ORGANIC
LETTERS

Olefin Metathesis in the Design and e

Synthesis of a Globally Constrained 16171620
Grb2 SH2 Domain Inhibitor

Yang Gao, Chang-Qing Wei, and Terrence R. Burke Jr.*

Laboratory of Medicinal Chemistry, DBS, NCI-FCRDC, National Institutes of Health,
Frederick, Maryland 20892-4255

tburke@helix.nih.gov

Received February 26, 2001

ABSTRACT
)t J\/Rs Ryt

HN
j,O
ey
H
" :ﬁ H,NN\/I:O
One drawback frequently associated with olefin metathesis-mediated peptide macrocyclization, the loss of side chain functionality at sites of

ring closure, may be circumvented by incorporation of side chain functionality within the ring-closing olefin segments. This approach is
demonstrated in the preparation of a macrocyclic Grb2 SH2 domain antagonist designed as a conformationally constrained f-bend mimic.

Restriction of conformational flexibility is an important in type-13-bend fashior¥we envisioned that modification

peptidomimetic design consideration. Global constraint may of 4 by incorporation within a macrocyclic structure could

be obtained by backbone cyclization either in a head-to-tail potentially increase affinity by introducing conformational

fashion or through amino acid residue side chains. constraints approximating those needed for binding. Since

modification of this latter approach can be achieved using the pTyr phenyl phosphate group and the naphthyl ring are

the ruthenium-catalyzed ring-closing metathesis reaction of important for high affinity binding, the target macrocycle

Grubbs? However, one limitation of the use of this method must include this side chain functionality at the sites of ring

is that the resulting macrocyclg)(frequently lacks side chain

functionality at the sites of ring closure, originally present _

in the open chain parentl) (Figure 1). Alternatively,

incorporation of the side chain onto ring-closing segments o

could potentially allow macrocyclization without this type i/[

of loss (3). /U\/R J\/RG Ry
In our ongoing effort to develop tyrosine-kinase dependent HN o H o

signal transduction inhibitosGrb2 SH2 domain binding J J

antagonists are being prepared based on the naphthylpropyl-

amide-containing tripeptidé.* Because binding of natural yN o"

pTyr-containing ligands to Grb2 SH2 domains takes place :ﬁ H :f[
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Heck reaction of known, chiral acrylamid®eandtert-butyl
protected 4-bromotoluyl phosphondi@in a manner similar
O o to that outlined in our recent disclosure (Schemé&2An
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Figure 2. Macrocyclization protocol.

closure. Therefore, analogue was designed (Figure 2), - _ _ _

which exemplified the new type of macrocyclization shown Sgo/coﬂdlg'?“?: @) IEiN’ Pd(OA%)!’ t”,‘g'mmg%oswﬁ}: re“';g"
by general structu_r@ (Eigure 1). (Note: replacement of the £C (gig/f dg I(;:)g;g/{ gg%r)]ezlltj)goiogle:uw of LinQH’ THléleO
phosphate group i4 with a phosphonate group in tardget (81% yield).

was done on the basis of the equivalent affinity of the two
moieties in Grb2 SH2 domain assays.)

Synthetic Approach. On the basis of a retrosynthetic important component of our synthetic approach was the
analysis leading tdb, dipeptide 6 containing tert-butyl subsequent introduction @fvinyl functionality bearing the
phosphonate was selected as the penultimate precursor t¢R) configuration. Although 1,4-addition of vinylmagnesium
metathesis ring closure. The synthesi$afh turn required bromide had been reported in the presence of a strong Lewis
the synthesis of N- and C-terminal building blockand8, acid such as TMSC® in our hands, solely the 1,2-addition
respectively, since the remaining residues were both com-product was obtained. To effect the desired 1,4-addition, a
mercially available in their N-Fmoc forms (Figure 3). variety of reagents were investigated, including vinyl-
magnesium-Cul,”® vinylmagnesium-CuBr-Me,S,”® and
vinyllithium—Cul-BusP’® complexes, as well as vinyllithiufh

itself.
0 While none of these conditions yielded satisfactory results,
JJ\/\f( it was found that vinylmagnesiusPhSCu complékcould
provide desired producfi2-(R) with modest diastereo-
selectivity (64% de) in acceptable yield (67%). Separation
:b of diastereomerid 2-(R) andl2-(S) products was achieved
(Buto by silica gel chromatographic purification followed by

crystallization, with hydrolysis of2-(R) to building block
7 then being achieved in good yield using standard condi-
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Similar to the syntheis of N-terminal pTyr mimetic,

was deprotected and coupled with commercially available

stereoselective synthesis of C-terminal naphthylpropylamine N-Fmoc 1-aminocyclohexane carboxylic acid to provide

8 also utilized Evans' 4-phenyl-2-oxazolidinone chiral

auxiliary (Scheme 2). Unlike the former synthesis, however,

Scheme 2
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aConditions: (i) (a) LIHMDS, THF; (b) 1-bromomethylnaph-
thalene, (88% yield); (ii) LiAlH, THF, —78°C to rt (100% yield);
(iii) DEAD, PPhg, phthalimide, THF (73% yield); (iv) EtOH, }O,
N,H4-H>O (91% yleld)

the R)-(—)- rather than $-(+)-auxiliary was employed with

a “reversed” addition of aryl functionality to alkenyl side
chain. Therefore, acylation of commercially available Evans
oxazolidinone providedl3. Subsequent alkylation of the
lithium enolate with 1-(bromomethyl)naphthalene gdve

in high yield as a single isolated diastereomer. With
stereochemistry established, transformation to ar@inas
achieved in three steps: reduction to alcob®] Mistunobu
addition of phthalimidel6; and finally hydrazine-mediated
cleavage to8 (66% yield for three steps). With N- and
C-terminal units7 and8 in hand, respectively, construction
of metathesis substra& was achieved in straightforward

fashion using standard coupling techniques (Scheme 3).

Scheme 3
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a Conditions: (i) (a) HOBt, DIPCDI (95% yield); (ii) (a) TFA-
CH,Cly; (b) NaHCQ; (c) Fmoc-1-amino-cyclohexanecarboxylic
acid, HOBt, DIPCDI (70% vyield); (iii) (a) piperidine in C}N
(86% yield); (b)7, HOBt, DIPCDI (67% yield).
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N-Boc-protected asparagine amitié, obtained by conden-
sation of8 with commercially available N-Boc asparagine,

(9) Pais, G. C. G.; Maier, M. E]. Org. Chem1999,64, 4551—4554.
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dipeptide amide. 8. Removal of Fmoc protection, followed
by HOBL active ester coupling with pTyr mimeti&; gave
penultimate intermediaté in good yield.
Ruthenium-containing cataly$® has enjoyed widespread
utility in olefin metathesis, including the formation of peptide
bend mimetic£:1° Accordingly, by subjectings to olefin
metathesis in the presence I in CH,Cl; at reflux under
argon, ring-closed produ@0 was obtained in good yield
predominantly as thérans isomer (Scheme 4). Although

Scheme 4
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aConditions: (i) Grubbs' catalyst), CH.Cl,, reflux, 60 h (67%
yield); (ii) TFA/H,Oltrimethylsilane, 1 h (60% yield).

chromatographic separation of minor amountscisfcon-
tamination proved difficult at this stage, following TFA-
mediated cleavage ¢ért-butyl phosphonate protection, pure
final product5 could be obtained in 60% yield using reverse-
phase HPLC chromatography.

As demonstrated herein, olefin metathesis-induced macro-
cyclization of pseudotripeptide precursor can be achieved
with full functionality incorporated into the C- and N-
terminal alkene moieties, so as to afford ring-constrained
peptidomimetics bearing complete side chain functionality
present in the parent open chain peptide. Utilization of
Grubbs’ olefin metathesis reaction in this fashion, may prove

(10) (a) Grubbs, R. H.; Chang, Setrahedron1998, 54, 4413. (b)
Schuster, M.; Blechert, SAngew. Chem., Int. Ed. Engl997, 36, 2036.
(c) Fink, B. E.; Kym, P. R.; Katzenellenbogen, J. A.Am. Chem. Soc.
1998, 120, 4334. (d) Jarvo, E. R.; Copeland, G. T.; Papaioannou, N.;
Bonitatebus, P. J.; Miller, S. J. Am. Chem. S0d.999,121, 11638. (e)
Piscopio, A. D.; Miller, J. F.; Koch, KTetrahedron1999, 55, 8189. (f)
Ripka, A. S.; Bohacek, R. S.; Rich, D. Bioorg. Med. Chem. Letl.998,
8, 357.
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useful for the preparation of constrained analogues in a Supporting Information Available: Synthetic procedures
variety of contexts. and spectral characterization for compouriis20. This
material is available free of charge via the Internet at
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