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A series of peptidomimetics based on a  y-turn motif were synthesized using a modular approach, in which N-protected piperidones were
reacted with a selection of 2-hydroxyalkyl azides derived from common L-amino acids. Hydrolysis of the initially formed iminium ethers
afforded the targeted series of substituted 1,4-diazepin-5-ones.

The peptidomimetic concept continues to inspire medicinal ||| NN RNRNREGEGGEGEEGENEEEEEEEEEE

chemists seeking potential drl_Jg leads or pharmacological Scheme 1
tools! One valuable approach is to synthesize heterocycles Re, o N
devised to resemble common features of peptide secondary N o 3 amide Inversion I’ o
structures. Although this strategy has been dominated by the . N . — =& Lo
multitudinous approaches fhturn mimicry? there has been \(40 H e « o\
a steady undercurrent of work directed towardurns as NH o I
w/ w 0 %/ o

well 3 X = capping group

A y-turn features a hydrogen bond between the carbonyl ay-turn or additional aa's

of a residué with the amide proton of residuet 2 (Scheme .
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epitomized the phrase “a scholar and a gentleman”. w N N_ R
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chains corresponding to residuiethroughi + 2 at readily
modified positions.

established that the Lewis acid-promoted reaction of a ketone
with a hydroxyalkyl azide permits a ring-expansive route to

The natural amino acid sequence was morphed into alactams’ To apply this reaction to the present problem, a

heterocyclic platform by first changing the directionality of

sublibrary of hydroxyalkyl azides with side chains corre-

an amide bond and adding a methylene group into the sponding to naturally occurring amino acitisvere reacted

backbonée. Conformational restriction was then carried out
by cyclization into a seven-membered ring. The resulting

with N-protected piperidoneg (Scheme 2). The reaction

1,4-diazepin-5-one ring system was attractive because it

readily accommodated potential side chains/points of diver-

sity a to the carbonyl group, on the lactam nitrogen, and in

the guise of an amino acid attached to N-1. In the last case,

flexibility of the 1 bond of the amino acid permits the side
chain to act as a credible mimic of the parestbstituent.

Ab initio calculations of the proposed turn analogues showed
reasonable overlap of the side chains with those of a standard

y-turn (see Figure 1).

Figure 1. Overlay of an idealizegt-turn (grey) with the proposed
mimetic (black), both containing alanine side chains.
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proceeds by hemiketal formation followed by azide insertion
into the heterocycle, affording iminium ethers as the primary
product®®¢Hydrolysis of the latter species was expected to
form the desired 1,4-diazepin-5-ones. The advantage of this
technique is that it permits ready incorporation of enantio-
merically pure, prefabricated amino acid equivalents into
existing ketones. Herein, we demonstrate the concept using

Another goal was for the proposed turns to be synthesizedthe parent piperidone system. We have previously shown
in a modular manner. Recent work in these laboratories hasthat the ring expansion reaction readily accommodates

(3) (a) Hagler, A. T.; Osguthorpe, D. J.; Dauber-Osguthorpe, P.; Hempel,
J. C. Sciencel985, 227, 1309—1315. (b) Kessler, H.; Holzemann, G.;
Zechel, ClInt. J. Pept. Protein Re4.985,25, 267—269. (c) Mammi, N. J.;
Hassan, M.; Goodman, M. Am. Chem. S0d.985,107, 4008—4013. (d)
Kemp, D. S.; Carter, J. STetrahedron Lett1987, 28, 4645-4648. (e)
Kemp, D. S.; Carter, J. S. Org. Chem1989,54, 109—-115. (f) Callahan,
J. F.; Bean, J. W.; Burgess, J. L.; Eggleston, D. S.; Hwang, S. M.; Kopple,
K. D.; Koster, P. F.; Nichols, A.; Peishoff, C. E.; Samanen, J. M.; Vasko,
J. A.; Wong, A.; Huffman, W. FJ. Med. Chem1992,35, 3970—3972. (g)
Peishoff, C. E.; Ali, F. E.; Bean, J. W.; Calro, R.; D’Ambrosio, C. A,
Eggleston, D. S.; Kline, T. P.; Koster, P. F.; Hwang, S.MMed. Chem.
1992, 35, 3962—3969. (h) d'Ursi, A.; Pegna, M.; Amodeo, P.; Molinari,
H.; Verdini, A.; Zetta, L.; Temussi, P. ABiochemistry1992,31, 9581—
9586. (i) Palmer, D. E.; Pattaroni, C.; Nunami, K.; Chadha, R. K.; Goodman,
M.; Wakamiya, T.; Fukase, K.; Horimoto, S.; Kitazawa, M.; Fujita, H.;
Kubo, A.; Shiba, T.J. Am. Chem. S0d 992,114, 5634—5642. (j) Sato,
M.; Lee, J. Y. H.; Nakanishi, H.; Johnson, M. E.; Chrisciel, R. A.; Kahn,
M. Biochem. Biophys. Res. Comm892,187, 999—1006. (k) Callahan,
J. F.; Newlander, K. A.; Burgess, J. L.; Eggleston, D. S.; Nichols, A.; Wong,
A.; Huffman, W. F.Tetrahedronl993,49, 3479—3488. (I) Drewes, J. A.;
Rowlen, K. L. Biophys. J.1993, 65, 985—991. (m) Lisowski, M.;
Pietrzynski, G.; Rzeszotarska, Bit. J. Pept. Protein Red.993,42, 466—
474. (n) Moroder, L.; D'Ursi, A.; Picone, D.; Amodeo, P.; Temussi, P. A.
Biochem. Biophys. Res. Comm893,190, 741—746. (0) Newlander, K.
A.; Callahan, J. F.; Moore, M. L.; Tomaszek, T. A., Jr.; Huffman, WJF.
Med. Chem1993 36, 2321-2331. (p) Balaji, V. N.; Ramnarayan, K.; Chan,
M. F.; Rao, S. NPharm. Res1994,7, 60-71. (q) Hoog, S. S.; Zhao, B.;
Winborne, E.; Fisher, S.; Green, D. W.; DesJarlais, R. L.; Newlander, K.
A.; Callahan, J. F.; Moore, M. L.; Huffman, W. F.; Abdel-Meguid, SJS.
Med. Chem.1995, 38, 3246—3252. (r) Curran, T. P.; Chandler, N. M.;
Kennedy, R. J.; Keaney, M. Tletrahedron Lett1996,37, 1933—1936.
(s) Schmidt, B.; Lindman, S.; Tong, W.; Lindeberg, G.; Gogoll, A.; Lai,
Z.; Thérnwall, M.; Synnergren, B.; Nilsson, A.; Welch, C. J.; Sohtell, M;
Westerlund, C.; Nyberg, F.; Karlen, A.; Hallberg, A.Med. Chem1997,
40, 903—-9109. (t) Kacis, P.; Campbell, J. B.; Sparks, R. B.; Wildonger, R.
High-Throughput Syntt2001, 65—83. (u) Wilson, S. R.; Reinhard, Kligh-
Throughput Synth2001, 55-64.
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substituted carbocyclic ketones, which bodes well for systems
wherein Ry, = H.5¢

The desired hydroxyalkyl azides were made from the
corresponding amino acids by reduction and conversion of
the a-amino group to an azide. When necessary, appropriate
protecting groups were incorporated into the products. The
amino acids were reduced using TMSCI/NaB&hd the
resulting amino alcohols converted to the corresponding
azides via treatment with T#¥ In this way, a variety of
azides derived from various amino alcohols were obtained.
Note thatlh was prepared by direct azidation of serine
benzyl ester, resulting in an azidoalkyl alcohol having the
opposite absolute configuration relative to the rest of the
series (Table 1).

(4) This is related to the retro-inverso concept of peptidomimetic
design: (a) Ref 1a. (b) Chorey, M.; Goodman, Atc. Chem. Red.993,
26, 266—273.

(5) (a) Gracias, V.; Milligan, G. L.; Aubel.J. Am. Chem. S0d.995,
117, 8047—-8048. (b) Gracias, V.; Milligan, G. L.; AUbg J. Org. Chem.
1996,61, 10-11. (c) Gracias, V.; Frank, K. E.; Milligan, G. L.; Aubé.
Tetrahedron1997,53, 16241—-16252. (d) Sahasrabudhe, K.; Gracias, V.;
Furness, K.; Smith, B. T.; Katz, C. E.; Reddy, D. S.; Aubel. Am. Chem.
S0c.2003,125, 7914—7922. (e) Smith, B. T.; Gracias, V.; Aubel. Org.
Chem.2000,65, 3771—3774.

(6) (a) Zaloom, J.; Roberts, D. @. Org. Chem1981,46, 5173—5176.
(b) Vasella, A.; Witzig, C.; Chiara, J. L.; Lomas, M. Mielv. Chim. Acta
1991, 74, 2073-2077 (c) Hedenstrom, M.; Holm, L.; Yuan, Z. Q.; Emtenas,
H.; Kihlberg, J. Bioorg. Med. Chem. Lett2002, 12, 841—844. (d)
Hedenstroem, M.; Yuan, Z.; Brickmann, K.; Carlsson, J.; Ekholm, K.;
Johansson, B.; Kreutz, E.; Nilsson, A.; Sethson, I.; Kihlberg]. Med.
Chem.2002,45, 2501—-2511.
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s Functional group compatibility was tested by carrying out

Table 1. Synthesis of Hydroxyalkyl Azides reactions with several of the piperidinones as depicted in
Table 3. In general, excellent yields of products could be

R TMSCI, LiBH, R
B THF TiN3, DCM
OH OH : _ )
1a-g Table 3. Syntheses of Substituted 1,4-Diazepin-5-ones
HO HO o R oOH
j\ TiNg, DOM l 1. BF*OEt,/TIOH N)\/
H2N COQBFI N3 COZBFI 2. KOH/NaHCOa
Ng )
1h N
X
overall 1a-h 2a-c (as above) 3-14
starting azido yield 2d, X = GlyCbz
entry amino acid R alcohol (%)
entry azide R X lactam yield (%)
1 valine —CHMes la 90
2 leucine —~CH,CHMe; 1b 86 1 la  —CHMe, Bn 4 89
3 phenylalanine —CH,Ph 1le 93 2 b  —CH:CHMe;  Bn 5 87
4  O-benzyl tyrosine —CH,C¢H,OBn  1d 87 3 1d  —CH:C¢H4OBn Bn 6 63
5  N—Cbzornithine —(CHy)sNHCbz 1le 71 4 le  —(CHz);NHCbz Bn 7 84
6  N—Cbz lysine —(CHy)\NHCbz  1f 93 5 1f  —(CHpsNHCbz Bn 8 88
7 methionine —(CHy)2SMe 1g 82 6 1g —(CH3)2SMe Bn 9 55
8 serine benzyl ester —CH2CO2Bn 1h 90 7 1h  —CO:Bn Bn 10 62
8 la —CHMes Fmoc 11 63
. . . 9 1b  —CH;CHMe; Fmoc 12 68
Hydroxyalkyl az_ldelc dgrlved from phenylalamne_was 10 1b  —CH,CHMes Cbz 13 52
reacted with a series of differently N-protected piperidones 11 1b —CH;CHMe GlyCbz 14 79

to determine which protecting groups were compatible with

the two-stage sequence involving both acidic and basic

conditions. The results, shown in Table 2, indicate that the obtained in this way. Moreover, lactams containing both
hydrophobic side chains as well as those with basic groups

_ (in protected form) were readily prepared.

Table 2. Reactions oflc with Piperidinone2a—c Two other synthetic issues were preliminarily investigated
Ph in this work. The direct alkylation of lactarh afforded a
S\/OH dibenzylated derivative that could be converted to dige

Ph O o] . .
;'ngl N as a mixture of stereoisomers (Scheme 3). For some
N + : J
OH N

N -

X
1c 2a, X =Bn 3a, X =Bn Scheme 3
2b, X =Cbz 3b, X=Cbz
2¢, X = Fmoc 3¢, X =Fmoc
entry ketone acid yield (%) o] OH I[’h o OBn
2 2a TfOH 84 y ) - N )
3 2b BF;-OFEt, 46 o 45% overall .
4 2b TfOH 51
5 2¢ BF3-OEt, 74 5 15
6 2c TfOH 55

applications, this allows entry into a series of mimics in
transformation is compatible with two of the mostimportant \yhich thei + 1 residue corresponds to something other than
nitrogen protecting groups in peptide chemistry as well as glycine (here, phenylalanine). More advanced applications
anN-benzyl substituent, which is useful for other synthetic || entail carrying out the ring expansion reaction on a series
applications and incidentally serves as a useful model for of piperidones containing previously installed substitution.
some kinds of solid-phase attachments. The success of the Finally, the applicability of this chemistry to solid-state
reaction with a heterocycle containing a basic nitrogen atom synthesis was briefly investigated (Scheme 4). Thus, pip-
was not assured at the outset given that such groups haveridone itself was attached to Merrifield resin by normal

been problematic with other kinds of acid-promoted azido- means and subjected to the ring-expansion protocol using
Schmidt reaction$lt was useful to note that different acidic 3. -azidopropandi2Extension into the “C-terminal” direction

conditions, needed to enact the initial ring expansion, were
more compatible with particular functional groups. (7) Wendt, J. A.; AubeJ. Tetrahedron Lett1996,37, 15311534,
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Scheme 4
NSMOH Ph
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CHEC|2 il K\{ -, NiiBoa
Cl HN N
i. MeOH, A s S LO_(

o)

16
Overall yield ~33% (from
piperidone)

was accomplished by esterification wkhBoc phenylalanine

on the resin. Compount6 was obtained in good yield (ca.

80%) by cleavage using a literature mettiothis simple

also provides one demonstration of the addition of further
diversity to the central core.

Conformational analysis (Figure 1) suggests that these
heterocycles should be good stand-ins)fdurns. The main
advantage of the approach is its inherently modular nature.
In addition, it should be possible to diversify the products
through manipulation of the scaffolds and to incorporate these
subunits into growing peptide chains with minor modifica-
tions of the route presented (see especially entry 11, Table
3). Work in these directions, along with the eventual
biological testing of compounds thus obtained, will be
reported in future publications.
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example suggests that it should be possible to optimize theand characterization data for new compounds. This material
overall peptidomimetic sequence in a solid-phase format andjs gyajlable free of charge via the Internet at http:/pubs.acs.org.

(8) Conti, P.; Demont, D.; Cals, J.; Ottenheijm, H. C. J.; Leysen, D.

Tetrahedron Lett1997,38, 2915—2918.

1062

OL047323A

Org. Lett, Vol. 7, No. 6, 2005



