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We have synthesized a series of 2,4,5-trisubstituted tetrahydropyran derivatives to determine the utility of this scaffold as a peptidomimetic
platform. The key synthetic steps involved a palladium-mediated cross-coupling reaction of a dihydropyran-4-one moiety to introduce R,
followed by a sequential regio- and diastereoselective reduction of sp? carbon centers. Selected compounds have shown biological activity
at melanocortin receptors, indicating that this scaffold may be useful in the design of peptidomimetics relating to a tripeptide structure.

Creation of structures that can be used as peptide surrogatetn this sense, the construgtis also related to the known
in drug discovery is a vibrant area of organic chemistry. Of amide bond hydroxyethylene isostezé

particular interest are the constrained scaffolds that allow We were therefore interested in the study of strucBire
for a wide-ranging display of substituents in both regio- and to understand if it actually would show some biological
stereochemical fashion. Analogues having a specific spatialproperties of a tripeptide molecule. To verify this concept,
distribution of substituents are useful in defining a preferred we selected, in conjunction with our ongoing research in the
conformational state of receptor ligands for activity. The melanocortin receptor aréd,a benchmark tripeptide, H-
ready opportunity for a choice of substitutions and stereo-
chemical characteristics of the substituted tetrahydropyran
moiety makes this scaffold an interesting target in petido-

mimetic research. Herein we present one class of such Ry R R
compounds comprising 2,4,5-trisubstituted tetrahydropyran HZN“Hf;:; — HZN\‘H/?; — HZN“Kﬁ&
o} OH o
1 2 Ra

derivatives. Figure 1 shows th& can be viewed as a
transformation of an amide borfdin which nitrogen and 3

Xygen m Si r nstrained in ix-membered ring. _. . . . .
OXygen atom sites are constrained in a s embered ring Figure 1. Correlation between amide boddamide bond isostere
2, and the tetrahydropyran moie8y
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DPhe-Arg-Trp-NH. This peptide is a truncated version of
the agonist message sequence His-Phe-Arg-Trp at the mel- Scheme 1
anocortin receptor-4 (MC4R}hat was proposed as a target \/
for the treatment of obesfty and sexual dysfunctiohFor —-si

designing the synthetic targets, we chose 2-naphthylalanine, 0 R
a bioisosteric replacement of tryptophane, because, for g \o ﬂ
. o
oz
Sa
5b

synthetic reasons, we preferred to introduce the naphthyl NHBoc ™ icio,
> BocHN'

moiety rather than an indole into the anticipated mimetics. | Et,0, t
Inspection of H-DPhe-Arg-Trp-NKreveals that if R is
considered to be the benzyl group3nthen R and R should
correspond to the side-chains of naphthylalanine and arginine.
The melanocortin literature also indicated that the guanidine BryEt;N ¢ CcCly
group might not be essential in MC4R nonpeptide agonists 80%
if a heterocyclic substituent is present in a proper posttion. R'
Furthermore, a halo atom in the phenylalanine moiety has
been reported to modify agonist potency or produce an
antagonist at MCR.We incorporated these elements into BocHN' o
our synthetic plan. o~
It should be noted that our definition of peptidomimetics 6a
is more functional than structural even though the design of éb
2,4,5-trisubstituted pyran analogues was based on the modet
peptide structure. While one may find certain structural
similarities between the peptide and the structures presented A halide at C5 was important as an activator for a
later in this paper, we cannot prove that these compoundsPalladium-mediated cross-coupling reactibifiat we envi-
relate to any conformations of the peptide. In fact, there is sioned for introduction of aromatic substituents in this po-
no general definition of peptidomimetics, as their structures Sition. In a similar system, cis-2,3-disubstituted dihydropyran-

encompass a broad range of Variaﬂ@md |igands can bind 4'0ne:,l'5 5'i0d0 deriVatiVeS were Used in thIS reaction. On
to different conformational ensembles of the target recep- the other hand, both bromo and iodo derivatives were used

tor 1112 in cross-coupling reactions involving benzopyranokés.

The first part of our synthesis, shown in Scheme 1, We were not able to obtain stable 5-iodo derivatives from
involved a formation of the 5-bromo dihydropyran-4-one 4aand4b, and we turned our attention to 5-bromo dihydro-
derivativestaand6éb, providing 4- and 5-positions activated Pyraneséa and 6b. A traditional method of enone bromi-
for further derivatization. En route to these products, we hation using ByEt:;N*® proved to be very effective, witha
obtained dihydropyran-4-oneésa and 5b using a known and 5b giving the corresponding bromides in good vyields.
hetero Diels-Alder reaction of aldehydé% 4a and 4b, In contrast, attempts to makéa and 6b with Phi(OAc)/
respectively. The latter materials were derived fram  TMSBTr as reported for cis-2,3-disubstituted dihydropyran-
phenylalanine, which represents the N-terminus of the model4-oné”® led to a mixture of unidentified byproducts.
tripeptide. The major isomer of each dihydropyran-4-one was With 5-bromo dihydropyran-4-onea and 6b in hand,
produced in a 5:1 excess over its diastereoisomer, inwe explored two variants of cross-coupling methodology to
agreement with published dafa. introduce R. First, we tried to utilize the trimethylstannane
derivativé® of pyranone/, since a large number of heteroaryl
206%) Mazur, A. W.; Wang, F.; Sheldon, R. J.; Ebetino, F. H. WO 0058361, halides (Het-X) were readily available for further cross-

(3) Ebetino, F. H.; Mazur, A. W.; Hayes, J. C.; Wang, F.; Solinsky, M. coUpling reactions. Unfortunately, low yields ®fdiscour-

G,; Colson, A. O.; Lin, Q. WO 0226774, 2001. aged us from further explorations of this route and we
M. £ Haby. V. 3: Dickinson. C.. Gantz. 0. Med. Chemid6 40,5135 " employed the 5-bromo dihyropyran-4-oB@and heteroaryl
2139. stannanes as the cross-coupling components to Bake.

(5) Ollmann, M. M.; Wilson, B. D.; Yang, Y. K.; Kerns, J. A.; Chen,  The 2-naphthyl derivative, on the other hand, was obtained

Y.; Gantz, |.; Barsh, G. SSciencel997, 278, 135-138 . . . . .
(6) Lu, D.: Willard, D.; Patel, I. R.; Kadwell, S.; Overton, L.; Kost, T.; DY @ Suzuki-type reaction involving 2-naphthyl boronic acid.

60 - 65%

%3?3%&“ Chen, W.; Woychik, R. P.; Wilkison, W. Qlature1994 371, The results of these reactions are reported in Table 1.
(7) Wessells, H.: Levine, N.: Hadley, M. E.: Dorr, R.; Hruby, M. J. The next CrUCial_ aspect of our investigation was to
Impot. Res.200Q 12, Suppl. 4, S74S79. determine if reduction of the double bond and the ketone

(8) Bakshi, R. K.; Barakat, K. J.; Nargund, R. P.; Palucki, B. L.; Patchett,
A. A.; Sebhat, |.; Ye, Z.; Van, D. P. L. WO 0074679, 2000.
(9) Hruby, V. J.; Lu, D.; Sharma, S. D.; Castrucci, A. L.; Kesterson, R. (14) Tsuiji, J Palladium Reagents and Catalysts: Inations in Organic

A.; al Obeidi, F. A.; Hadley, M. E.; Cone, R. [J. Med. Chem.1995 4, SynthesisWiley: Chichester, UK, 1995.
3454-3461. (15) Evans, P. A.; Nelson, J. D.; Manangan Spnlett1997 968-970.
(10) Rich, D. H.; Bursavich, M. G.; Estiarte, M. Riopolymers2002 (16) Yokoe, I.; Sugita, Y.; Shirataki, YChem. Pharm. Bull1989 37,
66, 115-125. 529-530.
(11) Bursavich, M. G.; Rich, D. HJ. Med. Chem2002 45, 541-558. (17) Hoshino, Y.; Miyaura, N.; Suzuki, Bull. Chem. Soc. Jpril988
(12) Kenakin, T.Nat. Re.. Drug. Disca.. 2002 1, 103-110. 61, 3008-3010.
(13) Grieco, P. A.; Moher, E. DTetrahedron Lett1993 34, 5567 (18) Smith, A. B., lll; Branca, S. J.; Guaciaro, M. A.; Wovkulich, P.
5570. M.; Korn, A. Org. Synth.1983 61, 65-70.
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Table 1. Transformations of 5-Bromo Dihydropyran-4-ofa Scheme 3
and6b and Related Compounds R R'
duct roduct
duct  Pro¢ proc
R’ R” A prod % yield % yield a b
Hyleld  Tolqea Toiqe ga T BocHN O T N nOH
o10 cilR" O11 d’/R"
o 10a 11a a- a-
? @. SiMe; o 80 90 ¢c
a >95 87 R= Q. N:/ \> 7N
R =H E/) — \=) R’
u 7\ 8b 10b 11b . D . O
p N_ SnMe; o nd 65b c
a .. nd 73 e i
R _‘F R HZN\‘ N
4N 10¢ 11c B d O
? N\:> SnMe; 2§ 60 80 120
a . 75 >95
a2 Reagents and conditions0a—d: L-Selectride, THF~78 °C.
F 9 10d 11d 11a—d: L-Selectride, THF-78°C. 12a—c: (i) 2-bromomethylene-
b BOH), % zgs naphthalene, NaH, BNI, THF; (i) TFA, DCM.

aDe values were determined by NMR and HP’MYield for two steps.

productslla—d was based on the X-ray structure bfa
group could be performed in a sequential chemoselective (Figure 2) and their nuclear magnetic resonance spectra.
and diastereoselective manner. We were particularly inter-
ested in reducing the double bond first because it would allow
for keeping an active carbonyl for further modifications. The
chemoselective reductions of this bond in pyrane-4-ones have
been reported by means of hydrogenatiot? and L-
selectride for the unsubstituted 5-positdSnWe chose
L-selectride with the hope that it could provide chemo-
selectivity for double-bond reduction in the first case and
diastereoselectivity in both cases (Scheme 3).

Scheme 2
6a 6a,b R"-A
)a/ \b
R
Hetx R=H for 8a-c
o __?_‘__, R=F for 9
BocHN"" Pabased  BocHN" 0 _ .
oy, catalysts 0w Figure 2. Model of 11agenerated from its X-ray structure.
nhies R"
7 8a-c, 9
aReagents and conditions. (a) (M), PhMe, Pd(P§P),, 85 Alkylation of 11la—c to the correspondind2a—c con-
°C, 3h (10%). (bBa—c: R"—A, Pd(PPh)s, DMF, 100°C, 6 h.9: cluded the synthesis of this series of potential tripeptide

R'—A, Na,CO,, Pd(PPB)4, benzene, reflux 3 h. See Table 1 for  pimetics.

yields. Scheme 4 shows the synthesis of structures in which the

guanidylethyl moiety at C4 and 2-naphthyl at C4 correspond
Indeed, as shown in Table 1, the reactions are both chemo-o the arginine and naphthylalanine sites in H-DPhe-Arg-

and diastereoselective. The stereochemistry assignment of2-Nal)-NHCH,.

The guanidyl substituent was introduced in a sequence

(;g) éLmSﬁORQ,KA-kS_ﬂu, W. % tOFﬁ- Eher'ﬂ13239587§3598$4§§§' involving a Horner-Emmons reactioti and a reduction of
osh, A. K.} nan, etranedron Le A — . . . .

gzﬁ Burgser M. T Sr{m W. C.J. Org. Chem1996 61, 775-777. the resulting olefin as the key steps. The latter reaction was
(22) Blouin, M.; Beland, M. C.; Brassard, B. Org. Chem199Q 55, performed using a palladium catalyst formed in situ by

1466-1471.

(23) Eskenazi, C.; Maitte, FBull. Soc. Chim. Fr.1976 995-998. reducing PdGlwith NaBH,*® and produced two diastereo-

(24) Ibrahim, A. R.; Abul-Hajj, Y. JJ. Nat. Prod.199Q 53, 644—656.
(25) Nakagawa, T.; Sakakibara, T.; Kumazawa, S.; Hoshuima, Y.; Sudoh,  (27) Alonso, R. A.; Burgey, C. S.; Rao, B. V.; Vite, G. D.; Vollerthun,

R. Carbohyd. Res.1987, 163 227-237. R.; Zottola, M. A.; Fraser-Reid, Bl. Am. Chem. S0d.993 115 6666-
(26) Kozikowski, A. P.; Li, C. SJ. Org. Chem1985 50, 778-785. 6672.
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Scheme 4 Table 2. Biological Activity of Selected Tetrahydropyran
Analogues at the Melanocortin Receptor-4 (MC&R)

compd Ki [nM] ECso [NM], (Emax [%0])
H-DPhe-Arg-Trp-NH; 1188 2803 (49)
12a >25 000 >50 000 (0)
12b >25 000 >50 000 (0)
12¢c 9930 9235 (32)
1l4a >25 000 >50 000 (0)
14b >25 000 >50 000 (0)
16a 2801 >50 000 (0)
16b 4960 >50 000 (0)

a For assay procedures, see Supporting Information.

In view of the recent report about the existence of
nonspecific interactions in the biological assay mixtures,
resulting in the discovery of “artificial” hit8? it may be
important to address this question whenever novel actives
are found that deviate significantly from the established and
validated ligands. In our case, compountida and in
particularl2b, are structurally close th2cbut do not show
any activity at MC4R. Furthermore, significantly increased
receptor binding occurs with6aand16b upon transforma-
tion of the cyano group ot4aand14b into a hydrophilic

R = Boc, 15b
R=H, 16b

a Reagents and conditions. (a) (E§OPCHCN, NaH, THF. (b)

H,, NaBH,, PdCh, MeOH. (c) (i) H, Ni/Ra, MeOH/NHOH (1: guanidine functionality. These results argue against the
4); (ii) BocHNC(=NBoc)SMe, HgCJ, EtN, DMF; (iii) TFA, possibility that potential effects of nonspecific association
DCM. bias the screening results in this class of compounds. It

should also be pointed out that comparison of both binding
isomers in a 1:1 ratio. The diastereomers were separated orand functional response in the cellular assays involving
a silica column. We assigned structut8b to the faster  G-protein-coupled receptors limits the possibility of non-
moving compounds on the basis of the presence of smallspecific interactions and, therefore, is less likely to produce
coupling values for the signals at about 3.4 ppm. We gartifacts than the enzyme inhibition assays.

postulate that this coupling belongs to two equatorial Cis oy data indicate that this peptidomimetic design based
protons H-4 and H-5. The NMR spectrumI8ashows only o 1he 2 4 5-trisubstituted tetrahydropyrane structures can
large coupling values at this chemical shift, and this should indeed lead to the biologically active molecules. Presumably,

CO”FESDO.”O' to tran§ H-4 and H'S (see expanded §pectralthis scaffold meets some of the conformational requirements
regions in Supporting Information). Each diastereoisomer of the melanocortin receptors. This approach allows for

was carried out separately through the next steps, giléiag significant departure from analogues with peptidic character

and 16b . L . and is amenable to diastereoselective synthesis from readily
The results in Table 2 show the results of in vitro testing . :
available materials.

2,4,5-trisubstituted tetrahydropyrane analogues for binding
and functional activity at MC4R in the cell-based assays.

Compared to the model tripeptide H-DPhe-Arg-TrpINt2c Supporting Information Available: Experimental details
is a weak partial agonist as judged by g&ndE va,lues and characterization of compounds as well as biological assay
max .

On the other handl16a and 16b bind to MC4R with procedures. This material is available free of charge via the

somewhat lower potency than the tetrapeptide but do notNternet at hitp://pubs.acs.org.
trigger the functional response of the receptor. 0L027281V

(28) Jellimann, C.; Mathe-Allainmat, M.; Andrieux, J.; Kloubert, S.;
Boutin, J. A.; Nicolas, J. P.; Bennejean, C.; Delagrange, P.; Langlois, M. (29) McGovern, S.L.; Caselli, E.; Grigorieff, N.; Shoichet, BKXMed.
J. Med. Chem200Q 43, 4051-4062. Chem.2002 45, 1712-1722.
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