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Macrocyclic and fused bicyclic dipeptides are complementary motifs for mimicry of different types of -turn geometry. Macrocyclic dipeptide
mimics have served as precursors for the synthesis of their bicyclic counterparts using electrophilic transannular cyclizations of 9- and
10-membered ring lactams 9 —12 to form azabicyclo[4.3.0]- and -[5.3.0]alkanone amino esters 13~ —16.

Peptides are important endogenous molecules responsible for The introduction of a set of dipeptide mimics is often
a multitude of roles in human physiology; however, their desired to provide detailed information about the conforma-
therapeutic potential is often limited because of their poor tion specifically required by the peptide to effectively bind
bioavailability, rapid metabolism, and short duration of and activate the receptor. The acquisition of a set of
action. Peptide mimics have thus been developed to retainazabicycloalkanone amino acids requires, however, perform-
the desired biological effects of the parent peptide and to ing a series of multistep syntheses because few dipeptide
remove such undesirable characteristida. this respect, mimics are commercially available. For example, to study
azabicyclo[X.Y.0]alkanone amino acids have proven to be opioid receptor-like 1 (ORL1) receptor antagonisteplace-
effective dipeptide mimics because their fused bicyclic ring ment of the commercially available fused-6,5 thiaindoliz-
system can constrain the backbone dihedral angle geometnjdinone amino acid with fused-6,5, -5,6, and -6,6 azabicy-
to induce secondary structures suchpasirns. Although cloalkanone amino acids required syntheses of seven, seven,
many approaches have been conceived for making azabicyand five steps, respectively, from suitably protected amino
cloalkanone amino acidfew examples have made practical dicarboxylic acids in overall yields ranging from 45% to
use of common precursors for making a set of ring systems.61%?# The use of such a tour de force of peptide scaffolds
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Scheme 1. Conversion of Macrocyclic Dipeptides into
Bicyclic Dipeptides by Electrophilic Transannular Cyclization

Scheme 2. Unsaturated Macrocyclic Dipeptide Lactam
Synthesis
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Boc-protected allyl- and homoallylglycinés-3 were coupled
10 386R7S1OS -14 (45%) , .
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and toN-(Dmb)homoallylglycine methyl estdrusing HATU
1) 1,, THF, and DIEA in yields varying between 75% and 87% (Dmb
q _ reflux = 2,4-dimethoxybenzyl). Annulation of the dipeptides8
BocHN N "2)Boc,0, bearing two olefinic side chains was achieved using the first
Et;N, DCM BocHN CO,Me . .
O COMe 3 generation of Grubbs catalyst to afford the macrocyclic
" (35,6R.75,105)-15 (48% 2 steps) unsaturated lactan®-11in yields between 71% and 77%.

Finally, the Dmb group, which was essential for the
annulation of the nine-membered lactams, was removed by

did deliver analogues with remarkable potency and selectivity treatment with 50% TFA in CkCl, to afford quantitatively
for the ORL1 receptor over the other opioid receptor the secondary amide.

subtypes. For such structuractivity studies to become more
practical, however, a more efficient methodology is needed
for making such mimics.

The electrophilic transannular cyclization was initially
performed on 9- and 10-membered lactafs12 using

idering that el hil | lizat ¢ iodine as the source of electrophile (Scheme 1). Treatment
Consi er(;ngt ate e(I:_trolp ilic tran?annu e:jr cyc IZatlobn 0 dof the Fmoc-protected, nine-membered lactaghwith 4
unsaturated macrocyclic lactams of 9- and 10-membere equiv of b in THF at reflux gave two isomeric bicyclic

rings has been previously used to prepare indolizidinone products ($5R,6R 99- and (B556599-13 in 46% and

and quinolizidinone ring systemswe have pursued this 5794 yesnective yields (see below for stereochemical assign-
approach for converting macrocyclic dipeptide surrogates into ments). On the other hand, treatment of the corresponding

their azabicycloalkanone amino acid counterparts (SChemetemary Dmb-amide9 under similar conditions afforded
D). bicycle (355R,6R,99-13 as a single product in 86% yield
The set of 9- and 10-membered unsaturated macrocyclic (>3/S6F§§31C’)S)-:A21bicyclo[5 3 (g)]allsanona4 was os?:m '
dipeptides9—12 was synthesized using our recently de- larly prepared in 45% yield by treating Fmac-protected
secondary lactamO, bearing the trans double bond, with
iodine in THF at reflux. Loss of the Boc group was observed
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Figure 1. NOESY correlations observed for compoundS,§R - B é@%
6R,99)-13 and (355565,99-13. -

in the reaction of the corresponding Boc-protected 10- 3\‘ Ve o
membered macrocyclél with iodine in THF; however, s iﬂv i~ 5 ’%
pyrroloazepinonel4 with the same stereochemistry as its -'/ o~
Fmoc counterpart could be isolated in 48% overall yield after 2 X" 1
reprotection using Be®© and triethylamine in ChkCl,. ’_{ /

In light of the effective transannular cyclizations using / X

iodine, a cursory investigation of alternative electrophiles

was performed using macrocycteto examine effects on ¢

reaction stereochemistry and product structure. Treatment of f

9 with bromine orN-bromosuccinimide did not afford a

bicycle; instead, bromination of the aromatic ring was ¥ \

observed by LC/MS. Also, treatment &f with mercuric — /\

acetate did not lead to bicyclic products. Alternatively, \ L. -

exposure of dipeptide® to 4 equiv of phenylselenium —

bromide in THF at reflux provided bicyclic amino estE ® \

in 79% yield (Scheme 1). ~®
The assignment of the structures and stereochemistry of Lo |

the different azabicyclo[X.Y.0]alkanone amino acids was .I }

performed using NMR spectroscopy and X-ray crystal- / ~. P

lography (Supporting Information). For bicycls, the ring !I

protons came at distinct chemical shifts and their sequential /-.:"

order was assigned using a COSY experiment. Coupling

between the downfield carbamate proton and the proton of

the adjacent backbone carbon was used as the starting poinfigure 2. X-ray crystal structures a4 (top) and15 (bottom).

for tracing the through-bond connectivities of the various

protons around the bicycle. With the through-bond connec-

tivities ascertained, the through-space connectivities observe

in the NOESY spectra were used to assign relative stereo-

(l:gelmlstr)g_lnthe NOES: spef:ctrum of.|nd(.)I|Z|cti)|non§{(&?)r; C3the parent pyrroloazepinofein their respective X-ray
, long-distance transfer of magnetization between the C3 i, 4res, they and¢ dihedral angles within bicycles4

proton and the iodinated C5 and ring-fusion C6 protons, (—64.1°; —49.#) and 15 (—63.5; —46.6) were similar to

respectively, confirmed the concave bicycle structure and ideal values for the central residues in a tygeturn (—30°;

the trans relation between the ring-fusion proton and the —90°):10 however, they were less similar than the dihedral
iodide (Figure 1). In (5,69-13, the bridgehead stereochem-

istry was assigned on the basis of NOE with thef3&oton (8) (a) Crystallographic data fol4: CpgH/IN,Os; My = 574.40;
which m whnfield relativ its-proton nterpar orthorhombic crystals; space grot212121; unit cell dimensiong =
ch came C.io e.d elative to itg-proton cou t.e part 5.7630(2) Ab = 17.0035(8) A,c = 25.3668(11) A; volume of unit cell,
due to the anisotropic effect of the C9 carboxylgieq on 2485.72(18) A; Z = 4; d = 1.535 g/crf; R = 0.0354,R, = 0.0565 for all
the same face as the C3 amifidh the cases of fused-7,5 data; GOR=1.005. (b) Crystallographic data faf: CyeHasIN2Os; My, =

. . 452.28; monoclinic crystals; space groB@1; unit cell dimensionsa =
systemsl4 and15, the relative stereochemistry of the newly 11 g497(11) Ab = 5.8377(6) ,f c = 13.4469(14) AB = 100.394(5) A;

formed centers was confirmed by X-ray crystallographic volume of unit cell, 899.48(16) A Z = 2; d = 1.670 g/cri; R; = 0.0998,

: = 0.2443 for all data; GOF 1.005. The author has deposited the atomic
analysis of CrySthS from_ acetone/hgxane; and IEthyI aCEtate?go dinates for the structures d# and 15 with the Cambridge Crystal-
hexanes, respectively (Figure®2Jhecisrelationship among  lographic Data Centre. The coordinates can be obtained, on request, from

the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge

qthe iodide and the bridgehead proton and the convex bicycle
was observed in both structures.
In concurrence with an earlier computational study of

CB2 1EZ, UK.
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