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Abstract—In this letter, we describe the ring-rearrangement metathesis (RRM) of bicyclic amino acid derivatives. The procedure is

of use for the synthesis of constrained amino acid and peptide derivatives with potential as reverse-turn inducers.

© 2005 Elsevier Ltd. All rights reserved.

Conformationally restricted amino acids and peptides
are of great interest, and have assumed a prominent role
in drug design and development."? Incorporation of
constrained amino acid derivatives into a native peptide
in place of naturally occurring amino acids can lead to
compounds which may exhibit enhanced potency over
their parent sequences.®> One particular common struc-
tural feature targeted for replacement by a constrained
analogue is the reverse-turn.* Reverse-turns play an
important role in proteins, acting as both structural
elements and functional scaffolds (Scheme 1); evidenced
by the fact that reverse turns usually occur on the
exposed surface of proteins. These motifs are likely to
be involved in intermolecular recognition processes
between proteins and in the interactions between peptide
substrates and receptors.’
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Olefin metathesis is an ideal reaction for the synthesis of
conformationally constrained peptide and amino acid
derivatives. Now an established synthetic tool in organic
synthesis, ring-closing metathesis (RCM) has been
widely used for constraining amino acids and peptide
sequences.® However, ring-rearrangement metathesis
(RRM) has not yet been utilised so extensively and to
date has mainly been used to prepare molecules with
carbocyclic and oxacyclic frameworks,”® with only
relatively few reports concerning systems containing
other heteroatoms, such as nitrogen.!®!" As part of a
study towards a simplified methodology for the synthe-
sis of conformationally constrained amino acid and pep-
tide derivatives we chose to explore the use of RRM in
the synthesis of bicyclic amino acid derivatives. The
readily available o and B amino acids chosen for this
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study are based on known norbornene and oxanorborn-
ene systems 1, 2 and 3, from which 4, 10 and 13 were
readily prepared, following the literature procedures
(Fig. 1).!>13
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Figure 1.

Elaboration of the core to afford RRM precursors 5, 8,
11 and 14 involved protection of the nitrogen and alkyl-
ation. In all cases, N-tosylation and subsequent alkyl-
ation with allyl bromide or propargyl bromide
proceeded in good to excellent yield (Scheme 2).
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Scheme 2. Reagents and conditions: (a) 4 N HCl in dioxane, 0 °C, 1 h
[quant.]; (b) p-TsCl, EtsN, CH;CN, 18 h [84%]; (c) allyl bromide,
Cs,CO;3, DMF, 5 h; [98%]; (d) Grubbs I catalyst (10 mol %), ethylene
(1 atm), CH,Cl,, 15h, [88%]; (e) p-TsCl, Et;N, CH3;CN [86%]; (f)
propargyl bromide, Cs,CO3;, DMF, 5 h; [93%]; (g) Grubbs I catalyst
(10 mol %), ethylene (1 atm), CH,Cl,, 15 h, [89%]; (h) p-TsCl, Et3N,
CH,Cl, [87%]; (i) allyl bromide, Cs,CO3;, DMF, 5 h; [98%]; (j) Grubbs
I catalyst (10 mol %), ethylene (1 atm), CH,Cl,, 15h, [83%]; (k) p-
TsCl, Et;N, CH,Cly; (1) allyl bromide, Cs,CO3;, DMF, 18 h [98%]; (m)
Grubbs 1 catalyst (20 mol %), ethylene (3 atm), CH,Cl,, 50 °C, 48 h
[88%].

RRM was performed with the Grubbs 1 [RuCl,-
(PCy3),CH=Ph]'* (pre)catalyst under an ethylene
atmosphere and RRM proceeded in good yield.'?
For example, 5 was transformed to 6 in 88% isolated
yield overnight, and ene-yne derivative 8 was smoothly
converted into 9 in 89% yield.'® RRM of oxanorbornene
derivative 11 was also successful, delivering 12 in an 83%
isolated yield.

Unfortunately, substrate 14 proved slightly more prob-
lematic. "H NMR studies showed that the ring-opening
metathesis (ROM) step was sluggish, perhaps due to
internal coordination of the propagating ruthenium spe-
cies to the endo orientated ester. Therefore, by increasing
the catalyst loading to 20 mol % and a reaction pressure
of 3 atmospheres ethylene, complete conversion to 15
could be achieved in 48 h.!”

Recently, peptide sulfonamides have emerged as an
important class of constrained amino acids.!® It was
hoped that the synthesis of allylic or homoallylic sulfon-
amides within the bicyclic framework would allow facile
entry into this class of molecule.

Therefore, the corresponding sulfonyl chloride!® was
coupled with compound 7 to yield the peptidosulfona-
mides 16a-b in good yields. Unfortunately in this
example, the Grubbs 1 (pre)catalyst led only to recovery
of unreacted starting material.

It was decided to investigate the use of the more reactive
Grubbs 2 [RuCLPCy;H,IMesCH=Ph|,° and after
extensive experimentation, the optimum conditions were
determined to be at 40 °C with 1 mol % of Grubbs 2
using a highly dilute solution (0.0005 M). The RRM
was successfully carried out affording 17a-b in excellent
yields (Scheme 3).
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Scheme 3. Reagents and conditions: (a) allyl or homoallyl sulfonyl
chloride, DMAP, CH,Cl,; (b) Grubbs 2 catalyst (1 mol %), CH,Cl,,
35°C, 2h.

Encouraged by these results, synthesis of a number of
dipeptides was undertaken. It was anticipated that after
successful RRM the bicyclic products would make ideal
candidates for dipeptide reverse-turn mimetics after
incorporation into a peptide sequence. In light of the
ability of constrained dipeptide surrogates to adopt con-
formations similar to natural B-turns,?' this practical
methodology would also be of general utility for
research in peptide science and medicinal chemistry.
Synthesis of RRM precursors proceeded in a straight-
forward manner, following N-Boc deprotection with
4 N HCI in dioxane and amide bond formation with
commercially available coupling reagents, dipeptides
18a—c and 20 were synthesised in good yields (Scheme
4).
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Scheme 4. Reagents and conditions: (a) 4 N HCl in dioxan, 0 °C, 1 h,
[quant.]; (b) BocNHCH(CH,),,COOH, PyBOP, DIEA, CH,Cl,, 18 h;
(c) 4 N HCl in dioxane, 0 °C, 1 h, [quant.]; HBTU, DMF, i-Pr,EtNH,
0°C, [68%].

Ring rearrangement metathesis was attempted on 18a—c
and 20 using the Grubbs 1 or Grubbs 2 (pre)catalysts
and various conditions (DCM/DCE/toluene), at differ-
ent temperatures 20110 °C, under both under ethylene
and nitrogen atmosphere. To our disappointment, in all
cases, the only isolable products were those that arose
from an initial ROM of the strained bicyclic ring to give
19a—c and 21. Attempts were made to carry out a subse-
quent RCM reaction on isolated 19a—¢ and 21, but no
productive reactions were observed. The lack of reactiv-
ity towards RCM can be attributed to the high prefer-
ence for a transoid amide bond conformation as noted
by Williams and Liu,?? and others.?

In conclusion, we have demonstrated a successful RRM
strategy to synthesise bicyclic amino acid derivatives.
The RRM reaction proceeded in good to excellent
yields. Attempts of RRM on dipeptides derived from
these bicyclic systems were unsuccessful. The work rep-
resents a new entry into this important class of molecule.
Further studies into the area are underway and will be
reported in due course.
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