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Materials and Methods. Unless stated otherwise, reactions were conducted in flame-dried
glassware under an atmosphere of nitrogen using anhydrous solvents (passed through activated
alumina columns). All commercially obtained reagents were used as received unless otherwise
specified. Imidazole (20), p-toluenesulfonic anhydride (Ts;0), n-butyllithium (n-BuLi),
tetrabutylammonium fluoride (TBAF), and potassium zert-butoxide (KO#Bu) were obtained from
Sigma-Aldrich. Sodium fert-butoxide (NaOz-Bu), 1,3-diphenylisobenzofuran (16), N-tert-butyl-a-
phenylnitrone (18), and 1,3,5-trimethoxybenzene were obtained from Alfa Aesar. Styrene (25) was
obtained from Fisher Scientific and filtered through basic alumina prior to use. Cesium fluoride
(CsF) was obtained from Strem Chemicals. Diisopropylamine was obtained from Acros Organics
and distilled over CaH; prior to use. Reaction temperatures were controlled using an IKAmag
temperature modulator, and reactions were performed at room temperature (approximately 23 °C)
unless otherwise stated. Thin-layer chromatography (TLC) was conducted with EMD gel 60 F254
pre-coated plates (0.25 mm for analytical chromatography and 0.50 mm for preparative
chromatography) and visualized using a combination of UV, anisaldehyde, and potassium
permanganate staining techniques. Silicycle Siliaflash P60 (particle size 0.040-0.063 mm) was
used for flash column chromatography. '"H NMR spectra were recorded on Bruker spectrometers
(500 and 600 MHz) and are reported relative to residual solvent signals. Data for 'H NMR spectra
are reported as follows: chemical shift (6 ppm), multiplicity, coupling constant (Hz), integration.
Data for '*C NMR are reported in terms of chemical shift (at 125 MHz). IR spectra were recorded
on a Perkin-Elmer UATR Two FT-IR spectrometer and are reported in terms of absorption
frequency (cm™). DART-MS spectra were collected on a Thermo Exactive Plus Orbitrap (Thermo
Scientific) equipped with an ID-CUBE ion source and a Vapur Interface (IonSense Inc.). Both the
source and MSD were controlled by Excalibur software v. 3.0. The analyte was spotted onto
OpenSpot sampling cards (IonSense Inc.) using CH2Cl, as the solvent. lonization was
accomplished using UHP He plasma with no additional ionization agents. The mass calibration
was carried out using Pierce LTQ Velos ESI (+) and () Ion calibration solutions (Thermo Fisher

Scientific).

Note: Supporting information for the syntheses of silyl triflates 8a and 10a,! silyl ketone 14,' and
silyl enol ether 312 have been published, and spectral data match those previously reported.
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Experimental Procedures

A. Syntheses of Silyl Tosylates 9 and 11

i. NaO#Bu (1.1 equiv)

(:/(0 THF, —20 — 23 °C OEOTS
ii. Ts,0 (1.1 equiv .
SiEt, ii- 1,0 (1.1 equiv) SiEt,

THF, 0 - 23 °C

14 (61% yield) 9

Silyl Tosylate 9. To a stirring suspension of sodium zert-butoxide (498 mg, 5.18 mmol, 1.1
equiv) in THF (5 mL) at —20 °C was added silyl ketone 14 (1.00 g, 4.71 mmol, 1.0 equiv) in THF
(5 mL) via cannula addition over 5 min. The resulting dark orange-red solution was then warmed
to 0 °C and stirred for 1 h. Next, the ice bath was removed, and the solution was stirred at 23 °C
for 30 min, then recooled to 0 °C. p-Toluenesulfonic anhydride (1.69 g, 5.18 mmol, 1.1 equiv) in
THF (7.0 mL) was then added over 7 min. The cooling bath was removed, and the off-white,
heterogeneous solution was stirred at 23 °C for 5 h before being quenched with sat. aqueous
NaHCOs (20 mL). The layers were separated and the aqueous layer was extracted with diethyl
ether (3 x 20 mL). The organic layers were combined, washed sequentially with deionized H>O (1
x 20 mL) and brine (1 x 20 mL), dried with Na,SOs4, and concentrated under reduced pressure. The
crude reaction mixture was purified via column chromatography (3:97 Et,O:hexanes) to provide
silyl tosylate 9 (1.06 g, 61% yield) as a white, crystalline solid. Silyl tosylate 9: R 0.55 (9:1
hexanes:EtOAc); 'H NMR (500 MHz, CDCl3): & 7.82-7.79 (m, 2H), 7.34-7.30 (m, 2H), 2.44 (s,
3H), 2.23-2.20 (m, 2H), 2.11-2.06 (m, 2H), 1.64-1.58 (m, 2H), 1.53—-1.47 (m, 2H), 0.88 (t, J =
8.1, 9H), 0.61 (q, J = 7.5, 6H); 1*C NMR (125 MHz, CDCl3): 8 154.5, 144.4, 135.8, 129.6, 127.6,
121.9,28.8, 28.2,23.0,22.1,21.7, 7.5, 3.1; IR (film): 2950, 2875, 1642, 1368, 1191 cm™'; HRMS—
APCI (m/z) [M + H]" caled for C19H3103SSi", 367.1755; found 367.1754.
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i. LDA (2.0 equiv)

CEO THF, -78 °C @:ms
ii. Ts,0 (1.5 equiv .
SiEt, 20 (1.5 equiv) SiEt,

THF, -78 — 23 °C

14 (50% yield) 11

Silyl Tosylate 11. To a stirring solution of diisopropylamine (1.41 mL, 9.88 mmol, 2.1 equiv) in
THF (14 mL) at —78 °C was added n-butyllithium (2.50 M in hexanes, 3.78 mL, 9.44 mmol, 2.0
equiv) dropwise over 3 min. After stirring for 20 min, the reaction was warmed to 23 °C and
stirred for 10 min, before recooling the reaction to —78 °C. Next, silyl ketone 14 (1.00 g, 4.72
mmol, 1.0 equiv) in THF (14 mL) was added dropwise via cannula addition over 10 min. The
resulting pale-yellow solution was stirred for 1 h. Then, a solution of p-toluenesulfonic anhydride
(2.31 g, 7.08 mmol, 1.5 equiv) in THF (18 mL) was added dropwise via cannula addition over 6
min. The cooling bath was allowed to melt, gradually warming the reaction to 23 °C over 18 h, at
which point it was quenched with sat. aqueous NaHCO3 (40 mL). The layers were separated and
the aqueous layer was extracted with diethyl ether (3 x 40 mL). The combined organic layers were
then dried over NaxSOy, filtered, and concentrated under reduced pressure to provide a yellow oil.
The crude oil was passed through a silica plug (3:97 Et;O:hexanes), and the eluate was
concentrated to give a pale-yellow oil. This oil was dissolved in refluxing hexanes and cooled
gradually to —78 °C over 4 h to induce crystallization. The crystals were filtered off, washed with
cold hexanes, and the mother liquor was concentrated to give a clear oil. This oil was subjected to
the same crystallization procedure, and both crops of crystals were combined to afford silyl
tosylate 11 (860 mg, 50% yield) as a white, crystalline solid. Silyl tosylate 11: Ry 0.57 (1:1
hexanes:benzene); 'H NMR (500 MHz, CDCl3): 6 7.78 (d, J = 8.1, 2H), 7.32 (d, J = 8.1, 2H),
5.19-5.16 (m, 1H), 2.45 (s, 3H), 2.01-1.90 (m, 2H), 1.82—-1.74 (m, 2H), 1.62—-1.56 (m, 1H), 1.53—
1.45 (m, 1H), 1.36-1.27 (m, 1H), 0.92 (t, J= 7.9, 9H), 0.60 (q, J = 8.2, 6H); *C NMR (125 MHz,
CDCls): 6 151.4,144.7,133.5, 129.4, 128.5, 114.3, 25.5,25.3, 24.1, 21.8, 21.7, 7.5, 3.0; IR (film):
2954, 2877, 1370, 1179, 1191 cm!; HRMS-APCI (m/z) [M + H]" calcd for Ci9H3103SSi,
367.1755; found 367.1758.
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B. Cyclohexyne Trapping Experiments

Representative Procedure A (Table 1, entry 1 is used as an example)

Ph

o
—
Ph Ph
16
Q7 e (0
. TBAF (5.0 equiv) o
SiEts " THF (0.07 M)

60°C, 15 h Ph
9 (76% vield) 17

Cycloadduct 17. To a stirred solution of silyl tosylate 9 (49.6 mg, 135 umol, 1.0 equiv), and 1,3-
diphenylisobenzofuran (16) (54.9 mg, 203 pumol, 1.5 equiv) in THF (1.35 mL, 0.07 M) was
added TBAF (1.0 M in THF, 677 puL, 677 pmol, 5.0 equiv). The reaction vessel was purged with
N2, sealed with a teflon cap, and placed in a preheated, 60 °C aluminum heating block. After
stirring for 15 h, the reaction was cooled to 23 °C. The resultant yellow solution was filtered
through a plug of silica gel (EtOAc eluent, 10 mL) and concentrated under reduced pressure to
afford a crude yellow solid. Purification by preparative thin layer chromatography (3:2
benzene:hexanes) provided cycloadduct 17 (36.2 mg, 76% yield, average of two experiments) as

a pale-yellow solid. Cycloadduct 17: Spectral data match those previously reported.!

Ph j
I
N
(8’@\ t-Bu
Ph
OTs 18
(3.0 equiv)
> | N—tBu
. TBAF (5.0 equiv) [o)
SiEty THF (0.07 M)
9 60°C, 15 h 19
(69% yield)

Cycloadduct 19. Followed Representative Procedure A. Purification by preparative thin layer
chromatography (9:1 Hexanes:EtOAc) provided cycloadduct 19 (24.2 mg, 69% yield, average of

two experiments) as a white solid. Cycloadduct 19: Spectral data match those previously reported.?
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N
"y
20

FN
(IOTS (3.0 equiv) O/N\/)
. TBAF (5.0 equiv)
SIEt, T IHF (0.07 M)
9 60°C,15h 21

(53% yield)

Imidazole adduct 21. Followed Representative Procedure A. Purification by preparative thin layer
chromatography (EtOAc) provided cycloadduct 21 (10.7 mg, 53% yield, average of two
experiments) as an off-white solid. Imidazole adduct 21: Spectral data match those previously

reported.’

C. 1,2-Cyclohexadiene Trapping Experiments

Representative Procedure B (Table 2, entry 1 is used as an example)

Ph
NS
)
—
Ph 16 Ph
OTs .
O e OO
. CsF (5.0 equiv)
SiEl;  “eCN (0.1 M) H
80 °C, 19 h Ph
11 2
(78% yield) 3

Cycloadduct 23. To a stirred solution of silyl tosylate 11 (49.7 mg, 136 umol, 1.0 equiv) and 1,3-
diphenylisobenzofuran (16) (55.5 mg, 205 pumol, 1.5 equiv) in MeCN (1.40 mL, 0.1 M) was
added CsF (100 mg, 0.68 mmol, 5.0 equiv). The reaction vessel was purged with Ny, sealed with
a teflon cap and teflon tape, and placed in a preheated, 80 °C aluminum heating block. The reaction
was allowed to stir at this temperature for 19 h. After cooling to 23 °C, the yellow, heterogenous
solution was filtered through a plug of silica gel (EtOAc eluent, 10 mL) and concentrated under
reduced pressure to afford a crude yellow solid. Purification by preparative thin layer
chromatography (2:1 hexanes: CH>Cl, with 2% acetone) provided cycloadduct 23 as a pale-yellow
solid (36.9 mg, 78% vyield, 2.7:1 d.r. by '"H NMR analysis of the crude material, average of two
experiments). Cycloadduct 23: Spectral data match those previously reported.!
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Any modification of the conditions shown in the representative procedure above are
specified in the following scheme

Ph W
I
©_N
0”@ tBu
Ph
18
0oTs (1.0 equiv)
- /N—t-Bu
: CsF (5.0 equiv) (o)
SIEts  "MeCN (0.1 M) H
80°C,19h
11
(80% yield) 24

Cycloadduct 24. Followed Representative Procedure B. Purification by preparative thin layer
chromatography (1:1 hexanes:benzene) provided cycloadduct 24 as a white solid (30.2 mg, 80%
yield, 9.3:1 d.r. by '"H NMR analysis of the crude material, average of two experiments).
Cycloadduct 24: Spectral data match those previously reported.*

Ph j
I
©_N
0”@ t-Bu
Ph
OTs 18 .
(1.0 equiv)
- IN—t-Bu
. CsF (5.0 equiv) 0
SiEts  “MeCN (0.1 M) h
80°C,19h
1 (78% vyield) 24

Cycloadduct 24 (mmol scale). To a stirred solution of silyl tosylate 11 (367 mg, 1.00 mmol, 1.0
equiv) and N-tert-butyl-a-phenylnitrone (18) (181 mg, 1.02 mmol, 1.0 equiv) in MeCN (10.0 mL,
0.1 M) was added CsF (761 mg, 5.01 mmol, 5.0 equiv). The reaction vessel was purged with Na,
sealed with a teflon cap and teflon tape, and placed in a preheated, 80 °C aluminum heating block.
The reaction was allowed to stir at this temperature for 19 h. After cooling to 23 °C, the white,
heterogenous solution was filtered through a plug of silica gel (EtOAc eluent, 30 mL) and
concentrated under reduced pressure to afford a crude off-white solid. Purification by flash
chromatography (4:1 to 1:1 hexanes:benzene) provided cycloadduct 24 as a white solid (200.2 mg,
78% yield, 9.0:1 d.r.). Cycloadduct 24: Spectral data match those previously reported.*
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L

Ph
25
@()TS (5.0 equiv) @L
. CsF (5.0 equiv)
SiEts MeCN (0.1 M) HPh
80 °C, 19 h
1 (91% yield) 26

Cycloadduct 26. Followed a modified Representative Procedure B by adding 1,3,5-
trimethoxybenzene as an external standard to the crude residue obtained by filtration of the reaction
mixture. 'H NMR analysis of this crude mixture showed cycloadduct 26 (91% yield, 2.0:1 d.r.,
average of two experiments). The volatility of 26 hampered isolation attempts. Cycloadduct 26:

Spectral data match those previously reported.’

D. Synthesis of Silyl Tosylate 28

OSiEt; n-BuLi (2.0 equiv) 0
KO#Bu (2.5 equiv)
hexanes, 0 — 23 °C SiEts
o
31 (95% yield) 32

Silyl ketone 32. To a heterogeneous solution of potassium fert-butoxide (186 mg, 1.66 mmol, 2.5
equiv) in hexanes (1.3 mL) at 0 °C was added n-butyllithium (2.36 M in hexanes, 0.561 mL, 1.32
mmol, 2.0 equiv) dropwise over 2 min. The solution was removed from the ice bath and stirred at
23 °C for an additional 20 min. A solution of silyl enol ether 31 (150 mg, 0.662 mmol, 1.0 equiv)
in hexanes (1.3 mL) was then added dropwise over 5 min and stirred at 23 °C. After stirring for 2
h, deionized H>O (5.0 mL) was added to the reaction, and the aqueous layer was extracted with
diethyl ether (3 x 5 mL). The combined organic layers were dried over Na>SQg, filtered, and
concentrated under reduced pressure. The resulting crude oil was purified by flash chromatography
(1.5:98.5 EtOAc:hexanes) to afford silyl ketone 32 (142 mg, 95% yield) as a clear, colorless oil.
Silyl ketone 32: Ry 0.36 (99:1 benzene:Et,0); 'H NMR (500 MHz, CDCl3): § 2.63-2.56 (m, 1H),
2.37(dd,J=11.9,4.9, 1H), 2.33-2.27 (m, 1H), 2.03—1.95 (m, 1H), 1.93-1.82 (m, 3H), 1.72-1.61
(m, 1H), 1.46-1.29 (m, 2H), 1.18-1.07 (m, 1H), 0.94 (t, J = 8.0, 9H), 0.60 (q, J = 7.5, 6H); 1*C
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NMR (125 MHz, CDCL): § 215.9, 47.6, 43.6, 31.1, 30.5, 25.9, 25.7, 7.3, 2.4; IR (film): 2880,
1670, 1417, 1208, 879 cm™'; HRMS-APCI (m/z) [M + H]" caled for C13H70Si, 227.1826; found
227.1826.

0 i. LDA (1.1 equiv) OTs
THF, -78 °C o
SiEt, - — SiEt,
ii. Ts,0 (1.3 equiv)
THF, 78 °C

32 . 28
(56% yield)

Silyl tosylate 28. To a solution of diisopropylamine (0.110 mL, 0.762 mmol, 1.15 equiv) in THF
(0.5 mL) at =78 °C was added n-butyllithium (2.36 M in hexanes, 0.309 mL, 0.729 mmol, 1.1
equiv) dropwise over 2 min. The solution was stirred for 30 min at —78 °C, then warmed to 23 °C
over 15 min before being cooled to —78 °C. Silyl ketone 32 (150 mg, 0.662 mmol, 1.0 equiv) in
THF (0.5 mL) was added dropwise over 5 min and stirred for 1 h at —78 °C. Next, p-toluenesulfonic
anhydride (281 mg, 0.861 mmol, 1.3 equiv) in THF (2.0 mL) was added dropwise over 5 min and
allowed to stir at —78 °C. After stirring for 1 h, sat. aqueous NaHCOs3 (3.0 mL) was added to the
reaction, and the stirring solution was warmed to 23 °C. The aqueous layer was then extracted with
diethyl ether (3 x 3 mL), and the combined organic layers were dried over Na>SQs, filtered, and
concentrated under reduced pressure. The resulting crude solid was dissolved and passed through
a plug of silica gel (2:1 hexanes:benzene eluent, 100 mL). The eluate was concentrated and divided
into three equal portions. Each portion was purified by preparative thin layer chromatography (7:3
benzene:hexanes), and the individual portions were recombined to afford silyl tosylate 28 (141
mg, 56% yield) as a white solid. Silyl tosylate 28: M.p. 39.9-40.8 °C; R¢0.79 (99:1 benzene:Et,0);
'"H NMR (500 MHz, CDCls): § 7.82-7.79 (m, 2H), 7.35-7.31 (m, 2H), 5.22 (dd,J=9.2, 4.4, 1H),
2.45 (s,3H),2.10(t,J=5.7, 1H), 2.07-2.00 (m, 1H), 1.94-1.87 (m, 1H), 1.83—-1.76 (m, 1H), 1.75—
1.65 (m, 2H), 1.55-1.49 (m, 1H), 1.49-1.41 (m, 1H), 1.37-1.28 (m, 1H), 0.94 (t, J = 8.1, 9H),
0.63 (q, J = 7.7, 6H); 3C NMR (125 MHz, CDCl3): & 154.3, 144.6, 133.6, 129.5, 128.5, 118.4,
33.0, 28.2, 27.6, 26.0, 23.9, 21.7, 7.5, 3.6; IR (film): 2929, 2876, 1368, 1177, 994 cm™!; HRMS-
APCI (m/z) [M + HJ" caled for C20H3305SSi", 381.1914; found 381.1907.



McVeigh et al.: Silyl Tosylate Precursors to Strained Intermediates — S10

E. 1,2-Cycloheptadiene Trapping Experiment

Ph
>
(0]
—
Ph
OTs Ph 16 O
(1.5 equiv)
SiEt; -
CsF (5.0 equiv)
MeCN (0.1 M) H Ph
28 80°C,19h
30
(91% vyield)

Cycloadduct 30. To a stirred solution of silyl tosylate 28 (19.8 mg, 52.0 umol, 1.0 equiv) and 1,3-
diphenylisobenzofuran (16) (21.1 mg, 78.0 pmol, 1.5 equiv) in MeCN (0.52 mL, 0.1 M) was
added CsF (39.5 mg, 260 umol, 5.0 equiv). The reaction vessel was purged with Ny, sealed with a
teflon cap and teflon tape, and placed in a preheated, 80 °C aluminum heating block. The reaction
was allowed to stir at this temperature for 14 h. After cooling to 23 °C, the yellow, heterogeneous
solution was filtered through a plug of silica gel (EtOAc eluent, 10 mL) and concentrated under
reduced pressure to afford a crude yellow solid. Purification by preparative thin layer
chromatography (2:1 hexanes:CH>Cl, with 2% acetone) provided cycloadduct 30 (17.3 mg, 91%
yield, 6.3:1 d.r. by '"H NMR analysis of the crude material). Cycloadduct 30: Spectral data match

those previously reported.®

F. Silyl Tosylate and Silyl Triflate Competition Experiments

Ph

h
©_N
0”@ t-Bu
18 Ph

OTf OTs . OTs

(1.0 equiv)
+ —> | /N—t—Bu +

SiEt, SiEt, PR (o0an) 0 SiEt,

60 °C, 24 h
8a 9 19 9

Alkyne precursor competition experiment. To a stirred solution of silyl triflate 8a (25.0 mg,
72.6 umol, 1.0 equiv), silyl tosylate 9 (26.6 mg, 72.6 pmol, 1.0 equiv), and N-tert-butyl-a-
phenylnitrone (18) (12.9 mg, 72.6 umol, 1.0 equiv) in THF (2.4 mL, 0.03 M) was added CsF (55.1

mg, 363 pmol, 5.0 equiv). The reaction vessel was purged with N», sealed with a teflon cap, and
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placed in a preheated, 60 °C aluminum heating block. The reaction was allowed to stir at this
temperature for 24 h. After cooling to 23 °C, the solution was filtered through a plug of silica gel
(EtOAc eluent, 10 mL) and concentrated under reduced pressure to afford the crude reaction
mixture. 1,3,5-trimethoxybenzene was added as an external standard. '"H NMR analysis of the

crude reaction mixture showed cycloadduct 19 (42% yield) and silyl tosylate 9 (100% remaining).

Ph

7
O_N
0”@ tBu
18 Ph

oTf OTs . OTs

(1.0 equiv)
+ ' /N—t—Bu +
. . CsF (5.0 equiv .

SlEt3 SlEt3 MeC(N (0.1q M)) H o SlEt3

35°C,19h
10a 11 24 11

Allene precursor competition experiment. To a stirred solution of silyl triflate 10a (25.0 mg,
72.6 pmol, 1.0 equiv), silyl tosylate 11 (26.6 mg, 72.6 umol, 1.0 equiv), and N-fert-butyl-a-
phenylnitrone (18) (12.9 mg, 72.6 pmol, 1.0 equiv) in MeCN (0.73 mL, 0.1 M) was added CsF
(55.1 mg, 363 pmol, 5.0 equiv). The reaction vessel was purged with N», sealed with a teflon cap,
and placed in a preheated, 35 °C aluminum heating block. The reaction was allowed to stir at this
temperature for 19 h. After cooling to 23 °C, the solution was filtered through a plug of silica gel
(EtOAc eluent, 10 mL) and concentrated under reduced pressure to afford the crude reaction
mixture. 1,3,5-trimethoxybenzene was added as an external standard. '"H NMR analysis of the
crude reaction mixture showed cycloadduct 24 (94% yield, 12.2:1 d.r.) and silyl tosylate 11 (94%

remaining).
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NMR Spectra
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Current Data Parameters
NAME  MY-2019-alkyneprec-f
~ EXPNO 1

PROCNO 1

7.817
7.814
7.804
7.801
7.330
7.329
7.325
7.313
7.312

W\

F2 - Acquisition Parameters
200105

Date.
( ) Time 18.15h
INSTRUM av500
OTs PROBHD Z119248_0002 (
PULPROG 2g30
SOLVENT CDCI3
H Ds 0
SiEts SWH_ 10000.000 Hz
FIDRES 0.305176 Hz
AQ 3.2767999 sec
9 RG 21.37
bw 50.000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
'H NMR, CDCl;4 T0o 1
SFO1 500.1330008 MHz
500 MHz NUCH 1H
P1 10.00 usec
\. J PLW1 13.50000000 W
F2 - Processing parameters
Sl
SF 500.1300146 MHz
WDW EM
SsSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm
g |3 888 (85| 2
<l alaldl aila 3l |l
Current Data Parameters
5 Q 833% N© T - © NAME  MY-2019-alkyneprec-
<t ¥ Yon~- R-OT-Q eg 0 2
eI ogod QXLENE N PROCNO 1
‘ ‘ ‘ \ / ‘ \\ \// ‘ ‘ F2 - Acquisition Parameters
Date_ 20200105
Time 18.18 h
INSTRUM av500
Ve ~\ PROBHD Z119248_0002 (
PULPROG zgpg30
OTS TD 655:
SOLVENT CcDCI3
NS 8
DS 2
WH 31250.000 Hz
s_ Et FIDRES 0.953674 Hz
AQ 1.0485760 sec
1L RG 20454
bW 16.000 usec
DE 28.00 usec
9 TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
13 &0 ;
FO1 125.7722511 MHz
C NMR, CDCl; NUcT i
1 0.50 usec
1 25 M HZ PLW1 23.00000000 W
\_ ) SFO2 500.1330008 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 usec

PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W

F2 - Processing parameters

SF 125.7577892 MHz
WDW EM

SSB

LB 1.00 Hz

GB

PC 1.40

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Current Data Parameters
NAME  MSM-2019-067a-p-ch:
EXPNO 1

%m% PROCNO 1

F2 - Acquisition Parameters
Dat 200105

N e
Time 18.06 h
OTs INSTRUM av500
PROBHD Z119248 0002 (
PULPROG 2630
b 65536
SOLVENT coCis
SiE DS 5
D! 0
iEtg SWH 10000.000 Hz
FIDRES 0305176 Hz
AQ 32767999 sec
12.14

11 RG

DW 50.000 usec
DE 10.00 usec

1 298.0 K
H NMR, CDCl; D1 200000000 sec
SFOT  500.1330008 MHz
500 MHz sFo1 X

P1 10.00 usec
PLW1 13.50000000 W

F2 - Processing parameters

S
SF 500.1300146 MHz
WDW EM

SSB

LB 0.30 Hz

GB

PC 1.00

o
e}
°

34

2.087=
2.068=
1.000=
3.073=
2,076 ™
2.067—
1.021°~
0.988~
1.044 —

9.410

6.288 —

Current Data Parameters
NAME  MSM-2019-067a-p-ct

EXPNO
PROCNO 1

25.49
25.27
2414

X

21.81
21.69

F2 - Acquisition Parameters

Date_ 20200105

Time 8.10h

INSTRUM av500

PROBHD Z119248_0002 (
U

—151.38
—144.67
_——133.54
—129.44

T-128.50
—114.32

—7.45
—296

£

PULPROG zgpg30

65536
SOLVENT CDCI3
NS 8

OTs

DS 2
SWH_ 31250.000 Hz
FIDRES  0.953674 Hz
AQ  1.0485760 sec
. RG 20454
SiEt; oW 16.000 usec
DE 28.00 usec

2080 K
11 DI 200000000 sec
DIt 0.03000000 sec
35%1 125.772551 1 MHz
1 13
13C NMR, CDCl3 P1 10.50 Usec
125 MK By sheEy
B iz
Z NUC2 H
J CPDPRG[2  waltz16

CPD2 80.00 usec
PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
Sl 131072
SF 125.7577892 MHz

EM

WDW

SSB

LB 1.00 Hz
GB 0

PC 1.40

Lo H’

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Yotoa-aaoq oy CurentData Parameters
282583BRBLELERT NAVE RRK2019-296p03
aioi

MM WN/ W' FRotNo 1

h Time X
Ph INSTRUM ave00
PROBHD 5 mm BB5
PULPROG 2930
SOLVENT CcDCI3
DS 0
SWH 12376.237 Hz
FIDRES 0.188846 Hz
AQ 2.6476543 sec
RG 512
Ph bW 40.400 usec
DE 6.50 usec
TE 294.9 K
D1 2.00000000 sec
17 TDO 1
1 1H
H NMR, CDCIS P1 16.50 usec
PL1 -1.00 dB
600 MHz PLIW 3162277603 W
) SFO1 600.1336008 MHz
F2 - Processing parameters
| 65536
SF 600.1300273 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
"y \JL.,L "
T
10 9 8 6 5 4 3 2 1 0 ppm
BEEEIR QEER
ol oslail 1= all =l il
NN OO NP PO - NPVOD -~ DNRITOONNT - NOD-OONNDONVIIMODONONONWO©®oao CurentData Parameters
3388088 RIARRAANIEE 2R RIIPNA 2R3 86888883h58838 8333 NAME  MY-2019-286-pc
NENNNNNNNNSNNNNSNSSNYadddaddadaddadaddaaN s rrrmr m e e e e e 1

\WEHOCNO 1

F2 - Acquisition Parameters
2,

Date_ 20200223
Time 20.21
INSTRUM _ drx500
PROBHD 5 mm bb-Z Z800
3\ PULPROG 2930

o} 65536

Ph SOLVENT coei3
NS 8
DS

0
SWH 10000.000 Hz
I FIDRES 0.152588 Hz

N—i#-Bu AQ 3.2767999 sec
/ RG 80.6
(o) DW 50.000 usec
DE 6.00 usec
TE .
D1 2,00000000 sec
19 TDO 1

= == CHANNEL f1
C 1H
P 12.25
TH NMR, CDCl, PLI 0dB oo
SFO1  500.3330020 MHz
500 MHz
F2 - Processing parameters
< sI 32768
SF 500.3300220 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
Mﬁ\ | MM_J
T T T T T T T T T T 1
10 9 8 7 6 4 3 2 1 0 ppm

4.008 —
0.969 ~

o
1.000 =

1.963/
9.021 =
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Current Data Parameters
NAME ~ MY-2019-301-pc
EXPNO 1

PROCNO 1

F2 - Acquisition Parameters
200223

Date_

Time 20.07
INSTRUM drx500
PROBHD 5 mm bb-Z Z800
PULPROG 2930

T 65536
SOLVENT CDCI3
NS 8

DS 0
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 181
bw 50.000 usec
DE 6.00 usec

21 TE 294.2 K
D1 2.00000000 sec
TD( 1

= CHANNEL f1 =====
TH NMR, CDCl, H
P1 12.25 usec
500 MHz PLY
SFO1 500.3330020 MHz
F2 - Processing parameters
Sl 32768
SF 500.3300220 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00
l M ] A L_U/\.A_IJL !
T T T T T T T T T 1
10 9 6 5 4 3 2 1 0 ppm

1939>= _, |
0938 =
2.000=
1.984>=
T
2.007
2,149~

Ph

H
Ph

23

H NMR, CDCl;

Current Data Parameters
NAME  MSM-2019-066-pc3
1

EXPNO
PROCNO 1

F2 - Acquisition Parameters
Dat 2002

P1

PL1
PL1W
SFO1

600 MHz
SF
WDW
SSB
LB
GB
PC
T T T T T T T T T 1
10 9 6 5 4 3 2 1 0 ppm

B
somn
1.108 =
1.936 =
2,096/ ~-
1.000 =
1.025 =

2128

2077 =
1.098 —

1.023 —

te_ 20200226
Time 16.42
INSTRUM ave00
PROBHD 5 mm BB5
PULPROG 2g30
TD 65536
SOLVENT CDCI3
NS 8
DS 0
SWH 12376.237 Hz
FIDRES 0.188846 Hz
AQ 2.6476543 sec
RG 812.7
DW 40.400 usec
DE 6.50 usec
TE 2949 K
D1 2.00000000 sec
TDO 1

= CHANNEL f1 =
1H
16.50 usec
-1.00 dB
31.62277603 W
600.1336008 MHz

F2 - Processing parameters
S| 65536

600.1300273 MHz
EM

0.30 Hz
1.00
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Current Data Parameters
NAME MSM-2020-011
3

EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 200131
( Time 1351
INSTRUM drx500
PROBHD 5 mm bb-Z Z800
PULPROG 2930
TD 65536
SOLVENT CDCI3
pa— NS 8
N—{-Bu be H
0 SWH 10000.000 Hz
FIDRES 0.152588 Hz
H AQ 3.2767999 sec
RG 181
bw 50.000 usec
DE 6.00 usec
24 TE 294.6 K
D1 2.00000000 sec
TDO 1
= == CHANNEL f1 =
TH NMR, CDCl,4 v TH
1 12.25 usec
500 MHz PLI
SFO1  500.3330020 MHz
\. J
F2 - Processing parameters
S| 32768
SF 500.3300220 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T 1
10 9 8 6 5 4 3 2 1 0 ppm
=] 2l B e e O B
= = “lail =l - ol
Current Data Parameters
NAME MSM-2020-004
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20200115
Time 13.48
INSTRUM drx500
PROBHD 5 mm bb-Z Z800
) PULPROG 2930
TD 65536
SOLVENT CDCI3
NS 8
DS 0
. SWH 10000.000 Hz
H FIDRES 0.152588 Hz
H Ph + I:I Ph AQ 3.2767999 sec
90.5
bw 50.000 usec
DE 6.00 usec
26 34 TE 294.6 K
D1 2.00000000 sec
TDO 1
= == CHANNEL f1 =
'H NMR, CDCl, NUGT TH
P1 12.25 usec
PL1 0dB
500 MHz ) SFO1 500.3330020 MHz
gz - Processing parameters
|
SF 500.3300220 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm

0.491\

000,

:
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Current Data Parameters
AME

g § § E AVK-: 2019 087a-p-cha
©210 9 EXPNO

M\Wmmm 1
m F2 - Acquisition Parameters
201 90 17

D (e
( ) 13
0 INSTHUM drx500
PROBHD 5 mm bb-Z Z800
PULPROG 2930
TD 5!
SOLVENT CDCI3
i NS 5
SiEt; ne 3
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 45.3
32 bW 50.000 usec
DE 6.00 usec
TE 296.7 K
1 D1 2.00000000 sec
H NMR, CDCl,4 0 i
500 MHZ 5 CHAN#‘EL f1
(& J P1 12.25 usec

PL1  0dB

SFO1 500.3330020 MHz
F2 - Processing parameters
Sl 32768

SF 500.3300220 MHz
WDW EM

s)
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

T
10 9 8 7 6 5 4 3 2 1 0 ppm

ifi Current Data Parameters
Purified Product, 13C NMR NAME  AVK- 2019 087a-p-ch
o EXPNO
2 88 8L8R < » PROCNO 1
v NG —owg 2
~ SN OoaN ~ A F2- Acqulsmon Pavameiers
| N
13.44 h
INSTRUM avs
PROBHD Z119248_( 0002 (
Vs N\ PgLPROG 29pg30
(o] SOLVENT cDCI3
NS 8
DS 2
SWH 31250.000 Hz
. FIDRES 0.953674 Hz
SiEt; AQ 1.0485760 sec
RG 204.54
DwW 16.000 usec
DE 28.00 usec
TE 298.0 K
32 D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 1257722511 MHz
NUG1 13C
130 NMR, CDC|3 P1 10.50 usec
PLW1  23.00000000 W
125 MHz SFO2  500.1330008 MHz
\ J CPDPRG[2  waltz16
PCPD2 80.00 usec

PLW2 13.50000000 W
PLW12 0.21094000 W
PLW13 0.10610000 W
F2 - Processing parameters
S| 131072

SF 125.7577892 MHz
DW EM

Wi

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Purified Product, 1H NMR Current Data Parameters
B3N R r 8 B 8RR 83N 8 S8 3ReEaNN2EI88IBITISIQIBINIBIY 2 8NAME  AVK-2019-119a-p
EROOOIINAI-ES0CCOR0nRIRNARROCCHLHLLLLEBEITIITITINNOOHSH PO GG G5 BEXPNO 1
NNNNNGBOBAANNNN NN e e e~ £ 5666660 S S pROCNO 1
i S S T SR N/W
—_— ﬁ FZ Acqulsmon Parame(ers
( )\ |me
INSTRUM av600
OTs PROBHD 5 mm BB5
PULPROG 2g30
TD 5!
SgLVENT CDCI3
H N
S|Et3 DS g
SWH 12376.237 Hz
FIDRES 0.188846 Hz
AQ 2.6476543 sec
RG 362
28 ow 40.400 usec
DE 6.50 usec
TE 295.7 K
1 D1 2.00000000 sec
H NMR, CDCl; 0o !
600 MHz
\_ J 1 10.75 usec
PL1 -2.00 dB
PLIW 39.81071854 W
SFO1 600.1336008 MHz
F2 - Processing parameters
S| 65536
SF 600.1300273 MHz
WDW EM
SSB
LB 0.30 Hz
GB 0
PC 1.00
1. .
T T T T T T T T T
10 9 8 7 6 5 4 3 0 ppm

Purified Product, 13C NMR

2106 —

Current Data Parameters
NAME  AVK-2019-088a-p-ch
NO 13

3 ¥ 8§ @ Gengas 3@
- T T-T AN~ o F2 Acqulsmon Paramelers
IR NN S
Ve N INSTRUM avs|
oT: PROBHDG Z119248 0002 (
S D 5536
SOLVENT cDCI3
NS 262
. DS 2
SiEt3 SWH 31250.000 Hz
FIDRES  0.953674 Hz
AQ 1.0485760 sec
RG 204,54
bw 16.000 usec
DE 28.00 usec
28 TE 98.0
D1 2,00000000 sec
Di1 0.03000000 sec
TDO 1
13C NMR, CDCl3 SFO1 1257722511 MHz
NUC1 13C
125 MHz P1 10.50 Usec
\_ ) PLW1  23.00000000 W
SFO2  500.1330008 MHz
NUC2
CPDPRG[2  waliz16
PCPD2 80.00 usec
PLW2  13.50000000 W
PLW12  0.21094000 W
PLW13  0.10610000 W
52 - Processing parameters
] 1
SF 125.7577892 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

230 220 210 200 190

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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BRI BEING BN e B8 YRR SRR NAME aMaes0 0
S BENIIINIR R 2B e E8RRRE888 =833 NAME ~ MSM-2020-013-pe
ARG OOagS ISP

EXPNO
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200223

Time 20.11
Ph INSTRUM drx500
PROBHD 5 mm bb-Z Z800
PULPROG 2930

65536
SOLVENT CDCI3
NS 8

DS 0
SWH 10000.000 Hz
FIDRES  0.152588 Hz
AQ 3.2767999 sec
H RG 128
Ph DW 50.000 usec
DE 6.00 usec
TE 294.2 K
30 D1 2.00000000 sec
TDO 1
; = = CHANNEL f1 ==
NUC1 1
H NMR, CDCl; P1 12.25 usec
PL1  0dB
500 MHz SFO1  500.3330020 MHz
J F2 - Processing parameters
SF_ 500.3300220 MHz
WDW EM
SSB
LB 030 Hz
GB
PC 1.00

1.020 =
1.093\
2114=
0.308 =
0.700/

1.060 — =]
1.014 —



