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2 General Experimental Details

Unless otherwise stated, all reagents and solvents were purchased from commercial
suppliers. All other chemicals were used without further purification. Compounds S1 — S2
along with polymers 1na, 1pa, 2ub, 2uc, 5ua, 5ub, 54c and S10 were synthesised according to
previously reported procedures.!

Gel permeation chromatography (GPC) analyses were performed in THF solution (1 mg mL?)
at 35 °C using a Malvern Viscotek GPCmax VE2001 solvent/sample module with 2 x PL gel 10
um mixed-B and a PL gel 500 A column, and equipped with a Viscotek VE 3240 UV/vis
multichannel detector and Viscotek VE3580 refractive index detector employing narrow
polydispersity polystyrene standards (Agilent Technologies) as a calibration reference.
Samples were filtered through a Whatman Puradisc 4 mm syringe filter with 0.45 um PTFE
membrane before injection to equipment, and experiments were carried out with injection
volume of 100 pL, flow rate of 1 mL min. Results were analysed using n-dodecane as an
internal marker using Malvern OmniSEC 5.10 software.

Ultrasound experiments were performed using a Sonics VCX 500 ultrasonic processor
equipped with a 13 mm diameter solid probe or replaceable-tip probe. The distance between
the titanium tip and the bottom of the Suslick cell was 3 cm. The ultrasonic intensity was
calibrated using the method outlined by Hickenboth et al.2 The Suslick cells were fabricated
by the Department of Chemistry glass workshop at the University of Manchester.

Analytical TLC was performed on precoated silica gel plates (0.25 mm thick, 60 F254, Merck,
Germany) and observed under UV light or stained with either potassium permanganate or
phosphomolybdic acid solution. Preparative TLC was performed on precoated silica gel plates:
2 mm, UNIPLATE GF, Analtech Inc., DE, USA. Flash column chromatography was performed
with silica gel 60 (230-400 mesh) from Sigma-Aldrich. *H and 3C NMR spectra were obtained
using either a Bruker Avance Il 500 MHz Prodigy instrument or a Bruker Avance Il 400 MHz
Prodigy instrument at the University of Manchester. Chemical shifts are reported in parts per
million (ppm) from high to low frequency and referenced to the residual solvent resonance.
Coupling constants (J) are reported in Hertz (Hz) and splitting patterns are designated as
follows: br = broad, s = singlet, d = doublet, t = triplet, g = quartet, p = pentet and m =
multiplet. Mass spectra were obtained through the Mass Spectrometry services in the
Department of Chemistry at the University of Manchester.

Isotopic purity of $3-5 and $7-9 was determined from the integration of the residual protic
signal in 'H NMR spectra.

Abbreviations: APCl: atmospheric pressure chemical ionization; DCM: dichloromethane; ESI:
electrospray ionization; PE: petroleum ether; HRMS: high resolution mass spectrometry; MS:
mass spectrometry; PMDETA: N,N,N’,N”,N”-pentamethyldiethylenetriamine; = THF:
tetrahydrofuran; TLC: thin layer chromatography.
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3 Synthesis of mechanophores and reference compounds

3.1 Synthetic Route to S5

Scheme S1. Synthetic route to S5. Conditions: (i) NaBD4, THF/EtOH, r.t., 16 h, 94% yield; (ii) PCC, DCM, 0 °C, 1 h; (iii) NaBDa,
THF/EtOH, r.t., 16 h; (iv) PCC, DCM, 0 °C, 1 h; (v) S4 (98% D), acetic acid, r.t., 30 min, 38% vyield.

3.1.1 Synthesis of S3

F D
NaBD4 h ;
/dLH > ﬁKOHI
b [+3
///\o F THF/EtOH, r.t., 16 h ///\o ~NPF
s1 94% a
s3

$1 (100 mg, 0.510 mmol, 1 eq.) was dissolved in a mixture of THF (0.6 mL) and ethanol (0.6 mL). NaBD,
(11 mg, 0.255 mmol, 0.5 eq.) was added and the mixture stirred under N; for 16 h. The mixture was
carefully washed with water and the aqueous mixture thoroughly extracted with DCM. The organic
phase was dried over magnesium sulfate before being filtered and condensed to give the pure product
as a white powder (95 mg, 0.477 mmol, 94% yield).

1H NMR (400 MHz, CDCl3) § = 6.62 — 6.50 (m, 2H, He), 4.77 = 4.63 (m, 3H, Hc + Hy), 2.56 (td, J = 2.4, 0.7
Hz, 1H, H.), 1.77 (d, J = 6.3 Hz, 1H, Hy).

13C NMR (101 MHz, CDCl3) & = 162.19 (dd, J = 247.5, 11.7 Hz, C¢), 158.81 (t, J = 14.4 Hz, C4), 109.65 (t, J
=20.4 Hz, Cg), 99.65 —98.60 (m, Ce), 77.36 (Cy), 76.63 (Ca), 56.42 (Cc), 53.16 — 52.11 (m, Cs).

19 NMR (376 MHz, CDCl3) 6 = -115.20 (F¢).

2H NMR (61 MHz, CHCl3) § = 4.73 (s, 1D, D).

HRMS-API(+): 182.0519 [M-OH]*, calculated for CioH¢DF,0: 182.0522.
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3.1.2 Synthesis of 5S4

(i) PCC, Mol. Sieves (4 A), DCM, r.t., 1h

F D (i) NaBD,, THF/EtOH, r.t., 16 h F O FE O
. h
¢
/@\)\OH (iii) PCC, Mol. Sieves (4 A), DCM, rt.,1h . H /@5(0
+ c
b

& o F ///\o/i; a///\o F

s3 $1 sS4
1:50

PCC (541 mg, 2.51 mmol, 5 eq.) and molecular sieves (4 A, 0.5 g) were added to DCM (2.5 mL) and the
mixture was cooled in an ice bath. $3 (100 mg, 0.510 mmol, 1 eq.) was dissolved in DCM (2.5 mL) and
the solution added dropwise to the reaction mixture. The mixture was stirred for 30 min. After
warming to room temperature the mixture was stirred for a further 30 min. The mixture was passed
through a silica plug using DCM. The collected solution was condensed to give the product mixture as
an off-white powder (88% D).

The product mixture, containing both S1 and S4, was taken and used again in the reduction process
detailed in Section 3.1.1, Synthesis of $3. After, the resulting product mixture was subjected once more
to the oxidation procedure described here to yield the product as an off-white powder (98% D).

'H NMR (400 MHz, CDCls) § = 6.69 — 6.50 (m, 2H, He), 4.75 (d, J = 2.4 Hz, 2H, H.), 2.62 (t, J = 2.4 Hz, 1H,
Ha).

13C NMR (101 MHz, CDCl3) & = 183.87 — 182.63 (m, Cy), 165.82 — 163.40 (m, C¢), 163.86 — 163.46 (m,
Cq), 109.12 — 108.61 (m, Cg), 100.01 — 99.56 (m, Ce), 77.53 (d, J = 8.4 Hz, Cb), 76.56 (d, J = 1.9 Hz, C.),
56.81 (C.).

19 NMR (376 MHz, CDCl3) 6 = -112.56 (F¢).

2H NMR (61 MHz, CHCls) § = 10.25 (s, 1D, D).

HRMS-ESI(+): 198.0469 [M+H]*, calculated for C10HsDF,0,: 198.0471.

3.1.3 Synthesis of S5

F O c

b d f x e
L B o P
s t
NH ///\O F AcOH, r.t., 1 h I N . —/,

38%
S2 S4

$2 (100 mg, 0.274 mmol, 1 eq.) was dissolved in minimal acetic acid. S4 (81 mg, 0.411 mmol, 1.5 eq.)
was added and the mixture was stirred for 30 min during which a large amount of precipitate formed.
The mixture was filtered and the filtered solid thoroughly washed with cold methanol. The filtered
white solid was the pure product (57 mg, 0.105 mmol, 38% yield, 99% D).

'H NMR (500 MHz, CDCl3) 6 = 6.88 (d, J = 2.2 Hz, 1H, Hi or H,), 6.82 —6.62 (m, 3H, H; + H,), 6.38 (dt, J =
12.6, 2.1 Hz, 1H, H,), 6.11 (dt, J = 12.0, 2.0 Hz, 1H, H,), 4.52 (d, J = 2.4 Hz, 2H, H,), 4.15 (dd, J = 3.5, 2.4
Hz, 2H, Hc), 4.06 —4.00 (m, 1H, Hg), 3.91 —3.84 (m, 1H, H)), 3.82 —3.74 (m, 1H, He), 3.68 — 3.62 (m, 2H,
Hg + Hi), 2.52 (s, 3H, Hi or Hcor H, or Hy), 2.50 (t, J = 2.4 Hz, 1H, H,), 2.46 (br, 6H, Hy or Hi or H, or H;),
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2.41 (t, J = 2.4 Hz, 1H, H.), 2.21 (s, 3H, Hy or Hy or H, or H;), 2.17 (s, 3H, Hn or Hx or H, or H;), 1.98 (s,
3H, Hh or Hx or H, or Hy).

3C NMR (126 MHz, CDCls) 6 = 164.80 — 161.38 (m, C,), 158.15 (t, J = 14.7 Hz, C.,), 140.86 (C: or Cg or C;
or Cm or C, or Cg), 140.71 (Cs or Cg or Cjor Cyy or C, or Cg), 138.32 (Cr or Cg or Cj or Cy or Cy or Cg), 137.10
(Csor Cgor Cjor Cy, or Cn 0or Cg), 135.91 (Ct or Cg or Cjor Cry or C, or Cg), 134.91 (Cs or C; or Cjor Cry 01 Cy,
or Cq), 130.87 (Ci or Cp), 130.32 (br, C or C,), 129.76 (br, Ci or C), 129.32 (Cior C;), 110.23 (t, J = 12.9
Hz, Cy), 98.95 (ddd, J = 303.3, 27.4, 3.3 Hz, C,), 80.12 (Cp), 77.61 (C,), 76.35 (C,), 74.38 (d, J = 2.3 Hz, C,),
73.36 (Cq), 72.91-72.24 (m, CJ), 62.27 (Ce), 58.52 (C¢), 56.21 (Cy), 53.58 (Ci), 20.88 (Ch or Cx or C, or Cy),
20.74 (Ch or Cxor C, or C;), 20.28 (Ch or Cx or C, or C;), 18.96 (Ch or C or C, or C;), 18.44 (Ch or C¢ or C,
or C).

19 NMR (376 MHz, CDCl3) 6 = -103.90 (d, J = 5.7 Hz, 1F, Fu), -116.72 (d, J = 5.6 Hz, 1F, Fy).

2H NMR (77 MHz, CHCls) § = 6.31 (br, 1D, Dy).

HRMS-APCI(+): 544.2871 [M+H]*, calculated for C3sH3sDF20,N,: 544.2880.

3.2 Synthetic Route to S9

LA T

> W ¥ ﬂ| N 1|
_ Q

o/\E NH (|v) N D
NH ; ::

Scheme S2. Synthetic route to $9. Conditions: (i) K,COs, propargyl bromide, MeCN, reflux, 6 h, 87% vyield; (i) NaBDs,
THF/EtOH, 40 °C, 48 h, 48% yield; (iii) PCC, DCM, 0 °C, 1 h, 79% yield; (iv) S8, acetic acid, r.t., 30 min, 60% yield.

3.2.1 Synthesis of S6

F O K,CO4 f j

MeCN, reflux, 6 h

T
(@)
(@]
\
AN
@
i
N\
O (0]
o
\

87%
S6

Methyl 2-fluoro-4-hydroxybenzoate (1.00 g, 5.88 mmol, 1 eq.) and potassium carbonate (1.22 g, 8.82
mmol, 1.5 eq.) were added to acetonitrile (29 mL). Propargyl bromide (80% in toluene, 0.79 mL, 8.82
mmol, 1.5 eq.) was added and the mixture was refluxed for 6 h. The mixture was cooled to room
temperature before being diluted with water to dissolve any salts. The aqueous mixture was
thoroughly extracted with DCM. The organic extracts were dried over magnesium sulfate before being
filtered and condensed to give the pure product as a pale yellow solid (1.06 g, 5.09 mmol, 87 % yield).
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'H NMR (500 MHz, CDCls) 6§ = 7.92 (t, J = 8.6 Hz, 1H, Hy), 6.80 (ddd, J = 8.9, 2.5, 0.8 Hz, 1H, Hi), 6.73
(dd, J = 12.4, 2.5 Hz, 1H, He), 4.73 (d, J = 2.4 Hz, 2H, H.), 3.90 (s, 3H, Hy), 2.57 (t, J = 2.4 Hz, 1H, Ha).

13C NMR (126 MHz, CDCl3) 6 = 164.67 (C;), 163.40 (d, J = 265.9 Hz, C¢), 162.39 (d, /= 11.5 Hz, C4), 133.60
(d, J=2.5Hz, Cpn), 111.87 (d, /= 9.8 Hz, C;), 110.94 (d, J = 3.0 Hz, C)), 103.58 (d, J = 26.4 Hz, C¢), 77.38
(Cb), 76.71 (Ca), 56.34 (C.), 52.24 (Cy).

19 NMR (376 MHz, CDCl3) 6 = -105.84 (F¢).

HRMS-APCI(+): 209.0608 [M+H]*, calculated for C11H10FO5: 209.0608.

3.2.2 Synthesis of S7

NaBD, g K
/©)J\O/ b € ) A
THF/EtOH, 40 °C, 48 h h
z o O

48% a
S6 S7

Y
o
I

S6 (0.50 g, 2.40 mmol, 1 eq.) was dissolved in a mixture of THF (2.4 mL) and ethanol (2.4 mL). NaBD,
(0.20 g, 4.80 mmol, 2 eq.) was added and the mixture stirred at 40 °C under N; for 48 h. The mixture
was carefully washed with water and the aqueous mixture thoroughly extracted with DCM. The
organic phase was dried over magnesium sulfate before being filtered and condensed to give the pure
product as a white powder (0.21 g, 1.15 mmol, 48% yield).

'H NMR (400 MHz, CDCl3) & = 7.32 (t, J = 8.5 Hz, 1H, Hs), 6.76 (ddd, J = 8.4, 2.5, 0.8 Hz, 1H, Hi), 6.71
(dd, J=11.6, 2.5 Hz, 1H, Hc), 4.68 (d, J = 2.4 Hz, 2H, H), 2.54 (t, J = 2.4 Hz, 1H, H.), 1.75 (d, J = 7.0 Hg,
1H, Hy).

13C NMR (101 MHz, CDCl5) & = 161.39 (d, J = 246.6 Hz, C¢), 158.56 (d, J = 11.1 Hz, C4), 130.44 (d, /= 6.9
Hz, Cn), 120.88 (dd, J = 15.5, 5.7 Hz, C;), 110.78 (d, / = 3.3 Hz, Cj), 102.98 (d, J = 25.4 Hz, C.), 78.08 (Cy),
76.12 (C,), 59.37 - 58.35 (m, ), 56.23 (C,).

F NMR (376 MHz, CDCl3) 6 = -117.25 (Fy).

2H NMR (77 MHz, CDCl;) & = 4.67 (s, 2H, Dj).

MS-ESI(+): m/z = 165.0 (100, [M-OH]").

3.2.3 Synthesis of S8

E D F O
D PCC, Mol. Sieves (4 A) R A
- i D
OH - b C !
DCM, r.t.,, 1h h
= o O
79%
S7 S8

PCC (549 mg, 2.74 mmol, 5 eq.) and molecular sieves (4 A, 0.5 g) were added to DCM (2.5 mL) and the
mixture cooled in an ice bath. $7 (100 mg, 0.549 mmol, 1 eq.) was dissolved in DCM (2.5 mL) and the
solution was added dropwise to the reaction mixture. The mixture was stirred for 30 min. After
warming to room temperature the mixture was stirred for a further 30 min. The mixture was passed
through a silica plug using DCM. The collected solution was condensed to give the pure product as an
off-white powder (78 mg, 0.435 mmol, 79% yield, 98% D).

1H NMR (500 MHz, CDCls) & = 7.83 (t, J = 8.5 Hz, 1H, Hn), 6.85 (d, J = 8.8 Hz, 1H, H)), 6.74 (d, J = 12.1 Hz,
1H, He), 4.76 (s, 2H, Hc), 2.59 (s, 1H, Ha).
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13C NMR (126 MHz, CDCls) & = 186.13 — 185.31 (m, C;), 166.15 (d, J = 258.8 Hz, Cy), 163.95 (d, J = 11.8
Hz, C4), 130.26 (d, J = 3.8 Hz, Cy), 118.51 (d, J = 9.4 Hz, Cg), 111.97 (C), 102.70 (dd, J = 24.5, 4.2 Hz, Ce),
77.09 (Cy), 77.03 (Ca), 56.46 (Co).

19 NMR (376 MHz, CDCl3) 6 = -118.91 (F¢).

2H NMR (61 MHz, CDCls) § = 10.27 (s, 1D, Dj).

HRMS-ESI(+): 180.0562 [M+H]*, calculated for C10H;DFO;: 180.0566.

3.2.4 Synthesis of S9

é/\O/\ENH . /@)(D o
NH o AcOH, r.t., 1h
z

60%

$2 (100 mg, 0.274 mmol, 1 eq.) was dissolved in minimal acetic acid. S9 (84 mg, 0.466 mmol, 1.7 eq.)
was added and the mixture stirred for 30 min during which a large amount of precipitate formed. The
mixture was filtered and the filtered solid thoroughly washed with cold methanol. The filtered white
solid was the pure product (87 mg, 0.165 mmol, 60% yield). The extent of protonation at Cs could not
be determined by H NMR but can be assumed to be <2% considering the isotopic purity of S8.

1H NMR (500 MHz, CDCls) & = 7.75 (s, 1H, Hy or Hy or H,), 6.89 (d, J = 2.2 Hz, 1H, H; or H,), 6.70 (d, J =
13.8 Hz, 4H, H; + H, + Hy or Hy or Hy), 6.27 (d, J = 12.0 Hz, 1H, H, or Hy or H,), 4.53 (d, J = 2.4 Hz, 2H, H,),
4.25-4.10 (m, 2H, H¢), 3.90 (dt, J = 16.2, 8.8 Hz, 2H, Hq + Hi), 3.78 —3.69 (m, 1H, H¢), 3.61 (dd, J = 8.5,
5.0 Hz, 2H, Hq + H)), 2.54 (s, 3H, Hy or Hx or H, or H), 2.48 (t, J = 2.4 Hz, 1H, H,), 2.41 (s, 7H, H, + Hh or
Hi or Ho or Hy), 2.21 (s, 3H, Hy or Hx or Ho or H,), 2.16 (s, 3H, H, or H¢ or H, or H;), 1.79 (s, 3H, Hh or Hi
or H, or H,).

13C NMR (126 MHz, CDCls) & = 162.60 (d, J = 247.2 Hz, C.), 158.09 (d, J = 11.2 Hz, Cy), 140.34 (C; or Cg
or Cjor Cy or C, or Cg), 138.42 (Cs or C; or Cj or Cry or Cy or Cg), 137.15 (Cs or Cg or Cj or Cy, or C, or Cy),
135.83 (Cs or Cg or Cjor Cyy or Cn or Cq), 134.89 (Cs or Cg or Cjor Cm or C or Cq), 131.82 (d, J = 5.8 Hz, C¢
or Cg or Cj or Cmy or C, or Cq), 130.78 (Ci or Cp), 130.53 (br, C; or Cp), 129.40 (br, C;i or Cp), 129.19 (C; or
Co), 120.23 (Cior Cy or Cc or C,), 110.78 (Cc or C, or Cc or C,), 101.13 (C; or C, or Cx or C,), 101.02 (C; or
C, or Csor C,), 80.06 (Cy), 78.18 (C1), 75.82 (C,), 74.49 (C.), 73.77 (Cq), 72.44 (br, C), 61.64 (C.), 58.49
(Cc), 55.99 (C,), 52.94 (C)), 20.88 (Ch or Cx or C, or C;), 20.71 (Ch or Ci or C, or C;), 20.28 (Ch or Cx or C,
or C;), 19.29 (Ch or Cx or C, or C;), 18.92 (Cy or Cx or C, or C;), 18.43 (Ch or Ci or C, or C).

19 NMR (376 MHz, CDCl3) 6 = -121.22 (F.).

2H NMR (61 MHz, CHCl3) § = 6.23 (br, 1D, Dy).

HRMS-APCI(+): 526.2963 [M+H]*, calculated for C3;H37;DFO;N,: 526.2975.
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4 Synthesis of Polymers:

4.1 Representative procedure: synthesis of 1pb

s5 \Q F N, D
N=N (0} N
CuBr, PMDETA ro’\/\j,,\j P N <N
’ U
. 210\)\/ F \ N

DCM, r.t., 48 h f/\/\
Quant.

*(xo/\/\a; :“03

$10

$10 (240 mg, 16 umol, 2.5 eq.) and S5 (3.5 mg, 6 umol, 1.0 eq.) were dissolved in DCM (20 mL) and
added to a sealed microwave vial. The solution was degassed via three freeze-thaw-pump cycles. In a
separate sealed microwave vial was added DCM (1 mL) and PMDETA (23 uL, 110 umol, 18.0 eq.). This
solution was also degassed via three freeze-thaw-pump cycles before being transferred via cannula
onto copper(l) bromide (10 mg, 72 umol, 12.0 eq.) in a third sealed microwave vial. This mixture was
stirred until all of the copper(l) bromide had dissolved before the solution was degassed via a single
freeze-thaw-pump cycle. This solution was then transferred via cannula onto the reaction mixture in
the first microwave vial. The mixture was stirred for 48 h. The mixture was washed thoroughly with
aqueous EDTA solution (0.25 M, pH 7) to remove copper species before being dried over sodium
sulfate and condensed to give the product polymer which was thoroughly dried under high vacuum.
Once dried, the polymer was carefully washed with acetonitrile to remove impurities before being
dried under high vacuum again.

4.2 List of polymers

All polymers were analysed using GPC with the obtained results visible in Table S1 and Figures
51— S6. It should be noted that in the time between when GPC analysis was carried out for
polymers 1ya/1pa and polymers 14b/1pb/1nc/1pc the instrument’s columns and calibrations
were changed while polymer 1 was analysed using both configurations; this accounts for the
visual discrepancy between GPC traces observed in Figures S1 — Sé6.

Table S1. M, and D values for polymers 1xa-c and $10 as measured by GPC.

Polymer M (GPC) / kDa 1)
S10 47.0 1.12
lha 78.4 1.12
1pa 72.9 1.20
14b 72.4 1.14
1pb 74.2 1.13
1nc 72.7 1.14
1pc 71.6 1.15
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Figure S1. GPC traces showing polymers 1ua (left) and S10 Figure S2. GPC traces showing polymers 1pa (left) and S10
(right). (right).
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Figure S3. GPC traces showing polymers 1ub (left) and S10 Figure S4. GPC traces showing polymers 1pb (left) and S10
(right). (right).
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Figure S5. GPC traces showing polymers 1uc (left) and S10 Figure S6. GPC traces showing polymers 1pc (left) and S10
(right). (right).
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5 NMR Spectra
5.1 Spectraof S3
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Spectrum S1. *H NMR (400 MHz, CDCls, 298 K) of compound S3.
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Spectrum S2. 133C NMR (101 MHz, CDCls, 298 K) of compound S3.
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Spectrum S3.1%F NMR (376 MHz, CDCl;, 298 K) of compound S3.
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Spectrum S4. 2H NMR (61 MHz, CHCls, 298 K) of compound S3.
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5.2 Spectraof S4

-
—

g

f T
= 8
N =}
8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
ppm
Spectrum S5. *H NMR (400 MHz, CDCls, 298 K) of compound S4.
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Spectrum S6. 133C NMR (101 MHz, CDCls, 298 K) of compound S4.
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Spectrum S7. 1F NMR (376 MHz, CDCls, 298 K) of compound S4.
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Spectrum S8. 2H NMR (61 MHz, CHCls, 298 K) of compound S4.
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5.3 Spectra of S5
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Spectrum S9. *H NMR (500 MHz, CDCls, 298 K) of compound S5.
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Spectrum S10. 13C NMR (126 MHz, CDCls, 298 K) of compound S5.
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Spectrum S11. 19F NMR (376 MHz, CDCls, 298 K) of compound S5.
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Spectrum S12. 2H NMR (77 MHz, CHCl3, 298 K) of compound S5.

S16



5.4 Spectra of S6
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Spectrum S13. IH NMR (500 MHz, CDCls, 298 K) of compound S6.
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Spectrum S14. 13C NMR (126 MHz, CDCls, 298 K) of compound S6.
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Spectrum S15. 19F NMR (376 MHz, CDCls, 298 K) of compound S6.
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Spectrum S16. H NMR (400 MHz, CDCls, 298 K) of compound S7.
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Spectrum S17. 13C NMR (101 MHz, CDCls, 298 K) of compound S7.
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Spectrum S18. 19F NMR (376 MHz, CDCls, 298 K) of compound S7.
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Spectrum S19. 2H NMR (77 MHz, CHCl3, 298 K) of compound S7.
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Spectrum S20. IH NMR (500 MHz, CDCls, 298 K) of compound S8.
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Spectrum S21. 13C NMR (126 MHz, CDCls, 298 K) of compound S8.
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Spectrum S22. 19F NMR (376 MHz, CDCls, 298 K) of compound S8.
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Spectrum S23. 2H NMR (77 MHz, CHCl3, 298 K) of compound S8.
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Spectrum S24. IH NMR (500 MHz, CDCls, 298 K) of compound S9.
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Spectrum S25. 13C NMR (126 MHz, CDCls, 298 K) of compound S9.
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Spectrum S26. 19F NMR (376 MHz, CDCls, 298 K) of compound S9.
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Spectrum S27. 2H NMR (77 MHz, CHCl3, 298 K) of compound S9.
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Spectrum S28. H NMR (500 MHz, CDCls, 298 K) of polymer 1pb.
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Spectrum S29. 19F NMR (376 MHz, CDCls, 298 K) of polymer 1pb.
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Spectrum S30. H NMR (500 MHz, CDCls, 298 K) of polymer 1pc.
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Spectrum S31. 19F NMR (376 MHz, CDCls, 298 K) of polymer 1pc.
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6 Sonication Experiments

All experiments were carried out using the same sonication conditions (20 KHz, 15.6 W cm?,
1sON /1s OFF, 5-10 °C). Some experiments previously reported by us,! are marked with
the corresponding reference and reproduced here to give a complete picture of the
mechanophores’ reactivity.

6.1 Standard Sonication Procedure

The desired polymer (45 mg) was dissolved in the specified solvent mixture (approx. 15 mL)
and added to a modified Suslick cell. Nitrogen was gently bubbled through the solution as it
was sonicated. After 180 min of sonication time, the mixture was undisturbed for 24 h to
allow metal impurities to settle to the bottom of the cell. The solution was then carefully
decanted to remove such impurities and condensed to give the crude polymer. After drying
under high vacuum for an extended period of time (approximately 24 h), the polymer was
washed with acetonitrile (5 mL) before drying again. The ratio of protonated and deuterated
fluoroaryl species was determined by °F NMR.

6.2 Sonication Experiments Overview

Both the protonated and deuterated analogues of polymers 1,a, 1.b, and 1xc were subjected
to a series of sonication experiments with varying sources of deuterium present in order to
determine the extent of the three potential pathways of cleavage: heterolytic, concerted, and
homolytic.

In the case of the protonated analogues, sonication in THF along with added D,0O reveals the
extent of heterolytic cleavage while sonication in THF-ds, with benzene making up the
remaining solvent, with added H,O reveals the extent of homolytic cleavage; the extent of
concerted cleavage can then be deduced from the difference between the two.

For the deuterated analogues, sonication in THF with added H,O reveals the extent of
concerted cleavage while sonication in THF with added D,0 reveals the extent of homolytic
cleavage; the extent of heterolytic cleavage can be deduced from the difference between the
two. A summary of the results observed can be seen in Table S2 below.

Table S2. Summary of observed pathways of mechanical cleavage for mechanophore-containing polymers 1xa, 1xb, and 1xc
deduced through various sonication experiments. n.o. = not observed. Error: +1 %

Polymer % Heterolytic % Concerted % Homolytic
1na 68 27 5
1pa 70 24 6
14b 45 55 n.o.
1pb 71 26 3
1nc 25 75 n.o.
1pc 58 39 3
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6.2.1 Sonication Experiments of Polymers 14a and 1pa’
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Scheme S3. The mechanical activation of polymer 1xa via sonication leads to the formation of a tetrafluorobenzene structure
that can be either protonated or deuterated with the ratio of these species depending on the conditions used.

Table S3. Summary of sonication experiments carried out using 1ya and 1pa in various solvent systems along with the
resulting ratio of protonated and deuterated tetrafluorobenzene species (5ya, where the position of Y is shown above in

Scheme S3) formed. Error: +1 %

Entry Polymer Solvent Composition

5na : 5pa

1 14a THF/H,0 (15 : 0.2)

100:0

14a THF/D,0 (15:0.2)

32:68

W IN

1lha THF-ds/benzene/H,0 (1: 14 :0.2) 95:5

1pa THF/H,0 (15:0.2)

I

76:24

1pa THF/D,0 (15:0.2)

(6]

6:94

For polymer 1nxa, sonication in THF and D0 (Table S3, Entry
2) revealed the extent of heterolytic cleavage to be 68%
while sonication in THF-ds, benzene, and H.O (Table S3, Entry
3) showed just 5% of cleavage to be homolytic; this leaves
the concerted pathway to make up the remaining ~27%. An
additional experiment was carried out where 1lha was
sonicated in THF and H,O (Table S3, Entry 1) to demonstrate
sole formation of the protonated tetrafluorobenzene.

For polymer 1pa, sonication in THF and H,O (Table S3, Entry
4) revealed the extent of concerted cleavage to be 24% while
sonication in THF and D0 (Table S3, Entry 5) showed 6% of
cleavage to be homolytic leaving the heterolytic pathway to
make up the remaining ~70%. As the deuteration of polymer
1pais not 100% (approximately 98% D in the precursor small
molecule mechanophore) the small amount of 1xa present
must be taken into account. For the experiment shown in
Table 53, Entry 4, 100% of 1ua cleavage events will have led
to 5ua meaning the percentage of 5va that was actually
protonated was 75.5%. Similar treatment for the
experiment of Table S3, Entry 5 reveals the true extent of
5na formed was 5.5%. The difference this analysis makes to
the results here is essentially negligible.
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Figure S1. IH NMR (376 MHz, CeDs, 298
K) spectra showing the ratio of 54a to 5pa

present in the post-sonication polymers
reported in Table S3.



These results show how polymer 1xa demonstrates similar extents of each cleavage
mechanism regardless of whether it is protonated or deuterated adjacent to the scissile bond.

It is worth mentioning that in some of the °F NMR spectra of post-sonication samples
involving polymer 1ha there are unidentified peaks present at -153.7 and -170.2 ppm. A
repeat of one of these experiments using a different sample demonstrates no such presence
of this species (Figure S8) while retaining the ratio of protonated and deuterated 5va species.
A similar result can be observed when the same sample of 1ua is sonicated with methanol-ds4
instead of D,O (Figure S9). This shows that the unidentified peaks are the result of a species
that is not involved in the mechanochemical activation of mechanophore 1xa and is likely a
simple impurity present in the particular sample discussed here.

A, n A AN,

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-120 -122 -124 -126 -128 -130 -132 -134 -136 -138 -140 -142 -144 -146 -148 -150 -152 -154 -156 -158 -160 -162 -164 -166 -168 -170 -172 -174 -176 -178 -180
ppm
Figure S8. 19F NMR spectra showing (top) the sample of 14a used elsewhere throughout this work and (bottom) an alternative

sample of 1xa, both after 180 min of sonication in THF (15 mL) with added D,0 (0.2 mL). The top spectrum shows 68% of the
resulting tetrafluorobenzene species are deuterated while the bottom spectrum shows 69%.

A Il ) JA

-120 -122 -124 -126 -128 -130 -132 -134 -136 -138 -140 -142 -144 -146 -148 -150 -152 -154 -156 -158 -160 -162 -164 -166 -168 -170 -172 -174 -176 -178 -180
ppm
Figure S9. 1°F NMR spectra showing (top) the sample of 14a used elsewhere throughout this work and (bottom) an

alternative sample of 1xa, both after 180 min of sonication in THF (15 mL) with added methanol-d, (0.2 mL). The top
spectrum shows 72% of the resulting tetrafluorobenzene species are deuterated while the bottom spectrum shows 70%.
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6.2.2 Sonication Experiments of Polymers 14b and 1pb
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Scheme S4. The mechanical activation of polymer 1xb via sonication leads to the formation of a difluorobenzene structure
that can be either protonated or deuterated with the ratio of these species depending on the conditions used.

Table S4. Summary of sonication experiments carried out using 14b and 1pb in various solvent systems along with the
resulting ratio of protonated and deuterated difluorobenzene species (5vb, where the position of Y is shown above in Scheme
54) formed. Error: 1 %.

Entry Polymer Solvent Composition 5ub : 5pb
1! 1ub THF/H,0 (15:0.2) 100:0
2! 14b THF/D,0 (15 : 0.2) 55 : 45
3! 1ub THF-ds/benzene/H,0 (1:14:0.2) 100:0
4 1ob THF/H,0 (15:0.2) 74 : 26
5 1pb THF/D,0 (15:0.2) 4:96

For polymer 1ub, sonication in THF and D,0 (Table S4, Entry

2) revealed the extent of heterolytic cleavage to be 45% ‘ 5.b
while sonication in THF-ds, benzene, and H,O (Table S4, il H
Entry 3) showed no observable amount of cleavage to be

homolytic in nature; this leaves the concerted pathway to [ |

make up the remaining ~55%. An additional experiment was | I Entry 2
carried out where 14b was sonicated in THF and H,O (Table —
S4, Entry 1) to demonstrate sole formation of the
protonated difluorobenzene. i Entry 3
For polymer 1pb, sonication in THF and H,0 (Table S4, Entry

4) revealed the extent of concerted cleavage to be just 26%, |

a substantial decrease from what is expected based on the I Entry 4
protonated analogue. Sonication in THF and D0 (Table 54, g '
Entry 5) showed 4% of 5ub. Again, we must take into
account the incomplete deuteration of polymer 1pb (98% D |
in S5). The extent of protonation for the experiment shown l
in Table S4, Entry 4, was actually 73.5% while for Table S4, ™ 55 wmo | ez | s
Entry 5 it was 3.0%. This analysis slightly changes the value "

for the homolytic pathway and leaves the heterolytic Figure S2.19F NMR (376 MHz, CsDs, 298

pathway to make up the remaining ~71% of cleavage K)spectrashowingthe ratio of Sub to Sob
present in the post-sonication polymers

events. reported in Table $4.
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6.2.3 Sonication Experiments of Polymers 1,c and 1pc
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Scheme S5. The mechanical activation of polymer 1xc via sonication leads to the formation of a fluorobenzene structure that
can be either protonated or deuterated with the ratio of these species depending on the conditions used.

Table S5. Summary of sonication experiments carried out using 1xc and 1pc in various solvent systems along with the
resulting ratio of protonated and deuterated fluorobenzene species (5vc, where the position of Y is shown above in Scheme

S5) formed. Error: 1 %.

Entry Polymer Solvent Composition 5hc : 5pc

1t 1uc THF/H,0 (15:0.2) 100:0

21 1uc THF/D,0 (15:0.2) 75:25

3! 1uc THF-ds/benzene/H,0 (1:14:0.2) 100:0

4 1pc THF/H,0 (15:0.2) 62 :38

5 1pc THF/D,0 (15:0.2) 4:96
For polymer 1uc, sonication in THF and DO (Table S5, Entry 2)
revealed the extent of heterolytic cleavage to be 25% while 1
sonication in THF-ds, benzene, and H.O (Table S5, Entry 3) 3He
showed no observable amount of cleavage to be homolytic in
nature; this leaves the concerted pathway to make up the |
remaining ~55%. An additional experiment was carried out Entry 2

where 14c was sonicated in THF and H,O (Table S5, Entry 1) to
demonstrate  sole  formation of the protonated
fluorobenzene.

For polymer 1pc, sonication in THF and H,O (Table S5, Entry 4)
revealed the extent of concerted cleavage to be just 38%, a
substantial decrease from what is expected based on the
protonated analogue. Sonication in THF and D,O (Table S5,
Entry 5) showed 4% of 54c. Again, we must take into account
the incomplete deuteration of polymer 1pc (98% D in S8). The
extent of protonation for the experiment shown in Table S5,
Entry 4, was actually 61.2% while for Table S5, Entry 5 it was
2.6%. This analysis slightly changes the values for the
concerted and homolytic pathways and leaves the heterolytic
pathway to make up the remaining ~59% of cleavage events.
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Figure S3. 1°F NMR (376 MHz, C¢Ds, 298
K) spectra showing the ratio of 54c to 5pc
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6.3 Post-Sonication NMR Spectra
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Spectrum S32.1H NMR (500 MHz, CDCls, 298 K) of 14a after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL).
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Spectrum S33. 19F NMR (376 MHz, CsDe, 298 K) of 14a after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL).
Approximately 68% of the tetrafluorobenzene species formed is deuterated.
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Spectrum S34. 1H NMR (500 MHz, CDCls, 298 K) of 1ua after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL).
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Spectrum S35. 19F NMR (376 MHz, CsDs, 298 K) of 1xa after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL). 0% of
the tetrafluorobenzene species formed is deuterated.
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Spectrum S36. H NMR (500 MHz, CDCls, 298 K) of 1ua after 180 min of sonication in THF-dg (1 mL), benzene (14 mL) and
H,0 (0.2 mL).
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Spectrum S37. 19F NMR (376 MHz, CsDs, 298 K) of 14a after 180 min of sonication in THF-dg (1 mL), benzene (14 mL) and
H,0 (0.2 mL). Approximately 5% of the tetrafluorobenzene species formed is deuterated.
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Spectrum S38. 1H NMR (500 MHz, CDCls, 298 K) of 1pa after 180 min of sonication in THF (15 mL) and H,O (0.2 mL).
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Spectrum S39. 19F NMR (376 MHz, CsD¢, 298 K) of 1pa after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL).
Approximately 24% of the tetrafluorobenzene species formed is deuterated.

S35



8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5
ppm

| Bs L

T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm

Spectrum S40. 1H NMR (500 MHz, CDCls, 298 K) of 1pa after 180 min of sonication in THF (15 mL) and D,0O (0.2 mL).
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Spectrum S41. 19F NMR (376 MHz, CsDe, 298 K) of 1pa after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL).
Approximately 94% of the tetrafluorobenzene species formed is deuterated.
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Spectrum S42. 1H NMR (500 MHz, CDCls, 298 K) of 1yb after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL).
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Spectrum S43. 19F NMR (376 MHz, CsDs, 298 K) of 14b after 180 min of sonication in THF (15 mL) and D0 (0.2 mL).
Approximately 45% of the difluorobenzene species formed is deuterated.
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Spectrum S44.1H NMR (500 MHz, CDCls, 298 K) of 14b after 180 min of sonication in THF (15 mL) and H,O (0.2 mL).
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Spectrum S45. 19F NMR (376 MHz, CsDs, 298 K) of 14b after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL). 0% of

the difluorobenzene species formed is deuterated.
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Spectrum S46. H NMR (500 MHz, CDCls, 298 K) of 14b after 180 min of sonication in THF-dg (1 mL), benzene (14 mL) and
H,0 (0.2 mL).
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Spectrum S47. 19F NMR (376 MHz, CsD¢, 298 K) of 14b after 180 min of sonication in THF-dg (1 mL), benzene (14 mL) and

H,0 (0.2 mL). There is no observable deuteration of the difluorobenzene species formed.
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Spectrum S48. 1H NMR (500 MHz, CDCls, 298 K) of 1pb after 180 min of sonication in THF (15 mL) and H,O (0.2 mL).
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Spectrum S49. 19F NMR (376 MHz, CsDs, 298 K) of 1pb after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL).

Approximately 26% of the difluorobenzene species formed is deuterated.
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Spectrum S50. H NMR (500 MHz, CDCls, 298 K) of 1pb after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL).
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Spectrum S51. 19F NMR (376 MHz, CsDs, 298 K) of 1pb after 180 min of sonication in THF (15 mL) and D0 (0.2 mL).
Approximately 96% of the difluorobenzene species formed is deuterated.
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Spectrum S52. H NMR (500 MHz, CDCls, 298 K) of 1,c after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL)
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Spectrum S53. 19F NMR (376 MHz, CsDs, 298 K) of 1yc after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL).
Approximately 25% of the fluorobenzene species formed is deuterated.
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Spectrum S54. H NMR (500 MHz, CDCls, 298 K) of 14c after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL).
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Spectrum S55. 19F NMR (376 MHz, CsDs, 298 K) of 14c after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL). 0% of

the fluorobenzene species formed is deuterated.

S43



| "

Ay W

T T T T T T T T T T T T T T T T T T T T
84 82 80 78 76 74 7.2 7.0 6.8 6.6 6.4 6.2 6.0 58 56 54 52 50 48 4.6 44
ppm

1. _

T T T T T T T T T T T T T T T T T T

T
9.0 8.5 8.0 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 1.0 0.5 0.0
ppm

Spectrum S56. H NMR (500 MHz, CDCls, 298 K) of 14c after 180 min of sonication in THF-dg (1 mL), benzene (14 mL) and
H,0 (0.2 mL).
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Spectrum 57. 1%F NMR (376 MHz, C¢De, 298 K) of 1yc after 180 min of sonication in THF-dg (1 mL), benzene (14 mL) and H,0

(0.2 mL). There is no observable deuteration of the fluorobenzene species formed.
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Spectrum S58. H NMR (500 MHz, CDCls, 298 K) of 1pc after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL)
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Spectrum S59. 1°F NMR (376 MHz, CsDs, 298 K) of 1pc after 180 min of sonication in THF (15 mL) and H,0 (0.2 mL)
Approximately 38% of the fluorobenzene species formed is deuterated
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Spectrum S60. H NMR (500 MHz, CDCls, 298 K) of 1pc after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL).
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Spectrum S61. 19F NMR (376 MHz, CsDs, 298 K) of 1pc after 180 min of sonication in THF (15 mL) and D,0 (0.2 mL).

Approximately 96% of the fluorobenzene species formed is deuterated.
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7 Calculations
7.1 CoGEF

CoGEF calculations were performed on Spartan ’14 following Beyer’s method.3 The structure
of the mechanophore was built in Spartan “14 and minimized using molecular mechanics
(MMFF). The distance between the terminal methylene groups was constrained and
increased by increments of 0.2 A. At each step, the energy was minimized by molecular
mechanics (MMFF) then DFT (B3LYP/6-31G*/SM8=THF). The relative energy of each
intermediate was determined by setting the energy of the initial state at 0 kJ/mol. Fmax values
were determined from the slope of the final 40% of the energy/elongation curve (i.e. from
0.6 Emax t0 Emax).
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Figure S12. Evolution of energy of model mechanophores 1ua-¢’ upon simulated elongation (CoGEF, DFT B3LYP/6-
31G*/SMB8=THF). Fmax values determined from the slope of the final 40% of the energy/elongation curve.

7.2 Force-modified potential energy surfaces

PES calculations were performed on Spartan '14. The structure of the model mechanophore
R was built in Spartan “14 and minimized using molecular mechanics (MMFF). The distance
between the terminal methyl groups was constrained at 13.839A to mimic the Enax structures
found in the CoGEF calculations, and C!-C? and C!-H bond lengths were increased by
increments of 0.1 A from 1.805A to 3.405A, and 0.99A to 2.09A respectively. At each step, the
energy was minimized by molecular mechanics (MMFF) then DFT (B3LYP/6-31G*/SM8=THF).
The relative energy of each intermediate was determined by setting the energy of the force-
free state at 0 kJ/mol.
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Figure S13. Structure of model mechanophore R used in the PES calculations (a) and structures of TS (b), Phetero (C), Pconc (d)
for R where ng = 2 (R1=F, R2=H) as noted in Figure 2c given as examples.
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Table S6. Energy values (kJ/mol) calculated for PES of R where nr = 4 (R1=R2=F)

$C-cy/C-H > ()

0.99 1.09 119 1.29

1.805225.985871 206.06041 218.643916 247.765458
1.905231.175438 212.180195 225.734607 256.037362
2.005233.941407 216.110568 230.906583 262.385039
2.105233.959256 216.553753 232.425701 265.131842
2.205228.272945 212.751504 229.976634 264.114457
2.305219.122284 204.692263 223.240906 258.626895
2.405207.194891 193.977063 206.024705 199.611654 198.442257
2.505 193.06943 180.790481 162.314299 153.71342 147.894779
2.605177.927635 142.473907 132.464707 125.298136 116.160342 109.695565 111.183438 114.97309 117.468366 118.888498 119.520721 120.267149
2.705 144.3879 120.657563 113.118434 109.568229 101.754735 89.9032212 81.9274739
2.805133.706306 105.905654 101.389531 101.656805 98.0937392 86.8350614 71.796713 62.0214435 64.0653967 68.8107263 72.5617834 76.0663018
2.905125.386878 96.6247674 94.1940782 99.2016984 100.596366 93.3914644 78.0018206 59.4261344 48.0955192 50.4411402 55.0741037 59.127616
3.005119.154463 91.8203619 91.9500646 101.007255 107.077418 104.98752 93.0010509 73.1614464 51.7208104 38.8915583 41.2605505 45.9281671
3.105 116.42368 90.0436875 92.2866546 104.601043 115.795921 119.229812 112.037777 95.0641694 71.3422355 48.0650619 33.6518457 35.4335083
3.205115.811938 90.1384679 94.8496676 109.968096 123.764318 134.147129 132.686035 120.533113 98.8637977 71.1232688 44.8007736 29.8860881
3.305116.319447 92.4221279 97.1966042 115.318082 134.80954 148.823423 151.243872 145.919091 128.24185 103.006315 73.0679766 43.3087045
3.405119.826068 94.1940782 100.43805 122.04199 145.471181 163.959701 173.427786 171.773459 159.198355 136.860848 107.297959 74.817353

Table S7. Energy values (kJ/mol) calculated for PES of R where nr = 2 (R!=F, R2=H)
$C-cY/C-H > (A)

1.805
1.905
2.005
2.105
2.205
2.305
2.405
2.505
2.605
2.705
2.805
2.905
3.005
3.105
3.205
3.305
3.405

0.99 1.09 1.19 1.29
241.3805 221.537482 234.194762 263.465436
248.537618 229.566267 243.093377 273.333647
253.728498 235.743023 250.274912 281.541751
255.195891 238.064491 253.654198 286.161584
251.932129 236.429329 253.319447 287.152189
245.352884 230.523787 248.584353 283.618524

139

1.39

235.876136 222.18992 232.665673 222.643082 218.753138
223.786225 211.012108 188.987562 176.654268 167.317455
209.894957 172.263639 159.52208 148.744654 135.714026 125.471422 125.951362 129.177317

175.17217 150.453333 140.342261 133.466863 121.838253 106.21389 94.6874111 96.1495553 100.676182 104.229798 107.15 109.949716

164.18103 136.495377 129.012173 126.531598 119.107201 104.13344 85.4157139 72.5851503 74.6558831 79.6543127
156.688112 127.783437 123.313782  125.4365 123.261274 112.189008 92.9396145 71.0539582 56.9263938 59.5518953
152.437162 123.83442 122.072971 128.425895 131.652112 125.888875 109.819491 86.4294199 62.0046408 46.6331158

150.51687 125.01222 124.878058 134.730253 142.925231 142.910531 132.044627 111.304999 84.3657781 56.2920722
152.335555 124.041047 127.107107 140.37062 151.793913 158.92425 153.798484 137.736975 112.837242 82.6896554
152.303524 126.753978 130.607165 146.848258 164.007222 174.80591 173.671958 165.055587 143.854134 114.930555
155.450713 128.695272 134.462974 153.36948 174.440443 190.279571 196.43532 191.723333 175.675478 149.843166 117.38 82.2672121

1.49

1.49

1.59

1.59

1.69

1.69

Table S8. Energy values (kJ/mol) calculated for PES of R where nr = 1 (R1=R2=H)

$C-cY/C-H > (A)

1.805
1.905
2.005
2.105
2.205
2.305
2.405
2.505
2.605
2.705
2.805
2.905
3.005
3.105
3.205
3.305
3.405

7.3 Zoom on the force-modified potential energy surface of R (nr=1)

Calculations were performed on Spartan ’18. The structure of the model mechanophore R
was built in Spartan '18 and minimized using molecular mechanics (MMFF). The distance
between the terminal methyl groups was constrained at 13.839A to mimic the Enax structures
found in the CoGEF calculations. An energy profile was built (MMFF) by increasing C*-C? bond
length by increments of 0.025 A from 2.205 A to 2.705 A, and the C!-H by increments of 0.01
A from 1.04 A to 1.14 A. The equilibrium geometry of each structure was then recalculated by
DFT (B3LYP/6-31G*). The relative energy of each intermediate was determined by setting the
energy of the force-free state at 0 kJ/mol.

0.99 1.09 1.19 1.29
248.593277 226.114256 235.294848 260.863823
256.799546 234.682056 244.653712 270.69974
263.512954 242.208582 253.045078 279.702061
266.283909 247.040293 258.828271 286.909589
266.574814 248.50086 261.598701 290.98253
263.645542 245.981953 260.444793 290.866745

1.39

257.575382 241.508098 258.07344 243.636067 236.251844
248.767611 234.24701 215.521406 198.739723 185.055083

237.37267 201.621737 185.93095 171.337098 154.06996 140.154013 138.795576 140.650233 141.200537 140.877337 141.174022 142.03676
201.261781 179.167918 166.544507 156.453128 141.237295 121.575699 107.061137 106.919098 109.958379 111.92593 113.432705 115.157397
190.735883 164.000131 154.653347 149.493185 138.842312 120.209651 98.1184156 82.8779025 83.5841625 87.1842504 89.8349573 92.1299095
184.043739 154.531786 148.113747 147.732524 142.634324 128.395178 105.998859 81.4798247 65.1870086 66.9804889 70.5503838 73.4704669
179.161619 148.983838 145.447812 149.685372 150.353825 141.631383 122.832002 96.5601803 69.9171127 53.0469503 54.7243838 58.4709764

175.37512 146.167987 144.993863 153.474234 159.857354 157.361289 143.715506 120.08599 90.5023599 61.8891157 44.5521394 46.7402304
173.381576 145.414992 147.096627 159.148468 176.452101 173.370812 165.730076 146.798108 119.159975 86.9650213 57.0826095 39.0026152
173.102486 146.358074 149.994656 165.251973 180.865044 189.630807 193.716088 174.659671 150.827728 119.729709 84.8756469 53.6434639
177.744109 148.120311 153.539084 171.697842 191.383592 205.126257 208.972092 201.618849 183.035022 154.99755 120.454085 84.3983291

1.49

S48

1.59

1.69

179

1.79

1.79

1.89

1.89

1.89

1.99 2.09

1.99 2.09

131.7209 133.23713 134.59 136.268271

83.66 87.4352499
64.46 68.9417402
49.05 53.8892146
40.33 42.131428
54.04 37.103592
81.83 51.9975388

1.99

83.79709 88.3292334 91.6735968 94.1213534 96.4428208

2.09



Table S9. Energy values (kJ/mol) calculated for zoom of PES of R where ng = 1 (R1=R2=H)

JCL-c2/C-H - (A)
2.205
2.230
2.255
2.280
2.305
2.330
2.355
2.380
2.405
2.430
2.455
2.480
2.505
2.530
2.555
2.580
2.605
2.630
2.655
2.680
2.705

1.04
263.60
264.19

263.2
263.25
263.52
265.79
265.67
265.63
265.45
263.38
263.09
262.75
262.35
261.82
261.37
258.86
253.47
248.32
244.04
239.86
236.33

1.05
261.94
262.6
261.62
261.65
261.95
264.27
264.19
264.16
264.01
261.99
261.73
261.42
261.1
260.68
261.59
255.43
249.99
244.89
240.43
236.5
233.07

1.06
260.70
261.37
260.44
260.48

260.8
263.19
263.13
263.11
262.99
261.03

260.8
260.52

260.2
259.73
258.23
252.14
246.66
241.64
237.22
233.33
229.94

1.07
259.83
260.54
259.61
259.68
260.02
262.44
262.41
262.45
262.36
260.39

260.2
259.94
259.69
259.27
255.03
249.03

243.5
238.58
234.21
230.36
226.98

1.08
259.33
260.07
259.15
259.24
259.62
262.06
262.06
262.14
262.08
260.13
259.97
259.75
259.53

258.7
251.99
246.37
240.51
235.66
231.34
227.72
224.44

1.09
259.21
259.94
260.53
259.28
259.56
262.03
262.06
262.16
262.13
260.22
260.09

259.9

259.7
255.75
249.11
243.08
237.72
232.88
228.64
225.08
221.85

1.10
259.38
260.12

259
259.37
259.79
262.32
262.38
262.51
262.52
260.62
260.53
260.37
260.18
252.92
246.29
240.36

235
230.26
226.08
222.57
219.42

111
259.79
260.61

259.5

259.9
260.35
262.92
263.02
263.17
263.21
261.34
261.28
261.16

257.4
250.19
243.61
237.77
232.43
227.72
223.64
219.94
216.84

1.12
260.54
261.37
260.24
260.71
261.19
263.82
263.95
264.13

264.2
262.35
262.28
262.23
254.71
247.52
241.02
235.22
229.98
225.34
221.26
217.94
214.94

1.13
261.54
262.41
261.27
261.78
262.29
264.92
265.09

265.3

265.4
263.55
263.57
259.88
252.01
244.87
238.45
232.76
227.53
222.98
218.98
215.77
212.83

1.14
262.75
263.65
262.51
263.06

263.6
266.27
266.47
266.72
266.85
265.01
265.07
257.23

249.4
242.33
235.97
230.28
225.17
220.71

216.8
213.59
210.53

Table S10. C2-C1-H bond angle measured from the structures calculated for zoom of PES of R where ng = 1 (R1=R2=H)
1.13
82.6
81.7
80.9
79.7
78.9
78.2
77.1
76.2
75.2
74.3
73.2

JCL-c2/C-H - (A)
2.205
2.230
2.255
2.280
2.305
2.330
2.355
2.380
2.405
2.430
2.455
2.480
2.505
2.530
2.555
2.580
2.605
2.630
2.655
2.680
2.705

Force free

1.04
82.4
81.4
80.1
79.4
78.5
77.7
76.7
75.8
74.8
73.5
72.4
71.3
69.9
68.0
66.7
14.4
133
13.7
12.8
13.6
13.7

1.05
82.4
81.5
80.3
79.4
78.5
77.8
76.8
75.8
74.8
73.7
72.6
71.6
70.4
68.2
66.8
12.9
11.9
12.6
12.4
12.4
115

1.06
82.5
81.5
80.4
79.5
78.6
78.0
76.9
75.9
74.9
73.9
72.8
71.8
70.5
68.5
11.6
11.8
11.3
11.6
11.6
11.4
11.3

1.07
82.4
81.5
80.5
79.5
78.6
78.0
76.9
76.0
75.0
73.9
72.8
71.8
70.7
68.8
111
10.9
10.9
10.7
10.6
10.6
10.5

1.08
82.4
81.5
80.5
79.4
78.6
78.0
76.9
76.1
75.1
74.0
72.9
71.9
70.7
10.2
10.3
10.9
10.0
10.0
10.0

9.9

9.8

549

1.09
82.5
81.5
80.6
79.5
78.8
78.0
76.9
76.1
75.1
74.0
72.9
71.9
70.7
9.9
9.4
9.6
9.1
9.4
9.4
9.2
9.2

104.7

1.10
82.6
81.7
80.7
79.7
78.8
78.0
76.9
76.0
75.0
74.0
72.9
71.9
9.3
9.3
9.0
9.3
8.7
8.8
8.8
8.6
8.6

111
82.6
81.7
80.7
79.7
78.8
78.0
77.0
76.1
75.1
74.0
73.0
71.9
8.9
8.8
8.6
8.8
8.4
8.3
8.4
8.3
8.4

1
8
8
8|
7
7
7
7
7
7
7
7
7

12
2.6
1.7
0.8
9.7
8.8
8.0
7.0
6.1
5.1
4.0
31
2.0
8.5
8.2
8.2
8.2
8.1
7.8
7.8
7.6
7.5

7.9
7.8
7.6
7.6
7.7
7.4
7.4
7.3
7.1
7.1

1.14
82.7
81.8
81.4
79.9
79.0
78.4
77.3
76.4
75.5
74.6
73.5
7.5
7.4
7.3
7.2
7.2
7.0
7.0
6.8
6.6
6.8



7.4 Vibration of the C-X bond along the heterolytic pathway

Calculations were performed on Spartan ’18. The structure of the model mechanophore R
was built in Spartan '18 and minimized using molecular mechanics (MMFF). The distance
between the terminal methyl groups was constrained at 13.839A to mimic the Enax structures
found in the CoGEF calculations. An energy profile was built (MMFF) by increasing C*-C? bond
length by increments of 0.1 A from 2.205 A to 3.205 A, at a fixed C'-H bond length of 1.090 A.
The equilibrium geometry and the IR spectrum of each structure was then recalculated by
DFT (B3LYP/6-31G*/SM8=THF). The relative energy of each intermediate was determined by
setting the energy of the force-free state at 0 kJ/mol.

Table $10. C-H bond vibration calculated for R where nr = 1 (R1=R2=H) along the heterolytic pathway (C'-H = 1.090 A)

ct-c2(A) Rel. energy (kJ/mol) Ve (em?) Ve (THz) Ve (fs)
2.205 259.136244 2947 88.3488374 11.32
2.305 259.522457 2967 88.9484223 11.24
2.405 260.231606 2979 89.3081732 11.20
2.505 259.791834 2997 89.8477997 11.13
2.605 237.75127 2582 77.4064127 12.92
2.705 221.529607 2612 78.30579 12.77
2.805 212.632043 2645 79.2951051 12.61
2.905 209.90152 2622 78.6055825 12.72
3.005 209.085775 2664 79.8647108 12.52
3.105 210.951724 2716 81.4236316 12.28
3.205 214.63189 2768 82.9825524 12.05
Force free 0 2854 85.5607675 11.68

Table $11. C-D bond vibration calculated for R where nr = 1 (R1=R2=H) along the heterolytic pathway (C'-D = 1.090 A)

ct-c2(A) Rel. energy (kJ/mol) Vero(em?) Vero (THz) Ve (fs)
2.205 259.23 2181 65.3847351 15.29
2.305 259.44 2191 65.6845275 15.22
2.405 260.19 2203 66.0442785 15.14
2.505 259.8 2219 66.5239464 15.03
2.605 237.74 1964 58.8792388 16.98
2.705 221.53 1988 59.5987407 16.78
2.805 213.09 2005 60.1083878 16.64
2.905 210.02 2013 60.3482218 16.57
3.005 209.13 2044 61.2775784 16.32
3.105 211.22 2074 62.1769558 16.08
3.205 215.01 2098 62.8964577 15.90
Force free 0 2099 62.9264369 15.8915719

Table $12. C-H bond vibration calculated for R where nr = 2 (R1=F, R2=H) along the heterolytic pathway (C'-H = 1.090 A)

ct-c2(A) Rel. energy (kJ/mol) Ve (em?) Ve (THz) Ve (fs)
2.205 244.511935 2995 89.7878412 11.14
2.305 241.332715 3009 90.2075506 11.08
2.405 237.197812 3021 90.5673016 11.04
2.505 231.537492 3037 91.0469695 10.98
2.605 198.416789 2577 77.2565164 12.94
2.705 180.579917 2602 78.0059976 12.82
2.805 170.635303 2634 78.9653334 12.66
2.905 166.130727 2689 80.614192 12.40
3.005 166.126526 2735 81.9932373 12.20
3.105 169.260325 2779 83.3123241 12.00
3.205 174.060006 2822 84.6014316 11.82
Force free 0 2809 84.2144268 11.92
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Table $13. C-D bond vibration calculated for R where nr = 2 (R'=F, R=H) along the heterolytic pathway (C1-D = 1.090 A)

ct-c2(A) Rel. energy (kJ/mol) Vero(em?) Vero (THz) vero (fs)
2.205 244.511935 2215 66.4040294 15.06
2.305 241.332715 2226 66.7338012 14.98
2.405 237.197812 2238 67.0935521 14.90
2.505 231.537492 2252 67.5132615 14.81
2.605 198.416789 1977 59.2689689 16.87
2.705 180.579917 1998 59.8985331 16.69
2.805 170.635303 2022 60.618035 16.50
2.905 166.130727 2056 61.6373294 16.22
3.005 166.126526 2084 62.4767482 16.00
3.105 169.260325 2111 63.2861879 15.80
3.205 174.060006 2136 64.035669 15.62
Force free 0 2119 63.5423742 15.77

Table $14. C-H bond vibration calculated for R where nr = 4 (R1=R2=F) along the heterolytic pathway (C-H = 1.090 A)

ctc2(A) Rel. energy (kJ/mol) Ve (em?) Ve (THz) Ve (fs)
2.205 222.407048 2998 89.8777789 11.13
2.305 217.592926 3005 90.0876336 11.10
2.405 210.869018 3021 90.5673016 11.04
2.505 203.183387 3042 91.1968657 10.96
2.605 169.128529 2578 77.2864957 12.94
2.705 151.074001 2604 78.0659561 12.81
2.805 139.97942 2655 79.5948976 12.56
2.905 134.544102 2709 81.2137769 12.31
3.005 132.723316 2757 82.6527807 12.10
3.105 135.432835 2798 83.8819297 11.92
3.205 138.987504 2839 85.1110788 11.75
Force free 0 2941 88.1689619 11.34

Table $15. C-D bond vibration calculated for R where nr = 2 (R'=F, R=H) along the heterolytic pathway (C1-D = 1.090 A)

ct-c2 (A) Rel. energy (kJ/mol) Vero(em?) Vero (THz) Ve (fs)
2.205 222.407048 2216 66.4340087 15.05
2.305 217.592926 2225 66.7038219 14.99
2.405 210.869018 2239 67.1235313 14.90
2.505 203.183387 2257 67.6631578 14.78
2.605 169.128529 1981 59.3888859 16.84
2.705 151.074001 2003 60.0484293 16.65
2.805 139.97942 2036 61.0377444 16.38
2.905 134.544102 2069 62.0270596 16.12
3.005 132.723316 2098 62.8964577 15.90
3.105 135.432835 2121 63.5859803 15.73
3.205 138.987504 2147 64.3654407 15.54
Force free 0 2163 64.8451087 15.42

7.5 Amplitude of the C-X bond stretching along the heterolytic pathway for R (nf= 1)
The amplitude was calculated by treating the C-X bond

Table S1. Parameters for the determination of

as a harmonic oscillator with the following equation: X =  the ¢-X bond vibration amplitude for R (ns = 1)
v k/2E, where x is the amplitude, k the force constant X=H X=D

of the oscillator (C-X bond), and E the thermal energy
(3.866x10%! J at 280 K). The force constant can be
calculated with the following equation: ky = | vy | 8.91x10" Hz 6.59x10"3 Hz
my. (21m.vyx)? where my is the mass of X (my =
1.6726x10%" kg, mp = 3.3435x10%’ kg), and vy the C-X
vibration frequency. We used the average over the pre- | x, | 0.0384 A 0.0367 A
VRI range (i.e. from 2.205 A to 2.505 A) for vy (vy =
8.91x10% Hz, vp = 6.59x10® Hz). Results are presented in Table S16.

my | 1.6726x10%7 kg | 3.3435x10%" kg

ky | 524 N/m 573 N/m
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