Electronic Supplementary Material (ESI) for Polymer Chemistry.
This journal is © The Royal Society of Chemistry 2017

Supplementary Information

Mechanistic Investigation of the Ring Opening Metathesis
Polymerisation of Alkoxy and Alkyl Substituted
Paracyclophanedienes

Dharam R. Kumar, Benjamin J. Lidster, Ralph W. Adams and Michael L. Turner*

Organic Materials Innovation Centre, School of Chemistry, The University of Manchester,

Oxford Road, Manchester, M13 9PL, UK.

*Corresponding author: E-mail: Michael. Turner@Manchester.ac.uk; Fax: +44-161-275-4273



Table of Contents
Mechanistic Investigation of the Ring Opening Metathesis Polymerisation of Alkoxy and Alkyl

Substituted ParacyClophan@diBNES ..........ccuueiii i e e e e e et e e e e eaba e e e e e araeaean 1

Figure S1. (a) Change of carbene concentration, H,, H,, H. and G2, as observed by 'H NMR

spectroscopy, (b) change of carbene concentration and free PCys, as observed by 3'P NMR
spectroscopy during ROMP initiation of G2 with M1 at 25 °C. ....cccciiiiiiiiiiiee e 4

Figure S2. (a) Conversion of M1 during ROMP with G3 at 40 °C, (b) change of carbene concentration

H., Hc and G3, as observed by TH NMR SPECIIOSCOPY. ..ccccuiiriiiieiieeecieeesteeertteeseireeseesesveeeseeeesnseeesneneenns 4

Figure $3.(a) Conversion of M2 during ROMP with G2 at 40 °C, (b) change of carbene concentrations,

Hq, He and G2, as observed by 'H NMR spectroscopy, (c) change of carbene concentrations, as

0bSErVEd DY 31P NIVIR SPECEIOSCODRY..eecuvieetieeetieeeiteeeeteeeeteeeeteeeeeteeeseteeeeseeeeseeeeesseeeteeessesesseeenseeeenseeeans 4
Figure S4. (a) Conversion of M2 during ROMP with G3 at 40 °C, (b) change of carbene concentration,
Hg, He and G3, as observed by TH NMR SPECIIOSCOPY. ..cccvvieiiriiecieeeeieeecteeecitee et e eveeeeteeesreeesabeeeenveeenns 5
Figure S5. Resulting ruthenium carbene polymer chain ends (A, B, and C) during ROMP of M1 with G2.
.................................................................................................................................................................. 5
Figure S6. In-situ ROMP *H NMR (thf- dg, 500 MHz) spectra of M1 initiated with G2 at 40 °C (1425

(001 10) ST ST UUOPPPPPTT 6
Figure S7. In-situ ROMP 31P NMR (thf- dg, 202 MHz) spectra of M1 initiated with G2 at 40 °C (1420
(00110 ) PR UTRRRI 6
Figure S8. In-situ ROMP H NMR (thf-ds, 500 MHz) spectra of M1 with G2 at 25 °C (1000 min).............. 7
Figure S9. In-situ ROMP 31P NMR (thf- dg, 202 MHz) spectra of M1 with G2 at 25 °C (1005 min)............ 7
Figure S10. Resulting ruthenium carbene polymer chain ends (A and C) during ROMP of M1 with G3..8
Figure S11. In-situ ROMP *H NMR (thf-dg, 500 MHz) spectra of M1 with G3 at 40 °C (650 min).............. 8
Figure S12. In-situ ROMP *H NMR (thf-dg, 500 MHz) spectra of M1 with G3 at 25 °C (4000 min)............ 9
Figure S$13. Resulting ruthenium carbene polymer chain ends (D and E) during ROMP of M2 with G2..9
Figure $14. In-situ ROMP *H NMR (thf-d8, 500 MHz) spectra of M2 with G2 at 40 °C (90 min)............. 10
Figure $15. In-situ ROMP 3P NMR (thf- dg, 202 MHz) spectra M2 with G2 at 40 °C (95 min)................ 10
Figure $16. In-situ ROMP *H NMR (thf-dg, 500 MHz) spectra of M2 with G2 at 25 °C (210 min)............ 11
Figure S17. In-situ ROMP 3P NMR (thf- dg, 202 MHz) spectra M2 with G2 at 25 °C (215 min).............. 11
Figure S18. Resulting ruthenium carbene polymer chain ends (D and E) during ROMP of M2 with G3.
................................................................................................................................................................ 12
Figure $19. In-situ ROMP *H NMR (thf-dg, 500 MHz) spectra of M2 with G3 at 40 °C (200 min)............ 12
Figure S20. In-situ ROMP *H NMR (thf-dg, 500 MHz) spectra of M2 with G3 at 25 °C (1000 min). ........ 13

Figure S21.

In-situ ROMP *H NMR (thf-dg, 500 MHz) stack plot of M1 initiated by G2 at 40 °C............. 14



Figure S22.
Figure S23.
Figure S24.
Figure S25.
Figure S26.
Figure S27.
Figure S28.
Figure S29.
Figure S30.
Figure S31.
Figure S32.

In-situ ROMP 31P NMR (thf- dg, 202 MHz) stack plot of M1 initiated by G2 at 40 °C. .......... 15
In-situ ROMP *H NMR (thf-dg, 500 MHz) stack plot of M1 initiated by G2 at 25 °C............. 16
In-situ ROMP 3P NMR (thf- ds, 202 MHz) stack plot of M1 initiated by G2 at 25 °C. .......... 17
In-situ ROMP *H NMR (thf-dg, 500 MHz) stack plot of M1 initiated by G3 at 40 °C............. 18
In-situ ROMP H NMR (thf-dg, 500 MHz) stack plot M1 initiated by G3 at 25 °C................. 19
In-situ ROMP H NMR (thf-dg, 500 MHz) stack plot of M2 initiated by G2 at 40 °C............. 20
In-situ ROMP 31P NMR (thf- dg, 202 MHz) stack plot of M2 initiated by G2 at 40 °C. .......... 21
In-situ ROMP *H NMR (thf-dg, 500 MHz) stack plot of M2 initiated by G2 at 25 °C............. 22
In-situ ROMP 3P NMR (thf- ds, 202 MHz) stack plot of M2 initiated by G2 at 25 °C. .......... 23
In-situ ROMP *H NMR (thf-ds, 500 MHz) stack plot of M2 initiated by G3 at 40 °C............. 24
In-situ ROMP H NMR (thf-dg, 500 MHz) stack plot of M2 initiated by G3 at 25 °C............. 25

Table S1. Reaction details, apparent rate constants and molecular weight data for PPV prepared by
the ROMP of M1 and M2 initiated by G2 and G3 at 25 and 40 °C.



——B (619.91 ppm)
8 —o— G2 (819.27 ppm)
—— A (819.20 ppm)
——C (515.99 ppm)

1H Carbene Concentration (mM)

. ; . ; .
0 200 400 600 800
Time (min)

; ‘
1000

31p Carbene concentration (mM

1
1200

10 {b)
| —— A (629.55 ppm)
8 —— G2 (628.97 ppm)
| —o— B (827.94ppm)
6 —— Free PCyj3 (510.04 ppm)

AAAAAAAAAAAAAAAA

vvvvvvvvvvvvvvvvvvvvvv

‘ ‘ s 00 TR
200 400 600 800 1000 1200
Time (min)

Figure S1. (a) Change of carbene concentration, H,, Hp, H. and G2, as observed by 'H NMR
spectroscopy, (b) change of carbene concentration and free PCy;, as observed by 3'P NMR
spectroscopy during ROMP initiation of G2 with M1 at 25 °C.
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Figure S2. (a) Conversion of M1 during ROMP with G3 at 40 °C, (b) change of carbene
concentration H,, H. and G3, as observed by '"H NMR spectroscopy.
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Figure S3.(a) Conversion of M2 during ROMP with G2 at 40 °C, (b) change of carbene

concentrations, Hg, H. and G2, as observed by 'H NMR spectroscopy, (c) change of carbene
concentrations, as observed by 3'P NMR spectroscopy.
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Figure S4. (a) Conversion of M2 during ROMP with G3 at 40 °C, (b) change of carbene
concentration, Hy, He and G3, as observed by '"H NMR spectroscopy.
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Figure S6. In-situ ROMP '"H NMR (thf- dg, 500 MHz) spectra of M1 initiated with G2 at 40 °C
(1425 min).
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Figure S7. In-situ ROMP 3'P NMR (thf- dg, 202 MHz) spectra of M1 initiated with G2 at 40 °C
(1420 min).
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Figure S8. /n-situ ROMP 'H NMR (thf-dg, 500 MHz) spectra of M1 with G2 at 25 °C (1000
min).

[T TS o <
O o S
(2] ~ o
N N ~
| | |
P
2 Free
P
a PCy |
48 44 40 36 32 28 24 20 16 12 8 6 4 2 0
S/ppm

Figure S9. In-situ ROMP 3'P NMR (thf- dg, 202 MHz) spectra of M1 with G2 at 25 °C (1005
min).
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Figure S10. Resulting ruthenium carbene polymer chain ends (A and C) during ROMP of M1
with G3.
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Figure S11. In-situ ROMP 'H NMR (thf-dg, 500 MHz) spectra of M1 with G3 at 40 °C (650
min).
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Figure S13. Resulting ruthenium carbene polymer chain ends (D and E) during ROMP of M2

with G2.
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Figure S16. In-situ ROMP 'H NMR (thf-ds, 500 MHz) spectra of M2 with G2 at 25 °C (210
min).
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Figure S17. In-situ ROMP 3'P NMR (thf- ds, 202 MHz) spectra M2 with G2 at 25 °C (215 min).
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Figure S18. Resulting ruthenium carbene polymer chain ends (D and E) during ROMP of M2
with G3.

@ N
o) ~
o ~
| |
2 2
| |
He
‘ H thf
Jn/\ ‘d
19.6 19.2 18.8
o/ppm
etrans/ci
s
3-
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

6/pbm

Figure S19. In-situ ROMP 'H NMR (thf-dg, 500 MHz) spectra of M2 with G3 at 40 °C (200
min).
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Table S1. Reaction details, apparent rate constants and molecular weight data for PPV prepared by the ROMP of M1 and M2 initiated
by G2 and G3 at 25 and 40 °C.

Entry M G Temp [M]/ Complete Half Complete Complete k;*PP kPP k;*Pp/ M,? b, ?
(°O) [G] Initiation of | conversion of | conversion of kPP
G (min) M (min) M (min)
1 M1 G2 40 10 200 200 1425 0.0268 0.00264 10.2 4.90 1.58
2 M1 G2 25 10 1000 1000 ~8500 0.0043 0.00035 12.14 4.46 1.58
3 M1 G3 40 10 <5 60 640 - 0.00958 - 5.23 1.39
4 M1 G3 25 10 60 430 4250 0.0763 0.0014 54.52 6.09 1.38
5 M2 G2 40 10 Never <10 90 0.165 0.611 0.27 3.86 1.74
complete
6 M2 G2 25 10 Never 44 210 0.0079 0.0226 0.34 7.38 1.77
complete
7 M2 G3 40 10 <5 25 200 - 0.0386 - 4.39 1.59
8 M2 G3 25 10 40 110 950 0.0984 0.0061 16.05 5.25 1.43

2 determined by GPC with RI detection (calibrated against narrow Dy, polystyrene standards).




