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7-Fluoro-4-methyl-6-nitro-2-oxo-2H-1-benzopyran-3-carboxylic Acid:
A Novel Scaffold for Combinatorial Synthesis of Coumarins
Aimin Song! Jinhua Zhand,and Kit S. Lam*'

Division of Hematology and Oncology, Department of Internal Medicine,
University of California Dais Cancer Center, 4501 X Street, Sacramento, California 95817, and
Department of Chemistry, Usrsity of California, Dais, California 95616

Receied April 28, 2003

7-Fluoro-4-methyl-6-nitro-2-oxo42-1-benzopyran-3-carboxylic acid has been prepared as a novel scaffold

for combinatorial synthesis of coumarins. The scaffold has three points of diversity. The optimal conditions
for its reactions with different nucleophiles in solid phase were obtained. Sixteen coumarin derivatives with
different structures were designed and synthesized in solid phase to demonstrate its application as a scaffold
for combinatorial synthesis of coumarins. Thirteen of these derivatives were obtained in high yields. Many
of these model compounds fluoresce. Combinatorial libraries constructed with this novel scaffold may have
interesting biological or physical properties.

Introduction Scheme 1. Synthesis of 7-Fluoro-4-methyl-6-nitro-2-oxo-
. 2H-1-benzopyran-3-carboxylic Acid
Natural products have played and continue to play an Py y

invaluable role in the drug discovery process. Many current \_COOH  ON '\ COOH
drugs are either natural products or their derivativeBy 0_6%’ e
combining the drug quality of natural products with the F - F , o F Lo

efficiency of combinatorial chemistry, the synthesis and . o .

. . : a2 Reagents and conditions:) §f M ammonia in methanol, rt, overnight;
screening of small molecule libraries based on natural (i) 1.2 equiv of Meldrum’s acid in ethanol, reflux, 5 h; (iii) 1:1 HNO
products as templates has attracted growing attention in theH,So,, 1t, 5 h.
past few years. The great interest in this field is shown by . ) )
an increasing number of original papers and revigWEhus, 1-benzopyran-3-carboxylic acid (7-fluoro-4-methyl-6-nitro-
the search for novel scaffolds for combinatorial synthesis of coumarin-3-carboxylic acid). The chemical structure is shown
natural products and libraries is a relevant and timely pursuit. " Scheme 13. The scaffold can be readily coupled to a

Coumarins (B-1-benzopyran-2-ones) are well-known Solid support through the 3—carb0xyl group. Tq;rdwonltro -
natural products displaying a broad range of biological aryl fluoride is known to undergo facile aromatic nucleophilic
activities* Coumarin derivatives have been extensively used substitution with nucleophiles. After the reduction of the nitro
as therapeutic agerftsictive media for tunable dye lasérs, 9roup, a heterocyclic ring with ado_litional diversity can be
optical bleaching agenfsluminescent probesand triplet readily constructed on the coumarin structure.
sensitizers. Although a solid-phase approach for coumarin
synthesis has been report@dhe method is not suitable for ) )
library synthesis because of the lack of diversity sites. Synthesis of 7-Fluoro-4-methyl-6-nitro-2-oxo-Bi-1-ben-
Recently, Schiedel et al. have developed synthetic protocolsZOPYyran-3-carboxylic Acid. The synthesis of scaffolélwas
for solution-phase synthesis of coumarin derivatives kyoc ~ Started with commercially available'-#uoro-2-hydroxy-
cross-coupling reactions at the 3-positié 151-membered ~ acetophenone (Scheme1}, 7-Fluoro-4-methyl-2-oxo-42-
library was successfully made from eight 3-bromocoumarin 1-Pe€nzopyran-3-carboxylic aci@)was prepared using our
scaffolds using this approach. However, only one functional Previously published proceduté4'-Fluoro-2-hydroxyaceto-
group is available for derivatization on the scaffold, and Phenone was reacted with ammonia solution in methanol
additional diversity has to come from different scaffolds. To (MeOH) to form a ketimine intermediate, which was
address this problem, we designed and synthesized a novefubsequently condensed with Meldrum’s acid to generate
scaffold containing three points of diversity for combinatorial intermediate2. The nitration of intermediat@ occurred

synthesis of coumarins, 7-fluoro-4-methyl-6-nitro-2-oxg-2 smoothly at room temperature using the mixed acid route.
During the reaction, a small amount of reaction mixture was

* To whom correspondence should be addressed. E-mail: kitlam@ taken out every half hour, neutralized with aqueous sodium

Result and Discussion

ucdme.ucdavis.edu. carbonate solution, and then analyzed by HPLC. The nitration
T Division of Hematology and Oncology, Department of Internal d in5h. Th ti ixt th dint

Medicine, University of California Davis Cancer Center. was done in 5 h. The reaction mixture was thén poured Into
* Deparment of Chemistry. crushed ice. Since the product is partially soluble in strongly
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- Scheme 2. Reactions of 7-Fluoro-4-methyl-6-nitro-2-oxo-
2H-1-benzopyran-3-carboxylic Acid with Nucleophiles in
0N N oot Solid Phase
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Figure 1. *H NMR spectrum of 7-fluoro-4-methyl-6-nitro-2-oxo-

2H-1-benzopyran-3-carboxylic acid (#B8.7 ppm, other hydrogens
not shown).
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acidic solution, the pH of the mixture was adjusted 632
. . . . . . COOH O:N
with aqueous sodium hydroxide solution in an ice bathto ¢ CONH,
complete the precipitation. ScaffoRlwas obtained as the S HN
major product with excellent yield'H NMR spectrum O\I Jo o H
confirmed that the nitro group was introduced to the
6-position, because no spispin coupling between the two aReagents and conditiong, Rink amide resin; (i) 3 equiv of 7-fluoro-

hydrogens on the benzene ring was observed (Figure 1). A4-methyl-6-nitro-coumarin-3-carboxylic acid, 3 equiv of DIC and 3 equiv

_ A _Q_nitra.o. _ _ of HOBt in DMF, 1t, 5 h; or 2 equiv of 7-fluoro-4-methyl-6-nitro-coumarin-
trace amount of 7-fluoro-4 methyl 8-nitro-2-oxi2l-ben 3-carboxylic acid, 2 equiv of HBTU and 2 equiv of DIEA in DMF, rt, 2 h;

zopyran-3-carboxylic acid was observed as the byproduct i 1 m phenol in 25% DIEA/DMF, rt, overnight; (iii) 5 equiv of Ac-Cys-
in the *H NMR spectrum of the crude product and was OH in 5% DIEA/DMF, rt, overnight; (iv) 5 equiv of 4-mercaptobenzoic

i i At acid in 5% DIEA/DMF, rt, overnight; (v) 5 equiv of benzeneselenol in 5%
readily removed by recrystallization from aqueous acetone. DIEA/IDMF, rt, overnight: (vi) 5 equiv of piperidine in 5% DIEA/DMF, rt,

CONH,
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Reactions of 7-Fluoro-4-methyl-6-nitro-2-oxo-#-1- overnight; (vii) 2 equiv of propylamine in 5% DIEA, rt, overnight; (viii)
benzopyran-3-carboxylic Acid with Nucleophiles in Solid ~ 95% TFA/HO, 1t, 2 h.
Phase. The reactivity of the fluoride in scaffol to base were needed for the solid-phase aromatic substitution.

nucleophilic attack was studied in solid phase (Scheme 2). various combinations of different phenol concentrations and
Scaffold 3 was readily ligated to Rink amide resin via its different bases, including DIEA, 1,8-diazabicyclo[5.4.0]-
3-carboxyl group using 1,3-diisopropylcarbodiimide (DIC) undec-7-ene (DBU), and sodium methoxide, were tested.
and 1-hydroxybenzotriazole (HOBY) as the activating system. After extensive optimization of the reaction conditions for
The concentration of the reagents and reaction time can becompound6, the best conditions were determined to be 1
reduced by using stronger condensation reagents, such a1 phenol solution in 25% DIEA/DMF. Under the optimized
O-(benzotriazol-1-y)N,N,N',N'-tetramethyluronium hexa-  reaction conditions, substitution of the fluoride in the resin-
fluorophosphate (HBTUN,N-diisopropylethylamine (DIEA).  supported scaffol@ with all the six nucleophiles (Scheme
Six nucleophiles were examined for the solid-phase aromatic2) was almost quantitative.
nucleophilic substitution under various reaction conditions.  Design and Synthesis of Model CompoundsA number
To verify the extent of aromatic substitution, small portions of small molecule libraries based on 4-fluoro-3-nitrobenzoic
of the resins were treated with trifluoroacetic acid (TFA). acid scaffold have been reported by several gréé8.To
The cleaved products were separated from the resins andjemonstrate the potential of 7-fluoro-4-methyl-6-nitro-2-oxo-
concentrated. The crude products were analyzed by HPLC2H-1-benzopyran-3-carboxylic acid as the scaffold for com-
and mass spectrometry (MS). binatorial synthesis of coumarin derivatives, 16 model
All six of the nucleophiles used in our experiment reacted compounds with different structures have been designed and
readily with the resin-linked scaffold except phenol. Incuba- synthesized by simply applying the chemistry of 4-fluoro-
tion of the resin-linked scaffol& with five equivalents of 3-nitrobenzoic acid to this scaffold (Chart 1). Glycine was
piperidine (secondary amine), Ac-Cys-OH and 4-mercapto- coupled to Rink amide resin prior to the scaffold attachment
benzoic acid (sulfur-nucleophiles), or benzeneselenol in 5% to introduce the first diversity. After aromatic substitution
DIEA/N,N-dimethylformamide (DMF) at room-temperature of the ortho-nitro fluoride, the nitro group was reduced and
overnight gave clean products after TFA cleavage. The subsequently modified. An additional heterocyclic ring can
carboxyl group of the sulfur-nucleophiles did not interfere be readily constructed on the coumarin template to introduce
with the aromatic substitution. For compoufd, 2 equiv interesting biological or physical properties. For example,
of propylamine (primary amine) in 5% DIEA/DMF was benzimidazole moiety is an important structural element in
found to be optimal. Higher concentrations of propylamine drug discovery, and several solid-phase synthesis methods
led to complicated side reactions, probably as a result of its for benzimidazoles have been develop®t.In the present
attack on the pyran ring. Because of the low nucleophilicity study, we chose the “one-pot” synthetic route developed by
of phenol, higher concentration of the reagent and a strongerWu et al. for the synthesis of imidazocoumarins (Scheme
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Chart 1. Structures of Model Compounds Synthesized from the 7-Fluoro-4-methyl-6-nitro-2+dekenzopyran-3-carboxylic
Acid Scaffold
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Scheme 3.“One-Pot” Solid-Phase Synthesis of Imidazocoumarins
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aReagents and conditions: (i) 2 equiv ofNM, in 5% DIEA, rt, overnight; (ii) 2 equiv of RCHO and 0.75 M SnGi2H,0 in DMF, 60°C, 3 h; (iii)
95% TFA/HO, rt, 2 h.

Scheme 4.Formation of Six- and Seven-Member Lactams on the Coumarin Terfplate
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aReagents and conditions: (i) 95% TFA®, rt, 2 h; (ii) 4 equiv of HATU and 8 equiv of DIEA in DMF, rt, overnight.

3).1®> At the beginning of synthesis, the resin-supported because of the optimal ring size. In the synthesis of model
scaffold5a was incubated with 2 equiv of a primary amine compoundsl8 and 25, after the reduction of nitro group,
to form ano-nitroaniline intermediate. The reduction of nitro  the ring closure occurred automatically during the TFA
group and the formation of imidazole ring was achieved in cleavage, despite the esterization of the carboxyl group
a single step by heating the resin-supporteqitroaniline (Scheme 4a). In contrast, a strong coupling reagent was
intermediate with 2 equiv of an aldehyde and 0.75 M $SnNCI  needed to form the seven-member ring in the synthesis of
2H,0 solution in DMF at 6C°C for 3 h. The desired model compound®6 and27 (Scheme 4b). Various activation sys-
compound20 was obtained in good yield (82%) after TFA tems, including DIC, DIC/HOBt, HBTU/DIEA, HBTU/HOBL,
cleavage along with a side-produ#fla (9%), which has an  O-(7-azabenzotriazol-1-yIN,N,N',N'-tetramethyluronium
imidazolium structure according to MS and NMR analysis. hexafluorophosphate (HATU)/1-hydroxy-7-azabenzotriazole

As one might expect, six-member heterocyclic rings are (HOAt), and HATU/DIEA were tested. HATU/DIEA was
much easier to form, as compared to seven-member ringsfound to be the most effective.



Novel Scaffold for Coumarins

Table 1. Synthesis and Spectral Properties of Model
Compounds Based on the 7-Fluoro-4-methyl-6-nitro-2-oxo-
2H-1-benzopyran-3-carboxylic Acid Scaffold

yield? purity® Aans Aent
entry (%) (%) (nm) (nm) ®d
12 91 95 376 555 0.052
13 87 90 338 448 0.113
14 92 93 388 564 0.046
15 82 91 346 459 0.054
16 93 94 387 568 0.029
17 81 88 351 460 0.003
18 78 86 388 475 0.741
19 21 41 388 479 0.723
20 82 88 340 451 0.068
21 86 93 350 458 0.103
22 53 73 367 475 0.031
23 92 94 386 571 0.014
24 78 82 375 464 0.799
25 86 93 359 469 0.032
26 83 90 345 472 0.101
27 45 54 329 465 0.011

aYields were calculated on the basis of the purified products.
b Purity was determined by HPLC analysis (UV detection at 254
nm) of crude products. s and Aem represent the maximum
absorption and fluorescence wavelength, respectidaly.is the
fluorescence quantum yield of coumpounds in methanol, and was
determined using 7-amino-4-methylcoumarin as the standard refer-
ence.

Model compoundsl2—27 were cleaved from the solid
support by treatment with TFA after the synthesis was
finished. The crude products were analyzed and purified by
HPLC, followed by spectral characterization. All of these
16 compounds have at least two points of diversity. Thirteen
of them were obtained in good yields and purity without
further optimization of the literature methods (Table 1). More
interestingly, all of these compounds fluoresce except
compoundl7. Compoundd48, 19, and24 exhibit very strong
fluorescence. Synthesis and screening of combinatorial

Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 115

support. The optimal conditions for its reactions with
different nucleophiles in solid phase were obtained. Resin-
supported or solution-phase coumarin libraries with high
diversity can be easily prepared on the basis of this scaffold.
Sixteen coumarin derivatives with different structures were
designed and synthesized in solid phase, and 13 of them were
obtained in high yields. Many of these compounds fluoresce.
Work is currently underway in our laboratory to fully
characterize the spectral properties of these novel compounds
and to prepare libraries of coumarin derivatives. Combina-
torial libraries constructed with this novel scaffold may have
interesting biological or physical properties. Since various
energy and electron donors or acceptors can be used as the
building blocks, this scaffold can also be used for the
construction of covalently linked multicomponent systems
in the study of photoinduced intramolecular interactions.

Experimental Section

Materials and Instruments. Rink amide MBHA resin
(0.45 mmol/g), amino acid derivatives, and HOBt were
purchased from GL Biochem (Shanghai, China). All solvents
and other chemical reagents were purchased from Aldrich
(Milwaukee, WI) and were analytical gradéd NMR and
13C NMR spectra were recorded on a Bruker DRX 500 MHz
spectrometer (Billerica, MA) at 25C. UV—vis absorption
spectra were recorded on a Beckman DU 640B spectropho-
tometer (Fullerton, CA). Fluorescence spectra were recorded
on a FluoroMax-2 spectrofluorometer from Instrument S.A.,
Inc. (Edison, NJ). Analytical HPLC analyses (Vydac column;
4.6 mmx 250 mm; 5um; 300 A; Gg; 1.0 mL/min; 25-min
gradient from 100% aqueous media (0.1% TFA) to 100%
CH:CN (0.1% TFA); 214, 220, 254, and 280 nm) and
preparative HPLC purification (Vydac column, 20 mm
250 mm, 5um, 300 A, Gg, 7.0 mL/min, 45-min gradient

libraries based on these heterocylic structures may lead tof,5 1 100% aqueous media (0.1% TFA) to 100% N

the discovery of novel fluorescent coumarin derivatives with
interesting biological or physical properties.

Fluorescence Quenching in a Dyad of Coumarin and
Anthraquinone. Photoinduced energy and electron transfer
reactions have been intensively investigated as a method o
converting and storing solar energlyCovalently linked
multicomponent models have been reported. Since various
energy and electron donors or acceptors can be used as th
building blocks for library synthesis, scaffoRican also be
used for the construction of covalently linked multicompo-
nent systems in the study of photoinduced intramolecular
interactions. A simple dyad of coumarin and anthraquinone
27 was designed and synthesized as a model. Anthraquinon
is a well-known electron acceptor in the photoinduced
electron transfer study. In dy&¥, an anthraquinone moiety
is linked to the coumarin structure via an amide bond.
Compared to compourizb, the fluorescence of the coumarin
moiety in compound27 is strongly quenched by the
anthraquinone moiety as a result of the photoinduced
intramolecular electron transfer.

Conclusion

In summary, we have developed a novel scaffold for
combinatorial synthesis of coumarins. This scaffold has three
points of diversity and can be readily attached to a solid

f

(0.1% TFA), 254 nm) were performed on a Beckman System
Gold HPLC system (Fullerton, CA). All of the experiments
are carried out at room temperature unless otherwise noted.
General Procedure for Fmoc (N-(9-Fluorenylmethoxy-
carbonyl)) Deprotection. To each 100 mg of the resin was
added 2 mL of 20% piperidine solution in DMF. The mixture
was shaken for 15 min, and the supernatant was removed.
Fhis process was repeated once. The resin was then washed
thoroughly with DMF, MeOH, and DMF.

General Procedure for TFA Cleavage.The resin was
washed thoroughly with DMF, dichloromethane (DCM),
MeOH, DCM, and MeOH and dried in vacuo prior to the

STFA treatment. To each 100 mg of the resin was added 2

mL of 95% TFA solution in water at ice-bath temperature.
The mixture was slowly warmed to room temperature and
allowed to mix for 2 h. The supernatant was then removed,
and the resin was washed with DCM (3 1 mL). The
combined supernatants were concentrated to dryness under
a stream of nitrogen and further dried in vacuo. The crude
products were analyzed and purified by HPLC.

Synthesis of 7-Fluoro-4-methyl-2-oxo-&1-1-benzopy-
ran-3-carboxylic Acid (2). A 7.71-g (50 mmol) portion of
4'-fluoro-2-hydroxyacetophenone was shaken with 30 mL
of 7 M ammonia solution in methanol overnight. The mixture
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was then concentrated in vacuo to dryness. Meldrum’s acid product was analyzed and purified by HPLC. A total of 14
(8.65 g, 60 mmol) and ethanol (25 mL) were added to the mg of 6 was obtained as a yellow solid (yield, 91%)
residue. The mixture was refluxedrfd h and then allowed  NMR (DMSO-ts) 6 8.71 (s, 1H), 7.84 (s, 1H), 7.77 (m, 3H),
to cool to room temperature. After complete precipitation, 7.66 (m, 1H), 7.60 (m, 2H), 6.63 (s, 1H), 2.46 (s, 3HC
the product was filtered and recrystallized from aqueous NMR (DMSO-0s) 6 165.5, 157.2, 155.2, 147.5, 142.3, 140.4,
acetone. A total of 7.33 g & was obtained as white needles 137.8, 131.5, 131.4, 127.9, 125.8, 125.4, 118.4, 117.2, 16.3;
(yield, 66%): mp 205206°C;*H NMR (DMSO-ds) 6 7.84 ESI-MS m/z 341.1 (MH").
(m, 1H), 7.34 (m, 1H), 7.26 (m, 1H), 2.34 (s, 3H)C NMR Synthesis of Compound 7To 100 mg (0.045 mmol) of
(DMSO-Ug) 6 166.3, 163.3 (dJcr = 249.5 Hz), 157.8,153.0  resin-linked scaffolds was added a solution of 36.7 mg
(d,3Jcr = 7.3 Hz), 144.0, 127.8 (#Jcr = 11.1 Hz), 116.8,  (0.225 mmol) of Ac-Cys-OH in 2 mL of 5% DIEA/DMF.
113.3,112.1 (dBJcr = 22.0 Hz), 103.9 (FJcr = 25.9 Hz),  The mixture was shaken overnight, and the supernatant was
15.9; ESI-MSm/z 223.1 (MH). removed. After TFA cleavage, the crude product was
Synthesis of 7-Fluoro-4-methyl-6-nitro-2-oxo-#-1-ben- analyzed and purified by HPLC. A total of 17 mg dfvas
zopyran-3-carboxylic Acid (3). A mixture of 10 mL of 70% obtained as a yellow solid (yield, 92%jH NMR (DMSO-
nitric acid and 10 mL of concentrated sulfuric acid was ds) 6 13.1 (s, broad, 1H), 8.59 (s, 1H), 8.47 (d, 1H+ 8.0
chilled in an ice bath. A 5.55-g (25 mmol) portion of Hz), 7.90 (s, 1H), 7.77 (s, 1H), 7.66 (s, 1H), 4.51 (m, 1H),
7-fluoro-4-methyl-2-oxo-BI-1-benzopyran-3-carboxylic acid  3.61 (dd, 1H,J = 13.8, 4.7), 3.37 (dd, 1H] = 13.8, 4.7),
was added in batches under magnetic stirring. The ice bath2.45 (s, 3H), 1.83 (s, 3H):3C NMR (DMSO-dg) 6 172.2,
was removed after 1 h. The mixture was stirred at room 170.3, 165.6, 157.6, 155.3, 147.5, 142.8, 141.3, 125.7, 125.2,
temperature fo5 h and was then poured into 100 g of 117.0, 115.2, 51.3, 34.1, 23.0, 16.3; ESI-M%z 410.1
granulated ice. The pH of the mixture was adjustedt32  (MH™).
with 10 M aqueous NaOH solution. After complete precipi-  Synthesis of Compound 8To 100 mg (0.045 mmol) of
tation, the precipitate was filtered and recrystallized from resin-linked scaffolds was added a solution of 34.7 mg
aqueous acetone. A total of 5.94 g ®fwas obtained as  (0.225 mmol) of 4-mercaptobenzoic acid in 2 mL of 5%
yellow needles (yield, 89%): mp 23@17 °C; 'H NMR DIEA/DMF. The mixture was shaken overnight, and the
(DMSO-ds) 6 13.9 (s, broad, 1H), 8.59 (d, 1H,= 7.9 Hz), supernatant was removed. After TFA cleavage, the crude
7.82 (d, 1H,J = 11.6 Hz), 2.49 (s, 3H)}*C NMR (DMSO- product was analyzed and purified by HPLC. A total of 17
ds) 0 165.0, 156.6 (dNJcr = 264.9 Hz), 156.2 (d3cr = mg of 8 was obtained as a yellow solid (yield, 94%}
15.4 Hz), 156.1, 148.1, 134.0 (&cr = 8.5 Hz), 125.0,  NMR (DMSO-ds) 6 13.3 (s, broad, 1H), 8.66 (s, 1H), 8.10
122.4,116.2, 107.1 (dJcr = 25.1 Hz), 16.2; ESI-MSn/z (d, 2H,J = 8.3 Hz), 7.86 (s, 1H), 7.78 (d, 2H,= 8.3 Hz),
268.0 (MH"). 7.77 (s, 1H), 6.68 (s, 1H), 2.46 (s, 3HJC NMR (DMSO-
Attachment of 7-Fluoro-4-methyl-6-nitro-2-oxo-2H-1- ds) 0 167.3, 165.5, 157.2, 155.1, 147.3, 142.1, 141.8, 135.9,
benzopyran-3-carboxylic Acid (3) to Rink Amide MBHA 135.7, 133.3, 131.9, 125.9, 125.2, 118.0, 116.1, 16.3; ESI-
Resin. A 1-g (0.45 mmol) portion of Rink amide MBHA  MS m/z 401.0 (MH").
resin was swollen in DMF overnight, followed by Fmoc Synthesis of Compound 9To 100 mg (0.045 mmol) of
deprotection. A mixture of 361 mg (1.35 mmol) 8f 182 resin-linked scaffold5 was added a solution of 238
mg (1.35 mmol) of HOBt, 21LL (1.35 mmol) of DIC, and  (0.225 mmol) of benzeneselenol in 2 mL of 5% DIEA/DMF.
10 mL of DMF was added to the resin. The resulting mixture The mixture was shaken overnight, and the supernatant was
was shaken until the ninhydrin test was negat®/@he removed. After TFA cleavage, the crude product was
supernatant was removed. The resin-linked scaffoldas analyzed and purified by HPLC. A total of 17 mg ®@fvas
washed with DMF, DCM, MeOH, and DCM and dried in  obtained as a yellow solid (yield, 94%3}H NMR (DMSO-
vacuo. ds) 0 8.56 (s, 1H), 7.88 (s, 1H), 7.76 (s, 1H), 7.50 (t, 2H,
Synthesis of Scaffold(3)Gly—Rink Amide MBHA = 7.9 Hz), 7.31 (t, IHJ =79 Hz), 7.21 (t, 2HJ = 7.9
Resin (5a).For the synthesis of model compountia-27, Hz), 6.98 (s, 1H), 2.46 (s, 3HXC NMR (DMSO-ds) o
glycine was ligated to the resin as a linker prior to the 165.6, 157.6, 156.0, 155.3, 153.2, 147.6, 138.1, 131.3, 126.3,
scaffold attachment. In this cask g (0.45 mmol) of Rink 125.1, 125.0, 120.1, 115.6, 107.8, 16.5; ESI-M& 405.0
amide MBHA resin was swollen in DMF overnight, followed (MH™).
by Fmoc deprotection. A mixture of 401 mg (1.35 mmol)  Synthesis of Compound 10To 100 mg (0.045 mmol)
of Fmoc-Gly-OH, 182 mg (1.35 mmol) of HOBt, 214 of resin-linked scaffolds was added a solution of 228
(1.35 mmol) of DIC, and 10 mL of DMF was added to the = (0.225 mmol) of piperidine in 2 mL of 5% DIEA/DMF. The
resin. The resulting mixture was shaken until the ninhydrin mixture was shaken overnight, and the supernatant was
test was negative. The supernatant was removed. The resifiemoved. After TFA cleavage, the crude product was
was washed with DMF, MeOH, and DMF, followed by analyzed and purified by HPLC. A total of 14 mgtdwas
Fmoc deprotection. The scaffoBiwas then attached to the obtained as a yellow solid (yield, 94%3}H NMR (DMSO-
resin using the procedure described above. ds) 0 8.23 (s, 1H), 7.83 (s, 1H), 7.66 (s, 1H), 7.12 (s, 1H),
Synthesis of Compound 6.A 100-mg (0.045 mmol)  3.10 (t, 4H,J = 3.9 Hz), 2.37 (s, 3H), 1.51.7 (m, 6H);1*C
portion of resin-linked scaffol® was shaken with 2 mL of  NMR (DMSO-dg) 6 166.1, 158.2, 155.9, 148.9, 148.2, 138.0,
1 M phenol solution in 25% DIEA/DMF overnight. The 125.6, 122.9, 111.6, 106.8, 52.2, 25.8, 24.0, 16.2; ESI-MS
supernatant was removed. After TFA cleavage, the crudem/z 332.1 (MH").
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Synthesis of Compound 11To 100 mg (0.045 mmol)  purified by HPLC. A total of 30 mg ofl4 was obtained as
of resin-linked scaffoldb was added a solution of 74L a yellow solid (yield, 92%):'H NMR (DMSO-ds) 6 8.70
(0.090 mmol) of propylamine in 2 mL of 5% DIEA/DMF.  (t, 1H,J = 5.7 Hz), 7.36 (s, 1H), 7.17 (s, 2H), 7.10 (s, 1H),
The mixture was shaken overnight, and the supernatant was.96 (s, 1H), 3.6+3.77 (m, 6H), 2.93 (t, 4HJ = 5.3 Hz),
removed. After TFA cleavage, the crude product was 2.35 (s, 3H);*3C NMR (DMSO-s) 6 171.4, 165.3, 160.0,
analyzed and purified by HPLC. A total of 13 mgbf was 149.9, 146.6, 144.5, 138.7, 122.1, 115.4, 110.0, 107.3, 66.9,
obtained as an orange solid (yield, 95%ij NMR (DMSO- 50.8, 42.7, 16.4; ESI-M&Vz 361.2 (MH").
ds) 6 8.47 (s, 1H), 8.39 (t, 1H) = 5.3 Hz), 7.81 (s, 1H), To the remaining portion of the resin was added a mixture
7.66 (s, 1H), 6.93 (s, 1H), 3.36 (m, 2H), 2.38 (s, 3H), 1.65 of 208.9 mg (1.8 mmol) of diglycolic anhydride, 784
(m, 2H), 0.95 (t, 3H,J = 7.3 Hz);*C NMR (DMSO-) 6 (0.45 mmol) of DIEA, and 4 mL of DCM. The resulting
166.1, 158.1, 157.8, 148.5, 147.7,129.9, 126.5, 122.0, 109.3mixture was shaken overnight, and the supernatant was
99.9, 45.0, 22.0, 16.1, 11.9; ESI-M#z 306.1 (MH"). removed. After TFA cleavage, the crude product was
Synthesis of Compounds 12 and 13A 400-mg (0.18 analyzed and purified by HPLC. A total of 35 mg 16 was
mmol) portion of scaffoldf)—Gly—Rink amide MBHA resin obtained as a yellow solid (yield, 82%3}H NMR (DMSO-
5a was shaken with 8 mLfol M phenol solution in 25%  dg) 6 12.7 (s, broad, 1H), 8.73 (t, 1H,= 5.7 Hz), 8.46 (s,
DIEA/DMF overnight. The supernatant was removed, and 1H), 7.95 (s, 1H), 7.34 (s, 1H), 7.16 (s, 1H), 7.14 (s, 1H),
the resin was washed with DMF, DCM, MeOH, and DMF. 4.09 (s, 4H), 3.80 (d, 2H] = 5.7 Hz), 3.76 (t, 4HJ = 5.3
An 8-mL portion d 2 M SnCh-2H,0 solution in DMF was Hz), 2.99 (t, 4HJ = 5.3 Hz), 2.38 (s, 3H)**C NMR (D,0)
added to the resin. The mixture was shaken for 3 h. Theo 172.4, 171.4, 167.4, 165.2, 161.5, 151.2, 150.1, 127.3,
supernatant was removed, and the reduction process wad20.6,120.2,117.8, 115.5, 108.1, 70.9, 70.2, 67.0, 51.2, 42.6,
repeated. After the resin was washed with DMF, DCM, 15.9; ESI-MSm/z 477.2 (MH").
MeOH, and DCM, it was divided into two aliquots. One Synthesis of Compounds 16 and 17To 400 mg (0.18
portion of the resin was treated with TFA cleavage, and the mmol) of scaffold8)—Gly—Rink amide MBHA resirbawas
crude product was analyzed and purified by HPLC. A total added a solution of 95.6L (0.90 mmol) of benzeneselenol
of 30 mg of12 was obtained as a yellow solid (yield, 91%): in 8 mL of 5% DIEA/DMF. The mixture was shaken
IH NMR (DMSO-dg) 6 8.70 (t, 1H,J = 5.7 Hz), 7.43 (t, overnight, and the supernatant was removed. The resin was
2H,J = 7.8 Hz), 7.34 (s, 1H), 7.20 (t, 1H = 7.8 Hz), washed with DMF, DCM, MeOH, and DMF. An 8-mL
7.17 (s, 2H), 7.08 (d, 2H] = 7.8 Hz), 6.69 (s, 1H), 3.78 (d,  portion d 2 M SnCh-2H,0 solution in DMF was added to
2H,J=5.7 Hz), 2.38 (s, 3H}**C NMR (DMSOdg) 6 171.3, the resin. The mixture was shaken for 3 h. The supernatant
165.1, 159.7, 156.3, 149.7, 147.9, 145.1, 137.6, 130.9, 124.9was removed, and the reduction process was repeated. After
122.6, 119.5, 116.0, 110.1, 106.0, 42.7, 16.5; ESI4M3 the resin was washed with DMF, DCM, MeOH, and DCM,
368.1 (MH). it was divided into two aliquots. One portion of the resin
To the remaining portion of the resin was added a mixture was treated with TFA cleavage, and the crude product was
of 208.9 mg (1.8 mmol) of diglycolic anhydride, 784 analyzed and purified by HPLC. A total of 36 mg 16 was
(0.45 mmol) of DIEA, and 4 mL of DCM. The resulting obtained as a yellow solid (yield, 93%}H NMR (DMSO-
mixture was shaken overnight, and the supernatant wasds) 0 8.71 (t, 1H,J = 5.7 Hz), 7.46-7.45 (m, 2H), 7.32
removed. After TFA cleavage, the crude product was 7.38 (m, 4H), 7.23 (s, 1H), 7.17 (s, 1H), 7.16 (s, 1H), 5.33
analyzed and purified by HPLC. A total of 38 mgt8was (s, broad, 2H), 3.79 (d, 2H} = 5.7 Hz), 2.36 (s, 3H):*C
obtained as an off-white solid (yield, 87%)*H NMR NMR (DMSO-tg) 6 171.2,164.9, 159.1, 149.1, 145.5, 144.6,
(DMSO-ds) 6 12.8 (s, broad, 1H), 8.71 (t, 1H,= 5.7 Hz), 132.9,130.5,129.9, 128.5, 124.7, 122.4, 121.3, 121.0, 110.0,
8.56 (s, 1H), 7.48 (t, 2H) = 7.8 Hz), 7.34 (s, 1H), 7.29 (t,  42.6, 16.3; ESI-MSWz 432.1 (MH").
1H,J = 7.8 Hz), 7.18 (m, 3H), 6.76 (s, 1H), 4.22 (s, 2H), To the remaining portion of the resin was added a mixture
4.19 (s, 2H), 3.80 (d, 2HJ) = 5.7 Hz), 2.42 (s, 3H)1C of 208.9 mg (1.8 mmol) of diglycolic anhydride, 784
NMR (DMSO-dg) 6 172.2,171.2, 168.9, 164.7, 159.1, 155.3, (0.45 mmol) of DIEA and 4 mL of DCM. The resulting
152.2,150.1, 149.6, 131.1, 126.1, 126.0, 123.0, 120.6, 119.4mixture was shaken overnight, and the supernatant was
114.9, 105.0, 70.9, 68.6, 42.7, 16.5; ESI-M%z 484.1 removed. After TFA cleavage, the crude product was
(MH™). analyzed and purified by HPLC. A total of 40 mg bf was
Synthesis of Compounds 14 and 15To 400 mg (0.18  obtained as a red solid (yield, 81%)-H NMR (DMSO-ds)
mmol) of scaffoldg)—Gly—Rink amide MBHA resirbawas 0 12.8 (s, broad, 1H), 9.82 (s, 1H), 8.69 (t, 1H+ 5.7 Hz),
added a solution of 157 4L (1.80 mmol) of morpholine in ~ 8.02 (s, 1H), 7.56 (m, 2H), 7.407.48 (m, 3H), 7.33 (s, 1H),
8 mL of 5% DIEA/DMF. The mixture was shaken overnight, 7.15 (s, 1H), 7.13 (s, 1H), 4.23 (s, 2H), 4.21 (s, 2H), 3.80
and the supernatant was removed. The resin was washed witlfd, 2H,J = 5.7 Hz), 2.40 (s, 3H);*C NMR (DMSO-d) 6
DMF, DCM, MeOH, and DMF. An 8-mL portion of 2 M 172.1,171.1,169.2, 164.6, 158.7, 150.2, 149.2, 135.2, 133.8,
SnCb:2H,0 solution in DMF was added to the resin. The 130.8, 129.7, 129.0, 124.5, 122.2, 120.0, 119.4, 70.7, 68.6,
mixture was shaken for 3 h. The supernatant was removed,42.6, 16.3; ESI-MSwz 548.1 (MH").
and the reduction process was repeated. After the resin was Synthesis of Compounds 18 and 1%.To 400 mg (0.18
washed with DMF, DCM, MeOH, and DCM, it was divided mmol) of scaffold8)—Gly—Rink amide MBHA resirbawas
into two aliquots. One portion of the resin was treated with added a solution of 65.4 mg (0.36 mmol)efeucine methyl
TFA cleavage, and the crude product was analyzed andester hydrochloride in 8 mL of 5% DIEA/DMF. The mixture
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was shaken overnight, and the supernatant was removed. Théhe supernatant was removed. The resin was washed with
resin was washed with DMF, DCM, MeOH, and DMF. An  DMF, DCM, MeOH, and DMF. A 4-mL portion of 2 M
8-mL portion d 2 M SnCk-H,0 solution in DMF was added ~ SnCh-2H,0 solution in DMF was added to the resin. The
to the resin. The mixture was shaken for 24 h, and the mixture was shaken for 3 h. The supernatant was removed,
supernatant was removed. After the resin was washed withand the reduction process was repeated. To the resin washed
DMF, DCM, MeOH, and DCM, it was divided into two  with DMF, DCM, MeOH, DMF, and tetrahydrofuran (THF),
aliguots. One portion of the resin was treated with TFA a solution of 160.4 mg (0.90 mmol) of 1;thiocarbonyldi-
cleavage, and the crude product was analyzed and purifiedimidazole in 4 mL of THF was added. The mixture was
by HPLC. A total of 27 mg ofLl8 was obtained as a yellow shaken overnight, and the supernatant was removed. The
solid (yield, 78%): 'H NMR (DMSO-ds) 6 10.48 (s, 1H), resin was washed with THF, DCM, MeOH, and DMF. To
8.65 (t, 1H,J = 5.7 Hz), 7.35 (s, 1H), 7.17 (s, 1H), 7.15 (s, the resin were added 3.5 mL of DMF, 214/ (1.80 mmol)
1H), 7.04 (s, 1H), 6.64 (s, 1H), 3.97 (t, 1H,= 5.9 H2z), of benzyl bromide, and 313/4_ (1.80 mmol) of DIEA. The
3.76 (d, 2H,J = 5.7 Hz), 2.31 (s, 3H), 1.82 (m, 1H), 1.50 mixture was shaken overnight, and the supernatant was
(m, 2H), 0.89 (d, 3HJ = 2.7 Hz), 0.88 (d, 3HJ) = 2.7 H2); removed. The resin was washed with DMF, DCM, MeOH,
13C NMR (DMSO+dg) 0 171.5, 167.5, 165.4, 160.1, 150.8, and DCM. After TFA cleavage, the crude product was
150.6, 139.5, 123.9, 118.7, 110.3, 109.9, 99.4, 53.9, 42.8,analyzed and purified by HPLC. A total of 36 mgaf was
425, 24.1, 23.7, 22.5, 16.3; ESI-M8z 387.2 (MH"). obtained as an off-white solid (yield, 86%)H NMR

The remaining portion of the resin was washed thoroughly (DMSO-de) 6 8.75 (t, 1H,J = 5.7 Hz), 8.08 (s, 1H), 7.71
with acetone. To the resin were added 248.8 mg (1.80 mmol) (S, 1H), 7.49 (d, 2HJ = 7.4 Hz), 7.37 (s, 1H), 7.33 (t, 2H,
of K,COs, 3 mL of acetone, 214.2L (1.80 mmol) of benzyl ~ J= 7.4 Hz), 7.27 (t, 1H) = 7.4 Hz), 7.20 (s, 1H), 4.66 (s,
bromide, and 313.5L (1.80 mmol) of DIEA. The resulting ~ 2H), 4.11 (t, 2H,J = 6.8 Hz), 3.82 (d, 2HJ = 5.7 Hz),
mixture was heated at 5% overnight, and the supernatant 2.54 (s, 3H), 1.71 (m, 2H), 0.83 (t, 3H,= 7.2 Hz);3C
was removed. The resin was washed thoroughly with acetone NMR (DMSO-s) 6 171.4, 165.2, 159.8, 155.4, 151.1, 149.2,
water, DMF, MeOH, and DCM. After TFA cleavage, the 140.7,139.8,137.8,129.7,129.3,128.3, 122.0, 115.0, 114.8,
crude product was analyzed and purified by HPLC. A total 97.8, 46.0, 42.7, 36.4, 22.8, 16.9, 11.6; ESI-Mh& 465.2
of 9 mg of 19 was obtained as a yellow solid (yield, 21%): (MH™).
IH NMR (DMSO-dg) 6 10.70 (s, 1H), 8.63 (t, 1H] = 5.7 Synthesis of Compound 228 To 200 mg (0.090 mmol)
Hz), 7.31-7.39 (m, 5H), 7.28 (t, 1HJ = 6.9 Hz), 7.19 (m, of scaffold@)—Gly—Rink amide MBHA resirbawas added
1H), 7.14 (s, 1H), 6.73 (s, 1H), 4.84 (d, 1Bi= 15.0 Hz), a solution of 32.7 mg (0.18 mmol) gf-alaninetert-butyl
4.44 (d, 1H,J = 15.0 Hz), 3.96 (m, 1H), 3.76 (d, 2H,= ester hydrochloride in 4 mL of 5% DIEA/DMF. The mixture
5.7 Hz), 2.33 (s, 3H), 1.60 (m, 1H), 1.33.50 (m, 2H), was shaken overnight, and the supernatant was removed. The
0.84 (s, 3H), 0.83 (s, 3H):3C NMR (DMSO-dg) 6 171.4, resin was washed with DMF, DCM, MeOH, and DMF. A
166.8, 165.2, 159.9, 150.7, 150.3, 139.1, 137.4, 129.4, 129.04-mL portion ¢ 2 M SnCh+-2H,O solution in DMF was
128.3, 125.2, 119.6, 110.6, 110.5, 100.4, 60.4, 52.2, 42.7,added to the resin. The mixture was shaken for 3 h. The
39.1, 25.0, 23.9, 22.5, 16.3; ESI-M8z 477.2 (MH"). supernatant was removed, and the reduction process was

Synthesis of Compound 23° To 200 mg (0.090 mmol)  repeated. To the resin washed with DMF, DCM, MeOH, and
of scaffold@)—Gly—Rink amide MBHA resirbawas added =~ DMF, 4 mL of 1 M phenyl isothiocyanate dnl M DIC
a solution of 17.8.L (0.18 mmol) of propylamine in 4 mL  solution in DMF was added. The mixture was shaken
of 5% DIEA/DMF. The mixture was shaken overnight, and overnight, and the supernatant was removed. The resin was
the supernatant was removed. The resin was washed withwashed with DMF, DCM, MeOH, and DCM. After TFA
DMF, DCM, MeOH, and DMF. To the resin were added 2 cleavage, the crude product was analyzed and purified by
mL of 0.75 M SnC}-2H,0O solution in DMF and 18.3(L HPLC. A total of 22 mg of22 was obtained as a yellow
(0.18 mmol) of benzaldehyde. The resulting mixture was solid (yield, 53%): 'H NMR (CD;OD) ¢ 7.72 (d, 2H,J =
heated at 60C for 3 h. The supernatant was removed, and 7.8 Hz), 7.52-7.62 (m, 4H), 7.46 (m, 1H), 4.61 (t, 2H,=
the resin was washed thoroughly with DMF, DCM, MeOH, 5.9 Hz), 4.02 (s, 2H), 3.04 (t, 2H,= 5.9 Hz), 2.54 (s, 3H);
and DCM. After TFA cleavage, the crude product was *C NMR (CD;OD) ¢ 174.6, 173.9, 167.1, 160.9, 152.4,
analyzed and purified by HPLC. A total of 31 mg2®was 151.4,136.9, 135.9, 131.4,129.2, 129.0, 125.5, 122.9, 117.5,
obtained as an off-white solid (yield, 82%)YH NMR 109.4, 100.2, 43.2, 40.7, 32.9, 16.5; ESI-M%$z 464.2
(DMSO-d) 6 8.79 (t, 1H,J = 5.7 Hz), 8.21 (s, 1H), 7.95 (MH™).
(s, 1H), 7.83 (m, 2H), 7.64 (m, 3H), 7.39 (s, 1H), 7.20 (s,  Synthesis of Compound 23To 200 mg (0.090 mmol)
1H), 4.34 (t, 2H,J = 7.3 Hz), 3.83 (d, 2HJ = 5.7 Hz), of scaffold@)—Gly—Rink amide MBHA resirbawas added
2.57 (s, 3H), 1.69 (m, 2H), 0.73 (t, 3H,= 7.3 Hz);*C a solution of 73.4 mg (0.45 mmol) of Ac-Cys-OH in 4 mL
NMR (DMSO-tg) 6 171.3, 165.1, 159.5, 156.1, 150.7, 149.8, of 5% DIEA/DMF. The mixture was shaken overnight, and
138.5,138.1, 131.5, 130.0, 129.7, 129.2, 122.6, 116.4, 115.9the supernatant was removed. The resin was washed with
99.4,46.9, 42.7, 23.0, 16.9, 11.5; ESI-M#z 419.2 (MH"). DMF, DCM, MeOH, and DMF. A 4-mL portion of 2 M

Synthesis of Compound 227 To 200 mg (0.090 mmol)  SnCb-2H,O solution in DMF was added to the resin. The
of scaffold@)—Gly—Rink amide MBHA resirbawas added mixture was shaken for 3 h. The supernatant was removed,
a solution of 17.8L (0.18 mmol) of propylamine in 4 mL  and the reduction process was repeated. The resin was
of 5% DIEA/DMF. The mixture was shaken overnight, and washed with DMF, DCM, MeOH, and DCM. After TFA
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cleavage, the crude product was analyzed and purified byacid in 4 mL of 5% DIEA/DMF. The mixture was shaken
HPLC. A total of 36 mg of23 was obtained as a yellow overnight, and the supernatant was removed. The resin was
solid (yield, 92%): *H NMR (DMSO-ds) 6 8.73 (t, 1H,J = washed with DMF, DCM, MeOH, and DMF. A 4-mL portion
5.7 Hz), 8.38 (d, 1HJ = 7.8 Hz), 7.34 (s, 2H), 7.17 (s, of 2 M SnC}-2H,0 solution in DMF was added to the resin.
1H), 7.09 (s, 1H), 4.44 (s, broad, 2H), 4.35 (m, 1H), 3.78 The mixture was shaken for 3 h. The supernatant was
(d, 2H,J = 5.7 Hz), 3.31 (dd, 1HJ = 13.8, 4.7 Hz), 3.13  removed, and the reduction process was repeated. To the
(dd, 2H,J = 13.8, 8.5 Hz), 2.37 (s, 3H), 1.84 (s, 3H¥C resin washed with DMF, DCM, MeOH, and DCM, a solution
NMR (DMSO-dg) 6 172.5, 171.3, 165.0, 159.4, 149.2, 144.9, of 136.9 mg (0.36 mmol) of HATU and 1254L (0.72
144.7, 124.9, 124.2, 119.7, 119.2, 109.5, 52.2, 42.6, 34.9,mmol) of DIEA in 4 mL of DMF was added. The resulting
23.1, 16.3; ESI-MSWz 437.1 (MH"). mixture was shaken overnight, and the supernatant was
Synthesis of Compound 249 To 200 mg (0090 mmo]) removed. The resin was washed with DMF, DCM, MeOH,
of scaffold@)—Gly—Rink amide MBHA resirbawas added ~ and DCM. After TFA cleavage, the crude product was
a solution of 17.8.L (0.18 mmol) of propylamine in 4 mL  analyzed and purified by HPLC. A total of 27 mg28 was
of 5% DIEA/DMF. The mixture was shaken overnight, and obtained as an off-white solid (yield, 83%)H NMR
the supernatant was removed. The resin was washed wit{(DMSO-de) 6 9.86 (s, 1H), 8.73 (t, 1H] = 5.7 Hz), 7.63
DMF, DCM, MeOH, and DMF. A 4-mL portion of 2 M (s, 1H), 7.50 (s, 1H), 7.35 (s, 1H), 7.16 (s, 1H), 3.81 (d, 2H,
SnCh-2H,0 solution in DMF was added to the resin. The J= 5.7 Hz), 3.52 (t, 2HJ = 6.5 Hz), 3.45 (t, 2HJ = 6.5
mixture was shaken for 3 h. The supernatant was removed,Hz), 2.40 (s, 3H);"*C NMR (DMSO-ds) 6 172.6, 171.1,
and the reduction process was repeated. To the resin washed64.5, 158.7, 149.4, 148.9, 139.4, 132.3, 125.2, 122.4, 120.6,
with DMF, DCM, MeOH, and DCM, a solution of 307.8 120.2, 42.6, 34.4, 33.9, 16.3; ESI-M82 362.1 (MH").
mg (1.80 mmol) of chloroacetic anhydride and 73L4(0.45 Synthesis of Compound 27° To 200 mg (0.090 mmol)
mmol) of DIEA in 4 mL of DCM was added. The mixture ©f scaffold@)—Gly—Rink amide MBHA resirbawas added
was shaken overnight, and the supernatant was removeda solution of 154.5 mg (0.45 mmol) of Fmoc-Cys-OH in 4
After the resin was washed with DCM, MeOH, and DMF, ML of 5% DIEA/DMF. The mixture was shaken overnight,
it was shaken with 3.6 mL of 10% DIEA solution in DME  and the supernatant was removed. The resin was washed with
for 5 h, and 40QuL (4.59 mmol) of morpholine was then ~DMF, DCM, MeOH, and DMF. A 4-mL portion of 2 M
added. The resulting mixture was shaken overnight, and theSnCbk-2H,O solution in DMF was added to the resin. The
supernatant was removed. The resin was washed with DMF,mixture was shaken for 3 h. The supernatant was removed,
DCM, MeOH, and DCM. After TFA cleavage, the crude @and the reduction process was repeated. To the resin washed
product was analyzed and purified by HPLC. A total of 35 With DMF, DCM, MeOH, and DCM, a solution of 136.9
mg of 24 was obtained as a yellow solid (yield, 78%3H mg (0.36 mmol) of HATU and 125.4L (0.72 mmol) of

NMR (DMSO-ds) 6 8.72 (t, 1H,J = 5.7 Hz), 7.52 (s, 1H),  DIEA in 4 mL of DMF was added. The resulting mixture
7.41 (s, 1H), 7.18 (s, 1H), 6.56 (s, 1H), 4.17 (s, 2H),3.4 Wwas shaken overnight, and the supernatant was removed. The

4.0 (m, 12H), 3.14 (t, 2H) = 6.4 Hz), 2.31 (s, 3H), 1.57 resin was washed with DMF, DCM, MeOH, and DMF,
(m, 2H), 0.93 (t, 3HJ = 6.4 Hz);3C NMR (DMSO-ds) 6 followed by Fmoc-deprotection. A mixture of 68.1 mg (0.27
171.8,171.4, 165.6, 164.7, 160.3, 154.1, 151.2, 148.5, 124.8 mmol) of anthraquinone-2-carboxylic acid, 102.7 mg (0.27
119.5, 117.9, 108.0, 95.6, 63.7, 57.7, 52.9, 44.9, 42.7, 42.6,mmol) of HATU, 94.1uL (0.54 mmol) of DIEA, and 5 mL
36.6, 22.1, 16.2, 11.6; ESI-MBVz 500.2 (MH"). of DMF was added to the resin. The reaction was allowed
Synthesis of Compound 25To 200 mg (0.090 mmol) to proceed overnight. _The supernatant was removed, and the
of scaffold@)—Gly—Rink amide MBHA resirbawas added ~ '€Sin was washed with DMF, DCM, MeOH, DMF, and
a solution of 49.3.L (0.45 mmol) of ethyl 2-mercaptoacetate DCM- After TFA cleavage, the crude product was analyzed
in 4 mL of 5% DIEA/DMF. The mixture was shaken &nd purified b){ HP_LC.AtotaI of 25 mg df7 was obtained
overnight, and the supernatant was removed. The resin waS & brown solid (yield, 45%)H NMR (DMSO-) 6 10.28
washed with DMF, DCM, MeOH, and DMF. A 4-mL portion (& 1H), 9.41 (d, 1HJ = 7.4 Hz), 8.74 (t, 1H) = 5.7 Hz),
of 2 M SnCh-2H,0 solution in DMF was added to the resin.  8-67 (S, 1H), 8.31 (m, 2H), 8.25 (m, 2H), 7.96 (m, 2H), 7.76
The mixture was shaken for 3 h. The supernatant was (s, 1H), 7.63 (s, 1H), 7.36 (s, 1H), 7.17 (s, 1H), 4.74 (m,
removed, and the reduction process was repeated. The resit ) 3:83 (d, 2HJ = 5.7 Hz), 3.75 (dd, 1H) = 11.9, 6.5

was washed with DMF, DCM, MeOH, and DCM. After TFA  H2), 345 (t, 2H,J = 11.9 Hz), 2.46 (s, 3H);°C NMR
cleavage, the crude product was analyzed and purified by(DMSOdﬁ) 0182.9,171.3,171.1,165.1, 164.4, 158.7, 149.7,
HPLC. A total of 27 mg o5 was obtained as an off-white 148.8, 139.0, 138.8, 135.7, 135.4, 133.9, 133.8, 131.6, 127.9,

solid (yield, 86%): *H NMR (DMSO-k) 6 10.91 (s, 1H), 127.7, 127.6, 126.5, 125.5, 122.8, 121.2, 120.4, 50.4, 42.6,
8.74 (t, 1H,J = 5.7 Hz), 7.63 (s, 1H), 7.58 (s, 1H), 7.34 (s, /-5 16.3; ESI-MSz611.1 (MH').
1H), 7.16 (s, 1H), 3.81 (d, 2H] = 5.7 Hz), 3.80 (s, 2H), Acknowledgment. This work was supported by NIH
2.43 (s, 3H);**C NMR (DMSOds) 6 171.1, 164.6, 161.5,  R33CA-86364, NIH R33CA-99136, and NSF CHE-0302122.
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a solution of 39.2«L (0.45 mmol) of 3-mercaptopropionic  editorial assistance and Dr. Jan Marik for helpful discussion.



120 Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 1

References and Notes

(1) Newman, D. J.; Cragg, G. M.; Snader, K. Mat. Prod.
Rep.200Q 17, 215-234.

(2) Nielsen, JCurr. Opin. Chem. Biol2002 6, 297—305.

(3) (a) Wessjohann, L. ACurr. Opin. Chem. Biol200Q 4, 303~
309. (b) Hall, D. G.; Manku, S. Wang, B. Comb. Chem.
2001, 125-150. (c) Lee, M.-L.; Schneider, GI. Comb.
Chem.2001, 3, 284—289.

(4) Murray, R. D. H.; Mendez, J.; Brown, S. A. Trhe Natural
Coumarins: Occurrence, Chemistry and Biochemisiohn
Wiley & Sons: New York, 1982; p 227.

(5) (a) Kessler, C. MChest1991], 99, 97S-112S. (b) O’Kennedy,
R., Thornes, R. D., Eds.; I8oumarins: Biology, Applica-
tions and Mode of Actignwiley: Chichester, U.K., 1997.

(6) Jusinski, L. E.; Taatjes, C. Rev. Sci. Instrum2001, 72,
2837—-2838.

(7) Siefrist, A. E.; Hefti, H.; Meyer, H. R.; Schmidt, Rev.
Prog. Color. Relat. Top1987, 17, 39-55.

(8) Hemmila, I. A.Appl. Fluoresc. Technoll989 1, 1-8.

(9) (a) Sharov, V. S.; Driomina, E. S.; Briviba, K.; Sies, H.

Photochem. Photobioll998 68, 797-801. (b) Urano, T.;
Hino, E.; Ito, H.; Shimizu, M.; Yamaoka, TRPolym. Ad.
Technol.1998 9, 825-830.

(10) Watson, B. T.; Christiansen, G. Eetrahedron Lett1998
39, 6087-6090.

(11) Schiedel, M.-S.; Briehn, C. A.; Bauerle, P.Organomet.
Chem.2002 653 200-208.

(12) Song, A.; Wang, X.; Lam, K. STetrahedron Lett2003
44, 1755-1758.

(13) (a) Ivachtchenko, A.; Sepetov, 8him. Oggi200Q 18, 19—
21. (b) Schwarz, M. K.; Tumelty, D.; Gallop, M. A.
Tetrahedron Lett1998 39, 8397-8400. (c) Wijkmans, J.
C. H. M.; Culshaw, A. J.; Baxter, A. DMol. Div. 199§ 3,

117-120. (d) Morales, G. A.; Corbett, J. W.; DeGrado, W.

Song et al.

F.J. Org. Chem1998 63, 1172-1177. (e) Stephensen, H.;
Zaragoza, FTetrahedron Lett1999 40, 5799-5802. (f)
Lee, J.; Gauthier, D.; Rivero, R. A. Org. Chem1999 64,
3060-3065. (g) Nefzi, A.; Giulianotti, M. A.; Houghten, R.
A. Tetrahedron Lett200Q 41, 2283-2287. (h) Yokum, T.
S.; Alsina, J.; Barany, GJ. Comb. Chem200Q 2, 282—
292. (i) Yeh, C. M.; Tung, C. L.; Sun, C. M. Comb. Chem.
200Q 2, 341-348. (j) Krchr&, V.; Smith, J.; Vaner, J.
Tetrahedron Lett2001, 42, 1627-1630.

(14) (a) Mayer, J. P.; Lewis, G. S.; McGee, C.; Bankaitis-Davis,
D. Tetrahedron Lett1998 39, 6655-6658. (b) Tumelty,
D.; Schwarz, M. K.; Needels, M. O.etrahedron Lett1998
39, 7467-7470. (c) Tumelty, D.; Schwarz, M. K.; Cao, K.;
Needels, M. CTetrahedron Lett1999 40, 6185-6188. (d)
Kilburn, J. P.; Lau, J.; Jones, R. C.TFetrahedron Lett200Q
41, 5419-5421. (e) Acharya, A. N.; Thai, C.; Ostresh, J.
M.; Houghten, R. AJ. Comb. Chem2002 4, 496-500.

(15) Wu, Z.; Rea, P.; Wickham, GQetrahedron Lett200Q 41,
9871-9874.

(16) Lee, J.; Murray, W. V.; Rivero, R. Al. Org. Chem1997,
62, 3874-3879.

(17) Lee, J.; Gauthier, D.; Rivero, R. Aetrahedron Lett1998
39, 201—-204.

(18) Smith, J. M.; Gard, J.; Cummings, W.; Kanizsai, A.; Krdhna
V. J. Comb. Chem1999 1, 368—370.

(19) Zaragoza, F.; Stephensen,JHOrg. Chem1999 64, 2555~
2557.

(20) Schwarz, M. K.; Tumelty, D.; Gallop, M. Al. Org. Chem.
1999 64, 2219-2231.

(21) Gust, D.; Moore, T. AAdv. Photochem1991, 16, 1-66.

(22) Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P. I.
Anal. Biochem197Q 34, 595-598.

CC0340022



