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The amino acid anions 1 were used as aqueous stock solutions. When the sodium salt of an amino

acid 1 is dissolved in water, the concentration of hydroxide increases by protolysis. For that reason we

have to calculate the concentration of the free amino acid anions [Nulet and of hydroxide [OH] from

the pKg of the amino acids. The pKg values of the amino acids are taken from ref 1 and refer to the o-

NH, group unless otherwise stated.

Scheme 1
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_ [zwitterion] [OH"]

® " [aminoacid anion] (2)
[amino acid anion]y = [amino acid anion]e + [zwitterion] = [amino acid anion]e + [OH] 3)
@3)in (2
K _ [OH*

® " [aminoacid anion], —[OH] 4

Solving the quadratic equation (4) leads to one logic solution for [OH] (The one with the “+" in the

numerator).

) K, Ky Y L
[OH]=—7+ - + Kg[amino acid anion], ()

In cases where OH™ was used in exess over the amino acids H,A (Scheme 2), the equilibrium
concentration of the deprotonated amino acid A* (= [Nu]er) was calculated by equation (9) and the
concentration of OH™ by equation (7). In these cases (1m, 1n, 10) the starting concentrations of OH’

are given in the tables in an additional column.

Scheme 2
+OH"~ ) +OH" . K [HA'] [OH™]
" HA —Y/—* A = -
A= H,0 -H,0 ° [A%]
[HoA] = [HAT] + [A*]; [OH o= [OH] + [HAT + 2 [A*] (6)

Rearrangement of (6) gives
[OH] = [OHTo - [HoAl - [A%] (7)

The concentration of the deprotonated amino acids A* was calculated by solving the quadratic

equation (8), which gives one logic solution (9).

o _ (Al ~[A” D(OH ], ~[H,AL, ~[A*]) ®
i [A*]
S ([OH]Z“KBJ ~[H,AL[OH 1, +[H,AT; Y

The rates of the combination reactions were determined by mixing the colored aqueous solutions of

the benzhydrylium salts with aqueous solutions of the amino acid anions (usually >10 equivalents).
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Because the products are colorless, the rates of the reactions were determined by UV-Vis

spectroscopic monitoring of the absorbances with time.

d[R*]

kIR (10)
dt obs [ ]

The consumption of the benzhydrylium ions may be due to the reaction with the amino acids,

hydroxide ions and the solvent water (Scheme 3).

Scheme 3
L
- + R H R
H,N Co, H NHz\( H)<N\(
— >
- -Ht -
Ko Ar Ar CO, Ar Ar  CO,
)
OH"
S NN Ve
Kz.0m Ar Ar
BF,
blue
+
H,O H OH, H)<OH
k Ar Ar -H+ Ar Ar
W
colorless
Kobs = Kon [@amino acid anion]es + Ko o [OHT] + kw (12)

=Ky + ko on- [OHT , with kiy = Koy [amino acid anion]es + kw and [OH] from eq. (5) or

eq.(7)
The amino acid anions are usually used in more than 10-fold excess over the benzhydrylium cations in
order to arrive at pseudo first-order conditions. It can therefore, be assumed that the concentrations of
the amino acid anions as well as that of hydroxide remain constant during the reactions. With the
already published second-order rate constants k; on. for the reactions of hydroxide with benzhydrylium
ions and the first-order rate constants kyy for the reactions of water with benzhydrylium ions,(2) we get
the second-order rate constants for the reactions of the amino acid anions with the benzhydrylium ions

kon from a plot of k;y versus [amino acid anion]es.
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2. Glycine (1a)

2.1. Rate constants in water

Typical procedure:

Glycine (42.2 mg, 0.562 mmol) was dissolved in 1.117 mL of aqueous KOH (0.5033 mol L™), then the

solution was filled up to 25 mL with water (Cgiycine = 0.0225 mol L'l). 3 mL of this solution was diluted

with water to 10 mL. Ten parts of this solution were combined with one part of a solution of

[(mor),CH'] in CH3CN (4.85 x 10™ mol L™) in the stopped-flow instrument to give the final

concentrations listed in the table.

2.1.1. Reaction of glycine (1a) with (mor)ZCH+BF4_(at 20 °C, cosolvent: 9 vol-% CHsCN, stopped-

flow, detection at 607 nm)

No. [(mor),CH']o [Nu]o [Nues [OH] [Nule/[Elo Kobs Kiw, on- K1y
/ mol L /molL*  /molL* /molLl® /st /st /st
fh24.1 4.41x10° 6.13x10° 555x10° 578 x10% 126 2.62x10° 0.613 2.61 x 10°
f024.2 4.41 x10° 4.08x10° 3.61 x 10° 4.67 x 10™ 82 1.79 x 10°  0.495  1.79 x 10°
f24.3 4.41x10° 2.04x10° 1.72 x10° 3.22 x 10* 39 92.1 0.341 91.8
fb24.4 4.41x10° 1.02x10° 8.00 x 10 2.20 x 10™ 18 44.8 0.233 44.6
f024.5 4.41 x 10° 4.08 x 10* 2.78 x 10* 1.30 x 10™ 6 17.6 0.137 17.5
kon = 4.62 x 10* M's™ 270 1
Ko on- = 1060 M's™ w1807
pKg = 4.22 =
90 -
Ky = 46172 [Nu]es + 8.2742
R? =0.9987
0 T T 1
0.000 0.002 0.004 0.006

[Nucleophile]s; / mol L™
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2.1.2. Reaction of glycine (1a) with (dma)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CHsCN,
stopped-flow, detection at 604 nm)

No. [(dma),CH']o [Nu]o [Nules [OHT  [Nules/[Ello Kobs Kiw, on- Kiw
/molL*  /molLl* /molL* /molL* /st /st /st
f19.1 2.21 x 10° 3.37 x10°2.95x 10° 4.22 x 10* 133 16.5 5.52 x 102 16.4
f19.2 2.21 x10° 2.25x10°%1.91 x 10°3.39x 10" 86 10.7 4.44 x 107 10.7
f19.3 2.21 x10° 1.13x10°%8.97 x 10* 2.33x 10* 41 5.11 3.05 x 102 5.08
f019.4 2.21 x 10° 5.60 x 10* 4.04 x 10* 1.56 x 10™ 18 2.37 2.04 x 102 2.35
f019.5 2.21 x 10° 450 x 10%3.13 x 10* 1.37 x 10" 14 1.85 1.80 x 1072 1.83
f019.6 2.21 x 10° 3.37x10%2.21 x 10* 1.16 x 10* 10 1.25 1.51 x 1072 1.23
19.7 2.21 x 10° 2.25x10*1.35 x 10* 9.01 x 10° 6 755x 10" 1.18 x 10? 7.43x 10*
kon = 5.56 x 10° M's™® 20
15 -
k2,0H' =131 M-ls-l F"m
pKp = 4.22 > 107
X
57 K 1y = 5560.9 [Nu]es + 0.0515
R?=0.9999
0 T T 1
0.000 0.001 0.002 0.003

[Nucleophile]es / mol L™
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2.1.3. Reaction of glycine (1a) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH5;CN, stopped-
flow, detection at 611 nm)

No. [(pyr):CHlo  [Nulo [NUJetr [OH] [Nuler/[Ello Kobs Kiw, on- K1y
/molL*  /molL* /molL* /mollL* /st /st /s*
ccyl6.1 2.53 x 10° 2.91 x 10° 2,52 x 10° 3.90x 10* 100 503 1.89x10% 501
ccyl6.2 2.53 x 10° 1.94 x 10° 1.63 x 10° 3.13 x 10™ 64 331 152x10%  3.29
ccyl5.3 1.25 x 10 9.46 x 10™ 7.35 x 10" 2.11 x 10™ 59 1.78  1.02x10% 177
ccyl5.4 1.25 x 10 6.62 x 10™ 4.90 x 10* 1.72 x 10™ 39 120 833x10° 1.19
ccy16.3 2.53 x 10° 9.70 x 10 7.56 x 10* 2.14x 10" 30 157 1.04x10° 156
ccyl5.5 1.25 x 10° 4.73 x 10* 3.32x10” 1.41x10* 27  8.15x10™ 6.86 x 10”° 8.08 x 10™
ccyl6.4 2.53 x 10 6.79 x 10 5.05 x 10* 1.74 x 10™ 20 1.06  8.46x10° 1.05

ccyl5.6 1.25 x 10° 2.84 x 10™ 1.80 x 10* 1.04 x 10™ 14  4.37x10" 5.05x10° 4.32x10*
ccyl6.5 2.53 x 10 4.85 x 10™ 3.42 x 10* 1.43 x 10™ 13 7.05x10™ 6.96 x 10° 6.98 x 10"
ccyl6.6 2.53 x 10° 2.91 x 10™ 1.85 x 10* 1.06 x 10™ 7 3.71x 10" 5.13 x 10° 3.66 x 10™

kon = 1.96 x 10° M's™ 6 1
koon- = 48.5 M's™ "]
PKs = 4.22 <5
Ky = 1959.1 [NuJey + 0.115
0 R? = 0.9954

0.000 0.001  0.002  0.003
[Nucleophile]e / mol L™
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2.1.4. Reaction of glycine (1a) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH5;CN, stopped-

flow, detection at 615 nm)

No.  [(thg).CH]o [NuJo [NUJerr [OH]

/molL*  /molL*™ /molL* /molL?

ccyl7.l 158 x10° 2.91x10° 2.52 x 10° 3.90 x 10°
ccyl7.2 158 x10° 1.94 x 10° 1.63 x 10° 3.13 x 10°
ccyl7.3 158 x10° 9.70 x 10* 7.56 x 10 2.14 x 10°
ccyl7.4 158 x10° 6.79 x 10* 5.05 x 10* 1.74 x 10°
ccyl7.5 158 x10° 4.85x 10* 3.42 x 10 1.43 x 10°
ccyl7.6 158 x 10° 2.91 x 10™ 1.85 x 10 1.06 x 10°

kon=1.11 x 10° M7's™

koon- = 23.6 M's™
pKg = 4.22

[Nulet/[Ello Kobs Kiw, on- Kiy
/st /st /st
4 160 283 920x10° 2.82
4 103 1.84 7.39x10°  1.83
4 48 0.881 5.04x10° 0.876
4 32 0592 4.12x10° 0.588
4 22 0.402 3.39x10° 0.399
4 12 0211 2.49x10°  0.209
3 -
— 2 T
I(I)
e
4 1 B
Ky = 1113.9 [Nu]ey + 0.0189
o R? = 0.9999

0.000 0.001  0.002 0.003
[Nucleophile]es / mol L™

2.1.5. Reaction of glycine (1a) with (ind)ZCH+BF4- (at 20 °C, cosolvent: 0.4 vol-% CH3CN, stopped-

flow, detection at 614 nm)

No. [(ind),CH'lo  [Nulo [NUJest [OHT  [Nulet/[Ello Kobs Kiw, on- Ky
/molL*  /molL* /molL* /molL" /s* /s* /s*

b13.2 1.39x10° 2.12x10% 2.01 x 10 1.10x10° 1446 9.22 1.19x10% 921
b13.3 1.39x 10° 1.06 x 10° 9.83x10° 7.70x10* 707 496  831x10° 495

f13.4 1.39x 10° 2.12x10° 1.79 x 10° 3.29 x 10™
fb13.5 1.39x 10° 1.06 x 10° 8.36 x 10™* 2.24 x 10™

129 9.88 x 10" 3.55x 10° 9.84 x 10*
60 459 x 10 2.42 x10° 4.57 x 10*

kon = 4.55 x 10° M's™®

kZ,OH' =10.8 MEISE:L
pKg = 4.22

8 -
F"w 6
B
~ 47
5 | K,y = 454.7 [Nu]o + 0.1993
R?=0.9977
0 T T T T 1

0.000 0.005 0.010 0.015 0.020 0.025

[Nucleophile]e / mol L™
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2.1.6. Reaction of glycine (1a) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-
flow, detection at 630 nm)

No. [(u).CHl  [Nuo [NUer [OH]  [Nulew/[Ello  Kobs Ky, on- Kiy
/molL™  /molL* /molL" / mol L™ /st /s* /st
ccyl8.1 1.26 x 10° 2.91 x10° 2.52x 10° 3.90 x 10™ 200 0560 1.34x10°  0.559
ccyl8.2 1.26 x 10° 1.94x 10° 1.63x10° 3.13x 10 129 0.373 1.08x10° 0.372
ccyl18.3 1.26 x 10° 9.70 x 10* 7.56 x 10* 2.14 x 10 60 0.180  7.34x10"  0.179
ccyl8.4 1.26 x 10° 6.79 x 10" 5.05 x 10* 1.74 x 10™ 40 0.123  6.00x 10"  0.122
ccyl8.5 1.26 x 10° 4.85x 10* 3.42 x 10* 1.43 x 10™ 27 8.52 x 102 4.93 x 10" 8.47 x 10*
ccyl8.6 1.26 x 10° 2.91 x 10* 1.85x 10* 1.06 x 10™ 15 4.62 x 102 3.64 x 10* 4.58 x 10
kon = 2.19 x 10°M™s™ 0.6 -
k2,0H' =3.44 M—ls—l 3 0.4
pKg = 4.22 v
>
X
0.2 -
Ky = 219.17 [Nu]eg + 0.0103
R? = 0.9996
0.0 T T 1

0.000 0.001 0.002 0.003
[Nucleophile]es / mol L™

2.1.7. Reaction of glycine (1a) with (IiI)ZCH+BF4' (at 20 °C, cosolvent: 0.4 vol-% CH3;CN, stopped-
flow, detection at 630 nm)

No. [(li)o.CH'ly  [Nul [NUJest [OHT  [Nulew/[Ello  Kops Kiw, on- Ky

/molL*  /molL* /molL* /mollL™ /s* /s* /s*
fb21.1 8.84x10° 3.37x10° 2.95x10° 4.22x10* 334  3.72x10" 9.10 x 10” 3.71 x 10™
fb21.2 8.84 x 10° 2.25x10% 1.91x10° 3.39x 10" 216  2.48x 10" 7.33 x 10 2.47 x 10™
fb21.3 8.84 x 10° 1.13x 10°% 8.97 x 10" 2.33x10* 102  1.17x 10" 5.02 x 10” 1.16 x 10™
fb21.4 8.84 x 10° 5.60 x 10* 4.04 x 10* 1.56 x 10™ 46 5.35x 10? 3.37 x 10* 5.32 x 10”
fb21.5 8.84 x 10° 4.50 x 10* 3.13x 10" 1.37 x 10™ 35 4.24 x 10% 2.97 x 10" 4.21 x 10”
fb21.6 8.84 x 10° 3.37 x 10* 2.21 x10* 1.16 x 10 25 2.88 x 10% 2.50 x 10 2.86 x 10”

kon = 1.26 x 10 M's™ 0.4 7
1 - 0.3
koon- = 2.16 M's™
— IU)
pKB— 4.22 \9‘ 0.2 -
x
0.1 -
K 1w = 125.88 [Nu]ess + 0.0026
R%=0.9997
00 T T 1
0.000 0.001 0.002 0.003

[Nucleophile]e / mol L™
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2.2. pH Dependance of rate constants for the reaction of glycine (1a) with (dma),CH'BF,
(phosphate buffer, at 20 °C, cosolvent: 0.5 vol % CH3CN, stopped-flow, detection at 610 nm,
pH measured, No. fn289 and fn298)

[(@ma),CHTo  [Nulo  [PO,]T  [HPO,"]  [H:PO4] pH Kobs
/ mol L™ /molL*  /molL"™ /molL*™ /mollL™? /s*
3.36 x 10° 9.18 x 107 11.93 8.18 x 10"
3.36 x 10° 459 x 10° 2.30 x 10° 11.64 4.64x10"
3.36 x 10° 459 x 10° 4.59 x 10° 11.58 4.09 x 10"
3.36 x 10° 2.30 x 10° 4.59 x 10° 11.27 2.40x 10"
3.36 x10° 9.05x 10" 9.18 x 10° 11.93 4.80
3.36 x10° 9.05x 10" 9.18 x 10° 9.18 x 10™ 11.92 4.78
3.36 x10° 9.05x 10" 9.18 x 10° 4.59 x 10° 11.85 4.56
3.36 x10° 9.05x 10" 9.18 x 10° 9.18 x 10° 11.73 4.33
409 x 10° 9.06 x 10" 4.55x 10° 9.07 x 10° 11.56 4.24
3.36 x10° 9.05x 10™ 4.59 x 10° 9.18 x 107 11.49 4.27
4.09 x 10°  9.06 x 10* 2.73x 10® 9.07 x 107 11.36 4.18
3.36 x 10° 9.05x 10" 9.18 x 10™ 9.18 x 10” 10.79 3.92
409 x 10° 9.06 x 10" 4.55 x 10* 9.07 x 10° 10.62 3.62
4,09 x 10° 9.06 x 10" 9.09 x 10* 9.07 x 10° 10.46 4.39
4,09 x 10° 9.06 x 10" 9.09 x 10° 9.07 x 10° 10.26 3.07
4.09 x10° 9.06 x 10™ 9.07 x 107 10.06 2.79
4.09 x 10° 9.06 x 10™ 9.07 x10° 9.1810°  10.05 2.54
3.36 x 10° 9.05x 10" 9.18 x 107 9.78 2.77
4.09x 10° 9.06 x 10™ 9.07 x10° 4.59 10" 9.60 1.50
4.09 x 10° 9.06 x 10™ 9.07 x10° 9.18 10" 881  3.39x10"
3.36 x10° 9.05x 10™ 9.18 x10° 9.18 10" 8.60 3.30x10"
4.09x10° 9.06 x 10™ 9.07 x10° 2.7510° 7.75  5.45x 107
4.09 x 10° 9.06 x 10™ 9.07 x10° 4.5910° 7.44  3.97 x 107
3.36 x 10° 9.05x 10" 9.18 x10° 9.1810° 714  3.44x107
3.36 x 10° 9.05x 10™ 9.18x 10" 9.1810° 6.42  2.79 x 107
3.36 x 10°  9.05 x 10™ 9.1810° 6.14  2.64x107
dots: with glycine 1
circles: without glycine - o
4
S

S10



Supplementary Material for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2007

2.3. Reactivity parameters for glycine (1a) in water: N = 13.51; s = 0.58
Reference electrophile E parameter k,n(20°C) /M™ s™ *]
(mor),CH* -5.53 4.62 x 10* ]
(dma),CH"* 7.02 5.56 x 10 £
(pyN),CH" -7.69 1.96 x 10° =T
(thg),CH" 8.22 1.11 x 10° a e st
(ind),CH" -8.76 4.55 x 10 h a e e 4 &+
(jul),CH* -9.45 2.19 x 10° )
(lil),CH" -10.04 1.26 x 10°

3. Alanine (1b)

3.1 Rate constants in water

3.1.1. Reaction of alanine (1b) with (mor)ZCH+BF4_ (at 20 °C, cosolvent: 9 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No. [(mor),CH']s [NuJo [NUJert [OHT  [Nule#/[Ello  Kobs Kiw, on- K1y
/ mol L /molL*  /molL* /molLl® /st /st /st
f196.1 1.50 x 10° 4.49 x 102 3.95x 102 541 x10* 263 1.00x 10°> 5.74x 10  99.4
f196.2 1.50 x 10° 2.69 x 10° 2.28 x 10™ 4.11 x 10* 152 615 4.36x101 61.1
f0196.3 1.50 x 10° 1.79 x 10° 1.46 x 10° 3.29 x 10™ 97 40.4 3.49x 10" 401
f196.4 1.50 x 10° 8.97 x 10™ 6.74 x 10* 2.23 x 10™ 45 20.1 237x10* 199
f0196.5 1.50 x 10° 4.49 x 10 3.00 x 10* 1.49 x 10™ 20 9.96 158x10* 9.80
kon = 2.46 x 10* M's™ 100 -
1 -1 80 -
k2,0H' =1060 M"'s
pKg = 4.13 F.‘m 60
e
~ 40 A
20 A log Ky = 24566 [Nu]; + 3.4815
R?=0.999
O T T T 1

0.000 0.001 0.002 0.003 0.004
[Nucleophile]es / mol L™
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3.1.2. Reaction of alanine (1b) with (dma)ZCH+BF4_ (at 20 °C, cosolvent: 0.5 vol-% CH3CN,
stopped-flow, detection at 610 nm)
No.  [(dma),CHl,  [Nu [NU]eft [OH]  [Nulew/[Ello Kobs  Kiw, on- K1y
/mol L™ /molL*  /molL* /molL™ /st /s* /st
ccy88.1 156 x10° 4.20x 10° 3.68x10° 522 x10* 236 9.38 6.84x10° 9.31
ccy88.2 156 x10° 2.10x10° 1.74x10° 359 x 10* 112 462 4.71x10% 457
ccy88.3 156 x10° 1.68x10° 1.36 x 10° 3.18 x 10™ 87 359 4.16x10° 3.5
ccy88.4 156 x10°  1.47 x10° 1.17x 10° 2.95x 10* 75 3.07 3.87x10° 3.03
ccy88.5 156 x10° 6.30x 10" 4.48 x 10* 1.82 x 10™ 29 1.07 2.39x10? 1.05
ccy88.6 1.56 x 10°  2.10x 10” 1.17 x 10* 9.31 x 107 7 0.160 1.22 x 102 0.148
kon = 2.57 x 10° M's™ 12 -
11 9 1
kZ,OH' =131 M"s
pKg = 4.13 2 6
>
X
3 -
Ky = 2571.2 [Nu]es - 0.0416
R? = 0.9989
0 T T T 1
0.000 0.001 0.002 0.003 0.004
[Nucleophile]es / mol L™
3.1.3.  Reaction of alanine (1b) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-
flow, detection at 610 nm)
No. [(pyn.CHle  [Nulo [NUJest [OH]  [Nulew/[Ello  Kobs Ky, on- Ky
/mol L™ /molL*  /molL* /molL* /s* /s* /st
ccy86.1 1.56 x 10° 4.20 x 10° 3.68 x 10° 522 x10* 236 372 253x10% 3.69
ccy86.2 1.56 x 10° 2.10x 10° 1.74x10° 359 x 10" 112 1.84 1.74x10° 1.82
ccy86.3 1.56 x 10°  1.68 x 10° 1.36 x 10° 3.18 x 10™ 87 145 154x10° 1.43
ccy86.4 1.56 x 10° 1.47 x 10° 1.17 x 10° 2.95 x 10™ 75 1.26 1.43x10% 1.25
ccy86.5 1.56 x 10° 6.30 x 10" 4.48 x 10" 1.82 x 10™ 29 0.489 8.84 x10° 0.480
ccy86.6 1.56 x 10° 2,10 x 10* 1.17 x 10* 9.31 x 10° 7 0.131 4.52x10° 0.126
kaon = 1.00 x 10° M's™ 49
11 3 A
k2,0H' =485M"s 5
pKp = 4.13 <2
~
1 -
K 1y = 999.84 [Nu]ey + 0.0475
R? = 0.9994
O T T T 1

0.000 0.001 0.002 0.003 0.004
[Nucleophile]es / mol L™
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3.1.4.  Reaction of alanine (1b) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.5 vol-% CH3CN, stopped-
flow, detection at 610 nm)
No. [(thg).CHlo  [Nu]o [NU]est [OH]  [Nules/[Ello Kobs Kiw, on- Koy
/ mol L* /molL?*  /molL* /mollL? /st /st /st
f0197.1 1.15x 10° 2.47 x 10 2.08 x 10° 3.92 x 10™ 181 116  9.26x10°  1.15
f0197.2 1.15x10° 1.48 x 10° 1.18 x 10° 2.96 x 10™ 103 6.80 x 107" 6.99 x 10° 6.73 x 10"
f197.3 1.15x 10° 9.87 x 10* 7.51 x 10™* 2.36 x 10™ 65 4.38 x 10" 557 x 10° 4.32 x 10
f197.4 1.15x 10° 4.94x 10" 3.36 x 10* 1.58 x 10™ 29 1.99 x 10 3.73x10° 1.95x 10*
fh197.5 1.15x 10° 2.47 x 10* 1.44 x 10* 1.03 x 10 13 8.20 x 102 2.44 x 10° 7.96 x 102
kon = 5.53 x 10° M's™® 1.2 -
0.9 1
k2,0H' =23.6 M>13>1
—_ '<n
pKg=4.13 2 061
ki
0.3 1
K,y = 552.82 [Nu]es + 0.0095
R?=0.9996
OO T T 1
0.000 0.001 0.002 0.003

[Nucleophile]e / mol L

3.1.5. Reaction of alanine (1b) with (ind)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-
flow, detection at 610 nm)
No. [(ind),.CH'ly  [Nu]o [NUJest [OH] [Nuler/[Ello Kobs Kiw, on- Kiw
/molL*  /molL™ /molL* /mollL" /s* /s™ /s?
ccy87.1 1.56 x 10° 4.20 x 10° 3.68 x 10° 5.22 x 10™ 236 0.953 5.64x10°  0.947
ccy87.2 1.56 x 10° 2.10 x 10° 1.74 x 10° 3.59 x 10™ 112 0473 3.88x10°  0.469
ccy87.3 1.56 x 10° 1.68 x 10° 1.36 x 10° 3.18 x 10™ 87 0.371 3.43x10° 0.368
ccy87.4 1.56 x 10° 1.47 x 10° 1.17 x 10° 2.95 x 10™ 75 0.323 3.19x10° 0.320
ccy87.5 1.56 x 10° 6.30 x 10* 4.48 x 10* 1.82 x 10™ 29 0.125 1.97x10° 0.123
ccy87.6 1.56 x 10° 2.10 x 10* 1.17 x 10* 9.31 x 10° 7 3.45 x 102 1.01 x 10° 3.35 x 107
kon = 2.56 x 10° M's™ 1.2 -
kZ,OH' =10.8 M-ls-l < 0.8 7
7]
pKg=4.13 >
= 0.4
K, = 256.27 [Nu]oy + 0.0128
R?=0.9993
00 T T T 1
0.000 0.001 0.002 0.003 0.004

[Nucleophile]es / mol L™
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3.1.6. Reaction of alanine (1b) with (IiI)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, J&M,
detection at 630 nm)

No.  [(li)2CH"]o [Nulo [NUler [OHT  [Nulew/[Ello  Kobs Kiw, on- Ky
/molL*  /mollL™ / mol L / mol L /s* /s* /s*
fb174.5 1.97 x 10° 4.48 x 10° 3.94 x10° 5.40 x 10 200 251x10" 1.17 x10° 2.50 x 10™
fb174.4 2.01 x10° 2.74x10° 2.32x10° 4.15x 10" 116 157 x 10" 8.97 x 10™ 1.56 x 10™
b174.3 2.02 x 10° 1.84x10° 1.51x10° 3.34x10" 75 9.81 x 10? 7.22x10™ 9.74 x 107
fb174.2 1.97 x 10° 8.99 x 10" 6.75x 10" 2.24 x 10" 34 4.68 x 10° 4.83 x 10™ 4.63 x 10°

kon = 62.7 M™'s™

koon- = 2.16 M's™
pKg = 4.13

0.3 T

0.2

Ku/s™

0.1 -

K,y = 62.676 [NU]o + 0.0051
R?=0.9983

0.0
0.000

0.001 0.002 0.003 0.004

[Nucleophile]es / mol L™
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3.2. pH Dependance of rate constants for the reaction of alanine (1b) with (dma),CH'BF,

(phosphate buffer, at 20 °C, cosolvent: 0.5 vol % CH3CN, stopped-flow, detection at 610 nm,

pH measured, No. fn299)

[((dma),CHlo  [Nulo [PO,*] [HPO,*]  [H:PO,] pH Kobs
/ mol L /molL*  /molL* /molL* /molL? /st
4.09 x 10° 9.09 x 10* 4.55x 10° 9.98 x 10 11.52 2.28
4.09x10° 9.09 x 10* 2.73x 10 9.98 x 10 11.32 2.22
4.09 x 10° 9.09 x 10* 9.09 x 10” 9.98 x 10 10.86 1.96
4.09 x 10° 9.09 x 10* 4.55x 10” 9.98 x 10 10.63 1.78
4.09 x 10° 9.09 x 10* 9.09 x 10®° 9.98 x 10 10.27 1.45
4.09 x 10°  9.09 x 10™ 9.98 x 10 10.18 1.32
4.09 x 10° 9.09 x 10* 9.98 x10° 1.01x10* 10.09 1.21
4.09 x 10° 9.09 x 10* 9.98 x 10° 5.05x10* 9.64 6.86x 10™
4.09 x 10° 9.09 x 10* 9.98 x 10° 1.01x10° 879 153 x 10"
4.09 x 10°  9.09 x 10™ 9.98 x 10° 3.03x10° 7.74  3.58 x 107
4.09 x 10° 9.09 x 10* 9.98 x 10° 5.05x 10°  7.44 299 x 107
l -
O 1 [ ]
8
14
'2 T T T T 1
6 7 8 9 10 11 12
pH
3.3. Reactivity parameters for alanine (1b) in water: N = 13.01; s = 0.58
Reference electrophile E parameter k,n(20°C) /M™ s™ 5
(mor),CH" -5.53 2.46 x 10° 1
(dma),CH" -7.02 2.57 x 10° 3
(pyr).CH" -7.69 1.00 x 10° =27
(thg),CH" -8.22 5.53 x 10° 4 log ko =0.576 E +7.4954
R?=0.9945
(ind),CH* -8.76 2.56 x 107 0 ‘ ‘ ‘ ‘
11 -10 -8 7 %
(lil),CH" -10.04 62.7 E
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4. Valine (1c)

4.1. Rate constants in water

4.1.1. Reaction of valine (1c) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.5 vol-% CH;CN, stopped-

flow, detection at 610 nm)

No. [(dma),CH]o  [Nulo [NUler [OHT  [Nule/[Ello  Kobs Ky, on Ky
/molL*  /molL* /molL* /molL™ /s* /s* /s*

ccyl63.1 5.95x 10° 7.28 x 10°6.67 x 10° 6.06 x 10* 112 38.9 7.93 x 107 38.8
ccyl63.2 5.95x 10° 3.64 x 10°3.22 x 10° 4.21 x 10* 54 19.7 5.51 x 10” 19.6
ccy163.3 5.95x 10° 2.55x 10°2.20 x 10° 3.48 x 10* 37 13.6 4.56 x 10 13.6
ccyl63.4 5.95x 10° 1.46 x 10°1.20 x 10% 257 x 10* 20 7.38 3.37 x 107 7.35
ccyl63.5 5.95 x 10° 7.28 x 10 5.54 x 10™ 1.74 x 10™ 9 3.31 2.28 x 107 3.29

kon =5.79 x 10° M's™? 40 1

30 1
k2,0H' =131 M-ls-l -
[%2]

pKg = 4.26 S 20 A
X

10 1

K = 5785.7 [NuJeg + 0.5015

R?=0.9992

0 T

0.000 0.002

T

0.004

T 1

0.006 0.008

[Nucleophile]es / mol L™

4.1.2.  Reaction of valine (1c) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.1 vol-% CH3CN, stopped-

flow, detection at 610 nm)

No. [(pyr):CHlo  [Nu]o [NUJett [OHT  [Nule/[Ello  Kobs Ky, on- Kiw
/molL*  /molL* /molL* /molL™ /s*t /s* /s*

ccyl64.1 1.13 x 10° 7.28 x 107 6.67 x 10° 6.06 x 10* 591 149 294x10% 149
ccyl64.2 1.13 x 10 3.64 x 10° 3.22 x 10°® 4.21 x 10* 285 753 2.04x10% 751
ccy164.3 1.13 x 10 2.55 x 10° 2.20 x 10° 3.48 x 10* 195 522 1.69x10% 5.20
ccyl64.4 1.13 x 10° 1.46 x 10° 1.20 x 10° 2,57 x 10" 106 289 1.25x10° 288
ccy164.5 1.13 x 10° 7.28 x 10 5.54 x 10* 1.74x 10" 49 1.36 8.46x10° 1.35

kon =2.20 x 10° M's™ 16
12 -
koon- = 48.5 M's™? "
~ 8 -
— =3
pKg = 4.26 Z
47 K 1y = 2202.6 [Nu]es + 0.2603
R? = 0.9995
0 T T T 1
0.000 0.002 0.004 0.006

[Nucleophile]e / mol L™

0.008
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4.1.3. Reaction of valine (1c) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN, stopped-
flow, detection at 610 nm)
No.  [(thg),CHlo  [Nulo [NU]est [OHT  [Nulew/[Ello  kobs Kiw, on- Kiy
/molL*  /molL* /molL* /molL* /s* /st /st
ccyl65.1 3.14 x 10° 7.28 x 10° 6.67 x 10° 6.06 x 10* 213 8.19 1.43x10% 8.8
ccyl65.2 3.14 x 10° 3.64 x 10° 3.22 x10° 4.21 x 10* 103 416  9.93x10°  4.15
ccyl65.3 3.14x 10° 255 x10° 2.20 x 10° 3.48 x 10™ 70 2.88 821x10° 287
ccyl65.4 3.14 x 10° 1.46 x 10 1.20 x 10° 2.57 x 10™ 38 160 6.07x10° 1.59
ccyl65.5 3.14 x 10° 7.28 x 10™ 5.54 x 10* 1.74 x 10™ 18 0.752 4.12x10° 0.748
kon = 1.21 x 10° M's™? 9 -
k2,0H' =23.6 M—ls—l - 6
n
pKg = 4.26 <
X 3 |
K ;¢ = 1209.8 [Nu]es + 0.1561
R? = 0.9994
0 T T T 1
0.000 0.002 0.004 0.006 0.008
[Nucleophile]es / mol L™
4.1.4. Reaction of valine (1c) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-
flow, detection at 634 nm)
No.  [(ul).CHl  [Nul [NUer [OHT  [Nulew/[Ello  Kobs Ky, on- Kiw
/molL*  /molL*  /molL™ /mol L™ /st /st /st
ccyl66.1 3.14 x 10° 7.28 x 10° 6.67 x 10°  6.06 x 10™ 213 1.62 2.08x10° 1.62
ccyl66.2 3.14 x 10° 3.64 x 10° 3.22x10° 4.21 x 10 103 0.823 1.45x10° 0.822
ccy166.3 3.14 x 10° 2.55x 10° 2.20 x 10° 3.48 x 10™ 70 0576 1.20x10° 0.575
ccyl66.4 3.14 x 10° 1.46 x 10° 1.20x 10° 257 x 10™ 38 0.322 8.84x10* 0.321
ccyl166.5 3.14 x 10° 7.28 x 10 5.54 x 10*  1.74 x 10™ 18 0.156 6.00 x 10" 0.155
kon = 2.38 x 10°M's™ 2.0 -
k2,0H' =3.44 M—ls—l 151
_ I(I)
pKg = 4.26 2 10
x
0.5 -

K 1 = 238.17 [Nu]ey + 0.0383

R? =0.9994
OO T T T 1

0.000 0.002 0.004 0.006 0.008

[Nucleophile]ss / mol L™
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4.2, Reactivity parameters for valine (1c) in water: N = 13.65; s = 0.57
Reference electrophile E parameter k,n(20°C) /M™ s™ 4 A
(dma),CH" -7.02 5.79 x 10°
3 4
(pyr),CH" -7.69 2.20 x 10°
(thg),CH* -8.22 1.21 x 10° ;; 5 ]
(jul),CH* -9.45 2.38 x 10° =
1 log ko = 0.5654 E +7.7178
R?=0.9989
0 T T T 1
-10 -9 -8 7 -6
E

5. Leucine (1d)

5.1. Rate constants in water

5.1.1. Reaction of leucine (1d) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.5 vol-% CH3;CN,
stopped-flow, detection at 610 nm)

No. [(dma),CH'lo [Nulo [NUJest [OH]  [Nule/[Ello  Kobs Kiw, on- Ky
/molL*  /molL* /molL* /mollL™" /s* /s* /s*
fb378.1 2.32 x 10 5.00 x 10°4.50 x 10° 4.97 x 10* 194 202 6.52x10% 20.1
fb378.2 2.32x10° 3.75x10°3.32x10% 427 x 10" 143 15.4 5.60x10° 15.3
ccyl71.1 5.95x 10° 7.60 x 10°6.98 x 10° 6.19 x 10* 117 30.8 8.11x10% 307
b378.3 2.32x10° 2.50x 10°2.16 x 10° 3.44 x 10* 93 10.2 451x10° 10.2
ccyl71.2 5.95x10° 5.32x10%4.81x10°5.14x10* 81 216 6.73x10% 215
ccyl71.3 5.95x 10° 3.80 x 10°3.37 x 10° 430 x 10* 57 158 5.64x10% 157
fb378.4 2.32x10° 1.25x10°1.01x10°%2.36 x 10" 44 498 3.09x10% 4.95
ccyl71.4 595x10° 2.28x 10°1.95x 10° 3.28 x 10* 33 9.23 4.29x10% 9.19
ccyl71.5 5.95x 10° 7.60 x 10%5.81 x 10 1.79 x 10* 10 2.63 234x10? 261
fb378.5 2.32 x 10° 2.50 x 10* 1.57 x 10™ 9.29 x 107 7 7.25 10" 1.22 x 10 7.13 x 10"
kon = 4.40 x 10° M's™? 32 7

24 A

koo = 131 M™s™ 0
= 16

- >

pKg = 4.26 K
8 -

K,y = 4398 [Nu]osr + 0.4237
R? =0.9988
T T

0 T
0.000 0.002 0.004 0.006 0.008

1

[Nucleophile]es / mol L™
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5.1.2.  Reaction of leucine (1d) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.3 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No.  [(pyn2CHlo  [Nulo [Nules [OHT  [Nulet/[Ello  Kobs Ky, on Ky
/molL*  /molL* /molL* /mollL™ /s* /s* /s*

ccy168.1 1.13 x 10 8.98 x 10°8.30 x 10° 6.76 x 10* 735 139 3.28x10% 13.9
ccy168.2 1.13 x 10 6.53 x 10°5.96 x 10° 5.72 x 10* 527 10.1  2.78x 10° 10.1
b379.1 1.56 x 10®° 5.00 x 10°4.50 x 10° 4.97 x 10" 289 753 241x10° 751
fb379.2 1.56 x 10° 3.75 x 10°3.32 x 10° 4.27 x 10* 213 577 207x10? 575
fb379.3 1.56 x 10° 2.50 x 10°2.16 x 10°® 3.44 x 10" 138 3.79 1.67x10° 3.77
ccy168.3 1.13 x 10° 1.60 x 10°1.33 x 10° 2.70 x 10* 118 248 131x10% 247
b379.4 1.56 x 10° 1.25x 10°1.01 x 10° 2.36 x 10* 65 1.85 1.14x10° 1.84
ccy168.4 1.13 x 10° 7.93x10%6.10 x 10” 1.83x 10* 54 1.13 8.88x10° 1.12

ccy168.5 1.13 x 10° 4.12 x 10 2.87 x 10™ 1.25 x 10™ 25 554x10"6.09x 102 5.48 x 10*
fb379.5 1.56 x 10> 2.50 x 10 1.57 x 10™ 9.29 x 10° 10  2.55x10"4.51 x10° 2.50 x 10*

kon = 1.66 x 10° M's™ 15 -
koon- = 48.5 M's™ - 10 A
7]
pKg = 4.26 S
X 5 n

K,y = 1661.1 [Nuey + 0.128
R? = 0.9996

0.000 0.003 0.006 0.009

[Nucleophile] / mol L™
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5.1.3. Reaction of leucine (1d) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No. [(thg),CHo  [Nulo [NUles [OHT  [Nule/[Ello  Kops Ky, on Ky
/molL*  /molL* /molL' /mollL" /s* /s* /s*

ccy169.1 3.14 x 10° 8.98 x 10° 8.30 x 10° 6.76 x 10* 264 8.76 159x10% 8.74
ccy169.2 3.14 x 10° 6.53 x 10°5.96 x 10° 5.72 x 10* 190 641 1.35x10% 6.40
fb380.1 3.70 x 10° 5.00 x 10° 450 x 10° 4.97 x 10* 122 466 1.17x10° 465
fb380.2 3.70 x 10° 3.75 x 10° 3.32 x 10° 4.27 x 10* 90 356 1.01x10? 355
fb380.3 3.70 x 10° 2.50 x 10° 2.16 x 10° 3.44 x 10" 58 234 812x10° 2.33
ccy169.3 3.14 x 10° 1.60 x 10° 1.33 x 10 2.70 x 10™ 42 156 6.38x10° 155
fb380.4 3.70 x 10° 1.25 x 10° 1.01 x 10° 2.36 x 10™ 27 115 557x10° 114

ccy169.4 3.14 x 10° 7.93 x 10 6.10 x 10 1.83 x 10™ 19 716 x 101 4.32 x10° 7.12 x 10*
ccy169.5 3.14 x 10° 4.12 x 10 2.87 x 10™ 1.25 x 10™ 9 3.46 x 10" 2.96 x 10° 3.43 x 10*
fb380.5 3.70 x 10> 2.50 x 10” 1.57 x 10 9.29 x 10 4 152 x 101 2.19 x 10° 1.50 x 10*

kon = 1.05 x 10° M's™® 97
- - — 6 B
k2,0H' =23.6 M 1S ! %)
- e
pKg = 4.26 < 5]
K,y = 1047.8 [Nu]es + 0.061
R? = 0.9994
0 T T 1
0.000 0.003 0.006 0.009

[Nucleophile]es / mol L™
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5.1.4. Reaction of leucine (1d) with (qu)ZCH+BF4> (at 20 °C, cosolvent: 1.0 vol-% CH5CN, stopped-
flow, detection at 630 nm)

No. [(ul)2CH"o [NuJo [NUJest [OH] [Nuler/[Ello Kobs Kiw, on- K1y

/molL*  /molL* /mollL* /mol L™ /st /s* /st

ccyl70.1 855 x 10° 8.98 x 10° 8.30 x 10° 6.76 x 10™ 971 1.94 232x10% 194

ccyl70.2 855 x10° 6.5310° 5.96x10° 5.72x10* 697 1.43 1.97 x 107 1.43
fb381.1 1.69 x 10° 5.00 x 10° 4.50 x 10° 4.97 x 10™ 266 1.00 1.71x10° 9.98 x 10™

fb381.2 1.69 x 10° 3.75x 10° 3.32x10° 4.27 x 10™ 197  7.60x 10" 1.47x10° 7.59 x 10™
ccy170.3 855 x 10° 1.60 x 10° 1.33x10° 2.70 x 10™ 156  3.51x 10" 9.30 x 10” 3.50 x 10"
fb381.3 1.69 x 10° 2.50 x 10° 2.16 x 10° 3.44 x 10™ 128  5.06x 10" 1.18 x10° 5.05x 10
ccyl70.4 855 x10° 7.93x10* 6.10x 10" 1.83x10™ 71 1.63x 10" 6.30x 10" 1.62x 10™
fb381.4 1.69 x 10° 1.25x 10° 1.01x10° 2.36 x 10™ 60 251 x 10" 8.12x 10" 2.50 x 10™
ccyl70.5 855 x 10° 4.12x 10" 2.87 x10* 1.25 x 10™ 34 8.25 x 107 4.32x 10" 8.21 x 10

fb381.5 1.69 x 10° 2.50 x 10* 1.57 x10* 9.29 x 10° 9 4.06 x 10% 3.20 x 10* 4.03 x 10°
kon = 2.31 x 10 M's™ 2.0 -
1.5 1
Kaon- = 3.44 M's™ -
(%]
pKg = 4.26 ~ 1.0 A
x
0.5 A _
K 1y = 231.08 [Nu]es + 0.0125
R =0.9983
0.0 T T !
0.000 0.003 0.006 0.009
[Nucleophile]es / mol L™
5.2. Reactivity parameters for leucine (1d) in water: N = 14.01; s = 0.52
Reference electrophile E parameter k,x(20°C) /M™ s™ 44
(dma),CH" -7.02 4.40 x 10°
3 4
(pyr).CH" -7.69 1.66 x 10°
(thg),CH" -8.22 1.05 x 10° % 5]
(ul),CH" -9.45 2.31 x 10° =
11 log kon = 0.5173 E +7.2496
R?=0.9955
O T T T 1
10 -9 8 7 6
E
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6. Phenylalanine (1e)

6.1. Rate constants in water

6.1.1. Reaction of phenylalanine (1e) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.2 vol-% CH3;CN,
stopped-flow, detection at 610 nm)

No. [(dma),CHly [Nu]o [Nules [OHT  [Nulew/[Ello  Kobs Kiw, on- Ky
/molLY  /molL* /molL* /molL? /st /st /st
fn272.1 1.12x 10> 560 x 10°5.32 x 10° 2.84 x 10* 475 326 3.72x10% 326
fn272.2 1.12x10° 3.36x10°3.14 x 10° 2.18 x 10* 281 20.3 2.86x10% 20.3
fn272.3 1.12x 10> 2.24x10°2.06 x 10° 1.77 x 10* 184 13.4 231x10% 134
fn272.4 1.12x10° 1.12x10°9.97 x10* 1.23x 10* 89 6.58 1.61x10°  6.56
fn272.5 1.12x 10° 560 x 10%4.75 x 10™ 8.48 x 10° 42 3.14 111x10% 3.13
fn272.6 1.12x 10° 2.80 x 10%2.22 x 10™ 5.80 x 10° 20 138 7.59x10°  1.37
kon = 6.14 x 10° M's™ 37
27
koo = 131 M™s™ <
18 1
pKg = 4.82 <
°] K ¢ = 6142 [Nu]ey + 0.3743
R?=0.9988
0 T T ,
0.000 0.002 0.004 0.006

[Nucleophile]es / mol L™

6.1.2. Reaction of phenylalanine (1e) with (pyr)ZCH+BF4> (at 20 °C, cosolvent: 0.2 vol-% CHsCN,
stopped-flow, detection at 610 nm)

No. [(pyr)ZCH+]0 [NuJo [NuJes [OH] [Nulet/[Ello Kobs Kiw, on- K1y
/molL*  /molL* /molL* /molL* /st /st /st
fn271.1 6.02 x 10° 5.60 x 10°5.32 x 10° 2.84 x 10* 883 13.7 1.38x10% 137
fn271.2 6.02 x 10° 3.36 x 10° 3.14 x 10° 2.18 x 10* 522 8.40 1.06 x 102 8.39
fn271.3 6.02 x 10° 2.24 x 102 2.06 x 10° 1.77 x 10* 343 559 857x10° 558
fn271.4 6.02 x 10° 1.12x 10°9.97 x 10* 1.23 x 10™ 166 257 596x10° 256
fn271.5 6.02 x 10° 5.60 x 10™ 4.75 x 10 8.48 x 10™° 79 1.25 4.11x10° 1.25
fn271.6 6.02 x 10° 2.80 x 10* 2.22 x 10™ 5.80 x 10° 37 5.89 x 10" 2.81 x 10° 5.86 x 10™
kon = 2.64 x 10° M's™ 57
L 104
koon- = 48.5 M's™ o
pKg = 4.82 < o
K,y = 2641.7 [Nu]y + 0.0137
R? = 0.9998
0 T T 1
0.000 0.002 0.004 0.006

[Nucleophile] / mol L™
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6.1.3. Reaction of phenylalanine (1e) with (qu)ZCH+BF4> (at 20 °C, cosolvent: 0.4 vol-% CHsCN,
stopped-flow, detection at 634 nm)
No. [(le)ZCH+]0 [Nu]o [Nuest [OH] [Nuler/[El]o Kobs K1y, on- Kyy
/molL*  /molLl*  /molL* /molL* /st /st /s*
fn273.1 2.37 x 10° 5.60 x 10™ 5.32 x 10> 2.84 x 10* 224 1.71 976 x10* 1.71
fn273.2 2.37 x 10° 3.36 x 10° 3.14 x 10° 2.18 x 10™ 133 9.16 x 10" 7.50 x 10* 9.15 x 10
fn273.3 2.37 x 10° 2.24 x 10° 2.06 x 10° 1.77 x 10™ 87 6.47 x 10" 6.08 x 10 6.46 x 10
fn273.4 2.37 x10° 1.12 x 10° 9.97 x 10* 1.23 x 10™ 42 3.47 x 10" 4.23 x 10 3.47 x 10
fn273.5 2.37 x 10° 5.60 x 10* 4.75 x 10” 8.48 x 10® 20 1.90 x 10" 2.92 x 10* 1.90 x 10™
kon = 3.10 x 10° M's™ 2.0
[ ]
kaon- = 3.44 M's™ 1.5 -
pKB =4.82 HU)
\2 1.0 -
X
0.5 -
k¢ = 309.86 [Nu]ey + 0.0181
R?=0.9938
OO T T 1
0.000 0.002 0.004 0.006
[Nucleophile]ess / mol L™
6.2. Reactivity parameters for phenylalanine (1e) in water: N = 14.12; s = 0.53
Reference electrophile E parameter k,n(20°C) /M™ s™ 41
(dma),CH" -7.02 6.14 x 10° .
(pyr).CH" -7.69 2.64 x 10° .
(jul),CH* -9.45 3.10 x 10° =21
o
1 log ko =0.5326 E +7.5231
R%2=0.9999
0 T T T 1
-10 9 8 -7 6
E
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7. Proline (1f)

7.1. Rate constants in water

7.1.1. Reaction of proline (1f) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.3 vol-% CH3;CN, stopped-
flow, detection at 610 nm)

No. [(dma).,CH]o  [Nulo [NU]er [OHT  [Nulew/[Elo  Kops Ky, on Ky
/molL*  /molL* /molL* /mollL™ /s* /s* /s*
fb382.3 1.16 x 10° 2.32x10°1.50 x 10° 8.19 x 10* 129  4.82 x 10° 1.07 x 10" 4.82 x 10?
fb382.4 1.16 x10° 1.16 x 10°6.30 x 10" 5.30 x 10* 54  2.11 x 10° 6.95x 10° 2.11 x 10°

fb382.5 1.16 x 10° 2.32 x 10%6.35 x 10° 1.68 x 10™ 5 176  221x10° 17.6
kon =3.22 x 10° M's™ 600 -
_ -1 -1
k2,0H' =131 M"s 400 -
pKg = 3.35 0
S
X
200 -
Ky = 321959 [Nu]ey + 1.3051
R? =0.9993
0 T T T 1

0.0000 0.0004 0.0008 0.0012 0.0016
[Nucleophile]es / mol L™
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7.1.2. Reaction of proline (1f) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.3 vol-% CH5CN, stopped-
flow, detection at 610 nm)

No.  [(pyr)CH']o [NuJo [NUJert [OH] [Nuler/[Ello Kobs Kiw, on- Ky
/molL*  /molL* /molL* /molL" /s™ /st /s™
fb383.1 1.57 x 10° 4.64 x 10° 3.41 x10° 1.23x10° 217  5.03 x 10° 5.98 x 10? 5.03 x 10°
fb383.2 1.57 x 10° 3.48 x 10° 2.44 x 10° 1.04x10° 155  3.76 x 10° 5.06 x 10? 3.76 x 10°
fb383.3 1.57 x 10° 2.32x10° 1.50x 10° 8.19x10* 96 2.33 x 10? 3.97 x 10? 2.33 x 10?
ccyd.l 1.25x10° 1.94 x10° 1.21 x10° 7.34 x 10™ 96 1.71 x 10° 3.56 x 10° 1.71 x 10°
ccyd.2 1.25x10° 1.55x 107 9.12 x 10” 6.38 x 10™ 73 1.31 x 10° 3.10 x 10° 1.31 x 10°

fb383.4 1.57 x 10° 1.16 x 10° 6.30 x 10* 5.30 x 10™ 40 99.2 257x10%  99.2
ceyd.3 1.25x10° 9.71 x 10” 4.99 x 10” 4.72 x 10™ 40 73.7 229x10% 737
ccyd.4 1.25x10° 5.83 x 10" 2.49 x 10* 3.34 x 10™ 20 36.4 1.62x10° 36.4
ccyd5 1.25x10° 2.72x 10" 8.14 x 10° 1.91 x 10™ 7 114 9.25x10° 114
fb383.5 1.57 x 10° 2.32 x 10" 6.35 x 10° 1.68 x 10™ 4 9.92 817x10° 991
kan = 1.50 x 10° M's™ 600 -
Hm 400 +
koon- = 48.5 M's™ ~
pKg=3.35 200
K,y = 149848 [Nu]es - 0.1745
o ‘ ‘RZ = 0.9984

0.000 0.001 0.002 0.003 0.004

[Nucleophile]e / mol L™

7.1.3.  Reaction of proline (1f) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.5 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No. [(tha):CHlo  [Nulo [NUest [OHT  [Nuler/[Ello  Kobs Kiw, on- Ky

/molL*  /molL* /molL* /molL? /st /st /st

fb384.1 3.70 x 10° 4.64 x 10° 3.41 x 10° 1.23 x 107 92 3.03 x 10° 2.91 x 10? 3.03 x 10?
fb384.2 3.70 x 10° 3.48 x 10° 2.44 x 10° 1.04 x 10° 66 2.22 x 10° 2.46 x 10% 2.22 x 10°
fb384.3 3.70 x 10° 2.32 x 10° 1.50 x 10° 8.19 x 10™ 41 1.40 x 10> 1.93 x 10? 1.40 x 10?
fb384.4 3.70 x 10° 1.16 x 10° 6.30 x 10* 5.30 x 10™ 17 584 1.25x10% 584
ko = 8.80 x 10* Ms™ 4007

300 1
koon- = 23.6 M's™ "
pKg = 3.35

100
Ky = 87983 [Nuley + 5.4346

R®=0.9994
0 ‘ ‘ ‘ ‘

0.000 0.001 0.002 0.003 0.004

[Nucleophile]s / mol L™
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7.1.4. Reaction of proline (1f) with (ind)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN, stopped-
flow, detection at 608 nm)
No. [(ind)ZCH+]o [Nu]o [Nuesr [OH] [Nulet/[Ello Kobs Kiw, on- Kyy
/molL*  /molL* /molL* /mollL™ /st /st /st
f0104.2 1.76 x 10° 1.61 x 10° 9.56 x 10* 6.54 x 10™ 54 34.0 7.06 x 10°  34.0
f0104.3 1.76 x 10° 8.04 x 10™* 3.88 x 10* 4.16 x 10™ 22 13.2 4.49 x 10° 13.2
f0104.4 1.76 x 10° 4.82 x 10* 1.90 x 10* 2.92 x 10™ 11 6.17 3.15x 107 6.17
kon = 3.64 x 10° M's™ 40 7
30 1
k2,0H' =10.8 M_ls_l
— IU)
pKB— 3.35 \B- 20 1
k:
10
K 1y = 36382 [NU]eg - 0.8227
R%=1
0 T T T T 1
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010
[Nucleophile]e / mol L™
7.1.5. Reaction of proline (1f) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 1.0 vol-% CH3CN, stopped-
flow, detection at 630 nm)
No.  [(u).CHlo  [Nuo [NUJest [OH] [Nuler/[Ello Kobs Kiw, on- Koy
/molLY*  /molL?* /molL? /mol L* /st /st /st
fb385.1 1.69 x 10° 4.64 x 10° 3.41 x 10° 1.23 x 107 202 70.3 4.24 x 103 70.3
fb385.2 1.69 x 10° 3.48 x 10° 2.44 x 10° 1.04 x 107 144 51.0 3.59 x 107 51.0
f385.3 1.69 x 10° 2.32x 10° 1.50 x 10° 8.19 x 10™ 89 32.3 2.82 x10° 32.3
fb385.4 1.69 x 10° 1.16 x 10° 6.30 x 10* 5.30 x 10™ 37 14.1 1.82 x 10° 14.1
kon = 2.02 x 10* M7's™ 80
koon- = 3.44 M's™ 60 -
pKg = 3.35 -
wn
S 40
X
20 -
K ;¢ = 20208 [Nu]ey + 1.6383
R*=0.9999
0 T T T 1
0.000 0.001 0.002 0.003 0.004

[Nucleophile]e / mol L™
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7.1.6. Reaction of proline (1f) with (IiI)2CH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-
flow, detection at 620 nm)

No.  [(li)2CH']o [Nuo [NU]est [OHT  [Nule/[Elo  Kobs Ky, on- Ky
/molL*  /mol L™ /mol L™ /mol L™ /st /s* /st
ccy3.1 1.32x10° 1.94x10° 1.21x10° 7.34x10™ 91 126  159x10° 126
ccy3.2 1.32x10° 1.55x10° 9.12x 10" 6.38 x 10™ 69 9.98 1.38x10° 9.98
ccy3.3 1.32x10° 9.71x10* 4.99x10* 4.72 x 10" 38 547  1.02x10° 547
ccy3.4 1.32x10° 583x10* 249x10" 3.34x 10" 19 271 7.21x10* 271
ccy3.5 1.32x 10° 2.72x 10" 8.14x10° 1.91x10™ 6 9.28 x 10" 4.12 x 10® 9.28 x 10"
kon = 1.05 x 10* M?'s™ 15
k2,0H' =2.16 M—ls—l FI'U) 10 A
pKg=3.35 =
_~: 5 -
K ;g = 10501 [Nu]es + 0.1462
2 _
0 | R’ =0.9987 |
0.0000 0.0005 0.0010 0.0015
[Nucleophile]e / mol L™
7.2. Reactivity parameters for proline (1f) in water: N = 18.08; s = 0.50
Reference electrophile E parameter k,n(20°C) /M™ s™ 6
(dma),CH" -7.02 3.22 x 10°
(pyr).CH* -7.69 1.50 x 10° = 5]
(thq),CH* -8.22 8.80 x 10°* g,
: + 4 4 A
(ind),CH -8.76 3.64 x 10 l0g Kan = 0.4976 E +8.9972
(jul),CH* -9.45 2.02 x 10* R®=0.9949
. + 4 3 T T T 1
(lil),CH -10.04 1.05 x 10 1 10 o . 5
E
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8. Serine (19)

8.1. Rate constants in water

8.1.1. Reaction of serine (1g) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.5 vol-% CH3;CN, stopped-
flow, detection at 610 nm)

No. [(dma),CH]o  [Nu]o [NUler [OHT  [Nulet/[Ello  Kobs Ky, on Ky
/molL*  /molL* /molL* /mollL™ /s* /s* /s*
ccyl25.1 5.95x 10° 4.48x10°4.22x10° 2.62 x10* 71 105 3.43x10% 105
ccyl25.2 5.95x 10° 2.24 x 10°2.06 x 10° 1.83 x 10* 35 523 239x10% 521
ccyl25.3 5.95x 10° 1.57 x 10°1.42 x 10° 1.52 x 10* 24 362 1.99x10% 3.60
ccyl25.4 5.95x 10° 8.96 x 107 7.83 x 10" 1.13 x10* 13 1.96 1.48x10% 195
ccyl25.5 5.95 x 10° 4.48 x 10*3.70 x 10* 7.75 x 10 6 0.877 1.02x10° 0.867
kon = 2.49 x 10° M's™? 12 4
koo = 131 M™s™ R
pKg = 4.79 %
<, ]
K,y = 2488.8 [Nule; + 0.0126
0 | R?= 9.9997 |

0.000 0.002 0.004 0.006
[Nucleophile]es / mol L™

8.1.2.  Reaction of serine (1g) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No.  [(pyN2CHlo  [Nuo [NUer [OHT  [Nulew/[Ello  Kops Ky, on Ky
/molL*  /molL™ /molL* /mollL™ /s* /s* /s*

ccyl26.1 2.12 x 10° 4.48 x 10° 4.22 x10° 2.62x10* 199 3.88 1.27x10% 3.87
ccyl26.2 212 x 10° 2.24x10° 2.06 x 10° 1.83x 10™ 97 1.98 8.86x10° 1.97
ccyl26.3 2.12x10° 157 x10° 1.42x10° 1.52x 10" 67 1.37 7.36x10° 1.36

ccyl26.4 2.12x10° 8.96x10* 7.83x10* 1.13x10™ 37 0.769 5.47 x10° 0.764
ccyl126.5 2.12x10° 4.48 x10* 3.70 x 10* 7.75 x 10 17 0.376 3.76 x10° 0.372

kon = 9.07 x 10° M7's™ 47

koon- = 48.5 M's™
pKg = 4.79

Ky/s™
N
1

K 1y = 907.15 [Nu]ey + 0.0621

R?=0.999
0 T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]e / mol L™
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8.1.3.  Reaction of serine (1g) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No.  [(thg).CH'ly  [Nulo [NU]eft [OHT  [Nule/[Ello  Kobs Kiw, on- K1y
/molL*  /molL* /molL* /molL* /st /st /st
ccyl27.1 1.57 x10° 4.48 x 107 4.22 x10° 2.62x 10" 269 216 6.17x10% 215
ccyl27.2 1.57 x10° 2.24x10° 2.06 x 10° 1.83x 10" 131 1.10 4.31x10° 1.10
ccyl27.3 157 x10° 1.57 x10° 1.42x10® 1.52x10* 90 0.769 3.58 x 10° 0.765
ccyl27.4 157 x10° 8.96 x 10™ 7.83 x 10* 1.13x 10™ 50 0.430 2.66x 10° 0.427
ccyl27.5 1.57 x 10° 4.48 x 10™ 3.70 x 10* 7.75 x 10° 24 0.210 1.83x10° 0.208
kon = 5.05 x 10° M™'s™® 2.5 -
2.0
koon- = 23.6 M's™
2,0H F-'m 15
pKg = 4.79 <
o 1.0 1
0.5 - Ky = 504.54 [Nu]¢ + 0.0373
R? = 0.9996
OO T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005
[Nucleophile]es / mol L™

8.1.4. Reaction of serine (1g) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CHsCN, stopped-
flow, detection at 634 nm)

No. [Gul)2CH'o [NuJo [NUuJest [OH] [Nuleq/[Ello Kobs Kiw, on- K1y
/molL*  /molL* /mollL” / mol L™ /st /s™ /st
ccyl28.1 8.55 x 10° 4.48 x 10° 4.22x10° 2.62 x 10* 493 0.417  9.00x 10"  0.416
ccy128.2 8.55 x 10° 2.24 x 10° 2.06 x 10°  1.83 x 10 241 0217 6.28x10"*  0.216
ccyl28.3 8.55x 10° 1.57 x 10° 1.42x10° 1.52 x 10™ 166 0.154 522x10% 0.153

ccyl28.4 8.55x 10° 8.96 x 10* 7.83x 10" 1.13 x 10™ 92 8.97 x 10° 3.88 x 10* 8.93 x 107
ccyl128.5 8.55 x 10° 4.48 x 10 3.70 x 10"  7.75x 10° 43 4,95 x 10° 2.67 x 10* 4.92 x 10”

kon = 95.3M's™ 0.5
0.4 -
Kaon- = 3.44 M's™ .
pKg = 4.79 ©» 037
>
X 02 7

K,y = 95.295 [Nu]ey + 0.0163

R? =0.9996
00 T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005
[Nucleophile]es / mol L™
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8.1.5. Reaction of serine (1g) with (IiI)2CH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3;CN, stopped-
flow, detection at 634 nm)

No.  [(li,CH]o [Nulo [NUler [OHT  [Nulew/[Ello  Kobs Kiw, on- Ky
/molL*  /mollL™ / mol L / mol L /s* /s* /s*
ccy129.1 1.02 x 10° 4.48 x10° 4.22x10° 2.62x10™ 414 0.246 5.65x 10" 0.245
ccyl129.2 1.02 x 10° 2.24x10° 2.06 x10° 1.83x 10™ 202 0.126 3.95x 10" 0.126

ccy129.3 1.02x10° 1.57x10° 1.42x10° 1.52x10™ 139  8.77x 107 3.28 x 10 8.74 x 10”
ccy129.4 1.02 x 10° 8.96 x 10*  7.83x10* 1.13x 10™ 77 4.98 x 10% 2.43 x 10™ 4.96 x 102

kon =56.8 M™'s™ 0.3 1
koon- = 2.16 M's™
< 0.2~
pKg = 4.79 »
E>
X
0.1
K,y = 56.822 [Nu]e + 0.0066
R? = 0.9996
00 T T T T 1
0.000 0.001 0.002 0.003 0.004 0.005
[Nucleophile]ss / mol L™
8.2. Reactivity parameters of serine (1g) in water: N = 13.16; s = 0.55
Reference electrophile E parameter k,n(20°C) /M™ s™ 44
(dma),CH" -7.02 2.49 x 10°
3 4
(pyr),CH" -7.69 9.07 x 10°
(thq),CH" -8.22 5.05 x 10° <,
(=)
(jul),CH" -9.45 95.3 2
(lih,CH" -10.04 56.8 H log ko = 0.5474 E +7.202
R?=0.996
0 T T T 1
-11 -10 -9 -8 -7
E
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9. Threonine (1h)

9.1. Rate constants in water

9.1.1. Reaction of threonine (1h) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 9 vol-% CH3CN,
stopped-flow, detection at 610 nm)

No. [(dma),CH]o  [Nu]o [NUler [OH]  [Nule/[Ello  Kobs Kiw, on- Ky

/molL*  /molL* /molL* /mollL™ /s* /s* /s*

fn267.2 3.47 x 10° 3.67 x 10°3.46 x 10° 2.09 x 10* 100 7.97 2.73x 107 7.94

fn267.3 3.47 x10° 2.20x10°2.04 x 10° 1.60 x 10" 59 477 2.10 x 107 4.75

fn267.4 3.47 x10° 1.47x10°1.34x10° 1.30 x 10" 39 3.19 1.70 x 107 3.17

fn267.5 3.47x10° 7.34x1076.44 x 10% 9.00x 10° 19 1.55 1.18 x 10 1.54
fn267.6 3.47 x 10° 3.67 x 10”3.05 x 10 6.20 x 10° 9 7.20 x 10" 8.12x10° 7.12x 10"

kon = 2.29 x 10° M's™? 87

k2,0H' =131 M-ls-l
pKp = 4.90

K 1y = 2285.4 [Nu]os + 0.0622

R?=0.9998
0 T T T 1

0.000 0.001 0.002 0.003 0.004
[Nucleophile]e / mol L™

9.1.2. Reaction of threonine (1h) with (pyr)ZCH+BF4> (at 20 °C, cosolvent: 0.8 vol-% CH5CN,
stopped-flow, detection at 610 nm)

No.  [(pyr).CH']o [NuJo [NUJest [OH] [Nuleq/[Ello Kobs Kiw, on- K1y
/molL*  /molL* /molL* /mollL™ /st /st /st

fn268.1 2.47 x 10° 7.34x10° 7.04x10° 2.98x 10" 285 6.95 1.44x10° 6.94
fn268.2 2.47 x 10° 3.67 x 10° 3.46 x 10° 2.09 x 10* 140 338 1.01x10% 3.37
fn268.3 2.47 x 10° 2.20x10° 2.04x10° 1.60x 10" 83 211  7.77x10° 210
fn268.4 2.47 x10° 1.47x10° 1.34x10° 1.30x10* 54 1.44 6.30x10° 143

fn268.5 2.47 x 10° 7.34 x 10* 6.44 x 10* 9.00 x 10° 26 7.08 x 107 4.37 x 10° 7.04 x 10
fn268.6 2.47 x 10° 3.67 x 10* 3.05 x 10* 6.20 x 10° 12 3.26 x 10" 3.01 x 10 3.23 x 10*

kon =9.73 x 10° M7's™

koon- = 48.5 M's™ v,
pKg = 4.90 n

Ky = 972.62 [Nuley + 0.0736

R? = 0.9996
0 ‘ ‘ : ‘

0.000 0.002 0.004 0.006 0.008

[Nucleophile]ey / mol L™
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9.1.3. Reaction of threonine (1h) with (ind)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CHsCN,
stopped-flow, detection at 610 nm)
No. [(ind),CH']o  [Nu]o [Nulest [OH] [Nules/[Ello Kobs Kiw, on- K1y
/molL*  /molLl* /molL* /molL* /st /st /st
fn269.1 1.05 x 10° 7.34 x 10° 7.04 x 10° 2.98 x 10* 671 1.73 322x10° 1.73
fn269.2 1.05 x 10° 3.67 x 10° 3.46 x 10° 2.09x10* 330 8.96 x 10" 2.25 x 10° 8.94 x 10
fn269.3 1.05x 10° 2.20 x 10° 2.04 x 10® 1.60x10* 194 519x10* 1.73x10° 5.17 x 10™
fn269.4 1.05x 10° 1.47 x10° 1.34 x 10° 1.30x10* 128  3.34x 10 1.40x 10° 3.33 x 10™
fn269.5 1.05 x 10° 7.34 x 10 6.44 x 10* 9.00 x 10° 61 1.68 x 10! 9.72 x10* 1.67 x 10*
fn269.6 1.05 x 10> 3.67 x 10 3.05 x 10* 6.20 x 10° 29 8.20 x 10” 6.69 x 10 8.13 x 102
kon = 2.45 x 10°M7s™ 2.0 4
1.5 1
keon- = 10.8 M's™ o
~ 10 -
pKB = 490 Ea
4
051 K 1y = 245.26 [Nu]es + 0.0135
R?=0.9993
OO T T T 1
0.000 0.002 0.004 0.006 0.008
[Nucleophile]es / mol L™
9.1.4. Reaction of threonine (1h) with (qu)ZCH+BF4' (at 20 °C, cosolvent: 0.4 vol-% CH3;CN,
stopped-flow, detection at 620 nm)
No. [(ul).CH'ly  [Nu]o [Nulest [OH]  [Nulew/[Ello Kobs Kiw, on- Koy
/molL*  /molL* /molL* /mollL? /st /st /st
fn270.1 2.37 x 10° 7.34 x 10° 7.04 x 10° 2.98 x 10* 297 582 x 10" 1.02x 102 5.81 x 10*
fn270.2 2.37 x 10° 3.67 x 10° 3.46 x 10° 2.09 x 10* 146 2.97 x 10" 7.18 x 10 2.96 x 10
fn270.3 2.37 x 10° 2.20 x 10° 2.04 x 10° 1.60 x 10™ 86 2.14 x 10" 5.51 x 10™ 2.13x 10*
fn270.4 2.37 x 10° 1.47 x 10° 1.34 x 10° 1.30 x 10™ 57 1.41 x 10" 4.47 x 10* 1.41 x 10*
fn270.5 2.37 x 10° 7.34 x 10* 6.44 x 10°* 9.00 x 10° 27 7.00 x 102 3.10 x 10 6.97 x 10
fn270.6 2.37 x 10° 3.67 x 10®* 3.05 x 10* 6.20 x 10° 13 4.75 x 10? 2.13 x 10™* 4.73 x 1072
kon=78.6 M™'s™ 0.6 1
koon- =3.44 Mist " 0.4
pKg = 4.90 E

0.2 4

K,y = 78.639 [Nu]es + 0.0303
R?=0.9961

0.0
0.000

0.002

0.004 0.006 0.008

[Nucleophile]es / mol L™
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9.2, Reactivity parameters of threonine (1h) in water: N = 12.69; s = 0.60
Reference electrophile E parameter k,n(20°C) /M™ s™ 4 -
(dma),CH" -7.02 2.29 x 10°
(pyr),CH" -7.69 9.73 x 10° 3
(ind),CH* -8.76 2.45 x 10° 3 ,
(jul),CH" -9.45 78.6 g
l -
log kzn = 0.5958 E + 7.562
R?=0.9969
0 T T 1
-10 9 -8 7
E

10. Asparagine (1i)

10.1. Rate constants in water

10.1.1. Reaction of asparagine (1i) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.5 vol-% CH3;CN,

stopped-flow, detection at 610 nm)

No. [([dma),CHly  [Nulo [NUJest [OHT  [Nulet/[Ello Kobs  Kiw,on- Ky
/molL*  /molL™ /molL* /molL" /s* /s* /s*
ccyl50.1 5.95x 10° 4.32x 10° 4.15x 10° 1.69 x 10™ 70 7.55 2.22x10? 753
ccyl50.2 5.95x 10° 2.16 x 107 2.04 x 10° 1.19 x 10* 34 3.78 156 x 102 3.76
ccyl50.3 5.95x 10° 1.52 x 107 1.42 x 10° 9.91 x 10° 24 2.62 1.30x 102 2.61
ccyl50.4 5.95x 10° 8.64 x 10™ 7.90 x 10” 7.39 x 10° 13 1.45 9.69x10° 1.44
ccyl50.5 5.95x 10° 4.32 x 10” 3.81 x 10” 5.13 x 10° 6 0.665 6.72 x 10°  0.658
kon = 1.82 x 10° M?'s™ 8 -
Koon- = 131 M5 . 61
pKg=5.16 { 4-
X
27 K 1y = 1818.8 [Nu]ey + 0.0045
0 | | RZI =0.9998 |

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]es / mol L™
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10.1.2. Reaction of asparagine (1i) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.1 vol-% CH3CN,

stopped-flow, detection at 610 nm)

No. [(pyn.CH'lo [Nulo [NU]est [OH]  [Nule/[Ello  Kobs Kiw, on- K1y
/molL* /molL* /molL* /molL* /s* /s*t /st
ccyl51.1 1.14 x 10° 4.32 x 10° 4.15x 10° 1.69 x 10* 364 273 822x10° 272
ccyl51.2 1.14 x 10° 2.16 x 10° 2.04 x 10° 1.19 x 10* 179 140 576x10°  1.39
ccy151.3 1.14 x 10° 1.52 x 10° 1.42 x 10° 9.91 x 10° 125 0.985 4.81x10° 0.980
ccyl51.4 1.14 x 10° 8.64 x 10 7.90 x 10* 7.39 x 10° 69 0.565 3.59x10° 0.561
ccyl51.5 1.14 x 10° 4.32 x 10* 3.81 x 10™ 5.13 x 10 33 0.279 2.49x10° 0.277
kon = 6.47 x 10 M's™ 3 -
kZ,OH' =48.5 MEISE:L 5 |
pKg = 5.16 o
>
X
1 -
K 1y = 646.71 [Nu]ey + 0.0508
R? = 0.9997
0 T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]es / mol L™

10.1.3. Reaction of asparagine (1i) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN,

stopped-flow, detection at 610 nm)

No.  [(thg).CH']o  [Nulo [NUJet [OH]  [Nule#/[Ello  Kobs Ky on- Kiy
/molL™  /molL* /molL* /mollL™ /st /st /st
ccyl52.1 3.14x10° 4.32x10° 4.15x10° 1.69x10* 132 1.61 4.00x10% 1.61
ccyl52.2 3.14x 10° 2.16 x 10° 2.04 x 10 1.19 x 10* 65 0.817 2.80x10° 0.814
ccyl52.3 3.14x10° 152 x10° 1.42 x10° 9.91 x 10° 45 0.581 2.34x10° 0.579
ccyl52.4 3.14x10° 8.64 x 10* 7.90 x 10* 7.39 x 10 25 0.337 1.74x10° 0.335
ccyl52.5 3.14x10° 4.32x 10 3.81 x 10* 5.13 x 10 12 0.163 1.21x10° 0.162
kon = 3.81 x 10° M's™ 1.8 1
k2,0H' =23.6 M-ls-l . 1.2 -
pKg=5.16 '3
>
~ 06 -
K,y = 381.08 [Nu]es + 0.0297
R?=0.999
0.0 T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]es / mol L™
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10.1.4. Reaction of asparagine (1i) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CHsCN,
stopped-flow, detection at 634 nm)

No. [Gul)2CH'o [NuJo [NUJest [OH] [Nuleq/[Ello Kobs Kiy, on- Ky
/molL*  /molL* /mollL* / mol L™ /st /s™ /st
ccyl53.1 8.56 x 10° 4.32x 10° 4.15x10° 1.69 x 10™ 485 0.317 5.83x10" 0.316
ccyl53.2 8.56 x 10° 2.16 x 10° 2.04 x10° 1.19 x 10™ 238 0.164  4.09x10" 0.164
ccyl53.3 8.56 x 10° 1.52 x 10° 1.42x10° 9.91 x 10® 166 0.117  3.41x10" 0.117

ccyl53.4 8.56 x 10° 8.64 x 10" 7.90 x 10*  7.39 x 10° 92 7.00 x 10% 2.54 x 10* 6.97 x 10
ccy153.5 8.56 x 10° 4.32 x 10° 3.81x 10" 5.13x 10° 44 3.91x10% 1.77 x 10" 3.89 x 107

kon = 73.6 M's™ 0.4 -

0.3
kaon- = 3.44 M's™ <,
pKg=5.16 > 0.2 A

X
0.1 _
K,y = 73.567 [Nu]o + 0.0118
R?=0.999
0.0 T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005
[Nucleophile]es / mol L™
10.1.5. Reaction of asparagine (1i) with (IiI)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN, J&M,
detection at 630 nm)
No. [(ll).CHlo  [Nulo [NU]est [OH]T  [Nulew/[Ello  Kops Kiw, on- Ky
/molL*  /molL™ /molL' /mollL" /s* /s* /s*
fn265.2 1.34 x 10° 1.94x 10° 1.83x10° 1.12x10* 136  8.11x10? 2.43 x10™ 8.09 x 107
fn265.3 1.38 x 10° 1.19 x 10® 1.10 x 10° 8.73 x 10° 80 5.30 x 10° 1.89 x 10 5.28 x 10
fn265.4 1.38 x 10° 7.94 x 10* 7.23 x10” 7.07x10° 52 3.06 x 10° 1.53 x 10” 3.04 x 10?
kon = 44.7 M7's™ 0.09 -

k2,0H' =2.16 M—ls—l
Ks = 5.16 0.06 -

Kuy/s™t

0.03 +

Ky = 44.726 [Nues + 0.0002
R?=0.9871

0.00 |
0.0000 0.0005 0.0010 0.0015 0.0020

[Nucleophile]o / mol L™
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10.2. pH Dependance of rate constants for the reaction of asparagine (1i) with (dma),CH'BF,
(phosphate buffer, at 20 °C, cosolvent:; 0.4 vol % CH3CN, stopped-flow, detection at 610 nm,
pH measured, No. fn321)

[(dma),CH'lo  [Nulo [PO,*]  [HPO,]  [H:PO.] pH Kobs
/ mol L /molL*  /molL* /molL* /mollL* /s*
427 x10° 9.09x10* 9.09x10° 9.09 x 107 11.73 1.87
427 x10° 9.09x10* 9.09x10” 9.09 x 107 10.82 1.58
427 x10° 9.09 x 10 9.09 x 10° 1.82 x 10™ 9.27 9.25 x 10™
427 x10°  9.09 x 10 9.09 x 10° 9.09 x 10" 8.46 3.40 x 10™
4.27 x10°  9.09 x 10 9.09 x 10° 1.82x10° 7.96 1.85 x 10"
1.0 A
0.5 A
ico; 0.0 A .
-0.5 *
'10 T T T T T 1
6 7 8 9 10 11 12
pH
10.3. Reactivity parameters of asparagine (1i) in water: N = 13.03; s = 0.53
Reference electrophile E parameter k,n(20°C) /M™ s™ 4 -
(dma),CH" -7.02 1.82 x 10°
3 -
(pyr),CH" -7.69 6.47 x 10°
(thg),CH* -8.22 3.81 x 10° <,
D
(jul),CH* -9.45 73.6 2
. + _ 1 -
(li).CH 10.04 44.7 log kon = 0.5348 E +6.9713
R?=0.9949
0 T T T 1
11 -10 -9 -8 7
E
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11. Glutamine (1))

11.1. Rate constants in water

11.1.1. Reaction of glutamine (1j) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.5 vol-% CH3CN,
stopped-flow, detection at 610 nm)

No.  [(dma),CH], [Nulo [NU]est [OH]  [Nule/[Ello  Kobs Kiw, on- Ky
/molL*™  /molL* /molL? /mollL™ /st /s*t /st
ccyl15.1 1.08 x 10™ 3.12x10°2.92x10°1.99 x 10* 27 9.06 2.60x10° 9.03
ccyl15.2 1.08 x 10 1.56 x 10°1.42 x 10° 1.38 x 10" 13 452 1.81x10° 450
ccyl15.3 1.08 x 10* 1.09 x 10°9.75 x 10 1.15 x 10™ 9 315 150x10° 3.13
ccyl15.4 1.08 x 10™ 6.24 x 10 5.39 x 10* 8.52 x 10° 5 173  1.12x10% 1.72
kon = 3.06 x 10° M's™® 10 -
1.1 8 1
k2,0H' =131 M"s o
2]
pKg = 4.87 > 51
~
3 -
K,y = 3057.6 [Nu]ess + 0.1203
R? = 0.9998
0 T T 1

0.000 0.001 0.002 0.003
[Nucleophile]es / mol L™

11.1.2. Reaction of glutamine (1j) with (pyr)ZCH+BF4- (at 20 °C, cosolvent: 0.2 vol-% CH3;CN,
stopped-flow, detection at 610 nm)

No.  [(pyr):CHle  [Nu]o [NUJes [OH]  [Nulet#/[Ello  Kobs Ky, onr- Kig
/molL*  /molL* /molL™ /molL™ /st /st /s*
ccyll6.1 2.16 x 10° 3.12x10° 2.92x10° 1.99 x 10* 135 332 963x10° 331
ccyll6.2 2.16 x 10° 1.56 x 10™ 1.42 x 10° 1.38 x 10™ 66 1.66 6.72x10° 1.65
ccyl16.3 2.16 x 10° 1.09 x 10° 9.75 x 10™* 1.15 x 10™ 45 1.16 5.56x10° 1.15
ccyll6.4 2.16 x 10° 6.24 x 10™ 5.39 x 10™ 8.52 x 10° 25 0.643 4.13x10°% 0.639
ccyl16.5 2.16 x 10° 3.12 x 10™ 2.54 x 10™ 5.85 x 10” 12 0.300 2.84 x 10° 0.297
kon = 1.13 x 10° M's™ 4 7
3 -
k2,0H' =485 M_ls_l .
pKg = 4.87 < 2
~
1 -
K ¢ = 1126 [Nu]es + 0.0351
0 R? = 0.9997

0.000 0.001 0.002 0.003

[Nucleophile]es / mol L™
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11.1.3. Reaction of glutamine (1j) with (thq)ZCH+BF4> (at 20 °C, cosolvent: 0.2 vol-% CH3CN,
stopped-flow, detection at 610 nm)
No. [(tha).CH "o [Nu]o [Nulest [OH] [Nules/[Ello Kobs Kiw, on- K1y
/molL*  /molL™ /molL™ /molL" /s™ /s* /s™
ccyll7.l 157 x10° 3.12x10° 2.92x10°% 1.99x10* 186 1.93 4.69x10° 1.93
ccyll7.2 1.57 x10° 1.56 x 10° 1.42 x 10 1.38 x 10™ 91 0.975 3.27x10° 0.972
ccyll7.3 1.57 x10° 1.09 x 10° 9.75x 10* 1.15x 10* 62 0.688 2.71x10° 0.685
ccyll7.4 157 x10° 6.24 x 10™ 5.39 x 10* 8.52 x 10° 34 0.387 2.01x10° 0.385
ccyll7.5 1.57 x 10° 3.12 x 10” 2.54 x 10* 5.85 x 10° 16 0.186 1.38x10° 0.185
kon = 6.50 x 10° M's™ 2.0 -
Koor- = 23.6 M5 1.5 1
Kg = 4.87 "o
Pre ~ 1.0 1
>
X
0.5 ~
K 1 = 649.69 [Nu]ess + 0.0364
R? = 0.9996
0.0 ; x \
0.000 0.001 0.002 0.003
[Nucleophile]es / mol L™
11.1.4. Reaction of glutamine (1j) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN,
stopped-flow, detection at 634 nm)
No.  [(u).CHlo  [Nulo [NU]est [OH]  [Nulew/[Ello  Kops Kiw, on- K1y
/molL*  /molL* /molL* /molL™ /st /s*t /s*
ccy118.1 8.55 x 10° 3.12 x 10° 2.92x 10° 1.99 x 10* 342 0.390 6.83x10* 0.389
ccyl18.2 8.55 x 10° 1.56 x 10° 1.42 x 10° 1.38 x 10* 166 0.199 4.76 x10* 0.199
ccy118.3 8.55 x 10° 1.09 x 10° 9.75x 10” 1.15x 10* 114 0.141 3.95x10* 0.141
ccyl18.4 8.55 x 10° 6.24 x 10* 539 x 10” 852x10° 63  8.09 x 102 2.93 x 10 8.06 x 107
ccyl18.5 8.55 x 10° 3.12 x 10* 2.54 x 10” 5.85x10° 30  4.28 x 102 2.01 x 10 4.26 x 107
kon = 1.30 x 10°M™s™ 0.4 -
- 0.3 -
k2,0H' =3.44 M lS ! .
_ I(/)
pKg = 4.87 < 02-
x
0.11 Ky = 129.76 [Nu]oy + 0.0117
R?=0.9998
OO T T 1
0.000 0.001 0.002 0.003

[Nucleophile]ss / mol L™
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11.1.5. Reaction of glutamine (1j) with (IiI)ZCH+BF4> (at 20 °C, cosolvent: 0.2 vol-% CH5CN, stopped-
flow, detection at 634 nm)

No. [(li)2CH "o [NuJo [NUJest [OH] [Nuler/[Ello Kobs Kiw, on- K1y
/molL*  /molL* /molL* /mollL* /s* /st /s*
ccy119.1 1.02 x 10° 3.12 x 10® 2.92x10° 1.99x10* 286 0.218 4.29x10* 0.218
ccy119.2 1.02 x 10° 1.56 x 10 1.42 x 10° 1.38 x 10* 139 0.110 2.99x10* 0.110

ccy119.31.02 x 10° 1.09 x 10 9.75x 10* 1.15x 10" 96 7.70 x 10° 2.48 x 10 7.68 x 107
ccy119.4 1.02 x 10° 6.24 x 10 5.39 x 10* 8.52 x10° 53 4.28 x 10° 1.84 x 10* 4.26 x 10”

ko =73.1M7s™ 031
Kaoon- = 2.16 M's™ L 027
)
pKg = 4.87 s
X
0.1 1
K 1y = 73.08 [Nuleg + 0.0047
R?=0.9997
OO T T 1

0.000 0.001 0.002 0.003

[Nucleophile]es / mol L™

11.2. pH Dependance of rate constants for the reaction of glutamine (1j) with (dma),CH'BF,
(phosphate buffer, at 20 °C, cosolvent: 0.4 vol % CH3CN, stopped-flow, detection at 610 nm,
pH measured, No. fn320)

[(dma),CH']o [Nulo [PO,%] [HPO,”]  [H.PO,] pH Kobs
/ mol L™ /mol L* /mol L* /mol L* /mol L* /st
427 x10°  9.09 x 10* 9.09 x 10° 9.09 x 10°® 11.77 2.87
427 x10°  9.09 x 10* 9.09 x 10* 9.09 x 10°® 10.83 2.54
427 x10°  9.09 x 10* 1.82x10* 9.09 x 10 10.17 2.22
427 x10°  9.09 x 10™ 9.09x 10° 1.82 x 10™ 9.56 1.54
427 x10°  9.09 x 10™ 9.09 x 10° 9.09 x 10™ 8.58 4.03x 10*
427 x10°  9.09 x 10™ 9.09x 10° 1.82 x 107 7.97 1.84 x 10"
1.0 q
0.5 1 . .
—;‘i 0.0
o
-0.5 1 *
-1.0 T T T T T )
6 7 8 9 10 11 12
pH
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11.3. Reactivity parameters of glutamine (1j) in water: N = 13.45; s = 0.54

Reference electrophile E parameter k,x(20°C) /M™ s™ 4 -
(dma),CH* -7.02 3.06 x 10°
(pyr),CH* -7.69 1.13 x 10° 37
(thg),CH* -8.22 6.50 x 107 5
2 .
(jul),CH* -9.45 1.30 x 10° 2
(lil),CH" -10.04 73.1 14
log kon=0.5369 E +7.2209
R?=0.9972
O T T T 1
-11 -10 -9 -8 -7
E

12. Arginine (1k)

12.1. Rate constants in water

Typical procedure:

L-Arginine monohydrochloride (318.1 mg, 1.510 mmol) was dissolved in 3 mL of aqueous KOH
(0.5033 mol L'l), then the solution was filled up to 10 mL with water (Carginine = 0.151 mol L'l). 2 mL of
this solution was combined with 600 pL of aqueous KOH (0.5033 mol L'l) and diluted with water to 25
mL. Equal volumes of this solution were combined with a solution of [(dma),CH"] (1.19 x 10 mol L'l)

in the stopped-flow instrument to give the final concentrations listed in the table.
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12.1.1. Reaction of arginine (1k) with (dma)ZCH+BF4_ (at 20 °C, cosolvent: 0.5 vol-% CH;CN,
stopped-flow, detection at 610 nm)

No. [(dma),CH']o  [Nu]o [Nulest [OHT  [Nule/[Ello Kobs Kiw, on- K1
/molL*  /molL* /molL* /mollL™ /st /s* /st

ccyl59.1 5.95x 10° 6.05x 10°5.81 x 10° 2.38 x 10* 98 153 3.12x10% 153
ccyl59.2 5.95x 10° 3.03 x 10°2.86 x 10° 1.67 x 10* 48 757 219x10%  7.55
ccyl59.3 5.95x 10° 2.12x10°1.98 x 10° 1.39 x 10* 33 534 1.82x10° 532
ccyl59.4 5.95x 10° 1.21x10°1.11 x10° 1.04 x 10* 19 3.04 1.36x10°  3.03
ccyl59.5 5.95x 10° 6.05 x 105.33 x 10* 7.22 x 10° 9 150 9.45x10°  1.49

kon = 2.61 x 10° M's™ 16 -

12 -
koon- = 131 M™s™ .
‘n
pKg = 5.01 < 8-
~
4 .

K,y = 2605 [Nu]os + 0.126
RZ=1

0 T T
0.000 0.002 0.003 0.005 0.006
[Nucleophile]es / mol L™

1

12.1.2. Reaction of arginine (1k) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.1 vol-% CHsCN, stopped-
flow, detection at 610 nm)

No.  [(pyr)CH'Io [NuJo [NUJeft [OHT  [Nule/[Ello  Kobs Kiw, on- Ky

/ mol L™ /molL*  /molL* /molL? /st /st /st

ccyl60.1 1.13x 10° 6.05x 10° 5.81 x10° 2.38x 10" 514 580 1.16x10% 579
ccyl60.2 1.13x10° 3.03x 10° 2.86x10° 1.67 x10* 253 2.89 8.11x10° 2.88
ccyl60.3 1.13x10° 2.12x10° 1.98x10° 1.39x 10" 175 2.04 6.75x10° 2.03

ccyl60.4 1.13x10° 1.21x10° 1.11x10° 1.04 x 10* 98 1.16 5.04x10° 1.15
ccyl60.5 1.13x10° 6.05x 10 5.33x 10" 7.22 x 10° 47 0.585 3.50 x 10° 0.582
kan = 9.85 x 10° M's™ 6 -
Koo~ = 48.5 Ms™ >
pKg=5.01 % 3
~
2 K,y = 985.14 [Nu]eg + 0.0657
R°=1
0 T T T 1

0.000 0.002 0.003 0.005 0.006
[Nucleophile]es / mol L™
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12.1.3. Reaction of arginine (1k) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CHsCN, stopped-
flow, detection at 610 nm)
No.  [(thg),CH']o [NuJo [NUJest [OHT  [Nule#/[Ello  Kobs Ky, on- K1y
/molL*  /molL* /molL* /mollL" /s* /s* /s*
ccyl61.1 3.14x 10° 6.05x 10° 5.81 x10° 2.38 x10* 185 3.28 5.62x10° 3.28
ccyl61.2 3.14x 10° 3.03x 107 2.86 x 10° 1.67 x 10™ 91 1.67 3.95x10° 1.67
ccyl61.3 3.14x10° 2.12x10° 1.98 x 10° 1.39 x 10 63 1.19 3.28x10° 1.19
ccyl61.4 3.14x10° 1.21x10°% 1.11x10° 1.04 x 10* 35 0.686 2.45x10° 0.686
ccyl61.5 3.14x 10° 6.05x 10™ 5.33 x 10™ 7.22 x 10 17 0.348 1.70x 10° 0.348
kon = 5.53 x 10° M's™ 4
3 -
koon- = 23.6 M's™ -
7]
pKg=5.01 \22 -
X
14 K 1y = 552.77 [NU]eg + 0.0722
R?=0.9998
0 T T T 1
0.000 0.002 0.003 0.005 0.006

[Nucleophile] / mol L™

12.1.4. Reaction of arginine (1k) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CHsCN, stopped-

flow, detection at 634 nm)

No.  [(jul).CH"lo [NuJo [NUJerr [OHT  [Nuler/[El]o Kobs Kiw, on- K1y
/molL*  /molL* /molL* /mollL™ /s? /s? /s*
ccyl62.1 8.55x 10° 6.05 x 10° 5.81 x 10°2.38 x 10* 680 0.640 8.20x 10" 0.639
ccyl62.2 8.55x 10° 3.03x 10° 2.86 x 10° 1.67 x 10* 335 0.318 5.75x10* 0.317
ccy162.3 8.55x 10° 2.12x 10° 1.98 x 10° 1.39 x 10* 232 0.226 4.79x 10" 0.226
ccyl62.4 8.55x 10° 1.21 x 10° 1.11 x 10° 1.04 x 10* 129 0.129 3.58x10" 0.129
ccyl62.5 8.55x 10° 6.05x 10* 5.33x 10" 7.22x10° 62 6.53 x 107 2.48 x 10* 6.51 x 10
kon = 1.09 x 10°M's™ 0.8
Koon- = 3.44 Ms™ 0.6 1
pKg = 5.01 2
. 0.4 1
'e
0.2
K ¢ = 108.55 [Nu]e + 0.0082
2 _
OO T T R _:IL 1
0.000 0.002 0.003 0.005 0.006

[Nucleophile] / mol L™
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12.1.5. Reaction of arginine (1k) with (IiI)2CH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN, J&M,
detection at 630 nm)

No. [(i).CHe  [Nulo [NUer [OHT  [Nulet/[Ello  Kobs Ky, on Ky
/molL*  /molL* /molL* /mollL" /s* /s* /s*
fn264.2 1.37 x 10° 2.91 x10° 2.75x10° 1.64x10* 200 1.27x 10" 3.54x 10" 1.27 x 10*
fn264.3 1.38 x 10° 1.95x 10° 1.82x10° 1.33x10* 132  8.49 x 10° 2.88 x 10™ 8.46 x 10”
fn264.4 1.37 x 10° 9.69 x 10 8.76 x 10™* 9.25 x 10® 64  4.16 x 107 2.00 x 10* 4.14 x 10”
fn264.5 1.38 x 10° 4.88 x 10” 4.24 x 10 6.43 x 10° 31 2.13x10° 1.39x 10" 2.12 x 10”

kon = 45.5M™'s™ 0.15

koon- = 2.16 M's™
pKg = 5.01

0.10 A

Ky/s™t

0.05 ~

K 1y = 45.498 [Nu]os + 0.0018

R2=1
0.00 . . .

0.000 0.001 0.002 0.003

[Nucleophile]ss / mol L™

12.2. Reactivity parameters of arginine (1k) in water: N = 12.96; s = 0.57

Reference electrophile E parameter k,n(20°C) /M™ s™ 4
(dma),CH" -7.02 2.61 x 10° 5
(pyr),CH* -7.69 9.85 x 10? ]
(thq),CH* -8.22 5.53 x 102 é 2
(jul),CH" -9.45 1.09 x 10? B
1 -
(|||)2CH+ -10.04 45.5 log kon=0.5736 E +7.4358
R?=0.9988
O T T T T 1
11 10 -9 8 7 -6
E
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13. Histidine (11)

13.1. Rate constants in water

13.1.1. Reaction of histidine (1l) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.5 vol-% CH3CN,
stopped-flow, detection at 610 nm)

No. [(dma),CHly [Nu]o [NUles [OHT  [Nule/[Ello  Kobs Kiw, on- Kyy
/molL*  /molL* /molL* /molL? /st /st /st
fn281.1 3.36 x 10> 4.15x 10°3.86 x 10° 2.87 x 10* 115 16.0 3.76 x10°  16.0
fn281.2 3.36 x 10> 2.49 x 10°2.27 x 10° 2.20 x 10* 68 9.44 2.89x10° 941
fn281.3 3.36 x 10° 1.66 x 10°1.48 x 10° 1.78 x 10" 44 6.41 233x10% 6.39
fn281.4 3.36 x 10° 8.29 x 10*7.06 x 10* 1.23x 10* 21 210 1.61x10%  2.08
kon = 4.31 x 10° Ms™? 16 7
12 1
k2,0H' =131 M-ls-l -
7))
pKg = 4.67 Y 8-
~
4 4
K, = 4314.8 [Nu]es - 0.5143
R?=0.995
0 T T T 1

0.000 0.001 0.002 0.003 0.004

[Nucleophile]eq / mol L™

13.1.2. Reaction of histidine (11) with (pyr)ZCH+BF4- (at 20 °C, cosolvent: 0.4 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No. [(pyn2CHo  [Nuo [NU]err [OHT  [Nule/[Elo  Kobs Ky, on Ky
/molL*  /molL* /molL* /mollL" /s* /s* /s*

fn282.1 1.20x10° 4.15x10° 3.86x10° 2.87 x 10" 322 9.00 1.39x10%  8.99
fn282.2 1.20 x 10° 2.49x10° 227 x10° 2.20x 10" 189 546  1.07x10? 545
fn282.3 1.20 x 10° 1.66 x 10° 1.48x10° 1.78x 10" 123 361 863x10° 3.60
fn282.4 1.20 x 10° 8.29 x 10* 7.06 x 10* 1.23x 10" 59 1.73 596x10° 1.72

fn282.5 1.20 x 10° 4.15x 10™® 3.31 x 10* 8.41 x 10° 28 8.05 x 107 4.08 x 10° 8.01 x 10*

kon = 2.32 x 10° M's? 97
k2,0H' = 485 M_ls_l 6
pKg = 4.67 {
~
3 -
K,y = 2317.1 [Nu]ey + 0.1032
R?=0.9995
O T T T 1

0.000 0.001 0.002 0.003 0.004

[Nucleophile]e / mol L
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13.1.3. Reaction of histidine (1l) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.7 vol-% CH;CN, stopped-
flow, detection at 610 nm)

No. [(tha).CH']o [NuJo [NUJetr [OH] [Nuler/[Ello Kobs Kiw, on- Ky
/molL*  /molL* /molL* /molL* /st /s* /st

fn283.1 2.41 x 10° 4.15x 10° 3.86 x 10° 2.87 x 10" 160 496 6.78x10°  4.95
fn283.2 2.41 x 10®° 2.49 x 10° 2.27 x 10° 2.20 x 10™ 94 300 520x10° 299
fn283.3 2.41 x 10®° 1.66 x 10° 1.48 x 10° 1.78 x 10™ 61 1.98 4.20x10°  1.98

fn283.4 2.41 x 10° 8.29 x 10™ 7.06 x 10* 1.23 x 10™ 29 9.35 x 107" 2.90 x 10°® 9.32 x 10
fn283.5 2.41 x 10° 4.15x 10* 3.31 x 10* 8.41 x 107 14 4.26 x 10" 1.98 x 10° 4.24 x 10

kon=1.28 x 10° M™'s™ 57
4
koon- = 23.6 M's™ 4 g
pKg = 4.67 o
>
~ 27
14 K 1y = 1282.3 [Nu]egr + 0.0372
R? = 0.9995
O T T T 1

0.000 0.001 0.002 0.003 0.004

[Nucleophile]es / mol L™

13.1.4. Reaction of histidine (11) with (qu)ZCH+BF4- (at 20 °C, cosolvent: 0.4 vol-% CH3;CN, stopped-
flow, detection at 634 nm)

No. [(uD:CHlo  [Nulo [NUJer [OHT  [Nuler/[Ello  Kops Kiw, on- Ky

/molL*  /molL* /molL* /molL* /st /st /st

fn284.1 1.19 x 10° 4.15x 10° 3.86 x 10° 2.87 x10* 325  8.49x 10" 9.89 x 10“ 8.48 x 10™
fn284.2 1.19 x 10° 2.49x10°® 2.27 x10° 2.20x10* 191  5.17x10" 7.58 x 10” 5.16 x 10™
fn284.3 1.19 x 10° 1.66 x 10° 1.48 x10° 1.78x 10" 125  3.55x 10" 6.12 x 10* 3.54 x 10™
fn284.4 1.19 x 10° 8.29 x 10™ 7.06 x 10* 1.23 x 10™ 59 1.61 x 10" 4.23 x 10* 1.61 x 10*

kon = 2.16 x 10°M™s™ 0.9 -
k2,0H' =3.44 M—ls—l ‘_‘:n 0.6 1
pKg = 4.67 S
x 0.3 -
K,y = 215.59 [Nu]ey + 0.0214
R? =0.9983
00 T T T 1

0.000 0.001 0.002 0.003 0.004

[Nucleophile]eq / mol L™
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13.2. pH Dependance of rate constants for the reaction of histidine (11) with (dma),CH'BF,
(phosphate buffer, at 20 °C, cosolvent: 0.4 vol % CH3CN, stopped-flow, detection at 610 nm,
pH measured, No. fn312)

[(dma).CH'ly  [Nuo [PO,”]  [HPO]  [H.POy] pH Kobs
/mol L™ /molL*  /molL*  /molL" /mol L™ /st
427 x10° 9.08x 10" 9.09x10° 9.09 x 10° 11.76 5.87
427 x10° 9.08x 10" 9.09x 10" 9.09 x 10° 10.85 5.60
427 x10° 9.08 x 10 9.09 x 10° 1.82x 10" 9.65 3.69
427 x10° 9.08 x 10 9.09 x 10° 9.09 x 10" 8.67 1.03
427 x10° 9.08 x 10™ 9.09 x 10° 1.82x10° 8.04 5.11 x 10™
427 x10°  9.08 x 10™ 9.09 x 10° 2.73x10° 7.75 4.30 x 10"
1.0 1
0.5 1 ¢
—2 0.0 .
-0.5 1
'10 T T T T T 1
6 7 8 9 10 11 12
pH
13.3. Reactivity parameters of histidine (11) in water: N = 13.83; s = 0.54
Reference electrophile E parameter k,x(20°C) /M™ s™ 4
(dma),CH* -7.02 4.31 x 10°
3 4
(pyr),CH" -7.69 2.32 x 10° i
(thq),CH" -8.22 1.28 x 10° <2
o
(jul),CH* -9.45 2.16 x 10°
19 log kon =0.5419 E + 7.497
R?=0.9888
O T T T 1
-10 -9 -8 -7 -6
E
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14. Aspartate (1m)

14.1. Rate constants in water

Typical procedure:

L-Aspartic acid (232.7 mg, 1.75 mmol) was dissolved in 4.760 mL of aqueous KOH (0.5033 mol L™),
then the solution was filled up to 11 mL with water (cy, = 0.159 mol L™, ¢oon = 0.218 mol L™). 1 mL of
this solution was combined with 1 mL of aqueous KOH (0.5033 mol L™) and diluted with water to 25
mL. Equal volumes of this solution were combined with a solution of [(dma),CH’] (2.16 x 10 mol L™

in the stopped-flow instrument to give the final concentrations listed in the table.

14.1.1. Reaction of aspartate (1m) with (dma)2CH+BF4- (at 20 °C, cosolvent: 0.5 vol-% CH3;CN,
stopped-flow, detection at 610 nm, No. ccy77)

[(dma),CHly  [Nulo [NUler [OHTo [OHT  [Nulet/[Ello  Kobs Ky, on Ky
/molL*  /molL™ /molL* /molL™ /mollL" /s*t /s* /s*
1.08 x 10" 3.18 x 10° 3.15x 10° 1.44 x 107 8.10x10° 29 14.0 1.06 12.9
1.08 x 10" 2.23x10° 2.20x10° 1.01 x10? 5.68x10° 20 10.7 7.44x10" 9.96
1.08 x 10" 1.27x10° 1.24x10° 577x10° 3.26x10° 11 6.69 4.27x10" 6.26
1.08 x 10" 6.36 x 10* 6.07 x 10” 2.89 x 10° 1.65 x 10 6 354 216x10" 3.32
kon = 3.77 x 10° Ms™? 15

k2,0H' =131 M-ls-l
pKg = 4.10

Ky = 3768.1 [Nuloy + 1.3449

R%=0.9936
O T T T 1

0.000 0.001 0.002  0.003 0.004

[Nucleophile] / mol L™
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14.1.2. Reaction of aspartate (1m) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN,
stopped-flow, detection at 610 nm, No. ccy75)

[(pyr)2CHlo  [Nulo [Nuler  [OHTo [OHT  [Nule/[Ello  Kobs Ky, on Ky

/molL*  /molL™ /molL™ /molL* /molL" /s* /s* /s*
1.56 x 10®° 2.23x 10°2.20 x 10°1.01 x 10°5.68 x 10° 141 408 275x10"  3.80
1.56 x 10° 1.27 x 10°1.24 x 10°5.77 x 10° 3.26 x 10 80 254 158x10" 238
1.56 x 10® 6.36 x 10%6.07 x 1072.89 x 10° 1.64 x 10° 39 1.34  7.97x10% 1.26

1.56 x 10° 3.18 x 10%2.90 x 10*1.44 x 10° 8.34 x 10™ 19 6.73 x 10" 4.05 x 10? 6.33 x 10™
1.56 x 10° 1.91 x 10*1.65 x 10%8.66 x 10* 5.10 x 10™ 11 3.89 x 107" 2.47 x 102 3.64 x 10*

kon = 1.69 x 10° M's™ 4
k2,0H' =48.5 MEISE:L 3
pKg = 4.10 o
> 2]
4
1 -
K,y = 1690.5 [NU]o + 0.1676
R?=0.9962
O T T 1
0.0000 0.0008 0.0016 0.0024

[Nucleophile]es / mol L™

14.1.3. Reaction of aspartate (1m) with (thq)ZCH+BF4- (at 20 °C, cosolvent: 0.2 vol-% CH3CN,
stopped-flow, detection at 610 nm, No. ccy74)

[(tha)2CHly  [Nulo [NUler [OHTo [OHT  [Nulew/[Ello  Kobs Kiw, on- Ky

/molL*  /molL* /molL*™ /molL™ /mollL™ /s* /s* /s*
1.61x10° 2.23x10° 2.20x 10° 1.01 x 10 5.68x 10° 136 216  1.34x10"  2.03
1.61x10®° 1.27 x10° 1.24x10° 5.77x10° 3.26 x10° 77 134  7.69x10% 1.26

1.61 x 10® 6.36 x 10™ 6.07 x 10” 2.89 x 10° 1.64 x 10 38 7.17 x 10" 3.88 x 10? 6.78 x 10
1.61 x 10° 3.18 x 10™ 2.90 x 10™* 1.44 x 10° 8.34 x 10™ 18 3.62 x 10" 1.97 x 102 3.42 x 10
1.61 x 10° 1.91 x 10™* 1.65x 10“ 8.66 x 10* 5.10 x 10™ 10 211 x 10" 1.20 x 102 1.99 x 10

kaon = 8.96 x 102 M's™ 2.1 4
kZ,OH' =23.6 MEISE:L . 1.4 1
pKg=4.10 2
>
4
0.7 -
K 1 = 896.33 [Nu]er + 0.0952
R? = 0.9964
0.0 x , \
0.000 0.001 0.002 0.003

[Nucleophile]es / mol L™
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14.1.4. Reaction of aspartate (1m) with (ind)ZCH+BF4> (at 20 °C, cosolvent: 0.2 vol-% CHsCN,
stopped-flow, detection at 610 nm, No. ccy76)

[(ind),CH']o  [Nu]o [Nulest [OHTo [OHT  [Nules/[Ello Kobs Kiw, on- K1
/molL*  /molL* /molL* /molL* /molL* /st /st /st
1.32 x10° 2.23x10°2.20 x 10°1.01 x 10°5.68 x 10° 166 1.09 6.13x 107 1.03

1.32x10° 1.27x 10° 1.24 x 10°5.77x 10°3.26 x 10° 94  6.87 x 10" 3.52x 102 6.52 x 10™
1.32 x 10° 6.36 x 10“ 6.07 x 10%2.89 x 10°1.64 x 10° 46  3.65x 10" 1.77 x 102 3.47 x 10™
1.32x10° 3.18x 10" 2.90 x 10% 1.44 x 10°8.34 x 10* 22  1.86x 10" 9.01 x10° 1.77 x 10™
1.32x10° 1.91x 10" 1.65 x 107 8.66 x 10 5.10x 10* 13  1.10x 10" 5.50 x 10° 1.04 x 10™

kon = 4.54 x 10° M's™ 1.2 4
koon- = 10.8 M's™ 0.8 4
pKg = 4.10 o
>
'4
0.4 -
K 1y = 454.47 [Nu]ey + 0.0529
R? = 0.9955
0.0 x , \

0.0000 0.0008 0.0016 0.0024

[Nucleophile]es / mol L™
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14.2. pH Dependance of rate constants for the reaction of aspartate (1m) with (thg),CH'BF,: (at
20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-flow, detection at 610 nm, No. ccy73 and
ccy78)
[(tha).CH'lo  [Nu]o [NUJest [OHTo [OHT  [Nulet/[Ello Kobs Kiw, on- K1y
/molL*  /molL* /molL* /molLl* /molL? /st /st /st
1.61 x 10° 6.15x 10#3.13 x 10* 1.01 x 10° 8.22 x 10® 19 3.46 x 101 1.94 x 10° 3.44 x 10
1.61 x 10° 6.15 x 10* 4.42 x 10* 1.26 x 10° 2.03 x 10™ 27 4.97 x 101 4.79 x 10° 4.92 x 10
1.61 x 10° 6.15x 10*5.10 x 10* 1.51 x 10° 3.85 x 10™ 32 5.79 x 101 9.09 x 10° 5.70 x 10
1.61 x 10° 6.15x 10 5.43 x 10* 1.76 x 10° 6.02 x 10™ 34 6.27 x 10" 1.42 x 10? 6.13 x 10"
1.61 x 10° 6.15 x 10 5.62 x 10* 2.02 x 10° 8.43 x 10™ 35 6.55 x 10" 1.99 x 10? 6.35 x 10"
1.61 x 10° 6.15 x 10 5.80 x 10* 2.52 x 10° 1.32 x 10> 36 6.82 x 101 3.13 x 102 6.51 x 10*
1.61 x 10° 6.15x 10 5.89 x 10™* 3.02 x 10° 1.82 x 10° 37 6.96 x 10" 4.29 x 102 6.53 x 10
1.61 x 10° 6.15 x 10 6.01 x 10* 4.53 x 10° 3.31 x 10° 37 7.36 x 101 7.82 x 102 6.58 x 10
1.61 x 10° 6.15 x 10* 6.05 x 10™* 5.80 x 10° 4.58 x 10 38 7.56 x 10" 1.08 x 10 6.48 x 10
1.61 x 10° 6.15 x 10 1.21 x 10* 7.55 x 10* 1.94 x 10® 7 1.34 x 104,57 x 10* 1.34 x 10™
1.61 x 10° 7.95 x 10* 2.57 x 10* 1.09 x 10° 3.80 x 10® 16 2.70 x 107 8.96 x 10* 2.69 x 10™
1.61 x 10> 7.95x 10™ 4.45 x 10™ 1.34x 102 1.01 x 10™ 28 4.38 x 101 2.39 x 10° 4.36 x 10™
1.61 x 10° 7.95x 104 5.82 x 10* 1.59x 10° 2.17 x 10* 36 6.35 x 101 5.11 x 10° 6.30 x 10
1.61 x 10° 7.95x 10* 6.60 x 10* 1.84 x 10° 3.90 x 10™ 41 7.31x1019.19 x 10° 7.22 x 10
1.61 x 10° 7.95x 10" 7.25 x 10* 2.35x 10° 8.28 x 10™ 45 8.25x 10" 1.95 x 102 8.05 x 10"
1.61 x 10° 7.95 x 10" 7.49 x 10* 2.85x 10° 1.31 x 10 47 8.54 x 10" 3.08 x 107 8.23 x 10"
1.61 x 10° 7.95 x 10* 7.61 x 10™* 3.35x 10° 1.80 x 10> 47 8.69 x 101 4.24 x 102 8.27 x 10
1.61 x 10° 7.95 x 10* 7.76 x 10™* 4.86 x 10° 3.29 x 10° 48 8.96 x 101 7.77 x 102 8.18 x 10
0.9 q o o o
‘ 936 Mg ° “[Aspartate], = 7.95 * 10 mol L™
2,0H" = . S ° ° °
pKg=4.10 _064%"  [Aspartate], = 6.15 * 10 mol L
2 .
"
0.3 +
®
00 T T 1
0.000 0.002 0.004 0.006
[OH]/mol L
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14.3. Reactivity parameters of aspartate (1m) in water: N = 13.81; s = 0.53

Reference electrophile E parameter k,n(20°C) /M™ s™

(dma),CH" -7.02 3.77 x 10°
(pyr).CH" -7.69 1.69 x 10°
(thg),CH" -8.22 8.96 x 10°
(ind),CH" -8.76 4.54 x 10°

15. Glutamate (1n)

15.1. Rate constants in water

4ﬁ

3 1 /

log k,n=0.5273 E +7.281

R?=0.9999

T T

-7

15.1.1. Reaction of glutamate (1n) with (dma)ZCH+BF4_ (at 20 °C, cosolvent: 0.5 vol-% CH5CN,
stopped-flow, detection at 610 nm, No. ccy182)

[(dma),CHly  [Nu]o [NUJesr [OHTo [OH] [NUler/[Ello  Kobs Kiw, on- Ky
/molL*  /molL* /molL* /molL* /mollL* /st /st /s*
5.95x 10° 2.06 x 10° 1.83 x 10 4.12x10° 2.32x 10" 31 10.4 3.04x10% 104
5.95x10° 1.44x10°%1.25x10° 2.88x10°1.92x 10" 21 7.10 251x10% 7.07
5.95x 10®° 8.24 x 10” 6.83 x 10” 1.65x 10° 1.43x 10" 11 3.87 1.87x10° 3.85
5.95 x 10° 4.12 x 10™ 3.16 x 10* 8.24 x 10 9.65 x 10° 5 1.64 1.26x10° 1.63

kon=5.77 x 10° M's™?

koo = 131 M™'s™
pKg = 4.53

12 -
— 8 7
I(/)
>

X

4

K,y = 5765.4 [Nuey - 0.1418
R? =0.9998
0 T T
0.0000 0.0007 0.0014 0.00:

[Nucleophile]es / mol L™
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15.1.2. Reaction of glutamate (1n) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.1 vol-% CH3CN,
stopped-flow, detection at 610 nm, No. ccy183)

[(py2CHlo  [Nulo [Nuler ~ [OHTo [OHT  [Nule/[Ello  Kobs Kiw, on- Ky
/molL*  /molL* /molL* /molL* /mollL™ /s* /s* /s*
1.12 x 10®° 2.06 x 10°1.83 x 10°4.12 x 10°2.32 x 10" 163 386 1.13x10% 3.85
1.12x10° 1.44 x 10°1.25 x 10°2.88 x 10°1.92 x 10 111 268 9.31x10° 267
1.12 x 10®° 8.24 x 1076.83 x 10*1.65 x 10°1.43 x 10* 61 151 6.93x10° 150
1.12 x 10° 4.12 x 10" 3.16 x 108.24 x 10™ 9.65 x 10~ 28  6.84x10" 4.68 x10° 6.79 x 10"
kon = 2.09 x 10° M7's™ 4 1
koon- = 48.5 M's™ *]
pKg = 4.53 Hi; 5 |
~
1

K ¢ = 2088.6 [Nu]es + 0.048

R%=0.9996
0 T T 1

0.0000 0.0007 0.0014 0.0021

[Nucleophile]e / mol L™

15.1.3. Reaction of glutamate (1n) with (thq)ZCH+BF4> (at 20 °C, cosolvent: 0.2 vol-% CH5CN,
stopped-flow, detection at 610 nm, No. ccy184)

[(thq)ZCH+]o [Nulo [NUJert [OHTo [OH] [Nuler/[Ello Kobs Kiw, on- Ky

/molL*  /molL* /molL* /molL* /mollL" /s* /st /s*
1.91 x 10° 2.06 x 10° 1.83 x 10® 4.12 x 10® 2.32 x 10™ 96 215 548x10°% 214
1.91 x 10° 1.44 x 10° 1.25x 10 2.88 x 10® 1.92 x 10™ 65 151  453x10° 151

1.91 x 10° 8.24 x 10* 6.83 x 10* 1.65 x 10> 1.43 x 10™ 36 8.42 x 10" 3.37 x 10° 8.39 x 10
1.91 x 10° 4.12 x 10” 3.16 x 10” 8.24 x 10™ 9.65 x 10® 17 3.78 x 10" 2.28 x 10° 3.76 x 10

kon=1.17 x 10° M's™ 3
koon- = 23.6 M's™ 2 ]
pKg = 4.53 ©
>
4
l -
K,y = 1168 [Nu]es + 0.0264
R?=0.9993
0 T T 1

0.0000 0.0007 0.0014 0.0021

[Nucleophile]es / mol L™

S52



Supplementary Material for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2007

15.1.4. Reaction of glutamate (1n) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN,
stopped-flow, detection at 634 nm, No. ccy185)

[(u2CHlo  [Nulo [NUest [OHTo [OHT  [Nule/[Ello  Kobs Kiw, on- Kiy

/molL* /molL* /molL* /molL* /molL? /st /st /st

8.55x 10° 2.06 x 10° 1.83 x 10° 4.12 x 10° 2.32 x 10* 214  4.44x 10" 7.99 x 10* 4.43 x 10"
8.55x 10° 1.44 x 10° 1.25 x 10° 2.88 x 10° 1.92 x 10* 146  3.10 x 10" 6.60 x 10* 3.09 x 10"
8.55 x 10° 8.24 x 10” 6.83 x 10* 1.65 x 10° 1.43x 10* 80  1.77 x 10" 4.92 x 10* 1.77 x 10"
8.55 x 10° 4.12 x 10™ 3.16 x 10* 8.24 x 10* 9.65x 10° 37  8.40 x 102 3.32 x 10* 8.37 x 107

kon = 2.37 x 10 M™'s™ 0.5 -
Koon- = 3.44 M's™ 0.4
pKg = 4.53 .
' 0.3 7
>
~ 0.2
0.1 K,y = 237.04 [Nu]eg + 0.0117
R%=0.9997
OO T T 1

0.0000 0.0007 0.0014 0.0021

[Nucleophile]es / mol L™

15.1.5. Reaction of glutamate (1n) with (Iil)ZCH+BF4- (at 20 °C, cosolvent: 0.1 vol-% CH3;CN,
stopped-flow, detection at 634 nm, No. ccy186)

[(.CHle  [Nulo [INU]efr [OHTo [OHT  [Nuler/[Ello  Kobs Ky, on Ky
/molL*  /molL*™ /molL* /molL' /mollL" /s* /s* /s*
9.35x10° 2.06 x 10° 1.83x 10 4.12x10° 2.32x10* 195 259x10" 5.02 x 10" 2.58 x 10™
9.35x10° 1.44 x10° 1.25x10° 2.88x10° 1.92x10* 133  1.81x10" 4.15x 10" 1.81 x 10™
9.35x 10° 8.24 x 10* 6.83 x 10* 1.65 x 10° 1.43 x 10™ 73 1.02 x 10" 3.09 x 10* 1.02 x 10"
9.35 x 10° 4.12 x 10* 3.16 x 10* 8.24 x 10” 9.65 x 10° 34 4.64 x 10° 2.08 x 10* 4.62 x 107

kon = 1.40 x 10 M's™? 0.3 -
— -1 -1
kZ,OH' =2.16 M"s ) 0.2 -
pKg = 4.53 o
>
X
0.1
K,y = 140 [Nu]ey + 0.0041
R%=0.9995
0.0 x x \

0.0000 0.0007 0.0014 0.0021
[Nucleophile]es / mol L™
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15.2. Reactivity parameters of glutamate (1n) in water: N = 13.96; s = 0.54

Reference electrophile E parameter k,x(20°C) /M™ s™ 41
(dma),CH" -7.02 5.77 x 10° N
(pyr),CH" -7.69 2.09 x 10° .
(thg),CH* -8.22 1.17 x 10° =21
o
(jul),CH* -9.45 2.37 x 10° L
(lih,CH" -10.04 1.40 x 10? log kzn=05355 E +7.4777
R“=0.9959
0 T T T T
-11 -10 -9 -8 -7
E

16. Cysteine (10)

16.1. Rate constants in water

Typical procedure:

L-Cysteine (131.6 mg, 1.086 mmol) was dissolved in 2.170 mL of aqueous KOH (0.5033 mol L™), then
the solution was filled up to 10 mL with water (cy, = 0.109 mol L™, coon = 0.109 mol L™). 200 uL of this
solution was combined with 400 pL of aqueous KOH (0.5033 mol L™) and diluted with water to 25 mL.

Equal volumes of this solution were combined with a solution of [(ind),CH'] (3.95 x 10 mol L™) in the

stopped-flow instrument to give the final concentrations listed in the table.
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16.1.1. Reaction of cysteine (10) with (ind)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CHsCN,
stopped-flow, detection at 610 nm, No. fb170)

[(ind).CH'ly  [Nuo [NUesr [OHTo [OH] [NuJe/[Elo Kabs Kiw, on- K1y

/molL*  /molL* /molL* /molL* /mollL? /st /st /st

1.98 x 10° 5.43 x 10* 4.80 x 10” 5.60 x 10° 458 x 10° 24  6.09 x 10 4.94 x 10” 6.09 x 10
1.98 x 10° 4.36 x 10 3.74 x 10* 4.46 x 10° 3.65x10° 19  4.86 x 10° 3.94 x 107 4.86 x 10°
1.98 x 10° 2.18 x 10” 1.88 x 10™* 4.24x10° 3.83x10° 10  2.55x 10° 4.14 x 10 2.55 x 10°
1.98 x 10° 1.31 x 10* 1.13 x 10” 4.15 x 10° 3.91 x 10° 6 1.46 x 10 4.22 x 107 1.46 x 10°

kon = 1.29 x 10° M's™? 800 -
kZ,OH' =10.8 M-ls-l 600 -
pKg=3.22 DA

\2 400 A

X
One data point from an independent

200 -+

measurement of the cysteine reactivity at K,y = 1.29 * 10° [Nu]o + 4.36
different pH (No. fb169.10, first row in the table) is 0 R®=0.999
included in the figure on the right. This data has 0.0000 0.0002 0.0004 0.0006

not been used for the derivation of the [Nucleophile]e / mol Lt

correlation equation shown in the figure

16.1.2. Reaction of cysteine (10) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN, stopped-
flow, detection at 634 nm, No. fb171)

[GuD2CH'lo  [Nulo [NUest [OHTo [OHT  [Nule/[Ello  Kobs Ky, on- kay

/molL* /moll* /molL* /molLl* /molL* /st /st /st

2.70 x 10° 1.09 x 10° 9.12 x 10* 5.10 x 10° 3.10 x 10° 34  5.86 x 10°> 1.07 x 102 5.86 x 10°
2.70 x 10° 6.55 x 10* 5.58 x 10 4.68 x 107 3.47 x 10° 21  3.43x10? 1.19 x 102 3.43 x 10°
2.70 x 10° 4.36 x 10* 3.74 x 10* 4.46 x 10° 3.65x 10° 14  2.31x10? 1.26 x 102 2.31 x 10°
2.70 x 10° 2.18 x 10 1.88 x 10™ 4.24 x 10 3.83 x 107 7 1.24 x 10° 1.32 x 102 1.24 x 10°

kon = 6.41 x 10° M's™ 600 1

koon- = 3.44 M's™ . 400 1
[%2]
pKg = 3.22 >
4

200 -

K,y =6.41*10°- 4.58
R? = 0.9982
0 T T 1

0.0000 0.0004 0.0008 0.0012

[Nucleophile]es / mol L™
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16.1.3. Reaction of cysteine (10) with (IiI)2CH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN, stopped-
flow, detection at 634 nm, No. fb172)

[(i)CHlo  [Nulo [NUest [OHTo [OHT  [Nule/[Ell]o  Kobs Kiw, on- Ky

/molL*  /molL* /molLY* /molL* /molL? /st /st /st

1.20 x 10®° 1.09 x 10 9.12 x 10* 5.10 x 10™ 3.10 x 107 76 3.49 x 10° 6.69 x 10° 3.49 x 10°
1.20 x 10° 6.55 x 10 5.58 x 10* 4.68 x 10° 3.47 x 107 47 2.13 x 10% 7.49 x 107 2.13 x 10°
1.20 x 10° 4.36 x 10 3.74 x 10* 4.46 x 10° 3.65 x 107 31 1.47 x 10° 7.88 x 10® 1.47 x 10°
1.20 x 10° 2.18 x 10™* 1.88 x 10™* 4.24 x 10° 3.83 x 107 16 7.75 x 10" 8.28 x 107 7.75 x 10

1.20 x 10° 1.31 x 10* 1.13 x 10™ 4.15x 10° 3.91 x 10° 9 4.59 x 10" 8.44 x 10° 4.59 x 10*
1.20 x 10° 6.55 x 10° 5.69 x 10° 4.09 x 10° 3.97 x 10° 5 2.26 x 10* 8.57 x 10° 2.26 x 10!
kon = 3.79 x 10° M's™? 360

4.4 270
kZ,OH' =2.16 M"s
pKg = 3.22 = 180 -

E
90 s
K,y =3.79 * 10° [Nueq + 3.37
R? = 0.9997
0 T T 1

0.0000 0.0004 0.0008 0.0012

[Nucleophile]es / mol L™
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16.2. pH Dependance of rate constants for the reaction of cysteine (10) with (ind),CH'BF,": (at 20
°C, cosolvent: 0.2 vol-% CHs;CN, stopped-flow, detection at 610 nm, No. fb169)

[(ind),CHlo  [Nuo [NUJetr [OHTo [OH]  [Nule/[El]o Kobs Kiw, on- Ky

/molL*  /molL* /molL*™ /molL* /molL* /st /st /st

1.98 x 10° 5.43 x 10™ 1.06 x 10™ 7.95 x 10 1.46 x 10™ 5 2.47 x 10° 1.58 x 107 2.47 x 10?
1.98 x 10° 5.43 x 10™ 1.88 x 10™ 1.05 x 10° 3.19 x 10™ 9 3.50 x 10° 3.45 x 10 3.50 x 10°
1.98 x 10° 543 x 10” 2.49 x 10* 1.30 x 10° 5.08 x 10" 13 4.21 x 10% 5.49 x 10° 4.21 x 10?
1.98 x 10° 5.43x 10" 2.94 x 10* 1.55x 10° 7.13x 10" 15 4.58 x 10% 7.70 x 10 4.58 x 10?
1.98 x 10° 5.43x 10" 2.94 x 10* 1.55x 10° 7.13x 10" 15 4.58 x 10% 7.70 x 10 4.58 x 10?
1.98 x 10° 543 x 10” 3.79 x 10* 2.31x10° 1.39x 10° 19 5.37 x 10° 1.50 x 10 5.37 x 10°
1.98 x 10° 5.43 x 10* 3.96 x 10* 2.56 x 10° 1.62 x 10° 20 5.70 x 10° 1.75 x 10? 5.70 x 10°
1.98 x 10° 543 x 10” 4.22 x 10™ 3.06 x 10° 2.10x 10° 21 5.95 x 10° 2.26 x 10” 5.95 x 10°
1.98 x 10° 543 x 10 4.60 x 10 4.32x10° 3.32x10° 23 6.14 x 10° 3.58 x 102 6.14 x 10?
1.98 x 10° 5.43 x 10™* 4.80 x 10* 5.60 x 10° 4.58 x 10° 24 6.09 x 10° 4.94 x 102 6.09 x 10°
1.98 x 10° 5.43 x 10” 4.91 x 10” 6.70 x 10° 5.67 x 10° 25 5.95 x 10 6.12 x 102 5.95 x 10°

750
k2,0H' =10.8 M_ls_l R ° ° .
[ ]
- [ ]
PKg = 3.22 500
" ..
2 o
x
250 o
[cysteine], = 5.43 * 10 mol L™
O T T 1
0.0000 0.0025 0.0050 0.0075

[OH]/ mol L

S57



Supplementary Material for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2007

16.3. pH Dependance of rate constants for the reaction of cysteine (10) with (lil),CH'BF,:
(phosphate buffer, at 20 °C, cosolvent: 0.2 vol-% CH3;CN, stopped-flow, detection at 630 nm,
pH measured, No. fn310)

[(lih2CH]o [Nulo [PO,°]  [HPO,”]T  [H:PO4] pH Kobs
/molL*  /molL* /molL* /molL* /molL" /s*

7.43x10° 7.32x10° 9.09 x 10° 9.09 x 10° 11.76  1.63 x 10
7.43x10° 7.32x10° 4.55x 10° 9.09 x 10° 11.50  1.48 x 10
7.43x10° 7.32x10° 1.36 x10° 9.09 x 10° 1.82x10° 11.04 1.33 x 10
7.43 x10° 7.32x10° 9.09 x 10* 9.09 x 10° 10.84  1.34x 10"
7.43x10° 7.32x10° 1.82x 10" 9.09 x 10° 10.13 7.04
7.43x10° 7.32x10° 9.09 x 107 9.52 3.84
7.43x10° 7.32x10° 9.09 x 10° 1.82x 10"  8.81 2.43
7.43x10° 7.32x10° 9.09 x 10° 9.09 x 10*  8.08 1.12
7.43x10° 7.32x10° 9.09 x10° 9.09x10° 780 6.19x10"
7.43x10° 7.32x10° 9.09x10° 455x10° 7.32 2.88x10"
7.43 x10° 7.32x10° 9.09 x 10° 9.09x10°  6.99  1.94x10"

2.0 7

1.0 A . -

0.0 *

-1.0 T T T T T !

6 7 8 9 10 11 12
pH
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16.4. Reactivity parameters of cysteine (10) in water: N = 23.43; s = 0.42

Reference electrophile E parameter k,x(20°C) /M™ s™ "

(ind),CH" -8.76 1.29 x 10°
(jul),CH* -9.45 6.41 x 10°

|
(lil),CH -10.04 3.79 x 10° /

log kon=0.4163 E +9.752
R?=0.9987

log k2N

-11 -10 -9 -8

17. Methionine (1p)

17.1. Rate constants in water

17.1.1. Reaction of methionine (1p) with (mor)ZCH+BF4_ (at 20 °C, cosolvent: 9 vol-% CHsCN,
stopped-flow, detection at 610 nm)

No. [(mor),CHly  [Nulo [NUest [OHT  [Nuler/[Ello  Kobs Ky, on- Ky

/ mol L™ /molL*  /molLY /molL® /st /st /st

fn276.1 1.73x10° 7.85x10° 7.47x10° 3.77x10* 432  2.62 x 10? 4.00 x 10" 2.62 x 10°
fn276.2 1.73x10° 3.93x10° 3.67 x10° 2.64 x 10* 212  1.27 x 10? 2.80 x 10" 1.27 x 10?
fn276.3 1.73x10° 2.36x10° 2.16 x10° 2.03x10* 125 8.05x 10" 2.15x 10™ 8.03 x 10"
fn276.4 1.73x10° 157 x10° 1.41x10° 1.64 x 10™ 81  5.30x10" 1.74x 10" 5.28 x 10
fn276.5 1.73x10° 7.85x 10" 6.72 x 10* 1.13 x 10™ 39  2.65x10" 1.20x 10" 2.64 x 10
fn276.6 1.73 x 10° 3.93 x 10™ 3.15 x 10* 7.75 x 10° 18  1.31x10' 8.22x10” 1.30 x 10"

kon = 3.45 x 10* M™s™ 300 -

kZ,OH' =1060 M-ls-l
pKg = 4.72 200 -

Kyls™

100 -~

Ky = 34491 [Nu]oy + 3.2822
R? = 0.9996

0 .
0.0000 0.0025 0.0050 0.0075

[Nucleophile]es / mol L™
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17.1.2. Reaction of methionine (1p) with (dma)ZCH+BF4_ (at 20 °C, cosolvent: 9 vol-% CH3;CN,
stopped-flow, detection at 610 nm)

No. [(dma),CH'lo  [Nu]o [NUest [OHT  [Nule/[Ello  Kobs Kiy, on- Kiy

/molL*  /molL* /molL* /molL* /st /st /st

fn277.1 3.37 x10° 7.85x10°7.47 x10° 3.77x10* 222  2.35x10" 4.94x10% 2.35x 10"
fn277.2 3.37 x10° 3.93x10°3.67 x 10° 2.64 x 10* 109  1.24x 10" 3.46 x10% 1.24 x 10"

fn277.3 3.37 x 10° 2.36 x 10°2.16 x 10° 2.03x 10* 64 7.43 2.66 x 107 7.40
fn277.4 3.37 x10° 157 x10°1.41x10°% 1.64 x 10* 42 4.92 2.14 x 107 4.90
fn277.5 3.37 x 10° 7.85x1076.72x 10” 1.13x 10" 20 2.44 1.48 x 10 2.43
fn277.6 3.37 x 10° 3.93 x 10™ 3.15 x 10 7.75 x 10° 9 1.11 1.02 x 10° 1.10
kon = 3.11 x 10° M's™ 25 -
20
koon- =131 M™'s™
pKg = 4.72 H(\n 15 1
>
~ 10 -
5 K,y = 3114.5 [Nu]es + 0.4631
. | R? =IO.9985 |

0.0000 0.0025 0.0050 0.0075

[Nucleophile]ss / mol L™

17.1.3. Reaction of methionine (1p) with (pyr)ZCH+BF4- (at 20 °C, cosolvent: 0.4 vol-% CH3CN,
stopped-flow, detection at 611 nm)

No. [(py)CHo  [Nulo [NU]est [OHT  [Nule/[Ello  Kops Kiw, on Ky
/molL*  /molL* /molL* /molL" /s* /s* /s*

fn274.3 1.20 x 10° 2.91 x 10° 2.68 x 10° 2.26 x 10* 224 366 1.10x10° 3.65
fn274.4 1.20 x 10° 1.45x 10° 1.29 x 10® 1.57 x 10" 108 1.89 7.61x10° 1.88

fn274.5 1.20 x 10> 7.27 x 10* 6.18 x 10* 1.09 x 10™ 52 9.51 x 10" 5.26 x 10° 9.46 x 10*
fn274.6 1.20 x 10> 3.64 x 10™ 2.90 x 10* 7.43 x 10° 24 4.29 x 10" 3.60 x 10° 4.25 x 10*

kon = 1.33 x 10° M's™? 4
k2,0H' =48.5 MEISE:L HU)
pKg = 4.72 > 2
4
K,y = 1334.8 [Nu]eq + 0.0955
R%=0.9986
0 T T 1
0.000 0.001 0.002 0.003

[Nucleophile]s / mol L™
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17.1.4. Reaction of methionine (1p) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 0.8 vol-% CH3CN,
stopped-flow, detection at 610 nm)

No.  [(thg):CH]o  [Nuo [NUer [OH]  [Nule/[Ello  Kobs Kiw, on- Ky
/molL*  /molL* /molL' /mollL" /s* /s* /s*

fn278.2 2.41x10° 3.93x10° 3.67 x10° 2.64x10* 152 288  6.24x10° 287
fn278.3 2.41x10° 2.36 x 10° 2.16 x 10° 2.03 x 10™ 90 1.73  478x10° 173
fn278.4 2.41x10° 1.57x10° 1.41x10° 1.64 x 10™ 58 1.13  3.86x10° 1.13

fn278.5 2.41 x10° 7.85x 10™* 6.72 x 10* 1.13 x 10™ 28 5.35x 10" 2.67 x 10° 5.32 x 10*
fn278.6 2.41 x 10° 3.93x10™ 3.15x 10™ 7.75 x 10° 13 2.46 x 10" 1.83 x 10° 2.44 x 10*

kon = 7.85 x 10° M's™ 3

k2,0H' =23.6 M>13>1 2 -
PKg = 4.72 @
>
X

1 .

K 1 = 785.45 [Nules + 0.0096
R? =0.9998
O T T T 1

0.000 0.001 0.002 0.003 0.004
[Nucleophile]es / mol L™

17.1.5. Reaction of methionine (1p) with (ind)ZCH+BF4> (at 20 °C, cosolvent: 0.8 vol-% CHsCN,
stopped-flow, detection at 610 nm)

No. [(ind),CH']o [Nulo [NUJerr [OH] [NuJe/[Elo Kobs Kiw, on- Ky
/molL*  /molL* /molL™ /molL" /st /s* /st

fn279.1 1.95x 10° 7.85x10°% 7.47x10° 3.77x 10" 383 210  4.08x10° 210
fn279.2 1.95x 10° 3.93x10° 3.67x10° 2.64x 10" 188 1.04 285x10° 1.04

fn279.3 1.95x 10° 2.36 x 10® 2.16 x10® 2.03x 10" 111 6.58 x 10" 2.19 x 10° 6.56 x 10"
fn279.4 1.95x 10° 1.57 x10°® 1.41x10° 1.64 x 10" 72 436 x 10" 1.77 x 10® 4.34 x 10™
fn279.5 1.95x 10° 7.85x 10" 6.72x 10" 1.13x10™ 34 2.16 x 10" 1.22 x10° 2.15x 10"
fn279.6 1.95x 10° 3.93x 10" 3.15x 10" 7.75x 10° 16 1.08 x 10" 8.37 x 10* 1.07 x 10"

kon = 2.76 x 10° M's™ 2.5 1
2.0 -
kZ,OH' =10.8 M-ls-l o 15
n 197
pKg=4.72 =
<~ 1.0 -
0.5 -

K,y = 276.08 [Nueq + 0.0356
R? = 0.9996

0.0 T
0.0000 0.0025 0.0050 0.0075

1

[Nucleophile]es / mol L™
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17.1.6. Reaction of methionine (1p) with (qu)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN,
stopped-flow, detection at 634 nm)

No. [(u):CHl  [Nulo [NUJer [OHT  [Nule#/[Ello  Kobs Kiw, on- Ky
/molL*  /molL*  /molL™ / mol L /s* /s* /s*
fn275.3 2.37 x 10° 2.91x10° 2.68x10° 2.26 x 10* 113 4.19x10" 7.78x 10" 4.18 x10™
fn275.4 2.37 x 10° 1.45x10° 1.29x10° 1.57x10* 55 2.30x 10" 5.40 x 10* 2.29 x 10™
fn275.5 2.37 x 10° 7.27 x 10* 6.18x 10" 1.09 x 10™ 26 1.12x 10" 3.73x 10" 1.12x 10"
fn275.6 2.37 x 10° 3.64 x 10* 2.90 x 10* 7.43 x 10° 12 5.50 x 102 256 x 10* 5.47 x 10”
kon = 1.51 x 10°M7s™ 0.5 1
0.4 -

k2,0H' =3.44 M-ls-l

pKg = 4.72 %, 0.3
E
« 0.2+
0.1 + K ¢ =151.05 [Nu]e¢ + 0.019
R®=0.9957
00 T T 1
0.000 0.001 0.002 0.003
[Nucleophile]es / mol L™
17.1.7. Reaction of methionine (1p) with (IiI)ZCH+BF4> (at 20 °C, cosolvent: 0.4 vol-% CH5CN, J&M,
detection at 630 nm)
No. [(ll)2.CHy  [Nulo [NU et [OH]  [Nulew/[Ello Kobs Kiw, on- Kiw
/molL*  /molL* /molL* /mollL” /st /st /st

fn280.3 1.51 x 10° 1.70 x 10° 1.53x 102 1.71 x 10™ 101 1.27 x 10 3.69 x 10* 1.27 x 10*
fn280.2 1.52 x 10®° 8.57 x 10* 7.38 x 10* 1.19 x 10™ 49 6.21 x 102 2.56 x 10 6.18 x 107
fn280.6 1.52 x 10> 4.29 x 10* 3.48 x 10® 8.14 x 10 23 2.96 x 102 1.76 x 10™ 2.94 x 10

kon =822 M7's™ 0.16 -
koon-=2.16 M's™t 0.12
pKg = 4.72 -
(7]
~ 0.08 1
>
X
0.04
K,y = 82.211 [Nu]ey + 0.001
R?=1
0.00 w x x \

0.0000 0.0004 0.0008 0.0012 0.0016

[Nucleophile]es / mol L™
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17.2. Reactivity parameters of methionine (1p) in water: N = 13.16; s = 0.58

Reference electrophile E parameter k,x(20°C) /M™ s™ 51 .

(mor),CH" -5.53 3.45 x 10* 44

(dma),CH" -7.02 3.11 x 10° - 3

(Dyr).CH® -7.69 1.33 x 10° 2,

(thg).CH’ -8.22 7.85 x 10° 1 log k2 = 0.5817 E + 7.6531
(ind),CH* -8.76 2.76 x 10° R?=0.9907
(jul),CH" 9.45 1.51 x 10° S
(lil),CH" -10.04 8.22 x 10" :

18. B-Alanine (1q)

18.1. Rate constants in water

18.1.1. Reaction of B-alanine (1q) with (mor)ZCH+BF4_ (at 20 °C, cosolvent: 9 vol-% CH3;CN, stopped-
flow, detection at 610 nm)

No. [(mor),CHlo  [Nu]o [NUest [OHT  [Nuler/[Ello  Kobs Ky, on- Kay

/ mol L™ /molL*  /molL* /molL? /st /st /st

fn224.3 1.93x10° 3.08 x10° 2.43x10° 6.50 x 10* 126  9.09 x 10" 6.89 x 10" 9.02 x 10"
fn224.4 1.93x10° 2.05x10° 1.53 x 10° 5.16 x 10™ 79  5.79x10' 547 x 10" 5.74 x 10"
fn224.5 1.93x10° 1.03x10° 6.85x10* 3.45x10* 35  2.66 x 10" 3.66 x 10" 2.62 x 10"
fn224.6 1.93x10° 5.14 x 10* 2.90 x 10* 2.24 x 10™ 15  1.33x 10" 2.38 x 10" 1.31 x 10"

kon = 3.62 x 10* M's™ 100 ~
75 -
Ko,on- = 1060 M™'s™
_ '
pKg = 3.76 (ref 3) ~ 50 1
~
25 A

K 1 = 36200 [Nu]eg + 2.0215

R? = 0.9998
0 T T 1

0.000 0.001 0.002 0.003

[Nucleophile]es / mol L™
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18.1.2. Reaction of B-alanine (1q) with (dma)ZCH+BF4_ (at 20 °C, cosolvent: 9 vol-% CHsCN,

stopped-flow, detection at 610 nm)

No. [(dma),CH']o [Nulo [NU]est [OH]

/molL*  /molL* /molL* /mollL*

[Nules/[Ello Kobs Kiw, on- K1

/st /st /st

fn225.3 2.18 x 10° 3.08 x 10°2.43x 10° 6.50 x 10* 111
fn225.4 2.18 x 10° 2.05x 10°1.53x 10° 5.16 x 10* 70
fn225.5 2.18 x 10° 1.03 x 10°6.85 x 10“ 3.45x 10" 31
fn225.6 2.18 x 10° 5.14 x 10 2.90 x 10” 2.24 x 10* 13

891  851x107 8.82
5.85 6.76 x 107 5.78
2.59 452 x 107 2.54
1.16 2.94 x 107 1.13

kon = 3.62 x 10° M's™?

koon- =131 M™'s™
pKg = 3.76 (ref 3)

9 —_
6 -
3 -
K,y = 3615.8 [Nu]es + 0.1065
R? =0.9993
0 T T 1
0.000 0.001 0.002 0.003

[Nucleophile]es / mol L™

18.1.3. Reaction of B-alanine (1q) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN,

stopped-flow, detection at 610 nm)

No. [(pyn.CHlo  [Nulo [Nues [OH] [NuJe/[Ello Kobs Kiw, on- Ky
/molLY  /molL* /molLY /mollL? /st /st /st
fn226.2 2.14 x 10®° 5.14 x 10™ 4.28 x 10™ 8.62 x 10* 200 6.26 4.18x10% 6.22
fn226.3 2.14 x 10®° 3.08 x 10° 2.43x 10™ 6.50 x 10* 114 3.67 3.15x10% 364
fn226.4 2.14 x 10®° 2.05 x 10° 1.53 x 10™ 5.16 x 10™ 72 237 250x10° 234
fn226.5 2.14 x 10® 1.03 x 10° 6.85 x 10* 3.45 x 10™ 32 1.06 1.67x10% 1.04
fn226.6 2.14 x 10> 5.14 x 10™ 2.90 x 10* 2.24 x 10™ 14 4.67 x 10" 1.09 x 102 4.56 x 10™
kon = 1.45 x 10° M™'s™ 8
6 -
kZ,OH' =48.5 M-ls-l -
pKg = 3.76 (ref 3) < 4-
~
2 -
K,y = 1445.4 [Nues + 0.076
R?=0.999
0 T T T T 1
0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]es / mol L™
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18.1.4. Reaction of B-alanine (1q) with (thq)ZCH+BF4_ (at 20 °C, cosolvent: 9 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No.  [(thg),CH"J [NuJo [NU]est [OH] [Nules/[El]lo Kobs Kiw, on- Kiw
/molL*  /molL* /molL™ /molL" /st /st /s*

fn227.1 1.85x10° 1.03x10? 9.05x 10° 1.25x10° 489 578 296x10% 575
fn227.2 1.85x10° 5.14x10° 4.28 x 10° 8.62 x 10* 231 285 2.03x10% 2.83
fn227.3 1.85x10° 3.08x10° 2.43x10° 6.50x 10" 131 155 153x10°  1.53
fn227.4 1.85x10° 2.05x 10 1.53 x 10° 5.16 x 10™ 83 1.03  1.22x10%  1.02

fn227.5 1.85x10° 1.03x 10° 6.85x 10* 3.45 x 10™ 37 3.83x 10" 8.14 x 10° 3.75x 10*
fn227.6 1.85x 10° 5.14 x 10™* 2.90 x 10* 2.24 x 10™ 16 1.85x 10 5.29 x 10° 1.80 x 10*

kon = 6.40 x 10 M's™ 6
kZ,OH' =23.6 M-ls-l 4 4
PKg = 3.76 (ref 3) %
~ 5 ]
K 1y = 640.03 [Nu]os - 0.0003
R?=0.9993
0 T T T T 1

0.000 0.002 0.004 0.006 0.008 0.010

[Nucleophile]es / mol L™
18.1.5. Reaction of B-alanine (1q) with (IiI)ZCH+BF4- (at 20 °C, cosolvent: 0.8 vol-% CH3;CN, J&M,
detection at 630 nm)
No. [(li,CH'le  [Nu]o [NUJes [OH]  [Nule/[El]o Kobs Kiw. on- Ky
/molL*  /molL* /molL* /mollL? /s? /st /st
fn228.4 1.11 x 10®° 1.75x 10° 1.28 x 10° 4.71 x 10™ 115 1.17 x 10" 1.02 x 10° 1.16 x 10*
fn228.5 1.08 x 10® 8.55 x 10 5.47 x 10* 3.08 x 10™ 51 4.88 x 10° 6.66 x 10* 4.81 x 102
fn228.6 1.12 x 10> 4.43 x 10* 2.39 x 10® 2.04 x 10™ 21 222 x 102 4.40 x 10* 2.18 x 10

kon =9.10 x 10* M's™ 0.12 1

koon-=2.16 Mis? 0081
pKg = 3.76 (ref 3) e
>
4

0.04 A

Ky = 91.018 [Nu]e - 0.0007
R? = 0.9997
OOO T T T 1

0.0000 0.0004 0.0008 0.0012 0.0016

[Nucleophile]es / mol L™
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18.2. pH Dependance of rate constants for the reaction of B-alanine (1q) with (dma),CH'BF,
(phosphate buffer, at 20 °C, cosolvent: 0.5 vol % CH3CN, stopped-flow, detection at 610 nm,
pH measured, No. fn295 and fn300)

[(dma),CH]o  [Nulo [PO,"]  [HPO,”]  [H:PO.] pH Kobs

/ mol L /molL*  /molL* /molL* /mollL™ /s*
2.24x10° 9.09 x 10* 9.09 x 10 12.03 3.63
2.24x10° 9.09 x 10* 9.09 x 10° 9.18 x 10™ 12.01 3.56
2.24x10° 9.09x 10" 9.09 x 10° 4.59 x 10° 11.95 3.44
2.24x10° 9.09x10™ 9.09 x 10° 9.18 x 10 11.85 3.19
2.24x10° 9.09x10™ 4.55x10° 9.18 x 10° 11.62 3.02
4.09 x 10° 9.09 x 10* 4.55 x 10° 9.07 x 10 11.52 2.96
4.09 x 10° 9.09 x 10" 2.73 x 10° 9.07 x 10 11.34 2.82
2.24x10° 9.09x 10" 9.09 x 10* 9.18 x 10° 10.99 2.42
409 x 10° 9.09 x 10” 9.09 x 10” 9.07 x 10° 10.88 2.35
409 x 10° 9.09 x 10“ 4.55 x 10 9.07 x 10° 10.69 2.03
2.24x10° 9.09x10™ 10.64 2.22
4.09 x10° 9.09 x 10* 9.09 x 10®° 9.07 x 10 10.44 1.58
4.09 x 10° 9.09 x 10™ 9.07 x 107 10.32 1.42
4.09 x 10° 9.09 x 10™ 9.07 x10° 9.18 x 10°  10.26 1.28
4.09 x 10° 9.09 x 10™ 9.07 x10° 459x10* 9.84 652x10"
2.24x10° 9.09x10™ 9.18 x10° 9.18 x10* 880 1.30x 10"
4.09x10° 9.09 x 10 9.07x10° 9.18 x10* 873 859 x 107
4.09 x 10° 9.09 x 10™ 9.07 x10°% 2.75x10% 7.70 2.95x10?
4.09 x 10° 9.09 x 10™ 9.07 x10® 459x10° 742 2.64x10°
2.24x10° 9.09x10™ 9.18 x10° 9.18 x10°  7.09  2.54x10?
2.24x10° 9.09x10™ 9.18 x 10" 9.18 x10° 6.38  2.37x 107
2.24 x10° 9.09 x 10™ 9.18x10” 9.18x10° 6.08  2.33x10”

1

» b ¢
*

01 . -

14 _'

-2 T T T T T 1

6 7 8 9 10 11 12
pH
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18.3. Reactivity parameters of B-alanine (1q) in water: N = 13.26; s = 0.58

Reference electrophile E parameter k,x(20°C) / M™ s™ *1 ,
(mor),CH* 553 3.62 x 10* 1
(dma),CH" 7.02 3.62 x 10° ;z
(Py):CH® 7.69 1.45 x 10° S S
(thg),CH" -8.22 6.40 x 102 . o e
(lil),CH" -10.04 9.10 x 10" oo s e

19. y-Aminobutyric acid (1r)

19.1. Rate constants in water

19.1.1. Reaction of y-aminobutyric acid (1r) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 9 vol-%
CH3CN, stopped-flow, detection at 610 nm)

No. [(dma),CHly [Nulo [NU]efr [OHT  [Nule/[Ello  Kobs Kiw, on Ky
/molL*  /molL* /molL* /molL" /s* /s* /s*
fn242.2 9.64 x 10° 4.47x10°3.36 x10° 1.11x10°® 349  1.59x10' 1.45x10" 1.58x 10"
fn242.3 9.64 x 10° 2.68 x 10°1.86 x 10° 8.21 x 10* 193 9.10 1.08 x 10™ 8.99
fn242.4 9.64 x 10° 1.79x10°1.15x 10° 6.45 x 10* 119 5.72 8.45 x 107 5.64
fn242.5 9.64 x 10° 8.94 x 10" 4.78 x 10” 4.16 x 10* 50 2.52 5.46 x 107 2.47
fn242.6 9.64 x 10° 4.47 x 10" 1.87 x 10” 2.60 x 10* 19 1.03 3.41 x10° 9.96 x 10™
kon = 4.64 x 10° M's™ 16 -
Koon- = 131 Ms™ 12 1
pKg = 3.44 (ref 3) "
> 87
~
4 -

K 1 = 4635.7 [NU]ey + 0.2486

R?=0.9997
O T T T 1

0.000 0.001 0.002 0.003 0.004

[Nucleophile]es / mol L™
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19.1.2. Reaction of y-aminobutyric acid (1r) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.7 vol-%
CHsCN, stopped-flow, detection at 610 nm)
No. [(pyr):CHlo  [Nulo [NUesr [OH] [Nuler/[Ello Kobs Kiw, on- Ky
/molL*  /molL* /molL* /mollL™ /s* /s* /s*
fn243.2 1.48 x 10° 4.47 x 10° 3.36 x 10° 1.11x10° 227 6.71 5.36x10°  6.66
fn243.3 1.48 x 10° 2.68 x 10° 1.86 x 10° 8.21 x 10" 126 3.77 3.98x10% 3.73
fn243.4 1.48 x 10° 1.79 x 10° 1.15x 10° 6.45x10* 77 239 3.13x10% 236
fn243.5 1.48 x 10° 8.94 x 10” 4.78 x 10* 4.16 x 10* 32 1.01  2.02x10? 9.90 x 10™
fn243.6 1.48 x 10° 4.47 x 10” 1.87 x10* 2.60x 10" 13  4.04x 10" 1.26 x 10° 3.91 x 10"
kon = 1.97 x 10° M7's™ 8 1
koon- = 48.5 M's™ . °]
pKg = 3.44 (ref 3) 2 4 -
z
2 K 1 = 1967.6 [Nu]o + 0.0578
0 . . R® = 0.9998 .
0.000 0.001 0.002 0.003 0.004
[Nucleophile]es / mol L™
19.1.3. Reaction of y-aminobutyric acid (1r) with (thq)ZCH+BF4- (at 20 °C, cosolvent: 0.9 vol-%
CH3CN, stopped-flow, detection at 610 nm)
No. [(thg):CHy  [Nulo [NUJet [OH]  [Nule/[Elloc  Kobs Kiw, on- Ky
/molL*  /molL* /molL' /mollL" /s* /s* /s*
fn244.2 1.74x10° 4.47x10° 3.36 x10° 1.11x10° 193 349 261x10°  3.46
fn244.3 1.74x10° 2.68x10° 1.86x10° 8.21x10* 107 1.96 1.94x10° 1.94
fn244.4 1.74x10° 1.79x 10 1.15x 10 6.45 x 10™ 66 1.23  152x10% 121
fn244.5 1.74x10° 8.94x 10" 4.78 x 10” 4.16 x 10™ 27 5.10 x 10" 9.83 x 10° 5.00 x 10™
fn244.6 1.74 x 10° 4.47 x 10* 1.87 x 10” 2.60 x 10 11 2.03 x 10" 6.14 x 10° 1.97 x 10™
kon = 1.03 x 10° M's™? 4
koon- = 23.6 M's™ 3
pKg = 3.44 (ref 3) r"m
=27
4
o K 1y = 1027.8 [Nu]s + 0.0176
0 | BZ = 0.9999 |
0.000 0.001 0.002 0.003 0.004

[Nucleophile]es / mol L™
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19.1.4. Reaction of y-aminobutyric acid (1r) with (ind)ZCH+BF4- (at 20 °C, cosolvent: 0.2 vol-%
CH3CN, stopped-flow, detection at 610 nm)

No. [(ind),CH'lo  [Nulo [NUJest [OHT  [Nuler/[Ello Kobs Kiw, on- Ky

/molL*  /molL* /molL' /mollL" /s* /s* /s*

fn245.2 524 x 10° 4.47x10° 3.36 x10° 1.11x10° 642 1.63  1.19x10%  1.62
fn245.3 5.24 x 10° 2.68x10° 1.86x10° 8.21x10* 355  9.18x10" 8.87 x 10° 9.09 x 10"
fn245.4 524 x10° 1.79x10% 1.15x10° 6.45x10* 219  579x10" 6.96 x 10° 5.72x 10"
fn245.5 5.24 x 10° 8.94 x 10* 4.78 x 10" 4.16 x 10™ 91 2.39 x 10" 4.50 x 10° 2.35x 10"
fn245.6 5.24 x 10° 4.47 x 10* 1.87 x 10* 2.60 x 10™ 36 9.08 x 102 2.81 x 10° 8.80 x 107

kon = 4.81 x 10° M's™®

k2,0H' =10.8 MEISE:L
pKg = 3.44 (ref 3)

1.8 -
L 1.2
‘n
>
~ 0.6
K,y = 480.74 [Nu]e; + 0.0082
R? =0.9997
00 T T T 1

0.000 0.001 0.002 0.003 0.004

[Nucleophile]ss / mol L™

19.2. Reactivity parameters of y-aminobutyric acid (1r) in water: N = 13.55; s = 0.56

Reference electrophile E parameter k,x(20°C) /M™ s™

(dma),CH" -7.02 4.64 x 10°
(pyr).CH" -7.69 1.97 x 10°
(th),CH" -8.22 1.03 x 10°
(ind),CH" -8.76 4.81 x 10°

4ﬁ

m/

1 4 |Og kz,N =0.5622 E
+7.618

R?=0.9992
0 T 1

-9

-8
E
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20. Gly-Gly (1s)

20.1. Rate constants in water

20.1.1. Reaction of Gly-Gly (1s) with (mor)ZCH+BF4'(at 20 °C, cosolvent: 9 vol-% CH3;CN, stopped-

flow, detection at 610 nm)

No.  [(mor),CH']o [NuJo [NUJerr [OH] [Nuler/[Ello Kobs

/ mol L™ /molL*  /molL* /molL?

/st

kl‘P, OH™ kl‘l‘

/st /st

fn234.2 1.93x10° 2.47x10° 2.40x10° 6.54x10° 125
fn234.3 1.93x10° 1.64 x 10° 1.59 x 10 5.31 x 10° 82
fn234.4 1.93x10° 8.22x10-4 7.85x10° 3.74x10° 41
fn234.5 1.93x10° 4.11 x 10* 3.85 x 10* 2.62 x 10° 20

6.28 x 10" 6.93 x 10? 6.27 x 10
4.30 x 10" 5.63 x 102 4.29 x 10"
2.16 x 10" 3.96 x 102 2.16 x 10"
1.15 x 10" 2.77 x 102 1.15 x 10*

kon = 2.55 x 10* M's™

ko.on- = 1060 M™'s™
pKg=5.75 (ref 3)

80 -
60
rI'(/J
40
X
20 A
Ky = 25510 [Nu]er + 1.763
R? = 0.9996
O T T 1

0.000 0.001

0.002 0.003

[Nucleophile]es / mol L™

20.1.2. Reaction of Gly-Gly (1s) with (dma)ZCH+BF4- (at 20 °C, cosolvent: 0.5 vol-% CH3;CN,

stopped-flow, detection at 610 nm)

No. [(dma),CH'ly  [Nu]o [NUest [OH]  [Nule/[Ello  Kobs

/molL*  /molLl* /molL* /molL*

/st

kl‘{’, OH™ kl‘{’

/st

fn235.1 2.14 x 10° 4.11 x 10°4.03 x 10° 8.46 x 10° 188
fn235.2 2.14 x 10° 2.47 x 10°2.40 x 10° 6.54 x 10° 112
fn235.3 2.14 x 10° 1.64 x 10°1.59 x 10° 5.31 x 10° 74
fn235.4 2.14 x 10° 8.22 x 10%7.85 x 10* 3.74 x 10° 37
fn235.5 2.14 x 10° 4.11 x 10#3.85 x 10 2.62 x 10° 18

1.09 x 10" 1.11x10% 1.09 x 10"
6.66 8.57 x 10° 6.65
4.41 6.96 x 107 4.40
210  4.89x10° 2.10
1.03 3.43 x10° 1.03

kon = 2.72 x 10° M's™?

koo = 131 M™'s™
pKg=5.75 (ref 3)

12
8 -
4 4
Ky = 2717.6 [Nu]eg + 0.02
R%=0.9996
0 T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]e / mol L™
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20.1.3. Reaction of Gly-Gly (1s) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No. [(py2CHlo  [Nuo [NUler [OHT  [Nule/[Ello  Kops Ky, on Ky
/molL*  /molL* /molL* /molL" /s*t /s*t /s*

fn236.1 2.14 x 10° 4.11 x 10° 4.03 x 10° 8.46 x 10° 188 384 410x10° 384
fn236.2 2.14 x 10° 2.47 x 10° 2.40 x 10° 6.54 x 10° 112 238 3.17x10° 238
fn236.3 2.14 x 10° 1.64 x 10° 1.59 x 10° 531 x10° 74 159 258x10° 1.59

fn236.4 2.14 x 10> 8.22 x 10* 7.85 x 10* 3.74 x 10° 37 7.90 x 10" 1.81 x 10° 7.88 x 10
fn236.5 2.14 x 10> 4.11 x 10* 3.85 x 10* 2.62 x 10° 18 4.11x 10" 1.27 x 10° 4.10 x 10*

kon = 9.44 x 10 M's™ 4 1

3 -
k2,0H' =48.5 M>13>1
oK = 5.75 (ref 3) % 5

x
1 -
K 1 = 943.93 [Nules + 0.0654
R? = 0.9995
O T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]ss / mol L™

20.1.4. Reaction of Gly-Gly (1s) with (ind)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH3CN, stopped-
flow, detection at 610 nm)

No. [(ind),CH'ly  [Nuo [NUJest [OH] [Nuler/[Ello Kobs Ky, on- Kiw

/molL*  /moll* /molL?* /molL? /st /st /st

fn237.1 2.14 x 10° 4.11 x 10° 4.03 x 10° 8.46 x 10 188 7.61x 10" 9.14 x 10* 7.60 x 10
fn237.2 2.14 x 10° 2.47 x 10° 2.40 x 10° 6.54 x 10 112 4.71x 10" 7.06 x10* 4.70 x 10*
fn237.3 2.14 x 10° 1.64 x 10° 1.59 x 10° 5.31 x 10° 74 3.13x 10" 5.74x10* 3.12 x 10*
fn237.4 2.14 x 10° 8.22 x 10* 7.85 x 10* 3.74 x 10° 37 1.52 x 10" 4.03 x 10* 1.52 x 10*
fn237.5 2.14 x 10° 4.11 x 10* 3.85x 10™* 2.62 x 10° 18 7.90 x 102 2.83 x 10" 7.87 x 10

kon=1.88 x 10°M's™ 0.8
kZ,OH' =10.8 M-ls-l 0.6 7
Kg=5.75 (ref 3 2
PKe (ref 3) ~ 04
~
0.2
K,y = 188.06 [Nu]es + 0.0091
R? =0.9994
00 T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]es / mol L™
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20.1.5. Reaction of Gly-Gly (1s) with (IiI)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH5CN, J&M,

detection at 630 nm)

No. [(lil)2CH'le  [Nu]o [NU]ett [OH]  [Nule/[El]o Kops Ky, on- Ky
/molL*  /moll* /molL* /molL* /st /st /st
fn229.2 1.09 x 10° 2.09 x 10° 2.03 x 10° 6.01 x 10° 186 1.34x 10" 1.30 x 10* 1.34 x 10*

fn229.3 1.11 x 10° 1.42 x 102 1.37 x 10° 4.94 x 10° 123 9.02 x 102 1.07 x 10 9.01 x 102
fn229.4 1.12 x 10° 7.15x 10” 6.80 x 10* 3.48 x 10° 61 4.23 x10° 7.51 x 10° 4.22 x 1072
fn229.5 1.13 x 10° 3.59 x 10” 3.35 x 10* 2.44 x 10° 30 2.06 x 102 5.27 x 10 2.05 x 10
kon = 6.72 x 10" M''s™ 0.16 7
Koon- = 2.16 M's™ 0.12 7
Kg = 5.75 (ref 3 R
PKs ( ) o 0.08 -
>
X
0.04
k 1¥ = 67.246 [Nu]eff - 0-0025
R? =0.9998
0.00 x x \
0.000 0.001 0.002 0.003

[Nucleophile]es / mol L™
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20.2. pH Dependance of rate constants for the reaction of Gly-Gly (1s) with (dma),CH'BF,
(phosphate buffer, at 20 °C, cosolvent: 0.5 vol % CH3CN, stopped-flow, detection at 610 nm,
pH measured, No. fn301)

[(dma),CH"]o [Nulo [PO,°] [HPO,*] [H2PO4] pH Kobs
/mol L* /mol L* /mol L* /mol L* /mol L* /st
4.09x10° 9.05x10* 2.73x10° 9.07 x 10° 11.32 2.38
4.09x10° 9.05x10* 9.09x10° 9.07 x 107 10.85 2.30
4.09x10° 9.05x10* 4.55x10* 9.07 x 107 10.51 2.29
4.09x10° 9.05x 10" 9.09 x 10° 9.07 x 107 9.67 2.15
4.09 x 10°  9.05x 10™ 9.07 x 10° 9.30 2.04
4.09 x 10°  9.05x 10™ 9.07 x 10° 9.18 x 10 9.09 1.91
4.09 x10°  9.05x 10™ 9.07 x 10° 4.59 x 10™ 8.60 1.46
4.09 x 10° 9.05x 10™ 9.07 x 10° 9.18 x 10* 8.29 1.04
4.09x10° 9.05x 10™ 9.07 x 10° 2.75x 107 7.68 4.14 x 10*
4.09x 10° 9.05x 10™ 9.07 x 10° 4.59 x 107 7.41 2.63 x 10*
1.0 q
0.5 -
—j; 0.0 1 .
o
-0.5 1 .
'10 T T T T T 1
6 7 8 9 10 11 12
pH
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20.3.

Reference electrophile E parameter k,x(20°C) /M™ s™

(mor),CH" -5.53 2.55 x 10*
(dma),CH* -7.02 2.72 x 10° <
(Dyr),CH" -7.69 9.44 x 102 )
(ind),CH* -8.76 1.88 x 10°

(lil),CH" -10.04 6.72 x 10" i

5 -

4 4

34

N
L

Reactivity parameters of Gly-Gly (1s) in water: N = 12.91; s = 0.59

log kon=0.585 E +7.5513
R?=0.9853

A1 -10 -9 -8 7 6 5

21. Gly-Gly-Gly (1t)
21.1. Rate constants in water
21.1.1. Reaction of Gly-Gly-Gly (1t) with (mor)ZCH+BF4_ (at 20 °C, cosolvent: 9 vol-% CHsCN,
stopped-flow, detection at 610 nm)
No. [(mon.CH'ly  [Nulo [NUetr [OHT  [Nule/[Ello  Kobs Ky, on K1
/molL*  /molL™ /molL™ /mollL" /s* /s* /s*
fn251.1 4.07 x 10° 4.67 x 10° 4.61 x 10° 6.48x10° 113  8.31 x 10" 6.87 x 102 8.30 x 10"
fn251.2 4.07 x 10° 3.11 x 10 3.06 x 10° 5.28 x 10° 75  5.74x 10" 5.60 x 10% 5.73 x 10
fn251.3 4.07 x10° 1.56 x 10° 1.52x10° 3.73x10° 37  3.06 x 10" 3.95x 10° 3.06 x 10"
fn251.4 4.07 x 10° 9.34 x 10 9.05 x 10” 2.87 x 10° 22 1.87 x 10" 3.05x 107 1.87 x 10
fn251.5 4.07 x 10° 4.67 x 10™ 4.47 x 10” 2.02 x 10° 11 9.33 214x10% 9.31

kon = 1.76 x 10° M's™

Ko.on- = 1060 M™'s™
pKg = 6.04 (ref 3)

100 ~

75

HU)

~ 50 -
Ea
4

25 A

K,y = 17636 [Nu]ess + 2.6166
R? =0.9989

0

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]es / mol L™
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21.1.2. Reaction of Gly-Gly-Gly (1t) with (dma)ZCH+BF4_ (at 20 °C, cosolvent: 0.2 vol-% CHsCN,
stopped-flow, detection at 610 nm)

No. [(dma)ZCH+]0 [NuJo [NUJest [OHT  [Nules/[El]o Kobs Kiy, on- Kiw
/molL*  /molL* /molL* /molL* /st /st /st
fn252.1 9.64 x 10° 4.67 x 10°4.61 x 10° 6.48 x 10° 478 8.79 8.49 x 10°° 8.78
fn252.2 9.64 x 10° 3.11 x 10°3.06 x 10° 5.28 x 10° 317 6.00 6.92 x 10° 5.99
fn252.3 9.64 x 10° 1.56 x 10°1.52 x 10° 3.73x 10° 158 3.05 4.88 x 10> 3.05
fn252.4 9.64 x 10° 9.34 x 10%9.05 x 10* 2.87 x 10° 94 1.81 3.76 x 10° 1.81
fn252.5 9.64 x 10° 4.67 x 10% 4.47 x 10 2.02 x 10° 46 8.99 x 10" 2.64x10° 8.96 x 107
kon = 1.90 x 10° M's™ 9 -
koon- = 131 M™s™ 6 -
pKg = 6.04 (ref 3) "o
>
X
3 -
K,y = 1898.5 [Nu]os + 0.1034
R?=0.999
0 T T T T 1

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]es / mol L™

21.1.3. Reaction of Gly-Gly-Gly (1t) with (pyr)ZCH+BF4_ (at 20 °C, cosolvent: 0.9 vol-% CHsCN,
stopped-flow, detection at 610 nm)

No. [(pyn2CHlo  [Nuo [NUer [OHT  [Nule/[Ello  Kobs Kiw, on- Ky
/molL*  /molL* /molL™ /molL™ /s* /s* /s*

fn253.1 1.85 x 10° 4.67 x 10° 4.61 x 10° 6.48 x 10° 249 344 3.14x10° 3.44
fn253.2 1.85 x 10° 3.11 x 10° 3.06 x 10° 5.28 x 10° 165 233 256x10° 233
fn253.3 1.85 x 10° 1.56 x 10° 1.52x 10° 3.73x10° 82 123  1.81x10° 1.23

fn253.4 1.85 x 10®° 9.34 x 10™* 9.05 x 10* 2.87 x 10® 49 7.55 x 107" 1.39 x 10° 7.54 x 10™
fn253.5 1.85 x 10° 4.67 x 10™* 4.47 x 10* 2.02 x 10® 24 3.64 x 10" 9.79 x 10* 3.63 x 10"

kon =7.33x 10° M™s™ 4
3 -
kZ,OH' =485 M-ls-l o
(]
pKg = 6.04 (ref 3) S 2
x
1 -
K,y = 733.21 [NU]es + 0.0766
0 T T R2 \: 0.999\5 1

0.000 0.001 0.002 0.003 0.004 0.005

[Nucleophile]s; / mol L™
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21.1.4. Reaction of Gly-Gly-Gly (1t) with (ind)ZCH+BF4_ (at 20 °C, cosolvent: 0.4 vol-% CH;CN,
stopped-flow, detection at 610 nm)

No. [(ind),CH']o [NuJo [NuJes [OH] [NuJer/[Ello Kobs Kiw,on- Kyy

/molL*  /molL* /molLl* /mollL* /st /st /st

fn254.2 5.24 x 10° 3.11x10° 3.06 x 10° 5.28x10° 583 5.15x 10" 5.70 x 10* 5.14 x 10™
fn254.3 5.24 x 10° 1.56 x 10® 1.52x10° 3.73x10° 291 2.80 x 10" 4.02 x 10* 2.80 x 10™
fn254.4 5.24 x 10° 9.34 x 10* 9.05x 10" 2.87 x 107 173 1.69 x 10" 3.10 x 10* 1.69 x 10
fn254.5 5.24 x 10° 4.67 x 10* 4.47 x 10* 2.02 x 107 85 8.20 x 102 2.18 x 10” 8.18 x 10”

kon = 1.64 x 10° M's™ 0.6 7
k2,0H' =10.8 M_ls_l 0.4 A
Kg = 6.04 (ref 3) ©
B
~
0.2 -
Ky = 164.32 [NU]eg + 0.0174
R?=0.9975
00 T T T 1

0.000 0.001 0.002 0.003  0.004

[Nucleophile]es / mol L™

21.2. Reactivity parameters of Gly-Gly-Gly (1t) in water: N = 12.26; s = 0.63

Reference electrophile E parameter k,x(20°C) /M™ s™ 51
(mor),CH" -5.53 1.76 x 10* 44
(dma),CH" -7.02 1.90 x 10° = 3
(pyr),CH" -7.69 7.33 x 10° g2,
. + 2
(ind),CH -8.76 1.64 x 10 . log kan = 0.6202 E +7.713
R?=0.9997
0 T T T )
9 8 -7 6 5
E
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22. Materials

Glycine (Acros, > 99 %), DL-alanine (Acros, 99 %), L-valine (Fluka, 99 %), L-leucine (Acros, 99%), L-
phenylalanine (Sigma-Aldrich, 98%), L-proline (Fluka, 99 %), L-serine (Acros, 99 %), L-threonine
(Acros, 98 %), DL-asparagine monohydrate (Acros, 98 %), L-glutamine (Aldrich, 98 %), L-arginine
monohydrochloride (Fluka, 99 %), L-histidine (Acros, 98 %), L-aspartic acid (Aldrich, 98 %), L-glutamic
acid (AppliChem, 99 %), L-cysteine (Fluka, 99 %), L-methionine (Acros, 98 %), B-alanine (Fluka, 99
%), y-aminobutyric acid (Acros, 99 %), gly-gly (Acros, 99 %), gly-gly-gly (Acros, 98 %)
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