Folding of aromatic polyamides into a rare intrachain B-sheet type structure and further reinforcement

of secondary structure through host-guest interactions

»
Subhendu Samanta, Dibyendu Mallick* and Raj Kumar Roy*
Department of Chemical Sciences, Indian Institute of Science Education and Research (IISER) Mohali, Punjab -140306, India o
E-mall: raj@iisermohali.ac.in

ROYAL SOCIETY
OF CHEMISTRY

IN PURSUIT OF KNOWLEDGE

1H NMR comparison

(effect of intramolecular H-bonding)

Introduction Design of work Synthetic plan

Aromatic oligoamide foldamers 3 — — —

(the B-sheet) o gflﬂ )j\g u ’L)j\g ; CH _ PEGs50-0Me
- N .!\ 2" 2 191]], \];:r J\A, U \g/\ \];j \g U gH1g ) . : NN_/N
Extensive S \ LL i j)

aggregation —~/ WS R (Replacing 2,6-pyridine diamine with the high m-surface area) 4°. 1
» Insoluble aggregate B § s NS4 : 1Y w A
¢ ‘ ’ R X, N|. % N .
B-sheet strand ‘ _ ° (= NT

Amyloid Naphthalene 1,5-linkage Pyrene 2,7-linkage X=N. P1 -n " X= N, P1-PEG
Huc et al oS _ fibrils omte omte () = SOCI,, DCM, 0°C-R. T, 6 hr. = CH, P2 = CH, P2-PEG

g Z | 2N (b) = HMPA+NMP, 24 hr., -78°C-0°C-R. T.
o ””@R : - | ‘ > O % N (c) = MeO-PEGg,-N;, CuSO,, Na-ascorbate, DMSO, 72 hr., 50°C. L ECs50-0Me

Hsatlrrslcr’:ulrltl;e = ) 0 0 0 g A
A %‘

=T interactions between linear
aromatic segments to be strong l, I/
- enough for folding in organic OMe
0 . solvents, but weak enough to Y=N. 5a Y=N. 16a
; prevent aggregation and :CI’—I 5 :CI’—I 16b
Cofacial m-m precipitation. Model aromatic polyamides by varying their mr-surface area as well as amide linkages ’ ’ Y\ 2 x=N M1

stacking (a) = MeOH, Acetone (for 16b), H,O, KOH (for 16a), NaOH (for 16b), 24 hr., R. T. =CH, M2 =CH, M2-PEG

> Potential application in biomimicking and also through space electronic » Stability of the helical and the 3-sheet like structures of the aromatic oligoamides was compared with the help (b) = EDC, DMAP, DCM, 30 hr.,0°C-R. T.
communications. of computational studies. (€) = MeO-PEG,-N;, CuSO,, Na-ascorbate, DMSO, 72 hr., 50°C. MeO= 05503’

Folding studies Guest molecule's impact Effect of temperature on the Summary Host-guest complexation selectivity for the

Charge transport through bond 1

~ ~

= Electron transport through stacked DNA base pairs and amino acid
residues plays a key role in xenobiotic metabolism, photosynthesis,
and DNA repairs.

More deshielded amide Hs
A S

Stack plot 1H NMR
spectra of P2-PEG
(bottom) and P1-PEG
(top).

= M
MM (DMSO-d)

Charge transport through space 2
b

e

2

1
T@ » Charge transfer across

T T T T
10.5 10.0 9.5 9.0

Odu Chemical shift

3.0 the Tr-coupled system

@ of 44PCP is 20 times
slower than in 22PCP

[4,4] Paracyclophane  [2,2] Paracyclophane

b #...«

i
3

» D-exchange study
P1-PEG

T=4 hours

T=3hours H-D exchange studies
T=2 hours at room temperature
T= 35 min J in DMSO-d, at 6 mM
T= 25 min ol concentration, P1-

T= 15 min N PEG (left) and P2-
PEG (right).

Q

4

P

)

P

e

e
By
L]

1I
l:'
%
IR
ol
%
-
o

| T

\'t
i

« X m

i Petpdfd Pl P

F

) T=0min

- I n L}
on folding : host-guest relationship guest molecule
- :'l\DAllI;EE(éllr:]Tr(éEE ' _ (B) :hPﬂlliIEE(é‘llr:];%IEE - (B) 105. . — | (X: -N; without guest) I 2 t p (X: -CH; hOSt'QUESt Complex)
—— Host : Guest = 1:0. —— Host : Guest = 1:0. . . . .
g g e e 105 - ~eatouea1os| e 16 )  Blue shifted absorption «* Blue shifted absorption
c—U c —— Host : Guest =1:0.75 600 —— Host : Guest =1:0.75 I — 50°C | () . . 0 1 1 Q
= Q Host : Guest = 1:1.00 : Host : Guest = 1:1.00 e 144\ o (] QuenChed Em|SS|On * QuenChEd Em|SS|On Q
5 = > P1-PEG showed 20 nm | o = 5004 _ | e I\ ' : X=-N; P1-PEG '
> - chi = _ a > Quenching of o — 70°C o 0124 \ ;  Weak Excimer ’ « Weak Exciplex W ,
< o blue-shifted absorbance | & > Blue shifted | < ] S 80°C o 01271 '\ — .CH: P2-PEG iN"So
3 = d ) 2 | 2 4004 fluorescence S ——100°C < e Stable at RT . ’ - Stable at RT i
o S 041 compared to M1-PEG. |5 ‘ bs. (40 = | S S N > Di t ff
s £ (H-a re ation) F R \ abs.(40 nm). S 300 @ 435 nm. o Heating o ¢ ) iImerization (O )
S S J99res ' < o E I § é * Monomer like : - T ] i RS A ) 365 nm
S a N\ \ ] I photophysical g’? : Ny ? | |
—— ol === -1 k 7 1 properties < |
400 450 450 500 550 600 650 700 0004 L N e o — 1 . _ — > Qu enchlng of fluorescence mﬂe
Wavelength (nm) Wavelength (nm) 350 400 450 >0 600 450 >0 >%0 600 650 o I ' 3éo ' 36|‘>O ' 4(|)0 ' 4210 ' 4é0 ' 520 ' 3éo ' 3é0 ' 4(|)0 ' 4210 ' : o0 ) Laboratory bf Functonl Mators o ( in: Of 1: 1 hOSt'g UeSt com pleX 0
Wavelength (nm) Wavelength (nm) - i **-c; 4o —
= (D) — 250C © 1 Wavelength (nm) _ Wavelength (nm) ‘
GE) _SOZC > Pl'PEG ShOWGd 1.0+ \ : Guest = 1:0.00 I — 25°C | —— 100°C - 1.0 4 ;E#ttias:;ﬁi%:%;M;ﬁ.\EngE(siltl;Ndltj'[Z.ZS?s) 1.0
E ~ e significant quenching in > _  Guest - 1075 I ©) e : 0) e 8 PO TS a2 &
5 < — 1000C the fluorescence and @ 087 ‘ Guest=1100 1S —roc = — 60°C c—é 08 (082 Dimerization (on)
~ . . S ° - (o}
o 2 Heating an increase in the 2 i 8 1200 —— 100°C 8 — ggog S 5 365 nm
c Z i i 5 %7 > Exciplex > > £06 -06 2
g S population of the higher O P 12 z < g
o) += . . N :
5 = vibronic band (505 nm) 3 o4l formation E 5 i "y 2 04 .5
. 5 ROYAL SOCIETY rsc.li/polymers ' )

2 when compared with S (505 nm). I = Heating = s OF CHEMISTRY — £ 2

M1-PEG < 0.2 ‘ " 202 02 5

: <

ST e re ————— (intramolecular , Oug
300 350 400 450 500 550 450 500 550 600 650 700 excimer tormation 2 It l N A e o=z — A A A A H A A . Hon Ho A AR 00— 4 === 0.0
Wavelength (nm) Wavelength (nm) through H-aggregate) ) 400 450 500 550 600 650 700 i 400 450 500 550 600 650 700 400 450 500 550 600 650 L " AN A Y A X . (X=-N; host-guest complex) 300 350 400 450 500 550
g ggregate). Wavelength (nm) I t \é\/aveleggtfl(n?)t I, hW?VE'enﬁith (nm)I . - Blue shifted absorption Wavelength (nm) O O
. . ] i i i ] -dependent photophysical studies of the host-guest comple - : )
Absorption spectra (A) and emission spectra (B) of P1-PEG and M1-PEG: Host guest complexation assisted folding between P1-PEG and Naphthal_ene. I emperature-aep P physi udi . gu p _X_(_ - Exciplex Formation
: . : o _Visibl - F d lized PEG & Naphthalene). (A) UV-Visible spectra (Heating cycle), (B) UV-Visible
computational UV spectra (c) of monomeric model compounds with trimeric B-sheet UV-Visible spectroscopy (A); Fluorescence spectroscopy (B) and normalize . - . - 0 :
emission spectra of the same (C). Arrows indicate changes upon increasing the I spectra (Cooling cycle), (C) Emission spectra (Heating cycle), (D) Emission * Stable up-to 100°C Anthracene dimer

(D) P1-PEG: Fluorescence studies (heating-cycle)

guest molecule (Naphthalene). spectra (Cooling cycle). [solvent: TCE, concentration: 6.25 uM].

Folding scaffold application in organic electronics Conclusion References

(1) Latha Venkataraman et al. Nat. Commun., 2012, 3, 1086; (2) Richard J. Nichols et al. J. Am. Chem. Soc., 2010, 132, 9157.; (3) | Huc et al. J. Am. Chem. Soc. 2014,
(1) A pair of structurally similar polyamides were synthesized using simple polycondensation of A2 + B2-type monomers. 136, 5, 2168.; (4) J.M.Lehn et al. Nature, 2000, 407, 720; (5) J.M.Lehn et al. Chem. Eur. J. 2001, 7, 2798; (6) R.K.Roy et al. Polym. Chem., 2022, 13, 3284.

Guest = Naphthalene | _ _ _ _ _ ACknOWIGdgment

(2) Cooperative effect of both H-bonding and 1r-stacking was needed in order to form an intramolecularly folded B-sheet-like structure.
P1_A_V=P1-PEG (Host : Guest=1:0) IISER Mohali start-up grant, infrastructure, and facilities at the Department of Chemical Sciences, IISER Mohali, and The Royal Society of Chemlstry are gratefully
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P2 A V= P2-PEG (Host : Guest=1:0) (3) The stability of the intramolecular B-sheet structure was further improved by the guest having an aromatic Tr-surface area and forming a stable host-guest complex.

P2N_A V= P2-PEG (Host : Guest=1:1)

Conductivity

(4) The selectivity of the host molecule towards the guest (having 1mr-surface area), increases with increasing the m-surface area.

Horizontal Devices - T >IN

collaboration with Dr. ROYAL SOCIETY

»
Spin Coated _A_ Sabyasachi Mukhopadhyay. (5) Preliminary conductivity studies were carried out on solid thin films. The results suggested that the guest molecule-induced folding of polymer chains increases the PPN OF CHEMISTRY
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silicon/Glass cover slips through space charge transport in the solid state.
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