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Instrumentations

NMR spectra werezcordedon a Bruker AV2 400 MHz spectrometer; the spectra vefezenced to
residuafH-solvent and chemical shifts then reported in parts per million (ppm). Spectra were analysed
using MestReNova &CDLABS software

GCMS data was collected on Agilent 6890 series GC with MS detector

Single crystal XRD dateere collected on aRigaku Oxford Diffraction SuperNova single crystal
diffractometer using a Cu radiation sourSample specific details can be found in the CIF files.

GPC was conducted using®RC 50 Plus system by Varian Inc. using refractive indegtastard

DLS measurements were recorded using a Zetasizer Nano ZS instrument from Malvern Panalytical Ltd.
The measurements were recorded at Z5 using a sample refractive index value of 1.450 and an
absorption value of 0.001. The dispersant used was water with a refractive index of 1.330 and a viscosity
of 0.8872 cP. Automatic attenuation was used. Samples were run in a quartz cell and medsuremen
were taken after an equilibration time of 2 minutes.

Transmission electron microscopy (TEM) was performed on a Jeol 1230 operating at an accelerating
voltage of 80 kV and the images were recorded with a Gatan Multiscan 790-digiall Y SNJ @ C¢ L w
spectra were recorded on a ShimadzAfRnity instrument.

Fluorescence measurements were made using a Cary Eclipse Fluorescence Spectrophotometer by
Aglient Technologies. Emission spectra were recorded within the range@766Mm and excitation

was &t at 550 nm. Excitation and emission slit sizes were set at 5 nm. The scan rate was set at 600 nm
/ min with a data interval of 1.000 and an averaging time of 0.1 second. The excitation filter was set to
auto, the emission filter set to open and the PMTedtor voltage set to 600 V. The multicell holder
accessory was used and the samples were measured in a quartz cell.

Materials
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from Avocado Research Chemicals. For the DNA intercalation stugibs] m g4 a p Q

CTGTATGGTCAA®TG | YR 5 bCAGTTGACEBATARZRG boshRvere purchasedfrom

Integrated DNA Technologies. The buffer solution TBE 1x was prepared by diluting a TBE 10x solution

made up of Tris base (108 g), boric acid (55 g) and ED3A)hh4vater (1 L). TAMg 1x buffer solution

was prepared by diluting a TAMg 10x solution. TAMg 10x was prepared in a 1 L volumetric flask using

Tris base (54.51 g) and Mg(QALO (26.8 g) which were taken up in water (900 mL), the pH was

adjusted to 8 by the addition of acetic acid and the total volume was made up to 1 L by the addition of

water.

Synthesis

The following synthetic routes were performed respectively with eotloandexoanalogues of carbic
anhydride. Only theexoderivdives were subsequently polymerised, but we include here the
preparation of the analogues and intermediates as some have not been previously reported.
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Schemesl. Monomer synthesis

Exehimoyl glycing3:

Singlecrystals of GH1aNO; (3) were grown by recrystallisation from a supersaturated solutidhimf
hot ethyl acetate. A suitable crystal was selected and mounted on a Supetiffeactometer
equipped with amtlasSZetector. The crystal was kept at 100€)during data collectioand data
were collected using Cu Kadiation Using Olex2the structure was solved with the olex2.sélve
structure solution program usinghargeflipping and refined with the SHEEX¢finement package
usingleastsguares minimisation.

Figure $: X-ray crystal structure of Atomic displacement parameters askown at 50% probability.

Crystal Datéor G1Hi:NQ: (M =221.21 g/mol): monoclinic, space gré@#/c (no. 14),a= 6.29482(14)

A b=13.8975(3) A= 11.1692(2) A, = 90.663(2)°, V=977.04(#&A % I' nZ ¢ = MANOHD
0.976 mm', Diac=1.504 glctE. cp o NBFE SOG A 2 OB WnSc daTdgNIScR) 36 mvdsbovnc cc
= 0.0430, Ryma= 0.0345) were used in all calculations. TheRngll & n®dnnHn wiRlwash H = 6 L (
0.1134 (all data).

CCDC Deposition Number: 2005040
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To a rounebottomed flask,endo carbic anhydridel (3.92 g, 23.8 mmol), toluene (70 Ynand
triethylamine (0.4 ¢y 2.38 mmol) were addednd stirred at room temperature until all solid had
dissolved. amino-1-pentanol (245 g, 23.8 mmol) was added to the stirring solution. A-deank trap

was then attached, and the solution was heated under reflux for 3 hours. Once cooled, the solution was
concentratedin vacuoto yield the crude product as a yellow oil. The crude prbdias dissolved in

DCM (120 cr) and washed with HCI (2 x 2031 M) and brine (2 x 20 énThe organic phase was
dried over magnesium sulfate, filtered by gravity and the solvent (DCM) was removed on a rotary
evaporator affordingndo® as a yellow oil (4.82 g, 81%).NMR (400 MHz, CR{CN,pm .32 (n, 2H,
8),147M,2H,7,156¢YZ ol 3 1.AW@t b=8®, 1.6 Hz, 1H, 3.26 ¢id, J=2.9, 1.6 Hz, 2H, 4
3.35¢ J=7.3Hz, 2H),8.39 , 2H, 3, 3.63(, J = 6.5 Hz, 2H0), 6.11(, J = 1.8 Hz, 2H);13C NMR

(100 MHz, CD®I ¥pm22.99 G8), 27.53 G7), 32.09 G9), 38.22 G6), 44.91 G3), 45.74 G4), 52.26

(G2), 62.59 G10), 134.44 G1), 177.92 G5); IR: wa/cm™ 3447 (GH alcohol stretching), 2940-tC

alkane stretching), 2866 € alkane stretching), 1763 (C=0 stretching), 1736 (C=0 stretching), 1682
(C=0 dicarboximide stretching)-MS (ESI): calculated [M+HJ:4HoNO;+H] 250.1, found 250.2.
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Figure 8: IH NMR oN-(hydroxypentanyitis5-norborneneendo2,3-dicarboximideendo-6
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Figure 8: 13C NMR oN-(hydrakypentany}-cis5-norborneneendo2,3-dicarboximia, endo-6
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To a rounebottomed flask,exo carbic anhydride2 (3.92 g, 23.8 mmol), toluene (70 Ymand
triethylamine (0.4 crfy 2.38 mmol) were addeahd stirred at room temperature until all solid had
dissolved. amino-1-pentanol (2.4%, 23.8 mmol) was added to the stirring solution. A estark trap

was then athched, and the solution was heated under reflux for 3 hours. Once cooled, the solution was
concentratedin vacuoto yield the crude product as a yellow oil. The crude product was dissolved in
DCM (120 cr) and washed with HCI (2 x 20%ct1 M) and brin€2 x 20 crf). The organic phase was
dried over magnesium sulfate, filtered by gravity and the solvent (DCM) was removed on a rotary
evaporator affording thexo6 as a yellow oil (5.47 g, 92%).NMR (400 MHz, CRICN,pm 2.25 @, J =

99 Hz, 1H, 21D M, 2H, 8, 154RGX W I dyls62 e, 7 &Y Z70 ¢ U = 1.34H2,

2H, 4, 3.30(, J = 1.70 Hz, 2H),8.50(, J = 7.43 Hz, 2H),8.66 {, J = 6.5 Hz, 2H, 16.31(, J = 1.8

Hz, 2H, % *C NMR (100 MHz, CRICN,pm23.10 (G8), 27.53 G7), 32.11 G9), 38.52 G6), 42.74 G

2), 45.18 G3), 47.83 G4), 62.59 G10), 137.84 G1), 178.16 G5); IR: walcm™ 3447 (GH alcohol
stretching), 2940 (€l alkane stretching), 2866-tCalkane stretching), 1763 (C=0 stratghi 1736

(C=0 stretching), 1682 (C=0 dicarboximide stretchingiS_ESI): calculated [M¥HJ1sHigNOs+HT

250.1, found 250.2.
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EndoeN-(2-aminoethyl}5-norbornene2,3-dicarboximideendo8
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Bhylenediamine (8.15 cn121.9 mmol) was added a stirring solution ofndocarbic anhydridd

(5.0 g, 30.5 mmol) in toluene (80 Ymand a white precipitate formed. The solution was heated to
reflux for 18 hoursrad the precipitate redissolved. The solution was left to cool to room temperature

and the solvent was removémvacuo The residue was taken up in toluene (156)@nd washed with

water (2 x 50 cri). The organic toluene layer was disposed of aprib@uct stays in the aqueous layer.

The aqueous layer was washed with DCM (5 x 5pamd the organic layers were combined, dried

over MgS®and filtered by gravity. The solvent was remoiredacuoyieldingendoe8 (2.06 g, 33%).

m.p.: 76¢T y Ud NNIR(400 MHz, CD®I Ypm 2.10 brs, 2H, NpJ, 1L.55RE W I y)dly74 1 1 = m|
(dt,J=8.8,1.7 Hz, 1H, 2.74{, J = 6.4 Hz, 2H),73.77dd, J = 2.9, 1.6 Hz, 2H,3.39 (n, 2H, 3, 3.40

(t, J=6.3 Hz, 2H),8.12 {, J = 1.9 Hz, 2H).13C NMR (100 MHz, CRGI¥m40.14 G7), 47.71 G6),

44,92 G3), 45.80 G4), 52.32 G2), 134.58 G1), 177.96 G5); IR: a/cm? 3381 (NH amine
stretching), 2997 (E alkane stretching), 2965-(Calkane stretching), 2940-(Calkane stretching),

2860 (GH alkane stretching), 1759 (C=0 stretching), 1684 (C=0 dicarboximide stretching), 1655 (C=C
alkene stretching)GGMS: calculateé [M+HT [Ci1HisNoO+H] 207.1, found 207.0.
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Figure 8: IH NMR of rdo-N-(2-aminoethyl}5-norbornene2,3-dicarboximideendo-8



—77.08
45.80
—44.92

39
76.76
A

] Nl
3 ~
®

52.32
74171
~ 40.14

177.98

oot e o v e WWWNMJWMMMW

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
Chemical Shift (ppm)

Figure 3: 13C NMR of edo-N-(2-aminoethyl}5-norbornene2,3-dicarboximideendo-8

ExeN-(2-aminoethyl)5-norbornene2,3-dicarboximideexo8
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Exocarbic anhydrid@ (5.0 g, 30.5 mmol) and toluene (803 mwere added to a rounHottomed flask

and stirred at room temperature until all solid had dissolved. Ethylenediamine (&,152dn® mmol)

was slowly added to the stirring solution which caused a white precipitate to form. Additional toluene
(50 cni) wasadded and the solution was stirred and heated under reflux overnight. The solution was
left to cool, and the solvent was removiedvacug affording the crude product which was taken up in
toluene (100 crf) and added to a separating funnel. Any additioesidue was taken up in water (70
cn?®) and added to the separating funnel. The organic layer was extracted with water (23, Sthca

the product is expected in the aqueous layer the organic toluene layer was disposed of. The aqueous
layer was then dracted with DCM (3 x 50 énand brine (2 x 25 cin The combined organic DCM
washings were dried over Mg&@itered by gravity and the solvent removedacugyielding a yellow

oil which slowly crystallised exo8 (2.37 g, 38%). m.p.. #0T H K NNIR (400 MHz, CRECNpm +

1.16 prs,2H,NB, 1.33RG = W T dylH9 de @ 9.9, L.EHZMHB,2.684Q) = 1.3 Hz,

2H, 4, 2.87(, J = 6.4 Hz, 2H),B.25(, J = 1.7 Hz, 2H),8.52 (, J = 6.5 Hz, 2H),66.26 {, J = 1.8z,

2H, 2; **C NMR (100 MHz, CBICN,pm39.95 G7), 41.45 G6), 42.84 G2), 45.19 G3), 47.86 G4),
137.82 G1), 178.39G5); IR: Ma/cm™ 3385 (NH amine stretching), 3329 amine stretching), 2984

(GH alkane stretching), 2951-(Calkane tsetching), 2882 (&1 alkane stretching), 2851-KCalkane
stretching), 1763 (C=0 stretching), 1682 (C=0 dicarboximide stretchif};([ESI): calculated [M+H]
[C11H14N202+HT 207.1, found 207.0.
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Figure 8: IH NMR of esN-(2-aminoethyl}5-norbornene2,3-dicarboximideexo-8
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EndoeesterRhBendo7

N-(hydroxypentanyitis5-norborneneendoe2,3-dicarboximide ende6 (0.80 mg, 3.2 mmol),
rhodamineB (1.80 g, 3.8 mmol), DCC (1.13 g, 5.5 mmol) and DMAP (0.43 g, 3.53 mmol) were added to
DCM (60 crf) and the solution was left to stir at room temperature. After 3 days the solvent was
removedin vacug yielding the crude product. A sample of the crude product (300 mg), was weighed
out and purified by column chromatography £R0.26, DCM:MeOH 15:1) whiyielded the pure
productenda? as a shiny brown solid (136 mg, 6%). Note: This is just an isolated yield as only 300 mg
of the crude was purified by columtd NMR (400 MHz, CRICN,pm 2.16 M, 2H, §, 1.35( J = 7.1 Hz,

12H, 26, 1.39(M, 2H, 7,1.49 M, 2H, 9, 1.57R=Z W T  y)diy75 @t D 8.8k, 1.5 HzQLH, 2

3.27 M, 4H, 4 &§$ 3.39d, J = 1.2 Hz, 2H),3.67 (0, 8H, 2%, 4.01(, J = 6.5 Hz, 2H, 1(G.06 {, J =

1.8 Hz, 2H,)16.87 ¢, J = 2.4 Hz, 2H,)28.93 {d, J 9.5, 2.4 Hz, 2H, 217.09 (, J = 9.5 Hz, 2H,)20
7.34€d,J=75,1.0Hz, 1H)16.76(d, J=7.7, 1.2 Hz, 1H)14.84(d, J = 7.6, 1.3 Hz, 1H,)18.30

(dd, J=7.9, 1.0 Hz, 1H);£3C NMR (100 MHz, CBRICN,n12.68 G26), 23.26 G8), 27.35 G7), 27.87

(G9), 37.94 G6), 44.90 G3), 45.75 G4), 46.16 G25), 52.28 G2), 65.44 G10), 96.45 G23), 113.57

(G21), 114.26 quaternary, 129.99 quaternary, 130.31 G16), 130.39 G14), 131.30 G20), 133.12

(G15 & G13), 134.41 G1), 155.59 quaternary, 157.77 quaternary, 158.88 quaternary, 165.04 G

11), 177.72G5); IR: wa/cm™ 3356 (GH stretching (starting material)), 3063HGromatic stretching),

2972 (GH alkane stretching), 2932-KCalkane stretching), 2868-kCakane stretching), 1763 (C=0
stretching), 1715 (C=0 ester stretching), 1690 (C=0 dicarboximide stretching), 1647 (C=C alkene
stretching), 1584 (C=C aromatic stretching).
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Figure $1: 13C NMR of edo-esterRhB endo-7



ExoeesterRhBexo7

N-(hydroxypentanyitis5-norborneneexo2,3-dicarboximideexo-6 (0.81 g, 3.2 mmol), DCC (1.13 g,
5.5 mmol), DMAP (0.43 g, 3.5 mmol), rhodanBn@.80 g, 3.8 mmol) and DCM (6F)cwere added

to a roundbottomed flask and the solution was stirred at room temperature for 24 hours. Once
complete, the solvent was removidvacug yielding the crude product as a shiny brown solid. Column
chromatography (& 0.28, DCM:MeOH 15:1) was used twice in order to olgare exo-7 (0.736 g,

32 %). m.p.: 12@m o n *HNMR (400 MHz, CRICNpm 2.19 M, 2H, §, 1.24 (n, 1H, B, 1.34(, J =

7.1 Hz, 12H, 261.50 (, 5H, 2, 7 &P 2.68 ¢, J = 0.9 Hz, 2H),8.26 §, 2H, 3 3.40(, J = 7.6 Hz, 2H,

6), 3.66 (n, 8H, 2% 4.02 ¢ J = 6.5 Hz, 2H, 1(®5.30 ( J = 1.7 Hz, 2H),16.85 {, J = 2.4 Hz, 2H,)23
6.93 @d, J 9.5, 2.4 Hz, 2H, 217.08 ¢, J = 9.5 Hz 2H,R(7.32 (d, J = 7.5, 0.9 Hz, 1H)1B.75 (n,

1H, 14, 7.83 (n, 1H, 1%, 8.29 (ld, J = 7.9, 1.0 Hz, 1H)#3C NMR (100 MHz, CEICN,;;m12.68 (G26),

23.37 G8), 27.35 G7), 27.88 G9), 38.27 CG6), 42.71 CG2), 45.15 G3), 46.17 (25), 47.81 (&),
65.37 (C10), 96.40 (€23), 113.54 quaternary, 114.28 (1), 129.97 uaternary, 130.30 (€16),
130.39 (€l4), 131.30 (20 & G13), 133.12 G15), 133.57 quaternary, 137.80 G1), 155.58
(quaternary, 157.75 quaternary, 158.86 quaternary, 165.03 G11), 178.02 G5); IR: wa/cm™ 3360

(O-H stretching (starting material)), 3057HGromatic stretching), 2972-(Calkane stretching), 2932
(GH alkane stretching), 2868 -KC alkane stretting), 1769 (C=0O stretching), 1717 (C=0 ester
stretching), 1692 (C=0 dicarboximide stretching), 1647 (C=C alkene stretching), 1582 (C=C aromatic
stretching).
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EndeamideRhBendo10

A flask was charged wigmdoN-(2-aminoethyl)5-norbornene2,3-dicarboximideende8 (0.33 g, 1.62
mmol), Rhodamine B (0.90 g, 1.88 mmol), EDC hydrochloride (0.53 g, 2.74 mmol), DMAP (0.22 g, 1.77
mmol) and DCM (60 & The solution was stirred at room temperature for 48 haafter whichthe
solvent was removeih vacudeaving a purple residue. As much of the residue as possible was taken
up in ethyl acetate (2 x 50 énWater (50 crf) was also added to the residue and as much of the
residue was taken up in water as possible organic and aqueous phases were added to a separating
funnel and the organic layer was extracted. The solvent was rentovaduo yieldingendo-10 as a
purple solid (0.64 g, 59 %). m.p.: £M T ¢ HXNMR (400 MHz, CRCY 1 LJLEYJ = M. IPH, 6
23),142R>X W I vy)dbl ¢, J =8.6mz, IH), B.98 ¢, 1H, NH open fonn3.11 (d, J = 2.9,
1.5Hz, 2H,43.20 6, 4H, 6 &), 3.23 (n, 2H, 3, 3.30 (M, 8H, 22, 5.94(, J =1.7 Hz, 2H),6.26 {d, J

=8.9, 2.6 Hz, 2H, 186.37 (, J = 2.6 Hz, 2H,26.45 ¢, J = 8.9 Hz, 2H,)15.99 {n, 1H, 13, 7.35 (n,

1H, 13, 7.38 (n, 1H, 12, 7.82 (n, 1H, 10; *3C NMR (100 MHz, CRICNpm 12.64 G23), 37.39 G6),

38.29 G7), 4450 G22), 45.95 G4), 52.09 G2), 65.23 quaternary, 97.79 G20), 105.43
(quaternary, 108.07 G18), 122.72 ¢G10), 123.78 ¢G13), 127.95 G11), 129.09 ¢G17), 130.90
(quaternary, 132.40 G12), 134.34 G1), 148.73 quaternary, 153.40 @uaternary, 153.59
(quaternary, 168.72 8), 177.58 G5); IR: walcm™ 2974 (GH alkane stretching), 2932-kCalkane
stretching), 2891 (€l alkane stretching), 2874-Calkane stretching), 1771 (C=0 stretching), 1734
(C=0 stretching), 1695 (C=0 amide stretching), 1684 (C=0 dicarboximide gl;etéiid (C=C alkene
stretching), 1516 (C=C aromatic stretching).



Figure $4: IH NMR oendoamide-RhB endo-10

Figure $5: 13C NMR oéndoamideRhB endo-10



















































