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The head-to-tail conversion of linear arylopeptoids to develop highly tailorable N-alkylated aromatic
(oligomeric N-substituted aminomethyl benzamides) into the  cyclooligoamides, we have recently begun to untveil potential
derived novel macrocycles has enabled the first xay  Of a class of oligopamides with repeating units taet closely

w structures of arylopeptoid constructs and the iderification of ~ «related to theN-alkylated para-cyclophanamidesN-alkylated
well-defined architectures in solution. aminomethyl benzamides termed “arylopeptoids” (Fig,

bottom)® These oligoamides were originally conceived as &
Conformational order is a typical characteristic badlogically subclass of peptoidls (N-substituted glycines) where each
active oligomers and macrocyclisation is a methftenoutilized ~ backbone residue is “extended” with a phenyl ffhd" Since
by Nature for bringing conformational order to ailiise flexible 4 then, we have reported highly efficient synthetietinods to
1s oligomeric systemd. Indeed, cyclisation of amino acid-based accessortho- meta, and para-arylopeptoids, all based on
molecules is a strategy used by many organismsradupe “submonomer” approaché&sAlthough these methods allow for
compounds for defence, signalling and microbial getition. access to immense diversity at low cost, our condtional
The study of synthetic macrocycles with well-define studies have demonstrated that well-defined strastin linear
architectures is therefore attracting an ever msirgg interest. A so arylopeptoids are only formed under certain limited
20 family of synthetic macrocycles that has receiveattipular circumstances due tois-trans isomerism ofN,N-disubstituted
attention since the early 1970's is macrocychiealkylated amide bond&*>“ Herein we present that this drawback may be
aromatic oligopamides includinty-alkylated ortho-,* meta,* or turned into an advantage since it facilitates &ffit head-to-tail
para-benzanilides (Fig. 1, top left), anbl-alkylated para  macrocyclisatior? whereby constructs with well-defined
cyclophanamidés(Fig. 1, top right). ss Structures may be formed.
Six trimeric arylopeptoidp/m/o-1a-b with eitherpara-backbone

i o (para-series), metabackbone rhetaseries), orortho-backbone
‘ N N/mﬁ ‘ ~ (ortho-series), carrying either ethyl side chains (aes3ror the
NF R X N = more bulky isopropyl side chains (b-series) weredu this
|
R o]

eo preliminary study (Scheme 1). These trimers wertainobd as

N-alkylated N-alkylated previously describéd@® and were then subjected to the
ortho/meta/para-benzanilides  para-cyclophanamides deprotection-macrocyclisation procedure we have eligped
R before forp- ando,B-peptoids (Scheme 1 and Table™):* Thus,
NW 0 o o after tert-butyl group removal using TFA/GEI,, the crude
N R es intermediates were cyclised in the presence of HANR DIPEA
& N as 5.0 mM solutions in Ci€1,/DMF 4:1.

ortho-arylopeptoid meta-arylopeptoid para-arylopeptoid

R o
N
Fig. 1 Repeating units in selected macrocytialkylated aromatic 5 / (_
oligoamides. " a).b) — 7\
ll\l/l\\ oBu P, 4 'S
R ¥z 3

25

Notably, the macrocyclicN-alkylated para-cyclophanamides

_N
have been shown to act as hosts for various gli@stsnstalling R {\O_{\“R}
30 long hydrophobic side chains, a so called “octopyrdophane” = O |n
with a hydrophobic cavity was formed which can bgarded as p,m,o-1a,b n=1,p,mo-2ab
an apoenzyme mod&.® The N-alkylatedpara-cyclophanamides n =4, p,mpo-3a-b

have thus shown promise within applications asctigke hosts Scheme 1Synthesis of macrocyclic arylopeptoids. Key: (&ATCH;Cl,
and artificial enzymedbut they have exclusively been obtained 1:1.0°C.3him-la-b)or0°C, 3 handrt, 1 fo{la-h). (b) HATU (1.2
s . . 70 equiv.), DIPEA (approx. 5.0 equiv.), GEI,/DMF 4:1, 0 °C to rt, 3 d. See
35 by one-pot polymerisation which severely restritts available Table 1 for yields
ring sizes, backbone types and side chain diverdiith the aim
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Table 1 Yields of macrocyclic arylopeptoids from lineaners. a) o

Entry Linear precursor 1 Macrocyclic products 2 and 3 )N\
Comp. Backbone Cyclotrimer (%) Cyclohexamer (%)
1 p-la  paralEt p-2a: -° p-3a: 57° J\ /(
2 p-1b  paraliPr p-2b: -2 p-3b: 61° N N° "0
3 m-la  metdEt m-2a: 83 m-3a; -° G
4 m-1b  metdiPr m-2b: 88 m-3b; -
5 o-la  ortho/Et 0-2a: 48 0-3a: 45°
6 o-1b®  orthaliPr o-2b: & 0-3b: 3%

2 Not quantifiable (< 5%Y. Purified by flash chromatography (see Sl for
HPLC purity).® Purified by preparative HPLC (>99% HPLC purity).

conversion ratio: 65% Fig. 2 X-ray structure ofn-2b: a) structure om-2b b) Crystal packing:

6-membered columnar assembly.

s For para-trimersp-1a andp-1b the relatively inflexible backbone ] ] ] )
combined with thepara-substitution pattern disfavour directs N the ortho-series, single crystals of cyclotrimer2a, suitable

macrocyclisation as none of the derived cyclotrsqeaandp- ~ for X-ray diffraction were obtained from slow evagtion of
2b were isolated (Table 1, entries 1 and“2)nstead, the MeOH. The crystal structure @f2a belongs to space group P1
corresponding cyclohexamerp-3a and p-3b formed by  With two molecules in the unit cell.

10 cyclodimerisation were isolated in good yields @7and 61 %
respectively). On the contrary, theetasubstitution pattern in
trimers m-1a and m-1b strongly favour direct macrocyclisation
since the derived cyclotrimers-2a andm-2b were obtained in
excellent yields: 83% and 88%, respectively (Tablentries 3

15 and 4). Theortho-trimers represented an intermediate case (Table
1, entries 5 and 6). For trimerla with ethyl side chains, the
cyclic trimero-2a and the cyclic hexamer-3a were obtained in
similar amounts (48% and 45% vyield respectivelyhe Towest
number of connective bonds between @eand N-termini are

20 found in theortho-series but the increased “congestion” of the The backbone of-2a is characterised by twiwans and onecis
backbone thus to some degree disfavours directciosyre. This  amide bonds (Fig. 3). Theis amide bond deviates by over 20°
was underlined by the result obtained for trineetb which from the planarity ® 21.5°), revealing the strain present in the
carries the more bulky isopropyl side chains. Tkeaction e macrocycle which explains the difficulty encountkie forming
produced a complex crude mixture from which weatsd 33%  cyclic trimers in the ortho series. However, according to

25 of the cyclohexamen-3b and only 4% of the cyclotrimer2b. molecular modelling, theis-transtrans arrangementctt) is the
Cyclotrimers m-2a and o0-2a produced'H NMR spectra with  lowest in energy among all the possible amide gométion
broad signals indicating the presence of severafotmers in combinationsdccg ttt, ctt, ccf) in solution (see ESI for details).
equilibrium at the NMR time scale. However, decnegsthe 7 Cyclohexamers-3aandp-3a-bresulting from cyclodimerisation
acquisition temperature to 268 K produced well-he=t spectra  produced *H NMR spectra reflecting high conformational

o with an AB system signal for each backbone methyleneheterogeneity in solution. By contrast, the singlé af signals
indicating a preferred conformation in solution £9%). As observed for cyclohexameo-3b is indicative of a discrete
expected, the cyclotrimenms-2b and o-2b carrying more bulky  conformation with a 6-fold rotational symmetry (Figia).
isopropyl side chains furnished well-resolved spedaven at s NOESY experiments revealed teans geometry of the amide
room temperature. Nevertheless, our attempts tcidslte bonds (see ESI). Starting from energetically oméadi dimeric

ss backbone conformation by 2D-NMR experiments were models, we propose a predicted conformation firlfjll criteria
unsuccessful. Fortunately, colourless needledilystals formed  arising from the NMR studies i.etrans amide bonds and
from EtOAc enabled the crystal structure deternnmedf m-2b, symmetry (see ESI). This model shows gsfmmetry with the
the first to be solved for an arylopeptoid condtrfiig. 2). The s N-substituents oriented perpendicular to the ring allernating
compound crystallises in the P@ space group with four between the two faces of the macrocycle. This welered

40 molecules in the unit cell. The backbone of the noegcle is conformation of a 30-membered ring in solution kEnmomise
slightly curved withtrans amide bonds and the three isopropyl for the development of cyclic arylopeptoids as fudd$.
side chains roughly perpendicular to the mean ptrtée ring. Moreover a similar conformation was obtained inidsdltate.
Two of them are oriented towards the convex facett® s Single crystal X-ray diffraction revealed that efwéxamern-3b
structure, together with one carbonyl amide. Thedttsopropyl adopts a quasi planar ring conformation with a daavity

45 group and the remaining two C=0 are projected tosvdrd other  containing one acetonitrile molecule (crystallisati solvent).
face. In the crystal lattice, the molecules staoktop of each  Despite the absence of NH-O type hydrogen bondhilitya the
other along thea axis to form tubular assemblies as a result of macrocycles stack along theaxis to form a tubular array (Fig.
van der Waals interactions (Fig. 2b and E8H. second level of o 4b). Consecutive cycles in the column are symmegtgted by
organisation based notably on aromatizt stacking produces a the b-glide plane perpendicular to a axis and auethrough

so nanoscale hollow tube (inner 15 x 6 A) consistifigia parallel, weak CH-O type hydrogen bonds and @Hype interactions.
slightly interdigitated, tube-like structures (&€8l). Besides, a water molecule bridging two consecutivgsrthrough

s0 Fig. 3 X-ray structure ob-2a: a) structure 0b-2a, b) side view (left) and
top view (right) of the crystal structure (H-atoomsitted for clarity).
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a)

t Electronic Supplementary Information (ESI) avaiga [Experimental
procedures and characterisation data; HPLC and Nig&ctra; x-ray
_J structures; molecular modelling]. See DOI: 10.16890000x/
- 60 ¥ CCDC 967255 (n-2b) - CCDC 967256 ¢-2a) and CCDC 982403 ¢-
0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1 3b) contains the supplementary crystallographic datahis paperThese
data can be obtained free of charge from The CalgéiCrystallographic
Data Centre viavww.ccdc.cam.ac.uk/data_request/cif.
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