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A branched flexible linker that incorporates a fluorescent dansyl moiety was synthesized and used to
connect two high affinity NDRx-MSH ligands or two low affinity MSH(4) ligands. The linker was
incorporated into the conjugate by solid-phase synthesis. In vitro biological evaluations showed that
potency of binding to the human melanocortin 4 receptor was not diminished for -iigand
combinations relative to the corresponding ligand alone.

Introduction dimensions of small moleculésn such cases, several small

. molecule linkers connected in series will be necessary to span
Early detection of many human cancers depends on theihe gistance between receptors.

availability of nontoxic reagents that can seek out and selectively
bind to cancer cells and report their existence and location by

noninvasive molecular imagiriyVe are engaged in a program synthesis. Each linker employed in the assembly of compounds

to deye;lop reagents that target human cancers that'presentl){hat contain multiple copies of one ligand, or ligands of multiple
are difficult to detect, such as melanoma and pancreatic cancer - ; . - -
types, must be validated as noninterfering with the binding of

Our strategy involves linking together reporter moieties and two . i s of interest. Both rigid linkérand flexible linker§

or more ligands that bind to cell surface receptors that are . . .
) : ; are in development. The use of water-soluble and biocompatible
overexpressed in cancer céllsThe resulting multivalent . . . .
molecules could display enhanced affinity for targeted cells pon(e_therne (.)X'de) O“g(.)mers (PEGS) as I|_nkers_ IS V\_’e"
" established.While several linear PEGs that terminate in amine

_Fac_tors_ that must be con_sidered in designing linkers for and carboxylic acid functional groups are commercially avail-
bioactive ligands include the distance that must be spanned, easg ) s 7 the best of our knowledge, branched PEG oligomers
of use, biocompatibility, and value-added functionality. The ' '

distance that must be spanned between targeted receptors or
the cell surface will vary and will often exceed the typical

For peptide ligands, linkers should terminate in an amine and
a carboxylic acid to facilitate incorporation by solid-phase

(4) Small molecule dimensions are on the order of ten angstroms, while
the distance between receptors is on the order of tens to hundreds of
angstroms. See: Tron, L.; Szollosi, J.; Szabo, G., Jr.; Matyus, L.
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SCHEME 1. Synthesis of Compound 1%
4>a NC SO O~
HZN/\/OV\O/\/O\/\NHBOC H (0) NHBoc
d
6 7
CHs CHs
Ho/\/o\/\o/\/OH + I\/\)<O - R1\/O\/\0/\/O\/\)<O

8

C 9 R, = CH,OH
Cc
10 Ry = CHO

R
2N /\/O\/\O/\/O\/\NHBOC

' N

O\/\O/\/O\/\/COZCHS
" 12 R, =CN
g (
13 R2 = CH2NHCH20H3
HSC/\N/\/\N/\/O\/\O/\/O\/\X . 14 X = NHBoc R3 = CHg
_&- i
h OSO 15X=NH2 R3=CH3
- OO OO~ CORs i C
16 X = NH2 H3 = H
N(CHa), k C

17 X = NHCOCF3 R3 = H

aReagents and conditions: (&) acrylonitrile, £HH; (b) NaH, THF; (c) DMSO, (COC}) EtN, CHxCly; (d) NaBH(OAc), CICH,CHCI; (e) TsOH, aq

CH3OH; (f) K2COs, CHsOH:; (g) Ha, Rh/C, EtNH, CHsOH; (h) dansyl chloride
(k) CFCO,Et, CH;OH, EtN.

such asl that are akin to lysine have not been repof&lich
branching would afford the opportunity to attach, in addition
to peptide ligands, fluorescent moieties for imaging or thera-

peutic moieties for targeted treatment of diseased cells. Linkers

such asl are modular and can be connected together to bridge
larger distances and/or to mix ligand, imaging, and therapeutic
moieties on one chain. We report herein a synthesis of a
fluorescent derivative df, attachment of “high-affinity” NDP-
o-MSH or “low-affinity” MSH(4) variants of a-melanocyte
stimulating hormon¥ to produce compoundzand3, as well

as control compoundéandb, and evaluation of the bioactivities

of these peptides.

HZN/\/\N/\/O\/\O/\/OV\NHQ

N

O\/\O/\/O\/\/COOH
1

HSC/\N/\/\N/\/O\/\O/\/O\/\H,FH
0=8=0 o
OO O\/\O/\/OMHQ
NMe,
R1 R2

2 Ac-NDP-a-MSH NDP-a-MSH-NH,

3 Ac-MSH(®4) MSH(4)-NH,

4 Ac NDP-a-MSH-NH,

5 Ac MSH(4)-NH,
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, BN, CH:Cly; (i) HCI, Et,0, EtOAc, CHOH; (j) NaOH, aq CHOH, THF;

Results and Discussion

A synthesis of the fluorescent derivatiig of linker 1 is
depicted in Scheme 1. Known ami6é! was allowed to react
with acrylonitrile in methanol, producing nitriléin 80% yield.
Separately, the sodium salt derived from tri(ethylene glycol)
was allowed to react with known iodid@&"? in THF, giving
alcohol9 in 65% yield. This alcohol was subjected to Swern
oxidation to produce the unstable aldehyiie Reductive
coupling of amine7 and aldehydd.0 using sodium triacetoxy-
borohydride gave nitrild1. This compound, which possesses
the skeleton of linkefl, was subjected to partial hydrolysis of
the ortho ester and subsequently to transesterification using
potassium carbonate in dry methanol to give e&&m 57%
yield from alcohol9. Reductive ethylation of the nitrile moiety
of 12was accomplished by the method of Sajiki e¥*dReaction
of 13with dansyl chloride afforded sulfonamidd in 47% yield
from 12. Acid-catalyzed removal of the Boc group, saponifica-
tion of the methyl ester, and protection of the free amine as the

(7) (a) Hashimoto, M.; Yang, J.; Holman, G. BhemBioChen2001,

2, 52-59. (b) Warnecke, A.; Kratz, Bioconjugate Chen2003 14, 377—
387. (c) Herforth, C.; Heidler, P.; Franke, S.; Link, Bioorg. Med. Chem.
2004 12, 2895-2902. (d) Jensen, T. W.; Hu, B.-H.; Delatore, S. M.; Garcia,
A. S.; Messersmith, P. B.; Miller, W. Hl. Am. Chem. SoQ004 126,
15223-15230. (e) Warneke, A.; Fichtner, I.; Garmann, D.; Jaehde, U.;
Kratz, F.Bioconjugate Chen2004 15, 1349-1359.

(8) Available from Quanta BioDesign, Ltd.

(9) The use of coupled lysine/poly(ethylene glycol) linkers has been
reported; see (a) Thumshirn, G.; Hersel, U.; Goodman, S. L.; Kessler, H.
Chem. Eur. J2003 9, 2717-2725. (b) Song, A.; Wang, X.; Zhang, J.;
Marik, J.; Lebrilla, C. B.; Lam, K. SBioorg. Med. Chem. LetR004 14,
161-165.
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SCHEME 2. Solid-Phase Synthesis of Compounds 2 and 4

FmOCNH—O —-[ H—Ser(tBu)—Tyr(tBu)—Ser(tBu}—NIe—GIu(OtBu)—His(Trt)—D—Phe—Arg(F’bf)—Trp(Boc)—GIy—Lys(Boc)—Pro—Val]—o

l
(o) Q)

linker —=

NDP-o-MSH-NH;

I'Isl DP-a-MSH-Ac

H

(o]

NDP-a-MSH
" Q
f
AN O~ 0] }
o “"‘” Y \-NOPSFAc)
0 $:0 & H
linker O\/‘\O/““-\/O\/\)J\} o
NDP-u-MSH-NH»
N(CH;), :

aReagents and conditions: (a) piperidine; (b) Fr@/ solid-phase synthesis (ref 15); (c) N-protected linker, HCiFBREtN, DMF; (d) THF/MeOH/
N2H4 (70/15/15); (e) pyridine/A€ (90/10); (f) TFA/HSCHCH,SH/PhSMe/HO (91/3/3/3).

trifluoroacetamide {4 — 15— 16— 17) was effected in 93% The solid-phase synthesis of compouhdonsisting of two

yield over the three steps. NDP-a-MSH ligands connected in a head-to-tail fashion by the
CompoundLl? incorporates &-alkoxy acid terminus instead  fluorescent linker is depicted in Scheme 2 and is presented

of aB-alkoxy acid moiety®to preclude unwanteg-elimination below. Also shown in Scheme 2 and presented is the synthesis

processesN-Ethylation prior to introduction of the dansyl of control compound! consisting of one NDR«-MSH ligand
moiety clears the linker of an acidic proton that could interfere connected at the peptidé-terminus through the carboxylate
with solid-phase synthesis and/or make the fluorescence proper-of the fluorescent linker.
ties of the molecule pH sensitivé. NDP-a-MSH? was constructed on Rink amide Tentagel S
resin (L8, initial loading 0.17 mmol/g}> The product resii9

(10) The “high-affinity” ligand employed here was based on N@P- retained all side-chain protecting groups. Agidwas coupled
g"SH (Sefr‘TB}ér‘SSer"\f'_'I?‘G'“‘g"? Pnf-ﬁrg-\trrﬂ—eI%/hLysi-P'\;Io-L'/al)ﬁsee:réa) to the N-terminus ofl9 to give resin20. The N-trifluoroaceta-
Ba\'\gfr%ett 3 B“,L;'S,Z‘;Y M. Eprog %aﬂ Acad. %eC, Us. Agggv ?7 " mide protecting group was cleaved by treatment with 15%
5754-5758. (b) Hadley, M. E.; Anderson, B.; Heward, C. B.; Sawyer, T. hydrazine and 15% methanol in THF, and the resulting resin
iy . J ot 2 A0 aser T o ety I 21 Spi o o portons. For he syrnesiszihe e

) e ATy ; Wi . amine group of resi21 was coupled with Fmoc-valine, and

ﬂfaglesﬁ.(E'.';Sﬁl.%hﬁe@?gfpésvs@i}, (TC.) KHr ”sbéb?ég,Jb_VJv_';'kDeZ’vggf'/g_ solid-phase synthesis continued to completion of the second
E.; Dym, O.; de L. Castrucci, A. M.; Hintz, M. F.; Riehm, J. P.; Rao, K. NDP-a-MSH ligand, giving resir22. The N-terminus was then
EAQie“feﬁ' (E:hesnl‘aﬁg ?’TO'KZ_%VGHI(ZQSOE; (g)_‘i'fl_'aab‘;é%icés_”s‘ig;‘lé Q‘SAJ . capped byN-acetylation, producing resi23. For the synthesis
DeVaux, A. E.: Dym, O.; Hintz, M. F.; Riehm, J. P.: Rao, K. R.; Hruby, ~ Of control4, resin21 was terminallyN-acetylated to give resin
V. J. Gen. Comp. Endocrinoll989 73, 157-163. (e) Haskell-Luevano, 24. Simultaneous side-chain deprotection and cleavage of the
Siéﬂr??frfatg’- %;r’:‘tcz’”lry %g?agﬁgkfg 9’;- ?433‘21'1%3’3}'\2'-1 359; Hruby, V. J.; peptides from resin®3 and24 was effected using a mixture of

(11) (a)’ Behdavid, ’A.; Burns, C. J.; Field, L.’D.; Hashimoto, K.; Ridley, trifluoroacetic §C|d, 1,2-ethaned|th|ol, thioanisole, and water (91/
D. D.; Sandanayake, K. R. A. S.; Wieczorek,1..Org. Chem2001, 66, 3/3/3), producing the desired compouriland4. Compounds

3709-3716. (b) Zhang, W.; Nowlan, D. T., lll; Thomson, L. M.; Lackowski, 3 and 5 incorporating the MSH(4) ligarifl were similarly

W. M.; Simanek, E. EJ. Am. Chem. So2001, 123 8914-8922. (c) repared
McReynolds, K. D.; Bhat, A.; Conboy, J. C.; Saavedra, S. S.; Gervay- prep ’
Hague, JBioorg. Med. Chem2002 10, 625-637.
(12) (a) Atkins, M. P.; Golding, B. T.; Howes, D. A.; Sellars, P.JJ. (14) Aavula, B. R.; Ali, M. A.; Mash, E. A.; Bednarczyk, D.; Wright,
Chem. Soc., Chem. Commur@8Q 207-208. (b) Corey, E. J.; Kyler, K; S. H. Synth. Commur2006 36, 701-705.
Raju, N. Tetrahedron Lett.1984 25, 5115-5118. (c) Baldwin, J. E.; (15) (a) Merrifield, R. B.J. Am. Chem. S0d.963 85, 2149-2154. (b)
Adlington, R. M.; Robertson, Jletrahedron1991, 47, 6795-6812. Hruby, V. J.; Meyer, J.-P. IBioorganic Chemistry: Peptides and Proteins
(13) Sajiki, H.; Ikawa, T.; Hirota, KOrg. Lett. 2004 6, 4977-4980. Hecht, S. M., Ed.; Oxford University Press: New York, 1998; pp-84.
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TABLE 1. Mass Spectral and HPLC Characterization Data of
Compounds 2-5

calcd mass mass tr

compd formula [ion] found (% purity) K’

2 CigoH27N45046S ~ 789.6135 789.6113 39 52
[(M + 5] (91)

3 Ci0iH13dN25018S  1012.0304 1012.0296 38 4.8
(M +2)*] (93)

4 CraH16N25026S  590.3158 590.3174 184 5.1
[(M + 4)+] (96)

5 Co9H101N15014S 698.8765 698.8730 2%1 6.6
(M +2)*] (95)

aLinear gradient of from 20 to 60% GEN in 0.1% aqueous TFA over
50 min. P Linear gradient of from 10 to 60% GIEN in 0.1% aqueous TFA
over 50 min.

TABLE 2. Competitive Binding of NDP-a-MSH, MSH(4), and
Compounds 2-5 to hMC4R2

compd 1Go n
NDP-o-MSH 5.86+ 1.90 nM 5
2 1.45+ 0.44 nM 6
4 3.62+ 0.86 nM 6
MSH(4) 1.15+ 0.53uM 4
3 0.37+ 0.12uM 6
5 0.42+ 0.22uM 6

aThe IGo value given is the average ai independent binding
experiments, each done in quadruplicate.

Compounds2—5 were purified by reversed-phaseg(re-
parative HPLC and were characterized by ESI-MS and MALDI-

Bowen et al.

for imaging and/or therapeutic use. In the present work, a
fluorescent dansyl group was incorporated. The carboxyl
terminus of the linker is based on jaalkoxybutanoic acid
substructure rather than the commgralkoxypropionic acid
substructure. This prevents unwant@elimination reactions
from interfering with synthetic manipulations. The utility of this
linker was demonstrated by synthesis of compounds containing
one or two copies of ligands targeted to the human melanocortin
4 receptor. In vitro binding studies established the noninterfer-
ence of the linker with ligand binding to this receptor.

Experimental

tert-Butyl 1-Cyano-6,9,12-trioxa-3,15-diazahexadecanoate (7).
To a solution o6 (4.34 g, 14.8 mmol) in MeOH (9 mL) was added
acrylonitrile (1.56 mL, 1.26 g, 23.7 mmol) dropwise over 12 min.
After 19 h, the mixture was concentrated in vacuo, and the residue
was purified by flash column chromatography on silica gel (EtOAc/
MeOH, 10:1— 2:1) to give7 (4.07 g, 11.8 mmol, 80%) as a
colorless oil: analytical TLC on silica gel, 3:1 EtOAc/MeOR,
= 0.31 (ninhydrin);"H NMR (CDCl;) 6 1.39 (9H, s), 2.49 (2H, t,

J = 6.8 Hz), 2.78 (2H, tJ = 5.1 Hz), 2.90 (2H, tJ = 6.8 Hz),

3.26 (2H, m), 3.49 (2H, tJ = 5.1 Hz), 3.54-3.82 (10H, m), 5.22

(1H, br s);13C NMR (CDCk) 0 18.5, 28.4, 40.3, 45.0, 48.5, 70.1,

70.2,70.3, 70.4, 79.0, 118.6, 156.0 (two signals could not be located

because of their overlaps with other signals); HRMS (FABBA)

calcd for GeHzoN3Os (M + H) T 346.2342, found 346.2330.
12-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-1-yl)-3,6,9-triox-

atridecan-1-ol (9). To NaH (499 mg, 20.8 mmol) was added a

solution of tri(ethylene glycol) (4.73 g, 4.20 mL, 31.5 mmol) in

TOF. Mass spectral and HPLC characterization data are givenTHF (20 mL) dropwise. After 30 min, a solution 8f(3.10 g, 10.4
in Table 1. Ligand binding was evaluated using a previously mmol) in THF (10 mL) was added dropwise. The mixture was

described lanthanide-based binding assay (see the Supportin

Information)16 HEK293 cells overexpressing the human mel-

anocortin 4 receptor (h(MC4R) were used to assess ligand

bindingl” Table 2 lists the Ig values (averaged ovem

experiments) for the ligands ND&&-MSH and MSH(4), as well
as for compound&—5. Compound bound with a 2-fold higher
affinity as compared tad, possibly a statistical effect a&

contains two NDRx-MSH ligands to one fo#. Synergistic
affects are absent because the ligand® ame too far apart for
enhanced activity from a proximity affe&tbut not far enough

apart for enhanced binding due to receptor cross-linking.

However, this statistical effect disappeared for compoudds
and5 that contain the weaker binding MSH(4) ligand. Com-
pounds2—5 were all slightly more potent binders at the hMC4

receptor when compared with the corresponding parental
ligands. Thus, it appears that this linker does not interfere with

binding of either the NDRx-MSH ligand or the MSH(4) ligand
at the hMC4 receptor.

Conclusion

ﬂeated to reflux, and after 2 h, the reaction was quenched with

2O (10 mL). The mixture was extracted with @El, (20 mL x
5), and the combined organic layers were dried (MgStitered,
and concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (hexanes/EtOAgER9:67:4) to give
9 (2.18 g, 6.80 mmol, 65%) as a pale yellow oil: analytical TLC
on silica gel, 12:1 EtOAc/MeOHR; = 0.42 (anisaldehyde)H
NMR (CDCl) 6 0.76 (3H, s), 1.69 (4H, m), 2.57 (1H,3,= 6.8
Hz), 3.43 (2H, m), 3.533.68 (12H, m), 3.84 (6H, s):*C NMR
(CDCly) 6 14.5, 23.4, 30.2, 33.2,61.7, 69.8, 70.4, 70.6, 70.6, 70.9,
72.5, 72.5, 109.0; HRMS (FAB NBA) calcd for GsH007 (M +
H)* 321.1913, found 321.1907.

1-tert-Butyl 27-Methyl 14-(2-Cyanoethyl)-5,8,11,17,20,23-
hexaoxa-2,14-diazaheptacosanedioate (1Zp a solution of oxalyl
chloride (856uL, 9.81 mmol) in CHCI, (28 mL) at—78 °C was
added a solution of DMSO (1.39 mL, 19.6 mmol) in &H, (7
mL) over 5 min. After 3 min, a solution d (2.86 g, 8.92 mmol)
in CH,ClI, (10 mL) was added through a cannula over 7 min. After
15 min, EgN (6.22 mL, 44.6 mmol) was added over 3 min, and
after 75 min, the cooling bath was removed. After 10 minOH
(35 mL) and CHCI, (100 mL) were added. The layers were
separated, and the aqueous layer was extracted witiCigL50
mL x 2). The combined organic layers were dried (MggEO

This paper describes the synthesis of a branched flexible filtered, and concentrated in vacuo. The residue was mixed vith

linker that terminates in amino and carboxylic acid functional
groups to facilitate incorporation of the linker into multimeric

(3.35 g, 9.70 mmol), and the mixture was dissolved in 1,2-
dichloroethane (100 mL). To the solution at© was added NaBH-

peptide ligand constructs by solid-phase synthesis. The backbondOAC)s (3.03 g, 14.3 mmol) in one portion. After 3 h, additional

of the linker is a hybrid poly(ethylene oxide)/ethylene imine
that affords water solubility and biocompatibility to the linker.
The branching of the linker permits incorporation of moieties

(16) Handl, H. L.; Vagner, J.; Yamamura, H. I.; Hruby, V. J.; Gillies,
R. J.Anal. Biochem2004 330, 242—250.

(17) The hMCA4R vector was originally received from Dr. Ira Gantz;
see: Gantz, |.; Miwa, H.; Konda, Y.; Shimoto, Y.; Tashiro, T.; Watson, S.
J.; DelValle, J.; Yamada, . Biol. Chem.1993 268, 15174-15179.
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NaBH(OAc) (377 mg, 1.78 mmol) was added. After 40 minyQH

(35 mL) was added, and the layers were separated. The aqueous
layer was extracted with CGi&l, (150 mL x 3), and the organic
layers were combined, dried (Mg$Qfiltered, and concentrated

in vacuo. The residue was dissolved in MeOH (80 mH)O (1

mL). To the solution was addgedTsOHH,O (899 mg, 4.46 mmol),

and after 4.5 h, additiongd-TsOHH,O (170 mg, 0.892 mmol)

was added. After 19 h, saturated aqueous Nakl(BOmL) was
added, and the mixture was concentrated in vacuo to ca. 15 mL.
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EtOAc (300 mL) and brine (20 mL) were added, and the layers
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(6H, m), 3.406-3.57 (24H, m), 3.63 (3H, s), 5.02 (1H, br s), 7.13

were separated. The aqueous layer was extracted with EtOAc (300(1H, d,J = 7.3 Hz), 7.44-7.52 (2H, m), 8.13 (1H, d] = 7.3 Hz),

mL), and the combined organic layers were dried (MgSfitered,

8.24 (1H, d,J = 8.5 Hz), 8.48 (1H, dJ = 8.5 Hz); 13C NMR

and concentrated in vacuo. The residue was dissolved in distilled (CDCl;) 6 13.6, 24.8, 26.1, 28.4, 30.7, 40.3, 41.5, 44.5, 45.4, 51.5,

MeOH (100 mL), and KCO; (2.10 g, 15.2 mmol) was added to
the solution at rt in one portion. After 1.5 h, the mixture was cooled
to 0°C, and EtOAc (140 mL) and saturated aqueous,GIH140

52.5, 53.7, 69.6, 70.0, 70.1, 70.2, 70.3, 70.5, 70.5, 79.1, 115.0,
119.6, 123.0, 127.8,129.4, 130.0, 130.0, 135.4, 151.6, 155.9, 173.9
(seven signals could not be located because of their overlaps with

mL) were added. The layers were separated, and the organic layemother signals); HRMS (FAB, MIX) calcd for C4iH71N401,S (M
was washed with brine (20 mL). The combined aqueous layers were+ H)* 843.4789, found 843.4777.

extracted with EtOAc (200 mlx 2), and the organic layers were
combined, dried (MgS¥), filtered, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel
(EtOAc/MeOH, 30:1— 7:1) to givel2 (2.95 g, 5.11 mmol, 57%
from 9) as a pale yellow oil: analytical TLC on silica gel, 5:1
EtOAc/MeOH, Rs = 0.47 (ninhydrin);'H NMR (CDCl;) 6 1.41
(9H, s), 1.89 (2H, m), 2.37 (2H, d,= 7.3 Hz), 2.49 (2H, br m),
2.76 (4H, br, m), 2.95 (2H, br m), 3.28 (2H, m), 343.88 (27H,

m), 5.05 (1H, br s)13C NMR (CDCk) ¢ 16.3, 24.9, 28.4, 30.7,

14-[3-(N-Ethyl-N-dansyl)aminopropyl]-25-trifluoroacetylamino-
5,8,11,17,20,23-hexaoxa-14-azapentacosanoic Acid (1T). a
solution 0f14 (212 mg, 0.251 mmol) in EtOAc (6 mE)MeOH (2
mL) at rt was addeé 2 M HCI in EtO solution (5.00 mL, 10.0
mmol). After 2 h, additione2 M HCI in Et,O solution (7.50 mL,
15.0 mmol) was added, and after an additional 2 h, the mixture
was concentrated in vacuo. The residue was coevaporated with
MeOH (5 mL x 3). Analytical TLC on silica gel, 10:1 C}Cl,/
MeOH, Ry = 0.11 or 5:1 CHCI,/MeOH, R; = 0.32 (longwave UV).

40.3,50.9, 51.5, 54.0, 54.0, 68.7, 70.1, 70.2, 70.4, 70.4, 70.5, 70.5,To the residue were added MeOH (4 mL), THF (2 mL), and 2 M
79.1, 119.3, 156.0, 173.9 (five signals could not be located becauseNaOH (2.51 mL, 5.02 mmol) successively. After 4 h, additional 2

of their overlaps with other signals); HRMS (FABNBA) calcd

for Co7Hs2N3050 (M + H)* 578.3653, found 578.3660.
1-tert-Butyl 27-Methyl 14-[3-(N-Ethyl-N-dansyl)aminopro-

pyl]-5,8,11,17,20,23-hexaoxa-2,14-diazaheptacosanedioate (14).

To a solution of12 (338 mg, 0.585 mmol) in MeOH (1.8 mL) was

M NaOH (1.26 mL, 2.51 mmol) was added. After 3 h, the mixture
was acidified to pH 4 wh 2 M HCI, n-BuOH (80 mL) and brine

(5 mL) were added, and the layers were separated. The organic
layer was washed with brine (5 mL), and the combined aqueous
layers were extracted witltBuOH (80 mL x 3). The organic layers

added 5% Rh/C (N. E. Chemcat, Tokyo, Japan, 101 mg), and thewere combined, dried (N8Qy), filtered, and concentrated in vacuo.

system was sealed with a septum. Et\dlution (2 M) in MeOH
(2.93 mL, 5.85 mmol) was added, and after 30 min, the air inside
was replaced with hydrogen (balloon) by three vacuupytles
and additionb2 M EtNH; solution in MeOH (1.47 mL, 2.93 mmol)

Analytical TLC on silica gel, 5:1 CkCl,/MeOH, R = 0.07
(longwave UV). The residue was dissolved in MeOH (15 mL), and
EtsN (176 L, 1.26 mmol) and CECO,Et (150uL, 1.26 mmol)
were added. After 18 h, the mixture was concentrated in vacuo.

was added. After 21 h, the mixture was passed through a Celite EtOAc (100 mL) and brine (10 mL) were added, and the layers
pad, and the pad was washed with MeOH (100 mL). The combined were separated. The aqueous layer was extracted with EtOAc (100

filtrates were concentrated in vacuo to give a 6:4 mixture (331 mg)

mL x 3), and the combined organic layers were dried,0\@),

of monoethylated amine and unethylated amine. The amines mixturefiltered, and concentrated in vacuo. The residue was separated by

was dissolved in MeOH (3.2 mL), and MeCN (14B, 2.73 mmol)

PLC (CHCE/MeOH, 6:1, developed five times, longwave UV), and

and 5% Rh/C (97.8 mg) were added. The air inside the flask was the silica gel containing product was collected in a flash column

replaced with H (balloon) as described above and stirred at rt.

and eluted with CHGIMeOH (4:1 — 3:1). The eluent was

After 21 h, the mixture was passed through a Celite pad, and the concentrated in vacuo, EtOAc (100 mL)ca@ M HCI (30 mL)

pad was washed with MeOH (100 mL). The combined filtrates were
concentrated in vacuo to give a mixture (328 mg) of monoethylated
amine, diethylated amine, and unethylated amine in a ratio of 87:
4:9, respectively. The amines mixture was dissolved in MeOH (3.0
mL), and MeCN (134uL, 2.57 mmol) and 5% Rh/C (93.9 mg)
were added. The air inside the flask was replaced wit(bidlloon)

were added to the residue, and the layers were separated. The
organic layer was discarded, and the aqueous layer was adjusted
to pH 6 with 2 M NaOH and extracted with EtOAc (100 mL). The
organic layer was washed with brine (10 mL), and the combined
aqueous layer was extracted with EtOAc (300 mR). The organic
layers were dried (N&0O,) and concentrated in vacuo. CHELO

as described above and the mixture stirred at rt. After 22 h, the mL) was added to the residue, passed through a cotton-packed
mixture was passed through a Celite pad, and the pad was washegasteur pipet, and washed with CHQ20 mL). The filtrate was

with MeOH (100 mL). The combined filtrates were concentrated
in vacuo to give a mixture of monoethylated amine, diethylated
amine, and unethylated amine (306 mg) in a ratio of 87:9:4,
respectively. Proton NMR data for the monoethylated aniige

IH NMR (CDClg) ¢ 1.08 (3H, t,J = 6.8 Hz), 1.38 (9H, s), 1.62
(2H, quin,J = 6.8 Hz), 1.84 (2H, quinJ = 6.8 Hz), 2.34 (2H, t,

J = 6.8 Hz), 2.54 (2H, tJ = 6.8 Hz), 2.60-2.67 (8H, m), 3.25
(4H, m), 3.41-3.61 (23H, m), 5.14 (1H, br s). The mixture of
amines was dissolved in a mixture of &k, (15 mL) and THF (1
mL), and dansyl chloride (170 mg, 0.629 mmol) was added. After
1 h, E&N (33.8 4L, 0.242 mmol) was added, and after 14.5 h,
additional E4N (33.8uL, 0.242 mmol) was added. After 1 h, EtOAc
(150 mL) and HO (50 mL) were added, and the layers were

concentrated in vacuo to givi&’ (192 mg, 0.233 mmol, 93%) as a
light green oil: analytical TLC on silica gel, 5:1 G8I,/MeOH,

Rs = 0.35 (longwave UV)/imax 343 nm ¢ = 4500, DMSO);H
NMR (CDClg) 6 0.99 (3H, t,J= 6.8 Hz), 1.85 (2H, quin) = 6.4

Hz), 2.03 (2H, br m), 2.38 (2H, ] = 6.4 Hz), 2.85 (6H, s), 3.04
(2H, br m), 3.15 (4H, br m), 3.293.38 (4H, m), 3.483.61 (22H,

m), 3.81 (4H, m), 7.15 (1H, d] = 7.3 Hz), 7.46-7.55 (2H, m),
7.57 (1H, br s), 8.11 (1H, d,= 7.3 Hz), 8.21 (1H, dJ = 8.5 Hz),

8.50 (1H, d,J = 8.5 Hz);3C NMR (CDCk) ¢ 13.4, 23.3, 24.9,
31.2,39.6,41.8,44.0,45.4,52.3,52.8, 53.2, 66.2, 66.4, 68.6, 70.1,
70.2, 70.2, 70.3, 70.4, 70.5, 70.7, 115.2, 115.9)(¢; 288 Hz),
119.3, 123.2,128.1, 129.4, 130.0, 130.3, 135.0, 151.8, 1573 (q,
= 37 Hz), 176.2 (three signals could not be located because of

separated. The organic layer was washed with brine (10 mL), andtheir overlaps with other signals}? NMR (CDCk) 0 —76.6;

the combined aqueous layers were extracted with EtOAc (150 mL).
The organic layers were combined, dried (MgiQiltered, and
concentrated in vacuo. The residue was purified by flash column
chromatography on silica gel (GBI,/MeOH, 30:1— 12:1) to give

14 (212 mg, 0.251 mmol, 47% frorh2) as a light green oil. Data
for 14: analytical TLC on silica gel, 10:1 Ci€l,/MeOH, R =
0.30 (longwave UV);H NMR (CDCl3) 6 1.04 (3H, t,J = 6.8
Hz), 1.40 (9H, s), 1.60 (2H, br quid,= 6.8 Hz), 1.86 (2H, quin,
J= 6.8 Hz), 2.36 (4H, m), 2.57 (4H, m), 2.84 (6H, s), 32136

HRMS (FAB", NBA) calcd for G/HgoFsN4O11S (M + H)*
825.3931, found 825.3943.

Solid-Phase Synthesis of Compounds-5. The Rink resin was
washed with DMF, and the*-Fmoc protecting group was removed
with 1:4 piperidine in DMF (1x 2 min and 1x 20 min). The
resin was washed successively with DMF, £}, and DMF. The
nextN“-Fmoc amino acid was coupled by using the HCi¥Ri,-
EtN procedure (3 equiv dfi*-Fmoc amino acid, 3 equiv of HCTU,
and 3 equiv of-Pr,EtN; 1 min preactivation) for 1 h. The coupling
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procedure was repeated if the Kaiser test showed a purple color. Ifphases were concentrated under a stream of nitrogen, and the

the second coupling did not result in a negative Kaiser test, the product was precipitated using cold,&t The product was washed

resin was washed with DMF and the free amino groups were cappedthree times with cold &O, lyophilized, purified, and characterized

with 50% AcO in pyridine for 10 min. (see the Supporting Information for methods and Table 1 for
After coupling Val, Pro, Lys(Boc), Gly, Trp(Boc), Arg(Pbf),  compound characterization data). Pepti@lesd5 were synthesized,

D-Phe, His(Trt), Glu(O-Bu), Nle , Ser(-Bu), Tyr(t-Bu), and Ser- purified, and characterized similarly.

(t-Bu) sequentially to the Rink amide resin, the dansylated PEG

linker 17 was coupled as above. The trifluoroacetamide group was Acknowledgment. We sincerely thank Prof. Hironao Sajiki

removed using a solution of hydrazine in MeOH/THF (15/15/70 at the Gifu Pharmaceutical University for a gift of 5% Rh/C.

v/viv) for 6 h. The resulting resi@l was divided into two portions, This work was supported by Grants R33 CA 95944, RO1 CA

one of which was acetylated to gi& Assembly of the second 97360, and P30 CA 23074 from the National Cancer Institute.
NDP-0-MSH ligand was carried out on the second portion of resin

21 by the procedure described above to g2 N-Terminal
acetylation of22 produced23. Cleavage of the peptidésand4
from the resins23 and 24, respectively, with concomitant side-
chain deprotection was effected using a cleavage cocktail (10 mL
per 1 g of theresin) consisting of TFA (91%), #D (3%), HSCH-
CH,SH (3%), and PhSMe (3%) at rt for 3 h. The solution was
filtered off, the resin was washed with TFA {23 min), the liquid JO062276G

Supporting Information Available: General experimental
methods for linker synthesis, solid-phase synthesis, competitive
binding experiments, and copies of thd NMR and 13C NMR
spectra of compounds 9, 12, 14, and17. This material is available
free of charge via the Internet at http://pubs.acs.org.

1680 J. Org. Chem.Vol. 72, No. 5, 2007



