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FLUOROOLEFIN DIPEPTIDE ISOSTERES' - Il
Enantioselective Synthesis of both Antipodes of the
Phe-Gly Dipeptide Mimic

Thomas Alimendinger 2 *, Eduard Felder ® and Emst Hungerblhler @
2 Central Research Laboratories, P Pharmaceuticals Division
Ciba-Geligy AG, CH-4002 Basel, Switzerland

Abstract. The addition of optically active ester enolates to a-fluoro-a,p-unsaturated aldehydes and formal SN2
substitution of an allylic hydroxyl group thus formed by a trichloro-acetamido group via Overman rearrangement
constitutes a new general route to fluoroolefin dipeptide isosteres in enantiomerically pure form. This methodology was
applied for the preparation of both enantiomers of the Phe'\W(CF=CH)Gly dipeptide mimic which were further elongated to
substance P analogues.

The neuropeptide substance P (SP) has generated a great deal of interest during the recent years 2 A large number of
analogues which cannot be cleaved by peptidases have been designed, prepared and tested. A recent example is a C-
terminal hexapeptide A in which the amide bond between Phe-Gly is replaced by the isosteric trans configured double
bond 3.

N

SP:  Arg-Pro-Lys-Pro-Gin-Gin-Phe-Phe —Gly-Leu-Met-NH,

PRy
A: D;IU_PM_N)\')\,oo-me-NH,
H N

As we have established a synthetic route to the new class of fluoroolefin dipeptide isosteres ! we chose SP as our
first target molecule to gain an insight into the utility of these isosteres. This letter deals with the enantioselective
synthesis of both antipodes of 1, the fluoroolefin dipeptide isostere of the Phe-Gly region of SP.
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Scheme 1

From the retrosynthetic scheme 1, it is evident that the hetero Cope-rearrangement of allyiic iminoesters, pioneered
originally by Overman 4 would serve as an ideal method for the introduction of a nitrogen functionality into the fluorinated
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templates. In the case of optically active 2 the transfer of chirality should lead to optically active products. The
preparation of derivatives of the hydroxy acid 2 is outlined in scheme 2.

The known enol ether 5 3 was converted to the chiorofluorocarbene adduct 4, which was solvolyzed to the
fluorinated unsaturated aidehyde 5 by a method of Schiosser 6:7. The optically active (R)- and (S)-hydroxy-esters (+)-2a
and (-)-2b were prepared by the addition of the diacetone glucose modified titanium enolate of tert.-butyl acetate 9 and
the bis-lithiated (S)-(2-hydroxy-1,2,2-triphenylethy) acetate [(S)-HYTRA] 1 respectively.
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Scheme 2. a. CHCIoF, 60% KOH, 18-crown-6, 68%; b. H20, sodium dodecylsulfate, refiux, 61%; ¢. Cp(DAG-0)2Ti-O-
C(-OBuh=CHpy, toluene, -70°, 80%, ee=93%; d. (S)-HYTRA, 2 LDA, -70°, 30%, €6>90%..

The hydroxy-esters could not be rearranged directly via their trichloro-acetimidates due to the facile elimination to the
corresponding dienes. Therefore they were first reduced to the diols 6 (see scheme 3, showing the sequence only for
onhe enantiomer) and treated with catalytic amounts of sodium hydride and two equivaients of trichloro acetonitrile to give
the bis-iminoesters 7 which were subsequently rearranged in refluxing xylene to the acetamide 8. The unaffected
primary iminoester group was cleaved with sulfuric acid in methanol affording the alcohol 9.
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Scheme 3. a. LAH, ether, 78%; b. 1. cat. NaH, hexane, THF, 2. CI3CCN, ether; c. xylene, 1409, 73% (from 6); d.
H2S04, MeOH, 98%; e. 1. NaOH, Hz0, MeOH, 2. (BOC)20, CHzCla, 81%; f. Jones oxidation, 76%; g. 1. HCI, dioxane, 2.
FMOC-OSu, NEtz, 61%.
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After cleavage of the trichloro acetamide the amino alcohol was protected as its N-tert.-butyloxycarbonyl derivative
10, which was oxidized to the acid 1a 11, After changing the protecting groups (BOC to FMOC) of the enantiomeric acids
(-)- and (+)-1a yielding the building blocks (-)- and (+)-1b, they were elongated to the full sequence of SP and to the
hexapeptide analogues. The peptide chains were assembied by the Fmoc solid phase approach 12 on a polystyrene
based trialkoxy-diphenylamine resin 13. Using analogous conditions as for regular Fmoc amino acids, units of the type 15
were incorporated without noticeable changes in coupling yields. The substance P analogues 11, 12, 13 and 14 were
characterized by FAB-MS and showed significant biological activity (see table and reference 14).

In a receptor binding assay, compound 11 is almost as active as SP itself whereas its diastereomere 12 binds 10
times weaker. This ratio is reflected in the binding affinities of the hexapeptide analogues 13 and 14. Compared to the
olefinic analogue 15, the fluoroolefin derivative 13 binds more than 10 times stronger to the SP-receptor which supports
the working hypothesis 1. In contrast to the behaviour of non-fluorinated analogues which easily undergo isomerisation
of the double bond to give a,B-unsaturated amides!5, the double bond in compounds 1a, 1b, 11-14 and the
corresponding intermediates was stable towards all basic or acidic reaction conditions employed, thus indicating the
stabilizing effect of fluorine on the double bond 16.

Table: Receptor binding of substance P and some analogues

n! “Rs 0
n‘-m;-u’\/\/lL Leu-Mot-NH,

H x
No Rl R2 A3 X ICs50
SP 13 nM
11 Arg-Pro-Lys-Pro-GIn-Gin-  CHaPh H F 2 ™M
12 " H CHPh F 20 nM
13 pyro-Glu- CHPh  H F 0.8 pM
14 " H CHgPh F 10 pM
15* - CHaPh H H >10 pM**

* one diastereomer of A corresponding to the natural S-configuration
** 20 % inhibition at 10 pM.

In conclusion the aldol reaction of o-fluoro-a,B-unsaturated aldehydes and ester enolates followed by the
introduction of a nitrogen functionality by an Overman rearrangement represents a general synthetic route, which allows
the preparation of a wide variety of fluoroolefin dipeptide isosteres.
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They exhibit a higher chemical stability and, in a first example, a higher receptor binding affinity compared to the known
trans-olefin isostere.
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