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Kinetics of the Reactions of Carbanions (Reference Nucleophiles) with 1 and 2

Kinetic measurements were performed by harnessing UV/Vis photometry on AppliedPhotophysics
SX.20 stopped-flow instruments. The kinetic measurements were initiated by mixing equal volumes
of DMSO solutions of the nucleophiles (3) and electrophiles (1 derived from 9(10H)-phenanthrenone
or 2 derived from 1-acenaphthenone). The temperature (20.0 + 0.2 °C) was maintained constant by
using circulating bath cryostats.

All solutions were prepared by using dry DMSO (ThermoScientific, DMSO 99.7+%, extra dry, over
molecular sieve, AcroSeal) and kept under an atmosphere of dry nitrogen. The kinetic measurements
for each electrophile/nucleophile combination were performed with or without added 18-crown-6
ether (18-c-6) for 3a—3h. The nucleophile 3i was generated from the conjugate acid 3-isochromanone
by mixing it with NaH as a base as described in [1].

Nucleophile concentrations were at least ten times higher than electrophile concentrations to
achieve pseudo-first order kinetics. The first-order rate constants kops (s™) could be obtained from
the decay of the absorbance at or close to the absorption maximum of the reaction partner used in
lower concentration by least squares fitting of the equation A; = Ap exp(—konst) + C to the exponential
absorption decay curve. Plots of kobs (s7) versus the nucleophile concentration gave the second-order
rate constants k, (M s™!) as slopes of the linear correlations.

Electrophiles

Nuc

ani
ani = 4-methoxyphenyl

Reference nucleophiles:

‘N =
ue © NP cort Pcort Ocog
3a © 3b

3c 3d 3e
Nisy = 16.27/0.77 17.64/0.73  18.82/0.69 19.62/0.67 20.22/0.65

NO NO
of o CI L
@O

©
3f 39 3h 3i
20.71/0.60  21.54/0.62 24.16/0.68 25.39/0.54

counterion for 3a-3h: K*; counterion for 3i: Na*

[1] M. S. Mousavi, A. Di Mola, G. Pierri, C. Tedesco, M. J. Hensinger, A. Sun, Y. Wang, P. Mayer, A. R. Ofial, A.
Massa, J. Org. Chem. 2024, 89, 6915-6928.
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1+ 3ain DMSO (stopped-flow method, absorption decay@415 nm)

1+ 3b in DMSO (stopped-flow method, absorption decay@415 nm)

CG403 CG392
[1]0 (M) [3alo (M) [18-c-6] (M) kobs (s7%) [1]0 (M) [3bJo (M) [18-c-6] (M) Kobs (s7%)
4,73 x 107 4.00 x 1073 6.01 x 1073 4.81x 1075 1.60 x 1073 2.97 x 102
4.73x10° 6.00 x 1073 6.60 x 1073 9.09 x 1073 4.81x10° 2.40x 1073 2.64 x 1073 4.61x1072
473 x10° 8.00 x 1073 1.15 x 1072 4.81x10° 3.20x 1073 6.12 x 1072
4,73 x 107 1.00 x 1072 1.10 x 1072 1.49 x 1072 4.81x 1075 4.00 x 1073 4.40 x 1073 8.17 x 1072
4.73x 105 1.20 x 1072 1.71 x 1072 4.81x 1075 4.80 x 1073 9.58 x 1072
0.02 ¢ 0.12
0.1
0.015 |
= = 0.08
33 0.01 } 33 0.06
~ 0005 | y = 1.3395x + 0.0005 =< 0.04 y = 20.975x - 0.0042
R? = 0.9964 002 R? = 0.9973
0 L 1 ] 0 1 ]
0.00E+00  5.00E-03  1.00E-02  1.50E-02 0 0.0025 0.005
[3a] (M) [3b] (M)

k; = (1.40 £ 0.05) Mt s

ks = (2.10 £ 0.06) x 10* M s™*
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1+ 3cin DMSO (stopped-flow method, absorption decay@415 nm) 1+ 3d in DMSO (stopped-flow method, absorption decay@415 nm)

0
OFEt
+ ©
CN
®
3d
CG391 OMe CG389
[1]o (M) [3clo (M) [18-c-6] (M) Kobs (s7) [1]o (M) [3d]o (M) [18-c-6] (M) Kobs (s7)
5.04 x 107 1.20x 1073 1.14 x 107! 3.82x107° 8.00 x 107 3.83x 107
5.04 x 107 1.80 x 1073 1.98 x 1073 1.75x 107! 3.82x107° 1.20 x 1073 1.32x 1073 5.61x 107"
5.04 x 107 2.40x 1073 2.24x10! 3.82x107° 1.60 x 103 7.38x 107
5.04 x 107 3.60x 1073 3.28x 107! 3.82x 107 2.00x 1073 2.20x 1073 9.00 x 107
04 - 3.82x10° 2.40x 1073 1.10
_ 03 1.2
L 02t 1r
2 ford 08 B
= 01 } y = 88.238x + 0.0117 “ oe
2 _ o Ot i
0 , R"=0.9986 , L o4 } y = 443.25x + 0.0272
0.2 } RZ =0.9991
0 0.002 0.004 :
[3¢] (M) 0 ' ' '
0 0.001 0.002 0.003
k;=(8.82+0.24) x 10' M*s! (3d] (M)

ks = (4.43 + 0.08) x 10> M s
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1+ 3e in DMSO (stopped-flow method, absorption decay@415 nm)

1 + 3f in DMSO (stopped-flow method, absorption decay@415 nm)

3e
OMe CG388
[1]o (M) [3e]o (M) [18-c-6] (M) kobs (s7)
427 x 107 8.00x 107 487 x 10"
427 x107 1.20 x 1073 1.32x 1073 7.24 x 1071
427 x107 1.60 x 1073 8.93x 1071
427 x 107 2.00x 1073 2.20x 1073 1.16
4.27 x107° 2.40x 1073 1.29
15 r
= 1r
«é 0.5 y =510.5x + 0.094
R?=0.9911
0 L L ]
0 0.001 0.002 0.003
[3e] (M)

ks =(5.11%0.28) x 102 M s

H><No2
H Y 2equiv.
KOtBul 1 equiv.
+ NO,
@/
K@
3f
CG390
[1]o (M) [3f]o (M) [18-c-6] (M) Kobs (s7)
3.64x 107 8.00 x 10 1.02
3.64 x 107 1.20x 1073 1.32x 1073 1.53
3.64x 10 1.60 x 1073 2.23
3.64x 10 2.00 x 1072 2.20x 1073 2.82
3.64x 107 2.40 x 1073 3.24
4 -
— 3 B
=2
<01 y=1432.5x-0.124
R?=0.994
0 L L ]
0.00E+00  1.00E-03  2.00E-03  3.00E-03
[3f] (M)

k2=(1.4310.07)x10* M5!
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1+ 3gin DMSO (stopped-flow method, absorption decay@415 nm)

H 2 equiv.

KOtBul 1 equiv.

. NO,
S
L@
1 OMe 3g CG405
[1]o (M) [3glo (M) [18-c-6] (M) kobs (™)
3.59 x 10 8.00 x 10 1.72
3.59 x 10°5 1.20 x 1073 1.32x 1073 2.49
3.59 x 10° 1.60 x 1073 3.18
3.59 x 10° 2.00x 1073 2.20x 1073 3.96
3.59x 107 2.40 x 1073 4.68
5 -
4
N
£ 2
X y =1847.5x + 0.25
1 R?=0.9997
0 L L ]

0.00E+00 1.00E-03

2.00E-03 3.00E-03
[3g] (M)

ks = (1.85  0.02) x 10° M s
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2 + 3f in DMSO (stopped-flow method, absorption decay@338 nm)

2 + 3g in DMSO (stopped-flow method, absorption decay@338 nm)

H NO,
H 2 equiv.

KOtBul 1 equiv.

H><No2
H 4 2equiv
KOtBul 1 equiv.
+ NO,
@/
@
3 CG399
[2]o (M) [3f]o (M) [18-c-6] (M) Kobs (s7)
2.66 x 10 1.60 x 1073 6.05 x 1072
2.79 x 10°5 2.40x 1073 2.64x 1073 9.31x 1072
2.90 x 10°5 3.20x 1073 1.20 x 10
2.95x 107 4.00 x 1073 4.40 x 107 1.53 x 107!
0.2 r y = 38.05x + 0.0001
o015 | R2 = 0.9985
< 01 f
<O
0.05 |
O L ]
0.00E+00 2.00E-03 4.00E-03
[3f] (M)

k»=(3.81+£0.11) x 10' M s

N NO,
©
(@
3g CG398
[2]o (M) [3glo (M) [18-c-6] (M) Kobs (s7%)
2.01x10° 2.00 x 1073 1.51x 10°*
2.13x10°° 3.00 x 1073 3.30x 1073 2.72x 107t
2.17x10°° 4.00 x 1073 3.44 x 107!
2.21x10° 6.00 x 1073 5.06 x 107
06 r y = 86.429x - 0.0059
05 R2 = 0.9900
& 04 |
3%5 03 |
~ 02 |
01 |
O 1 ]
0.00E+00 3.00E-03 6.00E-03
[3g] (M)

k,=(8.6410.62) x 10' M*s?
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2 + 3h in DMSO (stopped-flow method, absorption decay@338 nm)

1 equiv.

(~°
. KOtBu | 1.05 equiv.

X

W

S
2 OMe 3h CG750 1
[2]0 (M) [3h]o (M) [18-c-6] (M) kobs (™)
3.00x10° 3.00x10° 1.02
3.00 x 105 4.50 x 10 5.20 x 107 1.37
3.00 x 105 6.00 x 10 2.05
3.00 x 105 7.50 x 10 8.66 x 10 2.47
3.00x10° 9.00 x 10 3.07
4
3 | y =3466.7x - 0.084
a R? = 0.9921
22t
"4 1 |
0 L ]
0.00E+00 4.50E-04 9.00E-04

[3h] (M)

k»=(3.47 £0.18) x 103 M5!

2 + 3i in DMSO (stopped-flow method, absorption decay@420 nm)

©i\/1 1 equiwv.
(° °
. NaH l 1.1 equiv.
X

L2,
+
J 0

&) Na

2 OMe 3 CG751

[2]0 (M) [3i]0 (M) kobs (5_1)
7.00 x 107° 7.00 x 107 1.30
7.00 x 1075 1.05 x 1073 1.82
7.00 x 1075 1.40 x 1073 2.34
7.00x 1075 1.75 x 1073 2.76
7.00 x 107° 2.10x 1073 3.34

4

3 | y = 1434.3x + 0.304
N R2=0.9982
(%]
=2
¥O
1
O L ]
0.00E+00 1.05E-03 2.10E-03

(3i] (M)

k;=(1.43£0.04) x 103 M5!
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