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Described is a novel synthetic route for dipeptide isosteres containing ( 2)-alkene and ( E)-fluoroalkene units as  cis-amide bond equivalents via

organocopper-mediated reduction of ~ y-acetoxy- or y,y-difluoro- o f-unsaturated- d-lactams. The synthesized isosteres were evaluated in terms
of their affinities for the peptide transporter PEPT1. trans -Amide isosteres tended to possess higher affinities for PEPT1 as compared to the
corresponding  cis-amide bond equivalents.

In postgenomic drug discovery research, the rapid elucidationable mimetics as compared to simple alkene isosteFasse
of structural requirements of the ligands for newly identified isosteres have structural similarities with the parent peptides
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Scheme 1. Synthetic Route forZ)-Alkene and
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Figure 1. Cig/trans equilibrium of peptide bond and the corre-

sponding alkene- or fluoroalkene isosteres.

via 3,6-dihydropyridin-2-ones, in which th&y-(2)-alkene
and resist enzymatic degradation. Peptide bonds exgssfin ~ Unit was constructed by Grubbs’ RCM after condensation
trans equilibrium, while alkene isosteres serve as defined Of chiral allylamines with chiral vinyl acetic acidsThe
trans-amide orcis-amide equivalents, which do not isomerize Present method provides a new entity for the synthesis of
to each otherCisitrans isomerization of peptide bonds (2)-alkene isosteres in a divergent fashion. That is comple-
(especially Xaa-Pro sequences) in several bioactive peptidegnentary to their method as well as our alternative method
tends to play an important role in their conformations and based on organocoper-mediatedti-Sy2' reaction” It is
biological activities® Therefore, alkene and fluoroalkene noteworthy that to our knowledge, this is the first unequivocal
isosteres might be promising tools for conformational Synthesis of k)-fluoroalkene dipeptide isosteres.
analysis of bioactive peptides and proteindle have been Subst_rates for the organocopper-mgdlated reduphon were
engaged in the development of synthetic methodologies for Synthesized by the sequence of reactions shown in Scheme
(E)-alkene or Z)-fluoroalkene dipeptide isosteres taans- 2. S.ynt.heS|s of aceta@started from a kn(_)wn phenylalanine
amide bond equivalents utilizing organocopper reagents orderivativel.? Conversion of theN-protecting group ofl to
Smb,. However, the lack of efficient synthetic methodologies N-Ns (Ns = 2-nitrobenzenesulfony) followed by O-
for the preparation off)-alkene or E)-fluoroalkene dipeptide ~ Protection with a TBS group gawé-Ns amide derivative.
isosteres ascisamide bond equivalents has limited an Treatment of2 with DMB (2,4-dimethoxybenzyl) alcohol
extensive application of alkene and fluoroalkene isosteresunder Mitsunobu conditions afforded tieDMB sulfon-
in the analysis of amide bond geometries in bioactive @mide3. After removal of theN-Ns group of3, acylation of
peptides and proteins. In this paper, we describe a newthe resulting secondary amine followed ByTBS depro-
synthetic approach for the preparation Zf-alkene or E)- tection gave the acryliamlde derivatide RCM reaction of
fluoroalkene dipeptide isosteres. We also include the ap-4 With Grubbs’ ruthenium catalyStproceeded smoothly at
plication of these isosteres to probe structural requirementsf00m temperature to yield thg-hydroxy-a,5-unsaturated
of the peptide transporter PEPTL. o-lactam5. Lactam5 was converted to acetaéeby Ac,O

Our synthetic routes for the preparation Bj-lkene and ~ treatment in the presence of pyridine. _

(E)-fluoroalkene isosteres are depicted in Scheme 1. We ¥,y-Difluoro-a,f-unsaturated-lactam12 was synthesized
envisioned key synthetic intermedia®svould be synthe- ~ from the s-amino ester10, which was prepared from
sized by organocopper-mediated reduction of lackamith phenylacetaldehyde and the chiral aming via rhodium
predominant formation of,y-(2)-alkenes or E)-fluoroalk- catalized diastereoselective Reformatskgondq reactiori$-*2
enes ascisamide equivalents. This strategy could be After DIBAL-H treatment of 10, (2)-selective Horner
expanded into consecutive one-pot reductiealkylation ~ Wadsworth-Emmons reactio of the resulting aldehyde
methodologies for the synthesis of structurally diverse 9ave @)-enoatell in 72% yield with a concomitant
o-alkylated @)-alkene and )-fluoroalkene dipeptide iso- ~ formation of small amount of H)-isomer (4%). After
steres. First, we synthesizeg-acetoxy- ory,y-difluoro-o,3- ~ deprotection of the Boc anelBu groups of11 using 4 M
unsaturated lactams and examined the organocopper-meditiCl in dioxane, cyclization with EDC gave the desired
ated reduction of these substrates to confirm whether thislactam12.

approach was applicable to the synthesisisfamide bond : -
(8) Boucard, V.; S.-Dorizon, H.; Guib&. Tetrahedror2002 58, 7275.

|soste_:r§>s. o ) ) (9) Niida, A.; Oishi, S.; Sasaki, Y.; Mizumoto, M.; Tamamura, H.; Fuijii,
Guibe et al. reported a similar but inherently different N.; Otaka, A.Tetrahedron Lett2005 46, 4183.

convergent approach to the synthesisZ)fglkene isosteres (10) Fukuyama, T.; Jow, C.-K.; Cheung, Wetrahedron Lett1995 36,

6373.
(11) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. Brg. Lett.1999 1,
(5) Dugave, C.; Demange, IChem. Re. 2003 103 2475. 953.
(6) Wang, X. J.; Xu, B.; Mullins, A. B.; Neiler, F. K.; Etzkorn, F. A. (12) Honda, T.; Wakabayashi, H.; Kanai, &hem. Pharm. Bull2002
Am. Chem. So004 126, 15533. 50, 307.

(7) Otaka, A.; Watanabe, H.; Yukimasa, A.; Oishi, S.; Tamamura, H.; (13) Ando, K.; Oishi, T.; Hirama, M.; Ohno, H.; Ibuka, J. Org. Chem.
Fujii, N. Tetrahedron Lett2001, 42, 5443, and references cited thererin.  200Q 65, 4745.
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Scheme 2. Synthesis of Requisite Substrates for
Organocopper-Mediated Reduction

1) 4 M HCI - Dioxane

2) Ns-Cl, 2,4,6-collidine

3) TBSOTH, 2,6-Iutidine
89%

OTBS
=

OH

= Bn

Bn

Ns’N‘R

H, PPh, oo —2R=H
aD  99%[.3R-DpmB

NHBoc

1 DMB-O|

DE

OH
an
DMB,N\H/\
(e}

4

1) HSCH,CO,H, LiOH
2) CH,=CHCOCI, Et;N
3) TBAF

54%

OR
Grubbs' cat. 2nd

generation
74%

DMB'N

Ac,0, DMAP

o 5R=H
pyridine %% ,:6 R=Ac

Bn—CHO
7

+
H,N \./\OMe
Ph
8

R F
B"\R(COZEt
HN \:/\OMe
Ph
9

1) MS 3 A, THF
2) BrCF,CO,Et, Et,Zn,
RhCI(PPh,),
52%

Pd(OH),, H, gas,
(Boc),O
76%

1) DIBAL-H
2) (0-MePhO),P(0)CH,CO,t-Bu,
Nal, DBU
76%, E:Z=1:18

RF

an)QCOZEt

NHBoc
10

NHBoc
11-(9

1) 4 M HCI - Dioxane Bn
2) EDC, HOAY, (i-Pr),NEt

87%

Ns: 2-nitrobenzenesulfonyl.

DMB: 2,4-dimethoxybenzyl.

EDC: 1-ethyl-3-[(3'-dimethylamino)-
propyl]-carbodiimide.
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Next we examined the organocopper-mediated reduction
of lactams6 and 12 (Scheme 3). The reaction of acet&te
with MesCulLiz-Lil -3LiBr4 proceeded smoothly at78 °C
to yield thes,y-unsaturated lactait3in a good yield (88%).
The DMB group of lactanl3 was easily removed using
TFA. Treatment of difluorolactami2 with MesCulLip-Lil -

Scheme 3. Synthesis of Phe-Gly Type&Z)-Alkene- and
(E)-Fluoroalkene Dipeptide Isosteres via
Organocopper-Mediated Reduction of Lactafnand 12
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3LiBr also gave the desired reduction prodligin excellent
yield (92%).

Next, we carried out the hydrolysis of the amide bond in
lactams14 and 15 to accomplish the synthesis of tloés-
amide bond isosteres. Lactat¥and15 were converted to
lactim ethers using M®-BF,. Hydrolysis of the lactim
ether$® under acidic conditions followed by HPLC purifica-
tion using 0.1% TFA aqueous MeCN gave Phe-Gly tyfe (
alkene dipeptide isostere (Plyg¢z)-CH=CH]-Gly 16) and
(E)-fluoroalkene dipeptide isostere (PE)-CF=CH]-Gly
17),'6 respectively as TFA salts.

The above organocopper-mediated reduction is applicable
to consecutive one-poti-alkylation (Scheme 4). After

Scheme 4. Synthesis ofr-Substituted Z)-Alkene and
(E)-Fluoroalkene Dipeptide Isosteres Utilizing
Organocopper-Mediated ReductioAlkylation
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reduction of lactan® with MesCulLi-Lil -3LiBr, the resulting
metal enolate was trapped by Bn-Br to yield tihans-a-
substituted diketopiperazine mimefi® as a main product.
After deprotection of the DMB group using TFA, the
resulting lactaml9 was subjected to ring-opening followed
by N-Boc protection to yield Boe-Phe4[(Z)-CH=CH]-p-
Phe-OMe20in 40% yield with a small amount af-epimer-
ized product (13%). Boo-Phe[(E)-CF=CH]-L-Phe-OMe
23 was also synthesized from lacta?l by a procedure

(14) Single electron transfer (SET) mechanism has been proposed as one
of the plausible mechanisms of organocopper-mediated reduction. The
electron-transfer potency of M@uLi, was proved to be higher than that
of the corresponding Gilman-type reagent such agdvei. See: Chounan,

Y.; Horino, H.; Ibuka, T.; Yamamoto, YBull. Chem. Soc. Jpr1997, 70,
1953.

(15) Schdlkopf, U.; Hartwig, W.; Pospischil, K.-H.; Kehne, Keynthesis
1981, 966.

(16) Coupling constants o7 and 23 (3Jyr = 20.7 and 20.5 Hz,
respectively) are consistent with thosecafluorovinyl groups possessing
a (E)-configuration $Jurrans = 18—22 Hz). See ref 4b.
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similar to that for the synthesis of isoste2®.1” Precise

the a-position are under investigation.
Next, we investigated whether the di/tri-peptide transporter,

PEPT1 recognized synthetic Phe-Gly type isosteres as
substrates. PEPT1 is a membrane protein which has 12
transmembrane domains and mediates intestinal uptake of

not only di-/tripeptides but also several drugs structually
related to small peptides such @slactam antibiotic$®

Structure-activity relationship studies of various substrates
for PEPT1 have been carried out in order to apply this
transporter to develop orally bio-available drugs. However

precise recognition mechanisms have not been elucidated.

We envisioned that alkene dipeptide isosteres would be
useful tools for analysis of recognition mechanisms of PEPT1
because of their structural similarity to parent dipeptides. We
also expected that the potency of dipeptide isosteres as amid
bond mimetics could be evaluated by use of the PEPT1
dipeptide transport system.

The bioactivities of synthetic Phe-Gly isosteres for PEPT1
were determined by the inhibition ofH]Gly-Sar uptake in
PEPT1-expressing Caco-2 cell in comparison witns
amide type isostere®4, 25, and other related compounds
(see the Supporting Information attached). Inhibition con-
stants K;) of parent dipeptide Phe-Gly and its isosteres are
shown in Table l1.transAmide equivalents24 and 25
possessed good affinity for PEPT1 corresponding to the
parent dipeptideK;: Phe-Gly, 0.205 mM24, 0.853 mM;

25, 1.34 mM). It is of note that affinities of theis-amide
equivalentsl6 and17 for PEPT1 were more than 10 times
weaker than those afansisomers. These data suggest that
PEPT1 predominantly recognizeans-amide conformations
of dipeptides. This is in good accordance with the previous
report by Brandsch et al., in which PEPT1 recognitads
conformation of Alay[CS—N]-Pro!° Conformationally flex-
ible analogues26 and 27 retained moderate affinity in
comparison withcis-amide equivalents. Presumably, ana-
logues26 and27 could exist asransamide-like conformers,
which were favorable for the interaction with PEPTL1, due
to their flexibility. Contrary to our expectation, an increase
of affinity by the introduction of fluoroalkene unit was not

(17) In*H NMR experimentsg-protons (position-3) of 3,6ransisomers
such asl8or trans-22 appeared upfield from the corrrespondiegprotons
of 3,6<cis isomeres. See ref 9.

(18) (a) Vabeng, J.; Lejon, T.; Nielsen, C. U.; Steffansen, B.; Chen, W.;
Ouyang, H.; Borchardt, R. T.; Luthman, B. Med. Chem2004 47, 1060.
(b) Vabeng, J.; Nielsen, C. U.; Ingebrigtsen, T.; Lejon, T.; Steffansen, B.;
Luthman, K.J. Med. Chem2004 47, 4755. (c) Terada, T.; Inui, KCurr.
Drug Metab.2004 5, 85. (d) Biegel, A.; Gebauer, S.; Hartrodt, B.; Brandsh,
M.; Neubert, K.; Thondorf, IJ. Med. Chem2005 48, 4410.

(19) Brandsh, M.; Thunecke, F.; Mertz, G.; Schutkowski, M.; Fischer,
G.; Neubert, KJ. Biol. Chem1998 273 3861.
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stereocontrol and introduction of other functional groups at 1 e 1. K,

Values of Phe-Gly and Various Isosteres Based on
Inhibition of [*H]Gly-Sar Uptake by PEPT1 in Caco-2 Cell

Bn CO,H
NHo TFA

compd X K; (mM)
Phe-Gly —CO-NH—- 0.205
16 —y[(Z)-CH=CH]— >10.0
17 —y[(E)-CF=CH]— >10.0
24 —y[(E)-CH=CH] - 0.853
25 —y[(Z)-CF=CH] - 1.34
26 —1[CH-CHol— 2.17
27 —1[CF2-CHa]— 1.67

Bbserved 24 vs 25). Further investigation is required for
verification of the effect of fluorine as a carbonyl oxygen

mimic.

In conclusion, we presented a novel unambiguous synthetic
route for the syntheses oF)-alkene and E)-fluoroalkene
dipeptide isosteres ass-amide bond mimetics via organo-
copper-mediated reduction pfacetoxy- ory,y-difluoro-a,3-
unsaturatedd-lactams. We also carried out comparative
studies of affinities for peptide transpoter PEPT1 between
the cisamide mimetics and the corresponditngns-amide
isosteres, and found that peptide transporter PEPT1 pre-
dominantly recognizesransamide bond conformations in
dipeptides. Synthetic studies on variowssubstituted E)-

fluoroalkene isosteres and further structuaetivity-relation-

ship studies on dipeptide mimetics for PEPT1 are currently
proceeding.
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