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Supplementary data

Homolytic dissociation of 1-substituted cyclohexa-2,5-diene-1-carboxylic acids:  an EPR spectroscopic study of chain propagation
Leon V. Jackson and John C. Walton* 
AM1 and PM3 computed geometries and heats of formation (Hf) for substituted cyclohexadienyl radicals and their dissociation products.

Species        R
Hf
/kcal mol-1
PHf
/kcal mol-1
R-ring

/Å(a)
(C6C1C2

/deg(a)
( RC1C(O)

/deg (a)

2a               Me
-71.7
-57.5
1.535
113.0
106.9

2b               Et
-63.8
-61.1
1.544
112.9
107.9

2c              n-Pr
-70.6
-66.4
1.543
112.9
107.5

2e              i-Bu
-73.1
-71.5
1.546
112.4
109.6

2f              i-Pr
-66.5
-64.7
1.556
112.4
109.1

2g          c-C5H9
-72.3
-65.0
1.547
112.7
109.8

2h              t-Bu
-67.3
-66.9
1.556
112.3
108.7

2i               allyl
-39.1
-35.7
1.545
112.9
107.8

2j       CH2CCH
-1.2
-1.5
1.548
113.1
108.5

2k         CH2CN
-24.6
-17.5
1.545
113.1
108.7

2l          CH2Ph
-29.1
-25.2
1.545
112.8
107.9

2      pentadienyl
-26.1
-21.6
1.547
112.7
109.8

a Computed by the AM1 method.   

b All C1-CO2H AM1 computed distances were 1.520 ± 0.003 Å
Species
Me•
Et•
n-Pr•
i-Bu•
i-Pr•
c-C5H9•
t-Bu•

Hf
29.9
15.4
9.5
4.0
3.4
-0.7
-6.3

PHf
27.9
14.5
9.0
3.8
2.1
1.3
-9.5

Species
allyl
CH2CCH
CH2CN•
PhCH2•
penta-dienyl
•CO2H

Hf
30.1
71.9
52.3
38.4
37.6
-56.9

PHf
31.1
70.5
56.7
39.5
39.9
-63.8

Species
MePh
EtPh
n-PrPh
i-BuPh
i-PrPh
c-C5H9Ph
t-BuPh

Hf
14.2
8.9
2.1
-1.7
5.0
0.1
3.3

PHf
13.9
10.3
5.0
-1.5
4.6
3.9
1.2

Species
allylPh
propargylPh
NCCH2Ph
PhCH2Ph
penta-dienylPh
PhCO2H

Hf
34.9
70.9
46.8
50.6
48.1
-68.1

PHf
35.0
69.4
52.8
49.0
49.3
-66.4

In the following tables concentrations are in mol dm-3 , first order rate constants are in  s-1 and second order rate constants in dm3 mol-1 s-1 .  [ah], [a] and [r] refer to the precursor cyclohexadiene, the corresponding cyclohexadienyl radical and the radical released on beta-scission, respectively.   Tables give radical concentrations determined by EPR spectroscopy and the derived rate constants.

Kinetic EPR of cyclopentyl-cyclohexa-2,5-diene-1-carboxylic acid










Temp/K
[r.]
[a.]
kd/2kt
kd







277
5.036E-08
2.575E-07
6.022E-08
2.03E+02

282
1.007E-07
3.815E-07
1.273E-07
4.67E+02

287
9.229E-08
1.710E-07
1.421E-07
5.64E+02

292
7.914E-08
1.031E-07
1.399E-07
5.99E+02

292
9.044E-08
1.984E-07
1.317E-07
5.64E+02

297
1.194E-07
1.180E-07
2.403E-07
1.11E+03

302
1.046E-07
6.252E-08
2.794E-07
1.38E+03

307
1.107E-07
5.176E-08
3.474E-07
1.84E+03

Kinetic EPR of 1-isopropyl-3,5-dimethylcyclohexa-2,5-diene-1-carboxylic acid










Temp/
[r.]
[a.]
kd/2kt
kd

K





292.068
1.136E-08
7.284E-09
2.908E-08
107.718

286.973
1.108E-08
8.043E-09
2.633E-08
88.785

281.878
9.139E-09
1.232E-08
1.592E-08
48.548

276.783
7.906E-09
1.381E-08
1.243E-08
34.057

271.688
6.647E-09
2.026E-08
8.828E-09
21.559

271.688
7.599E-09
1.181E-08
1.249E-08
30.501

266.593
5.098E-09
1.659E-08
6.664E-09
14.394

261.498
3.975E-09
2.279E-08
4.669E-09
8.841

256.403
2.203E-09
4.057E-08
2.323E-09
3.820

251.308
1.851E-09
4.973E-08
1.920E-09
2.714

Kinetic EPR of 1-isobutyl-3,5-dimethylcyclohexa-2,5-diene-1-carboxylic acid 











Temp/
[r.]
[a.]
kd/2kt
kd

K





297.163
4.294E-08
8.158E-07
4.520E-08
353.840

302.258
6.374E-08
4.266E-07
7.327E-08
573.275

307.353
8.792E-08
3.517E-07
1.099E-07
957.760

312.448
8.755E-08
2.627E-07
1.167E-07
1125.746

317.543
1.028E-07
2.398E-07
1.468E-07
1522.011

317.543
1.516E-07
3.537E-07
2.166E-07
2047.590

322.638
2.205E-07
3.308E-07
3.675E-07
3546.765

327.733
2.480E-07
2.029E-07
5.511E-07
5400.383

Kinetic EPR of 1-t-butylcyclohexa-2,5-diene-1-carboxylic acid in c-C3H6












Temp/K
[r.]
[a.]
kd/2kt
log2kt 
kd





cC3H6


179.978
1.130E-09
2.980E-08
1.172E-09
10.042
1.29E+01

185.073
5.899E-09
3.830E-08
6.808E-09
10.072
8.03E+01

190.168
9.033E-09
4.168E-08
1.099E-08
10.100
1.38E+02

195.263
1.403E-08
2.937E-08
2.074E-08
10.127
2.78E+02

200.358
1.413E-08
2.013E-08
2.405E-08
10.152
3.41E+02

200.358
1.364E-08
2.202E-08
2.208E-08
10.152
3.13E+02

205.453
1.788E-08
1.593E-08
3.794E-08
10.176
5.69E+02

210.548
1.846E-08
1.487E-08
4.138E-08
10.199
6.55E+02

Kinetic EPR of 1-allylcyclohexa-2,5-diene-1-carboxylic acid, in c-C3H6












Temp/K
[r.]
[a.]
kd/2kt
log2kt 
kd





cC3H6


185.073
1.248E-07
7.373E-07
1.460E-07
10.072
1.72E+03

190.168
5.259E-08
5.548E-07
5.758E-08
10.100
7.25E+02

195.263
1.154E-07
4.975E-07
1.421E-07
10.127
1.90E+03

200.358
1.676E-07
4.050E-07
2.370E-07
10.152
3.36E+03

205.453
2.277E-07
2.553E-07
4.309E-07
10.176
6.47E+03

210.548
2.587E-07
1.908E-07
6.095E-07
10.199
9.64E+03

215.643
2.999E-07
1.751E-07
8.135E-07
10.221
1.35E+04

220.738
3.035E-07
1.443E-07
9.422E-07
10.242
1.65E+04

Kinetic EPR of 1-propargylcyclohexa-2,5-diene-1-carboxylic acid










Temp/K
[r.]
[a.]
log kd
kd




(PhBut)


236.023
3.354E-08
9.062E-09
2.120
1.32E+02

230.928
1.457E-08
7.447E-09
1.468
2.94E+01

225.833
1.435E-08
1.275E-08
1.222
1.67E+01

220.738
1.338E-08
2.013E-08
0.983
9.61E+00

215.643
1.028E-08
2.488E-08
0.686
4.85E+00

215.643
1.196E-08
1.739E-08
0.829
6.74E+00

210.548
1.419E-08
2.451E-08
0.753
5.66E+00

205.453
1.060E-08
2.045E-08
0.477
3.00E+00

200.358
9.302E-09
2.540E-08
0.232
1.71E+00

195.263
7.274E-09
2.356E-08
-0.049
8.92E-01

236.023
4.377E-08
1.927E-08
2.078
1.20E+02

230.928
1.865E-08
7.319E-09
1.654
4.51E+01

225.833
1.877E-08
1.256E-08
1.409
2.56E+01

220.738
1.568E-08
1.369E-08
1.162
1.45E+01

215.643
1.178E-08
2.512E-08
0.762
5.78E+00

215.643
1.364E-08
1.295E-08
0.971
9.35E+00

210.548
1.576E-08
2.535E-08
0.810
6.46E+00

205.453
1.068E-08
2.513E-08
0.453
2.84E+00

200.358
8.773E-09
2.924E-08
0.185
1.53E+00

195.263
6.406E-09
2.492E-08
-0.122
7.55E-01

Kinetic EPR of benzylperdeuteriocyclohexa-2,5-diene-1-carboxylic acid in c-C3H6












Temp/K
[r.]
[a.]
kd/2kt
log2kt 
kd





cC3H6


165
5.081E-10
3.110E-09
5.911E-10
9.941
5.16E+00

175
1.150E-09
2.252E-09
1.738E-09
10.010
1.78E+01

185
2.165E-09
1.820E-09
4.742E-09
10.072
5.59E+01

205
3.110E-09
5.000E-10
2.245E-08
10.176
3.37E+02

Kinetic EPR of 1-cyanomethylcyclohexa-2,5-diene-1-carboxylic acid in DTBP + MeOH













Temp/K
[r]
[a]
kd/2kt
kd







256
9.990E-09
1.580E-07
1.062E-08
2.50E+01

261
1.502E-08
1.122E-07
1.703E-08
4.41E+01

267
1.986E-08
8.594E-08
2.445E-08
6.95E+01

272
2.106E-08
1.210E-07
2.472E-08
7.67E+01

277
3.296E-08
9.290E-08
4.466E-08
1.51E+02

282
3.208E-08
4.924E-08
5.298E-08
1.94E+02

287
3.931E-08
4.163E-08
7.644E-08
3.03E+02

292
3.832E-08
3.445E-08
8.093E-08
3.47E+02

297
7.154E-08
5.492E-08
1.647E-07
7.60E+02

272
3.044E-08
6.366E-08
4.500E-08
1.40E+02

292
5.115E-08
5.603E-08
9.785E-08
4.19E+02

297
5.242E-08
3.917E-08
1.226E-07
5.65E+02

302
5.159E-08
2.257E-08
1.695E-07
8.39E+02

Kinetic EPR of 1-ethylcyclohexa-2,5-diene-1-carboxylic acid at 370K, [ah] variation

















Temp/
[ah]
[r.]
[a.]
(ah.r)/a
(r^2/a)+r
2kt
kH
kd

K









370.174
0.2
4.908E-07
3.475E-07
2.776E-01
1.184E-06
1.06E+10
2.92E+04
2.13E+04

370.174
0.03
3.708E-07
1.063E-07
1.176E-01
1.664E-06
1.06E+10



370.174
0.1
4.254E-07
1.758E-07
2.340E-01
1.454E-06
1.06E+10



Kinetic EPR of 1-ethylcyclohexa-2,5-diene-1-carboxylic acid at 365K, [ah] variation

Temp
[ah]
[r]
[a]
(ah.r)/a
(r^2/a)+r
2kt
kH
kd

K









364.5
0.2
3.544

E-07
4.429

E-07
1.573

E-01
6.381

E-07
1.007

E+10
2.85

E+04
1.178

E+04

364.5
0.1
3.759

E-07
2.657

E-07
1.368

E-01
9.077

E-07




364.5
0.03
3.222

E-07
1.731

E-07
6.272

E-02
9.218

E-07




364.5
0.02
2.954

E-07
1.127

E-07
5.161

E-02
1.069

E-06




Kinetic EPR of 1-ethylcyclohexa-2,5-diene-1-carboxylic acid at 359K, [ah] variation



















Temp/
[ah]
[r.]
[a.]
log2kt 
(ah.r)/a
(r^2/a)+r
2kt
kH
kd

K



(BooB)






358.874
0.2
2.643E

-07
5.193E

-07
9.979
1.001E

-01
3.989E

-07
9.54E+09
2.30E+04
8.97E+05

358.874
0.1
3.965E

-07
3.369E

-07
9.979
1.138E

-01
8.631E

-07




358.874
0.03
2.908E

-07
1.982E

-07
9.979
4.944E

-02
7.174E

-07




358.874
0.02
2.432E

-07
7.928E

-08
9.979
6.043E

-02
9.892E

-07




Kinetic EPR of 1-ethylcyclohexa-2,5-diene-1-carboxylic acid at 353K, [ah] variation
















Temp/
[ah]
[r.]
[a.]
ah.r/a
r^2/a+r
2kt
kH
kd

K









353.224
0.2
2.342E-07
5.852E-07
7.866E-02
3.279E-07
9.018

E+09
1.930

E+04
5.321

E+03

353.224
0.1
3.122E-07
4.292E-07
7.035E-02
5.394E-07




353.224
0.03
2.602E-07
2.341E-07
3.746E-02
5.494E-07




353.224
0.02
2.081E-07
1.561E-07
2.627E-02
4.858E-07




Kinetic EPR of 1-ethylcyclohexa-2,5-diene-1-carboxylic acid at 348K, [ah] variation
















Temp/
[ah]
[r.]
[a.]
ah.r/a
r^2/a+r
2kt
kH
kd

K









347.574
0.2
1.690E-07
5.759E-07
5.769E-02
2.186E-07
8.512

E+09
1.702

E+04
3.047

E+03

347.574
0.1
2.048E-07
4.457E-07
4.444E-02
2.989E-07




347.574
0.03
1.956E-07
2.687E-07
2.453E-02
3.38E-07




347.574
0.02
1.536E-07
1.728E-07
1.752E-02
2.902E-07




Kinetic EPR of 1-ethylcyclohexa-2,5-diene-1-carboxylic acid at 342K, [ah] variation
















Temp/K
[ah]
[r.]
[a.]
ah.r/a
r^2/a+r
2kt
kH
kd











341.924
0.2
1.259E-07
6.118E-07
4.047E-02
1.518E-07
8.019

E+09
1.451

E+04
1.925

E+03

341.924
0.1
1.511E-07
4.494E-07
3.251E-02
2.019E-07




341.924
0.03
1.511E-07
3.210E-07
1.586E-02
2.222E-07




341.924
0.02
1.310E-07
2.266E-07
1.139E-02
2.067E-07




Kinetic EPR of n-propylcyclohexa-2,5-diene-1-carboxylic acid, 4 mg/0.4 mL












Temp/K
[r.]
[a.]





336.274
6.407E-08
1.086E-06

341.924
7.931E-08
9.472E-07

347.574
1.440E-07
8.792E-07

353.224
2.019E-07
9.500E-07

358.874
2.507E-07
7.599E-07

364.524
3.246E-07
7.237E-07

370.174
3.752E-07
5.050E-07

375.824
5.944E-07
7.674E-07

381.474
4.461E-07
4.190E-07





Kinetic EPR of n-propylcyclohexa-2,5-diene-1-carboxylic acid 0.3 mg/0.4 mL 












Temp/
[r.]
[a.]

K



336.274
6.221E-08
2.767E-07

341.924
6.562E-08
3.033E-07

347.574
7.198E-08
2.188E-07

353.224
9.851E-08
1.229E-07

358.874
1.086E-07
1.776E-07

364.524
1.097E-07
9.663E-08





Kinetic EPR of 1-n-propylcyclohexa-2,5-diene-1-carboxylic acid

Temp/K
10e3/T
kd/2kt
kH/2kt
logkd
logkH

336.2
2.974
0.80E-7
-
2.78


341.9
2.925
0.78E-7
-
2.79


347.6
2.877
0.81E-7
4.8E-6
2.84
4.61

353.2
2.831
1.5E-7
4.3E-6
3.13
4.59

358.9
2.786
1.5E-7
5.2E-6
3.16
4.70

364.5
2.743
1.7E-7
6.1E-6
3.23
4.79

Kinetic EPR of 1-isopropylcyclohexa-2,5-diene-1-carboxylic acid, 0.13 M, in t-BuPh 



Temp/
[r.]
[a.]
kd/2kt
kd

K





256
1.060E-08
1.126E-07
1.160E-08
1.91E+01

261
1.822E-08
8.369E-08
2.219E-08
4.20E+01

267
2.520E-08
5.172E-08
3.747E-08
8.09E+01

272
3.098E-08
4.380E-08
5.288E-08
1.29E+02

277
2.920E-08
3.209E-08
5.577E-08
1.53E+02




Kinetic EPR of 1-isopropylcyclohexa-2,5-diene-1-carboxylic acid, 0.013 M, in t-BuPh 





Temp/
[r.]
[a.]
kd/2kt
kd

logkH

K







256
1.303E-08
9.488E-08
1.482E-08
2.44E+01



261
1.839E-08
5.024E-08
2.512E-08
4.76E+01



267
1.852E-08
3.623E-08
2.799E-08
6.05E+01

2.540

272
2.058E-08
1.991E-08
4.186E-08
1.02E+02

2.520

277
1.887E-08
2.508E-08
3.308E-08
9.06E+01

2.740

* Corresponding author.  Tel: 44 (0)1334 463864; fax: 44 (0)1334 463808; e-mail: jcw@st-and.ac.uk





