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Synthesis of push-pull-activated ynol ethers and their evaluation in the bioorthogonal hydroamination reaction S2/S50
Dahye Kang, Conrad Wahl, and Justin Kim*

General Chemical Procedures. All reactions were conducted in flame-dried round-bottom flasks under a
positive pressure of nitrogen unless otherwise stated. Gas-tight syringes with stainless steel needles or
cannulae were used to transfer air- and moisture-sensitive liquids. Flash column chromatography was
performed using granular silica gel (60-A pore size, 40-63 pm, Silicycle). Analytical thin layer
chromatography (TLC) was performed using glass plates pre-coated with 0.25 mm silica gel impregnated
with a fluorescent indicator (254 nm, Silicycle). TLC plates were visualized by exposure to short wave
ultraviolet light (254 nm) and/or an aqueous solution of potassium permanganate (KMnQg). Organic
solutions were concentrated at 20 °C on rotary evaporators capable of achieving a minimum pressure of
~2 torr unless otherwise stated. Room temperature is defined as 21.5 + 2.5 °C. Reaction heating was
performed using a UCON fluid heating bath.

General Chemical Materials. All solvents were purchased from Fisher Scientific or Sigma—Aldrich.
Unless otherwise stated chemical reagents were purchased from Fisher Scientific, Sigma—Aldrich, Alfa
Aesar, Oakwood Chemical, Acros Organics, Combi-Blocks, or TCI America. CMA refers to a solution of
80:18:2 v/v/v chloroform:methanol:ammonium hydroxide (28-30% ammonia solution). Chloroform used
in CMA solutions and as co-eluents in silica gel column chromatography were stabilized with 0.75% v/v
ethanol. Chloroform used in all hydroamination reactions were stabilized with pentene.

General Chemical Instrumentation. Proton nuclear magnetic resonance (*H NMR) spectra, recorded
with a 500 MHz Avance Il Spectrometer with multi-nuclear Smart probe, are reported in parts per
million on the & scale, and are referenced from the residual protium in the NMR solvent (CDCls: & 7.24,
CDs0D: 6 3.31, D;0: 6 4.79, CDsCN: 6 1.94). Data are reported as follows: chemical shift [multiplicity
(s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublet, dt = doublet of
triplet, dq = doublet of quartet, td = triplet of doublet, tt = triplet of triplet, ddd = doublet of doublet of
doublet), coupling constant(s) in Hertz, integration, assignment]. Carbon-13 nuclear magnetic resonance
(*3C NMR) spectra, recorded with a 500 MHz Avance I1l Spectrometer with multi-nuclear Smart probe,
are referenced from the carbon resonances of the solvent (CDCls: 6 77.23, CD30OD: & 49.15). Fluorine-19
nuclear magnetic resonance (**F NMR) is calibrated from the fluorine resonances of the benzotrifluoride
(CDCls: 6 —62.76, CD3OD: 6 —64.24, CD3sCN: 6 —63.22). Data are reported as follows: chemical shift
(assignment). Infrared data (IR) were obtained with a Cary 630 Fourier transform infrared spectrometer
equipped with a diamond ATR objective and are reported as follows: frequency of absorption (cm™?),
intensity of absorption (s = strong, m = medium, w = weak, br = broad). High resolution mass spectra
(HRMS) were recorded on a Q Exactive™ Plus Hybrid Quadrupole-Orbitrap™ Mass Spectrometer using
an electrospray ionization (ESI), atmospheric pressure ionization (API), or electron ionization (EI) source.
Automated Cis reverse phase chromatography was performed using a Isolera One (Biotage) purification
system. High performance liquid chromatography (HPLC) purification was performed using an Agilent
1260 Infinity system.
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Synthetic Procedures and Characterizations
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14.14-difluoro-18-(4-methoxyphenyl)-2,5,8,11,17-pentaoxaoctadec-12-yne (11):

Chloroalkyne 7 (28.7 mg, 105 pmol, 1 equiv) and potassium hydride (8.42 mg, 210 umol, 2.00 equiv)
were sequentially added to a solution of triethylene glycol monomethyl ether (17.8 uL, 110 umol, 1.05
equiv) in N,N-dimethylformamide (1.00 mL) at —20 °C. After 1 h, the reaction was quenched with
saturated agueous ammonium chloride solution (1 mL) at —20 °C then diluted with diethyl ether (15 mL)
and washed with saturated aqueous ammonium chloride solution (10 mL). The aqueous layer was
extracted with diethyl ether (15 mL). The combined organic layers were washed with brine (20 mL),
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The resulting
crude mixture was purified by flash column chromatography on silica gel (eluent: 20% acetone in
hexanes) to provide alkyne 11 (30.3 mg, 72%) as a colorless oil.

'H NMR (500 MHz, CDCls 25 °C) § 7.24 (d, J = 8.5 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 4.43 (s, 2H),
4.23-4.19 (m, 2H), 3.78 (s, 3H), 3.76-3.72 (M, 2H), 3.69-3.60 (M, 8H), 3.55-3.52 (m, 2H), 3.36 (s, 3H),
2.34 (it, J = 7.1 Hz, 2H).

13C NMR (126 MHz, CDs0D, 25 °C) § 161.0, 131.6, 130.7, 116.4 (t, J = 230.1 Hz), 114.9, 96.7 (t, J = 7.1
Hz), 80.15, 73.8, 73.1, 71.8, 71.7, 71.6, 69.7, 65.6 (t, J = 4.6 Hz), 59.2, 55.8, 41.4 (t, J = 27.5 Hz), 34.2 (t,
J=42.8 Hz).

F NMR (471 MHz, CDCls, 25 °C) & -76.4.

FTIR (thin film) cm: 2873 (b), 2274 (m), 1513 (m), 1245 (m), 1088 (s), 1029 (s), 948 (M), 820 (M).
HRMS (ESI) (m/z) calc’d for CaoHagF20s [M+H]*: 403.1927, found: 403.1920.

TLC (20% acetone in hexanes) Rf: 0.46 (KMnOy).
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12.13-dichloro-14,14,14-trifluoro-2,5,8,11-tetraoxatetradec-12-ene (23):

1,1,2-Trichloro-3,3,3-trifluoropropene (857 pL, 7.00 mmol, 2.00 equiv) and potassium hydride (421 mg,
10.5 mmol, 3.00 equiv) were sequentially added to a solution of triethylene glycol monomethyl ether (563
pL, 3.50 mmol, 1 equiv) in N,N-dimethylformamide (14 mL) at 0 °C and allowed to warm to room
temperature. After 7.5 h, the reaction was quenched with water (4 mL) at 0 °C then diluted with diethyl
ether (100 mL) and washed with water (40 mL). The aqueous layer was extracted with diethyl ether (3 x
25 mL). The combined organic layers were washed with brine (50 mL), dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure. The resulting crude residue was purified by
flash column chromatography on silica gel (eluent: 5% acetone in hexanes) to provide enol ether 23 (821
mg, 72%, E:Z 2.15:1) as a colorless oil.
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IH NMR (500 MHz, CDCls, 25 °C) [E] & 4.32-4.27 (m, 2H), 3.79-3.75 (m, 2H), 3.69-3.61 (m, 6H),
3.55-3.51 (m, 2H), 3.36 (s, 3H). [Z] & 4.25-4.21 (m, 2H), 3.76-3.72 (m, 2H), 3.65-3.62 (M, 6H), 3.55—
3.51 (m, 2H), 3.36 (s, 3H).

13C NMR (126 MHz, CDCls, 25 °C) [E] & 146.0 (g, J = 2.5 Hz), 121.3 (q, J = 271.0 Hz), 102.2 (q, J =
39.4 Hz), 72.1, 71.3, 71.2, 70.8, 70.8, 69.3, 59.2. [Z] 150.6 (q, J = 2.6 Hz), 121.0 (q, J = 272.7 Hz), 106.5
(0, J =38.3 Hz), 72.9, 72.1, 71.0, 70.8, 70.8, 69.1, 59.2.

19F NMR (471 MHz, CDCls, 25 °C) [E] & -59.9. [Z] & —60.8.

FTIR (thin film) cm: [E] 2877 (b), 1625 (m), 1297 (w), 1207 (w), 1122 (s), 1025 (m), 719 (w). [Z] 2877
(b), 1628 (m), 1301 (s), 1189 (m), 1125 (s), 1036 (m), 693 (m).

HRMS (ESI) (m/z) calc’d for CioH1sCloFsNO, [M+NH,]*: 344.0638, 346.0608, found: 344.0634,
346.0603.

TLC (20% acetone in hexanes) [E] Rf: 0.44 (KMnQy). [Z] Rf: 0.46 (KMnQ,).
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14,14 14-trifluoro-2,5,8,11-tetraoxatetradec-12-yne (24):

n-Butyllithium (160 pL, 399 umol, 1.30 equiv, 2.5 M in hexanes) was added dropwise to a solution of
enol ether 22 (100 mg, 307 umol, 1 equiv) in diethyl ether (10 mL) at —115 °C. The reaction flask was
removed from the cooling bath then allowed to warm to 0 °C over 20 min. The reaction was then
guenched with saturated aqueous ammonium chloride solution (1 mL) then diluted with dichloromethane
(60 mL) and washed with saturated aqueous ammonium chloride solution (20 mL). The aqueous layer
was extracted with dichloromethane (3 x 20 mL). The combined organic layers were washed with brine
(40 mL), dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting crude mixture was purified by flash column chromatography on silica gel (eluent: gradient,
20—40% ethyl acetate in hexanes) to provide alkyne 24 (47.7 mg, 61%) as a colorless oil.

IH NMR (500 MHz, CDsOD, 25 °C) § 4.46-4.43 (m, 2H), 3.83-3.80 (m, 2H), 3.68-3.63 (m, 6H), 3.57—
3.53 (M, 2H), 3.36 (s, 3H).

13C NMR (126 MHz, CD;0D, 25 °C) § 117.8 (q, J = 253.0 Hz), 96.0 (g, J = 6.3 Hz), 81.5, 73.1, 71.9,
71.7,71.6, 69.7, 59.2, 28.9 (q, J = 53.8 Hz).

F NMR (471 MHz, CDCls, 25 °C) & —46.0.

FTIR (thin film) cm: 2878 (b), 2281 (m), 1115 (s), 1077 (s), 939.3 (W), 828 (W).
HRMS (ESI) (m/z) calc’d for CioH1sFsNaO4 [M+Na]*: 279.0815, found: 279.0810.
TLC (40% ethyl acetate in hexanes) Rf: 0.25 (KMnOy).
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12-(1-chloro-2,2.2-trifluoroethylidene)-2,5,8,11,13,16,19,22-octaoxatricosane (S2):

1,1,2-Trichloro-3,3,3-trifluoropropene (30.5 pL, 249 umol, 1 equiv) and potassium hydride (60.0 mg,
1.49 mmol, 6.00 equiv) were sequentially added to a solution of triethylene glycol monomethyl ether
(80.5 pL, 498 pmol, 2.00 equiv) in N,N-dimethylformamide (2 mL) at 0 °C and allowed to warm to room
temperature. After 7.5 h, the reaction was quenched with water (1 mL) at 0 °C then diluted with diethyl
ether (20 mL) and washed with water (10 mL). The aqueous layer was extracted with diethyl ether (3 x
10 mL). The combined organic layers were washed with brine (20 mL), dried over anhydrous sodium
sulfate, filtered, and concentrated under reduced pressure. The resulting crude residue was purified by
flash column chromatography on silica gel (eluent: 20% acetone in hexanes) to provide the enol ether S2
(62.0 mg, 27%) as a colorless oil.

IH NMR (500 MHz, CDCls, 25 °C) § 4.23-4.19 (m, 2H), 4.13-4.08 (m, 2H), 3.75-3.71 (m, 2H), 3.71—
3.67 (M, 2H), 3.67-3.59 (M, 12H), 3.54-3.50 (M, 4H), 3.36 (s, 3H), 3.35 (s, 3H).

13C NMR (126 MHz, CDsOD, 25 °C) § 161.9 (g, J = 2.2 Hz), 124.2 (g, J = 268.1 Hz), 89.0 (q, J = 111.0
Hz), 73.1, 73.1, 71.9, 71.8, 71.7, 71.7, 71.6, 71.6, 71.5, 70.9, 70.8, 59.2, 59.2.

F NMR (471 MHz, CDCls, 25 °C) § —60.4.

FTIR (thin film) cm™: 2874 (b), 1655 (m), 1454 (w), 1316 (m), 1103 (s), 1062 (s), 1025 (2), 980 (m), 850
(w).

HRMS (ESI) (m/z) calc’d for Ci7H30CIFsNaOg [M+Na]*: 477.1474, 479.1444, found: 477.1465, 479.1430.
TLC (40% acetone in hexanes) Rf: 0.45 (KMnOy).
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(Z)-N,N-diethyl-14,14-difluoro-18-(4-methoxyphenyl)-2,5,8,11,17-pentaoxaoctadec-12-en-12-amine
oxide (25):

N,N-Diethylhydroxylamine (5.60 pL, 55.0 pmol, 1.30 equiv) was added to a solution of alkyne 11 (17.0
mg, 42.3 umol, 1 equiv) in methanol (500 uL) at room temperature. After 1 h, the reaction mixture was
diluted with dichloromethane (5 mL) and immediately purified by flash chromatography on silica gel
(eluent: gradient, 3—30% CMA in chloroform) to provide enamine N-oxide 25 (19.4 mg, 94%) as a
colorless oil.

IH NMR (500 MHz, CDsOD, 25 °C) § 7.27 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.6 Hz, 2H), 6.44 (t, J = 15.1,
1H), 4.44 (s, 2H), 4.39-4.37 (m, 2H), 3.83-3.76 (m, 2H), 3.78 (s, 3H), 3.73-3.71 (M, 2H), 3.66-3.59 (m,
8H), 3.54-3.51 (m, 2H), 3.35 (s, 3H), 3.28-3.23 (m, 2H), 2.38 (it, J = 15.6, 6.5 Hz, 2H), 1.19 (t, = 7.1
Hz, 6H).
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13C NMR (126 MHz, CDs0D, 25 °C) 5 161.0, 159.7 (t, J = 4.6 Hz), 131.5, 130.7, 122.0 (t, J = 238.3 Hz),
114.9, 103.9 (t, J = 26.9 Hz), 78.2 (t, J = 6.2 Hz), 73.9, 73.2, 71.7, 71.6, 71.6, 71.5, 70.7, 64.8 (t, J = 5.3
Hz), 59.2, 55.8, 40.1 (t, J = 26.2 Hz), 8.7.

F NMR (471 MHz, CDs0D, 25 °C) § -87.2.

FTIR (thin film) cm™: 2874 (b), 1696 (m), 1513 (m), 1245 (m), 1100 (s), 820 (m).
HRMS (ESI) (m/z) calc’d for CasHaoF.NO7 [M+H]*: 492.2767, found: 492.2761.
TLC (25% CMA in chloroform) Rf: 0.30 (KMnO,).
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14.14-difluoro-19-(4-methoxyphenyl)-2,5,8,11,15,18-hexaoxanonadec-12-yne (26):

Chloroalkyne S3 (40.1 mg, 138 umol, 1 equiv) and potassium hydride (11.1 mg, 276 umol, 2.00 equiv)
were sequentially added to a solution of triethylene glycol monomethyl ether (23.3 uL, 145 pumol, 1.05
equiv) in N,N-dimethylformamide (1.30 mL) at —20 °C. After 1 h, the reaction was quenched with
saturated aqueous ammonium chloride solution (1 mL) at —20 °C then diluted with diethyl ether (15 mL)
and washed with saturated aqueous ammonium chloride solution (10 mL). The aqueous layer was
extracted with diethyl ether (15 mL). The combined organic layers were washed with brine (20 mL),
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The resulting
crude mixture was purified by flash column chromatography on silica gel (eluent: 20% acetone in
hexanes) to provide alkyne 26 (40.2 mg, 70%) as a colorless oil.

IH NMR (500 MHz, CDs0D, 25 °C) § 7.27 (d, J = 6.7 Hz, 2H), 6.90 (d, J = 8.6 Hz, 2H), 4.49 (s, 2H),
4.35-4.32 (m, 2H), 4.01-3.99 (m, 2H), 3.79 (s, 3H), 3.79-3.76 (m, 2H), 3.66-3.60 (M, 8H), 3.55-3.52 (m,
2H), 3.31 (s, 3H).

13C NMR (126 MHz, CDs0D, 25 °C) § 161.0, 131.5, 130.7, 117.8 (t, J = 239.0 Hz), 114.9,94.4 (t, J = 6.1
Hz), 80.6, 73.9, 73.1, 71.8, 71.7, 71.6, 69.7, 69.1, 66.1 (t, J = 3.0 Hz), 59.2, 55.8, 31.8 (t, J = 56.2 Hz).

F NMR (471 MHz, CDCls, 25 °C) § -51.0.

FTIR (thin film) cm™: 2874 (b), 2277 (m), 1513 (m), 1163 (m), 1096 (s), 1003 (s), 816 (m).
HRMS (ESI) (m/z) calc’d for CaHaoF.07 [M+H]*: 419.1876, found: 419.1868.

TLC (20% acetone in hexanes) Rf: 0.45 (KMnQ,).
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(2)-N,N-diethyl-14.14-difluoro-19-(4-methoxyphenyl)-2.,5,8.11,15,18-hexaoxanonadec-12-en-12-
amine oxide (27):
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N,N-Diethylhydroxylamine (7.70 pL, 79.6 umol, 1.30 equiv) was added to a solution of alkyne 26 (25.6
mg, 61.2 umol, 1 equiv) in methanol (500 uL) at room temperature. After 1 h, the reaction mixture was
diluted with dichloromethane (5 mL) and immediately purified by flash chromatography on silica gel
(eluent: gradient, 3—30% CMA in chloroform) to provide enamine N-oxide 27 (28.0 mg, 90%) as a
colorless oil.

IH NMR (500 MHz, CDsOD, 25 °C) § 7.26 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 6.38 (t, J = 8.2,
1H), 4.47 (s, 2H), 4.42-4.40 (m, 2H), 4.11-4.09 (m, 2H), 3.79 (s, 3H), 3.82-3.75 (m, 2H), 3.71-3.69 (m,
2H), 3.60-3.57 (m, 4H), 3.56-3.53 (m, 2H), 3.53-3.51 (m, 2H), 3.49-3.47 (m, 2H), 3.35 (s, 3H), 3.28—
3.23 (M, 2H), 1.2 (t, J = 7.1 Hz, 6H).

13C NMR (126 MHz, CDs0D, 25 °C) 5 161.0, 160.8 (t, J = 7.5 Hz), 131.6, 130.7, 123.5 (t, J = 253.0 Hz),
115.0, 1005 (t, J = 41.3 Hz), 77.7 (t, J = 3.5 Hz), 73.8, 73.2, 71.7, 71.5, 71.5, 70.5, 69.1, 64.7 (t, J = 5.5
Hz), 64.1, 59.2, 55.9, 8.6.

F NMR (471 MHz, CD;0D, 25 °C) 5 -61.8.

FTIR (thin film) cm™: 2874 (b), 1703 (w) 1513 (w), 1345 (m), 1245 (m), 1103 (s), 824 (W).
HRMS (ESI) (m/z) calc’d for CasHaoF2NOg [M+H]*: 508.2717, found: 508.2709.

TLC (20% CMA in chloroform) Rf: 0.15 (KMnO,).
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24 82% 28

(Z2)-N,N-diethyl-14,14.14-trifluoro-2,5,8,11-tetraoxatetradec-12-en-12-amine oxide trifluoroacetate
(28):

N,N-Diethylhydroxylamine (9.90 uL, 96.3 umol, 1.35 equiv) was added to a solution of alkyne 24 (18.3
mg, 71.3 pmol, 1 equiv) in methanol (700 pL) at room temperature. After 1 h, the reaction mixture was
diluted with water (150 pL), and the resulting solution was purified by automated Cig reverse phase
column chromatography (30 g Cis silica gel, 25 um spherical particles, eluent: 20% MeCN/H;0 + 0.1%
TFA (1 CV), gradient 20—80% MeCN/H,O + 0.1% TFA (12 CV)). Fractions containing the desired
compound were combined, and the solvent was removed under reduced pressure at 0 °C with a rotary
evaporator to provide enamine N-oxide 28 (45.8 mg, 28: TFA of 1:3.8, 82%) as a white solid.

IH NMR (500 MHz, CDs0D, 25 °C)  6.39 (q, J = 8.2 Hz, 1H), 4.60-4.58 (m, 2H), 4.28 (dq, J = 14.1, 7.1
Hz, 2H), 3.82 (dg, J = 14.1, 7.1 Hz, 2H), 3.81-3.79 (m, 2H), 3.68-3.66 (M, 2H), 3.64-3.59 (M, 4H), 3.55—
3.52 (m, 2H), 3.36 (s, 3H), 1.36 (t, J = 7.1 Hz, 6H).

13C NMR (126 MHz, CD;0D, 25 °C) § 156.6 (g, J = 6.1 Hz), 123.7 (q, J = 268.3 Hz), 99.3 (q, J = 38.6
Hz), 80.9 (q, J = 4.1 Hz), 73.2, 71.5, 71.5, 71.4, 70.0, 64.4, 59.2, 8.4 [TFA § 160.9 (q, J = 40.0 Hz), 117.2
(9, J = 285.0 Hz)].

F NMR (471 MHz, CD;0D, 25 °C) § -56.3 [TFA § -77.5].

FTIR (thin film) cm™: 2881 (b), 1782 (w), 1707 (w), 1357 (w), 1170 (s), 1133 (s), 947 (W).
HRMS (ESI) (m/z) calc’d for C1aHa7FsNOs [M+H]*: 346.1836, found: 346.1832.

TLC (30% CMA in chloroform) Rf: 0.20 (KMnQy).
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Stability Study

Stability experiments for alkynes 11, 24, and 26 were carried out in 50% CDs;CN/PBS (pH 7.0) with or
without glutathione (2 mM) at room temperature. Reactions were monitored via ®F NMR spectroscopy
using a,0,0-benzotrifluoride as an internal standard.
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Figure S1. Alkyne 11 (500 uM) is stable in 50% CDsCN/PBS (pH 7.0) and exhibits no apparent
degradation over 24 h.
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Figure S2. Alkyne 11 (500 uM) has a half-life of 125 h in 50% CDsCN/PBS (pH 7.0) in the presence of
glutathione (2 mM) and exhibits only 5% degradation over 12 h.
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Figure S3. Alkyne 26 (500 uM) has a half-life of 7.1 h in 50% CD3CN/PBS (pH 7.0).
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Figure S4. Alkyne 26 (500 uM) has a half-life of 6.5 h in 50% CDsCN/PBS (pH 7.0) in the presence of
glutathione (2 mM).
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Figure S5. Alkyne 24 (500 uM) has a half-life of 4.6 days in 50% CD3CN/PBS (pH 7.0) and exhibits no
apparent degradation over 24 h.
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Kinetics Study

All kinetics experiments were carried out at room temperature in methanol or CDsCN. Reactions in
CDsCN were monitored via F NMR spectroscopy using o,a,a-benzotrifluoride (5 mM) as an internal
standard. Reactions in methanol were monitored by *°F NMR spectroscopy using a,a,a-benzotrifluoride
(5 mM) as an internal standard. A capillary NMR tube (diameter 3 mm) filled with D,O was inserted into
each NMR tube (diameter 5 mm) to lock the magnetic field. Second-order kinetics were performed by
combining alkynes 11, 24, and 26 with N,N-diethylhydroxylamine in a 1:1 molar ratio to achieve a
starting concentration of 5 mM for each compound. The reported errors for rate constants represent the
standard deviation of the mean for triplicate experiments.

—@— Trial1

—-  Trial 2

1500

Reaction time (s)

a)
2000 y = 0.5440x + 246.2
R? = 0.9434
y = 0.5455x + 213.0
.~ 1500 R? =0.9381
S y =0.6002x + 162.2
= 2
< R? = 0.9464
£ 1000~
>
x
5,
= 500
0 T
0 500 1000
b)
800

R? = 0.9550

6001 R? = 0.9813

R? = 0.9839

1/[alkyne] (MY
ey
o
T

200

y = 0.08056x + 204.2
y = 0.09382x + 191.4

y =0.07102x + 206.2

2500

—@— Trial 1
— Trial2

Trial 3

0 T

0 1000 2000

3000

Reaction time (s)

c)

80077y = 0.02565x + 207.2
R? = 0.9891

y = 0.02382x + 200.7
R? =0.9865

y = 0.02350x + 201.9
R?=0.9885

[e2]

[}

o
1

1/ [alkyne] (M)
N
o
o
1

N
o
o

1
5000

Trial 3

—@— Trial 1
—-  Trial 2

10000

Reaction time (s)

Figure S7. Reaction plots used to calculate second-order rate constants between alkynes 11, 24, and 26 (5
mM) and N,N-diethylhydroxylamine (5 mM). a) Alkyne 24 in methanol; b) Alkyne 26 in methanol; c)

15000

Trial 3

1/[alkyne] (M

d)

2000
~ 1500
1000

500

y = 0.7060x + 229.7 -@— Triall
2 _
R? = 0.9888 B Tral2
y = 0.5793x + 259.9
R? = 0.9882 Trial 3
y = 0.5360x + 240.6

R?=0.9885

0

e)

800

600

1/[alkyne] (MY
iy
o
o
1

N

o

o
1

I I I I 1
500 1000 1500 2000 2500

Reaction time (s)

y =0.2643x + 177.6 —@— Trial1
2 _
R® =0.9747 - Trial2
y =0.1897x + 163.4
R? = 0.9825 —A— Trial 3
y =0.2321x + 166.7 °

R? = 0.9651

0

1 1 I I 1
500 1000 1500 2000 2500

Reaction time (s)

S14/S50



Synthesis of push-pull-activated ynol ethers and their evaluation in the bioorthogonal hydroamination reaction S15/S50
Dahye Kang, Conrad Wahl, and Justin Kim*

Alkyne 11 in methanol; d) Alkyne 26 in CDsCN; e) Alkyne 11 in CDs;CN. Each panel shows results
performed in triplicate.
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Computational Details

All calculations were conducted with Gaussian 09 software.! Geometry optimization of all species was
performed using the M06-2X functional® with the 6-31G(d,p) basis set. Frequency analysis was carried
out to ensure the stationary point was either a minimum or a transition state. Intrinsic reaction coordinates
were computed for all transition states. Single-point calculations were carried out using the M06-2X
functional with the 6-311G(2d,p) basis set. Hybridization was analyzed using natural bond orbital

(NBO)** analysis implemented in Gaussian.
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