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General Information

General Experimental Procedures: All reactions were carried out under an inert nitrogen
atmosphere with dry solvents under anhydrous conditions unless otherwise stated. All reactions
were capped with a rubber septum or Teflon-coated silicon microwave cap unless otherwise stated.
Stainless steel cannulas or syringes were used to transfer solvent, and air- and moisture-sensitive
liquid reagents. Reactions were monitored by thin-layer chromatography (TLC) and carried out on
0.25 mmMerck silica gel plates (60F-254) using UV light as the visualizing agent. A basic solution
of KMnO4was used as a developing reagent which was accompanied by 30-60 seconds of heating.
SiliaFlash® P60 (40–63 μm, 230–400 mesh) silica gel purchased from SiliCycle Inc. was used for
flash column chromatography.

Materials: All anhydrous reaction solvents were purchased from MilliporeSigma or taken
from solvent purification system. MachinePhos A (L1) was prepared following a literature-
reported procedure (42), and all of the other catalysts and ligands were purchased from Strem
Chemicals or MilliporeSigma. t-Butyl acrylate (2a) and all aryl bromides were purchased from
MilliporeSigma, TCI Chemicals, Fischer Scientific, or AmBeed. Unless otherwise stated, all
reagents were used as received without further purification.

Instrumentation: All new compounds were characterized with 1H NMR, 13C NMR, FT-IR
(thin film), and HR-MS. Relevant 1H and 13C NMR spectra can be found at the end of each
experimental procedure. NMR spectra were recorded using Agilent DD2 400 MHz NMR
spectrometer, Agilent DD2 500 MHz NMR spectrometer, or Agilent DD2 600 MHz NMR
spectrometer. All 1HNMR data are reported in δ units, parts per million (ppm), and were calibrated
relative to the signals for residual chloroform (7.26 ppm) or tetramethylsilane (0.00 ppm) in
deuterochloroform (CDCl3). All 13C NMR data are reported in ppm relative to CDCl3 (77.2 ppm)
and were obtained with proton decoupling unless otherwise stated. The following abbreviations or
combinations thereof were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q
= quartet, m = multiplet, and a = apparent. All IR spectra were taken on an FT-IR/Raman Thermo
Nicolet 6700. High resolution mass spectra (HR-MS) were recorded on a Shimadzu 9030
Quadrupole Time-of-Flight mass spectrometer using ESI-TOF (electrospray ionization-time of
flight).

Computational Details: All density functional theory (DFT) calculations were performed
using the Gaussian 16 suite of programs (revision A3, 51). The B3LYP functional was used to
investigate reaction pathways (52). Geometry optimizations for the ground states, transition states
and products were performed with the LANL2DZ pseudopotential for palladium (Pd, 53), the 6-
31G(d,p) (54) basis set for all other atoms and GD3 empirical dispersion (55). The stationary points
are characterized via calculations of the analytical gradients and Hessians. Intermediates and
transition states were identified by the observation of the correct number of imaginary eigenvalues
in the Hessian matrix: zero (0) and one (1) respectively. To refine the results, single point energy
calculations were performed on the gas-phase optimized structures. This was performed using the
ωB97X-D (56) functional with the LANL2DZ pseudopotential for Pd and the 6-311++G(d,p) basis
set for all other atoms. All quoted free energies are reported at 298.15 K in THF (ε(0) = 7.43, ε(∞)
= 1.41) and were calculated via the SMD (57) continuum solvation model.

Data Processing and Training Procedure for KAE: In the initial procedure for dataset
preparation for our Kernel-Elastic Autoencoder (KAE), each SMILES string underwent
preprocessing whereby it was encapsulated between special start-of-sequence token "<SOS>" and
end-of-sequence token "?". These tokens serve as indicators during model testing to signal the
completion of translation. Subsequently, all characters within the training data were extracted and
cataloged into a character-to-token dictionary, facilitating conversions from characters to tokens.
A padding token was added to ensure uniformity in sequence lengths. A token-to-character



3

dictionary was generated to aid in the interpretation of model outputs. Leveraging the character-
to-token dictionary, all SMILES representations were converted into their corresponding tokens.
Given the Transformer architecture employed, uniformity in model inputs for batch training was
ensured by applying padding to all sequences.

Post-padding, all sequences were standardized to a consistent length. Numerical values
representing %Vbur and charge conditions were appended to the tokenized SMILES, thereby
augmenting the sequence length with two additional dimensions. Subsequently, the tokenized
dataset was partitioned into batches of size 128.

During training, molecules were randomly selected to form batches in each iteration. To
mitigate biases and enhance model robustness, molecule sampling was re-normalized to ensure a
balanced distribution of %Vbur conditions throughout training, particularly in regions with limited
training data. Though molecules may be drawn repeatedly within the same epoch, the number of
updates in one epoch is still defined as the number of data instances divided by the training batch
size.

Our KAE model employs 128-dimensional embedding vectors, 1280 latent dimensions, 32
multi-head dimensions, 6-layers of encoders and decoders, a dropout rate of 0.1, and the ADAM
optimizer with a learning rate of 0.0002. Training was conducted over 150 epochs to sufficiently
capture the intricacies of the dataset and optimize relevant model performance.

Phosphine Ligand Sources

L2–L10: purchased from Strem Chemicals or MilliporeSigma and used as received.
MachinePhos A (L1): prepared according to a literature-reported procedure (42) with slight

modification as follows.

A flame-dried 100-mL round-bottomed flask was charged with a magnetic stir bar, connected
to the manifold, and placed under a nitrogen atmosphere. After the flask was cooled to room
temperature, 2-bromotoluene (1.2 mL, 10 mmol, 2.0 equiv.) and anhydrous THF (20 mL) were
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added. The mixture was cooled to –78 °C (dry ice/acetone bath), and s-butyllithium (1.4 M in
cyclohexane, 7.5 mL, 10.5 mmol, 2.1 equiv.) was added dropwise. The cloudy yellow suspension
was allowed to stir at –78 °C for 1 hour, followed by the dropwise addition of triphenyl phosphite
(1.3 mL, 5.0 mmol, 1.0 equiv.), which caused the solution to gradually turn orange and transparent.
The mixture was warmed to room temperature over 5 hours.

To another flame-dried 100-mL round-bottomed flask charged with a magnetic stir bar was
added phenylacetylene (0.66 mL, 6.0 mmol, 1.2 equiv.) and anhydrous THF (15 mL). The mixture
was cooled to –78 °C (dry ice/acetone bath), and s-butyllithium (1.4 M in cyclohexane, 4.7 mL,
6.6 mmol, 1.32 equiv.) was added dropwise. The brown suspension was allowed to stir at –78 °C
for 1 hour, followed by addition of the above-prepared phosphinite solution at –78 °C. The
resulting reaction mixture was warmed to room temperature, stirred for 16 hours, and quenched
with water (H2 generated during the initial stages) followed by 4.0 M NaOH (5.0 mL, to remove
phenol). The mixture was washed with diethyl ether (2 × 20 mL), and the combined organic layers
were washed with brine and dried over anhydrous Na2SO4. The organic solution was concentrated
in vacuo to provide an amber oil, which was purified by flash column chromatography on silica
gel (100% hexanes to 50:1 hexanes/CH2Cl2) to afford MachinePhos A (L1) as a colorless oil (1.02
g, 65% yield), which solidified to form a white solid after long-term standing.
(phenylethynyl)di-o-tolylphosphane (MachinePhos A, L1)

White solid. Yield: 65%. Rf: 0.47 (5:1 hexanes/CH2Cl2).
IR (neat): 3052 (m), 2920 (m), 2858 (w), 2155 (m), 1587 (m), 1486 (m), 1465
(m), 1273 (m), 1200 (m), 1129 (m), 1025 (m), 748 (s) cm-1.
1H NMR (400 MHz, CDCl3): δ 7.63 – 7.56 (m, 2H), 7.54 – 7.48 (m, 2H), 7.36
– 7.31 (m, 3H), 7.31 – 7.27 (m, 2H), 7.22 (t, J = 6.8 Hz, 4H), 2.52 (s, 6H).
13C NMR (100 MHz, CDCl3): δ 142.1 (d, J = 26.9 Hz), 133.2 (d, J = 6.0 Hz),

133.1 (d, J = 3.4 Hz), 131.9 (d, J = 1.8 Hz), 130.4 (d, J = 5.2 Hz), 129.4, 128.8, 128.4, 126.4 (d, J
= 2.3 Hz), 123.2, 108.1 (d, J = 4.4 Hz), 85.4 (d, J = 7.2 Hz), 21.3 (d, J = 20.7 Hz).
31P NMR (162 MHz, CDCl3): δ –47.3.
HRMS (ESI+) [M+H]+: Calc'd for C22H20P+: 315.1297 m/z, found: 315.1292 m/z.

Additional Training and Model Specifications
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Fig. S1.

%Vbur-varying ligand generation with mean charge condition using KAE. At each asked
condition, 1000 latent vectors were sampled. Only the unique (non-repeating) and novel (not in
the training dataset) candidates were kept for further evaluation. These candidates were then
optimized by GFN2-xTB to obtain their %Vbur the same way as the dataset was prepared. The
figure shows correlation of the mean values of the obtained %Vbur vs the asked values.

Fig. S2.

Charge-varying ligand generation with mean %Vbur condition using KAE. At each asked
condition, 1000 latent vectors were sampled. Only the unique (non-repeating) and novel (not in
the training dataset) candidates were kept for further evaluation. These candidates were then
optimized by GFN2-xTB to obtain their Mulliken Charge. The figure shows correlation of the
mean values of the calculated Mulliken Charge vs the asked values.



6

Fig. S3.

Mulliken Charge vs. %Vbur for each training data point. The mean charge and mean %Vbur values
are labeled by red and magenta lines on the plot. The distribution shows less abundant data in the
region for small charge and low %Vbur and for big charge with big %Vbur.

Additional Optimization of Reaction Conditions

Table S1. Ligand screen. 1H-NMR yield was determined using CH2Br2 as internal standard.

Entry Ligand Conversion of bromide NMR yield

1 L1 25% 18%
2 L2 20% 13%
3 L3 11% 4%
4 L4 8% 2%
5 L5 5% 2%
6 L6 21% 10%
7 L7 12% 2%
8 L8 15% 10%
9 L9 <2% trace
10 L10 11% 3%
11* L1 60% 52%
12*† L1 51% trace
13*‡ L1 47% trace

Br

+
2.0 equiv. K2CO3
NMP, 65 °C, 18 h

CO2t-Bu

(1.5 equiv.)

CO2t-Bu
1.0 mol% Pd(OAc)2
2.0 mol% ligand

(1.0 equiv.)
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* 5.0 mol% of Pd(OAc)2 and 10 mol% of L1 were used as precatalyst.
† 1.0 equiv. AgNO3 as additive.
‡ 1.0 equiv. AgOAc as additive.

Table S2. Base screen. 1H-NMR yield was determined using CH2Br2 as internal standard.

Entry Base Conversion of bromide NMR yield

1 Na2CO3 33% 11%
2 NaHCO3 40% 5%
3 KHCO3 26% 19%
4 Cs2CO3 50% 3%
5 HCO2Na 44% 21%
6 NaOAc 19% 8%
7 PhCO2Na 23% 19%
8 NaOt-Bu <2% trace
9 NaOTMS <2% trace
10 Et3N 30% 10%
11 DIPEA (Hünig's base) 35% 6%
12 n-Bu4N+OAc– 61% 58%

Table S3. Solvent screen. 1H-NMR yield was determined using CH2Br2 as internal standard.

Entry Solvent Conversion of bromide NMR yield

1 NMP 61% 58%
2 Toluene 58% 44%
3 THF 79% 64%
4 DME 51% 44%
5 1,4-Dioxane 53% 40%
6 MeCN 77% 20%
7 DMF 75% 51%

General Experimental Procedure for Pd-Catalyzed Mizoroki-Heck Reaction
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To a flame-dried 10-mL microwave vial equipped with a magnetic stir bar was added
Pd(OAc)2 (1.1 mg, 0.005 mmol, 5.0 mol%), MachinePhos A (3.1 mg, 0.01 mmol, 10 mol%), and
tetrabutylammonium acetate (60.3 mg, 0.2 mmol, 2.0 equiv.). The vial was capped, evacuated, and
backfilled with N2 (repeated three times). THF (0.5 mL) was added via syringe, and the solution
was allowed to stir at room temperature for 20 min. A THF solution (0.5 mL) of bromobenzene
1a (15.7 mg, 0.1 mmol, 1.0 equiv.) and t-butyl arylate 2a (19.2 mg, 0.15 mmol, 1.5 equiv.) were
added to the vial sequentially under N2. The reaction vial was placed into a pre-heated 65 °C oil
bath and allowed to stir for 18 hours. Upon completion, the reaction was quenched by addition of
sat. aq. NH4Cl (1.0 mL), diluted with diethyl ether (2.0 mL), and stirred at room temperature for
30 min. The mixture was passed through a short plug of celite, then eluted with Et2O (3 × 8.0 mL).
The combined eluent was dried over anhydrous Na2SO4 and concentrated in vacuo to a provide
yellow oil, which was purified by flash column chromatography on silica gel (hexanes:ethyl
acetate = 60:1) to afford 3a as yellow oil (13.1 mg, 64% yield).

Characterization of Products

tert-Butyl cinnamate (3a)

Yellow oil. Yield: 64%. Rf: 0.45 (20:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.59 (d, J = 16.0 Hz, 1H), 7.54 – 7.47 (m, 2H),
7.39 – 7.34 (m, 3H), 6.37 (d, J = 16.0 Hz, 1H), 1.54 (s, 9H).
13CNMR (100MHz, CDCl3): δ 166.4, 143.7, 134.8, 130.1, 128.9, 128.1, 120.3,

80.6, 28.3.
The NMR data are consistent with the reported literature (58).

tert-Butyl (E)-3-(4-aminophenyl)acrylate (3b)

Brown solid. Yield: 66%. Rf: 0.54 (3:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.49 (d, J = 16.0 Hz, 1H), 7.36 – 7.27 (m,
2H), 6.66 – 6.58 (m, 2H), 6.16 (d, J = 16.0 Hz, 1H), 3.94 (s, 2H), 1.52 (s,
9H).

13C NMR (100 MHz, CDCl3): δ 167.2, 148.6, 143.9, 129.8, 125.0, 115.7, 114.9, 80.1, 28.4.
The NMR data are consistent with the reported literature (59).

tert-Butyl (E)-3-(2-aminopyrimidin-5-yl)acrylate (3c)

Pale yellow solid. Yield: 60%. Rf: 0.32 (1:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.44 (s, 2H), 7.39 (d, J = 16.0 Hz, 1H),
6.27 (d, J = 16.0 Hz, 1H), 5.58 (br s, 2H), 1.51 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.1, 163.1, 157.9, 137.3, 119.1, 118.4,

80.9, 28.3.
The NMR data are consistent with the reported literature (60).

tert-Butyl (E)-3-(2-(dimethylamino)pyrimidin-5-yl)acrylate (3d)

Pale yellow solid. Yield: 68%. Rf: 0.47 (4:1 hexanes/ethyl acetate).
IR (neat): 2966 (m), 2928 (m), 1692 (s), 1609 (m), 1536 (m), 1363 (m),
1322 (m), 1143 (s) cm-1.
1H NMR (400 MHz, CDCl3): δ 8.42 (s, 2H), 7.36 (d, J = 16.0 Hz, 1H),

6.18 (d, J = 16.0 Hz, 1H), 3.20 (s, 6H), 1.50 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.5, 162.1, 157.3, 138.2, 116.3, 116.2, 80.5, 37.3, 28.3.
HRMS (ESI+) [M+H]+: Calc'd for C13H20N3O2+: 250.1550 m/z, found: 250.1541 m/z.

CO2t-Bu
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NMe2N
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tert-Butyl (E)-3-(pyrimidin-5-yl)acrylate (3e)

White solid. Yield: 51%. Rf: 0.45 (3:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 9.15 (s, 1H), 8.84 (s, 2H), 7.48 (d, J = 16.0 Hz,
1H), 6.50 (d, J = 16.0 Hz, 1H), 1.51 (s, 9H).
13CNMR (100MHz, CDCl3): δ 165.0, 159.1, 155.6, 136.1, 128.7, 124.5, 81.6,

28.2.
The NMR data are consistent with the reported literature (61).

tert-Butyl (E)-3-(6-methylpyridin-2-yl)acrylate (3f)

Colorless oil. Yield: 62%. Rf: 0.48 (5:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.56 (t, J = 7.6 Hz, 1H), 7.55 (d, J = 15.6
Hz, 1H), 7.21 (d, J = 7.6 Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 6.79 (d, J = 15.6
Hz, 1H), 2.55 (s, 3H), 1.51 (s, 9H).

13CNMR (100MHz, CDCl3): δ 166.2, 158.9, 152.7, 142.7, 136.9, 124.2, 123.8, 121.0, 80.7, 28.3,
24.7.
The NMR data are consistent with the reported literature (62).

tert-Butyl (E)-3-(6-methylpyrazin-2-yl)acrylate (3g)

Colorless oil. Yield: 22%. Rf: 0.61 (2:1 hexanes/ethyl acetate).
IR (neat): 2976 (m), 2931 (m), 1705 (s), 1643 (m), 1393 (m), 1321 (m),
1140 (s), 1014 (m) cm-1.
1H NMR (400 MHz, CDCl3): δ 8.44 (s, 1H), 8.39 (s, 1H), 7.55 (d, J = 15.6

Hz, 1H), 6.93 (d, J = 15.6 Hz, 1H), 2.57 (s, 3H), 1.53 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 165.6, 154.1, 147.8, 144.9, 141.8, 138.9, 126.4, 81.2, 28.3, 21.8.
HRMS (ESI+) [M+H]+: Calc'd for C12H17N2O2+: 221.1285 m/z, found: 221.1265 m/z.

tert-Butyl (E)-3-(pyridin-3-yl)acrylate (3h)

White solid. Yield: 63%. Rf: 0.44 (3:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.69 (d, J = 2.4 Hz, 1H), 8.54 (dd, J = 4.8, 1.6
Hz, 1H), 7.78 (dt, J = 8.0, 2.0 Hz, 1H), 7.53 (d, J = 16.0 Hz, 1H), 7.28 (dd, J =
7.6, 4.4 Hz, 1H), 6.40 (d, J = 16.0 Hz, 1H), 1.50 (s, 9H).

13C NMR (100 MHz, CDCl3): 165.6, 150.7, 149.6, 139.8, 134.2, 130.5, 123.8, 122.5, 81.0, 28.2.
The NMR data are consistent with the reported literature (63).

tert-Butyl (E)-3-(pyridin-4-yl)acrylate (3i)

White solid. Yield: 60%. Rf: 0.32 (2:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.64 – 8.57 (m, 2H), 7.47 (d, J = 16.0 Hz, 1H),
7.35 – 7.30 (m, 2H), 6.50 (d, J = 16.0 Hz, 1H), 1.52 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 165.4, 150.5, 142.0, 140.7, 125.0, 121.9, 81.4,

28.2.
The NMR data are consistent with the reported literature (64).

tert-Butyl (E)-3-(quinolin-6-yl)acrylate (3j)

Pale yellow solid. Yield: 78%. Rf: 0.28 (5:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.88 (dd, J = 4.4, 1.6 Hz, 1H), 8.12 (dd, J
= 8.4, 1.6 Hz, 1H), 8.05 (d, J = 8.8 Hz, 1H), 7.89 – 7.81 (m, 2H), 7.71 (d, J
= 16.0 Hz, 1H), 7.38 (dd, J = 8.4, 4.4 Hz, 1H), 6.48 (d, J = 16.0 Hz, 1H),

1.53 (s, 9H).

N

N
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13C NMR (100 MHz, CDCl3): δ 166.1, 151.2, 149.0, 142.6, 136.5, 133.0, 130.2, 129.0, 128.3,
127.4, 121.8, 121.7, 80.8, 28.3.
The NMR data are consistent with the reported literature (65).

tert-Butyl (E)-3-(1-methyl-1H-imidazol-5-yl)acrylate (3k)

Pale yellow solid. Yield: 14%. Rf: 0.55 (15:1 CH2Cl2/MeOH).
1H NMR (400 MHz, CDCl3): δ 7.48 (s, 1H), 7.40 (d, J = 16.0 Hz, 1H), 7.40 (s,
1H), 6.18 (d, J = 16.0 Hz, 1H), 3.68 (s, 3H), 1.49 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.4, 140.7, 131.9, 128.9, 128.6, 118.4, 80.8,

32.4, 28.2.
The NMR data are consistent with the reported literature (60).

tert-Butyl (E)-3-(4-chlorophenyl)acrylate (3l)

White solid. Yield: 94%. Rf: 0.50 (15:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.52 (d, J = 16.0 Hz, 1H), 7.46 – 7.39 (m,
2H), 7.33 (d, J = 8.4 Hz, 2H), 6.33 (d, J = 16.0 Hz, 1H), 1.53 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.2, 142.2, 135.9, 133.3, 129.2, 120.9,

80.8, 28.3.
The NMR data are consistent with the reported literature (66).

tert-Butyl (E)-3-(4-nitrophenyl)acrylate (3m)

Yellow solid. Yield: 87%. Rf: 0.41 (6:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.26 – 8.19 (m, 2H), 7.67 – 7.63 (m, 2H),
7.60 (d, J = 16.0 Hz, 1H), 6.48 (d, J = 16.0 Hz, 1H), 1.54 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 165.4, 148.5, 141.0, 140.7, 128.6, 124.7,

124.3, 81.5, 28.3.
The NMR data are consistent with the reported literature (67).

tert-Butyl (E)-3-(4-(benzyloxy)phenyl)acrylate (3n)

White solid. Yield: 35%. Rf: 0.54 (4:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.55 (d, J = 16.0 Hz, 1H), 7.49 – 7.31 (m,
7H), 7.00 – 6.93 (m, 2H), 6.25 (d, J = 16.0 Hz, 1H), 5.09 (s, 2H), 1.54 (s,
9H).

13C NMR (100 MHz, CDCl3): δ 166.8, 160.4, 143.3, 136.6, 129.7, 128.8, 128.3, 127.7, 127.6,
117.9, 115.2, 80.4, 70.1, 28.3.
The NMR data are consistent with the reported literature (68).

tert-Butyl (E)-3-(3,4,5-trimethoxyphenyl)acrylate (3o)

Light yellow solid. Yield: 23%. Rf: 0.36 (5:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.48 (d, J = 16.0 Hz, 1H), 6.71 (s, 2H),
6.26 (d, J = 16.0 Hz, 1H), 3.86 (s, 9H), 1.52 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.3, 153.4, 143.6, 139.8, 130.3, 119.5,
105.1, 80.6, 61.0, 56.2, 28.3.

The NMR data are consistent with the reported literature (69).

tert-Butyl (E)-3-(naphthalen-1-yl)acrylate (3p)

CO2t-Bu

N

N

Me

3k

Cl

CO2t-Bu

3l

O2N

CO2t-Bu

3m

BnO

CO2t-Bu

3n

MeO

MeO

OMe

CO2t-Bu

3o
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Pale yellow oil. Yield: 97%. Rf: 0.43 (20:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.45 (d, J = 15.6 Hz, 1H), 8.24 – 8.18 (m,
1H), 7.91 – 7.85 (m, 2H), 7.77 – 7.72 (m, 1H), 7.61 – 7.50 (m, 2H), 7.48 (t, J
= 7.7 Hz, 1H), 6.48 (d, J = 15.6 Hz, 1H), 1.60 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.4, 140.7, 133.7, 132.1, 131.5, 130.3,

128.8, 126.8, 126.2, 125.6, 125.0, 123.6, 122.9, 80.7, 28.4.
The NMR data are consistent with the reported literature (63).

tert-Butyl (E)-3-(furan-2-yl)acrylate (3q)

Yellow oil. Yield: 55%. Rf: 0.32 (20:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.45 (d, J = 1.6 Hz, 1H), 7.32 (d, J = 15.6 Hz,
1H), 6.56 (d, J = 3.2 Hz, 1H), 6.44 (dd, J = 3.2, 1.6 Hz, 1H), 6.24 (d, J = 15.6
Hz, 1H), 1.51 (s, 9H).

13C NMR (100 MHz, CDCl3): δ 166.5, 151.3, 144.5, 130.2, 118.1, 114.2, 112.3, 80.5, 28.3.
The NMR data are consistent with the reported literature (70).

tert-Butyl (E)-3-(furan-3-yl)acrylate (3r)

Yellow oil. Yield: 70%. Rf: 0.28 (20:1 hexanes/ethyl acetate).
IR (neat): 2978 (w), 2933 (w), 1705 (s), 1640 (m), 1368 (m), 1253 (m), 1149
(s), 845 (m) cm-1.
1H NMR (400 MHz, CDCl3): δ 7.63 – 7.59 (m, 1H), 7.46 (d, J = 16.0 Hz, 1H),

7.41 (d, J = 2.0 Hz, 1H), 6.56 (d, J = 2.0 Hz, 1H), 6.09 (d, J = 16.0 Hz, 1H), 1.51 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.4, 144.4, 144.2, 133.6, 122.8, 120.1, 107.6, 80.5, 28.3.
HRMS (ESI+) [M+H]+: Calc'd for C11H15O3+: 195.1016 m/z, found: 195.1002 m/z.

tert-Butyl (E)-3-(thiophen-2-yl)acrylate (3s)

Yellow oil. Yield: 42%. Rf: 0.32 (20:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.68 (d, J = 15.6 Hz, 1H), 7.33 (d, J = 5.2 Hz,
1H), 7.21 (d, J = 3.6 Hz, 1H), 7.03 (dd, J = 5.2, 3.6 Hz, 1H), 6.17 (d, J = 15.6
Hz, 1H), 1.52 (s, 9H)

13C NMR (100 MHz, CDCl3): δ 166.2, 139.9, 136.1, 130.5, 128.1, 128.1, 119.2, 80.6, 28.3.
The NMR data are consistent with the reported literature (71).

tert-Butyl (E)-3-(thiophen-3-yl)acrylate (3t)

Yellow oil. Yield: 17%. Rf: 0.28 (20:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.57 (d, J = 16.0 Hz, 1H), 7.45 (dd, J = 2.8, 1.2
Hz, 1H), 7.32 (dd, J = 5.2, 2.8 Hz, 1H), 7.27 (dd, J = 5.2, 1.2 Hz, 1H), 6.19 (d, J
= 16.0 Hz, 1H), 1.52 (s, 9H).

13C NMR (100 MHz, CDCl3): δ 166.7, 137.9, 137.2, 127.6, 126.9, 125.3, 120.0, 80.6, 28.3.
The NMR data are consistent with the reported literature (71).

tert-Butyl (E)-3-(5-methylthiophen-2-yl)acrylate (3u)

Pale yellow oil. Yield: 37%. Rf: 0.48 (15:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.59 (d, J = 15.6 Hz, 1H), 7.00 (d, J = 3.6
Hz, 1H), 6.70 – 6.66 (m, 1H), 6.02 (d, J = 15.6 Hz, 1H), 2.48 (s, 3H), 1.51
(s, 9H).

13C NMR (100 MHz, CDCl3): δ 166.5, 143.5, 137.9, 136.6, 131.3, 126.5, 117.6, 80.4, 28.3, 15.9.
The NMR data are consistent with the reported literature (72).

CO2t-Bu
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CO2t-BuO
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CO2t-Bu
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CO2t-BuS
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CO2t-Bu

S

3t
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tert-Butyl (E)-3-(3-methylthiophen-2-yl)acrylate (3v)

Yellow oil. Yield: 32%. Rf: 0.48 (15:1 hexanes/ethyl acetate).
IR (neat): 2977 (m), 2928 (w), 1698 (s), 1617 (s), 1366 (m), 1281 (m), 1141 (s),
851 (m) cm-1.
1H NMR (400 MHz, CDCl3): δ 7.76 (d, J = 15.6 Hz, 1H), 7.22 (d, J = 5.2 Hz,

1H), 6.85 (d, J = 5.2 Hz, 1H), 6.11 (d, J = 15.6 Hz, 1H), 2.32 (s, 3H), 1.52 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.7, 140.9, 134.7, 133.9, 131.2, 126.6, 118.0, 80.5, 28.3, 14.2.
HRMS (EI+) [M]+: Calc'd for C12H16O2S+: 224.0866 m/z, found: 224.0853 m/z.

tert-Butyl (E)-3-(benzofuran-2-yl)acrylate (3w)

White solid. Yield: 94%. Rf: 0.43 (20:1 hexanes/ethyl acetate).
IR (neat): 2931 (w), 1689 (s), 1637 (m), 1450 (m), 1370 (m), 1290 (m),
1236 (s), 1039 (m) cm-1.
1H NMR (400 MHz, CDCl3): δ 7.60 – 7.55 (m, 1H), 7.49 – 7.41 (m, 2H),

7.37 – 7.31 (m, 1H), 7.26 – 7.20 (m, 1H), 6.89 (s, 1H), 6.53 (d, J = 15.6 Hz, 1H), 1.55 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.1, 155.6, 152.7, 130.4, 128.5, 126.3, 123.3, 121.8, 121.2,
111.5, 110.6, 80.8, 28.3.
HRMS (EI+) [M]+: Calc'd for C15H16O3+: 244.1094 m/z, found: 244.1082 m/z.

tert-Butyl (E)-3-(benzofuran-3-yl)acrylate (3x)

Light yellow solid. Yield: 54%. Rf: 0.40 (20:1 hexanes/ethyl acetate).
IR (neat): 3136 (m), 1703 (s), 1638 (s), 1450 (s), 1316 (m), 1249 (s), 1140
(m), 1080 (m) cm-1.
1H NMR (400 MHz, CDCl3): δ 7.89 – 7.82 (m, 2H), 7.69 (d, J = 16.0 Hz,

1H), 7.56 – 7.49 (m, 1H), 7.42 – 7.29 (m, 2H), 6.50 (d, J = 16.0 Hz, 1H), 1.55 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.6, 156.2, 147.6, 133.5, 125.4, 125.0, 123.8, 121.2, 120.5,
118.0, 112.1, 80.7, 28.4.
HRMS (EI+) [M]+: Calc'd for C15H16O3+: 244.1094 m/z, found: 244.1081 m/z.

tert-Butyl (E)-3-(benzo[b]thiophen-2-yl)acrylate (3y)

White solid. Yield: 72%. Rf: 0.43 (20:1 hexanes/ethyl acetate).
IR (neat): 1708 (s), 1627 (s), 1364 (m), 1316 (m), 1299 (m), 1256 (m), 1141
(s), 978 (m) cm-1.
1H NMR (400 MHz, CDCl3): δ 7.82 – 7.71 (m, 3H), 7.42 (s, 1H), 7.40 –

7.31 (m, 2H), 6.24 (d, J = 15.6 Hz, 1H), 1.55 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 165.9, 140.2, 139.9, 139.7, 136.7, 128.3, 126.1, 124.9, 124.4,
122.5, 121.6, 80.9, 28.3.
HRMS (EI+) [M]+: Calc'd for C15H16O2S+: 260.0866 m/z, found: 260.0851 m/z.

tert-Butyl (E)-3-(benzo[b]thiophen-3-yl)acrylate (3z)

Light yellow oil. Yield: 33%. Rf: 0.40 (20:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.05 – 7.99 (m, 1H), 7.92 – 7.84 (m, 2H),
7.71 (s, 1H), 7.49 – 7.43 (m, 1H), 7.42 – 7.37 (m, 1H), 6.48 (d, J = 16.0 Hz,
1H), 1.57 (s, 9H).
13C NMR (100 MHz, CDCl3): δ 166.6, 140.6, 137.3, 135.4, 131.9, 127.6,

125.1, 125.0, 123.1, 122.2, 120.8, 80.7, 28.4.
The NMR data are consistent with the reported literature (60).
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tert-Butyl (E)-3-(4-(2-((tert-butoxycarbonyl)amino)ethyl)phenyl)acrylate (3aa)

Pale yellow oil. Yield: 41%. Rf: 0.49 (4:1 hexanes/ethyl acetate).
IR (neat): 3362 (br), 2976 (m), 2933 (m), 1694 (s), 1635 (m), 1511
(m), 1366 (m), 1145 (m) cm-1.
1H NMR (400 MHz, CDCl3): δ 7.55 (d, J = 16.0 Hz, 1H), 7.44 (d, J

= 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 6.33 (d, J = 16.0 Hz, 1H), 4.57 (s, 1H), 3.37 (q, J = 6.8
Hz, 2H), 2.80 (t, J = 6.8 Hz, 2H), 1.52 (s, 9H), 1.42 (s, 9H).
13CNMR (100MHz, CDCl3): δ 166.5, 155.9, 143.4, 141.4, 133.0, 129.4, 128.3, 119.8, 80.6, 79.4,
41.7, 36.2, 28.5, 28.3.
HRMS (ESI+) [M+H]+: Calc'd for C20H30NO4+: 348.2169 m/z, found: 348.2153 m/z.

tert-Butyl (E)-4-(4-(3-(tert-butoxy)-3-oxoprop-1-en-1-yl)phenyl)piperazine-1-carboxylate

(3ab)

Light yellow solid. Yield: 12%. Rf: 0.50 (4:1 hexanes/ethyl acetate).
IR (neat): 2930 (w), 1687 (s), 1599 (s), 1478 (m), 1451 (m), 1364
(m), 1286 (m), 1141 (m) cm-1.
1H NMR (400 MHz, CDCl3): δ 7.51 (d, J = 16.0 Hz, 1H), 7.45 –
7.38 (m, 2H), 6.91 – 6.82 (m, 2H), 6.21 (d, J = 16.0 Hz, 1H), 3.57 (t,

J = 5.2 Hz, 4H), 3.22 (t, J = 5.2 Hz, 4H), 1.52 (s, 9H), 1.48 (s, 9H).
13CNMR (100MHz, CDCl3): δ 167.0, 154.8, 152.2, 143.5, 129.5, 125.9, 116.8, 115.5, 80.2, 80.2,
48.2, 43.4 (broad signal with low intensity due to Boc-rotamer), 28.5, 28.4.
HRMS (ESI+) [M+H]+: Calc'd for C22H33N2O4+: 389.2435 m/z, found: 389.2417 m/z.

(E)-2-(4-Methoxystyryl)-5-methylthiophene (4a)

Pale yellow solid. Yield: 47%. Rf: 0.45 (6:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.43 – 7.37 (m, 2H), 7.04 (d, J = 16.0
Hz, 1H), 6.93 – 6.87 (m, 2H), 6.83 (d, J = 3.6 Hz, 1H), 6.78 (d, J = 16.0
Hz, 1H), 6.66 (dd, J = 3.6, 1.2 Hz, 1H), 3.83 (s, 3H), 2.50 (s, 3H).
13C NMR (100 MHz, CDCl3): δ 159.2, 141.3, 138.7, 130.1, 127.5,

126.8, 125.8, 125.8, 120.3, 114.2, 55.4, 15.7.
The NMR data are consistent with the reported literature (73).

(E)-1-Chloro-4-styrylbenzene (4b)

White solid. Yield: 47%. Rf: 0.61 (100% hexanes).
1H NMR (400 MHz, CDCl3): δ 7.51 (d, J = 7.6 Hz, 2H), 7.44 (d, J = 8.0 Hz,
2H), 7.41 – 7.24 (m, 5H), 7.07 (ABd, JA = JB = 16.4 Hz, 2H).
13CNMR (100MHz, CDCl3): δ 137.1, 136.0, 133.3, 129.4, 129.0, 128.9, 128.0,

127.8, 127.5, 126.7.
The NMR data are consistent with the reported literature (74).

(E)-4-(4-Chlorostyryl)pyridine (4c)

Yellow solid. Yield: 42%. Rf: 0.53 (3:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.58 (d, J = 6.0 Hz, 2H), 7.50 – 7.44 (m,
2H), 7.39 – 7.33 (m, 4H), 7.25 (d, J = 16.4 Hz, 1H), 6.99 (d, J = 16.4 Hz,
1H).
13C NMR (100 MHz, CDCl3): δ 150.3, 144.4, 134.8, 134.6, 132.0, 129.2,

128.3, 126.7, 121.0.
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Me
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The NMR data are consistent with the reported literature (75).

(E)-2-(4-Chlorostyryl)pyridine (4d)

Yellow solid. Yield: 80%.Rf: 0.45 (3:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 8.63 – 8.56 (m, 1H), 7.65 (td, J = 7.6, 1.6
Hz, 1H), 7.59 (d, J = 16.0 Hz, 1H), 7.52 – 7.46 (m, 2H), 7.37 – 7.29 (m, 3H),
7.18 – 7.11 (m, 1H), 7.12 (d, J = 16.0 Hz, 1H).
13C NMR (100 MHz, CDCl3): δ 155.3, 149.8, 136.7, 135.3, 134.1, 131.5,

129.0, 128.6, 128.4, 122.4, 122.4.
The NMR data are consistent with the reported literature (76).

(E)-3-(4-Chlorophenyl)acrylonitrile (4e)

Yellow solid. Yield: 74% (E-isomer). Rf: 0.58 (10:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.42 – 7.32 (m, 5H), 5.86 (d, J = 16.4 Hz, 1H).
13C NMR (100 MHz, CDCl3): δ 149.2, 137.4, 132.1, 129.6, 128.7, 117.9, 97.1.
The NMR data are consistent with the reported literature (76).

Diethyl (E)-(4-chlorostyryl)phosphonate (4f)

Colorless oil. Yield: 41%. Rf: 0.27 (1:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.51 – 7.36 (m, 3H), 7.34 (d, J = 8.4 Hz,
2H), 6.22 (t, J = 17.2 Hz, 1H), 4.21 – 4.03 (m, 4H), 1.34 (t, J = 7.2 Hz, 6H).
13C NMR (100 MHz, CDCl3): δ 147.3 (d, J = 6.8 Hz), 136.2, 133.5 (d, J

= 23.7 Hz), 129.2, 129.0, 114.9 (d, J = 191.6 Hz), 62.0 (d, J = 5.5 Hz), 16.5 (d, J = 6.5 Hz).
31P NMR (162 MHz, CDCl3): δ 18.9.
The NMR data are consistent with the reported literature (77).

(E)-1-Chloro-4-(2-(phenylsulfonyl)vinyl)benzene (4g)

White solid. Yield: 55%. Rf: 0.71 (2:1 hexanes/ethyl acetate).
1H NMR (400 MHz, CDCl3): δ 7.98 – 7.90 (m, 2H), 7.66 – 7.58 (m, 2H),
7.54 (dd, J = 8.4, 6.8 Hz, 2H), 7.43 – 7.37 (m, 2H), 7.34 (d, J = 8.4 Hz, 2H),
6.86 (d, J = 15.2 Hz, 1H).

13C NMR (100 MHz, CDCl3): δ 141.0, 140.5, 137.3, 133.6, 130.9, 129.8, 129.5, 129.4, 127.9,
127.7.
The NMR data are consistent with the reported literature (78).
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Comparison of Different Methods for the Synthesis of N-Containing t-Butyl Acrylates

Fig. S4.

Select examples of aniline and N-containing heterocyclic substrates, whose yields are reported in
literatures utilizing the Mizoroki-Heck reaction. Since there is no report on the synthesis of
identical 3d and 3g, 3da and 3ga are shown as the products similar to 3d and 3g, respectively.

H2N

2.0 equiv. n-Bu4N
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Unsuccessful Examples for Pd-Catalyzed Mizoroki-Heck Reaction

Fig. S5.

Select examples of aryl halides that failed to participate in the Mizoroki-Heck reaction to afford
the products. Values in parentheses are conversion of halide determined by analysis of 1H NMR
spectra of unpurified mixtures, using CH2Br2 as the internal standard. *ND: The anticipated
product is not detected by 1H NMR in unpurified mixtures.

Computational Benchmarking

Calculations for the alkene associative adduct, migratory insertion transition state, and
migratory insertion products were evaluated for a variety of functionals (B3LYP (52), PBE (86),
PBE0 (87), M06 (52), M06-2X (52), and ωB97X-D (56)). The ∆G‡ for the migratory TS, product
energy, P–C–C bond angle of the alkyne in the TS and the product, as well as the Pd–C1(alkyne)
and Pd–C2(alkyne) distance were compared in the product as well. All values for energy and
geometry comparisons were relatively consistent across all of the test functionals. M06-D3 saw
the largest variation when compared to the other functionals, and was therefore not considered
further for this DFT study.

Table S4.

Geometry and energy comparisons of various DFT functionals and dispersion corrections for the
alkene association adduct, migratory insertion TS, and migratory insertion product.
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Computational Coordinates
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Cationic Oxidative Addition Adduct

Zero-point correction = 0.424321 (Hartree/Particle)
Zero-point correction = 0.430785 (Hartree/Particle)
Thermal correction to Energy = 0.459768
Thermal correction to Enthalpy = 0.460712
Thermal correction to Gibbs Free Energy = 0.365169
Sum of electronic and zero-point Energies = -1548.986750
Sum of electronic and thermal Energies = -1548.957767
Sum of electronic and thermal Enthalpies = -1548.956823
Sum of electronic and thermal Free Energies= -1549.052366

E(RwB97XD) = -1549.21572928

Pd -0.64525700 0.48309500 -1.34590800
P 1.67119800 0.18218600 -0.47995500

C 2.62852000 -1.34477500 -0.66050600

C 2.99865800 -1.66682300 -1.97647300

C 3.00324600 -2.17338400 0.42332200

C 3.75486500 -2.80620500 -2.23787200

H 2.69513200 -1.01895600 -2.79370800

C 3.75946200 -3.31306200 0.12845000

C 4.13342300 -3.62923000 -1.17828400

H 4.04332500 -3.04673200 -3.25537100

H 4.06121800 -3.96434800 0.94324000

H 4.72244700 -4.52123200 -1.36616500

C 2.66316400 1.43282400 0.39444600
C 2.11627500 2.69835900 0.70743400

C 4.01094800 1.14969800 0.66295400

C 2.95306900 3.63476100 1.32215200

C 4.82241600 2.10534800 1.26925800

H 4.42542000 0.18420800 0.39527700

C 4.28879400 3.34845000 1.60402600

H 2.54854200 4.60985100 1.57641500

H 5.86289200 1.87778400 1.47509600

H 4.91219300 4.10082600 2.07606600

C 0.27323200 -0.22857900 0.53428600

C -0.85176100 -0.46675200 1.00698400
C -2.04322900 -0.85974600 1.66644000

C -2.31912300 -2.23281500 1.82580500

C -2.96285400 0.10592000 2.12125000

C -3.50100400 -2.62774000 2.44272000

C -4.13980600 -0.30371900 2.73223300

H -2.75254300 1.15831900 1.96934900

C -4.41018300 -1.66718800 2.89312900

H -3.71547800 -3.68339500 2.57022600

H -4.85213300 0.43649700 3.08029600

H -5.33376300 -1.98057100 3.36884900

C 0.68262100 3.06288900 0.41285800

H -0.01632900 2.49540000 1.03658000
H 0.50725600 4.12497400 0.59522900

H 0.42527200 2.86271500 -0.63666100

C 2.60599700 -1.88874900 1.84980600

H 2.74694400 -0.83800700 2.11630000

H 1.55098700 -2.13004700 2.02074400

H 3.19785000 -2.49265400 2.54050600

H -1.60742500 -2.96739800 1.46461800

C -2.62161100 0.51547400 -1.26093900

C -3.19850100 1.78241500 -1.19748300

C -3.37222800 -0.64768800 -1.40430400

H -2.60260900 2.67360800 -1.01676300

H -2.90815900 -1.62895500 -1.37596700

C -4.75205400 -0.52269600 -1.59120600

H -5.35558800 -1.41360100 -1.73452600

C -4.58219300 1.88855400 -1.38766000

H -5.05134300 2.86735700 -1.36789300

C -5.35094500 0.73986100 -1.58038500

H -6.42545300 0.82681000 -1.70531600

Neutral Oxidative Addition Adduct

Zero-point correction = 0.433001 (Hartree/Particle)
Thermal correction to Energy = 0.463689

Thermal correction to Enthalpy = 0.464633
Thermal correction to Gibbs Free Energy = 0.363800
Sum of electronic and zero-point Energies = -4120.689617
Sum of electronic and thermal Energies = -4120.658929
Sum of electronic and thermal Enthalpies = -4120.657985
Sum of electronic and thermal Free Energies= -4120.758818
E(RwB97XD) = -4123.64820912

Pd 0.87161500 1.48574600 0.35881000

P -0.22990300 -0.54170600 0.20537300

C 0.35186600 -1.56133700 -1.19554200

C 1.20026200 -2.64106000 -0.91707700

C 0.13789400 -1.15019600 -2.52882500

C 1.81308900 -3.34696600 -1.94841200

H 1.39672300 -2.91818500 0.11263700

C 0.75002500 -1.88909900 -3.54773000

C 1.57693000 -2.97550300 -3.27048800
H 2.47524600 -4.17494300 -1.71679800

H 0.58748700 -1.58643900 -4.57846700

H 2.04787800 -3.51826900 -4.08440900

C -0.14726100 -1.57869400 1.71085800

C -0.81382600 -2.81946900 1.85289400

C 0.59765800 -1.05239100 2.77606600

C -0.66606300 -3.50089300 3.06642100

C 0.72358900 -1.74843200 3.97618300

H 1.06633200 -0.08043600 2.65747400

C 0.09416500 -2.98298100 4.11532600

H -1.16816000 -4.45623600 3.19055200

H 1.30448300 -1.32676700 4.79001100
H 0.18350300 -3.54162900 5.04217400

C -1.94508300 -0.26042800 -0.02413700

C -3.11031400 0.07225000 -0.14850400

C -4.47280600 0.44904400 -0.31103200

C -5.38951200 -0.43874500 -0.90559100

C -4.91241600 1.71612300 0.11696000

C -6.71884600 -0.06156100 -1.06744700

C -6.24468800 2.08189200 -0.04798000

H -4.20206800 2.39755000 0.57270400

C -7.14909700 1.19665500 -0.63934100

H -7.42130200 -0.74954300 -1.52734700
H -6.57813300 3.06003400 0.28380000

H -8.18732400 1.48694000 -0.76688300

Br 1.86126800 3.70103500 0.57797100

C 2.51355900 0.53584500 -0.23267200

C 3.32124700 -0.12840800 0.68653100

C 2.80632100 0.51800600 -1.59458700

H 3.10506200 -0.09741100 1.74717900
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H 2.18175600 1.04970800 -2.30244300

C -1.68062600 -3.41606200 0.77275000

H -1.11315100 -3.60985700 -0.14130500

H -2.11701500 -4.35887900 1.11010100

H -2.49496500 -2.73674200 0.50454000

C -0.67325100 0.07029500 -2.88248300

H -1.73899700 -0.07419400 -2.68571700

H -0.35863600 0.93955500 -2.29136200

H -0.54948400 0.31873500 -3.93913900

H -5.04586200 -1.41383000 -1.23430700
C 3.90947100 -0.21126100 -2.04433300

H 4.13167900 -0.23738200 -3.10705800

C 4.71603100 -0.90286300 -1.13952400

H 5.56933700 -1.47250200 -1.49487900

C 4.42528600 -0.85315300 0.22289500

H 5.05386800 -1.37784600 0.93702100

Neutral Migratory Insertion Transition State

Zero-point correction = 0.615075 (Hartree/Particle)

Thermal correction to Energy = 0.656180
Thermal correction to Enthalpy = 0.657124
Thermal correction to Gibbs Free Energy = 0.537742
Sum of electronic and zero-point Energies = -4544.990503
Sum of electronic and thermal Energies = -4544.949398
Sum of electronic and thermal Enthalpies = -4544.948453
Sum of electronic and thermal Free Energies= -4545.067836
E(RwB97XD) = -4548.06062792

Pd -0.88010700 1.01567500 -0.81596900

P 0.16353900 -0.80287200 0.28261100

C -0.14569000 -0.65537500 2.08365000

C -1.02178700 0.36847900 2.47572800

C 0.46417800 -1.47695600 3.06214500

C -1.32804900 0.57802600 3.81799500

H -1.45499900 1.01882300 1.72395200

C 0.13421600 -1.24893000 4.40372600

C -0.75026200 -0.24047400 4.78518600

H -2.00638600 1.37756400 4.09756700

H 0.59223500 -1.87517300 5.16436200

H -0.97808600 -0.09281000 5.83676100
C -0.37398500 -2.48535300 -0.20916500

C -0.05301600 -2.97697800 -1.49432700

C -1.17115800 -3.24666300 0.65360200

C -0.50950900 -4.25225200 -1.84517500

C -1.62036100 -4.51105600 0.27903700

H -1.44007600 -2.84630600 1.62456400

C -1.27862000 -5.01970100 -0.97208600

H -0.26129600 -4.64212100 -2.82877200

H -2.23495300 -5.09015700 0.96122100

H -1.61879700 -6.00571500 -1.27452200

C 1.90265700 -0.83330500 0.12139000
C 3.08844900 -0.64821100 -0.07510200

C 4.45199200 -0.33328500 -0.32647600

C 4.78423500 0.98910900 -0.68178700

C 5.46276400 -1.30639200 -0.22908200

C 6.11177200 1.32234100 -0.93152100

C 6.78641000 -0.95991500 -0.48413100

H 5.19806100 -2.32225900 0.04551100

C 7.11319200 0.35246100 -0.83451500

H 6.36659500 2.34188400 -1.20409500

H 7.56496200 -1.71289200 -0.40873600

H 8.14733000 0.61851300 -1.03180800

Br 1.13457900 2.47739000 -0.43523000

C -2.65393200 -0.14761100 -1.18347600

C -3.45489000 -0.36715300 -0.04972700

C -2.63356900 -1.10303100 -2.20704900

H -3.52015900 0.40346200 0.71073700

H -2.03505100 -0.93151600 -3.09693600
C 0.74749400 -2.17305500 -2.48722000

H 1.80961300 -2.15486100 -2.22594300

H 0.64706400 -2.59313300 -3.49127900

H 0.41900800 -1.12784600 -2.51620000

C 1.46728200 -2.55359100 2.73121500

H 1.10818000 -3.22473600 1.94764200

H 2.40050600 -2.11354500 2.36798100

H 1.69042600 -3.15219100 3.61773700

H 3.98667500 1.72181100 -0.75167900

C -2.93950300 1.74478100 -1.96061600

C -2.01818900 2.72117000 -1.50654000
H -1.32926500 3.20626300 -2.18817800

H -2.91073800 1.46154300 -3.00605200

C -2.32029700 3.39953200 -0.21885700

O -1.61622100 4.52342900 -0.08721400

O -3.11038100 2.94618200 0.60360800

H -3.91663600 1.73160700 -1.49651100

C -4.17687200 -1.55156500 0.07515500

C -4.13627200 -2.51058400 -0.94219200

C -3.37194800 -2.28073100 -2.08568300

H -3.33536400 -3.02345600 -2.87607400

H -4.69932600 -3.43331300 -0.84306300

H -4.77862700 -1.72391200 0.96295600
C -1.49263000 5.20494500 1.21425200

C -0.39976800 6.23497400 0.93572800

H -0.21097300 6.83353300 1.83173200

H 0.52243900 5.72676200 0.64340400

H -0.70123900 6.90483300 0.12534600

C -1.03520400 4.21498700 2.28873300

H -1.83504000 3.52557600 2.55807300

H -0.17736300 3.64288700 1.92609900

H -0.73596700 4.77195800 3.18221300

C -2.82416000 5.87120000 1.55988100

H -2.71470900 6.45829000 2.47744100
H -3.13252800 6.54677500 0.75619000

H -3.60107400 5.12077900 1.71151300
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NMR Spectra
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