations of two amines and one
U DuPont Corporate Center for Analytical Sciences. o-amino acid as illustrated in Scheme 1. Key to this strategy
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Scheme 1. Synthesis ofi-UreidoacetamideS Phoxime Resir2
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is access to the amino acid derived carbamate Rwsihich Table 1. Synthesis ofi-Ureidoacetamide$
can be further utilized to synthesize two other families of HPLC2
urea peptidomimetics, namely 3-aminohydantoihsand amino first second rt purity mas$
1,2,4-triazine-3,6-dione8. Although similar functionality acid amine amine  (min) (%) (%)
density and pharmacological behavior as hydanteiffscan 5a Ala BnNH,  morpholine 247 91 62
be expected fo7 and 8, only a few investigations on the 5p Ala BnNH, EtNH 269 83 66
preparation of these compounds have been reported in thebc Ala BnNH,  BnNH, 275 78 100
literature®-53 1,2,4-Triazine-3,6-dione$ and their ring Ala ELNH ~ morpholine 237 94 45
i 3-aminohydantoing are a relatively underinvesti- Se Ala 2-PyNH, - morpholine - 21.9 81 9
Isomer Yy 1y _ 5f  Ala Phe-CBu morpholine 28.3 78 71
gated class of nitrogen heterocycles which can be viewed sg phe BnNH  morpholine 27.8 96 49
as constrained cyclic dipeptidomimetfés®® There was also  5h Val BnNH,  morpholine 26.7 84 57

some dispute over the synthesis&fn the literature®5? 5 Asp(OBu) BnNH, morpﬂo:!ne 37-9 36
This article describes the methodology to prepare these thre@51 Lys(Boc) BnNH  morpholine 280 78 58
classes of compounds in a way suitable for combinatorial _*HPLC retention time and purity of crude product at 220 nm
library generation. (see Experimental Section for the detalle_d COI’IdItIOPIMaS_S

recovery of crude product from resthassuming the substitution
level of resin2 is 0.60 mmol/g (see Experimental Section for the
determination of the substitution level).

Results and Discussion

Synthesis ofa-Ureidoacetamides (5).The synthesis of
a a-ureidoacetamides is illustrated in Scheme 1. Thus, the dipeptide formation probably occurs during the
Resin2 was first reacted with 4 equiv of aramino acid amino acid attachment to resdrvia the corresponding mixed
in TMS-Cl/pyridinef® and the resulting carbamate acid resin anhydride of resir? and the amino acid in the analogous
3 was then coupled with an amine under standard carbodi-mechanism proposed by LapastditiFhe key step for the
imide protocol (HOBt/DIC in DMF) to obtain the carbamate synthesis is the thermolysis of the carbamate résimhich
amide resind. Resin4 was cleaved thermolytically in the  presumably occurs through isocyanate formatigdThere-
presence of another amine in toluene at €D to form fore, resind can be viewed as a solid-phase-attached, heat-
o-ureidoacetamidb. Representative results of this synthesis labile isocyanate carboxamide equivalefit.
(Table 1) illustrate products with HPLC purities from 73% To demonstrate the usefulness of this method for the
to 96% (average 84%) and mass recovery between 45% andjeneration of a small combinatorial library, a Nautilus 2400
100% (average 65%). automated synthesiZ8rwas employed using the protocol
In some cases, the major impurities of this synthesis were described above to generate @ureidoacetamides from
identified as urea dipeptide amides by £®IS (8.5% for five amino acids in the initial coupling (Ala, Phe, Val,
5h and 7.8% for5i). Reiterative washing of resid before Asp(OBu) and Lys{Boc)) x four amines in the amide bond
the amine coupling, assuming dipeptide formation was by formation f-propylamine, benzylamine, Vaért-butyl ester,
the contamination of the amino acid into the amine coupling and 2-aminopyridinex four in the thermolytic urea forma-
step, did not appear to improve the purity of the product. tion (2-tetrahydrofurylmethylamine, benzylamine, diethyl-
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Scheme 2. Synthesis of 3-Aminohydantoinsvs 1,2,4-Triazine-3,6-dione®
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7 when R, = H 8when R, = H,
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amine, and morpholine). In this case, all of the amines
utilized in the thermolysis step were volatile under high Q 0 o
vacuum to eliminate the need for purification of the products N*N)LNH H\NJ\NH
obtained. Purification of products obtained from nonvolatile @ ; / ©/ )/-—LQ
amines in this step can be done by ion exchange chroma- o O
tography with Dowex AG 50W-X8 resif. The mass 7¢ 7i
recoveries of the three-step syntheses varied from 18% to
100% (average 49%) and the HPLC purities of the crude o o)
compounds varied from 25% to 94% (average 59%). VoL \N/U\NH
Synthesis of 3-Aminohydantoins (7) vs 1,2,4-Triazine- NN TNH N
3,6-diones (8).The coupling of resin3 with mono- or o@ -
disubstituted hydrazine under standard carbodiimide condi- ©
tions (HOBY/DIC in DMF) afforded carbamate hydrazide 7k 8a
resin6 (Scheme 2). o o
This resin was then thermolyzed in DIPEA/DMF at 80 -
°C to affect intramolecular cyclization to give either 3-ami- HE NH sz
nohydantoins? or 1,2,4-triazine-3,6-dione8. In this syn- -
thesis, there are two regioselectivity issues in the case of o 0
monosubstituted hydrazines: (1) Which nitrogen of the 8b 8¢
hydrazine attacks the activated carboxylate of r&sin2) Figure 1. Products from intramolecular cyclization of re€in
X:g;ﬂ‘o?;ggggfnrggrﬁe Cvﬁgr?zlg e=a|:tgcks the isocyanate UPOM T able 2. Synthesis of 3-Aminohydantoir&vs
’ : 1,2,4-Triazine-3,6-dione8

Our strategy was to address both of these regioselectivity

issues by synthesizing 3-aminohydantaik and 1,2,4- _ Lca_
triazine-3,6-dioneBa (Figure 1) unambiguously to identify amino . rt pL(l)rlty m(?sé 13C NMR®
unique features in tht€C NMR spectra for the two different acid hydrazine  (min) (%) (%)  (ppm)
classes of Compoundg_ 7a Ala H,NNHBn 245 85 52 173.2
These fingerprints would then serve as a facile means to 7b Ala HNNH-2-Py) 3.1 90 & 174.0
. . . c Ala H)NNHPh-OMe-p 234 96 59 173.9
determine the ring structure of products synthesized by the 7y ala  H,NNHPh 231 96 80 173.9
general procedures outlined in Scheme 2. To genéflate  7e Ala H,NNHPh-NQ-p 24.0 95 70 173.4
1,1-dimethylhydrazine was used. Since only the unsubstituted?f Ala  H,NNHTos 255 63 70 172.3
nitrogen of this hydrazine can serve as a productive nucleo-79 Ala  HNNHPh 286 35 53 173.5
hile in the synthesis, the 3-aminohydantoin was formed fh Phe  HMNNHBn 219 13 23 1ra.1
phi Yy S, ony 0. 7/ Phe HNNHCH,COEt 261 85 68  171.3
To generateBa, 1,2-dimethylhydrazine was used. There is 7j  Phe HNNHPh 275 75 52 172.0
no regioselectivity issue for the formation of the correspond- 7k PEe HNNMe, 253 80 61 171.8
; i 8a Phe MeNHNHMe 243 87 49 164.8
ing carbamate hydrazide due to the symmetry of the 8b Phe HNNHMe o156 47 48 1614

hydrazine. Since there is only one productive nucleophile

in the intramolecular cyclization step, the 1,2,4-triazine-3,6- *HPLC retention time and purity of crude product at 220 nm
dione was synthesized unequivocally (see Experimental Section for the detailed conditiohs)ass

f . . . recovery of crude product from resthassuming the substitution
The chemical shifts of the amide carbonyls in tHe level of resin2 is 0.60 mmol/g (see Experimental Section for the

spectra for these two compounds were distinctively differ- determination of the substitution levef) 13C NMR chemical shift

ent: the one foirk appeared at 172 ppm and the one8ar of amide carbonyl.

appeared at 165 ppm in DMS@; while thea-carbons for 155.5 ppm (see Table 2 and Experimental Section). Also,

7k andBaappeared at almost the same places, 55.4 and 55.@he amide carbonyl fof7g, which is electronically very

ppm, respectively, as did the urea carbonyls at 155.3 anddifferent from7k, appeared at 174 ppm which is very similar
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N1 structure showed that the 1,2,4-triazine-3,6-didte is
formed and not the regioisomedc, indicating that the
nitrogen bearing the methyl group attacked the activated
carboxylate of resir8 (Figure 3).

This suggests that in the carbodiimide coupling reaction
of resin 3, the substituted nitrogen in the monomethyl
hydrazine group is more nucleophilic than the other nitrogen
due to the electron-donating character of the methyl group,
albeit more sterically hindered. Furthermore, there is no
hydrogen left on that nitrogen to form the 3-aminohydantoin
for this particular synthesis gR= Me, R = R, = H of resin
6). Overall, in the scope of our investigation, as long as R
= H in resin6, the products were the 3-aminohydantorms
and only in the case R= H in resin6 were the products
1,2,4-triazine-3,6-dioneR %6 Table 2 lists the representative
results of the syntheses @for 8 from resin6. The HPLC
purities of the crude products were better than 80% in most
cases, and the crude mass recoveries/farere over 50%
for all cases.

Synthesis of 1,2,4-Triazine-3,6-diones (8),2,4-Triazine-
3,6-diones8 can be synthesized explicitly by the route
illustrated in Scheme 3.

Resin2 was reacted with monosubstituted hydrazine in
CH.CI, to form carbazate resifi where the unsubstituted
nitrogen adds to the oxime chloroformate. Re8jrwhich
can be viewed as a solid-phase-attached, heat-labile hy-
drazino isocyanate equivaler;>” was coupled with Boc-
protected amino acid under standard carbodiimide conditions
(HOBt/DIC in DMF) to give resinl10, which was then
deprotected in 25% TFA in Ci€l, for 30 min to give resin
11 Resinll was thermolyzed under analogous conditions
as7to give 1,2,4-triazine-3,6-dior® The purities and yields
(Table 3) in this synthesis & are not as good as those for

to the value for7k. Therefore, it is hypothesized that if the the synthesis of7, presumably due to the fact that the
chemical shift of amide carbonyl appeared at 170 ppm or thermolytic .|ntr.amolecular cyclization tq give the Six-
greater, the product is a 3-aminohydantoin; otherwise the membgred ring is not as favorable as the five-membered ring
product is 1,2,4-triazine-3,6-dione. According to this hy- formation.
pothesis, all compounds synthesized from monosubstituted
hydrazines turned out to be 3-aminohydantdinexcept the

combination of phenylalanine and methylhydrazi@e)( The The application of phosgenategainitrophenyl(polysty-

13C NMR chemical shift analysis was supported by a couple rene)ketoxime (Phoxime&) resin in the synthesis of acyclic

of observations. First, the X-ray crystal structure§pand and heterocyclic amino acid derived ureas was described.
8b were obtained (Figures 2 and 3, respectively) and indeedFunctionalization by the addition of free amino acids or

C2e

c2s C24

Figure 2. X-ray crystal structure ofj.

Figure 3. X-ray crystal structure o8b.

Conclusion

showed tha?j was the 3-aminohydantoin a®t was 1,2,4- substituted hydrazines to resthgave polymer-supported
triazine-3,6-dione as predicted by th& NMR chemical oxime carbamates that undergo amide bond formation, and
shift analysis. unlike conventional approaches to urea libraries using

Second, in théH NMR spectra, the hydrazine-NH peaks commercially available isocyanates or isocyanate equivalents,
of 7a, 7h, and7i (Table 2) were triplets, indicating that these this approach enables diversification of the isocyanate
protons were coupled with vicinal methylene groups of the equivalent through the oxime carbamate linkage to the resin.
hydrazine substituents. Therefore, these were assigned a3hese functionalized resins were employed in the preparation
3-aminohydantoins because the 1,2,4-triazine-3,6-diones canof acyclica-ureidoacetamides via thermolysis in the presence
not have vicinal HHC—N—H couplings and should give of a trapping amine in solution and heterocyclic 3-amino-
singlet hydrazine-NH peaks, which is also in accordance with hydantoins and 1,2,4-triazine-3,6-diones via thermolytic
the 13C NMR chemical shift analysis. intramolecular cyclization of the isocyanato hydrazides. A

In this preparation, for most monosubstituted hydrazines, general rule for probing 3-aminohydantoin vs 1,2,4-triazine-
the unsubstituted nitrogen attacked the activated carboxylate3,6-dione formation selectivity using tR&C chemical shift
of resin3 (which leads to R= R; = H in resin6), and then of the amide carbonyl was illustrated. Further use of these
the same nitrogen attacked isocyanate upon themolysis ofprotocols in the preparation of biologically active combina-
resin6. In the case of methylhydrazine, however, the X-ray torial libraries is currently under investigation.
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Scheme 3. Synthesis of 1,2,4-Triazine-3,6-dion8s

RoNHNH,

80°C, DIPEA/DMF

- oxime resin 1

Table 3. Synthesis of 1,2,4-Triazine-3,6-dion8s

HPLC?
amino rt  purity mas§ 13C NMRec
acid hydrazine (min) (%) (%) (ppm)
8d Phe HNNHBN 27.1 70 62 161.2
8e Phe HNNHCH,COEt 25.7 58 44 n/a
8f Phe HNNH(2-Py) 270 66 58 163.8
8g Phe HNNHPh 27.5 22 32 n/a

aHPLC retention time and purity of crude product at 220 nm
(see Experimental Section for the detailed conditiohs)ass
recovery of crude product from resthassuming the substitution
level of resin2 is 0.60 mmol/g (see Experimental Section for the
determination of the substitution levef).13C NMR chemical shift
of amide carbonyl.

Experimental Section

General Experimental Aspects.Oxime resinl was
prepared by the literature procedtirasing Biobeads SX-1
(1% cross-linked polystyrene) from Biorad. Loading was

- ————— -

1
B H
1 °“ulro
N H,N\R2 0

DIC, HOBt
DMF

Journal of Combinatorial Chemistry, 1999, Vol. 1, No. 267

10 X =Boc

TFA, CHyCly ( 4 xen

H NH
Rs” Ry

e}
8

treated with excess piperazine in DMF to obtain piperazine
carbamate. Then the free amino group was quantitated by
picric acid. The substitution level of resthwas calculated
as 0.60 mmol/g by this method. Although the chlorine
analysis of the same resin gave the substitution level of 0.71
mmol/g, the contamination of phosgene in resin increases
the chlorine content and tends to give a higher substitution
level. The gravimetric yields of simple urea syntheses were
also in better accordance with the substitution level obtained
from the picric acid test. Therefore, the substitution value
of 0.60 mmol/g was used for this study.

Preparation of Oxime—Piperazinocarbonyl Resin.To
a solution of piperazine hexahydrate (601 mg, 3.1 mmol) in
DMF or pyridine (5 mL) was added Phoxime re&i{1.00
g). The mixture was shaken at room temperature for 2 h.
Resin was collected on a glass filter and washed with DMF
x 4, MeOH x 4, and CHCI;, x 3. (The washings were pale
yellow for DMF and dark orange for pyridine.) The resin
was dried to give the titled resin (1.00 g for DMF, 1.02 g

determined to be 0.60 mmol/g resin based on picric acid for pyridine).
analysis (see below). Thermolytic cleavage reactions were Picric Acid Test. A sample of the above resin (ca. 150

carried out in 20 mL scintillation vials from Kimble Glass
Inc. of Vineland, NJ. All protected amino acids were
purchased from BACHEM, Bioscience Inc., of King of

mg) was weighed accurately and placed in a glass filter. The
resin was washed with 5% DIPEA in GBI, x 2, CH.Cl,
x 5, 0.1 M picric acid in 1/1 MeOH/CKCIl, x 2, and CHCI,

Prussia, PA. All other chemicals were purchased from x 5. The washed resin was washed four times with 5%
Aldrich. IR spectra of the functionalized resins were obtained DIPEA in CH,Cl,, and the filtrates were collected. The
with a Perkin-Elmer FT1600 infrared spectrometer using a collected filtrates were diluted to 25 mL with EtOH. A 1
KBr die. Low-resolution mass spectra were obtained with a mL sample of the EtOH solution was diluted with EtOH to
VG Trio-2000 quadruple mass spectrometer using the 100 mL. The absorbance at 358 nm of the doubly diluted
electrospray atmospheric pressure chemical ionization (APCI)EtOH solution was measured. The concentration of the
technique. High-resolution mass spectra were obtained withsolution was calculated using the value of= 14 500 at
a Micromass VG-70SEH NMR were carried out on Bruker 358 nm for DIPEA picrate salt. The substitution level of resin
DRX-500 and DRX-400 spectrometers. HPLC analyses werewas calculated as 0.60 mmol/g.
performed on a Hewlett-Packard 1090 liquid chromatography  General Procedure for the Preparation of Oxime
system using a photodiode array detector and a Vydac C18carhamate Carboxyl Resin (3).An amino acid (20 mmol)
column, 2.1 mx 150 mm, 1.0 mL/min flow rate, a nonlinear \as dissolved in TMS-CI (6.52 g, 60 mmol) and pyridine
gradient elution from 0% to 100% acetonitrile in 0.1% TFA (40 mL). Resin2 (6.45 g, 3.87 mmol) was added to the
buffered water. HPLC purities in the text were determined sop|ution, and the mixture was shaken at room temperature
by the area integration at 220 nm. for 2 h. The resulting resiB was collected on a glass filter
Determining the Substitution Level of Resin (2) Resin and washed with DMEx 4, MeOH x 4, and CHCI, x 3
2 was prepared from oxime resinin the manner described and dried: IR (for oxime alanine resin) 3411, 3025, 2920,
in our previous pape&rThe substitution level of resid was 1943, 1871, 1747, 1664, 1601, 1524, 1491, 1449, 1346, 1184
measured by picric acid determinati®¥f®First, resin2 was cm L,
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General Procedure for the Preparation of Oxime Hz, 3H, (H3); 3C NMR (125 MHz, DMSOdg) 6 171.2,
Carbamate Amide Resin (4).To a solution of HOBH,0 154.3, 153.7, 147.2, 138.5, 117.3, 112.0, 66.4, 45.3, 44.2,
(367 mg, 2.4 mmol) and DIC (303 mg, 2.4 mmol) in DMF 19.2.

(10 mL) was added resif (0.60 mmol). To the mixture, N-((N-Morpholino)carbonyl)alanylphenylalanine tert-
amine (2.4 mmol) was added and shaken at room temperaturdButyl Ester (5f). HPLC purity at 220 nm, 78%; mass
for 10 h. The resulting resihwas collected on a glass filter, recovery, 71%:*H NMR (500 MHz, DMSOs¢) ¢ 8.02 (d,
washed with DMFx 4, MeOH x 4, and CHCI, x 3, and J = 7.5 Hz, 1H, Phe-M), 7.4-7.2 (m, 5H, phenyl), 6.49,
dried: IR (for oxime alanine benzylamide resin) 3404, 3025, (d,J= 7.7 Hz, 1H, Ala-NH), 4.33 (q,J = 7.3 Hz, 1H, Ala-
2919, 1943, 1867, 1735, 1684, 1600, 1521, 1490, 1451, 1343CH), 4.20 (t,J = 7.3 Hz, Phe-€&l), 3.54 (m, 4H, OCl,-
cm L, CH:N), 3.27 (m, 4H, OCHCH,N), 2.95 (m, 2H, Phe-C}),

General Thermolysis Procedure for the Preparation of ~ 1.32 (S, 9H, C(€ls)s), 1.21 (d,J = 7.1 Hz, 3H, Gy); 1°C
Acyclic a-Ureidoacetmide (5).To a solution of amine (3.0 NMR (125 MHz, DMSO¢) 6 173.7, 172.3, 170.7, 157.4,
mmo|) in toluene (6 mL) resimdt (030 mm0|) was added. 1375, 1298, 1284, 1268, 809, 663, 545, 497, 443, 372,
The mixture was shaken at 8C for 48 h. The resulting ~ 27.9, 18.5.
resin was filtered by a glass filter and washed with toluene  N-((N-Morpholino)carbonyl)phenylalanine ~ Benzyl-

x 2, CH,Cly, 'PrOH, and CHCl, x 2. The combined filtrates ~ amide (5g).HPLC purity at 220 nm, 96%; mass recovery,
were evaporated in vacuo, and the crude products were49%: H NMR (500 MHz, DMSOdg) 6 8.39 (t,J = 6.0
analyzed by HPLC, MS, and NMR. Hz, 1H, BnNH), 7.4-7.1 (m, 10H, phenyl), 6.61 (d] =

N-((N-Morpholino)carbonyl)alanine Benzylamide (5a). 8.4 Hz, 1H, Phe-M), 4.4-4.2 (m, 3H), 3.48 (M, 4H, OB~
HPLC purity at 220 nm, 91%; mass recovery, 62%:NMR CHN), 3.3-2.8 (m, 4H, OCHCH:N), 3.01 (dd,J = 13.5,

(400 MHz, DMSO¢k) & 8.24 (,J= 6.0 Hz, 1H, PhCpNH), 49 M2, 1H, Phe-€), 2.88 (dd,J = 135, 10.1 Hz, Phe-
74-7.2 (1. 5H, phenyl). 6.53 (d, 1H. Ala), 4.29 (. CHa “CNMR (125 MHz, DMSOds) 4 172.7, 157.6, 139.7,
L 6.0 Hz, 2H, PhEhy). 421 (. 11, Ala@) 354 (m, 4,  139.0, 1296, 1285, 128.3, 127.4, 127.0, 126.4, 66.2, 56.4,

OCH,CH:N), 3.31 (M, 4H, OCHCH,N), 1.26 (d,J = 7.2  44.3,42.4,37.9. , ,
Hz, 3H, CHy); 3C NMR (100 MHz, DMSO#ds) & 173.8, N-((N-Morpholino)carbonyl)valine Benzylamide (5h).

157.5, 140.0, 125.5, 127.3, 126.9, 66.3, 50.2, 44.3, 42.3, 18.7HPLC purity at 220 nm, 84%; mass recovery, 57%:NMR
(500 MHz, DMSO#) 6 8.40 (t,J = 5.7 Hz, 1H, PhCBNH),

7.4—7.2 (m, 5H, phenyl), 6.28 (d) = 9.5 Hz, 1H, Val-
NH), 4.34, (d,J = 4.2 Hz, 2H, PhEl,), 4.04 (t,J = 8.1 Hz,

1H, Val-NHCH), 3.59 (m, 4H, OE@1,CH;N), 3.36 (m, 4H,
OCH,CH:N), 2.04 (m, 1H, G(CHjg)), 0.90 (t,J = 6.1 Hz,

6H, CHa); 1°C NMR (125 MHz, DMSO¢d) 6 172.4, 157.9,
139.8,128.4,127.8,127.4,66.2, 60.3, 44.5, 42.3, 36.1, 19.8,
19.1.

N-(Diethylaminocarbonyl)alanine Benzylamide (5b).
HPLC purity at 220 nm, 83%; mass recovery, 66%:NMR
(500 MHz, DMSO¢s) 6 8.24 (t,J = 5.9 Hz, 1H, Ph
CHyNH), 7.4-7.2 (m, 5H, phenyl), 6.07 (d) = 7.6 Hz,
1H), 4.4-4.2 (m, 3H, Ala-NH® + PhCH,), 3.23 (q,d =
7.0 Hz, 4H, (CHCH,).N), 1.27 (d,J = 7.2 Hz, 3H, Ala-
CHg), 1.04 (t,J = 7.0 Hz, 6H, (G13CH).N); *C NMR (125
MHz, DMSO-dg) 6 174.0, 156.7, 128.6, 127.3, 127.0, 50.1, N-(N-Morpholino)carbonyl- B-tert-butyl-aspartic Acid

42.3,39.5, 19'0_’ 14.2. ) . a-Benzylamide (5i). HPLC purity at 220 nm, 73%; mass
N-(Benzylaminocarbonyl)alanine Benzylamide (5c). recovery, 65%:H NMR (400 MHz, DMSOds) 6 8.29 (t,
HPLC purity at 220 nm, 78%; mass recovery, 100%t J=6.1Hz, 1H, Ph CENH), 7.4-7.2 (m, 5H, phenyl), 6.72
NM_R (500 MHz, DMSO¢) 6 8.33 (t,J = 5.7 Hz, 1H, Bn (d, 3 = 8.2 Hz, 1H, Asp-M), 4.56, (q,J = 6.0 Hz, 1H,
amide-NH), 7.3-7.1 (m, 10H, phenyl), 6.45, (§,= 6.0 Hz, Asp-CH), 4.29 (d,J = 6.0 Hz, 2H, PhE&l,), 3.55 (m, 4H,
1H, Bn urea-M), 6.12 (d,J = 7.9 Hz, 1H, Ala-NH), 4.3 OCH,CH;N), 3.30 (m, 4H, OCHCH:N), 2.71 (dd J = 15.5,
4.1 (m, 5H), 1.14 (d) = 7.0 Hz, 3H, G43); "CNMR (125 59 Hz, 1H, Asp-CHH), 2.52 (m, 1H, Asp-GH), 1.39 (s,
MHz, DMSO-g) 6 173.6, 157.8, 141.1, 139.8, 129.2,129.0, gy C(CH3)3); °C NMR (100 MHz, DMSOdq) o 171.8,

128.7,127.4,127.1, 126.9, 49.2, 43.2, 42.3, 20.0. 170.1, 157.4, 139.8, 128.5, 127.3, 127.0, 80.2, 66.2, 51.6,
N-((N-Morpholino)carbonyl)alanine Diethylamide (5d). 44.3, 42.4, 38.2, 36.1, 28.0.
HPLC purity at 220 nm, 94%; mass recovery, 45%:NMR a-N-(N-Morpholino)carbonyl- m-N-Boc-lysine Benzyl-

(500 MHz, DMSO#) 6 6.13 (d,J = 7.9 Hz, 1H, Ala-NH), amide (5j). HPLC purity at 220 nm, 78%; mass recovery,
4.62, (quintetd = 7.1 Hz, 1H, Ala-NHGH), 3.56 (bs, 4H,  58%: 1H NMR (400 MHz, DMSOs¢s) 6 8.28 (t,J = 6.1
OCH:CH:N), 3.30 (bs, 4H, OCBCH:N), 3.3-3.1 (m, 6H,  Hz, 1H, PhCHNH), 7.4-7.2 (m, 5H, phenyl), 6.73 (broad

CH:CH), 1.17 (d,J = 6.9 Hz, 3H, Ala-CG1;), 1.02 (t,J = t, 1H, Lys-NH-w), 6.43 (d,J = 7.9 Hz, 1H, Lys-M-a),
7.0 Hz, 3H, CHCHs); *C NMR (125 MHz, DMSO#€k) 6 4.29 (d,J = 5.9 Hz, 2H, Ph®l,), 4.11 (m, 1H, NHEICO),
172.1, 156.3, 66.5, 49.9, 45.9, 42.3, 18.6, 14.2. 3.55 (m, 4H, O®,CH;N), 3.30 (m, 4H, OCHCH:N), 2.29

N-((N-Morpholino)carbonyl)alanine 2-Pyridylamide (5€). (m, 2H, Lys-CH,NH-w), 1.61 (m, 2H, Lys-El,CH,NH-w),
HPLC purity at 220 nm, 81%; mass recovery, 79%d:NMR 1.4-1.2 (m, 13H, Lys-®,CH,CH,CH,NH-w + C(CH3)3);
(500 MHz, DMSO¢) 6 9.12 (s, 1H, PyM), 8.37 (broad, = **C NMR (100 MHz, DMSOsdg) 6 173.2, 157.8, 155.9,
1H, Ala-NH), 8.04 (dd,J = 5.0, 1.4 Hz, 1H, Py-6H), 7.52  139.9, 128.4,127.4,127.0, 77.6, 66.1, 54.8, 44.3, 42.3, 36.1,
(td,J= 7.8, 1.9 Hz, 1H, Py-5H), 7.24 (d,= 8.3 Hz, 1H,  32.0, 29.6, 28.6, 23.5.
Py-3H), 6.78 (tdJ = 8.0, 1.0 Hz, 1H, Py-4H), 4.63 (m, 1H, General Procedure for the Preparation of Oxime
Ala-NH), 3.5-3.0 (m, 8H, O(®,CH,).N), 1.10 (d,J = 6.7 Carbamate Hydrazide Resin (6).To a solution of HOBt
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H,O (306 mg, 2.0 mmol) in DMF (10 mL) was added resin
3 (0.50 mmol) followed by a hydrazine (2.0 mmol) then by
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(9)-5-Methyl-3-((4-nitro)phenylamino)hydantoin (7e).
HPLC purity at 220 nm, 95%; mass recovery, 70%; purified

DIC (252 mg, 2.0 mmol), and the mixture was shaken at by column chromatography (S401/20 MeOH/CHCI,) to

room temperature for 11 h. The resulting reginwas
collected on a glass filter, washed with DMF 4, MeOH
x 4, and CHCIl, x 3, and dried: IR (for oxime phenyl-

give a yellow oil (35%):*H NMR (500 MHz, DMSO¢) 6
9.45 (broad s, 1H, N), 8.55 (s, 1H, M), 8.11 (d,J=9.2
Hz, 2H), 6.82 (broad s, 2H), 4.35 (broad, 1H, §CH), 1.38

alanine phenylhydrazide resin) 3394, 3025, 2920, 1943, 1870,(d, J = 5.0 Hz, 3H, (H3); 13C NMR (125 MHz, DMSO¢l)

1801, 1739, 1685, 1601, 1522, 1491, 1450, 1345%m
General Thermolysis Procedure for the Preparation of
3-Aminohydantoin (7). To a solution of DIPEA (5.0 mmol)
in DMF (10 mL) was added resif (0.50 mmol), and the
mixture was shaken at 8 for 24 h. The resulting resin
was filtered by a glass filter and washed with DM&4,
MeOH x 4, and CHCI, x 3. The combined filtrates were

0173.4,154.4,153.0, 139.8, 126.2, 111.6, 51.3, 17.6; HRMS

m/e calcd for GoH10N4O4 (M) 250.0702, found 250.0705.
(S)-5-Methyl-3-(p-toluenesulfonylamino)hydantoin (7f).

HPLC purity at 220 nm, 63%; mass recovery, 70%; purified

by column chromatography (S01/20 MeOH/CHCI,) to

give a pale brown oil (32%)!H NMR (500 MHz, DMSO-

ds) 0 10.59 (broad s, 1H, Tos#¥), 8.37 (s, 1H, Ala-NH),

evaporated in vacuo, and the crude products were analyzed’.73 (d,J = 8.2 Hz, 2H), 7.38 (dJ = 8.1 Hz, 2H), 4.18 (q,

by HPLC, MS, and NMR.
(9)-5-Methyl-3-(benzylamino)hydantoin (7a).HPLC pu-

rity at 220 nm, 85%; mass recovery, 52%; purified by column

chromatography (Si§) 1/20 MeOH/CHCI,) to give a ivory

wax (21%): mp 284-286°C; 'H NMR (500 MHz, DMSO-

ds) 0 8.13 (s, 1H, alanine N), 7.41 (d,J = 7.2 Hz, 2H),

7.36 (t,J = 7.4 Hz, 2H), 7.31 (tJ = 4.7 Hz, 1H), 5.84 (t,

J = 5.1 Hz, 1H, hydrazine N), 4.10 (d,J = 5.1 Hz, 2H,

PhCH;NH), 4.01 (9, = 6.9 Hz, 1H, CHCH), 1.19 (d,J =

6.9 Hz, 3H, G13); °C NMR (125 MHz, DMSOs) 6 173.2,

J = 6.9 Hz, Ala-tH), 2.41 (s, 3H, Tos-63), 1.25 (d,J =

6.9 Hz, 3H, Ala-G3); *C NMR (125 MHz, DMSO€s) 6
172.3, 153.6, 143.9, 137.7, 129.7, 127.8, 50.9, 21.4, 17.7;
HRMS m/e calcd for G;H13N30,S (M*) 283.0627, found
283.0622.

(S)-5-Methyl-3-(diphenylamino)hydantoin (7g). HPLC
purity at 220 nm, 35%; mass recovery, 53%; purified by
column chromatography (Sip1/20 MeOH/CHCI,) to give
a pale brown oil (8%):*"H NMR (500 MHz, DMSO¢s)

8.62 (s, 1H, M), 7.34 (t,J = 8.0 Hz, 4H), 7.09 (dJ = 8.0

155.9, 137.7, 129.1, 128.3, 127.5, 53.1, 50.7, 17.6; HRMS Hz, 4H), 6.99 (d,J = 8.0 Hz, 2H), 4.38 (qJ = 7.0 Hz, 1H,

m/e calcd for GiH13aN30; (Cl, CH, reagent gas, M+ H™)
220.1086, found 220.1084.
(9)-5-Methyl-3-((2-pyridyl)amino)hydantoin (7b). HPLC
purity at 220 nm, 90%; mass recovery, 75%; purified by
column chromatography (Si21/20 MeOH/CHCI,) to give
a clear oil (40%):'H NMR (500 MHz, DMSO#¢s) 6 8.99
(s, 1H, NH), 8.33 (s, 1H, NH), 8.05 (d,J = 4.9 Hz, 1H),
7.58 (td,J = 7.8, 1.8 Hz, 1H), 6.78 (td) = 7.2, 1.8 Hz,
1H), 6.66 (d,J = 8.3 Hz, 1H), 4.25 (gJ = 6.7 Hz, 1H,
CH3CH), 1.35 (d,J = 6.9 Hz, 3H, G13); °C NMR (125
MHz, DMSO-ds) 6 174.0, 157.2, 155.4, 147.9, 138.0, 116.0,
107.6, 51.1, 17.9; HRMSn/e calcd for GH1oN4,O, (M)
206.0804, found 206.0804.
(9)-5-Methyl-3-((4-methoxy)phenylamino)hydantoin (7c).
HPLC purity at 220 nm, 96%; mass recovery, 59%. The
crude brown oil was one spot on TL&(= 0.25, 1/20
MeOH/CH:Cl,) without purification: 'H NMR (500 MHz,
DMSO-ds) 0 8.35 (s, 1H, NH), 8.01 (s, 1H, M), 6.79 (d,J
= 8.9 Hz, 2H), 6.61 (dJ = 8.9 Hz, 2H), 4.25 (qJ = 7.0
Hz, 1H, CHCH), 1.34 (d,J = 6.9 Hz, 3H, G13); 13C NMR
(125 MHz, DMSO¢g) 0 173.9, 155.5, 153.7, 140.9, 114.8,
114.0, 55.7, 51.0, 17.8; HRMS8Ve calcd for GiH13N30;3
(M) 235.0957, found 235.0957.
(9)-5-Methyl-3-(phenylamino)hydantoin (7d). HPLC
purity at 220 nm, 96%; mass recovery, 80%; purified by
column chromatography (Sp21/20 MeOH/CHCI,) to give
a ivory wax (47%): mp 18%183°C; *H NMR (500 MHz,
DMSO-ds) 6 8.39 (s, 1H, M), 8.32 (s, 1H, M), 7.19 (t,J
= 7.9 Hz, 2H), 6.80 (tJ = 7.3 Hz, 1H), 6.64 (d) = 7.8
Hz, 2H), 4.28 (qJ = 6.9 Hz, 1H, CHCH), 1.36 (d,J=16.9
Hz, 3H, C(H3); ¥*C NMR (125 MHz, DMSOsdg) 6 173.9,

CHsCH), 1.35 (d,J = 7.0 Hz, 3H, G3); *C NMR (125
MHz, DMSO-dg) 6 173.5, 154.3, 144.3, 144.2, 129.8, 129.7,
123.9,123.7,119.8, 119.1, 51.1, 17.7; HRKkM& calcd for
C16H15N302 (M+) 2811164, found 281.1173.
(9)-5-Benzyl-3-(benzylamino)hydantoin (7h)HPLC pu-
rity at 220 nm, 73%; mass recovery, 53%; purified by column
chromatography (Si§ 1/20 MeOH/CHCI,) to give a ivory
solid (34%): mp 173-176°C; *H NMR (500 MHz, DMSO-
ds) 6 8.16 (s, 1H, Phe-N), 7.4-7.1 (m, 10H), 5.64 (tJ =
5.6 Hz, 1H, PhCENH), 4.30 (t,J = 4.5 Hz, 1H, PhCHKHCH),
3.72 (d,J = 5.5 Hz, 2H, PhE@i:NH), 2.94 (dd,J = 14.0,
4.8 Hz, 1H, Phe-PhCH), 2.87 (dd,J = 14.0, 5.5 Hz, 1H,
Phe-PhEiH); *C NMR (125 MHz, DMSO¢g) 6 174.1,
158.3, 140.1, 137.9, 132.4, 131.5, 131.0, 130.7, 129.8, 129.4,
58.1, 55.6, 39.3; HRMSn/e calcd for G/H17N3O, (M+)
295.1321, found 295.1322.
(S)-5-Benzyl-3-(ethoxycarbonylmethylamino)hy-
dantoin (7i). HPLC purity at 220 nm, 85%; mass recovery,
68%; purified by column chromatography ($i01/20
MeOH/CH.CI,) to give a pale yellow solid (41%): mp 136
137°C; *H NMR (500 MHz, DMSO¢) 6 8.23 (s, 1H, Phe-
NH), 7.4-7.1 (m, 5H), 5.56 (tJ = 5.7 Hz, 1H, NNH), 4.33
(td,J = 5.1, 1.1 Hz, 1H, PhCKCH), 4.07 (q,J = 7.1 Hz,
2H, CH;,CH;0), 3.33 (m, 2H, €1,NHN), 2.99 (dd,JJ = 14.0,
4.7 Hz, 1H, Phe-PhCH), 2.94 (dd,J = 14.0, 5.5 Hz, 1H,
Phe-PhEiH), 1.19 (t,J = 7.1 Hz, 3H, G43CH,0); 13C NMR
(125 MHz, DMSOsdg) 6 171.3, 169.4, 155.5, 135.6, 130.0,
128.4, 127.1, 60.6, 55.8, 50.5, 36.9, 14.3; HRM® calcd
for C14H1gN3O4 (M + HT) 292.1297, found 292.1300.
(S)-5-Benzyl-3-(phenylamino)hydantoin (7j).HPLC pu-
rity at 220 nm, 75%; mass recovery, 52%; purified by column

155.3,153.7, 147.1, 129.3, 119.9, 112.4, 51.0, 17.8; HRMS chromatography (Si§1/20 MeOH/CHCI,) to give a white

m/e calcd for GoH12N30, (M*) 205.0851, found 205.0855.

solid (34%): mp 212213°C; 'H NMR (400 MHz, DMSO-
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de) 0 8.49 (s, 1H, NH), 8.16 (s, 1H, M), 7.4—7.2 (m, 5H),
6.97 (t,J = 7.5 Hz, 2H), 6.69 (tJ = 7.3 Hz, 1H), 6.97
(broad, 2H), 4.62 (t) = 4.0 Hz, 1H, PhCHCH), 3.1-3.0
(m, 2H, Ph@,); 13C NMR (125 MHz, DMSO#s) 6 172.0,

Hamuro et al.

and CHCI, (15 mL) was added resih0O (1.0 mmol), and
the mixture was shaken at room temperature for 30 min. The
resulting resirl1l was collected on a glass filter, washed with
CHxCl; x 2, 10% DIPEA in CHCI, x 2, and CHCI, x 3,

155.2,135.1, 130.6, 129.0, 128.7, 127.3, 119.6, 112.0, 56.1,and dried: IR (for phenylalanine phenylhydrazide oxime

36.2; HRMSm/e calcd for GgH1sN30, (M) 281.1164, found
281.1166.

(9)-5-Benzyl-3-(dimethylamino)hydantoin (7k).HPLC
purity at 220 nm, 80%; mass recovery, 61%; purified by
column chromatography (Si21/20 MeOH/CHCI,) to give
a ivory solid (23%): mp 202205°C; *H NMR (500 MHz,
DMSO-dg) 6 8.16 (s, 1H, Phe-N), 7.3-7.1 (m, 5H), 4.28
(td, J = 4.5, 1.0 Hz, 1H, PhCKCH), 2.98 (dd,J = 13.9,
4.5 Hz, 1H, Phe-PhCH), 2.93 (dd,J = 14.0, 4.7 Hz, 1H,
Phe-PhEiH), 2.48 (s, 6H, (€l3),NN); **C NMR (125 MHz,
DMSO-dg) 0 171.8, 155.3, 135.1, 130.3, 128.3, 127.1, 55.4,
43.7, 36.7; HRMSn/e calcd for GH1sN3O, (MT) 233.1164,
found 233.1178.

1,2-Dimethyl-(S)-5-benzyl-1,2,4-triaza-3,6-dione (8a).
HPLC purity at 220 nm, 87%; mass recovery, 49%; purified
by column chromatography (Si01/20 MeOH/CHCI,) to
give a yellow ail (26%):*H NMR (400 MHz, DMSO¢l) ¢
7.4—7.1 (m, 6H, aromatics andHy, 4.01 (td,J = 5.5, 2.7
Hz, 1H, PhCHCH), 3.03 (s, 3H, El3), 2.89 (d,J= 5.5 Hz,
2H, PhHy), 2.57 (s, 3H, Elg); C NMR (125 MHz,
DMSO-dg) 6 164.8, 155.5, 136.4, 130.1, 128.6, 127.1, 55.6,
38.8, 33.7, 32.4; HRMSn/e calcd for GoHisN3O, (M)
233.1164, found 233.1163.

1-Methyl-(S)-5-benzyl-1,2,4-triaza-3,6-dione (8bHPLC
purity at 220 nm, 47%; mass recovery, 48%; purified by
column chromatography (Si21/20 MeOH/CHCI,) to give
a white solid (13%): mp 1806182°C; *H NMR (500 MHz,
DMSO-dg) 6 8.98 (s, 1H, M), 7.4—7.1 (m, 6H, aromatics
+ NH), 4.02 (m, 1H, NH®), 3.0-2.8 (m, 5H, G5 +
PhCH,); *C NMR (125 MHz, DMSOds) 6 161.4, 154.1,
136.8,130.1, 128.5, 126.9, 55.3, 37.9, 33.1; HRM8&calcd
for C11H13N30, (MT) 219.1008, found 219.1017.

General Procedure for the Preparation of Oxime
Carbazate Resin (9) A hydrazine or hydrazine HCI salt (4
mmol; in the case of the HCI salt, 1 equiv of DIPEA was
added to neutralize the mixture) was dissolved in,Chl
(15 mL). Resin2 (1.29 g, 0.77 mmol) was added to the

resin) 3344, 3024, 2920, 1943, 1872, 1755, 1601, 1523, 1492,
1450, 1345 cm.

General Thermolysis Procedure for the Preparation of
1,2,4-Triaza-3,6-dione (8).To a solution of DIPEA (5.0
mmol) in DMF (10 mL) was added resihl (0.50 mmol),
and the mixture was shaken at 8D for 24 h. The resulting
resin was collected on a glass filter and washed with DMF
x 4, MeOH x 4, and CHCI, x 3. The combined filtrates
were evaporated in vacuo and the crude products were
analyzed by HPLC, MS, and NMR.

2-Benzyl-©)-5-benzyl-1,2,4-triaza-3,6-dione (8dHPLC
purity at 220 nm, 70%; mass recovery, 62%; purified by
column chromatography (S¥01/50 MeOH/CHCI,) to give
a yellow oil (10%): *H NMR (500 MHz, DMSO¢l) ¢ 9.14
(broad s, 1H, M), 7.4-7.0 (m, 10H), 4.84 (s, 1H, N),
4.62 (q,d = 14.3 Hz, 2H, PhE;N), 4.11 (t,J = 5.5 Hz,
1H, CH;CH), 2.95 (m, 2H, Ph@,); *3C NMR (125 MHz,
DMSO-dg) 6 161.7, 154.3, 136.8, 136.2, 130.2, 129.0, 128.7,
128.6, 127.7, 126.9, 55.4, 48.7, 37.5; HRM&: calcd for
C17H17N302 (M+) 295.1321, found 295.1320.

2-(2-Pyridyl)-(S)-5-benzyl-1,2,4-triaza-3,6-dione (8f).
HPLC purity at 220 nm, 66%; mass recovery, 58%. Purified
by trituration in EtO to give an ivory solid (37%): mp 190
192°C; *H NMR (500 MHz, DMSO¢k) 6 9.24 (s, 1H, M),
8.40 (dd,J = 5.0, 1.2 Hz, 1H), 8.07 (d) = 8.3 Hz, 1H),
7.87 (td,J = 7.2, 1.4 Hz, 2H), 7.64 (s, 1H, ), 7.3-7.1
(m, 6H), 4.17 (m, 1H, CkCH), 3.03 (m, 2H, Ph@&,); 13C
NMR (125 MHz, DMSOss) 0 163.8, 155.5, 148.2, 147.5,
139.5, 136.8, 129.9, 128.6, 127.0,124.1,121.7, 115.9, 110.8,
57.0, 36.3; HRMSwe calcd for GsH14N4O, (MT) 282.1117,
found 282.1119.
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