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General

Analytics. *H and *C NMR spectra were recorded in CDCl3 or CDsCN on 300, 400 or 600
MHz NMR spectrometers. Chemical shifts are reported in ppm relative to the deuterated
solvent as the internal standard (CDCls: 8¢ = 77.23; CD3CN = 1.39). The following
abbreviations were used to designate chemical shift mutiplicities: br s = broad singlet, s =
singlet, d = doublet, t = triplet, m = multiplet. The assignments of invidual NMR signals were
based on additional 2D-NMR. Please note that for technical reasons the listing of NMR
chemical shifts above the original spectrais not complete (pp S8-S21). For complete listings
of NMR signals see pp S3-S6. HRMS were recorded on a Finnigan MAT 95 Q mass
spectrometer.

Chemicals. Solvents were distilled or dried prior to use over the indicated drying agents:
Dichloromethane (calcium hydride), diethyl ether (sodium/benzophenone).

Ketene acetals 4a and 4b were prepared by the reported methods.™™ Cinnamylaldehyde (1)
was purified by digtillation before usage and stored under nitrogen. Amines 2a—e were
purchased from Aldrich and used as received, whereas 2f and 2g were prepared according to
literature procedures.!*?

Kinetics. The kinetics of the reactions of (3a—g)-OTf with ketene acetals 4a and 4b were
followed by UV/vis spectroscopy in CH.Cl, (Table S1) by using a stopped-flow
spectrophotometer system (Applied Photophysics SX.18MV-R). The kinetic runs were
initiated by mixing equal volumes of dichloromethane solutions of the ketene acetals and the
iminium salts. Concentrations and rate constants for the individual kinetic experiments for the
reactions of ketene acetals with iminium ions are given in page S22-S35. The temperature of
the solutions during the kinetic studies was maintained to within + 0.2 °C by using circulating
bath cryostats.

Table S1. Molar absorption coefficients e of the iminium triflates (3a-g)-OTf in CH,Cls.

Ar,CH* Amax (NM) e(Mtem™)
3a 360 7.52 x 10"
3b 348 4.80 x 10*
3c 349 4.65 x 10*
3d 342 @ 3.39 x 10*@
3e 342 1.03 x 10°
af 370 1.62 x 10*
39 365 4.32 x 10*

[a] Data for 3d-BF, in dichloromethane from ref. [S3].

U K. Oisaki, Y. Suto, M. Kanai, M. Shibasaki, J. Am. Chem. Soc. 2003, 125, 5644-5645.

&1 g) K. C. Ahrendt, C. J. Borths, D. W. C. MacMillan, J. Am. Chem. Soc. 2000, 122, 4243-4244: b) M.
Marigo, T. C. Wabnitz, D. Fielenbach, K. A. Jargensen, Angew. Chem. Int. Ed. 2005, 44, 794-797.

581 M. Fischer, H. J. Veith, Helv. Chim. Acta 1981, 64, 1083-1091.



Typical Procedure™ for the Preparation of (3a-€)-OTf. A mixture of 1-
(trimethylsilyl)pyrrolidine (1.62 g, 11.3 mmol) and trimethylsilyl triflate (2.49 g, 11.3 mmol)
in Et,0 (5.0 mL) was added dropwise to (30 min) an Et,O solution (25 mL) of 1 (1.42 g, 10.7
mmol) at room temperature over 30 min. Then, the reaction mixture was stirred for another
1.5 h. The precipitated crystals were collected by filtration under nitrogen atmosphere, and
washed with dry Et,O. Recrystallization from CH,Cl,-Et,O gave 3b-OTf (2.6 g, 77 %).

3a-OTf (preparation according to the Typical Procedure): yield: 52 %:; mp 91-92 °C. 'H
NMR (CDCls, 300 MHZ): §4.90 (s, 2 H, NC?H,), 4.92 (s, 2 H, NC°Hy), 7.02-7.11 (m, 2 H),
7.17-7.39 (m, 11 H), 7.39-7.48 (m, 1 H), 7.63 (d, J = 7.5 Hz, 2 H), 8.32 (d, J = 15.0 Hz, 1 H,
3-H), 9.28 ppm (d, J = 10.8 Hz, 1 H, 1-H); *C NMR (CDCl3, 75.5 MHz): §54.6 (t, NCH,),
63.2 (t, NCH,), 115.7 (d, C-2), 120.5 (q, Jcr = 318 Hz, CFs), 127.8, 129.7, 129.7, 129.8,
129.9, 130.2, 131.1, 131.1, 131.2, 133.6, 134.6, 166.0 (d, C-3), 171.9 ppm (d, C-1); HRMS

(ESI positive) m/z: Caled for CosH2N [M'] 312.1752, found 312.1751.

Ph  Ph
a +)b

CF,SO ) ‘D
3 3 1
ﬁ NOE

Ph” 3 3a-OTf

3b-OTf (as described in the Typica Procedure): yield: 77 %; mp 120-121 °C. 'H NMR
(CDCl3, 300 MH2): §1.89-2.16 (m, 4 H, 2 x CH,), 3.88-4.16 (m, 4 H, 2 x NCHy), 7.05 (dd, J
= 15.2 Hz, 10.5 Hz, 1 H, 2-H), 7.27-7.53 (m, 3 H), 7.58-7.74 (m, 2 H), 7.91 (d, J = 15.3 Hz,
1 H, 3-H), 8.75 ppm (d, J = 10.5 Hz, 1 H, 1-H); **C NMR (CDCls, 75.5 MHZ) 5§ 24.4 (t), 24.6
(t), 52.0 (t), 57.3 (1), 117.5 (d, C-2), 120.9 (q, Jcr = 319 Hz, CF3), 129.5, 130.5, 133.6, 133.7,
161.0 (d, C-3), 166.6 ppm (d, C-1); HRMS (ESI positive) m/z. Calcd for CisHigN [M7]
168.1277, found 186.1280.

()

N
CF,SO, I,
| 2
Ph™ 3 3p-OTf

3c-OTf (preparation according to the Typical Procedure): yield: 43 %; mp 111-112 °C. *H
NMR (CD3CN, 400 MHz): §3.90-3.98 (m, 4 H, 2 x OCH>), 3.98-4.14 (m, 4 H, 2 x NCH)),
7.39 (dd, J = 15.2 Hz, 10.4 Hz, 1 H, 2-H), 7.51-7.69 (m, 3 H, Ph), 7.82-7.87 (m, 2 H, Ph),

9 g) W. Schroth, U. Jahn, D. Strohl, Chem. Ber. 1994, 127, 2013-2022; b) W. Schroth, U. Jahn, J. Prakt.
Chem. 1998, 340, 287-299.
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7.98 (d, J = 15.2 Hz, 1 H, 3-H), 8.45 ppm (d, J = 10.8 Hz, 1 H, 1-H); **C NMR (CDsCN,
100.6 MHz): §52.1 (t, NCH,), 59.2 (t, NCH,), 67.0 (t, OCHy), 67.5 (t, OCH,), 117.3 (d, C-2),
122.2 (q, Jcr = 321 Hz, CF3), 130.6 (d), 131.4 (d), 134.75 (s), 134.81 (d), 162.1 (d, C-3),
169.4 ppm (d, C-1); HRMS (ESI positive) m/z. Calcd for Ci3HigNO [M?] 202.1232, found
202.1236.

CF,SO,

o)
()
N
|
1
2
Ph™ 3 3¢c.OTf

3d-OTf (preparation according to the Typical Procedure): yield: 89 %. *H NMR (CDsCN, 400
MHz): §3.55 (s, 3H, NMe), 3.62 (s, 3H, NMe), 7.28 (dd, J = 15.3, 10.5 Hz, 1 H, 2-H), 7.52—
7.63 (m, 3 H, Ph), 7.83-7.92 (m, 2 H, Ph), 7.91 (d, J = 15.4 Hz, 1 H, 3-H), 8.37 ppm (d, J =
10.5 Hz, 1 H, 1-H); *C NMR (CD3CN, 100.6 MHz): §42.3 (g, NMe), 50.0 (q, NMe), 118.0
(d, C-2), 122.2 (g, Jc = 321 Hz, CF3), 130.5 (d), 131.2 (d), 134.6 (d), 134.7 (s), 161.2 (d, C-
3), 171.1 ppm (d, C-1). Anal. Calcd for C12H14F3NOsS: C, 46.60: H, 4.56: N, 4.53. Found: C,
46.47: H, 4.54: N, 4.47.

3e-OTf (preparation according to the Typical Procedure): yield: 66 %; mp 163-164 °C. 'H
NMR (CDCl3, 300 MH2): 61.68-1.95 (m, 6 H), 3.86-4.08 (m, 4 H), 7.26-7.54 (m, 4 H), 7.72
(d, J=6.9Hz, 2 H), 8.04 (d, J = 15.0 Hz, 1 H, 3-H), 8.73 ppm (d, J = 10.8 Hz, 1 H, 1-H); *C
NMR (CDCl3, 100.6 MHZz): §23.0 (t), 26.7 (t), 27.3 (t), 51.7 (t), 60.0 (t), 115.6 (d, C-2), 120.9
(0, Jcr = 320 Hz, CF3), 129.6 (d), 130.7 (d), 133.7 (s), 133.9 (d), 162.6 (d, C-3), 168.2 ppm
(d, C-1); HRMS (ESI positive) m/z: Calcd for Ci4H1sN [M™] 200.1439, found 200.1436.

()

N
CF:SO;  IJ,
| 2

Ph™ 3 3e.OTf

3f-OTf. An agueous solution of CF3SOsH (4.0 g in 20 ml of water) was added to a solution of
(E)-1 (3.56 g, 27.0 mmol) and 2f (5.89 g, 27.0 mmoal) in diethyl ether (25 mL). After 1 h, the
organic phase was separated. The agueous phase was extracted with CH,Cl, (15 mL). The
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organic layers were combined, washed with brine, and dried (MgSO,). After evaporation of
the solvent under vacuum, the residue was mixed with Et;O. The solvent was then removed
under vacuum, then the residue was remixed with Et,O. This cycle was repeated several times
until 3f-OTf was obtained as a pale yellow solid (3.2 g, 24 %); mp decomposition. *H NMR
(CDCl3, 600 MHz): 60.73 (s, 3H, Me), 1.69 (s, 3H, Me), 2.73 (s, 3 H, NMe), 3.46-3.55 (m,
2 H, PhCHy), 5.33 (br s, 1 H, "N-CH), 6.95 (d, J = 6.6 Hz, 2 H), 7.16-7.23 (m, 3 H, 5-H and
6-H), 7.38 (dd, J=14.4 Hz, 10.2Hz, 1 H, 2-H), 7.45 (t, J=7.8 Hz, 2 H), 7.55 (t, J= 7.8 Hz, 1
H), 7.88 (d, J= 7.8, 2 H, 4-H), 8.59 (d, J = 15.0 Hz, 1 H, 3-H), 9.31 ppm (d, J = 10.8, 1 H, 1-
H); *C NMR (CDCls, 150 MHz): & 24.2 (q, CHa3), 25.7 (g, CHs), 27.5 (g, NMe), 36.6 (,
PhCHy), 64.2 (d, "N-CH), 85.6 (8), 117.2 (d, C-2), 120.8, (q, Jcr = 320 Hz, CFs), 128.6 (d),
129.4 (d), 129.8 (d), 130.0 (d), 132.1 (d), 133.3 (s), 133.6 (9), 135.4 (d), 164.5 (s, CO), 167.9
(d, C-3), 168.1 ppm (d, C-1); HRMS (ESI positive) m/z: Calcd for CooH2sN,0 [M™*] 300.1967,

found 300.1966.
9) /
A
NN

1

3f-OTf

39-OTf (preparation as described above for 3f-OTf). Obtained as a E/Z-mixture in aratio of
10:1. Only the signals of (E)-3g-OTf are given. '"H NMR (CDCls, 600 MHz): §-0.19 (s, 9 H),
1.20-1.30 (m, 1 H, 6-H), 1.82-1.89 (m, 1 H, 6-H), 2.02-2.11 (m, 1 H, 5-H), 2.53-2.62 (m, 1
H, 5-H), 2.62-2.69 (m, 1 H, 7-H), 3.89-3.96 (m, 1 H, 7-H), 5.54 (d, J = 8.5 Hz, 1 H, 4-H),
6.94 (dd, J = 15.0 Hz, 10.8 Hz, 1 H, 2-H), 7.28 (d, J = 7.2 Hz, 2 H), 7.33-7.43 (m, 8 H), 7.46
(t, J=7.8 Hz, 2 H), 7.51-7.57 (m, 1 H), 7.71 (d, J = 7.4 Hz, 2 H), 7.76 (d, = 15.0 Hz, 1 H,
3-H), 8.60 ppm (d, J = 10.8 Hz, 1 H, 1-H); *C NMR (CDCl;, 150.7 MHz): § 1.65 (q,
OSiMe3), 22.7 (t, C-6), 26.3 (t, C-5), 52.6 (t, C-7), 76.5 (d, C-4), 83.6 (), 117.2 (d, C-2),
121.0 (g, Jcr = 321 Hz, CF3), 128.4, 128.8, 128.9, 129.01, 129.2, 129.6, 129.7, 130.7, 133.6,
134.0, 140.2, 140.4, 161.6 (d, C-3), 168.5 ppm (d, C-1); HRMS (ESI positive) m/z: Calcd for
Ca9H3sNOSi [M™] 440.2410, found 440.2410.



3-(2-Oxotetrahydropyran-3-yl)-3-phenylpropionaldehyde (7). Silyl ketene acetal 4a (176
mg, 1.02 mmol) was added to a mixture of 3d-OTf (212 mg, 0.685 mmol) and Bus;N"BF;~
(323 mg, 0.981 mmoal) in CH,Cl, (20 mL) under nitrogen atmosphere. After stirring for 15
min, the reaction mixture was poured into 20 mL of phosphate buffer (pH 7) and extracted
with Et,0 (2 x 20 mL). The combined organic phases were washed with brine, dried (MgSOy,)
and filtered. After evaporation of the solvent under reduced pressure, the quaternary
ammonium salt was removed by dissolving the residue in Et;O (15 mL) and washing with
H,0 (15 mL). The organic phase was separated, and the agueous phase was extracted with
Et,O (15 mL). The organic phases were combined and washed with brine, dried (MgSO.), and
filtred. After evaporation of solvent under reduced pressure, components were separated by
column chromatography (silica gel, toluene-ether 90/10 v/v): 7 (105 mg, 66%); viscous
liquid; 2:1 mixture of diasterecisomers. *H NMR: §1.32-1.46 (m, 0.33 H, 4'-H), 1.58-1.70
(m, 0.67 H, 4 -H), 1.70-1.93 (m, 3H; 1 H from 4'-H and 2 H from 5'-H), 2.77 (ddd, J = 11.6,
7.9, 7.1 Hz, 0.33 H, 3'-H), 2.83-2.91 (m, 1 H; 0.33 H from 2-H and 0.67 H from 3'-H), 3.00
(ddd, J=17.4,9.1 and 2.2 Hz, 0.67 H, 2-H), 3.10-3.21 (m, 1 H, 2-H), 3.79 (td, J=85and 5.4
Hz, 0.33H, 3-H), 3.90 (ddd, J = 9.3, 5.8 and 3.6 Hz, 0.67H, 3-H), 4.06 (ddd, J =11.1, 7.2 and
5.6 Hz, 0.67 H, 6'-H), 4.16 (dt, J=11.3 and 5.4 Hz, 0.33 H, 6'-H), 4.21-4.30 (m, 1 H, 6'-H),
7.21-7.34 (m, 5 H, Ph), 9.64 (dd, J = 2.0 and 1.4 Hz, 0.33 H, 1-H), 9.67 ppm (dd, J = 2.0 and
1.1 Hz, 0.67 H, 1-H); *C NMR: 5§21.9 (t, C-4), 22.5 (t, C-5), 40.4 (d, C-3), 45.15 (t, C-2),
45.17 (d, C-3'), 68.8 (t, C-6"), 127.3 (d, Ph), 128.5 (d, Ph), 128.8 (d, Ph), 140.5 (s, Ph), 172.5
(s, 2’-C), 201.20 ppm (d, C-1); additional *C NMR signals were assigned to the minor
isomer: 6215 (t, C-5), 225 (t, C-4"), 40.4 (d, C-3), 44.2 (d, C-3'), 48.2 (t, C-2), 68.0 (t, C-
6'), 128.4 (d, Ph), 128.8 (d, Ph), 140.6 (s, Ph), 173.4 (s, C-2'), 200.7 ppm (d, C-1); HRMS
(El) 'z Caled for Ci4H1705 233.1178 [(M + H)'], Found 233.1172.

Ph3 Lo
3
0O 2
(6] 5 7

The yields of 7 obtained from the reactions of 4a with other iminium triflates as well as the

ratio of diastereoisomers (Schemes S1 and S2) are given in Table S2.



Table S2. Yields and ratios of diastereoisomers 7 from the reactions of ketene acetal 4a with the
iminium triflates (3a—g)-OTf in CH,Cls.

iminium ion yield (%) ratio of diastereomers
(from *H NMR)

3a-OTf 22 4:1
3b-OTf 63 3:1
3c-OTf 51 2:1
3d-OTf 66 2:1
3e-OTf 50 3:1
3f-OTf 38 9:1

) 9.710 9.700 9.690 9.680 9.670 9.660 9.650 9.640
1 (ppm)

Scheme S1. *H NMR spectroscopic determination of the ratio of diastereomers 7 (the -CHO region of
the product mixture obtained from the reaction of 3b-OTf with 4a is shown).

9710 9705 ©700 9695 9690 ©.685 0680 9675 9670 0665 9660 9655 0650 0.645 9.640
1 (ppm)

Scheme S2. *H NMR spectroscopic determination of the ratio of diastereomers 7 (the -CHO region of
the product mixture obtained from the reaction of 3f-OTf with 4a is shown).
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BC NMR, 75.5 MHz, CDCl3
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'H NMR, 300 MHz, CDCl;
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BC NMR, 75.5 MHz, CDCl3
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'H NMR, 400 MHz, CD;CN
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13C NMR, 100.6 MHz, CDsCN
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'H NMR, 300 MHz, CDCl;
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BC NMR, 75.5 MHz, CDCl3
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'H NMR, 600 MHz, CDCl;
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1BC NMR, 150.7 MHz, CDCl3
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'H NMR, 600 MHz, CDCl;

N

9CT—

98'T—
L0°¢—

S9'¢—

¢6'c—

Ph

Fh
OTMS

€65
GGG -]

09'8 —
198 —

A

Y
o
—

560 555 550  5.45
f1 (ppm)

5.65

5.70

Lo'T

wono

8.65 8.55 8.45
f1 (ppm)

8.75

8.85

|

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

7

E 9C'Tt

= 17/
E $0'T

10T
HM ve T

= 90T

S0'T
60°0]

= v0'T

= 9€'¢[

Foset

60°¢|

90'T

= 00T

=— 600

o~
o o
T

f1 (ppm)

10.5

115

S19



1BC NMR, 150.7 MHz, CDCl3
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Sami lakhdar, AK Mayr
Sample: JorgenTminium
Experiment: NCESY

Datum: May 6 2008
Solvert: adcl3

Temp. 27.0 C / 300.1 K

repetitions: 4

incraments: 2 x 256

cbserve Hl, 599.5158710 MHz
:‘3
j

Total time 1 hr, 40 min, 4 sec

/home /ar600/Mayr/Lakhdar/ jorgenTminium/ jorgenTminium NCESY 601. fid
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Kinetics of thereaction of theiminium triflate 3a-OTf with silyl ketene acetal 4a
(in CH.Cl5, 20 °C, stopped-flow method, detection at 360 nm)

Ph  Ph
I\ﬁ) OSiMe,
CF,SO,; | 26 K
I + ——>  products
Ph
3a-0OTf 4a
[El)/ mol L™ [Nu]/ mol L™ [NU]/[El] Kobs/ S
1.25x 107 1.00 x 1072 8.00 x 10° 433 x 107
1.25x 107 2.00 x 1072 1.60 x 10° 9.59 x 10!
1.25 % 107 4.00 x 1072 3.20x 10° 1.99
1.25x 107 5.00 x 1072 4.00 x 10° 2.55
3.0 -
y = 52.65x - 0.0965
T 25 | 2 = 0.9997
2.0
Kops /ST 15 F
1.0 +
0.5
00 1 1 1 1 1 ]

0.01 0.02 0.03

0.04 0.05 0.06

[4a] / mol LTt ——— >

k,=5.26x 10' Mt s?
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Kinetics of thereaction of theiminium triflate 3a-OTf with silyl ketene acetal 4b
(in CH.Cl5, 20 °C, stopped-flow method, detection at 360 nm)

Ph Ph
k,ﬁ) OSiMe,
CF3SO3— |
/Il) + 70 ———>  products
Ph
3a-0OTf 4b
[El)/ mol L™ [Nu]/ mol L™ [NU]/[El] Kobs/ S
1.60 x 107 5.00 x 1073 3.12 x 10? 7.65
1.60 x 107 7.00 x 1073 4.37 x 10° 8.67
1.60 x 10™ 1.00 x 1072 6.25 x 10° 1.17 x 10"
1.60 x 10™ 1.50 x 107 9.37 x 10° 1.55 x 10*
1.60 x 107 2.00 x 1072 1.25 x 10° 2.22 x 10*
1.60 x 10 2.50 x 1072 1.56 x 10° 2.47 x 10
30 1 y = 904.0x + 2.716
T o5 | r2=0.9870
k, /st

obs

O 1 1 I
0 0.01 0.02 0.03

[4b]/ mol L7} —— >

ko =9.04x 10°M*s?
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Kinetics of thereaction of theiminium triflate 3b-OTf with silyl ketene acetal 4a
(in CH.Cl5, 20 °C, stopped-flow method, detection at 348 nm)

()

N OSiMe3
CF;SO; | 2o K
| + ——  products
Ph
3b-OTf 4a
[El]/ mol L™ [Nu])/ mol L™ [Nu]/[E] Kobs/ S
2.00 x 10~ 1.00 x 107 5.00 x 107 4.07 x 10~
2.00 x 107 2.00 x 1072 1.00 x 10° 8.04 x 1072
2.00 x 107 3.00 x 1072 1.50 x 10° 1.12x 10t
2.00 x 107 4.00 x 1072 2.00 x 10° 1.43x 107"
2.00 x 10 5.00 x 1072 2.50 x 10° 1.84 x 107t
0.20 -
0.18 | y=23.492x + 7.260E-02
0.16 | r2=0.9973
0.14
Kops / S7° 0.12
0.10
0.08
0.06
0.04
0.02
0.00 1 1 1 1 1 1]

0 001 0.02 003 004 0.05 0.06

[4a] / mol L7? ——>»

ko=349M7s?



Kinetics of thereaction of the iminium triflate 3b-OTf with silyl ketene acetal 4b

(in CH.Cl5, 20 °C, stopped-flow method, detection at 348 nm)

()

OSiMe,

CF,s0- | |
323 K
/Il) + 770 ——=  products

Ph
3b-OTf 4bh
[El)/ mol L™ [Nu]/ mol L™ [Nu]/[El] Kobs/ S
8.00 x 10™° 5.00 x 1073 6.25 x 10* 1.12
8.00 x 10™° 1.00 x 1072 1.25 x 10° 1.52
8.00 x 10™° 1.50 x 107 1.88 x 10° 2.21
8.00 x 10™° 2.00 x 1072 2.50 x 10? 2.88
8.00 x 107 2.50 x 1072 3.13x 10° 3.68
4.0
35 L y = 129.6x + 0.338 »
3.0 r2 = 0.9885
Kops / 71
OO 1 1 ]
0 0.01 0.02 0.03

ko=130x 10°M*s?

[4b]/ mol Lt ————
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Kinetics of thereaction of the iminium triflate 3c-OTf with silyl ketene acetal 4a
(in CH.Cl5, 20 °C, stopped-flow method, detection at 349 nm)

E;J

OSiMe,

CF,SO, y "
/Il) + Q ——  products
Ph
3c-OTf 4a
[El)/ mol L™ [Nu]/ mol L™ [Nu]/[El] Kobs/ S
1.80 x 10™ 1.00 x 1072 5.55 x 10° 271x 107
1.80 x 10™° 2.00 x 107 1.11 x 10° 6.67 x 10+
1.80 x 10™ 3.00 x 1072 1.66 x 10° 1.12
1.80 x 10™° 4.00 x 1072 2.22 x 10° 1.59
1.80 x 10™ 5.00 x 1072 2.78 x 10° 1.97
25 r
20 L y = 43.21x - 0.1727
: r2 = 0.9988
15 |
Kops / S71
1.0 +
05 |
00 1 1 1]
0 0.02 0.04 0.06

[4a] / mol LTt ——— >

ko=4.32x10' Mt s?



Kinetics of thereaction of the iminium triflate 3c-OTf with silyl ketene acetal 4b
(in CH.Cl5, 20 °C, stopped-flow method, detection at 349 nm)

Eo
I,(]j OSiMe,

CF,SO,- J K
I + @] ——>  products

Ph
3c-OTf 4h

[El)/ mol L™ [Nu]/ mol L™ [Nu]/[El] Kobs/ S
2.60 x 107 5.00 x 1073 1.92 x 10° 3.73
2.60 x 107 7.00 x 1073 2.69 x 10° 5.84
2.60 x 107 1.50 x 107 5.77 x 10° 1.12 x 10*
2.60 x 10 2.00 x 1072 7.69 x 10° 1.52 x 10*
2.60 x 107 2.50 x 107? 9.61 x 10 (1.76 x 10M)1@

[ This kobs Value was not used for the determination of the second-order rate constant ko.

k., /st

obs

y =742.0x - 0.2745
r2 = 0.9969

1 1 ]

0 0.01 0.02 0.03

[4b]/ mol L1 ——— >

ko=7.42x 10° M1t
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Kinetics of thereaction of theiminium triflate 3d-OTf with silyl ketene acetal 4a
(in CH.Cl5, 20 °C, stopped-flow method, detection at 341 nm)

Nt OSiMe,

N
CF,SO; | 2o K
| + ——>  products
Ph
3d-OTf 4a
El)/ mol L™ [Nu]/ mol L™ [Nu]/[El] Kobs/ S
[
251 %107 2.95x 1073 1.18 x 10° 4.70 x 1072
251 % 10° 3.54x 107 1.41 x 10° 5.51 x 1072
251 % 10° 413 %1073 1.65 x 10° 6.30 x 1072
251 x 107 472 x 1073 1.88 x 107 7.25% 107
251 %107 5.31x 1073 2.12 x 10° 8.20 x 1072
251 x107° 5.90 x 1073 2.35 x 10° 9.09 x 1072
0.10 r
y = 15.00x + 2.05E-03
T 0.08 r2 = 0.9987
0.06
Kops / 71
0.04
0.02
O'OO 1 1 1 1]
0 0.002 0.004 0.006 0.008

[4a] / mol LT ——— >

ko=150x 10' Mt s?
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Kinetics of thereaction of the iminium triflate 3d-OTf with silyl ketene acetal 4b
(in CH.Cl5, 20 °C, stopped-flow method, detection at 341 nm)

Nt OSiMe
CF,S0- | e .
/Il) + 770 ——  products
Ph
3d-OTf 4b
[El)/ mol L™ [Nu]/ mol L™ [Nu]/[El] Kobs/ S
349 x 10™° 1.60 x 10° 4.58 x 10! 4.76 x 10t
3.49 x 107 2.13x 107 6.10 x 10* 6.34x 107!
349 x 107 2.66 x 107 7.63 x 10 7.81x 107t
3.49 x 107 3.20x 1073 9.15 x 10! 9.25x 107!
349 x 107 3.73x 1073 1.07 x 10° 1.08
1.2 ¢
10 | Y=28L2x+3.00E-02
T : r2 = 0.9997
0.8
kobs /st 0.6
0.4
0.2
0'0 1 1 1 1]

0 0.001 0.002 0.003 0.004

[4b]/ mol LI ——— >

k,=2.81x10°M*ts?



Kinetics of thereaction of the iminium triflate 3e-OTf with silyl ketene acetal 4a
(in CH.Cl5, 20 °C, stopped-flow method, detection at 342 nm)

)

OSiMe,

CF,S0- | @) y
/Il) + ——  products
Ph
3e-0OTf 4a
[El)/ mol L™ [Nu]/ mol L™ [Nu]/[El] Kobs/ S
1.16 x 10 1.00 x 1072 8.62 x 10° 1.75 % 1072
1.16 x 107 2.00 x 107 1.72 x 10° 4.24 x 1072
1.16 x 10™° 3.00 x 1072 2.58 x 10° 6.06 x 1077
1.16 x 10™° 4.00 x 1072 3.45 x 10° 9.10 x 1072
1.16 x 10 5.00 x 107 431 x 10° 1.04x 10™
0.12
Poowl R
0.08 |
Koos /S 06 |
0.04 |
0.02 |
0.00 ' ' !
0 0.02 0.04 0.06

[4a] / mol L'} —— >

kp=222M7s?
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Kinetics of thereaction of the iminium triflate 3e-OTf with silyl ketene acetal 4b
(in CH,Cl5, 20 °C, stopped-flow method, detection at 342 nm)

)

N OSiMe,
CF, SO, | | K
/Il) + 770 ——>  products
Ph
3e-0OTf 4h

[El)/ mol L™ [Nu]/ mol L™ [Nu]/[El] Kobs/ S
4.75 x 107 5.00 x 10° 1.05 x 10° 1.1x10*
4.75 % 107 7.00x 1072 1.47 x 10° 1.8x 10"
4.75 x 107 1.25 x 107 2.63 x 10° 3.7x10%
4.75 x 107 2.00 x 1072 4.21 x 10° 59x 10
4.75 x 107 2.50 x 1072 5.26 x 10° 85x 107

1.00

y = 35.83x - 7.94E-02 °
T 0.80 12 = 0.9890
0.60 |
Kops / S71

0.40 |

0.20 |

0.00 ! ! '

0 0.01 0.02 0.03

[4b]/ mol L1 ———— >

k,=3.6x10'M st
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Kinetics of thereaction of theiminium triflate 3f-OTf with silyl ketene acetal 4a
(in CH.Cl5, 20 °C, stopped-flow method, detection at 370 nm)

O, v
Ph\j—gv
+
N
|
+

OSiMe,
CF,SO, 26 "
| ——  products
Ph
3f-OTf 4a
[El)/ mol L™ [Nu]/ mol L™ [NU]/[El] Kobs/ S
4.50 x 107 1.00 x 107 2.22 x 10? 5.40
450 x 107 1.50 x 1072 3.33x 10° 7.67
450 x 107 2.00 x 1072 4.44 x 10° 1.08 x 10*
450 x 107 2.50 x 1072 5.55 x 10° 1.32 x 10*
4.50 x 107 3.00 x 1072 6.67 x 10° 1.57 x 10*
18
16 y = 522.6x - 0.102
14 r2 =0.9979
12 |t
kobs /st 10 r
8 |
6 |
4
2 |
O 1 1 1 ]
0 0.01 0.02 0.03 0.04

[4a] / mol LT ———

ky=5.23x 10°M*s?



Kinetics of thereaction of theiminium triflate 3f-OTf with silyl ketene acetal 4b
(in CH.Cl5, 20 °C, stopped-flow method, detection at 370 nm)

O, 7

th?_ N
oo |'\+1)< OSiMe,
3°V3 Kk
/Il) + g/ ) ——>  products

Ph
3f-OTf 4bh
[El)/ mol L™ [Nu]/ mol L™ [Nu]/[El] Kobs/ S
4.00 x 107 2.00 x 1073 5.00 x 10! 2.77 x 10*
4.00 x 107 4.00 x 1073 1.00 x 10? 4.33 x 10!
4.00 x 107 6.00 x 1073 1.50 x 10° 6.07 x 10"
4.00 x 107 8.00 x 1073 2.00 x 10? 7.83 x 10*
4.00 x 107 1.00 x 1072 2.50 x 10° 1.01 x 10?
120 ¢
i y = 9060x + 7.80
T 100 r2 = 0.9953
Kops / 571
O 1 1 1 ]
0 0.003 0.006 0.009 0.012

[4b] / mol Lt ————

k,=9.06 x 10°Mts?
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Kinetics of thereaction of theiminium triflate 3g-OTf with silyl ketene acetal 4a

(in CH.Cl;, 20 °C, stopped-flow method, detection at 365 nm)

" PFE‘h OSiMe,
CFSO~ | OSiMe, Zale k
| + ——>  products
Ph
3g-OTf 4a
[El)/ mol L™ [Nu]/ mol L™ [NU]/[El] Kobs/ S
8.00 x 10™° 1.00 x 107 1.25 x 10° 6.13x 10
8.00 x 107 2.00 x 1072 2.50 x 10° 1.32
8.00 x 10™° 3.00 x 1072 3.75 x 10° 1.96
8.00 x 10™° 4.00 x 1072 5.00 x 10° 2.73
8.00 x 10 5.00 x 1072 6.25 x 10° 3.52
8.00 x 10™° 6.00 x 1072 7.50 x 10° 3.83
45
4.0 | y = 67.01x - 1.67E-02 A
35 | r2 = 0.9909 °
3.0 |
Koo /S 2.5
2.0 f
15 |
1.0 +
05 |
0.0 1 1 ]
0 0.02 0.04 0.06 0.08

k,=6.70x 10* M s?

[4a] / mol LT ——— >
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Ph
+ Ph

OSiMe,

Kinetics of thereaction of theiminium triflate 3g-OTf with silyl ketene acetal 4b
(in CH.Cl;, 20 °C, stopped-flow method, detection at 365 nm)

_ N
CFSO;~ | OSiMe, K
| + ¢ 0 ———>  products

Ph
3g-OTf 4b
[El)/ mol L™ [Nu]/ mol L™ [NU]/[El] Kobs/ S
1.00 x 10™° 8.00 x 1073 8.00 x 10? 2.25 x 10*
1.00 x 10™° 1.00 x 1072 1.00 x 10° 2.92 x 10*
1.00 x 10™° 1.20 x 1072 1.20 x 10° 3.27 x 10*
1.00 x 10™ 1.40 x 107 1.40 x 10° 4.03 x 10"
1.00 x 107 1.60 x 107 1.60 x 10° 4.37 x 10*
50
i y = 2675x + 1.580
T 40 r2 = 0.9861
30
Kops / S71
20
10
0 1 1 1 1]
0 0.005 0.01 0.015 0.02

[4b]/ mol L7} —— >

k,=2.68x10°Mts?
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Correlation between the electrophilicity E and the absor ption maximum (Anmax) of
iminium triflates (3a-g)-OTf in CH.Cl,

Ar,CH" Amax (NM) E

3a 360 -85
3b 348 -9.8
3c 349 -8.6
3d 3421 -9.2
3e 342 (-10.3)
3f 370 -7.2
39 365 -8.2

[a] Data for 3d-BF, in dichloromethane from ref. [S3].
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