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Experimental:
A. General Methods

Compounds were purchased from commercial sources unless otherwise noted and
used without further purification. DMF was used from a Sureseal Acros bottle. For
NMR experiments deuterated solvent ampules were used immediately after
opening. Thin layer chromatography was carried out on glass plates coated with
silica gel SiO2 60 F254from Merck; visualization with a UV lamp (254 nm) or by
staining with a p-anisaldehyde or potassium permanganate solution. Flash
chromatography was performed with silica gel SiO2 60 (0.040-0.063 pm, 230-400
mesh), technical solvents, and a head pressure of 0.2-0.4 bar. Melting points were
measured on a Thomas Hoover capillary melting point apparatus in open capillaries.
Chemical shifts are reported in ppm relative to the residual protonated solvent
(CDCl3: 6H = 7.26 ppm, 6C = 77.16 ppm) Benzene-ds: 6H = 7.16 ppm (Toluene-ds: 6H
= 2.08 ppm)(CD2Clz, 6H = 5.32 ppm)(DMF-d7, 6H = 2.75 ppm) (Acetone-de, §H = 2.09
ppm). All 13C NMR spectra are proton decoupled. The resonance multiplicity is
described as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), and br
(broad). Infrared spectroscopic (IR) data was taken as thin films on a Perkin-Elmer
Paragon 500 FT-IR spectrometer. Absorption bands are reported in
wavenumbers(cm-1) in the range of 4000-600 cm-L.High-resolution mass
spectrometry (HRMS) was measured on a Bruker micrOTOF-Q II electronspray
ionization (ESI) mass spectrometer by the Vincent Coates Foundation Mass
Spectrometry Laboratory at Stanford University. Mass peaks are reported in m/z
units. Boron NMR was reference to BF3 (OEtz) using an external standard.
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B. Isomerizations of allyl amides

All enamide geometries were determined by NOE experiments. Geometric
selectivities were assigned by NMR analysis. For all enamide spectra if any small
peaks were observed that could be assigned to a rotamer or minor olefin isomer the
region was enlarged and integrated relative to the major. Since the selectivity in
these case was still >20:1 whether you consider the small impurities (<5%) minor
olefin isomers or not we did not investigate it any further. To illustrate that the
selectivites were in fact excellent (>20:1) and were not being enriched through
chromatography we have include a crude spectra after an aqueous workup to
remove DMF (2a)(S58), and run a number of the reactions in d7-DMF (4a (S70), 10b
(S106), 11b (S111), 12b/12c (S118-S122). For compound 4h (S80) we accounted
for rotamers and the minor trans isomer to give a ratio of 18.7:1 (Z:E)(S80).

Synthesis of (Z)-N-(prop-1-en-1-yl)benzamide (4a) under atmospheric conditions
without dry glassware showed no significant difference in terms of conversion,
yield, or selectivity compared to that run under inert atmosphere and with dry
glassware. Additionally for enamides 6b, 7b, 9a, 9b, 9c reactions were run under
atmospheric conditions and without dry glassware. DMF was used directly without
degassing.

CpRu(CH3CN)3PFs was synthesized according to previous reports! but is also
commercially available from Aldrich and Strem. The catalyst was stored in a capped
vial in the freezer when not being used. While we initially would fill the vial with
argon and parafilm after using we found that this was not necessary and the catalyst
maintained the same orange color for long periods (months) if simply stored cold
under atmospheric conditions in a capped vial. The vial was parafilmed to avoid
excess moisture. For weighing the catalyst no precautions were taken and the
catalyst was weighed directly under air. While a sure seal bottle was used for the
DMF source this was done for convenience. For the reactions run under atmospheric
conditions a positive pressure of inert gas was used to remove the solvent from the
Sureseal bottle but after this no inert atmosphere was used and the reaction was
run without any additional precautions. The runs using 6 mol% catalyst in which 2
mol% were added in portions was done in order to help find the minimum catalyst
loading (using TLC to indicate conversion) and does not seem to increase
conversion relative to one catalyst addition. The catalyst was always added last (as a
solid) or dissolved with the substrate. In these cases the color becomes a dark
orange/brown. As the reaction progresses the solution will slowly turn dark brown,
even blackish if left long enough. Oftentimes the reaction is done before this point.
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(E)-N-(3-((4-fluorophenyl)sulfonyl)-2-methylprop-1-en-1-yl)acetamide (2a).
To a test tube, N-(2-(((4-fluorophenyl)sulfonyl)methyl) allyl)acetamide (635 mg, 2.3
mmol)(1a) and [CpRu(CH3CN)3]PFs (23 mg, 0.054 mmol, 2% mol) were added. The
test tube was then flushed with argon and kept under argon atmosphere, then dry
DMF (4 mL) was added. The reaction mixture was stirred at rt, and 2% mol catalyst
was added hourly as a solid to the reaction mixture until the total catalyst loading
was 6% mol. Afterwards, the reaction was monitored by TLC (70:30 EtOAc: pet.
ether). After 16 h, the reaction mixture was diluted with EtOAc (~20 mL), and
washed with saturated LiCl (5x15 mL). The aqueous layer was then extracted with
EtOAc (2 X 10 ml). The combined organic layers were then dried with MgS04, and
the solvent evaporated to yield a brown oil. NMR analysis of the crude mixture
showed that the crude oil was >95% pure however to increase purity the compound
could be purified by silica gel column chromatography (eluting with 70:30 EtOAc:
pet. ether) to yield 505 mg (80% yield) of (E)-N-(3-((4-fluorophenyl)sulfonyl)-2-
methylprop-1-en-1-yl)acetamide.

Rf=0.43 70:30 EA:PE (UV/KMNO4)
Mp = 124-125°C
HRMS-ESI [C12H14FNNO3S+Na]+ calcd 294.0576, Found: 294.0574.

IR(thin film, cm'1): 3228, 3157, 3018, 2939, 2888, 1634, 1512, 1296, 1269, 1133,
1071, 832,732 cm'L.

1H NMR (500 MHz, CDCls) 6 1.81 (s, 3H), 2.04 (s, 3H), 3.73 (s, 2H), 6.50 (d, ]=10.7 Hz,
1H), 7.22 (t,J=7.5 Hz, 2H), 7.33-7.43 (m, 1H), 7.85 (d, ]=5.1 Hz, 2H)

13C NMR (125 MHz, CDCls) § 15.4, 23.1, 64.3, 104.7, 116.5 (d, J=22.6 Hz), 125.8,
131.0 (d, J=9.6 Hz), 134.4 (d, ]=3.0 Hz), 165.8 (d, ]=257 Hz), 167.4

1D NOE: Irradiation of the vinyl proton (6.50 ppm) yields a 13% enhancement of the
methylene protons at 3.73 ppm, indicative of the E isomer.

o Br O Br
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2-bromo-N-(2-(((4-fluorophenyl)sulfonyl)methyl)allyl)benzamide(2b): To a
test tube, benzamide 1b (84 mg, 0.21 mmol) and [CpRu(MeCN)3]PF¢ (2 mg, 0.0044
mmol, 2.1% mol) were added. The test tube was then flushed with argon and kept
under inert atmosphere. Dry DMF (0.4 mL) was then added and the solution stirred
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atrt. 2% mol catalyst was added as a solid hourly until the total catalyst loading was
6% mol. After 16 h, the reaction mixture was diluted with ethyl acetate (3 mL). This
mixture was washed with 5x3 mL saturated LiCl. The aqueous layer was then
extracted with EtOAc (2 X 2 ml). The combined organic layers were dried with
MgS04. Evaporation yielded crude (E)-2-bromo-N-(2-methyl-3-tosylprop-1-en-1-
yl)benzamide as an oil. Purification by silica column chromatography, eluting with
50:50 ethyl acetate:petroleum ether, afforded 63 mg (75% yield) pure (E)-2-bromo-
N-(2-methyl-3-tosylprop-1-en-1-yl)benzamide as a crystalline white solid.

R¢ = 0.38 50:50 EA:PE (UV/KMNO,)
Mp = 108-109°C
HRMS-ESI [C1gH1sBrNO3S+H]+ calcd. 408.0269, Found: 408.0264

IR(thin film, cm1): 3268, 3144, 3022, 2936, 2881, 1637, 1570, 1492, 1272, 1235,
1071,900, 722, 681 cm'.

1H NMR (500 MHz, CDCls) & 1.86 (d, ]=1.2 Hz, 3H), 2.43 (s, 3H), 3.74 (s, 2H), 6.56-
6.63 (m, 1H), 7.27-7.38 (m, 4H), 7.53-7.60 (m, 2H), 7.70 (d, J=8.1 Hz, 2H), 7.84 (d,
J=10.5 Hz, 1H).

I3CNMR (125 MHz, CDCl3) § 15.6, 21.6, 64.1, 107.5,119.1, 125.2, 127.7, 128.2, 129.7,
130.3,131.9,133.5,135.2,135.9, 144.8, 163.9.

1D NOE: Irradiation of the methylene protons (3.74 ppm) gave a 14% enhancement
of the vinyl proton (6.59 ppm), which is characteristic of the E isomer

0 O
12% CpRu(CH,CN)LPF
\ pRu(CH3CN) ,6 AN
H H
DMF, rt 16h
1c 89% 2c¢

(E)-N-(2-phenylprop-1-en-1-yl)benzamide(2c): To a test tube, N-(2-
phenylallyl)benzamide (24 mg 0.1 mmol)(1c) and the [CpRu(MeCN)3]PFs (5.2 mg,
0.012 mmol, 12%) were added. The test tube was then purged with Ar, then dry
DMF (0.5M, 0.2 mL) added. The reaction was stirred at rt for 16 h. After 16 h, the
reaction mixture was diluted with ethyl acetate (~3 mL), and the organic layer was
washed with 5x3mL saturated LiCl solution. The aqueous layer was then extracted
with EtOAc (2 X 2 ml). The combined organic layers were dried with MgSOa.
Evaporation of the solvent yielded a light brown solid. Purification by silica column
chromatography, eluting with 20:80 EA:PE, yield pure (E)-N-(2-phenylprop-1-en-1-
yl)benzamide as a white solid (21 mg, 89% yield).

Rr = 0.68 30:70 EA:PE (UV/KMNO,)
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Mp = 113-114°C

HRMS-ESI [C16H1sNO+H]+ calcd 238.1232, Found: 238.1229

IR (thin film, cm): 3210, 1610, 1554, 1498, 1464, 1266, 744, 687 cm-L.

1H NMR (500 MHz, CDCl3) § 2.17 (d, J=1.2 Hz, 3H), 7.27-7.32 (m, 2H), 7.38 (t, ]=7.7
Hz, 2H), 7.47 (s, 2H), 7.53 (d, ]=7.8 Hz, 2H), 7.59 (s, 1H), 7.83 (d, ]=10.7 Hz , 1H),
7.87-7.92 (m, 2H).

13C NMR (125 MHz, CDCl3) 6 14.5, 118.4, 119.9, 1254, 126.7, 127.0, 128.4, 128.8,
132.0,133.8,140.8, 164.3

IH NOE: Irradiation of the methyl protons (2.17 ppm) gave a 7% enhancement of
the N-H proton (6.82 ppm), which is characteristic of the E isomer.

ﬂm JK© 6% CpRUCH:CNIPFo.
DMF, rt 16h r

99% 2d

(Z)-N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-
yl)benzamide (2d): To a test tube, N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)allyl)benzamide (1d) (58 mg, 2.0 mmol) and [CpRu(MeCN)3]PF¢ (2 mg, 0.004
mmol, 2% mol) were added. The test tube was then flushed with argon and kept
under argon atmosphere. Solvent (0.4 mL) was added and the reaction was stirred.
Every hour after the solvent was added, ~2% mol catalyst was added as a solid to
the reaction mixture until the total catalyst loading was ~6% mol. The reaction
progress was monitored by TLC (20:80 EtOAc:pet. ether). Purification of the crude
(Z2)-N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-yl)benzamide
(2d) was done by directly columning the DMF solution eluting with 20:80 EA:PE to
afford pure isomerized product (58 mg, 99% yield).

R¢ = 0.48 20:80 EA:PE (UV/KMNO4)
Mp = 128-129°C
HRMS-ESI [C16H22BNO3+H]+ calcd. 288.1771, Found: 288.1771

IR(thin film, cm™): 3312, 2936, 2884, 1645, 1609, 1493, 1463, 1359, 1305, 1276,
1171,1135,1113, 679, 658 cm™.



1H NMR (500 MHz, CDCls) § 1.27 (s, 12H), 1.75 (d, J=1.5 Hz, 3H), 7.43-7.50 (m, 2 H),
7.55 (s, 1H), 7.68 (d, J=11.2 Hz, 1H), 7.82 (d, ]=7.08 Hz, 2H), 7.84-7.91 (m, 1H).

I3CNMR (125 MHz, CDCI3) 6 11.6, 24.7,83.2,127.1,128.8, 132.1, 133.2, 133.7, 164.0
Note: Signal from the carbon adjacent to B not observed due to low intensity in 13C
NMR

1D NOE: Irradiation of the methyl H’s at 1.74 ppm yielded a 10% enhancement in
the N-H signal at 7.88 ppm.

%,

(Z)-2-chloro-N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-

yl)acetamide (2e): In a test tube, 2-chloro-N-(2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)allyl)acetamide (1e) (218 mg, 0.83 mmol) was dissolved in dry
DMF (0.7 mL). The test tube was flushed with argon, and kept under argon
atmosphere. [CpRu(MeCN)3]PFs (7 mg, 0.015 mmol, 2% mol) was added to the
reaction mixture as a solid and the reaction stirred at rt. Every hour after the initial
addition of catalyst, ~2% mol catalyst was added by solid addition until the total
catalyst loading was ~6% mol. The reaction progress was monitored by TLC (boric
acid treated silica TLC plate®; 20:80 ethyl acetate:petroleum ether). After 16 h, the
reaction mixture was diluted with ethyl acetate (~20 mL). The solution was washed
with 5x15 mL saturated LiCl, then dried with MgSO4. Evaporation of the solvent
yielded a light brown solid. The crude isomerization product was purified by boric
acid treated silica gel column chromatography,'® eluting with 20:80 EtOAc:pet.
ether, to afford 170 mg (0.66 mmol, 78.4% yield) of (Z)-2-chloro-N-(2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-yl)acetamide as a white powder.

‘éﬂAN )\ 6%CpRu(CH3CN)3PF6‘ 0B %N%
H ¢ DMF, rt 16h Ho¢
1e

78% 2e

Re= 0.50 20:80 EA:PE (UV/KMNO4)
Mp = 138-139°C
HRMS-ESI [C16H22BNO3+H]+ calcd. 260.1225, Found: 260.1225

IR(thin film, cm'1): 3238, 2937, 2902, 1645, 1615, 1505, 13456, 1204, 1128, 1084,
661 cm1.

1H NMR (500 MHz, CDCls) § 1.24 (s, 12H), 1.68 (d, J=1.7 Hz, 3H), 4.14 (s, 2H), 7.38
(dd, J=11.23, 1.7 Hz, 1H), 8.30 (d, ]=10.5 Hz, 1H).



13C NMR (125 MHz, CDCl3) 6 11.5, 24.7, 42.6, 83.3, 131.5, 162.9
Note: Signal from the carbon adjacent to B not observed due to low intensity.

1D NOE: Irradiation of the methyl protons at 1.68 ppm yielded an 8% enhancement
in the N-H signal at 8.30 ppm.

O @)

0 o)
/\OJYNJK 6% CpRU(CH3CN)sPF /\OJ\K\HJK
H -
2f

1f DMF, rt 16h

94%

Ethyl (E)-3-acetamido-2-methylacrylate (2f): To a dry test tube, ethyl 2-
(acetamidomethyl)acrylate (35.1 mg, 0.20 mmol, 1 equiv) (2f) and
[CpRu(CH3CN)]PFs (5.3 mg, 0.012 mmol, 6% mol) were added as solids. The test
was then flushed with Ar, then 0.4 mL of dry DMF added. The reaction was stirred at
rt for 16h and monitored by TLC (90:10 EtOAc:pet. ether). After 16h, the reaction
was diluted with 3mL ethyl acetate and 3mL of saturated LiCl. The aqueous layer
was then removed. The organic layer was washed with 4x3mL saturated LiCl,. The
aqueous layer was then extracted with EtOAc (2 X 2 ml). The combined organic
layers were dried with MgSO4. Evaporation of the solvent yielded ethyl (E)-3-
acetamido-2-methylacrylate as an off-white solid. Purification of the crude ethyl (E)-
3-acetamido-2-methylacrylate by eluting with 80:20 EA:PE gave (33.2 mg , 94.6%
yield) of (E)-3-acetamido-2-methylacrylate as a white solid. Characterization data
was consistent with those previously reported in the literature.?

Re= 0.56 in 80:20 EA:PE (UV/KMNO4)
Mp = 90-92°C

IR(thin film, cm1): 3264.0, 2884.2, 1661.3, 1627.5, 1500.8, 1251.5, 1115.9, 740.9
cml,

1H-NMR (500 MHz, CDCl3) & 1.27 (td, J=7.1, 0.86 Hz, 3H), 1.80 (d, ]=1.0 Hz, 3H), 2.16
(s, 3H), 4.17 (q,J=7.1 Hz, 2H), 7.67 (d, ]=11.7, 1H), 7.98 (dt, ]=11.9, 1.15 Hz, 1H).

13C-NMR (125 MHz, CDCl3) 6 10.6, 14.3, 23.4, 60.5, 107.8, 131.6, 168.0, 168.3

1D NOE: Irradiation of the methyl H’s adjacent to the ester (1.80 ppm) resulted in a
5.49% enhancement of the N-H signal at 7.67 ppm, which is characteristic of the E
isomer.

0
/\/H j(© 6% CpRu(CH5CN)4PFg HN
_ R \—/

(@) DMF, rt 16h 80%
3a °o 4a
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(Z)-N-(prop-1-en-1-yl)benzamide (4a): To a small test tube, N-allylbenzamide
(0.0375g, 0.2 mmol) (3a) was added and the test tube purged with argon. DMF (0.4
mlL, 0.5 M) was added, followed by CpRu(MeCN)3PFs (5.2 mg, 0.012 mmol, 6% mol)
as a solid. The reaction was stirred at rt for 16 h. After 16 h, the reaction mixture
was diluted with 3 mL ethyl acetate, then washed 5x3 mL LiCl solution. The aqueous
layer was then extracted with EtOAc (2 X 2 ml). The combined organic layers were
dried with MgS04, and the solvent evaporated. The crude product was purified by
silica column chromatography, eluting along a gradient starting with 10:90
EtOAc:pet. ether and ending with 20:80 EA:PE. Evaporation yielded (Z)-N-(prop-1-
en-1-yl)benzamide (30 mg, 80% yield) as a white solid solid. Characterization data
was consistent with those previously reported in the literature.3

Re= 0.70 in 20:80 EA:PE (UV/KMNO4)

1H-NMR (400 MHz, CDCls) 6 1.71 (dd, J=7.1, 1.7 Hz, 3H), 4.94 (dq, ] = 8.5, 7.2, 1H),
6.93 (t, ]=9.8 Hz, 1H), 7.46 (t, ]=7.4 Hz, 2H), 7.53 (t, J=7.3 Hz, 1H), 7.64 (bs, 1H), 7.81
(d,]=7.1 Hz, 2H).

13C-NMR (100 MHz, CDCl3, rt) 611.0, 106.1, 127.0, 128.7, 131.9, 133.9, 164.3.

1D NOE: Irradiation of the vinyl H (6.93 ppm) resulted in a 5% enhancement of the
other vinylic signal at 4.90-4.98 ppm.

NMR Experiments for 3a to 4a:

(Z)-N-(prop-1-en-1-yl)benzamide (4a): N-allylbenzamide (37.5 mg, 0.2 mmol)
(3a) and d7-DMF (0.4 mL, 0.5 M) were added to an NMR tube, followed by
CpRu(MeCN)3PFs (5.2 mg, 0.012 mmol, 6% mol) or by CpRu(MeCN)3PFs (2.6 mg,
0.006 mmol, 3% mol) as a solid. The reaction was monitored by NMR. No attempts
to exclude atmosphere or H20 were made.

6% cat: Reaction was complete within 1h.
3% cat: Reaction was complete within 3h.
'H NMR (600 MHz; DMF): § 9.61 (s, 1H), 7.99 (dd, ] = 8.3, 1.1, 2H), 7.57 (t,] = 7.4,

1H), 7.50 (t,] = 7.6, 2H), 6.87 (ddd, ] = 9.8, 9.1, 1.7, 1H), 4.92-4.87 (m, 1H), 1.80 (dd, ]
=7.1,1.8, 3H)

o)
/\/H ﬁ)@\ 6% CpRU(CHZCN)4PFg HN
= )

@) DMF, rt 16h
3b 99% 4b
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(Z)-3-methyl-N-(prop-1-en-1-yl)benzamide (4b): To a test tube, N-allyl-3-
methylbenzamide (37 mg, 0.21 mmol) (3b) was added, then the test tube was
purged with argon. DMF (0.4 mL, 0.5M) was then added, followed by
CpRu(MeCN)3PFs (5.4 mg, 0.01 mmol, 6% mol). The reaction was allowed to stir at
rt for 16 h, after which the reaction mixture was diluted 2 mL EtOAc, then washed
with 3x2 mL LiCl solution. The aqueous layer was then extracted with (2 X 2 ml).
The combined organic layers were dried with MgS04. Evaporation of solvent yielded
crude (Z)-3-methyl-N-(prop-1-en-1-yl)benzamide as an oil. The crude product was
purified by column chromatography, eluting with 20:80 EA:PE to give (Z)-3-methyl-
N-(prop-1-en-1-yl)benzamide (37 mg, 99% yield) as a white solid.

Re= 0.50 in 20:80 EA:PE (UV/KMNO4)
Mp = 58-60°C

HRMS-ESI [C11H13NO +Na]+ calcd. 198.0895 found: 198.0890
IR(thin film, cm1): 3254.8, 2879.4, 1623.2, 1491.47, 1265.1, 1192.3, 1131.1 cm™..

1H-NMR (500 MHz, CDCls) § 1.70 (dd, J=7.1, 1.7 Hz, 3H), 2.40 (s, 3H), 4.93 (dgq, ] =
8.8,7.1, 1H), 6.92 (ddg, ] = 10.7, 9.0, 1.7, 1H), 7.33 (d, J=4.7 Hz, 2H), 7.57 (t, ]=3.5 Hz,
1H), 7.62 (s, 1H), 7.64 (bs, 1H).

13C-NMR (125 MHz, CDCI3, rt) 6 21.7,106.3,106.4, 122.5, 124.2, 128.1, 128.9, 132.9,
134.2,138.9, 164.8.

1D NOE: Irradiation of the vinyl H (6.90-6.95 ppm) resulted in a 6.0% enhancement
of the vinyl signal at 4.89-4.95 ppm.

(0]
/©)J\ N> 6% CpRu(CHiCN)sPFe \

DMF, rt 16h
89% 4c\ 7

Br

(Z)-4-bromo-N-(prop-1-en-1-yl)benzamide (4c): To a test tube, N-allyl-4-
bromobenzamide (52.3 mg, 0.21 mmol) (3c) was added, then the test tube was
purged with argon. DMF (0.4 mL, 0.5M) was added, followed by CpRu(MeCN)3PF¢
(5.5 mg, 0.01 mmol, 6% mol). The reaction was allowed to stir at rt for 16h, after
which the reaction mixture was diluted 2 mL EtOAc, then washed with 3x2 mL LiCl
solution. The aqueous layer was then extracted with EtOAc (2 X 2 ml). The
combined organic layers were dried with MgSO4. Evaporation of solvent yielded
crude (Z)-4-bromo-N-(prop-1-en-1-yl)benzamide as a cream solid. The crude
product was purified by column chromatography, eluting with 20:80 EtOAc:pet.
ether. Evaporation yielded (Z)-4-bromo-N-(prop-1-en-1-yl)benzamide (47 mg,
88.9% yield) as a white solid.

Re= 0.55 in 20:80 EA:PE (UV/KMNO4)
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Mp = 68-69°C

IR(thin film, cm1): 3287.4, 2879.6, 1630.6, 1488.04, 1371.7, 1258.4, 832.8, 721.9
cml,

HRMS-ESI [C10H10BrNO+Na]+ calcd. 261.9843:263.9824 found 261.9836:263.9814
1H-NMR (500 MHz, CDCls) § 1.70 (dd, J=7.1, 1.8 Hz, 3H), 4.92-4.98 (m, 1H), 6.86
(ddgq, J=10.7, 8.9, 1.8 Hz, 1H), 7.54-7.56 (m, 2H), 7.63-7.66 (m, 2H), 7.73 (broad d,
J=8.5 Hz, 1H).

13C-NMR (125 MHz, CDCls) 6 11.0,106.9, 122.0, 126.6, 128.6, 131.9, 132.7, 163.5.

1D NOE: Irradiation of the vinyl H (6.86 ppm) resulted in a 5% enhancement of the
vinyl signal at 4.92-4.98 ppm.

?

H 6% CpRu(CHCN).PF HN{
/\/NH pRuU(CH3CN)sPFg \_ o
o)

3d DMF, rt 16h 93% 4d

(Z)-N-(prop-1-en-1-yl)acrylamide (4d): To a test tube, N-allylacrylamide (26 mg,
0.20 mmol) was added, then the test tube was purged with argon. DMF (0.4 mlL,
0.5M was added, followed by CpRu(MeCN)3PFs (6.5 mg, 0.01 mmol, 6% mol). The
reaction was allowed to stir at rt for 16h, after which the reaction mixture was
diluted 2 mL EtOAc, then washed with 3x2 mL LiCl solution The aqueous layer was
then extracted with EtOAc (2 X 2 ml). The combined organic layers were dried with
MgSO04. Evaporation of solvent yielded crude (Z)-N-(prop-1-en-1-yl)acrylamide as a
cream solid. The crude product was purified by column chromatography, eluting
along a gradient (start 20:80 EtOAc:pet. ether and ending with 40:60 EtOAc:pet
ether). Evaporation of the appropriate fractions yielded (Z)-N-(prop-1-en-1-
ylacrylamide (24 mg, 93 % yield) as a white solid.

Rf=0.48 in 50:50 EA:PE (UV/KMNO4)
Mp =78-79°C
HRMS-ESI [C¢éHoNO+Na]+ calcd. 134.0582 found 134.0578

IR(thin film, cm1): 3247.4, 1631.4, 1601.6, 1506.5, 1388.6, 1291.0, 1211.1, 1132.2,
975.2.

1H-NMR (500 MHz, CDCls, rt) 8 1.62 (s, 1H), 1.65 (dd, J=7.1, 1.6 Hz, 3H), 4.89 (dgq, ] =
8.7, 7.1, 1H), 5.74 (dd, J=10.3, 1.0 Hz, 1H), 6.16 (dd, J=16.9, 10.3 Hz, 1H), 6.39 (dd,
J=16.9, 0.8 Hz, 1H), 6.79-6.85 (m, 1H), 7.05 (bs, 1H).
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13C-NMR (125 MHz, CDCl3, rt) 6 10.9, 106.2,121.8, 128.0, 130.1, 162.3.

1D-NOE: Irradiation of the vinyl H (6.79-6.85 ppm) resulted in a 3.0% enhancement
of the vinyl signal at 4.86-4.92 ppm.

0 (0]
6% CpRU(CHaCN)3PF
BocHN /\)J\N/\/ . BocHN /\)J\N/ﬁ

e DMF, rt 16h 74  de

tert-butyl (Z)-(3-o0xo0-3-(prop-1-en-1-ylamino)propyl)carbamate (4e): To a test
tube, tert-butyl (3-(allylamino)-3-oxopropyl)carbamate (47 mg, 0.20 mmol) (3e)
was added, then the test tube was purged with argon. DMF (0.4 mL, 0.5M was
added, followed by CpRu(MeCN)3PFs (5.5 mg, 0.01 mmol, 6% mol). The reaction was
allowed to stir at rt for 16h, after which the reaction mixture was diluted 2 mL
EtOAc, then washed with 3x2 mL LiCl solution. The aqueous layer was then
extracted with EtOAc (2 X 2 ml). The combined organic layers were dried with
MgS04. Evaporation of solvent yielded crude tert-butyl (Z)-(3-o0xo-3-(prop-1-en-1-
ylamino)propyl)carbamate as a cream solid. The crude product was purified by
column chromatography, eluting with 50:50 EA:PE. Evaporation of the appropriate
fractions yielded tert-butyl (Z)-(3-oxo0-3-(prop-1-en-1-ylamino)propyl)carbamate
(35 mg, 74.3% yield) as a white solid.

Rf=0.44 in 50:50 EA:PE (UV/KMNO4)

Mp =109-110°C

HRMS-ESI [C11H20N203+Na]+ calcd. 251. 1372 found 251.1363

IR(thin film, cm-1): 3266.7, 2937.5, 1638.2, 1492.5, 1345.6, 1235.1, 1151.1 cm™!
TH-NMR (500 MHz, CDCls, rt) 6 1.40 (s, 9H), 1.61 (dd, J=7.1, 1.5 Hz, 3H), 2.49 (t,
J=5.9 Hz, 2H), 3.41 (q, ]=6.0 Hz, 2H), 4.79 (dq, ] = 8.9, 7.0, 1H),, 5.23 (bs, 1H), 6.65-
6.70 (m, 1H), 7.56 (bs, 1H).

13C-NMR (125 MHz, CDCl3, rt) 6 10.9, 28.3, 36.3, 79.4, 105.8, 121.5, 156.2, 168.8,

1D-NOE: Irradiation of the vinyl H (6.65-6.70 ppm) resulted in a 6% enhancement of
the vinyl signal at 4.76-4.82 ppm.

@) o 0 .
10% CpRu(CH3CN)sPFg J< 70% conversion
\/\ij\o/k - WNJ]\O ~51E‘Z
H DMF, rt 16h H : :

39 49
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tert-butyl prop-1-en-1-ylcarbamate (4g): To a test tube, allyl amide (3g) (170 mg,
1 equiv.) was added, then the test tube was purged with argon. DMF (1.9 mlL, 0.5M
was added, followed by CpRu(MeCN)3PFs (43 mg, 10% mol). The reaction was
allowed to stir at rt for 16h, after which the reaction mixture was diluted 5 mL
EtOAc, then washed with 3x5 mL LiCl solution. The aqueous layer was then
extracted with EtOAc (2 X 5 ml). The combined organic layers were dried with
MgS04. Evaporation of solvent yielded crude (5:1) (E:Z) tert-butyl prop-1-en-1-
ylcarbamate. NMR of crude mixture showed ~70% conversion. Z and E isomers
were assigned by comparison to known spectra for the respective Z and E isomers.*

O 3% CpRU(CH5CN)4PF )OL
\/\NJLH _ K\N H
3p H DMF, 1t 3h 4h
(Z)-N-(prop-1-en-1-yl)formamide (4h): To an NMR tube, allyl formamide (3h)
(17mg, 0.2 mmol, 1 equiv.) was added. Deuterated DMF (0.4 mL, 0.5M) was added,
followed by CpRu(MeCN)3PF¢ (2.6 mg, 0.006 mmol, 3% mol). The reaction was
monitored by NMR and complete within 3h. The ratio of Z:E was ~19:1 by NMR. The
Z isomer appeared as a resolved set of rotamers (~6:1). The major isomer was
assigned by coupling constants and NOE effects.

Z- isomer Major rotamer:
'H NMR (400 MHz; DMF): § 9.74 (s, 1H), 8.16 (s, 1H), 6.69 (t, ] = 9.9, 1H), 4.78
(apparent quintet, ] = 7.5, 1H), 1.66 (dd, ] = 7.0, 1.4, 3H).

1D-NOE: Irradiation of the vinyl H (4.78ppm) resulted in a 9% enhancement of the
vinyl signal at 6.69 ppm.

Z-isomer Minor rotamer resolved peaks:
1'H NMR (400 MHz; DMF): § 6.49 (t,] = 10.0, 1H), 4.61 (quintet, ] = 7.7, 1H)

E-isomer:
'H NMR (400 MHz; DMF): 6 5.31 (dq, ] = 14.1, 7.0).

O 0]
TBSO N F TBSO ﬂ)J\N N
H 12% CpRu(CH3CN)3PFg H /ﬁ
O. _NH O._NH
DMF, rt 16h
NHBoc NHBoc
O~ OMe 55 O~ OMe

69% yield 5b
methyl(S)-3-((tert-butoxycarbonyl)amino)-4-(((S)-3-((tert-
butyldimethylsilyl)oxy)-1-o0xo0-1-(((Z)-prop-1-en-1-yl)amino)propan-2-
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yl)amino)-4-oxobutanoate (5b): Dipeptide (5a)(243 mg, 0.05 mmol, 1 equiv.) was
added to a dry test tube. The the test tube was purged with argon, and DMF (1mL,
0.5M) was added, followed by CpRu(MeCN)3PFs (26 mg, 0.06 mmol, 12% mol). The
reaction was allowed to stir at rt for 16h, after which the reaction mixture was
diluted 2 mL EtOAc, and washed with 3x2 mL saturated LiCl solution. The aqueous
layer was then extracted with EtOAc (2 X 2 ml). The combined organic layers were
dried with MgS04. Evaporation of the solvent and purification by column
chromatography, eluting with 33% EA:PE, gave enamide 5b as a colorless oil (168
mg, 69% yield).

Rf= 0.4 30% EA:PE (UV/KMNO4)
HRMS-ESI [C22H41N307Si+Na]+ caled. 510.2606 found 510.2606

IR(thin film, cm1): 3312, 2954, 2930, 2857, 1718, 1697, 1655, 1517, 1367, 1257,
1168, 838.

1H NMR (400 MHz; CDCls): § 8.05-8.03 (m, 1H), 7.24 (s, 1H), 6.66 (ddd, ] = 10.6, 8.9,
1.7, 1H), 5.54-5.52 (m, 1H), 4.84 (dq, ] = 8.6, 7.2, 1H), 4.52-4.49 (m, 1H), 4.42 (td, ] =
6.9, 3.5, 1H), 4.14-4.10 (m, 1H), 3.69 (s, 3H), 3.64 (dd, ] = 9.8, 6.8, 1H), 3.00 (dd, ] =
17.1,4.5, 1H), 2.75 (dd, ] = 17.0, 6.2, 1H), 1.61 (dd, ] = 7.1, 1.7, 3H), 1.44 (s, 9H), 0.90
(s, 9H), 0.09 (d, ] = 5.0, 6H).

I3CNMR (101 MHz; CDCI3): 6 172.1,171.2,167.5, 155.6,121.7,107.1, 80.9, 62.8,
54.8,52.2,51.30,51.28,51.24, 36.1, 28.4, 26.0, 18.5, 11.2, -5.24, -5.34.

1D NOE: Irradiation of C-H (6.66 ppm) gives 8.5 % NOE to C-H (4.84 ppm).

H 10% CpRu(CH3CN)4PFg
N —\_HN
— o)

o) DMF, rt 16h
6a
90% b

(Z)-N-(but-1-en-1-yl)benzamide (6b): A test tube was charged with alkene 6a (35
mg, 0.20 mmol) and DMF (0.4 mL, 0.5M), followed by CpRu(MeCN)3PFs (8.8 mg,
0.01 mmol, 10% mol) as a solid. The reaction was allowed to stir at rt for 16h, after
which the reaction mixture was diluted 2 mL EtOAc, then washed with 3x2 mL
saturated LiCl solution. The organic layer was then dried with MgSO4. The crude
product was purified by column chromatography, eluting with 20:80 EtOAc:pet
ether to give a white solid (31.5 mg, 90% yield).Characterization data was
consistent with those previously reported in the literature.*

1H NMR (500 MHz; CDCls): § 7.79 (d, ] = 7.2, 2H), 7.67 (s, 1H), 7.52 (t, ] = 7.4, 1H),
7.45 (t,] = 7.5, 2H), 6.88 (dd, ] = 10.7, 9.1, 1H), 4.86 (q, ] = 8.1, 1H), 2.11 (quintetd, ] =
7.4,1.6,2H), 1.07 (t,] = 7.5, 3H)
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13C NMR (125 MHz; CDClz): 6 164.5, 134.1, 132.0, 128.8, 127.1, 120.7, 114.1, 19.3,
14.1

HRMS-ESI [C11H13NO]+ caled 176.1070 found: 176.1068.

1D-NOE: Irradiation of the vinyl H (4.86 ppm) resulted in a 6.2% enhancement of
the vinyl proton at 6.88 ppm which is characteristic of the Z isomer.

§ OTBS 10% CpRu(CHgCN)gPFg / OTBS
NI\-|_//—/ NH

0] DMF, rt 16h (o) =
Ha Hb
55% 7b

7a

(Z)-N-(4-((tert-butyldimethylsilyl)oxy)but-1-en-1-yl)acrylamide (7b):

): A test tube was charged with alkene 7a using (43 mg, 0.17 mmol, 1 equiv) and
DMF (0.4 mL, 0.5M), followed by CpRu(MeCN)3PFs (8.8 mg, 0.01 mmol, 10% mol) as
a solid. The reaction was allowed to stir at rt for 16h, after which the reaction
mixture was diluted 2 mL EtOAc, then washed with 3x2 mL LiCl solution. The
aqueous layer was then extracted with EtOAc (2 X 2 ml). The combined organic
layers were dried with MgSO4. The crude product was purified by column
chromatography, eluting with 20% to 40% Ethyl Acteate:Pet ether to give a white
solid (24 mg, 55% yield). There was a minor impurity, which could not be removed
from the product (<10%). However this impurity did not appear to be the trans
isomer, since trans and cis enamide isomers have characteristic Hb shifts, where Hb
appears between ~ 5-4.7 ppm for cis, and trans appears between ~ 5.4 to 5.15 ppm.
Previous literature reports containing similar products are referenced.>® The
impurity had no signals in the region between 5.4 and 5.2 ppm. Additionally the
impurity is inconsistent with isomerization towards the silyl ether to give an enol
silane.

Rf=0.6 30% EA:PE (UV/KMNOs4).

Mp = 29-31°C

HRMS-ESI [C13H25NO2Si+Na]+ calcd 278.1552 found: 278.1545

IR(thin film, cm-1): 3273, 2954, 2928, 2856, 1655, 1515, 1253, 1224, 1096, 834, 775.
1H NMR (400 MHz; CDCI3): 6 8.16 (s, 1H), 6.89 (t,] = 9.6, 1H), 6.37 (dd, ] = 16.9, 1.2,

1H), 6.10 (dd, ] = 16.9, 10.3, 1H), 5.70 (dd, ] = 10.3, 1.2, 1H), 4.92 (q, ] = 8.2, 1H), 3.72
(t,] = 5.6, 2H), 2.26 (q, ] = 6.6, 2H), 0.89 (s, 9H), 0.07 (s, 6H).
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I3CNMR (101 MHz; CDClz): 6 162.8, 130.5, 127.9, 124.1, 109.5, 63.8, 29.7, 26.2, 26.0,
-5.1.

1D-NOE: Irradiation of the vinyl H (4.92 ppm) resulted in a 8.6% enhancement of
the vinyl proton at 6.89 ppm, which is characteristic of the Z isomer.

/_(OH /_(70H
/" NH 12% CpRu(CH5CN)4PFg4 NH

o) 0
BocHN DMF, rt 16h BocHN
8a 76% 9a

tert-butyl(S,Z)-(1-((1-hydroxybut-2-en-2-yl)amino)-1-oxopropan-2-
yl)carbamate (9a): A test tube was charged with alkene 8a (31 mg, 0.12 mmol, 1
equiv), DMF (0.24 mL, 0.5M) followed by CpRu(MeCN)3PFs (6.2 mg, 0.14 mmol, 12%
mol) as a solid. The reaction was allowed to stir at rt for 16h, after which the
reaction mixture was diluted 2 mL EtOAc, then washed with 3x2 mL LiCl solution.
The aqueous layer was then extracted with EtOAc (2 X 2 ml). The combined organic
layers were dried with MgS04, and the solvent was evaporated. The crude product
was purified by column chromatography, eluting with 70% ethyl acteate:pet ether
to give a white solid (23.5 mg, 76% yield).

Re= 0.4 70% EA:PE (UV/KMNO,)

Mp = 91-92°C

HRMS-ESI [C12H22N204 +Na]+ calcd 281.1477 found: 281.1464

IR(thin film, cm): 3329, 2979, 2922, 1662, 1518, 1366, 1251, 1163, 1017, 801, 732
1H-NMR (400 MHz; CDCl3) taken at 50 °C: § 7.98 (s, 1H), 5.10 (q, ] = 7.0 Hz, 1H), 4.94
(d,] = 6.3 Hz, 1H), 4.24 (quintet, ] = 7.1 Hz, 1H), 4.17 (d, ] = 12.7 Hz, 1H), 4.14 (d, ] =
12.8 Hz, 1H), 1.62 (d, ] = 7.0 Hz, 3H), 1.46 (s, 9H), 1.40 (d, ] = 7.1 Hz, 3H).

13C NMR (125 MHz; CDCl3): 6 171.5, 156.1, 136.3, 113.4, 81.1, 64.3, 51.0, 28.5, 17.4,
11.5

1D-NOESY: Irradiation on CH2(OH) gave a 6.3% noe enhancement vinyl C-H (5.10
ppm).



—{ o
4//—H{\l o 10% CpRU(CHSCN)4PF J_|4<\|

8b DMF, rt 16h 72% 9b

(Z)-N-(pent-2-en-2-yl)benzamide (9b): To a test tube, alkene 8b (38 mg, 0.20
mmol, 1 equiv.) was added, and the test tube was purged with argon. DMF (0.4 mL,
0.5M) was added, followed by CpRu(MeCN)3PFs (8.8 mg, 0.01 mmol, 10% mol) as a
solid. The reaction was allowed to stir at rt for 16h, after which the reaction mixture
was diluted 2 mL EtOAc, then washed with 3x2 mL LiCl solution. The aqueous layer
was then extracted with EtOAc (2 X 2 ml). The combined organic layers were dried
with MgS04, and the solvent was evaporated. The crude product was purified by
column chromatography, eluting with 20:80 EtOAc:pet ether to give and oil (27 mg,
72%). The compound was prone to decomposition therefore the only
characterization data taken was a 'THNMR and a 1D NOE spectrum.

1H NMR (500 MHz; CDCls): § 7.83-7.82 (m, 2H), 7.56-7.53 (m, 1H), 7.49-7.46 (m,
2H), 7.18 (bs, 1H), 5.03 (t,] = 7.0, 1H), 2.14 (s, 3H), 2.09-2.02 (m, 2H), 1.03 (t,] = 7.5,
3H).

Ha C(Hp)s
— O
HN

1D-NOESY: Irradiation of vinyl C-Ha (5.03 ppm) gave 4% enhancement of C(Hp)3
(2.14 ppm).

H\ 10% CpRU(CHCN)sPF /\% o
/\’ J\@ = N JK@

DMF, rt 16h H

88% 9c

(E)-N-(3-methylpent-2-en-2-yl)benzamide (9¢): A test tube was charged with
alkene 8c (41 mg, 0.20 mmol, 1 equiv.), and DMF (0.4 mL, 0.5M), followed by
CpRu(MeCN)3PFs (8.8 mg, 0.01 mmol, 10% mol) as a solid. The reaction was allowed
to stir at rt for 16h, after which the reaction mixture was diluted 2 mL EtOAc, then
washed with 3x2 mL LiCl solution The aqueous layer was then extracted with EtOAc
(2 X 2 ml). The combined organic layers were dried with MgSO4. The crude product
was purified by column chromatography, eluting with 15:85 EtOAc:pet ether to give
a white solid (36 mg, 88% yield). Minor impurities (<10%) remaining from ~3% SM
and impurities within the SM account for small signals not attributed to the product.
See spectra for analysis. Additional chromatography was unable to remove these as
they cospot with the product.
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Rr = 0.65 30% EA:PE (UV/KMNOJ)

Mp = 89-90 °C.

IR(thin film, cm-1): 3286, 2965, 2929, 1637, 1518, 1487, 1290, 713.
HRMS-ESI [C13H17NO+Na]+ calcd 226.1208, found 226.1207

1H NMR (500 MHz; CDCl3): § 7.83 (d, ] = 7.4, 2H), 7.54-7.51 (m, 1H), 7.46 (t, ] = 7.5,
2H),7.13 (s, 1H), 2.15 (g, ] = 7.5, 2H), 2.03 (s, 3H), 1.70 (s, 3H), 1.04 (t,] = 7.5, 3H).

13C NMR (126 MHz; CDClz): 6 165.9, 135.2, 131.7, 130.6, 128.8, 127.3, 124.5, 26.9,
17.2,17.1,12.7.

1D NOE: Irradiation of methyl at C-H (2.03 ppm) gave a 3% NOE of CH; at (2.15

ppm). Additionally there was no NOE effect between the methyl groups at 2.03 ppm
and 1.7 ppm that would be expected for the opposite isomer.

1 eq.

(0]
) OH
% CpRuU(CHZCN)3PF H
PinB " X"NHpz O CPRUCHICN)PFe KNHBZ /H/Lph
. 10c
10a 4 A mol molecular sieves  PinB NHBz
2 eq. 1h, rt, DMF 10b 51 % yield

16h, 70°C,DMF  _o0.4 ¢r

(Z)-N-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-
yl)benzamide (10b): Allyl amide 10a (86 mg, 0.3 mmol, 2 equiv.) and
CpRu(MeCN)3PFs (3.9 mg, 0.009 mmol, 6% mol) were added to a dry NMR tube
containing 20 mg powdered 4A molecular sieves, and d7-DMF was added (0.4 mL).
The tube was flushed with argon, capped and parafilmed. After 1h the reaction was
almost complete and the crude NMR for 10b in DMF is listed below.

1H NMR (500 MHz; DMF): § 9.54 (d, ] = 9.5, 1H), 8.03-8.00 (m, 2H), 7.63-7.59 (m,
1H), 7.56-7.52 (m, 2H), 6.88-6.84 (m, 1H), 4.94 (q, ] = 8.4, 1H), 1.91 (s, 2H), 1.25 (s,
12H).

NOE of crude 10b in DMF indicated the product was the cis isomer. Irradiation of
vinyl C-H(6.88-6.84 ppm) gave a 10% enhancement of the olefin peak at 4.94 ppm.

N-(cis(1,2)1-hydroxy-1-phenylbut-3-en-2-yl)benzamide (10c): To crude
solution of 10b in DMF was added benzaldehyde (0.015 mL, 0.15 mmol, 1 equiv.).
The reaction was heated at 70 °C for 16h. The solution was then cooled to rt and
diluted with diethyl ether (2 ml) and stirred with 2ml saturated sodium bicarbonate
for 30 mins. The aqueous layer was extracted with ether (2X2mL). The combine
organic fractions were washed with brine (1X3mL), and dried with MgSO4. The
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solution was evaporated and the crude mixture was purified by column
chromatography, eluting with 35:65 EtOAc:pet ether to give a white solid (22 mg, 51
% yield).

Rr=0.22 30% EA:PE (UV/KMNO,).

Mp = 78-79 oC

IR(thin film, cm-1): 3334, 3062, 1636, 1536, 1487, 1334, 700.
HRMS-ESI [C17H17NO2+Na]+ calcd 290.1157, found 290.1152

1H NMR (600 MHz; CDCls): § 7.68 (d, ] = 7.8, 2H), 7.49-7.46 (m, 1H), 7.38 (dd, ] =
10.7,7.8, 4H), 7.32 (t, ] = 7.5, 2H), 7.26 (t, ] = 7.2, 1H), 6.55 (d, ] = 7.1, 1H), 5.98 (ddd,
] =16.8,10.9, 5.4, 1H), 5.27 (m, 2H), 4.93 (m, 2H).

NMR was taken in benzene was taken to ascertain the coupling constants for the
vicinal amino alcohol.

1H NMR (600 MHz; Benzene): § 7.60-7.59 (m, 2H), 7.26 (d, ] = 7.5, 2H), 7.05 (t, ] =
7.6, 2H), 6.99-6.96 (m, 2H), 6.92-6.89 (m, 2H), 6.48 (dd, ] = 7.0, 0.3, 1H), 5.84 (ddd, ]
=17.1,10.5, 5.5, 1H), 5.11 (dt, ] = 17.2, 1.4, 1H), 5.08-5.05 (m, 1H), 4.98 (dt, ] = 10.5,
1.4, 1H), 4.68 (d, ] = 4.4, 1H), 3.53 (s, 1H).

C-H at 4.68 ppm with J=4.4 is consistent with cis relationship as would be the
expected under traditional Zimmerman Traxler type transition states.”8?

13C NMR (101 MHz; CDCl3): 6 167.9, 140.8, 135.4, 134.4, 131.9, 128.80, 128.63,
128.1,127.2,126.4,117.3,75.5,57.9.

i ! 3 o
-B o, -B O
o) jﬁNHBZ 6% CpRU(CHsCN)sPFs O ]/\NHBZ . NHBz
o 0.4 e PinB Mcoza

B 1h, rt, DMF ,
O 11a O 16h, 70 ©C, DMF OH
11b 59% yield 11¢c €d.6

>20:1 dr

(Z)-N-(2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)prop-1-en-1-
yl)benzamide (11b):To a dry nmr tube containing CpRu(MeCN)3PF¢ (5.2 mg, 0.012
mmol, 6% mol), under argon, was charged alkene 11a (82 mg, 0.2 mmo], 1 equiv.) as
a solution in d7-DMF (0.4 mL, 0.5 M)(freshly opened ampule). The mixture was
inverted 5 times to create a homogeneous solution. The cap was sealed with
parafilm. The reaction was monitored by NMR and after 1h was complete.

1H NMR (400 MHz; d7-dmf): § 9.69 (d, ] = 10.9, 1H), 7.99 (d, ] = 7.5, 2H), 7.62-7.59
(m, 2H), 7.54 (t,] = 7.4, 2H), 1.94 (s, 2H), 1.27 (s, 12H), 1.21 (s, 15H).
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ethyl syn-(4,5)(E)-5-benzamido-4-hydroxy-3-methyl-6-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)hepta-2,6-dienoate (11c): To crude solution of 11b in
d7-DMF was added Ethyl 3-methyl-4-oxocrotonate (0.054 mL, 0.4 mmol, 2 equiv.).
The reaction was heated at 70 °C for 16h. The solution was then cooled to rt and
diluted with diethyl ether (2 ml). The aqueous layer was extracted with ether
(2X2mL). The combine organic fractions were washed with brine (1X3mL), and
dried with MgS04. The solution was evaporated and the crude mixture was purified
by column chromatography, eluting with 35:65 EtOAc:pet ether to give an oil (50
mg, 59% yield). The compound was prone to decomposition on silica therefore the
amount of silica was limited to 3 inches and run rapidly.

Rr = 0.25 30% EA:PE (UV/KMNO,).

HRMS-ESI [C23H32BNO6 +Na]+ calcd 452.2221, found 451.2242
IR(thin film, cm1): 3400, 2978, 2922, 1715, 1649, 1529, 1371, 1314, 1141, 713.

1H NMR (400 MHz; CDCl3): 6 7.77 (d,] = 7.7, 2H), 7.50 (d, ] = 6.9, 1H), 7.45-7.41 (m,
2H), 7.15 (d, ] = 8.4, 1H), 6.03 (s, 1H), 5.93 (s, 1H), 5.90 (s, 1H), 5.00 (dd, ] = 8.3, 4.4,
1H), 4.33 (d, ] = 4.1, 1H), 4.14-4.09 (m, 2H), 3.16 (s, 1H), 2.20 (s, 3H), 1.31 (s, 12H),
1.23 (m, 13H). Due to instability on the column, the impurity present at multiplet
1.23 ppm could not be removed. The alcohol broad singlet at 3.16 suggests that it is
not due to incomplete cleavage of the alcohol boronic ester, which could account for
the excess protons.

C-H at 4.33 ppm with J=4.1 is consistent with cis relationship as would be expected
under traditional zimmerman traxler type transition states.”8°

13C NMR (126 MHz; CDCIz): & 167.7, 166.6, 156.9, 134.5, 133.3, 131.9, 128.8, 127.2,
117.1,84.5,79.3,60.0, 58.1, 25.0, 15.9, 14.5.

j NHBz NHBz
6% CpRu(CH3CN)4PFg _
% O-m
DMF, rt 1h o
20 min 80 °C 7§< 85% yield 12b

(Z)-N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)oct-2-en-3-
yl)benzamide (12b): To a dry nmr tube containing CpRu(MeCN)3PF¢ (0.6 mg,
0.0012 mmol, 6% mol), was charged alkene 12a (10 mg, 0.02 mmol, 1 equiv.) as a
solution in d7-DMF (0.4 mL, 0.05M). The mixture was inverted 5 times to create a
homogeneous solution. The cap was sealed with parafilm. The reaction was
monitored by NMR and after 1h was complete. At this time NMR showed a ratio of
3:1 of 12b to compound 12d (spectrum 1).
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Spectrum 1: NMR after 1h in d7-DMF at rt

The reaction was then heated to 80 °C over 20 mins. NMR at this time showed
conversion of remaining allyl boron species to 12b (>20:1)(spectrum 2).
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Spectrum 2: NMR after heating to 80 °C over 20 minutes in d7-DMF.

The reaction was cooled to rt, diluted with 2 mL EtOAc, and then washed with
saturated (3x2 ml) LiCl solution. The aqueous layer was then extracted with EtOAc
(2 X 2 ml). The combined organic layers were dried with MgSO4. The crude product
was purified by column chromatography, eluting with 20:80 EtOAc:pet ether to give
a colorless oil (6.5 mg, 85%yield).

R¢- 0.35 EA:PE (UV/KMNO4).
IR: 3257.2, 2867.3, 2807.9, 1613.7, 1593.7, 1487.4, 1457.5, 1330.3, 1276.9, 1108.5.
HRMS-ESI [C21H32BNO3+Na]+ calcd 380.2373, found 380.2369

1H NMR (400 MHz; CDCl3): § 7.81 (d, ] = 7.5, 2H), 7.52 (t, ] = 7.5, 1H), 7.46 (t, ] = 7.5,
2H), 7.29 (s, 1H), 2.97 (t, ] = 7.6, 2H), 1.72 (s, 3H), 1.52-1.48 (m, 2H), 1.33-1.31 (m,
4H), 1.276 (s, 12H), 1.25 (s, 2H), 0.88 (t, ] = 6.3, 3H).

13C NMR (101 MHz; CDCl3): 6 164.8, 149.8, 135.4, 131.8, 128.9, 127.2, 83.2, 32.1,
31.7, 29.4, 25.0, 22.6, 15.0, 14.3. Note: Signal from the carbon adjacent to B not
observed due to low intensity in 13C NMR.

1D-NOE: Irradiation of vinyl Methyl (1.72 ppm) gave 7% enhancement of N-H(7.29
ppm).
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Proteodeborylation Optimization:

X% CpRu(CHzCN)3PFg 7 NHBz KNHBZ

PinB” Xx""NHBz

PinB
10a Solvent, Time, rt 10b 10d

Protodeboronation Product

Entry  Solvent Ru%  Concentration Time Conversion 10b:10d Mol. Sieves
1 DME 3 0.75 M 1h 88% 10:1 Yes
4:1
; 90% 10:1
2 . 20 mins >10: N
Acetone:DMF 6 0.175M 15h >95% 6.5:1° °
3 DCM:DMF 6 0.175 M 25 mins 33% >20:1 No
7:1 80 mins 75% >20:1
>20:1°
4 DCM:DMF 12:1 6 0.2 M 1h 30% >20:1 No
5 equiv DMF
5 DCM 6 0.13 M 30 mins <10% No
6 DCM 15:1 6 05M 1h <10% No
g DCM:Acetone 6 0.13 M 1h <10% No
4|

a) 1h After addiiton of aldehyde heating at 70 °C b)1h After addiiton of aldehyde heating at rt

Optimized allylation conditions:

Optimized Conditions for reducing Protodeboronation: 0 2 eq.
> OH
% CpRu(CH5CN)4PF
PinB ~Xx"NHBz 6% CpRu(CH3CN)3PFg J/\NHBZ /\‘/LPh
10c

10a DCM (0.2M) PinB NHBz
1 eq 5 equiv. DMF 10b 48 h, 30 °C 73% yield
>20:1 dr

Solvent reduced to
0.7M

N-(syn-(1,2)-1-hydroxy-1-phenylbut-3-en-2-yl)benzamide (10c): Allyl amide
10a (29 mg, 0.1 mmol, 1 equiv.) and CpRu(MeCN)3PFs (2.6 mg, 0.006 mmol, 6%
mol) were added to a dry vial. The tube was flushed with argon, and charged with
DCM (0.5 ml, 0.2M), and DMF (0.077 ml, 5 equiv.). The reaction was stirred at room
temperature for 5h. The solution was evaporated to a total volume of 0.15 ml.



Freshly distilled benzaldehdye (21.2 mg, 2 equiv, 0.2 mmol) was added neat and the
reaction was stirred for 48 h at 30 °C. The solution was charged with DCM (1 ml)
and stirred with 1 ml saturated sodium bicarbonate for 30 mins. The aqueous layer
was extracted with DCM (2X2mL). The combine organic fractions were washed with
brine (1X3mL), and dried with MgSO4 The solution was evaporated and the crude
mixture was purified by column chromatography, eluting with 35:65 EA:PE to give a
white solid (19.5 mg, 73 % yield, >20:1 dr.).

Rr=0.22 30% EA:PE (UV/KMNO,).

Mp = 78-79 oC

IR(thin film, cm-1): 3334, 3062, 1636, 1536, 1487, 1334, 700.
HRMS-ESI [C17H17NO2+Na]+ calcd 290.1157, found 290.1152

1H NMR (600 MHz; CDCls): § 7.68 (d, ] = 7.8, 2H), 7.49-7.46 (m, 1H), 7.38 (dd, ] =
10.7,7.8, 4H), 7.32 (t, ] = 7.5, 2H), 7.26 (t, ] = 7.2, 1H), 6.55 (d, J = 7.1, 1H), 5.98 (ddd,
] =16.8,10.9, 5.4, 1H), 5.27 (m, 2H), 4.93 (m, 2H).

NMR was taken in benzene was taken to ascertain the coupling constants for the
vicinal amino alcohol.

1H NMR (600 MHz; Benzene): § 7.60-7.59 (m, 2H), 7.26 (d, ] = 7.5, 2H), 7.05 (t, ] =
7.6, 2H), 6.99-6.96 (m, 2H), 6.92-6.89 (m, 2H), 6.48 (dd, ] = 7.0, 0.3, 1H), 5.84 (ddd, ]
=17.1,10.5, 5.5, 1H), 5.11 (dt, ] = 17.2, 1.4, 1H), 5.08-5.05 (m, 1H), 4.98 (dt, ] = 10.5,
1.4, 1H), 4.68 (d, ] = 4.4, 1H), 3.53 (s, 1H).

C-H at 4.68 ppm with J=4.4 is consistent with cis relationship as would be the
expected under traditional zimmerman traxler type transition states.”8°

13C NMR (101 MHz; CDCl3): 6 167.9, 140.8, 135.4, 134.4, 131.9, 128.80, 128.63,
128.1,127.2,126.4,117.3,75.5,57.9.
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Hydroboration:
0 H
1) 3 equiv. BHsTHF H-B*O /1
NN L
N THF, 0 °C-rt, 2h TiON —
9c 2) NaOH, H,0, rt, 30 mins (+/-)-14B
89% vyield

A dry vial under argon was charged with alkene (12.2 mg, 0.06 mmol, 1 equiv.) 9c,
and 0.6 ml THF (0.1M). The solution was brought to 0 °C, followed by dropwise
addition of BH3THF (1M in THF)(0.18 mmol, 3 equiv., 0.18 ml) over 5 mins. After a
stirring for 45 minutes at that temperature it was removed from the ice bath and
allowed to stir at room temperature for 75 minutes. The excess BH3z was quenched
by the addition of 1 ml H20 at 0 °C. When bubbling stopped, 1 ml NaOH (1.5 M) and
1ml 30% H20: were added at the same temperature. The solution was allowed to
warm to room temperature and after stirring for 30 minutes the reaction was
cooled back 0 °C and quenched by slow addition of saturated aqueous sodium
thiosulfat the solution was extracted with EtOAc (5X3 ml), and washed with
saturated sodium bicarbonate (1X5 ml). The organic fractions were dried with
MgS04. The crude product was purified by column chromatography, eluting with
25:75 EtOAc:pet ether to give 14b as a white solid (11.5 mg, 89%yield).

R¢ = 0.3 25% EA:PE (UV, KMNO4)
Mp =110 - 112 °C

HRMS-ESI [C13H20BNO-H]- calcd 215.1596 (24.8 %) and 216.1560 (100%), found
215.1591 (26%), 216.1559 (100 %).

IR(thin film, cm1): 3314, 2960, 2923, 1874, 2343, 1610, 1599, 1574, 1521, 1485,
1206, 1148, 687. The IR spectras is include in the spectra portion of this supporting
information.

'H NMR (500 MHz; CDCl3): 6 7.84 (dd, ] = 8.4, 1.2, 2H), 7.66-7.62 (m, 1H), 7.51 (t,] =
7.8, 2H), 7.15 (s, 1H), 3.5-2.5 (very broad s, 2H), 1.57-1.50 (m, 1H), 1.47 (dtd, | =
13.7,7.1, 2.4, 1H), 1.28 (s, 3H), 1.11 (ddq, ] = 13.6, 10.6, 6.9, 1H), 0.91 (m, 6H). Peak
at 1.25 is from grease.

I3CNMR (126 MHz; CDClz): 6 171.7,134.1, 129.2, 128.3, 125.8, 45.1, 25.4, 25.1, 13.6,
12.9

11B NMR (96 MHz; CDCl3): & 4.35 bs
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H _ 0
H-g-O X equiv. catechol é
S A\
S H : N
148 (+/-) 15

10 equiv. 100% conversion 5 mins
2 equiv. 100% conversion, 4h

Amide borane 14b (2.2 mg, 0.01 mmol, 1 equiv.) and catechol (2.2 mg, 0.02 mmol, 2
equiv.) or (11 mg, 0.1 mmol, 10 equiv.) were dissolved in toluene-d8 (0.385 ml,
0.026 M) in a dry NMR tube. The solution was heated to 80 °C and monitored by 'H
NMR and 1B NMR. After 4 hours (2 equiv. catechol) or 5 minutes (10 equiv.
catechol) conversion of 14b was complete. The toluene was removed and CDCl3 (0.4
ml) was added and 'H NMR and 13C NMR were recorded. Peaks corresponding to
catechol are noted.

Rf(15) = 0.37 30% EA:PE (KMNO4, UV). R¢ (catechol) = 0.35 30% EA:PE (KMNO4,
uv).

Mp = 99-102 °C
IR(thin film, cm): 3300, 2960, 2924, 1663, 1608, 1482, 1239, 1071.

H NMR (600 MHz; CDCI3): 6 7.86 (d,] = 7.5, 2H), 7.67 (t,] = 7.5, 1H), 7.51 (t,] = 7.8
2H), 7.33 (s, 1H), 6.86 (overlapping (15) and catechol. ] = 5.7, 3.5, 3H), 6.79
(catechol dt, ] = 6.2, 3.3, 2H), 6.76 (dd, ] = 5.5, 3.4, 2H), 5.28 (s, 2H), 1.89-1.83 (m,
1H), 1.39-1.34 (m, 1H), 1.32 (s, 3H), 1.12-1.05 (m, 1H), 1.01 (d, ] = 6.7, 3H), 0.90 (t, ]
= 7.3, 3H).

13C NMR (126 MHz; CDCl3): 6 171.3, 143.7 (catechol), 135.1, 129.4, 128.5, 124.9,
121.3 (catechol), 119.4, 115.6 (catechol), 109.91, 109.87, 40.5, 26.0, 18.3, 13.3, 12.8.

1B NMR (96 MHz; Toluene): § 17.66 bs.
HRMS-ESI [C19H22BNO3 +Na]+ calcd 346.1591, found 346.1586
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Competition Experiments:

‘ 4a 3a
Tequiv. X~ NHBZ 00 ooRU(CHLON)PF 16
e 0% CpRu(CH3CN)sPFg X~ NHBz K/NHBZ /\/NHBZ
DMF, rt, 1h
1 equiv A~ NHBz 1 5 0.82 <005
3a

(Z)-N-(prop-1-en-1-yl)benzamide (4a): N-allylbenzamide (11.3 mg, 0.07 mmol, 1
equiv.) (3a), N-(but-3-en-1-yl)benzamide (12.3 mg, 0.07 mmol, 1 equiv.) d7-DMF
(0.46 mL, 0.15 M) were added to an NMR tube, followed by CpRu(MeCN)3PFs
CpRu(MeCN)3PFs (3 mg, 0.007 mmol, 10 mol%). The reaction was monitored by
NMR and <5% of 3a remained after 1h. Relative ratios were assigned by comparison
of N-H in 16 and N-H in compound 4a. See Spectra for additional detail.

1equiv -~ _-NHBz 17 oH 4a 3a
3a NN &NHBZ _~_NHBz
. OH o
1 equiv v
A;\('f 1 086 : <0.05

(Z)-N-(prop-1-en-1-yl)benzamide (4a): N-allylbenzamide (11.3 mg, 0.07 mmol, 1
equiv.) (3a), acid 17(12.3 mg, 0.07 mmol, 1 equiv.) and d7-DMF (0.46 mL, 0.15 M)
were added to an NMR tube, followed by CpRu(MeCN)3PFs CpRu(MeCN)3PF¢ (3 mg,
0.007 mmol, 10 mol%). The reaction was monitored by NMR and <5% of 3a
remained after 1h. Relative ratios were assigned by comparison of CH; at 2.3 ppm in
compound 17 and N-H in compound 4a. See Spectra for additional detail.
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Substrate Synthesis:

Compounds 3a and 3f commercial. For synthesis of compounds 3b19, 3c!?, 3d!?, and
3el3 see the appropriate reference.

0]

S‘ONa
)NaN3 Nal, DMF, rt
/Wl/\ O/ 2) PPh3 THF:H,0 /©/

28h, 70 °C, MeOH 3) cat. DMAP,
55% yield AcCl, NEtg 0° C-rt, DCM

1h 70% yield over 3
steps

N-(2-(((4-fluorophenyl)sulfonyl)methyl)allyl)acetamide (1a). In a dry round
bottom flask, sodium 4-fluorobenzenesulfinate (1.76 g, 1 equiv) was added. The
flask was then flushed with argon, and dry methanol (25 mL) added. Freshly
distilled 3-chloro-2-(chloromethyl)prop-1-ene (1.2 mL,1 equiv.) was added to
reaction mixture, then the solution was stirred at reflux (~70°C). The reaction was
monitored by TLC (20:80 EtOAc: pet. ether). After 28 h, the reaction mixture was
cooled to rt and the solvent evaporated to afford a white solid. To the solid, water
(30 mL) and DCM (20 mL) were added and agitated thoroughly to dissolve all solids.
The organic layer was then separated and the aqueous layer was further extracted
with 2x20 mL DCM. The DCM layers were then combined and dried with MgSOa,.
Evaporation of the DCM yielded crude 1-((2-(chloromethyl)allyl)sulfonyl)-4-
fluorobenzene (1.33 g, 55% yield).

To a dry round bottom flask, crude 1-((2-(chloromethyl)allyl)sulfonyl)-4-
fluorobenzene (0.93 g, 3.7 mmol), sodium azide (0.74 g, 11.3 mmol), and sodium
iodide (29 mg, 0.2 mmol) were added. The flask was then flushed with argon, then
DMF (15 mL) added. The reaction was monitored by TLC (20:80 EtOAc: pet. ether).
After 24 h at rt, no more starting chloride was detected. Diethyl ether (20 mL) and
water (20 mL) were added to the reaction mixture. The organic layer was separated
and the aqueous layer was further extracted with 3x20 mL diethyl ether. The ether
layers were combined and washed with 5x40 mL saturated LiCl, then washed with
saturated NaCl (1x40 mL). The ether layer was dried with MgS0s, then the ether
evaporated to yield 1-((2-(azidomethyl)allyl)sulfonyl)-4-fluorobenzene as an oil
with solid inclusions.

The flask containing the 1-((2-(azidomethyl)allyl)sulfonyl)-4-fluorobenzene
was then flushed with argonm then THF (17 mL) and H20 (4.3 mL) were added to
dissolve the azide. A solution of PPh3 (1.57 g, 6.0 mmol) in THF (7 mL) was added
dropwise over 20 mins with stirring. After 16 h, no more starting azide was detected
by TLC (40:60 EtOAc: pet. ether). To the reaction mixture, saturated NaHSO4 (8 mL),
H20 (12 mL), and diethyl ether (50 mL) were added, which resulted in precipitation
of yellow solids, which dissolved upon further addition of water (~15 mL). The
layers were then separated and the aqueous layer was further washed with 2x35
mL diethyl ether. The aqueous layer was then basified with 10% NaOH solution
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until white precipitate stopped forming and the solution was basic to pH paper. The
aqueous layer was extracted with diethyl ether (3x50 mL). The ether extracts were
then combined and dried with MgSO4. Evaporation of the ether yielded 0.76 g of
crude 2-(((4-fluorophenyl)sulfonyl)methyl)prop-2-en-1-amine as a fluffy white
powder.

To the flask containing the crude 2-(((4-fluorophenyl)sulfonyl)methyl)prop-2-
en-1-amine, DCM (30 mL), triethylamine (2 mL, 14.3 mmol), and 4-N,N-
dimethylaminopyridine (82 mg, 0.67 mmol) were added. The reaction mixture was
cooled to 0°C in an ice bath, then acetyl chloride (0.8 mL, 11.2 mmol) was added
dropwise to the reaction. Once the addition was complete, the reaction mixture was
warmed to rt and allowed to stir for 1 h. After 1 h, saturated NaHSO4 (13 mL) and
H20 (51 mL) were added to the reaction mixture. The layers were separated, then
the aqueous layer was further extracted with 3x25 mL DCM. The DCM extracts were
combined and dried with MgS0O4. Evaporation of the DCM yielded 0.63g (2.3 mmo],
70.2% yield) of N-(2-(((4-fluorophenyl)sulfonyl)methyl)allyl)acetamide as a yellow
solid, which is pure enough to use for the subsequent isomerization. For further
purification, the crude amide was purified by silica column chromatography, eluting
with 90:10 ethyl acetate:petroleum ether.

Rr=0.29 (90:10 EtOAc: pet. ether) (UV, KMNO4)

Mp =108-109°C

HRMS-ESI [C12H14FNO3S+H]+: 272.0756, Found: 272.0759

IR(thin film, cm-1): 3246, 2943, 1605, 1296, 1271, 1132,1070, 832 cm™.
1

H NMR (500 MHz, CDCls) 6 2.07 (s, 3H), 3.86 (s, 2H), 4.02 (d, J=4.88 Hz, 2H), 4.99 (s,
1H), 5.34 (s, 1H), 6.23 (br. s, 1H), 7.29 (d, ]=7.32 Hz, 2H), 7.94 (d, ]=4.88 Hz, 2H).

I3C NMR (125 MHz, CDCl3) 6§ 23.2, 44.0, 60.9, 116.5, 116.6, 121.8, 131.3, 133.4, 134.1,
164.9,167.0,170.3

B
NaN3 Nal, DMF, rt o o B
/W‘/\ ‘S‘/\[(\N
2) PPhy, THFH,0 /@f 0 H
3) cat. DMAP,
NEtg 0° G-rt, DCM 1h 1b
0 24% yield over

3 steps
A
Br

2-bromo-N-(2-(tosylmethyl)allyl)benzamide (1b): To a dry round bottom flask, 1-
((2-(chloromethyl)allyl)sulfonyl)-4-methylbenzene? (3.29 g, 13.4 mmol) added. The
flask was then flushed was argon and dry DMF (34 mL) was added and the mixture
stirred at rt for 16 h. After 16 h, no more starting chloride was detected by TLC
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(20:80 EtOAc: pet. ether), so H20 (60 mL) was added to the reaction mixture. The
aqueous mixture was extracted with diethyl ether (3x60 mL). The ether layers were
combined and washed with saturated LiCl (5x75 mL), followed by saturated NaCl
washes (3x75 mL). The organic layer was then dried with MgS04. Evaporation of the
ether yielded crude 1-((2-(azidomethyl)allyl)sulfonyl)-4-methylbenzene as an oil
with solid inclusions. To the flask containing the crude azide, 5.58 g (21.2 mmol, 1.6
equiv) of triphenylphosphine was added, followed by THF (60 mL) and H20 (16
mL). The reaction mixture was allowed to stir at rt for 16 h. After 16 h, no more of
the starting azide was detected by TLC (40:60 EtOAc: pet. ether), so the THF was
evaporated. 2M HCI (50 mL) was added to the mixture, precipitating a white solid.
The resulting mixture was then washed with diethyl ether (3x75 mL), then 10%
aqueous NaOH was added to the aqueous phase until the solution was basic to pH
paper and a white precipitate formed. The aqueous mixture was extracted with
diethyl ether (3x75 mL), then the ether extracts were combined and dried with
MgSO04. Evaporation of the ether resulted in 1.78 g of crude 2-(tosylmethyl)prop-2-
en-1-amine as an oil (59% crude yield) .

To a test tube, DCM (10 mL), triethylamine (0.35 mL, 2.5 mmol), and crude 2-
(tosylmethyl)prop-2-en-1-amine (0.35 g, 1.6 mmol) were added. The solution was
cooled to 0°C with stirring, and then 2-bromobenzoyl chloride (0.22 mL, 1.7 mmol)
added dropwise. Once the addition was complete, the reaction mixture was warmed
to rt. After 1h, no more starting amine was detected by TLC (60:40 EtOAc: pet.
ether), so the reaction mixture was dumped into 2M HCI (20 mL) and the layers
separated. The aqueous layer was further extracted with DCM (2x10 mL). The DCM
extracts were combined and washed with saturated NaCl (1x20 mL), then dried
with MgS04. Evaporation yielded a brown oil mixture. The crude 2-bromo-N-(2-
(tosylmethyl)allyl)benzamide was purified by silica column chromatography,
eluting with 50:50 ethyl acetate: petroleum ether, to yield 258 mg (40.7% yield) of
the desired amide.

Rf=0.50 (50:50 ethyl acetate:pet. ether) (UV, KMNO4)
Mp= 144-145°C
HRMS-ESI [C1sH18BrNO3S+H]+: expected 408.0269, Found: 408.0264

IR(thin film, cm1): 3290, 3008, 2876, 1626, 1572, 1512, 1408, 1288, 1135, 1071,
900, 666 cm1.

1H NMR (500 MHz, CDCls) & 2.45 (s, 3H), 3.91 (s, 2H), 4.20 (d, J=5.86 Hz, 2H), 5.04
(s, 1H), 5.45 (s, 1H), 6.60 (br. s, 1H), 7.27-7.31 (m, 1H), 7.33-7.39 (m, 3H), 7.53 (dd,
J=7.57,1.71 Hz, 1H), 7.60 (dd, ]=7.93, 1.10 Hz, 1H), 7.76 (d, ]=8.30 Hz, 2H).

I3CNMR (125 MHz, CDCl3) 621.7, 44.4, 60.6,119.2,122.1, 127.6, 128.4, 129.4, 129.8,
131.4,133.1,133.4,135.1,137.5, 145.0, 167.5
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t-amyl alcohol, rt on 1c

B
>?LQ o r 4% Pd(OAC),, 2 equiv KOBu Q
0B WAN —_— N
H 8% HP1Bu,MeBF; H
1d 1.05 equiv

1 equiv 61% yield

N-(2-phenylallyl)benzamide (1c):# To a test tube, palladium(Il) acetate (5 mg,
0.02 mmol, 4%), di-tert-butyl-methylphosphonium tetrafluoroborate (9 mg, 0.04
mmol, 8%), and N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)benzamide
(1d)(156 mg, 0.54 mmol) were added. In the nitrogen glovebox, potassium tert-
butoxide (118 mg, 1.0 mmol) was added to the test tube. The test tube was then
placed under argon atmosphere, and tert-amyl alcohol(2 mL) added, immediately
followed by bromobenzene (0.06 mL, 0.57 mmol). The reaction was then stirred at
rt. After 16h, no more starting boronic ester was detected by TLC (20:80 EtOAc:pet.
ether) and the reaction mixture was poured into diethyl ether (10 mL). The
resulting gray suspension was passed through a short plug of silica and washed with
copious amounts of ethyl acetate (~10 mL). Evaporation of the solvent yielded
crude N-(2-phenylallyl)benzamide as yellow oil. Purification by silica column
chromatography, eluting with 20:80 ethyl acetate:petroleum ether yielded 76 mg
(0.32 mmol, 61.1% yield) pure N-(2-phenylallyl)benzamide as a white crystalline
solid.

Rr=0.27 (20:80 ethyl acetate:petroleum ether) (UV, KMNO4)

HRMS-ESI [C16H1sNO +H]+: expected:238.1232, Found: 238.1229

Mp=111-112°C

IR(thin film, cm-1): 3275, 1624, 1609, 1556, 1523, 1401, 1247, 900, 684 cm™™.

'H NMR (500 MHz, CDCls) 6 4.53 (d, J=5.86 Hz, 2H), 5.31 (d, ]=0.73 Hz, 1H), 5.52 (d,
J=0.73 Hz, 1H), 6.47 (br. s, 1H), 7.28-7.43 (m, 5H), 7.45-7.51 (m, 3H), 7.73 (dd,
J=8.18, 1.10 Hz, 2H).

13C NMR (125 MHz, CDCl3) 6 43.6, 113.9, 126.0, 126.8, 128.0, 128.5, 128.5, 131.4,
134.3,138.2,144.1,167.4
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JO 12% CuCl, 0.34 equiv. NaO#Bu, >?Lo o

12% HPtBusBF \

/\H ‘\© + PinBBPin ° 8 » O—B\H/\ J
1.15 equiv.  Toluene, MeOH, 0-rt, 1.5h

1d
96% yield

N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)benzamide (1d)!>: To a
dry round bottom flask, N-(prop-2-yn-1-yl)benzamide (669 mg, 4.2 mmol), CuCl
(76.1 mg, 0.5 mmol), sodium tert-butoxide (139 mg, 1.44 mmol), tri-tert-
butylphosphonium tetrafluoroborate (142 mg, 0.5 mmol), bis(pinacolato)diboron
(1227 mg, 4.8 mmol) were added in the nitrogen glovebox. Dry toluene (14mL) was
added to the flask, then the reaction mixture was cooled to 0°C with stirring. Dry
methanol (0.24 mL, 5.55 mmol) was added dropwise to the reaction mixture. Once
the addition was complete, the reaction mixture was warmed to rt. The reaction was
monitored by TLC (silica TLC plate treated with boric acid®)(50:50 EtOAc: pet.
ether). After 1.5 h, the reaction was quenched with MeOH (34 mL), and the solution
passed through a pad of Celite, rinsing the Celite with DCM (~15 mL). The solvent
was then evaporated to yield a clear-pale yellow mixture of oil and solids. CHCl3
(~20-25 mL) was added to the mixture and thoroughly agitated and sonicated to get
as much solid to go into solution. The resulting suspension was then passed through
a pad of Celite and rinsed with more CHCI3. Evaporation of the CHCI3 resulted in an
oil/solid mixture. This crude N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)allyl)benzamide 6 was purified by boric acid treated silica column
chromatography!® eluting with 20:80 ethyl acetate:petroleum ether. Evaporation of
the desired fractions yielded 1.16 g (4.0 mmol, 95.8% yield) of pure N-(2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)benzamide 6 as a white crystalline solid.

Rf=0.39 (50:50 EA:PE) (UV, KMNO4)
Mp =109-110°C
HRMS-ESI [C16H22BNO3+H]+ expected: 288.1771, Found: 288.1775

IR(thin film, cm-1): 3289, 3022, 2941, 1622, 1532, 1400, 1354, 1324, 1297, 1117
cml,

TH NMR (500 MHz, CDCl3) 6 1.30 (s, 12 H), 4.21 (d, ]=4.39 Hz, 2H), 5.86-5.90 (m, 1H),
5.94-5.98 (m, 1H), 6.71-6.82 (m, 1H), 7.41-7.47 (m, 2H), 7.47-7.53 (m, 1H), 7.78-7.83
(m, 2H).

13C NMR (125 MHz, CDCIl3) 6 24.8, 44.2, 83.9, 126.8, 128.5, 131.0, 131.2, 134.9,
166.9. The carbon attached to boron was not observed.
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2-chloro-N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)acetamide
(1e)'>: To a dry round bottom flask, 2-chloro-N-(prop-2-yn-1-yl)acetamide (966 mg,
7.3 mmol), CuCl (79 mg, 0.8 mmol), sodium tert-butoxide (245.7 mg, 2.6 mmol), tri-
tert-butylphosphonium  tetrafluoroborate (296 mg, 1.0 mmol), and
bis(pinacolato)diboron (2181 mg, 8.1 mmol) were added in the nitrogen glovebox.
Dry toluene (35mL) was added to the flask, then the reaction mixture cooled to 0°C
with stirring. Dry methanol (0.7 mL, 17.3 mmol) was added dropwise to the reaction
mixture. Once the addition was complete, the reaction mixture was warmed to rt.
After 1 h, no more starting amide was detected by TLC (20:80 EtOAc:pet. ether), so
the reaction was quenched with MeOH (60 mL), and the solution passed through a
pad of Celite, rinsing the Celite with DCM (~15 mL). The solvent was then
evaporated to yield a clear-pale yellow mixture of oil and solids. CHCl3 (~20-25 mL)
was added to the mixture and thoroughly agitated and sonicated to get as much
solid to go into solution. The resulting suspension was then passed through a pad of
Celite and rinsed with more CHCl3z. Evaporation of the CHCI3 resulted in an oil/solid
mixture. This crude 2-chloro-N-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)allyl)acetamide was purified with boric acid treated silica column
chromatography6, eluting with 20:80 ethyl acetate:petroleum ether, affording a
1.29 g (4.9 mmol, 68% yield) clear oil.

Re= 0.23 (20:80 ethyl EA:PE)(KMNO4)
HRMS-ESI [C11H19BCINO3+H]+ expected: 260.1225, Found: 260.1229

IR(thin film, cm1): 3254, 3033, 2938, 2891, 1643, 1517, 1404, 1354, 1297, 1125,
956, 849 cmL.

H NMR (500 MHz, CDCl3) 6 1.29 (s, 12H), 4.05 (d, ]=5.86 Hz, 2H), 4.07 (s, 2H), 5.81
(s, 1H), 5.93 (s, 1H), 7.14-7.25 (br. s., 1H).

13C NMR (125 MHz, CDCI3) 6 24.5, 24.8, 42.7, 44.0, 83.9, 131.1, 165.4. The carbon
attached to boron was not observed.
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Ethyl 2-(acetamidomethyl)acrylate (1f): To a dry 250 mL round-bottom flask, 32
mL of dry acetonitrile and 2-(hydroxymethyl)acrylate (0.978g, 7.51 mmol, 1 equiv)
were added. A reflux condenser was placed on the flask, and then the reaction
mixture was heated to 60°C. Methanesulfonic acid (21 mL, 323 mmol, 43 equiv) was
added dropwise through the top of the condenser. The flask was then heated to
110°C to reflux for 6 h. After 6h, the flask was cooled to rt, then 30 mL of water was
slowly added to the mixture. The flask was then placed in an ice bath, then solid
K2CO3 added slowly until the pH>7. The mixture was extracted with 3x150 mL
diethyl ether. The ether layers were combined and dried with MgSO4. Evaporation of
the solvent yielded a yellow liquid that subsequently crystallized into a cream-
colored solid. The crude ethyl 2-(acetamidomethyl)acrylate was purified by silica
column chromatography, eluting with 90:10 EtOAc:pet. ether. To give 0.428g (33 %
yield) of ethyl 2-(acetamidomethyl)acrylate as a cream-colored solid.

Rr=0.351in 90:10 ethyl acetate:petroleum ether
Mp =40-41°C

IR(thin film, CHCl3): 3243.5, 3036.1, 2941.8, 1691.0, 1636.3, 1527.8, 1351.9, 1282.5,
1139.2,1085.7,1014.5,936.2, 805.0 cm™L.

HRMS-ESI [CgH13NO3+Na]+ expected: 194.0793 found: 194.0796

1H-NMR (500 MHz, CDCls) & 1.23 (t, J=7.14 Hz, 3H), 1.91 (s, 3H), 3.98 (d, J=6.15 Hz,
2H), 4.14 (q, J= 7.14 Hz, 2H), 5.70 (s, 1H), 6.17 (s, 1H), 6.57 (bs, 1H).

13C-NMR (125 MHz, CDCl3) 6 13.9, 22.9, 40.2, 60.8, 126.2, 136.5, 166.1, 170.1

0]
Q . /\)\ AN
o /\)\N N 1) TBSCI, imidazole, DCM= TBS(C)) T H
NHBJd 2) EDCI, HOBT, DCM, j/
N-Methylmorpholine rt, on ) M
S1 o BocHN ~ - COMe
BocHN \)J\OH 5a
~Co,Me

methyl(S)-4-(((S)-1-(allylamino)-3-((tert-butyldimethylsilyl)oxy)-1-
oxopropan-2-yl)amino)-3-((tert-butoxycarbonyl)amino)-4-oxobutanoate
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(5a): tert-butyl (S)-(1-(allylamino)-3-hydroxy-1-oxopropan-2-yl)carbamate (S1)17 (
976 mg, 4 mmol, 1 equiv.) and imidazole (816 mg, 3 equiv, 12 mmol) were
dissolved in 8 ml DCM (0.5 M) followed by addition of TBSCl (906 mg, 6 mmol, 1.5
equiv). The reaction was allowed to stir for 2h and quenched with saturated
aqueous sodium bicarbonate (10 ml). The aqueous layer was extracted with DCM
(3X10 ml). The combined organic layers were dried with MgS04, and the solvent
was evaporate to give the crude TBS protected alcohol. The material was directly
deprotected by dissolving in TFA:DCM (1:1) 10 mL and stirring at room temperature for
30 minutes. The solvent was evaporated and redissolved in DCM (10 mL) followed by
addition of saturated aqueous sodium bicarbonate until there was no more bubbling. The
organic layer was removed and the aqueous layer was extracted with DCM (3X10 ml).
The combined organic layers were dried with MgSO4, and the solvent was evaporated to
give the crude amine. The amine was dissolved in 12.3 ml DCM (0.3 M) and HOBT (795
mg, 5.3 mmol, 1.3 equiv), Boc-L-aspartic acid 4-methyl ester (1.284 g, 5.3 mmol, 1.3
equiv), and N-Methylmorpholine (0.57 ml, 5.3 mmol, 1.3 equiv.) were added
sequentially. The solution was placed in an ice bath and allowed to cool for 10 minutes
before EDCI (993 mg, 5.2, 1.3 equiv.) was added as a solid. The reaction was allowed to
warm to room temperature overnight. After 16h saturated aqueous sodium bicarbonate
(15 ml) was added and the aqueous layer was extracted with DCM (3X10 ml). The
combined organic fractions were dried with MgSO4, the solvent was evaporated, and the
crude product was purified by column chromatography eluting with 55% EA:PE to give
Sa as a foam (1.44 g, 50% yield).

Re=0.15 30% EA:PE (KMNOy).

HRMS-ESI [C22H41N307Si+Na]+ expected: 510.2612, Found: 510.2611

IR(thin film, cm-1): 3304, 2953, 2930, 2857, 1721, 1651, 1518, 1252, 1166, 838.

'H NMR (600 MHz; CDCI3): 6 7.16 (d, ] = 7.0, 1H), 6.76 (s, 1H), 5.81 (ddt, ] = 16.8,
10.8,5.7, 1H), 5.51 (d, ] = 6.8, 1H), 5.17 (dd, ] = 17.1, 1.4, 1H), 5.10 (d, ] = 10.2, 1H),
447 (q,] =6.1,1H), 4.40 (ddd, ] = 7.7, 5.6, 2.5, 1H), 4.18 (d, ] = 7.9, 1H), 3.92-3.83 (m,
2H), 3.69 (s, 3H), 3.63 (dd, ] = 9.7, 5.8, 1H), 2.96 (dd, ] = 17.0, 4.7, 1H), 2.79 (dd, ] =
17.0, 6.4, 1H), 1.45 (s, 9H), 0.89 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H).

13C NMR (126 MHz; CDCl3): 6 172.09, 170.80, 169.62, 155.74, 133.83, 116.36, 80.93,
62.74, 54.64,52.22,51.38,42.13, 35.86, 28.34, 25.90, 18.25, -5.42.
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(E)-N-(4-((tert-butyldimethylsilyl)oxy)but-2-en-1-yl)acrylamide (7a): A ~3.5:1
mixture of (E)-4-azidobut-2-en-1-ol to 2-azidobut-3-en-1-ol (590 mg, 5.2 mmol, 1
equiv.) (SII) and branched compound SIII'® was dissolved in 26 ml DCM (0.2 M).
Imidazole (1.23g, 18.2 mmol, 3.5 equiv) and TBSCI (1.1g, 7.3 mmol, 1.4 equiv) were
added. After srtirring for 2h the reaction was quenched with saturated sodium
bicarbonate (30 mL). The DCM layer was removed and the aqueous layer was
extracted with DCM (2X20 ml). The combined organic fractions were dried with
MgSO0s4, and the solution was evaporated to give a crude oil (0.98 g, 83% yield). A
portion of the crude oil (432 mg, 1.9 mmol, 1 equiv.) was dissolved in THF:H20 (5
mL:0.05 mL), and PMe3 (1M in Toluene)(2.09 mmol, 1.1 equiv., 2.1 ml) was then
added dropwise over 5 minutes causing vigorous bubbling. The reaction was let stir
for 2h. The solution was cooled to 0 °C and NEt3 (4.75 mmol, 2.5 equiv., 0.67 ml) was
added followed by dropwise addition of acroyl chloride (3.8 mmol, 2 equiv, 0.31 ml).
The reaction was taken out of the ice bath and allowed to react for 2h. The reaction
was then diluted with saturated sodium bicarbonate and extracted with ether (3X10
ml). The ether layer was dried with MgS0O4, evaporated, and chromatographed
using 20% ethyl acetate to 40% ethyl acetate:pet ether to give a yellow oil 7a (235
mg) and 64 mg of the branched N-(1-((tert-butyldimethylsilyl)oxy)but-3-en-2-
yl)acrylamide (SIV) (52% yield over 2 steps).

7a: Re: 0.25 30% EA:PE (KMNO4)

IR(thin film cm1): 3271, 3077, 2922, 1655, 1622, 1545, 1408, 1244, 965

1H NMR (400 MHz; CDCl3): & 6.28 (dd, J = 17.0, 1.4, 1H), 6.09 (dd, ] = 17.0, 10.3, 1H),
5.73-5.71 (m, 3H), 5.64 (dd, J = 10.3, 1.4, 1H), 4.15 (d, ] = 2.8, 2H), 3.95 (td, ] = 4.4,
1.3, 2H), 0.89 (s, 9H), 0.06 (s, 6H).

13C NMR (101 MHz; CDCls): 6 165.39, 132.34, 130.83, 126.70, 125.66, 63.18, 41.07,
26.07, 18.55, -5.13.

HRMS-ESI [C13H25N02Si+Na]+ expected: 278.1553, Found: 278.1546

SIV (*H NMR and 13C NMR)
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1H NMR (400 MHz; CDCls): § 8.09 (d, 1H), 6.29 (dd, 1H), 6.15 (d, 1H), 5.94 (s, 1H),
5.90-5.81 (m, 1H), 5.66 (dd, 1H), 5.22 (dt, 1H), 5.18 (dt, 1H), 4.68 (d, 1H), 4.61-4.58
(m, 1H), 3.75-3.68 (m, 2H), 0.88 (s, 9H), 0.05 (s, 5H).

I3CNMR (101 MHz; CDClz): 6 165.0, 135.9, 131.0, 126.7, 116.4, 65.1, 52.8, 26.0, 18.4,
-5.3

OH
HOBt, EDCI, NEt, //—/NT_|

0]
N OH BocHN \)LO'H 0
NH, : DCM, rt, on y
2-aminobut-3-en-1-ol BocHN
8a

tert-butyl((25)-1-((1-hydroxybut-3-en-2-yl)Jamino)-1-oxopropan-2-
yl)carbamate (8a): Racemic 2-aminobut-3-en-1-ol (164 mg, 1 equiv. 1.7 mmol)
was dissolved in DCM (0.3M, 5.7 ml). HOBt (260 mg, 1.7 mmol,1 equiv.), NEt3 (0.55
ml, 4 mmol, 2.1 equiv) and (tert-butoxycarbonyl)-L-alanine (340 mg, 1.8 mmol, 1.1
equiv.) were added followed by EDCI (345 mg, 1.8 mmol, 1.1 equiv)at room
temperature. The reaction was stirred overnight and diluted with water (15 ml).
The organic layer was removed and the aqueous layer was extracted with DCM
(2X10 ml). The combined organic layers were dried with MgS04, evaporated, and
chromatographed using 70% EA:PE to give product 8a (1:1 Mixture of
diastereomers) as a white foam (283 mg, 58% yield).

Rf: 0.2 70% EA:PE (KMNO4)

HRMS-ESI [C12H22N204+Na]+ expected: 281.1477, found: 281.1466.

IR(thin film, cm-1): 3254.9,1638.1,1505.7,1348.2, 1152 cm™.

(1:1 Mixture of diastereomers, most signals overlap) 'H-NMR (500 MHz; CDCI3): &
6.66 (s, 1H), 5.83 (ddd, J = 16.9, 10.9, 5.6 Hz, 1H), 5.27-5.22 (m, 3H), 4.57-4.53 (m,
1H), 4.18-4.14 (m, 1H), 3.75-3.72 (m, 1H), 3.65-3.61 (m, 1H), 1.43 (d, J = 1.7 Hz, 9H),
1.37 (dd, /= 7.0, 2.5 Hz, 3H).

(1:1 Mixture of diastereomers, most signals are resolved) 13C-NMR (101 MHz;

CDClz): 6 173.33,155.92,134.93, 134.83,116.80, 116.70, 80.36, 64.76, 64.68, 53.72,
53.56,50.48,50.47, 28.40, 18.64, 18.27.
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2-(3-methylenepentan-2-yl)isoindoline-1,3-dione (SV): A dry round bottom,
under argon, was charged with 2-methylenebutanal (841 mg, 10 mmol, 1 equiv.),
and diethyl ether (50 ml, 0.2 M), and cooled to 0 °C. MeMgBr (2M in diethyl ether)
(15 mmol, 7.5 ml) was added dropwise over 30 mins at 0 °C. The reaction was
removed from the ice bath, allowed to warm to room temperature and stir for an
additional hour. The reaction was quenched with saturated sodium bicarbonate (30
mL) by slow addition at 0 °C. The ether layer was removed and the aqueous layer
was extracted with diethyl ether (2X10 ml). The combined organic fractions were
dried with MgS0O4, and the solution was evaporated at 0 °C to give crude 3-
methylenepentan-2-ol (705 mg, 70% crude yield, 7 mmol). The alcohol was
dissolved in THF (28 ml, 0.25 M). PPh3(2.2g, 8.4 mmol, 1.2 equiv.) and Phthalimide
(1.13g, 7.7 mmol, 1.1 equiv) were added, followed by the dropwise addition of DEAD
(40% in Toluene)(3.65 ml, 8.4 mmol, 1.2 equiv). The reaction was stirred overnight
at room temperature. The solvent was evaporated and a 1:1 mixture of Et;O:PE (50
ml) was added in order to precipitate triphenylphospine oxide. The precipitate was
filtered and washed with Et20. The combined filtrate was evaporated and the crude
material was purified by column chromatography eluting with 5-10% EA:PE to give
SV as a clear viscous oil (689 mg, 43% yield).

Rf: 0.45 10% EA:PE (KMNO4)
IR(thin film, cm1): 2967, 2938, 1704, 1383, 1351, 1329, 1146, 880.

1H NMR (500 MHz; CDCls): & 7.83-7.81 (m, 2H), 7.70 (dd, ] = 5.5, 3.0, 2H), 5.09 (dd, ]
=1.6,0.7, 1H), 5.01 (d, ] = 0.8, 1H), 4.89 (q,] = 7.1, 1H), 2.08-1.95 (m, 2H), 1.64 (d, ] =
7.1,3H), 1.04 (t, ] = 7.4, 3H).

13C NMR (126 MHz; CDClz): 6 187.9, 168.4, 148.5, 134.0, 132.0, 123.3, 110.2, 49.6,
26.6,16.6,12.3

N-(3-methylenepentan-2-yl)benzamide (8¢c): 2-(3-methylenepentan-2-
yl)isoindoline-1,3-dione (SV) (275 mg, 1.2 mmol, 1 eq) was dissolved in 3 mL of
33% MeNH?2 in ethanol and heated at 80 °C for 30 mins. The reaction was allowed to
cool and the solution was filtered to remove any solids and washed with ether. The
solution was evaporated at 0 °C to half volume and 2 mL of 1M HCL in ether was
added and stirred for 5 minutes. The solution was evaporated to give the crude
amine salt. The salt was dissolved in DCM (3.3 mL, 0.3M) and placed in an ice bath.
To the solution was added NEt3 (5 eq, 0.7 mL), and then Benzoyl chloride (2 eq,
0.235 ml) was added dropwise. The solution was allowed to stir for 3h after which
saturated sodium bicarbonate was added (20 mL). The biphasic mixture was
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extracted with DCM 3 X 10 mL and washed with brine 1X10 mL. The organic layer
was dried and the solvent evaporated to give a crude oil. The oil was purified by
flash column chromatography eluting with 15% to 25% ethyl acetate:pet ether to
give oil 8¢ (139 mg, 57% yield). 1°

Rf=0.65 30% EA:PE (UV/KMNO4)

1H NMR (500 MHz; CDCI3): 6 7.80 (dd, J = 8.3, 1.3, 2H), 7.53-7.49 (m, 1H), 7.48-7.44
(m, 2H), 6.13-6.11 (m, 1H), 5.04 (t, ] = 1.0, 1H), 4.92 (dt,] = 1.5, 0.8, 1H), 4.75 (t, ] =
7.3,1H), 2.17-2.15 (m, 2H), 1.40 (d,] = 6.8, 3H), 1.12 (t, ] = 7.4, 3H).

Minor impurity, which could not be removed, corresponds to signals seen at 8.13
(dd, ] = 8.4, 1.3)(relative integration = 0.33) and 7.64-7.60 (m) (relative integration
=0.19)

13C NMR (126 MHz; CDClz): 6 166.8, 152.4, 134.8, 131.6, 128.7, 127.0, 108.2, 49.2,
26.6,20.1,12.4.

Minor impurity, which could not be removed, corresponds to signals seen at 13C
NMR (126 MHz; CDClz): 6 133.6, 130.2, 128.5

NHBz
1) hydrazine, Ethanol NHBz 5% Pt(PPhy) i %
2) BzCl, NEtg ‘Q_\_/ DMF, 4h, 70°C

1.05 equiv BoPiny

I
2
(@]

svi

N-(oct-1-yn-3-yl)benzamide (SVI): 2-(oct-1-yn-3-yl)isoindoline-1,3-dione?? (1.79
g, 7 mmol, 1 equiv.) was dissolved in EtOH (35 ml, 0.2 M). Hydrazine hydrate (0.88
ml, 2.2 equiv.) was then added and the reaction was heated at reflux for 2h. The
reaction was then cooled and the solid precipitates were removed by filtration. The
precipitate was washed with ether. 15 ml of 1M HCL in ether was added to the
combined filtrate and the solution was evaporated to give the crude amine salt. The
salt was dissolved in DCM (35 ml, 0.2M) and placed in an ice bath. To the solution
was added NEts3 (2 eq, 1.8 ml), followed by the dropwise addition of Benzoyl
chloride (1.5 eq, 1.225 ml). The solution was allowed to stir for 3h after which
saturated sodium bicarbonate was added (20 mL). The biphasic mixture was
extracted with DCM 3 X 20 ml and washed with brine 1X10 ml. The organic layer
was dried and the solvent evaporated to give a crude oil. The oil was purified by
flash column chromatography eluting with 15% EA:PE to give a white solid SVI
(1.03 g, 52% yield).

S39



S40

R = 0.25 20% EA:PE (UV, KMNO4).

Mp = 55-56°C

IR(thin film, cm-1): 3332,3267, 2923, 2859, 1632, 1516, 1304, 1074.

HRMS-ESI [C1sH19NO+H]+ expected: 230.1545 Found: 230.1542.

1H NMR (400 MHz; CDClz): 8§ 7.79-7.77 (m, 2H), 7.52-7.47 (m, 1H), 7.46-7.40 (m,
2H), 6.40 (d,] = 6.6, 1H), 4.98-4.92 (m, 1H), 2.30 (d,] = 2.3,1H), 1.77 (td, ] = 12.2, 6.2,
2H), 1.51-1.47 (m, 2H), 1.32 (dq, ] = 7.2, 3.6, 4H), 0.90-0.87 (m, 3H).

I3CNMR (101 MHz; CDClz): 6 166.6, 134.1, 131.8,128.7,127.1, 83.4, 71.5, 42.0, 35.9,
31.4,25.4,22.6,14.1

(E)-N-(1,2-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)oct-1-en-3-
yl)benzamide (12a): Alkyne SVI (137.5 mg, 0.6 mmol, 1 equiv) was combined with
Pt(PPh3)4 (37.3 mg, 0.03 mmol, 0.05 equiv) and PinBBPin (160 mg, 0.63 mmol, 1.05
equiv) in a dry vial under argon. The solids were dissolved in 1.2 ml DMF (0.5 M)
and the reaction was heated for 4h at 70 °C. The solution was directly loaded on a
silica column and purified using 20% EA:PE to give 12a as a yellow oil (120 mg,
41% yield).

R¢ = 0.25 20% EA:PE (UV, KMNO,).

HRMS-ESI [C1sH1oNO+H]+ expected: 484.3405 Found: 484.3408.

IR(thin film, cm): 3332, 2977, 2929, 2858, 1646, 1579, 1336, 1217, 1140, 969.
1H NMR (300 MHz; CDCl3): § 7.81-7.79 (m, 2H), 7.48-7.39 (m, 3H), 7.02 (d, ] = 8.9,
1H), 6.15 (s, 1H), 4.72 (q, ] = 7.7, 1H), 1.66-1.57 (m, 2H), 1.34 (s, 12H), 1.30 (s, 12H),
1.27-1.24 (m, 4H), 0.86 (t, ] = 6.4, 3H).

13C NMR (75 MHz; CDCl3): 6 166.2, 135.4, 131.3, 128.6, 127.1, 84.4, 83.9, 58.8, 36.0,
32.0, 26.0, 25.23, 25.20, 25.14, 25.06, 22.7, 14.4. The carbons attached to boron were

not observed.
Q
5% Pt(PPhg), )

B
o)
Nz ]/\NHBZ
DMF, 4h, 70°C

78
1.05 equiv B,Pin, O 11a



(E)-N-(2,3-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)benzamide
(11a): N-(prop-2-yn-1-yl)benzamide (318mg, 2 mmol, 1 equiv) was combined with
Pt(PPh3)4 (124 mg, 0.1 mmol, 0.05 equiv) and PinBBPin (533 mg, 2.1 mmol, 1.05
equiv.) in a dry vial under argon. The solids were dissolved in 4 ml DMF (0.5 M) and
the reaction was heated for 4h at 70 °C. The solution was directly loaded on a silica
column and purified using 20% EA:PE to give 12a as a yellow oil (145 mg, 30%
yield).

Re=0.32 20% EA:PE

IR(thin film, cm-1): 3277.7,2921.7, 2874.4, 1614.6, 1509.2, 1376.4, 1345. 9, 1291.3,
1192.8,1119.5.

HRMS-ESI [C22H33B2NOs+Na]+ calcd 414.2623, found: 414.2615.

1H NMR (500 MHz; CDCls): § 7.78 (d, ] = 7.1, 2H), 7.48 (t, ] = 7.3, 1H), 7.42 (t,] = 7.5,
2H), 6.52 (s, 1H), 6.14 (s, 1H), 4.24 (dd, ] = 5.6, 1.6, 2H), 1.29 (2 singlets, 24H)

1I3C NMR (126 MHz; CDCI3): 6 167.0, 134.7, 131.4, 128.5, 127.0, 84.3, 83.8, 47.3, 25.0.
The carbons attached to boron were not observed.

10% Cy2BH fNHBZ
= "NHBz 0

‘B
. . i
2.2 equiv HBPin %ro 10a

(E)-N-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)allyl)benzamide (10a):
A dry vial was charged with dicyclohexyl borane (90 mg, 0.1 equiv, 0.5 mmol) and
N-(prop-2-yn-1-yl)benzamide (795 mg, 5 mmol, 1 equiv) under nitrogen. Neat
HBPin (1.6 ml, 2.2 equiv.) was added and the reaction was stirred at room
temperature for 1h. The solution was diluted with diethyl ether (10 ml) and excess
borane was quenched by dropwise addition of water (2 ml). After stirring for 10
minutes saturated aqueous bicarbonate (10 ml) was added and the ether layer was
removed. The aqueous layer was extracted with diethyl ether (3X10 ml). The
combined organic layers were dried with MgS0,, evaporated, and chromatographed
using 30% EA:PE to give product 10a as a white solid (1.32 g, 92% yield).

Re=0.32 20% EA:PE
Mp = 79-80 °C
IR(thin film, cm1): 3319, 2978, 1639, 1537, 1364, 1324, 1144, 972, 850.

HRMS-ESI [C16H22BNO3+Na]+ calcd 310.1591, found: 310.1593
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'H NMR (600 MHz; CDCI3): 6 7.73 (d,] = 7.3,2H), 7.49 (t,] = 7.4, 1H), 7.40 (t, ] = 7.7,
2H), 6.64 (dt, ] = 18.1, 4.8, 2H, overlapping N-H), 5.62 (dt, ] = 18.0, 1.6, 1H), 4.15 (t, ]
=4.4,2H), 1.25 (s, 12H)

13C NMR (151 MHz; CDCI3): § 168.4, 147.9, 133.7, 132.0, 128.8, 127.2, 83.6, 43.7,
24.9



S43



References:

. Trost, B. M.; Older, C. M. Organometallics 2002, 21, 2544-2546.

. Elaridi, J.; Thaqi, A.; Prosser, A.; Jackson, W. R.; Robinson, A. ]. Tetrahedron
Asymmetry 2005, 16, 1309-1319.

. Lin, S.; Danishefsky, S. ]. Angew. Chem. Int. Ed. 2002, 41, 512-515

. Hallj, J.; Kramer, P.; Bechthold, M.; Manolikakes G. Adv. Synth. Catal. 2015, 357,
3321-3324

. Wang, L,; Liu, C; Bai, R.; Pan, Y.; Lei, A. Chem. Commun. 2013, 49, 7923-7925.

. Shen, R;; Lin, C. T.; Bowman, E. ].; Bowman, B. ].; Porco, ]. A. J. Am. Chem. Soc. 2003,
125, 7889-7901

. Bellucci, G.; Bianchini, R.; Chiappe, C. J. Org. Chem. 1991, 56, 3067-3073.

. Lee, K.-Y,; Kim, Y.-H.; Park, M.-S.; Oh, C.-Y.; Ham, W.-H. J. Org. Chem. 1999, 64,
9450-9458

. Clayden, ].; Parris, S.; Cabedo; N.; Payne, A. H. Angew. Chem. Int. Ed. 2008, 47,
5060-5062.

10. Gross, U.;Koos, P.; O’'Brien, M.; Polyzos, A.; Ley, S. V. Eur. J. Org. Chem. 2014,

6418-6430.

11.Reeves, ]. T.; T. Zhulin; M. A. Marsini; Z. S. Han; Y. Xu; D. C. Reeves; H. Lee; B. Z. Lu;

C. H. Senanayake Adyv. Synth. Catal. 2013, 355, 47-52

12. Porel, M,; Alabi, C. A. . Am. Chem. Soc. 2014, 136, 13162-13165.

13. Trost, B. M; Sharif, E. U.; Cregg, ]. ]. Chem. Sci. 2017, 8, 770-774

14. Kirchhoff, J. H.; Netherton, M. R;; Hills, I. D.; Fu, G. C. J. Am. Chem. Soc. 2002, 124,

13662-13663.

S44



S45

15. Moure, A. L.; Mauledn, P.; Arrayas, R. G.; Carretero, J. C. Org. Lett. 2013, 15, 2054-
2057..

16. Hitosugi, S.; Tanimoto, D.; Nakanishi, W.; Isobe, H. Chem. Lett. 2012, 41,972-973

17. Chiou, W.-H.; Mizutani, N.; Ojima, 1. J. Org. Chem. 2007, 72, 1871-1882.

18. Vekariya, R. H.; Liu, R.; Aubé, J. A Org. Lett. 2014, 16, 1844-1847.

19. Kolleth, A.; Cattoen, M.; Arseniyadis, S; Cossy, ]. Chem. Commun. 2013, 49, 9338-
9340.

20. Tiecco, M.; L. Testaferri; A. Temperini; L. Bagnoli; F. Marini; C. Santi; R. Terlizzi

Eur.J. Org. Chem. 2004, 16, 3447-3458.



S46

0202

2S8°€
L00'Y
8LOY

686t

9€E’S

2229

J

0.988

o

ppm 9




s47

GEZ'€T— —

820'vy———

00609

86t 9LL—
899 1—
€8/2°121

€OS LEL— F

62€ LEL—

80b'EEL— —
SOLvEL——

~

_.m_...vm _.‘\\

/S6'b91——
186°99L
G/E€0.l—

|
180

\
200

\
220




548

-

668°¢

SgLp——
2617

SZ

A

Br

e

N

\_'_1
0.933

LH
0.939 3.09

v

Lrl
1.9.965 1.05




S49

x Q=IO QT TO—A N K Q
N LN LN — ) ON N O S “ ™
‘ \ K\ iy / ‘ ‘
\\ \ /
VN / |
| v N\ A/ | | |
O Br
o J
s N
1b

\
220 200 180 160 140 120 100 80 60 40 20 0 -20



S50

ZT

1c




S51

e \

ZT

1c

WMWWWWMWWWWWWWWMWWWWMW

76£°'8¢ 1L -
AR —

|
180

ppm 200




§52

il
(o)}
Y
T

nNnOInA

O
[oleleloTe))
FEEES

V)

NN ——

698'S

NNNNNNNNNNNOWBLNW

om
NN
<<

8L¥'L
Lot .
Set'.
61172
28.°L
98272
€6.°L
96.°2
L6172
86172

e

Q
B

g

1d

1.03

0.998

1.22

1.04

Lrl

Lrl

2.02 1.82




S53

100°S2

T T

TR o —

€96'921—
m m @ ' w N _\ ‘ﬂwﬂﬂww“m
orA R o —

|
160

ppm 180




S54

12.3

o
o
o
LH

1.77

O B M
S90'r—

€E0y— L
R

[ep){e]
—O
[ep)e0]
[Fo)¥p]
|
‘ |
Ll
)
Lrl
0.96

.

98l L— —

]

1.9

0.884




S55

Ln
-
R
<
[V}

068°2h—
6L v—

280¥8

21T IEL—

8/G9°991

A O A A

\
180

ppm 200




S56

el l—
1201 =
lpe l—

/

o
o
D
o

2.6'€
86" E—
6LLy—

‘/
/
I/

—NM
oo
—

269°S
$69°G :
169'G——
669'S

€9L'9—
SOL'9—

G99 99—

3.03

2.98

ppm 8




S57

eoLvlL

960°€—— —

980V —

G26'09—— -

O
O HNJ\
1f

96€92l—— -

8299€L——— -

LEZ991L

28204l —

\
180

\
200




S58

208 L—
LEQT——

8l/

6.t

144"

Acetohe

80% 2a

A

crude

L¥¢E
PASES

0.0273

LJML

.

2.86

3.05

0.0272

ppm 9




S59

265°'SL—

8L2°€2

g

028'v0Ll——

9659l
9€/29Ll—

€Z26'b9l—
99699l —
209°/91—

80% 2a

|
180

|
200

\
220




S60

048 1—
2.8l

ovv'e———

982 ¢———

75% 2b

3.16

3.25

MLL_JLMU N

0.0369

L]
1

\_'_1
4.32
Lrl
2.06 0.0303




S61

986'Sl——
ove L d—

68V v9— —

SY8 L0l
99p°6L L—

i

85 —/
8582l —
ggsact
e
PEGEEL—
L16°S€E _\
6ECIEL—
8y LS L—

99cvIl——

75% 2b

A A A AN AN

\
180

\
200

\
220




S62

9L e——

N WO
LN 00 O
MMHANAN

NN

LN MO —
LN LN 00 I~

<O N —
ON—ONMNO
NN m

o
INNNNNNNNNNNN

¥8

)
2c

ZT

=
89%

i T
CIap— N
v —
662 2
2
6257, N
695 /———
85/ 8
66572 - g le
L~
~
908 /—— - S
228" 1—__ 2
geg/—— - IS5
828'/—
[y — _ N
) 3 T e)}
] Lo — .
:ok — 3
— ——— T o
Mw o
°
e — [oN)
- -0
(o]
- o
£
g

Ly
1.98.9885 1.05

ppm 9



S63

80811

869'8LL—
€02°02L—
899°'GZl .
LLO" 22—

0221 ——
22,821~ -

26062l —_ —

JLE2EL—
AIRTS _\

6EL LY L—

RS

/

\

€S9 P9l

ZT

2c

89%

\
180

\
200

\
220




S
wn
©
O AN
ZT o/o
8
o-o
7
287t
09/2°1 —

—
T
—O
[ =
n
Bl
Ton
—aod
—om
—<
LN
—©
—N
(o))
O oo
— H_\ L
T
H_\—I
o)) -
- Lo
—o
L O




S65

V6L L———

o))
on
2
N
o~

9¢g'eg———

66¢°/221 -
$90°62L—
A A —
oLS'€el———
/66°EEL—

2d

99%

A

|
180

\
200

\
220




S66

Ne
¥ p]
o

LOL'L———

ESLYy

-

2.92

2e

78%

shdeoe

NI%

—cou
—88
¥

00£°8
Lz€'e

[E—
0.0188

0.95

.

Lrl

vy
0.0051 0.00646 0.0188

1.92 12.4

Lrl
0.853 0.00951

\_'_1

0.95

10



S67

l62°LL

[e0]
(o]
SH
<
o

G98°¢Yr——

8¥9°€8

€82 LEL—

69L°€E9l———

I A AN R A RSN

2e

78%

\
180

\
200

\
220




S68

v%m 0 onsdlbe  onomeae
e @ guvdpe  gnomes
17 2 annies 252853
B SR G X 383533
‘\\\ / I/
VI 1)
|
I
0.933 213 0.0336
R L . -
2.14 1.09 1 0.999
T T T T T T T T T T T T T T T T T T
3.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6

|
_J H I Jk 1

—
0.933 2.13 0.033

=Y -
2.14 1.09 1 0.999
\ ‘ \
ppm 9 8 5

~ -
(o]



S69

9€2'L1L

00 90L—

26SY9l——

\
180

ppm 200




S70

298'%
6481
268t
S06'v
8L6'r—
68¥°S R
00S°S
Z21S°S
22S°S —
9€G'G——
LvS°S
¥¥8°9
9189
6¥8°9
1989
2989
G289 ——
8/8°9—
0889
L8V L —u
00SL——
LIS 22—
€967/

§96°/

9252

28572

6857/

L86°2

S66°2

4 4

|

0¢9'6———

298 ——

(120872

glet—

ppm 5.6

c
b
-
o
=
©
o
4 L
=
c OJ\@ = —
. < £
L pd °
S Q &
-
N
©
£
= o
; Bl
c )
kel
ra—
(@)
®©
o) M
oC
¢ 0
A
I o %9.
0 o O
S o (o))
S < o
| .9
= HTO
¥ V]
(qV]
©
o I To
[Fp]
1

L
1

L
1.88

% _




S71

Z2l9'6

3% in DMF

e —
0.0367

ppm 5.6

N JL | L_JLJLM_,

!

0.0367

|

)

p .

L]
3.32

Lrl

L
Y

0.924 0.933

y

2.07 2.14

o

—




S72

2cl’L
9¢2/2°L
9€L " L——
8€L°L
ors'lL

W

4b

99%

A
\_rl
3

W

0.928
5.0

ﬁ

T
44

48

T
72

T
7.4

T
76

T
7.8

T
ppm 8.0

Lrl
2.99

I
M
0.0413

ppm 10




S73

LS9 Le——

4b

99%

982901

1257221
LILYgl—
120821 —
15882 ——
658'82L—
8E6°2EL—
€6LyEL—
[26'8EL—

S

8 Y9l

\
180

\
200

\
220




S74

4c

)
89%

|
0.949
5.0

-
2.04

[ERN I

0.865 1.94

wa J)U\

Br

5.4

5.6

6.8

7.0

7.6

ppm 7.8

3.04

0.0505

7Y

2.040.109

Lrl

p
0.8651.94 0.995




S75

202 11——

120°20l—————

Ll¢cl———
€cL92l—
9t 82

J10° 26 [— -
229°2S1—

ceo'egl

|
180

|
200

\
220




S76

4d

93%

©
<

S

[E—
0.887

Lrl

Y

Lrl

Lrl
0.925 0.937 0.0532 0.0146

\_’_1

0.0435

2.74

\_,_1
0.887

Lrl

Lrl

Y

0.8770.0595 0.892 0.95




S77

8OL LL——

4d

93%

0S€90L—

L¥6 121

902'82l—
€92°0EL—

6EVY9l—

\
180

\
200

i
220




S78

YOS —

¥6e°E
i —
Sehe—

2957/

BocHN

ppm 7

I
[}

N

—

l

0.0242

L
0.931

0.0802

(e}

0.0487

0.0367

\_'_1
0.0482

ppm 8




S79

2EO L L——

991°8¢—
S0S°9E———

06964

e

ZT

o
ve'SOL———

28912l

02€9G1

9€6'89Ll——

BocHN

74%

\
180

\
200

\
220




S80

979°L
69 l—

|

€99°L
299°L

9.5 ¥
765t
19y
€€9'p
1S9y

-

— NN
[@Jco)ieA g
OO NI

Mhhmmv%f&v
\
\
\

/N

618
29¢

\

\

aNINNO
N e—0O)00
[seXa2XaNIaN]

6¥€’S
6519

LN

)

<

©
/

|

LLS'9—

9899
LL29

q

220'8——

€6E8——
0ev'8—

S€L6—

95—
P65 r——
YL9r——
€E9Vr—
LS9 r——

YL r——
€9 —
28—
L08'r——
618 r——

292°S——
082'S——
L62°S—
SLES——
2€E€°S——
6YES——

2.54

6.3

]

0.999




S81

S200 —

€80°0—

"

€680
Ibb L
8922
8222
9612
208°2
162
156°2
2262
086°2
G19°€
729°¢
1€9°€
1%9°€
£69°¢
L+8°€
858°€
298°¢
628°¢
688°¢

LN —
o ™M
()] [ce]

o

TN e——0O

TPV v e

e \\E=—"

NAOMAOANOWOT —LN
— OO0 N —

oo
oL
<Y

6€8°S

NN©

!

TBSO

NH
,/COQMe

J

BocHN

5a

I
1
\_’_1

o
M
[
\_'_1
\_'_1
01

ppm 8




S82

8Ll¥'S-

052 8l——

668°G2—
ovEgz——

R R o —
9Z1 22—

616
L1225—
09 bG——

€y)29—

§26'08——

29€9LL——

pegeelL——

2v2'SS1——

81969l —
208021 —
060°221—

ba

|
180

\
200




NOO—ANMNNOOONMMOO O —
OOTMN—OOTMMM—OO

000000V N NN NN T TN — — — — — —

INDINNNMINNMN—OMNOLIMNMN—OO
N B BB B OO ONNNNNANN T T T T T T I TSI OO N

oNAd
SV
LN

¥Zs’

69
.8

NHBoc

Y

V2L

2208
e —
gs08—

[
0.984

|
|
J\
[
0.974

[
0.887

T
ppm 8.2

T
7.8

T
8.0

|
N

5.52

9.27

9.43

1.04

L
1

Y
2.83

L
i

Lrl

Lrl
0.99 1.15 0.976

\_’_1

0.984 1.03

0.887




S84

R
A

o Yol —
299 gl——

[coXop]
<P
o
NN

2198 ——

962°15——
GEZ2S—
718G

62829

Y6 08—

9/0°0l——

Al T E—

909°55 |

l6v° 29l ———
622 Lll—
6L 22l —

WMWMMWWWWMWWWW

NHBoc

69% yield 5b

\
180

ppm 200




sS85

GGO'L —_

ONO. —.

M

G301 I

-
0.961

7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 5.3 5.2 5.1 5.0 4.9 4.8 4.7

7.2

A

I Mm

par
1.04 1.98

\_'_l
0.961

o
2.04 1.07




S86

2600 1—
2vs6L—— —

A E—

€002l

gLL22l—
S¥8'8el
220281———
0SObEL—

o6y ¥9Ll———

|
180

|
200

\
220




S87

Ne
N
%
D

N8

€29°S
229°S
6¥9°S
2S9°S
904’
9L/
Lz
G2/
0€L
950’
¢80’
660°
velL
T4
6S¢°
86¢°
LOE"

W

\

—

@@@@@@@@mmmmm

N\

OTBS

NH /

7a

\_'_1
2.06

ppm 8




S88

821°G-

990 LYy

¥81'€9

959621l
§69'92l O
bEQOSL— Lﬂ

cpeZsl——

68€°G9L— —

\
180

ppm 200




S89
N~
e
D

<

GEZ'Z
8E€2'¢
LG22
YAy Y
¥92'¢2
69¢°¢
0422
€8¢2°¢
§8¢°¢

N\

VLl E—
62L¢C———
vl e—

)

\

OO MNMNOr——0OINANOOLNHLN
N MNMN—ONN—OOOIHM—O

N~
(o))
.= — OONNOQOOX

Q\“’\ |

@@@@Q{Df@@?mmmvﬁ'vﬂ'
|
\\“‘ //
7 \,

o
o
-

2689
7169

SPL'8——

OoTBS
7b

55%

T
4.8

T
5.0

T
5.2

T
5.4

T
5.6

[—
6.0

0.936

6.2

T
6.6

T
ppm 6.8

\_’_1
2.01

10

I



S90

L60°S-

¥86'92——
IS1'92——
299°62—

628°€9

6860l ——

8/0v2l
¥§8 L2l ——
€6V 0EL—

162°291——

OoTBS

/
NH
0

7b

55%

\
180

ppm 200




LZ

vy

N
<

NNMMMNANNNNNOOWOOOOININININININLALOLNLOLA ST
LALALALALA LA LA LN = r— = — r— — r— — — — — — — = — — — — — — — — —

OOONOMONOOITANNIMMANOONNONTMMNMAN—ON
o
A A A A

W
89

A

“

||
m

.9

A \
N A
\_'_1
0.907

|

\
M
\_'_1
905

[QV|




S92

A | ——
1y9'8Ll——

86587

2,05
18y 06— —
€96'¢g
€2,°€G—

9/9%9—
YR T E—

/§€°08——
7b508

OH

96991l -
20891 1l— .

X ©

BocHN

g8 bEl—
Q76 vSL1—

9L6'65L——

geeeLl——

8a

|
180

ppm 200




O—ONANNPON—NTONORR
AN —ONHN{OOOOIIONM —O

OO O MNMNNTT e —— <X N — — —
SIS NNNNNNNN— ————

— OO
<N
SO0,
NN <+

NOYOOOMNMNN—LNTMNANM
NOANNANNNNN— ———
r—r—r—r—r—r—r—r———— 0
NOOOOVOOOOOWOWOLN

(0)}
o
<
N~

|




S94

oLy cl——

S80°0¢—
28G°92——

OLger———

122801

$86'92L—
969'8¢L——
pSSLEL—
9208 veEl—

0S€25L———

L0899 L

8c

180

200

220




o)
&
T
G,
=z
| Z 5
o g &~
m
68¢°L
o B
mm_mﬁ 3
‘\\\\\w -
0€9'L—

¥86°L——

¥86'L—

-

[E—
0.949

0.919

4.5

5.0

5.5

6.0

6.5

7.0

7.5

ppm 8.0

o

(q\]

LN
(40]

-
Fo
Q
(40]

(o))
(qV]
2o
P

i
(o))
<
I
Fe=°

11




S96

LSYLL —
L6ELLl— -

<
<

8<
046°0S - W
6LEYI . W

6S0°L8—— -

LoV ELL——

9a

(-

O

BocHN
76%

9LE9EL——— —

LEL9SL

SOS LLL—— -

\
180

\
200

\
220




597

910G —
0€0°G—
P0G —

6S¥°L
L9V 2
1A
Siv'.
8Lv'L
881°L
Lot
82572
0€S*2
€ESL——
LS.
S¥S.
Y EWA
YA WA
09§72
29572
L1872
0282
728,
v€BL

\NW%

3.01

9

72%

0.929




S98

ZT

9c

88%

|

e

Lrl

Lrl

0.0276

1.87 2.04

\_'_1
0.901

L
1

Lrl
0.0846




S99

820" L——
Nn-l

ErO—

8S0'L———

i\

~3% remaining SM

oLt

J

ZT
ZT

8c

LEO'Z

AT

0.761
1.3

0.000714

3.06

2.13

0.8

0.9

1.0

1.1

1.2

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

2.2

2.3



2

8c

~3% remaining SM

$100

NS NJ
H
88% 9c
M_,,A LM/“\“W‘AM A ﬁ /\N\AA JAW Al JL
\_'_1
0.0276 0.028
\_'_1
0.0286 .027
\ \ \ \ ‘ \ \ \
ppm 6.5 6.0 5.5 5.0 4.5 4.0 3.5



NI~ —OOWM—miikm 0 $101
<Al <toNNe—c— NN eV}
(oA NN | -~
l\l‘\ l‘\l\l‘\l‘\l\l\r‘\l‘\ N
| | \ | | 3 /
‘ | i
N ML e
“ | \“/ | / |
N AN
H |
=
8c

~3% remaining SM
88% 9c
Impurity from SM -
Impurity from SM
\
\
\_'_1 \_'_1
1.87 2.04
\_'_1 \_'_1
0.0698 1 0.901

ppm 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0



$102

028°z2L——
86691 —
GZL2Ll—

728/°92—

9L l2l—

/69821—— —
66v 0EL——
2SS LEL—

122°S91———

ZT

9c

88%

|
180

\
200

\
220




S$103

—135.085
131.552
130.499

———128.697
127.156
124.330

8c
O
/\%\N
Imputfity from SM H
mpurity from SM mpufity from
o,
Impurity from SM 88% 9c
| ) -
\
ppm 140 138 136 134 132 130 128 126 124 122 120 118 116 114



S$104

0SZ'L—

[aNAS N
N
v‘v‘/v‘

J/\NHBZ
B
10a

A

|

L
1.91

\_'_1
0.891

ppm 9



$105

6L Sy

e
B
10a

909°'cg

\
180

ppm 200



5106
He
Hj Hc O Hd
Hh
0. HI
I'_% Hi o ‘B HaHk Hf Hg protodeboronation
I
o) 10a %ro ‘ob product
Ha
Hf Hb
Hc
Hk
Hj Hg
Hi Hh
HI J
J\»ﬂ e I M m‘«“\
- N U ! y
0.123 3.32 0.124 1 1.83 12.3
o = Y Y
0.856 1.98 0.898 0.18 0.258 0.275

\ ‘ \ \ \ ‘ ‘ \ \ ‘ \
10 9 8 7 5 3 2 1



§$107

>20:1 dr

OH
= ﬁ)\Ph 73% yield
NHBz
10c

0.0375

5.6

5.7

5.8

5.9

6.0

6.1

6.2

6.3

1.21 1.89

Lrl
1.94 41.22

7




S108

§26°LS

6LY'SL—

10c

OH
Ph
NHBz

8/8°/91l

\
180

ppm 200




S$109

Ayl

/6271

.08

ppm 9




S$110

AT —

682°LY

908'€8—
9GZ'p8 ——

#8692l ———
yS82l——
26€°LEL

A —

-30




S111

¥2S°2
44 WA
1962
06S°2
5092
0292 -
LL6°L—

9662

'

6,96 —
202°6—

Ha

Hd

Hb

He Hf

Hd

ol

M

u

Lrl

Lrl

12.5
Lrl

2.27 2.42

15.4

L
2

Lrl
1.76




S112

912'L
922" L

vEZ'L
0sel—
L1E"L

W

66l ——

LS E——

060t
260t

Poly
i
6.6V
086t
8861

E
266
AW%_WN

—

)

/

NNNNNNNNNN

W

X COLEt

NHBz
OH
59% yield 11¢
>20:1 dr

PinB

968'G——
€E6'S——

620°9——

A

M

i
\_'_1

ppm 9




®
»
SOS'pL——
L16°Gl—— )
220°62—— )
i
@)
(®)
[$)
J =
N T
T /s
/0186 g
286'66—— : m
m 0
C
£
2926, —— ]
cLS P -
pELLLL——
0£2°22l—
NAuw.wN —.‘C\CC\CHH B -
/99 LS| — —
2lLeeeEl——
00S'vEL—
€88°9G1
S$9'991—
2€2°791——

\
180

\
200

\
220




n@%.oJ/

feg0

e

i
N— -

0ov9°L

mm@._\

\,/
|

J

i

cely—— =
J<i—

|

189t
902 p— %

NHBz

~ "m’
i (e)]
L9 — o o#NA _ o
o O —
£00°2 L\T

7€0°L
¥6€°L
LIy L
A
sy’
Sy’
wmvm
L8 'L
E6¥'L
S0S°2
682/
L1182

W

o
<

—

ppm 9




S115

lSEPL—
v€2'22
@mo.mmy
P LG
S6L'Gz———
0€2'Se—
9/6'G2—
8S6'LE—
2109€—
86286
168°€8——
2.Sv8—
607221 —
219821l
LESLEL—
$GESEL
191°99l———

NHBz

\
180

\
200

ppm 220



-

7% 85% yield 12b

_—2.986
2.967
—2.948

\/

nmoomnal——~IhoaowcI® o
AN——OO0MONN—DDNLHO O
N LALALALA LA S < 0N N on A A A A 00 €0 60

—————————g————— 0O 00O

/

AL

- -
0.941 0.914

o
2.04 2.07

Ly
3 4.311.54
oy
2.21 12.4 3.46

\
ppm 9

\
8

[
7

[ \
2 1



S117

9921l —
0S0°SL—

v65° 77—

296y \

89¢'60——
O —
€802

26l'sg—

1626Vl

R Y —

NHBz

0-8
0
85% yield 12b

\
180

ppm 200




S118

¥80°6—
692°6——

Ha

B

€68°L

90¢€°¢

Hd

ik

ppm 10




S$119

Hb,
Ha NBz

Hb e

WO Hc

12b

3 atrtih 1

He

Hb

\

Ha NBz

0O-B

Hb 7$<OHC

12b

>20 DMF 80 °C <1

\_'_1
0.0485 4.75




S$120

Hb,
Ha NBz
0B
7§<0Hc
12b
3 atrtih 1
Hc Hd
d
Hb,
Ha NBz
0-B
7§<OHC
12b
>20 DMF 80 °C <1
Hc
e R
2.33 3.33

‘ \ \ \ \ \ \ \ \ \ \ \ \ \
ppm 3.0 2.9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7 1.6



o9

0€Z’L

Hd

3.7

€gl'2——
G6.0——
082

9887
8687

2.9

ppm 3.0



Lrl

el
Y

320.5 8.67

U

Ha

1802

908°¢ —
ve8e—

PinB
0-B
7$<O Hf

DMF -80 °C

1y i
85/ g ©
Liv'L

SV L—

L8Y%° L —

06v'L—
91572
0¢2S°2
€252

8E€S'Z

y

292°8——

2.61 4.69 4.02

<1

12b

>20




L Ol e Dl Il Al Dl A Dl I Al e N

4

—OOANNO —LNO — SRIF O
LNON A A — — O 600 00 N O Al — O 00
e OO0 000D 0

H
| H‘B‘q
| /\’J\N C
S9N
(+/-)-14B
!
|
|
|
N |
|
| | ."’“’H \
LM\ Lwﬁxym_¢_JMJmULk 1
L A by
0.881 0.883 1.073.07 6
Yoy \ Yoy
1.78 1.79 2.01 0.996 1.18
‘ \ \ \ ‘ \ \ \ ‘ \ \ \ \ \
ppm 10 9 8 7 3 2 1 0 -1 -2 -3



S124

ab6dl— \

€€9°Cl—

vyl Se—— \

J2v°S2—

850°Sh—— \

Grease
S —G—G—————————

(+-)-14B

89/°G2l——

02282l \
6L2°62L —

SELPEL

bSO LIl

i ——

|
160

ppm 180




4.346

H

r+0
~E—=O
SN
S T H
(+/-)-14B

S§125

‘ \
ppm 100

\
-20 -40

N
o
N
o
o

\
-60

!
-80

\
-100



S126

005

191
8zL
904

189

199

0001

9021

evLlL

SLLL

0051

1251

sevl

6651

019

-

(}-wo) siaquinuaneppy

0002

EVEC

005¢ 000€

0962

€262

YLEE
¥.8¢

005€ 000v

[T} -t o™ o o w0 g
(=2} =2] (=2} =21 (==} ©

o
(=2}

=
o
o
-

aoUBYIWSURI | %




o
2
o
0.6

|
V=
e
N\ Z il
\‘ |
\
|
J
by

6LE
2vE
£vE
rE

—gse
¢

?

HO OH
Catechol
b
BN
Lrl

~1:0.8

HN

\
0] B 0
(+/-)-15

aNoOMINOOANOM
OO MNOOLLNLN
NSNS
Lﬁ@@@@@@@
/

TSN

LEEL—

5
3

f

1.3.31 3.45

Lrl

0.922 3.35

.6

Y

Lrl

U
1.831.96 3.211.73

0.894 0.888 1.54




S128

N~ —
GeAn
HO  OH

L66’'S—

LIS O0—

Catechol

(+/-)-15

~1:0.8

v/860l—
206°60L—
996'GLLl—
olv6Ll—
YA A —
LS8V Ll——
99%'8ll——=
98€'62l—

0L0°SEL——

6L EYLl——

vSeLlLLl—

\
180

\
200

\
220




—2.965

S§$129

H-‘B‘O\

14B




S$130

N—N—MN0OTMNDTOLOLN T O N0 00 M N O —OOANNO—NO—TO
NNOONSTOMNAN——OOOOH0ONOWNN M IDMNMNMNAN—— OO 00N
L'?L’?”’.”?L’?”’.”?L’?”’.”?L’?”’.”?L’?”?T“’."’."’.“’."’."’.“’.‘ﬁ C T O0000

—0.927

0.914
———0.900
————0.885

—1.280
—1.250

S\~

%

(+/-) 15

\
ppm 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.



S131

AN

86y’ L——
ELS,L——
625 L

0.883

1.78

7.2 7.1

7.3

7.4

7.5

7.6

7.7

ppm 7.8



§132

©
) <
© o
N~ .
T 7
| |
: e O
H-B O\ 1.8 equiv. catechol o)
o-
NI H \: N H
14B (+-) 15
11B NMR 5.10 ppm (toluene) 1B NMR 17.66 ppm (toluene)
4h at 80 °C, NMR
taken at rt in toluene
35 minutes at 80 °C
" W,
25 minutes at 80 °C
LT
15 minutes at 80 °C
5 minutes at 80 °C
‘ [ [ \ \ \ \ \ \ [ \ \ \ \ \
ppm 120 100 80 60 40 20 -20 -40 -60 -80 -100 -120 -140 -160





