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Topochemical polymerization is one way to synthesimeel macromolecular architectures w
stereoregular chain structures. The §22r]-cycloaddition of certain conjugated diolefin monomis
one such form of topoemical polymerizatio. Unfortunately, the design of new monomers that ca
undergo topochemical 12+ 2r]-polymerization to form linear polymers can be arfitable challeng
due to the strict geometrical criteria governing thactivity of monomer cryss. In this researcleh bis«-
thymine monomers were synthesiz that varied with respect to IN1-functionality, the size of thid3-
N3-polymethylene spacer, or the type of riN3-N3-aryl spacer employed. On irradiation, five of the
crystallinemonomers were found to undergo topochemical f-reactions. Tie crystal structures of tl
bis-thyminyl monomers wengsed to investigate t monomer structure-reactivity relationships. The
molecular weights of the phoforoducts wer determined and thedhmal properties of some of the n

materials were also evaluated usthgrmo analytic: techniques.

Introduction

Solid state reactions are increasingly being ingattd for theil
utility in the synthesis of complex molecules witlontrolled
regio- and stereospecificityln particular, solid state rctions
such as the 1,4-polymeation of diacetylees and dienes, the
1,6-polymerization of trienes antiacetylens have afforded a
number of interesting linear polymers from thermakadiatior-
induced topochemical polymerizati®fi.A challenging aspect ¢
these topochemical polymerizatiot®wever, is that the reacti
molecules must be suitably positioned/oriented iwithe crysta
lattice in order to generate the desired polymeitsgh yield.

Among the topochemical reactiomentioned above, thej2+
2n]-cycloaddition organic reactiorfsas been investigated for t
synthesis of a broad range of cyclobutanataining molecule
including ladderanes, cyclophanesinc hetero-dimerg:°
However, to date, reports on topochemjmalymerization by th
cycloaddition are limited®**

Thymine, one of thaucleic bases in DNA, exhibits the abil
to dimerize by the [2 + 2r]-cycloaddition and is-thymine
derivatives also have the ability to form revemsiplolymers by
photo-polymerization via the f2+ 2x]-cycloaddition of thymine
units within the molecule®. However, it is well known thethe
irradiation of solutions of bithymine derivativesdoes not
readily produce polymerS. Instead, ppropriate moleculz
conformation and intermoleculalignments ar necessary for
photo-polymerizationKig. 1). Intramolecular phot-dimerization
can be achieved when Hhisymine derivativesadopt closed
conformation Fig. 1b), whilst higher molecular weig polymers
can only be achieved wherthe monomers adopt op
conformationsKig. 1a)'’ Moreover, thenonomersmust align

continuously with resgct to one another for polymeation,
rather than formingliscrete pair'® Discrete pairs are likely to
limit the achievable molecular weights ough formation of
photo-dimersFig. 10).

Schmidt postulated that reacting olefins must beagel with
one another and be separated by <4.2 Therefore for bis-
thymine derivatives to successfully ph-polymerise by the [2
+ 2n]-cycloaddition mechaism, alignment of the derivatives in

e0 the crystal lattice must satisfy all these crit.
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Figure 1 (a) Polymerization(b) Intramolecular cycsation, (c) Cyclic
Dimerisation.
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Figure 2 Structure of bis-thyminyl monomers in the threges investigated: (a) Modification NfL-functionality (b) Modification of thé&3-alkyl
spacer size (c) Modification of rigld3-aryl spacers.

We have investigated the photo-activity of bisrtiitye ss packing and photo-reactivity of bis-thymine monomeNext,
derivatives to form polymers by several methods.ot®h  solid crystalline polymerizations of selected momosn were
25 polymerizations of bis-thymine derivatives with amiplate undertaken, and the products were characterizan ustveral
polymer in the film state, were studied in orderaimn bis- analytical techniques (NMR, MALDI-TOF-MS, TGA, amiSC).
thymines using hydrogen bonding interactions betwdle
derivatives and template polyni€r.However, this strategy
resulted only in the formation of oligomers from eth« Experimental
a0 photoreactions’
We recently succeeded in forming a higher molacwieight
polymer from the irradiation of crystalline butyitked thyminyl All chemicals were purchased from Sigma-Aldrich, tasilill,
methyl propanoate (dimethyl 3,3'-(3,3'-(butane-diybis(5- NSW, Australia. Solvents were purchased from MekGksyth,

Materials and Methods.

methyl-2,4-dioxo-3,4-dihydropyrimidine-3, 12 -diyl)) Victoria, Australia. Melting points were determinagsing a
ss dipropanoate) via topochemical polymerizatidiThis is the first s Buchi B-545 melting point apparatus with a digitaétmometer.
successful example using thyminyl groups as thgmelization Infrared spectra were recorded on a Perkin EIm&01€eries
site. However, we only reported this one examplé did not Fourier Transform infrared spectrometer as KBr disks by
present detailed studies concerning the monometatrgesign. using a Bruker Equinox 55 in ATR mode with diamondtlzes

Our recent crystallographic and quantum chemicatiss background referencéH NMR spectra were recorded at 400
20 suggested that to achieve desirable stacking of the reactive .o MHz on a Bruker DPX-400 spectromet&iC NMR spectra were

olefins, bis-thymine monomers should be designeslich a way  recorded at 100 MHz on a Bruker DPX-400 spectrometer

that: theN3 andNL1 nitrogen atoms of thymine in bis-thyminyl Electrospray ionisation mass spectra (ESI) wererdsd on a
monomers are blocked to prevent hydrogen bondirtgvesm Micromass platform Il APl QMS Electrospray masscipmmeter
thymine units; thatN1-substituted derivatives should bear with cone voltage 10 V, 25 V or 35 V. Analyses vpasformed
4s functional groups that are less susceptible taugisre hydrogen s in positive (EST) mode and negative mode (BSThe molecular
bonding interactions (e.g., methyl ester); and thatarbonN1 weight of irradiated samples was determined bypgemeation

spacers should be used instead of 2 carbon spaeerspropyl chromatography (GPC) performed on a Tosoh Ecosec-HLC

instead of ethyl) to permit greater flexibility ¢ifie chains and 8320GPC equipped with both refractive index (RI) afichviolet

prevent disruptive chain-ring interactiof?s. (UV) detectors (UV-detectionA = 280 nm) using Tosoh alpha
so In this paper, we report the synthesis and strattuso 4000 and 200@olumns. DMF containing 10 mM LiBr was used
characterization of a number of symmetrical bisatmyl as the solvent. Calibration curves were obtainedngusi

monomers that are formed by bridging two thymingitsi at the  polystyrene standards. MALDI-TOF MS measurementgewe
N3 position, and use this information to systemdtidgavestigate performed on a Bruker Autoflexlll MALDI-TOF mass
how simple chemical modifications can influence tnystal spectrometer. Perkin Elmer TGA7 thermogravimetnalgzer

2 | Journal Name, [year], [vol], oo—oo This journalis © The Royal Society of Chemistry [year]
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equipped with TAC 7/DX thermal analysis controllernheasure
weight changes in sample materials as a functiceeraperature. oo
DSC analyses were conducted on a TA-Q100 DSC.

Synthesis of Bis-thyminyl Monomers.

Bis-thyminyl monomers were synthesized using a pussly
reported metho& The following is a typical procedure for thees
synthesis of bis-thyminyl monomers. Sythesis of ethgl 3,3'-
(3,3-(1,4-phenylenebis(methylene))bis(5-methyl-Qi@xo-3,4-
dihydropyrimidine-3,1(®)-diyl))dipropanoate 8:  Thyminyl
methyl propanoate (2.99 g, 14.8 mmol);GO; (2.45 g, 17.8
mmol) and 1,4-bis(bromomethyl)benzene (1.56 g, 51@8o0l)
were combined in 50 mL MeCN under,.N The mixture was
refluxed for 20 h, cooled to ambient temperaturd decanted
into CH,Cl, (150 mL). The salts were removed by filtrationgda
the solvent was evaporated from the filtrate tedea solid which
was twice triturated in EtOAc:EtOH (90:10).

Dimethyl 3,3'-(3,3'-(butane-1,4-diyl)bis(5-methyl2,4-dioxo-
3,4-dihydropyrimidine-3,1(2H)-diyl)) dipropanoate (1): Yield:
75%. M.p.: 189.7-191.9°C. MS (ESpalcd for G,H»3N,Og:
m/z 478.2; found: m/z 479.1 (M+H)501.1 (M+Naj. *H NMR
(400 MHz, CDC}): 8y 1.68 (m, 4H,N3-CH,CH,), 1.90 (d,J =
1.2 Hz, 6H, C5-Ch), 2.77 (t,J = 6.4 Hz, 4H, CHCO), 3.70 (s,
6H, OCH), 3.96 (t,J = 6.4 Hz, 8H,N3-CH,, N1-CH,), 7.14 (d,J
= 1.2 Hz 2H, C6H).2*C NMR (100 MHz, CDGJ): 6C 12.9 (C5-
CHa), 25.2 N3-CH,CH,), 32.9 (H,CO), 41.0 N3-CH,), 45.7
(N1-CH,), 51.9 (OCH), 109.4 (C5), 139.3 (C6), 151.2 (C2),s
163.7 (C4), 171.9 (COOR). Selected IR bands (KBfHcr8450
m, 2968 m, 2936 m, 1732 s, 1700 s, 1662 s, 16407 m, 1454
m, 1430 m, 1406 m, 1392 m, 1376 m, 1360 m, 121¥W82 s.
CHN analysis (calcd, found for,4,3N,Og): C (55.22, 55.35), H
(6.32, 6.28), N (11.71, 11.64).

3,3-(3,3'-(Butane-1,4-diyl)bis(5-methyl-2,4-dioxeB,4-
dihydropyrimidine-3,1(2H)-diyl))dipropanoic acid (2): Yield:
80%. M.p.: 236.8-239.2°C. MS (ESI)Calcd for GgH2eN4Os:
m/z 450.18; Found: m/z 473.0 (M+Na, 100%)'H NMR : (400
MHz, Dg-DMSQ) 6 1.47 (br.s (t), 4H, core G 1.78 (s, 3H, C5- o
CHs), 2.61 (t,J = 6.8 Hz, 4H, CHCO), 3.78 (br.s (t), 4HN3-
CH,), 3.87 (t,J = 6.8 Hz, 4H,N1-CH,), 7.56 (s, 1H, C6H).2*C
NMR (100 MHz, Q-DMSO): &c 12.54(C5-Gi3), 24.6 (3-
CH,CH,), 32.7 (GH,CO), 40.1 N3-CH,), 45.0 (N1-CH,), 107.3
(C5), 140.5 (C6), 150.6 (C2), 163.0 (C4), 172.20@@H). 100
Selected IR bands (ATR, d)] 3498 m, 3071 m, 2930 m, 1714
m, 1691 m, 1621 s, 1434 m, 1383 m, 1357 m, 1205 HN
analysis (calcd, found for gH,gN4Os.%,H,0: C (50.31, 50.59),
H (6.12, 6.04), N (11.73, 11.83).

3,3'-(3,3'-(Butane-1,4-diyl)bis(5-methyl-2,4-dioxeB,4-
dihydropyrimidine-3,1(2H)-diyl)) dipropanamide (3): Yield:
73%. M.p.: 241.9-243.6°C. MS (ESI)Calcd for GoH»gNgOs:
m/z 448.2; Found: m/z 471.1 (M+NajH NMR : (400 MHz, 3
DMSO0) 6 1.48 (m, 4HN3-CH,CH,), 1.78 (s, 6H, C5-C}), 2.45
(t, J= 6.8Hz, 4H, CHCO), 3.79 (m, 4HN3-CH,), 3.86 (t,J =
6.8 Hz, 4H, N1-CH,), 6.89 (s, 2H, CONY, 7.39 (s, 2H,
CONH,), 7.50 (s, 2H, C6H)."*C NMR (100 MHz, QR-DMSO):
dc 12.6 (C5-GH3), 24.7 N3-CH,CH,), 33.8 (CHCO), 45.5 N1-
CH,, N3-CH, under DMSO), 107.1 (C5), 140.7 (C6), 150.7 (C2),
163.1 (C4), 171.7 (CONHL Selected IR bands (KBr, ¢h
3405 s, 3213 m, 2949 w, 2923 w, 1668 s, 1629 s9 1461359
m, 1257 m, 1206 m, 1109 w, 913 w, 771 m, 641 m. GiAdlysis

70

7

a

80

9

o

105

110

115

CH),

(calcd, found for gH,gNgO): C (53.56, 53.61), H (6.29, 6.15),
N (18.74, 18.68).

Dimethyl  2,2'-(3,3'-(butane-1,4-diyl)bis(5-methyl-24-dioxo-
3,4-dihydropyrimidine-3,1(2H)-diyl)) diacetate (4): Yield:
75%. M.p.: 186.8-187.3°C. MS (ESI)Calcd for GoH»gN4Og:
m/z 450.18; Found: m/z 451.1 (M+H)2%), 473.0 (M+N4d)
(100%). H NMR: (400 MHz, CDC}) 6 1.68 (m, 4H,
N3-CH,CH,), 1.92 (s, 6H, C5-C¥), 3.79 (s, 6H, OCH), 3.97 (t,
J= 6.4 Hz, 4HN3-CH,), 4.42 (s, 4HN1-CH,), 6.89 (d,J = 1.2
Hz, 2H, C6H). *C NMR (100 MHz, CDG)): 8¢ 13.1 (C5-Gi,),
25.1 (N3-CH,CH,), 41.2 (N3-CH,), 49.6 N1-CH,), 52.8 (OCH),
110.5 (C5), 138.0 (C6), 151.4 (C2), 163.5 (C4), 168QQR).
Selected IR bands (ATR, ¢t 3407 bm, 3085 w, 2956 m, 1733
m, 1696 m, 1663 s, 1639 s, 1509 m, 1459 m, 14283n8 m,
1355 m, 1198 m. CHN analysis (calcd, found fegHzeN,Og): C
(53.33, 53.32), H (5.82, 5.87), N (12.44, 12.14).

Dimethyl 3,3'-(3,3'-(propane-1,3-diyl)bis(5-methyl2,4-dioxo-
3,4-dihydropyrimidine-3,1(2H)-diyl)) dipropanoate (5): Yield:
29%. M.p.: 122.3-123.4°C. HRMS (ESI)m/z 465.1982
(M+H)" (requires m/z 465.1907% NMR : (400 MHz, CDC)) ¢
1.89 (d,J = 1.2 Hz, 3H, C5-Ch), 1.98 (p,J = 7.2 Hz, 2H,N3-
CH,CH,), 2.76 (t,J = 6.0 Hz, 4H, CHCO), 3.69 (s, 6H, OC}),
3.96 (t,J = 6.0 Hz, 4H,N1-CH,), 4.00 (t,J = 7.2 Hz, 4H,N3-
CH,), 7.14 (d,J = 0.8 Hz, 2H, C6H). *C NMR (100 MHz,
CDCI3): 6C 12.9 (C5-Gi3), 26.2 N3-CH,CH,), 32.9 (GH,CO),
39.1 (N3-CHy), 45.7 N1-CH,), 51.9 (OCH), 109.4 (C5), 139.4
(C6H), 151.2 (C2), 163.6 (C4), 171.8 GOR). Selected IR
bands (ATR, crl): 3070 m, 2958 m, 1716 m, 1636 s, 1496 w,
1444 m, 1381 w, 1355 w, 1232 m, 1140 w, 1050 w, @3802
m, 766 m, 679 w.

Dimethyl 3,3'-(3,3'-(pentane-1,5-diyl)bis(5-methyl2,4-dioxo-
3,4-dihydropyrimidine-3,1(2H)-diyl)) dipropanoate (6): Yield:
39%. M.p.: 111.9°C. MS (ESI) Calcd for GgH3,N4Og: m/z
492.2; Found: m/z 515.1 (M+Na) 'H NMR (400 MHz,
DMSO): 8 1.22 (p,J = 7.4 Hz, 2H,N3-CH,CH,CH,), 1.50 (p,J
= 7.4 Hz, 4H,N3-CH,CH,), 1.79 (d,J = 0.8 Hz, 6H, C5-CHh),
2.76 (t,J= 6.0 Hz, 4H, CHCO), 3.59 (s, 3H, OCH), 3.77 (t,J=
7.2 Hz, 4HN3-CHy), 3.90 (t,J = 6.0 Hz, 4HN1-CH,), 7.55 (d,J
= 1.2 Hz 2H, C6H).*C NMR (100 MHz, CDGJ): 8¢ 13.0 (C5-
CHz), 24.3 ({(3-CH,CH,CH,), 27.3 (3-CH,CH,), 32.9
(CH,CO), 41.2 N3-CH,), 45.8 N1-CH,), 52.0 (O-CH), 109.5
(C5), 139.3 (C6H), 151.3 (C2), 163.7 (C4), 171.0R).
Selected IR bands (KBr, c':hl 2956 m, 2945 m, 2931 m, 2866
w, 1736 m, 1699 m, 1664 s, 1643 s, 1464 m, 1442488 m,
1385 m, 1352 m, 1248 m, 1200 m, 1174 m, 1151 m. CHN
analysis (calcd, found for jgH3,N4Og): C (56.09, 55.68), H
(6.55, 6.52), N (11.38, 11.34).

Dimethyl  3,3'-(3,3'-(hexane-1,6-diyl)bis(5-methyl-2-dioxo-
3,4-dihydropyrimidine-3,1(2H)-diyl)) dipropanoate (7): Yield:
33%. M.p.: 139.3-140.9°C. MS (ESI}alcd for G4H3N,Os:
m/z 506.2; found: m/z 529.1 (M+Na) 'H NMR (400 MHz,
CDCly): 84 1.37 (p,J = 7.2 Hz, 4H,N3-CH,CH,CH,), 1.60 (p,J
= 7.2 Hz, 4H,N3-CH,CHj,), 1.90 (d,J = 1.2 Hz, 6H, C5-Ch),
2.76 (t,J= 6.2 Hz, 4H, CHCO), 3.69 (s, 6H, OC#), 3.90 (t,J=
6.2 Hz, 4HN1-CH,), 3.96 (t,J= 7.6 Hz, 4HN3-CH,), 7.13 (dJ
= 1.2 Hz, 2H, C6H)."*C NMR (100 MHz, CDGJ): 3¢ 13.0 (C5-
26.6 (3-CH,CH,CH,), 27.4 (3-CH.CH,), 32.9
(CH,CO), 41.3 N3-CH,), 45.8 (N1-CH,), 52.0 (OCH), 109.5

This journalis © The Royal Society of Chemistry [year]
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(C5), 139.2 (C6), 151.2 (C2), 163.7 (C4), 171.90(UR).

The Cambridge Crystallographic Data Centre depositions

Selected IR bands (ATR, ¢t 3409 bw, 3085 w, 2954 m, 1732 841955, 841956, 841957, 888374, 948169, 948168168

m, 1696 m, 1662 s, 1637 s, 1509 m, 1460 m, 1429381 m,

1355 m, 1203 s. CHN analysis (calcd, found fefH3;N4Og): C
5 (56.91, 57.01), H (6.77, 6.53), N (11.06, 10.92).

Dimethyl 3,3'-(3,3'-(1,4-phenylenebis(methylene))b(5-

methyl-2,4-dioxo-3,4-dihydropyrimidine-3,1(H)-

diyl))dipropanoat (8): Yield: 40%.

10 (M+Na)" (100%), 564.9 (M+K) (3%), 283.1 (M+H+K3" (7%).
IH NMR : (400 MHz, CDGJ) 5 1.91 (s, 6H, C5-CH), 2.77 (tJ =
6.2 Hz 4H, CH,CO), 3.69 (s, 6H, O-CH), 3.96 (t,J = 6.2 Hz,

contain the supplementary crystallographic datatiids paper.
Detailed crystal structure information can alsofbend in the
Supporting information.

General photo-product synthetic procedure

M.p: 177.3-178.4°C. MS s A crystalline sample of the monomer was spread antioin layer
(ESI)": Calcd for GgH3N4Og: m/z 526.2; Found: m/z 549.0

in a petri dish. The uncovered sample was irradiat¢h 302 nm
for the time period specified in the relevant Resuénd
Discussion sections (generally between 0.5 h-120 The
crystalline material was agitated periodically dgri the

4H, N1-CH,), 5.08 (s, 4HN3-CH,), 7.16 (s, 2H, C6H), 7.40 (s, o irradiation to ensure that the crystals were evemiyosed to the

4H, Ar CH). B°C NMR (100 MHz, CDGJ)): 8¢ 13.1 (C5-CH),
1533.0 (CHCO), 44.3 N3-CH,), 46.0 (N1-CH,), 52.1 (OCH),
109.7 (C5), 129.2 (ar. CH), 136.3 (C6H), 139.6 (Ar C51.5

UV light. Where appropriate, the photo-reactionsev@onitored
by 'H NMR spectroscopy and GPC.
Photo-product 11. Photochemical yield ! NMR): 96%.

(C2), 163.8 (C4), 172.0 (@OR). Selected IR bands (ATR, tm GPC (DMF + 10 mM LiBr):M, 19 x 16 (P = 4.0). '"H NMR

1): 3069 w, 3010 w, 2963 w, 2932 w, 2856 w, 1804237 s,
1691 s, 1658 s, 1631 s, 1465 m, 1449 m, 1432 nf 41377

20m, 1356 m, 1342 w, 1328 w, 1292 w, 1246 m. CHN asialy
(calcd, found for ggH3oN4Og), C (59.31, 58.72), H (5.74, 5.67),

N (10.64, 10.67).
Dimethyl
bis(methylene))bis(5-methyl-2,4-dioxo-3,4-dihydro

25 pyrimidine-3,1(2H)-diyl))dipropanoate (9): Yield: 31%. M.p.:

178.5-179.9°C. MS (ESl)calcd for GgH3N4O.q: m/z 586.2;

found: m/z 587.2 (M+H) (10%), 606.2 (2M+H+K5" (25%),
609.2 (M+Naj (100%), 1195.5 (2M+N&)(9%). *H NMR (400
MHz, CDCE): 84 1.95 (d,J = 1.2 Hz, 6H, C5-Ck), 2.79 (t,J =
30 6.0 Hz, 4H, CHCO), 3.70 (s, 6H, ester O-GH 3.76 (Ar O-
CHy), 3.99 (t,J = 6.2 Hz, 4H,N1-CH,), 5.15 (s, 4HN3-CH,),
6.65 (s, 2H, Ar CH), 7.19 (s, 2H, C6)}*C NMR (100 MHz,
CDCly): 8¢ 13.1 (C5-CH), 32.9 (CHCO), 39.3 N3-CH,), 45.9

(N1-CH), 52.0 (OCH), 56.6 (Ar OCH), 109.5 (C5), 111.9 (Ar
35 CH), 124.9 (Ar_GCH,), 139.5 (C6H), 151.4 (Ar CO), 151.4 (C2),

163.8 (C4), 171.9_(OOR). Selected IR bands (ATR, dn
3084 w, 3010 w, 2953 w, 2847 w, 1732 m, 1696 m,3166

1638 s, 1508 m, 1460 m, 1441 m, 1414 m, 1374 m4 1351335

w, 1257 m, 1234 m, 1203 m, 1142 w, 1056 w, 1038016 w,
401002 w, 976 w, 925 w, 909 w, 873 w, 845 w, 769 B5 @/, 642
w. CHN Analysis (calcd, found for JgH3¢N4O1q): C(55.62,
55.93), H(6.00, 5.67), N(9.27, 9.24).
Dimethyl 3,3'-(3,3-((2,5-diethoxy-1,4-phenylene)lsi
(methylene))bis(5-methyl-2,4-dioxo-3,4-dihydropyrinidine
45 3,1(2H)-diyl))dipropanoate (10): Yield: 35%.

615.2666). 'H NMR (400 MHz, CDC)): 8, 1.35 (t,J = 6.8 Hz,
6H, CH), 1.94 (d,J = 1.2 Hz, 6H, C5-Ch), 2.78 (t,J = 6.0 Hz,
4H, CHCO), 3.70 (s, 6H, OCH, 3.94 (q,d = 6.8 Hz, 4H,
50 OCHy), 3.98 (t,J = 6.0 Hz, 4H,N1-CH,), 5.14 (s, 4HN3-CH,),
6.61 (s, 2H, Ar. CH), 7.18 (dl = 1.2 Hz, 2H, C6H)¥C NMR
(100 MHz, CDC)): &c 13.1 (C5-Gi3), 14.9 (CH), 33.0
(CH,CO), 39.8 W3-CH,), 45.8 N1-CH,), 52.0 (OCH), 64.9
(OCH,), 109.4 (C5), 113.0 (Ar CH), 124.90N8-CH,), 139.4
ss (C6H), 150.6 (Ar CO), 151.3 (C2), 163.7 (C4), 171.D@R).

M.p.: 152.0-
152.8°C. HRMS (ESI) m/z 615.2661 (M+H) (requires m/z

75 (400 MHz, CDCJ): 8y 1.36 (s, 6H, C5-85), 1.61 (br. s, 4HN3-
CH,CH,), 2.60 (dt, caJ = 16.8, 5.6 Hz, 2H, CKCO), 2.77 (dt,
ca.J = 16.8, 7.3 Hz, 2H, CKCO), 3.25 (dt, cal = 13.7, 7.1 Hz,
2H, N1-CH,), 3.66 (s, 6H, OCH), 3.85 (br. t, 4HN3-CH,), 3.94
(s, 2H, C6H), 4.00 (dt, cal. = 14.3, 6.4 Hz, 2HN1-CH,). *C

3,3'-(3,3'-((2,5-dimethoxy-1,4-phenylene) s NMR (100 MHz, CDC)): ¢ 18.4 (C5-CHs), 25.6 N3-CH,CH,),

31.9 (H,CO), 32.2 (C5), 40.7N3-CH,), 43.8 (N1-CH,), 45.8
(N1-CH,), 51.8 (OCH), 62.0 (C6), 151.4 (C2, C4), 171.9
(COOR). Selected IR (KBr, c: 2970 m, 2936 m, 2869 w,
1733 s, 1700 s, 1667 s, 1641 s, 1564 w 1545 w, $52%510 w,

85 1473 s, 1456 s, 1429 s, 1405 s, 1394 s, 1363 § 123247 m,
1214 s, 1204 s, 1176 s, 1169 m, 1003 m, 980 m,n91842 m,
772 m, 653 w, 463 m .

Photo-product 12. Photochemical yieldd NMR): 95%.
MALDI-TOF (DCTB) showed photo-products up to m/z @4
o0 *H NMR (400 MHz, CDCLTFAD 75:25):8, 1.39 (s, 6H, C5-
CHg), 2.68-2.83 (m, 4H, CHCO), 3.30-3.37 (m, 2HN1-CH,),

3.73 (s, 6H, OCH), 4.08 (s, 2H, cyclobut. C6H), 4.05-4.15 (m,
2H, N1-CH,), 4.98 (s, 2HN3-CH,), 7.24 (s, 4H, Ar CH)C
NMR (100 MHz, CDCLTFAD 75:25):6¢ 18.2 (C5-CH), 31.8

o5 (C5), 44.3 N3-CH,), 45.0 (N1-CH,), 46.3 (N1-CH,), 53.1
(OCHg), 61.8 (C6), 128.6 (Ar CH), 135.8 (Ar C), 152.7 (C2)C
175.0 (MOR). Selected IR (ATR, chx 2953 w, 1722 s, 1680
s, 1510 m, 1471 w, 1456 w, 1439 w, 1377 m, 1290.274w,
1201 m, 1163 w, 1106 m, 985 w, 959 w, 917 w, 88B42 w,

100 814 w, 787 m.

Photo-product 13. Photo-chemical yieldd NMR): 81%.
MALDI-TOF (sinapinic acid) showed oligomeric phopoeducts
up to m/z 2,825 H NMR : (400 MHz, -DMSQ) 6 1.24 (s, 6H,
C5-CHy), 1.46 (m, 4HN3-CH,CHj,), 2.57 (m, 4H, CKCO), 3.07

w05 (M, 2H, N1-CH,), 3.71 (br. m, 4HN3-CH,), 3.80 (m, 2H,N1-
CH,), 3.97 (s, 2H, C6H), 12.4 (br. s, 2H, COOHJC NMR (100
MHz, CDCL): é¢c 12.6 (thy. C5-Ch), 18.1 (C5-G3), 25.1 (3-
CH,CH,), 31.4 (GH,CO), 32.7 (C5), 40.0N3-CH,), 43.4 (\1-
CH,), 45.1 (N1-CH,), 60.5 (C6), 150.8 (C2, C4), 171.7 (COOH),

110172.7 (thy._@OH). Selected IR (ATR, ch): 2963 m, 1696 s,
1647 s, 1457 s, 1401 s, 1345 s, 1283 w, 1203 ) 8065 w,
890 w, 750 m.

IR (ATR, cm): 3084 w, 2955 m, 1733 s, 1696 s, 1642 s, 1509 m, Photo-product 14. Photochemical yield Y4 NMR): 84%.

1458 m, 1428 m, 1378 m, 1355 m, 1260 m, 1197 s.
Crystal Data and Methods

GPC (DMF + 10 mM LiBr):M, 2.2 x 16 (P = 4.9).'H NMR
115 (400 MHz, CDC)): 84 1.35-1.43 (br. m, 4HN3-CH,CH,CH),),
1.37 (s, 6H, C5-63), 1.60 (br. s, 4HN3-CH,CH,), 2.58-2.65
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(m, 2H,N1-CH,CH,), 2.76-2.84 (m, 2HN1-CH,CH,), 3.24-3.31
(m, 2H,N1-CHy), 3.68 (s, 6H, OCHJ, 3.82 (br. tJ = 7.4 Hz, 4H,
N3-CH,), 3.92-4.05 (m, 2HN1-CH,), 3.96 (s, 2H, C6H).*C
NMR (100 MHz, CDC)): §c 19.0 (C5-GH3), 26.7 {3-
s CH,CH,CH,), 28.5 (N3-CH,CH,), 32.1 (®H,CO), 33.1 (C5),
41.3 (N3-CH,), 43.9 (N1-CH,), 45.9 (1-CH,), 52.2 (OCH),
62.1 (C6), 151.5 (C2, C4), 172.LQOR). Selected IR (ATR,
cm'l): 2957 m, 1733 s, 1696 s, 1663 s, 1640 s, 1508468 m,
1428 m, 1381 m, 1356 m, 1259 m, 1199 s, 1109 w7 104947
10w, 841 w, 768 w, 647 w.

Photo-product 15. Photochemical yield 'l NMR): 50%.
GPC (DMF + 10 mM LiBr):M, 1.0 x 16 (P = 1.2). 'H NMR
(400 MHz, CDC}): 84 1.42 (s, 6H, cyclobut. C5-Gh 1.90 (s,
6H, thy. C5-CH), 1.88-2.03 (m, 4HN3-CH,CH,), 2.61-2.69 (m,

15 2H, cyclobut. CHCO), 2.76-2.79 (m, 6H, 2 cyclobut. GEO + 4
thy. N1-CH,), 3.25-3.32 (m, 2HN1-CH,), 3.65 (s, 6H, cyclobut.

OCHy), 3.71 (s, 6H, thy. OC}), 3.89-4.07 (m, 14H, 2 cyclobut.

N1-CH, + 4 N3-CH,, and 4 thyN1-CH, + 4 N3-CH,), 4.11 (s,
2H, cyclobut. C6H), 7.15 (s, 2H, thy. C6H). Seldci® (ATR2,

20cmt): 2951 w, 1734 m, 1696 m, 1655 s, 1467 m, 14371402
m, 1372 m, 1346 m, 1284 w, 1202 m, 1147 m, 104264, w,
925 w, 846 w, 753 m.

Results and discussion

Ten bis-thyminyl monomers were synthesizéel(, Figure 2.
25 Previous crystallographic and computational studiedicated
that functionalization of th&l1 nitrogen of thymine with methyl
propanoate successfully eliminated other disrupiiteractions,
and facilitated desirabla-n stacking of thyminyl rings in the
crystal®

30 monomers possed&l methyl propanoate functionality,(5-10),

although an acetate derivatived) (was also examined for

comparative purposes. It was also expected thatileeofN3-N3

spacer groups would affect the crystal packing remvnent of

the monomers, and that the properties of the ppoiducts
35
rigid). Therefore, in order to systematically intigate the crystal
packing behaviour and the photo-chemical reactidresystalline
bis-thyminyl monomers, ten novel monomers were tsgsized,
varying with respect to th&ll-functionality Figure 2, a), the
size of theN3-N3-polymethylene spaceb); or the type of rigid
N3-N3-aryl spacerd).

Bis-thyminyl monomers were synthesized as follogshgme

40

would be influenced by type dfi3-N3 spacer used (flexible or

Referring toTable 1, a total of 5 monomersl(2, 5, 7, 8) were

photo-reactive.
N —R' \\]/\,g\
A

60
o
Scheme 1Synthesis of bis- thymlnyl monomers

? _R.

X "X

cho3
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In order to examine the changes to crystal packiraught
about by the chemical structure of the bis-thymimgdnomers
and to also identify suitable topochemical arrangetis for solid

70 crystalline photo-chemical reactions, the crystallimonomer
samples were subjected to structural analysis usiagy
diffraction. Where possible, the crystal structuctsmonomers
were obtained by single crystal-XRD performed atAlistralian
Synchrotron using the microcrystallography beanslifable 1

7 summarizes some key structural information obtaifrech the
analyses (complete crystal structure informatiom loa found in
the Supporting information). In some instancds § and 8),
suitable quality single crystals were not obtaineshd
powder-XRD was instead used to fingerprint the ailise

so samples (data can be found in the Supporting Irdtion). As
can be seen from the resultsTiable 1, thecis-syn thymine ring-
pairing
investigated, and this orientation was stabilized dxtensive
hydrogen bonding at the amide moieties. The othenamer
ss Structures obtained, all demonstratedns-anti type packing

As such, many of the synthesized bis-thyminyl arrangements with respect to the proximity-relategiminyl

units. This demonstrates, to some degree, thatptbpanoate
moiety preferentially adoptsans-anti type arrangements in the
lattice.
In the cases wheteans-anti type ring pairs were observed, we
noted that the proximity-related thyminyl ring maiin the
monomer crystals packed in three different waygelly Type I,
and Type lll Figure 3). Type | and Il packing both involved
bent propanoate chain conformations, but in onee ctie
95 propanoate chains bent inward toward the thymiimg rstack
(Type II); while in the second, the propanoate shdient away
from the thyminyl ring stacks (Type I).
As it is known that olefin pairs only react whdmey align
parallel with one another in the lattice, and aepasated by a

920

1).}5 Thymine methyl propanoate was synthesized by Mithaw distance of 3.5-4.2 A the distance between closest thymine

addition of methyl acrylate to thymine. The cormsging amide
derivatives were subsequently formed by the amsislyof
thymine methyl propanoate. Thymine methyl
synthesized by acid catalyzed esterification ofrtime acetic

45

pairs is an important parameter for predicting th&ationship
between photo-reactivity and the crystal structwe the

acetatas w monomers.

Type | stacking was observed in the (photo-actpr@ximity-

acid. In most cases, the synthesiMdtderivatives were linked 105 related thyminyl pairs of the propanoatd é@nd propanoic2)

by N3 bridging using a relevant dibromo- or diiodo-lgiity
compound. The dipropanoic acid monor2emwas an exception
in that it was synthesized by base hydrolysis efdipropanoate

50

monomer structures. In these cases, the olefinjtaradon
distance between the proximity related thyminybsrwere close
(ca. 4.2 A), and within the reported range for phot

ester monomer1) in order to avoid a possible side reaction dimerizatiot’. Type Il stacking appeared to be stabilized by,

between 1,4-dibromobutane and the free carboxytias.
Synthesized bis-thyminyl monomer crystals (10-5§) nvere
irradiated with 302 nm UV light for a period of 17 and the
iradiated samples were subjected %d NMR analysis to
determine the photo-reactivity of each crystallisample.

55

10 weak C4=0-*"C=0(ester) interactions in the structures ofrihe

hexyl (7) and n-propyl-linked 6) monomers, but the motif was
displaced in the dimethoxyary®) and diethoxyaryl-linked 1)
monomer structures. The Type Il stacking of progymelated

This journalis © The Royal Society of Chemistry [year]
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Table 1.Summary of the photo-activity and crysstducture data obtained for tbis-thyminyl monomers.
Monomer 1 2 3 4 5 6 7 8 9 10
Photo-activity (%) 96 81 0 0 50 0 84 95 0 0
Square
Extended structure Row Row - Row - Row - Row Row
column
Bent Bent Linear - Linear - Bent - Bent Bent
N1 conf.
Bent
N3 conf. trans trans trans - cis - trans - trans trans
Ring paif TA TA Cs - TA - TA - TA TA
Packing of closest ) Type llI ) )
thymine pair Type | Type | n/a Type Il Type Il Type I Type Il
Olefinic separation 4.21 4.19 4.77 - 3.74 - 4.67 - 4.97 4.67
distance (A) 4.68

@ Proximity-related thyminyl pairs fortnans-anti (TA) or cis-syn (CS) type arrangements; not applicable (n/a)

p— ; ’t' Type |

Type 11l

Type Il

3

Figure 3. Three observettans-anti ring stacking motifs in cryst:
structures of bis-thyminyl monomel

thyminyl pairs in the structures 05, 7, 9 and 10 was
accompanied by larger olefingeparation distanc (4.68, 4.67,
104.97 and 4.67 A, respectively) which waser the reported rang
for photo-dimerization.The distance between the proximr
related thyminyl rings in Type Il was close (ca7€ A) and
within the reported range for photlimerizatior.
The photo-reactivity ofl and 2 with Type | stackingand 5
15 with Type Ill stackingcan be explained by ttdistance between
the proximiy related thyminyl rings, howeverthe photo-
reactivity of7 which hasType Il stacking can not be explained
the distance between rings.
The photo-reactivity of7 with Type Il stackingcould be
20 expained by the increase of attractive forcat electronic
excitation. It is known that excitespecies can interact mc
strongly with neighbouring molecules in the le?! In
situations where the dowbbonds are not stacked parallel in
lattice such attractive forces could bring the ioleff an excitec
25 State species into close enough proximity with augd state
olefin to enable interaction of thelobes and hence facilita
[2n+2n]-cycloaddition. In factsupportive evidence is presen
in a published theoretical study which indicatest tin DNA, the
geometry of the excited thymih species undergos
30 pyramidalization of the C6 atom and C®&-bond lengthening i

order to give thecissyn cyclokutane dimervia a concerted

s mechanisnt? In the case of the phecstable aryl linked
monomers § and 10), the arrangementf the olefins is more
relevant. Referring to the schematic Figure 4, the thyminyl
ring stacking of9 and 10 is laterally andvertically displaced
compare to7. As such, CB26 bond lengthening and (

4s pyramidalization are unlikely to facilitate-orbital interactions in
this case, and therefore these crystals remairo-stable.

40 N,
ij Lp‘ls |N17
S w5y

45 7 91 10

Figure 4. Schematic representation of thew down the thyminyl ring-
stacks oimonomer with Type Il stackir.

Despite not having a crystal structure 4, the photo-stability
of 4 can be explained based on the crystal structutieeotarting
eo material, methyl acetate. In the crystal structoféhe starting
acetate, an intermolecular  carbc-carbonyl Cc2=06
~C*=0(ester) interaction (d = 2.96 A, C2C = 168°), and an
intermolecular C=O(estet{C contact (d = 2.61 A; C="H =
143°) were observed. As occurred in the starting acetate cry
es Structure, these weak interactions are expecte@ffectively
compete with ther-n stacking interactions in crystal structure
4, thereby disrupting the ideal ring packing requifed photc-
dimerisation.

It is interesting to note th& was photo-stable even with a
very similar structure td, 5, and7. The only difference between
these monomers is the lengthN8-N3 n-alkyl spacer. According

75 to the crystal structurethe monomers with even spacery, and
Cy/1 and 7) caused umlown orientation of the thymin
propanoate moieties within the monomer moleculélenthe odc
C; spacer §) caused both propanoate groups to poirthe same
direction. In the case of monomers with an eveacep the

so monomer molecules packed in the same directiomasanother
Conversely the € (5) structure showed that the molect
orientation of the monomers alternated, and welata® to one
another by a 180° rotation. As a consequencestacking of the
thyminyl rings of the monomers became differenttfoe odd ant
s even spacers and this could be the redor the photo-stability

6 | Journal Name, [year], [vol], oo—o0
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of 6. Unfortunately, more compounds and crystal stmestiare s molecular weight of polymeric products derived fromnomers

required in order to make firm conclusions conaggrthe effects
of spacer length on the photo-reactivity of the oroers.

Identification of the photo-products

1, 2 and8. Analyte ions were observed using the ZE}2-(4-
tert-butylphenyl)-2-methylprop-2enylidene]malonoibét

(DCTB) matrix with the polymeric products derivedrr 1 and
8, and when an sinapinic acid (SA) matrix, was usgtth the

s Considering the continuous and juxtaposed alignmeft s, photo-products derived froéh Figure 5 shows the MALDI-TOF

monomer molecules in the crystal structures as aglthe high
photo-chemical yields determined from th¢ NMR spectra of
the photo-products df, 2, 5, 7 and8 (Table 1), it was expected
that linear polymeric species would arise from ithhadiation of

mass spectra obtained from these analyses. Theiomapeaks in
each spectrum are separated (on average)my values
corresponding to the monoisotopic molecular weigffit the
repeating monomer unit (M) or M+1, which confirnfsat the

o these monomer crystalsS¢heme 2 As such, techniques ss ions originate from the analyte samples.

including GPC, MALDI-TOF MS andH NMR spectroscopy
were used to determine the molecular
photo-products. The measured molecular weights ftbese
techniques are shown Frable 2 Unreacted monomers were able
15t0 be separated from the polymers by precipitatafnthe
o]
R, AL

polymers.
o) O O
AR _
N~ "N—R—N" "N ;\l\ /'\L R
NS =
o oA Pt o
R R

Scheme 2 Synthesis of photo-products

60

uv

65

20  Photo-products obtained from the irradiation 1of5, and 7

were soluble in CDG| DMF and DMSO; while the photo- ,,

products of2 were soluble in DMF, DMSO and alkaline water.

The photo-products of aryl-linke®lwere found to be insoluble in

common organic solvents, and only trifluoroaceteida(TFA)

»s and TFA/CHC} (25:75) were found to solubilize the photo-
products. This feature certainly suggested a quiaié difference
in the properties of the photo-products of the klland aryl-

bridged compounds.

30 Table 2 Summary of the molecular weights determined foadiated

samples of monomers o

1
GPC TOF M H NMR
No.
M, (x 10% p2) mz M, (x 10°)
85

1 19 4.0 9,611 15
2 - - 2,825 4.1
5 1.0 1.2 - 0.8
7 2.2 4.9 - 15
8 - - 9,495 20

*Highest detectedvz in the MALDI-TOF mass spectrum.

920

Although the photo-products & were soluble in the DMF

3s mobile phase used for GPC, the analysis was unsfatésie to
the interaction of the monomer and photo-produdts the GPC
column, which resulted in a poor elution profilEven when the
LiBr content of the DMF was increased to 50 mM, e material
was analyzed from an aqueous mobile phase,
40 chromatograms could not be obtained. Furthermaee ptrrified

weights of the (a)

2899.9

33802

48210

5297.0

5779.0
62569 67250

201.6

3000 4000 5000 6000 7000 8000 9000

317341

3703.53

422849
4756.60
5283.05
39458 ]
5810.32

6336.93
3916.50

4440.48 496933

Lkl

5196.69
soB a2 6543 15

J«U‘MW
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ma 4. 260118

e 9494.70
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Figure 5. MALDI-TOF Mass spectra obtained for the photourats. (a)

Photo-products aof (b) photo-products & (c) photo-products ¢

The analyte sample used to obtain the spectrufigure 5 (a)

~was the polymeric photo-product bfwvhich, from GPC analysis,
reliallgyossessed aml, of 1.9 x 16 (Table 2).
MALDI-TOF mass spectrum, however,

In the corresponding
the result isadie

photo-products 08 could not be analyzed by GPC as they were gkewed to lowervz values and for this reason only the largest

insoluble in all the common organic solvents as tineed
previously.

analyte ion ¥z 9,611) is quoted imable 2 Similarly skewed
mass spectra were obtained using the photo-prodéiétand the

Therefore, MALDI-TOF MS, was utilized to study the, oligomeric products preparet

This journalis © The Royal Society of Chemistry [year]
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The structure of the obtained phamducts was furthe
identified by'H NMR and IR and the disappearance of the ol
and the formational of cyclobutane ring were canéid in every
product. The photo-product frofd was identified as a dime

s molecule fromH NMR. Unfortunately, crystal structures the
photoproducts could not obtained by single cry-XRD due to
the irradiation-induced fracturef the crystals Accordingly,

powder X-ray diffraction specr of all phot-products were

analyzedIn summary, the irradiation of five different crgiine
10 photo-active monomer samples generated several new g
as shown inFigure 6. Monomersl and8 formed polymers12
and 13, respectively. Both2 and 7 gave oligomeric pho-

products13 and 14, respectively while monomer5 produced

linear dimeric moleculeslf) upon irradiation.
15

|
(ONge) oclj

N (0]

*Wl YITr

n 0”7 "N N n
(e} < 0

11 from 1 cl) o 12from8

25

|
[ONge)

o L

o Yo 14from7
|

Oy _OH

N N\(O
30 O)\N N m
C e
HO X0 13 from 2

35

o o O
/IL/\/\NJ\N/\)J\O/
I 5\0 O)\H

o] cl) 15 from 5

(0] N__N N
4O/Y\/\[Or\/\/

45 Figure 6. Identified photgaroducts obtained from the irradiation
crystalline monomer samplas> 35,m < 10.

The 'H NMR spectra obtained for the irradiated mono
samples were used to determine the percentage rstmvef two

thyminyl units to one cyclobutane unit, kcomparing the

so integration values of (noreacted) thyminyl C-CH; methyl

protons and (reacted) cyclobutane C5;Chiethyl protons.

Figure 7 reveals the calculated percentage conversion
cyclobutane for the photchemical reactions. Collectively, the
reaults indicate that most of the conversion to cyalalne occur
ss during the first 10 h irradiation. In the first 10 both the but-

linked bis-propanoic acid®2(-13) and aryllinked bis-propanoate

(8—12) systems underwent the greatest amounts of cdon to
cyclobutane (80 and 81%, respectivelyhe buty-linked bis-

100

125 t0 sublimation of the degradation products.

propanoate samplel—11, exhibited slightly lower reactivit
es during the first 10 h period as it undent 70% cyclobutane
conversion. Beyond 10 h irradiation, however, additio
conversion to cyclobutanoccurred me gradually in all the
samples.
65
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Figure 7. 1H-NMR Conversion of thyminyl methyl moieties
cyclobutane methyl moieties over a 57 h irradiaperiod

Thermal Properties of polymers

Thermal properties of the prepared thyminyl cyclaie

polymers were studiedsing a combination of TGA and DSt

The TGA thermograms obtained for each materialsa@vn in
9 Figure 8.

100 q

80 1

60

95

Weight %

40 4

T T T T ]
0 100 200 300 400 500
Temperature (°C)

Figure 8. TGA Thermogran of polymers

us  For all the thyminyl materials tested, the largestcentage c

mass loss was observed during the second masstéags whicl
occurred between 32870°C. The degree of mass loss obse
in the second stage (B2%) could not be attributed to t
degradtion or loss of any single structural componentthod

120 materials. Considering the similar sublimation terapges

reported for other thyminyl compounds (eg. -428°C for
thymine, 373-423°C foN1-methyl thymine, and 3:-363°C for
N1,N3-dimethyl thyminé®), it is proposed that the second m
loss stage in the thermograms of the thyminyl nigtearises du
Mopezonn the
second mass loss stage, the maximum rates of rossswere

8 | Journal Name, [year], [vol], oo—oo0
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observed over a narrow 12°C temperature ramgg 893-405°C) h at 140+3°CIH-NMR spectra of the thermally treated materials
which could indicate the sublimation of closely ated showed prominent peaks &t7.15 ppm and 1.90 ppm, which
decomposition products in all of the samples. corresponded with the olefinic C6H and C5-Optotons of the
The temperature corresponding to 10% mass MBggd was monomer, respectively. This in turn indicated ttta thermal
found to range between 269-311°C in the materi@$gomeric « treatment caused depolymerization which resulteaninncrease
14 resulted in the lowest measured 10% degradatiopeeature  to the relative content of monomer molecules omieal
of Tq100269°C. thyminyl groups present. The ratio of cyclobutane-@%
DSC analyses were performed in order to study tieental protons § 1.37 ppm) to thyminyl C5-CHprotons § 1.90 ppm)
transitions of the materials, such as possiblesgkaansition  changed from 98% to 80% as a result of the thetr@atment. In
temperatureslIg) and polymer melting temperaturd$,) (Figure e addition to depolymerization, tHel-NMR spectra of the treated
9). The DSC curve fofl4 showed an endothermic deviation at samples also displayed new peaks in the downfielgions
132°C. As monome# has a melting point of 140°C, which is betweens 8.17-9.82 ppm. The appearance of new peaks above
very close to the endothermic peaks observed iD®@ curve, it 8.0 ppm could indicate some degree of thermal dposition to
is proposed that this peak could be from residuahomer give NH or COOH moieties, or the new peaks couldetyebe
present in the sample (as conversion of this poligatton was 7o the result of different proton environments presémt the
only calculated from NMR to be ca. 80%gure 7). oligomeric depolymerization product§he thermally-induced
depolymerization ofl1 was also measured by GPC at various
H.0 points throughout a 24 h heating peridéiglre 10), it was
/’J‘/\—/’ apparent that depolymerization occurred rapidlyt4@°C. After
14 75 just 10 min, the average molecular weight of ttaetstg polymer
decreased by 67% in open-air conditions, 73% wieattdd under

13 ] a N, stream, and 85% when heated in DMF. Depolymednati
m continued rapidly over the first hour, but slowedybnd that

12 time. The GPC result showed that after 24 h the ageer

" M s molecular weight had decreased frotp 6.3 x 10, to 3.6 x 18

and 3.3 x 19 for the solids heated with and without, N
(respectively), and 1.3 x 310 for the solution-phase

. . . . . depolymerization.
40 90 140 190 240
Temperature (°C) 70
Figure 9. DSC curves of polymers 1”
&0 —&— Open to the air (Solid)
A step transition of small magnitude (60 mW).gvas detected < —o— N, (Solid)
in the DSC curve o12 at 94°C which potentially represents the % %7 Y DMF (Solution)
glass transition temperaturg,) (Figure 9, inset). As proven by é 0 |
the P-XRD spectrum df2, the material is highly crystalline. This £
would account for the low magnitude glass transitbserved by 2 4
DSC3 =
The most obvious features of the DSC traceslibare the g 20 4
series of endothermic deviations. A number of unlsu g
endothermic peaks were observed at 148°C, 167° Q&8 in 10 4
the DSC trace. An apparent step transition was atiserved at o Y
74°C in the DSC curve, although it was of low magphity(35 0 T . : -
mW.g%). A subsequent measurement by DMTA provided an 0 ° 10 1 20 2
approximate value ofT, = 77°CI® which supported the s Heating time at 140+3°C (h)
classification of the small endothermic DSC ste@4iC, as the Figure 10. Changes to the average molecular weight of palyrtie

glass transition. To determine the precise origifii the samples that were heated at 140°C.for.variouspiends in either DMF
endothermic peaks occurring between 148-213°C in DBE solution (solid triangle), or as soIl(_js in the @r@se (open circle) or
. . . . absence (closed circle) of Now.

curve of11, polarised optical microscopy was used to examine
the textural changes it during heating, and GPC afid NMR o Interestingly, when the thermal stability of theyldmked
analyses were performed on samples béfter they were heated polymer8 was studied over a similar range of temperatuttes,
in the DSC apparatus. As a result of these expetsnéime peak 'H NMR spectra of the thermally treated polymer sampl
at 213°C was attributed to the melting peak of p@ytri, while showed no significant change in the integratiorioratf the
the other peaks were attributed to decompositionthyminyl C5-CH and cyclobutane C5-GHprotons. Therefore, it
(depolymerization) events. os appeared thaB8 did not undergo depolymerization over the

Indeed the'H NMR spectra of1l heated to 140+3°C for temperature range of 20-140°C, and in this way -lmiged
various periods of time - either in DMF solutiom,as solids with  material 8) appeared to be more thermally stable than the-buty
and without N flow revealed signs of depolymerization. After 24 [inked material {1). The improved thermal stability of the aryl-

This journalis © The Royal Society of Chemistry [year] Journal Name, [year], [vol], oo—oo0 | 9
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linked polymer 12) showed potential for tuning the properties 9
(eg. thermal stability, processibility, and photmsitivity) of the
resulting polymers by modulating the monomer-polysestem
design.

10

11

Conclusions 6
12

o

Ten thyminyl monomers were synthesized, that dardth
respect to theN1-functionality, the size of theN3-N3-
polymethylene spacer, or the type of rigN@-N3-aryl spacer. On
irradiation, five of the crystalline monomers wefeund to
undergo topochemical photo-reactions. Thepropyl linked
monomer %) produced open dimeric moleculed5( upon
irradiation, while both the-hexyl-linked bis-methyl propanoate
(7) and n-butyl-linked bis-propanoic acid2] monomers gave
oligomeric photo-productslé¢ M, 2.2 x 18, = 4.9;13 m/z
2,825, respectively). The-butyl-linked bis-methyl propanoate 18
(1) gave polymeric photo-products1) with variable molecular 19
weights (typicallyM, 1.9 x 1d and higher). The aryl-linked ® 2°
monomer 8) also produced polymeric photo-produci)(upon
irradiation (caM, 1.1 x 10).

From the thermal properties measurements, thersraluced
depolymerization of polymetl was observed. The aryl-linked®
polymer (2), however, did not appear to undergo thermal2
depolymerization and this indicated that the prtesr of 24
polymers can be controlled by the structure of nmoas for the
solid-crystalline photo-polymerization.
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Bis-thyminyl monomers were found to undergo topochemical photo-reactions and form polymers
by [2m + 2mt]-cycloaddition.




