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GENERAL METHODS

All reactions were carried out under an atmosphere of argon in glassware that had been
either oven-dried or flame-dried under vacuum and backfilled with argon. Unless
otherwise noted, all reagents were commercially obtained and, where appropriate,
purified prior to use. Deuterated benzene (C¢Dg) and THF were purified over molten
potassium & benzophenone ketyl. Et,0, 1,4-dioxane, and benzene (C¢Hg) were distilled
from sodium-benzophenone ketyl. Toluene (PhMe) and CH,Cl, were dried by filtration
through alumina. Triethylamine (Et;N) was distilled from CaH,. Butyl vinyl ether for
kinetic runs was purified by vacuum transfer from CaH; onto activated 4A molecular
sieves. CpCr(CO);D, CpCr(CO);H,' and HV(CO)4(dppe)” were synthesized according to
the literature procedures and stored in an argon atmosphere glovebox (O, < 1 ppm). 'H
NMR and "*C NMR spectra were recorded using a Bruker 500 Ascend, DRX 500, DRX
400, or DRX 300 spectrometer. The data are reported as follows: chemical shift in parts
per million from internal tetramethylsilane on the d scale, integration, multiplicity (br =
broad, s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, m = multiplet), and
coupling constants (Hz). High-resolution mass spectra were acquired on a JEOL JMS-
HX110 HF mass spectrometer and were obtained by peak matching.

EXPERIMENTAL PROCEDURES AND CHARACTERIZATION DATA

Pd(TFA),
bathophenanthroline
X X
BVE, 70 °C, 32%
OH o

(E)-(4-(vinyloxy)but-1-en-1-yl)benzene. Bathophenanthroline (2.5 mg, 0.007 mmol)
and Pd(CF;CO,); (2.5 mg, 0.007 mmol) were added to butyl vinyl ether (4 mL, 29.8
mmol). (E)-4-phenylbut-3-en-1-o0l (200 mg, 1.49 mmol) was added, and the mixture was
stirred at 70°C overnight. The crude mixture was purified by flash column
chromatography using 50/50 toluene/hexane as an eluent to afford 77 mg (32%) of the
vinyl ether.

"H NMR (500 MHz, CDCls) & 7.35 (d, J = 7.5 Hz, 2H), 7.29 (t, J = 7.5 Hz, 2H), 7.23 —
7.13 (m, 1H), 6.52 — 6.45 (m, 2H), 6.23 (dt, J=16.5 Hz, 6.5 Hz, 1H), 4.21 (dd, /= 14
Hz, 2 Hz, 1H), 4.01 (dd, J=7 Hz, 2 Hz, 1H), 3.80 (t, /= 6.5 Hz, 2H), 2.58 (q, /=7 Hz,
2H);

C NMR (100 MHz, CDCls) § 151.9, 137.5, 132.2, 128.6, 127.3, 126.2, 126.2, 86.6,
67.4,32.8;

IR (ATR) 2924, 2870, 1612, 1194, 962, 813, 741, 692 cm";

HRMS (FAB) m/z caled C12H;40: 174.1045, found: 174.1041.
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HV(CO),dppe
N ‘ -

o 0
N PhH, 50 °C, 71%

)

10:1 cis:trans
3-benzyl-2-methyltetrahydrofuran. (E)-(4-(vinyloxy)but-1-en-1-yl)benzene (8.0 mg,
0.046 mmol) and HV(CO)sdppe (54 mg, 0.096 mmol) were added to a J-Young tube and
dissolved in benzene (1 mL). The resultant yellow solution was placed in a 50°C oil bath,
and was left there for three days with occasional shaking. After three days the resultant
brown solution was filted through a pad of silica and the tube was washed 3x with
methylene chloride. The crude product was subjected to microscale flash column
chromatography to afford 5.7 mg of the product (71%). The spectral data matches the
data reported in the literature.’

Pd(TFA),
bathophenanthroline
X X

BVE, 70 °C, 58%

OH 0
(E)-2-(4-(vinyloxy)but-1-en-1-yl)naphthalene. Bathophenanthroline (1.7 mg, 0.005
mmol) and Pd(CF5CO;), (1.7 mg, 0.005 mmol) were added to butyl vinyl ether (2.6 mL,
20.2 mmol). (E)-4-(naphthalen-2-yl)but-3-en-1-o0l (200 mg, 1.01 mmol) was added, and
the mixture was stirred at 70°C overnight. The crude mixture was purified by flash
column chromatography using 10/90 toluene/hexane as an eluent to afford 132 mg (58%)
of the vinyl ether.

'H NMR (400 MHz, CDCl3) 8 7.78-7.77 (m, 3H), 7.75 (s, 1H), 7.61-7.56 (m, 1H), 7.46-
7.38 (m, 2H), 6.64 (d, J=16.0 Hz, 1H), 6.50 (dd, J = 14.8 Hz, 6.8 Hz, 1H), 6.35 (dt, J =
15.6 Hz, 6.8 Hz, 1H), 4.22 (dd, J = 14.8 Hz, 2.0 Hz, 1H), 4.02 (dd, /= 6.8 Hz, 2.0 Hz,
1H), 3.84 (t, J= 6.8 Hz, 2H), 2.63 (dq, J = 6.4 Hz, 1.2 Hz, 2H);

BC NMR (CDCls, 125 MHz) § 152.0, 135.0, 133.8, 133.0, 132.4, 128.3, 128.1, 127.8,
126.8, 126.4, 125.9, 125.8, 123.7, 86.8, 67.5, 33.1;

IR (ATR) 3053, 2926, 2870, 1613, 1194, 961, 810 cm™;

HRMS (FAB) m/z caled C16H;60: 224.1201, found: 224.1193.
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O HV(CO),dppe O
X

PhH, 50 °C, 75%

o
0

9:1 cis:trans
2-methyl-3-(naphthalen-2-ylmethyl)tetrahydrofuran. (E)-2-(4-(vinyloxy)but-1-en-1-
yl)naphthalene (8.0 mg, 0.036 mmol) and HV(CO)sdppe (42 mg, 0.075 mmol) were
added to a J-Young tube and dissolved in benzene (1 mL). The resultant yellow solution
was placed in a 50°C oil bath, and was left there for three days with occasional shaking.
After three days the resultant brown solution was filted through a pad of silica and the
tube was washed 3x with methylene chloride. The crude product was subjected to
microscale flash column chromatography to afford 6.0 mg of the product (75%) as a 9:1
ratio of cis:trans.

"H NMR (500 MHz, CDCl5) & (Major Diastereomer) 7.83 — 7.74 (m, 3H), 7.62 (d, J= 1.5
Hz, 1H), 7.49 — 7.41 (m, 2H), 7.33 (dd, /= 8.5, 2.0 Hz, 1H), 4.14 (p, /= 6.0 Hz, 1H),
3.98 (td, /= 8.0, 4.5 Hz, 1H), 3.71 (q, J = 8.0 Hz, 1H), 3.01 — 2.92 (m, 1H), 2.66 — 2.52
(m, 2H), 1.92 - 1.84 (m, 1H), 1.76 — 1.69 (m, 1H), 1.23 (d, J= 6.5 Hz, 3H);

BC NMR (126 MHz, CDCl5) § 138.6, 133.6, 132.0, 128.0, 127.6, 127.4, 126.9, 126.0,
125.2, 66.3, 43.3, 35.3, 30.8, 29.7, 16.3 (fully substituted sp, carbon missing);

IR (ATR) 2923, 2853, 1597, 1477, 1458, 1234, 747 cm™';

HRMS (EI+) caled for Ci6H;30 [M+]: 226.1358; found 226.1369.

cl Pd(TFA), cl
bathophenanthroline
X X
BVE, 70 °C, 38%
OH o

(E)-1-chloro-4-(4-(vinyloxy)but-1-en-1-yl)benzene. Bathophenanthroline (0.9 mg,
0.003 mmol) and Pd(CF;CO,), (0.9 mg, 0.003 mmol) were added to butyl vinyl ether (1.4
mL, 10.9 mmol). (E)-4-(4-chlorophenyl)but-3-en-1-ol (100 mg, 0.547 mmol) was added,
and the mixture was stirred at 70°C overnight. The crude mixture was purified by flash
column chromatography using 20/80 toluene/hexane as an eluent to afford 43 mg (38%)
of the vinyl ether.

"H NMR (CDCls, 500 MHz) & 7.26-7.25 (m, 4H), 6.48 (dd, J = 14.0 Hz, 6.5 Hz, 1H),
6.43 (d, J=16.0 Hz, 1H), 6.21 (dt, J= 15.5 Hz, 6.5 Hz, 1H), 4.20 (dd, 14.5 Hz, 2.0 Hz,
1H), 4.02 (dd, /= 7.0 Hz, 2.0 Hz, 1H), 3.80 (t, /= 7.0 Hz, 2H), 2.58 (dq, /= 6.5 Hz, 1.5
Hz, 2H);

BC NMR (CDCls, 125 MHz) § 151.8, 136.0, 132.8, 131.0, 128.7, 127.4, 127.1, 86.7, 67.3,
32.8;

IR (ATR) 2919, 1490, 1090, 1012, 804, 680 cm™';

HRMS (FAB) m/z caled C;2H;30CI: 208.0655, found: 208.0647.
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cl Cl

HV(CO),dppe
X

o

PhH, 50 °C, 70%
O

10:1 cis:trans
3-(4-chlorobenzyl)-2-methyltetrahydrofuran. (E)-1-chloro-4-(4-(vinyloxy)but-1-en-1-
yl)benzene (8.0 mg, 0.036 mmol) and HV(CO)4dppe (46 mg, 0.081 mmol) were added to
a J-Young tube and dissolved in benzene (1 mL). The resultant yellow solution was
placed in a 50°C oil bath, and was left there for three days with occasional shaking. After
three days the resultant brown solution was filted through a pad of silica and the tube was
washed 3x with methylene chloride. The crude product was subjected to microscale flash
column chromatography to afford 5.6 mg of the product (70%) as a 10:1 ratio of cis:trans.
'H NMR (400 MHz, CDCl3) & 7.29 — 7.23 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H),
4.09 (p,J=6.0 Hz, 1H), 3.95 (td, /= 8.4, 4.4 Hz, 1H), 3.70 (q, J = 8.0 Hz, 1H), 3.48 (q,J
=7.2 Hz, 1H), 2.82 —2.72 (m, 1H), 2.46 — 2.36 (m, 2H), 1.91 — 1.80 (m, 1H), 1.65 —1.59
(m, 1H), 1.18 = 1.16 (d, J = 6.0 Hz, 3H);

*C NMR (101 MHz, CDCl5) § 139.5, 131.7, 130.0, 128.5, 66.2, 43.3, 34.5, 30.6, 29.7,
16.2;

IR (ATR) 2962, 2926, 2855, 1726, 1492, 1088, 1016, 802, 696 cm™.

HRMS (EI+) calculated for C;,H;sOCl [M+]: 210.0811; found 210.0809.

Pd(PPhs),Cl, MeO
MeO = Cul, Et;N
+ = =13 >
I;L HOM 93% = OMe
| OMe HO =

4-(2,5-dimethoxyphenyl)but-3-yn-1-ol. To a mixture of 2-iodo-1,4-dimethoxybenzene
(600 mg, 2.27 mmol) in Et;N (11 mL) was added 3-butyn-1-ol (0.21 mL, 2.73 mmol),
Pd(PPh;),Cl, (48 mg, 0.068 mmol). Cul was added (13 mg, 0.068 mmol) and the mixture
was stirred overnight. The reaction was quenched with NH4Cl, filtered through a pad of
celite and was washed twice with Et,O (~ 10 mL total). The reaction mixture was
concentrated in vacuo and flash column chromatographed using 2/98 MeOH/DCM as the
mobile phase to afford the 436 mg (93%) of product.

'H NMR (CDCls, 400 MHz) & 6.93 (d, J = 3.5 Hz, 1H), 6.84-6.78 (m, 2H), 3.84 (s, 3H),
3.82 (q,J= 8.0 Hz, 2H), 3.76 (s, 3H), 2.74 (t, J = 7.5 Hz, 2H), 2.11 (t, /= 8.0 Hz, 1H);
*C NMR (CDCls, 125 MHz) 154.7, 153.3, 118.2, 115.3, 113.0, 111.8, 90.9, 79.2, 61.1,
56.4,55.9,24.3;

IR (ATR) 2431, 2999, 2944, 2835, 1500, 1231, 1044 cm™;

HRMS (FAB) m/z calcd C1,H1403: 206.0943, found: 206.0940.
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MeO MeO
LAH, THF

HO

(E)-4-(2,5-dimethoxyphenyl)but-3-en-1-ol. Lithium aluminum hydride (88 mg, 2.33
mmol) was added to a pre-dried round bottom flask under argon. 8 mL of dry THF was
added and 4-(2,5-dimethoxyphenyl)but-3-yn-1-ol was added in dropwise (200 mg, 0.97
mmol). The reaction was refluxed overnight. The reaction was cooled to 0°C and 0.1 mL
of water was added, followed by 0.1 mL of 15% NaOH/H,O, then 0.2 mL of H,O.
Magnesium sulfate was added to the mixture and allowed to stir. The solution was
filtered through a fritted glass funnel, concentrated, and purified by flash column
chromatography using 2/98 MeOH/DCM as the eluent to afford 171 mg (85%) of the
reduced alcohol.

'H NMR (CDCls, 400 MHz) & 6.98 (d, J = 3.5 Hz, 1H), 6.81-6.73 (m, 3H), 6.19 (dt, J =
16.0 Hz, 7.2 Hz, 1H), 3.80 (s, 3H), 3.78 (s, 3H), 3.77 (q, /= 6.8 Hz, 2H), 2.51 (dq, J =
7.6 Hz, 1.6 Hz, 2H);

BC NMR (CDCls, 125 MHz) § 153.8, 151.0, 127.5, 127.4, 127.2, 113.3, 112.3, 112.1,
62.1, 56.3, 55.8, 36.9;

IR (ATR) 3370, 2997, 2938, 1493, 1217, 1044 cm™;

HRMS (FAB) m/z caled C12H;603: 208.1099, found: 208.1102.

MeO PA(TFA), MeO
N OMe bathophenanthroline N OMe
BVE, 70 °C, 38%
OH o

(E)-1,4-dimethoxy-2-(4-(vinyloxy)but-1-en-1-yl)benzene. Bathophenanthroline (1 mg,
0.003 mmol) and Pd(CF;CO,), (1 mg, 0.003 mmol) were added to butyl vinyl ether (1.1
mL, 8.54 mmol). (E)-4-(2,5-dimethoxyphenyl)but-3-en-1-o0l (100 mg, 0.48 mmol) was
added, and the mixture was stirred at 70°C overnight. The crude mixture was purified by
flash column chromatography using toluene as an eluent to afford 43 mg (38%) of the
vinyl ether.

'H NMR (CDCls, 500 MHz) 6.98 (d, J=2.5 Hz, 1H), 6.80-6.73 (m, 3H), 6.48 (dd, J =
14.5 Hz, 7.0 Hz, 1H), 6.21 (dt, J=16.0 Hz, 7.0 Hz, 1H), 4.20 (d, J = 14.5 Hz, 1H), 4.00
(d, J=6.5 Hz, 1H), 3.80 (t, J = 8.0 Hz, 2H), 3.80 (s, 3H), 3.78 (s, 3H), 2.60 (q, J= 7.0
Hz, 2H);

BC NMR (CDCls, 125 MHz) § 153.7, 151.8, 150.9, 127.3, 127.1, 126.7, 113.2, 112.2,
112.0, 86.5, 67.6, 56.2, 55.8, 33.1;

IR (ATR) 2938, 1615, 1496, 1221, 1048 cm™ ;

HRMS (FAB) m/z caled C14H305: 234.1256, found: 234.1258.
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MeO

MeO
HV(CO),dppe
AN OMe . OMe
0, 0,
0/\ PhH, 50 °C, 58%
0]
7:1 cis:trans

3-(2,5-dimethoxybenzyl)-2-methyltetrahydrofuran. (E)-1,4-dimethoxy-2-(4-
(vinyloxy)but-1-en-1-yl)benzene (8.0 mg, 0.034 mmol) and HV(CO)dppe (40 mg, 0.072
mmol) were added to a J-Young tube and dissolved in benzene (1 mL). The resultant
yellow solution was placed in a 50°C oil bath, and was left there for three days with
occasional shaking. After three days the resultant brown solution was filted through a pad
of silica and the tube was washed 3x with methylene chloride. The crude product was
subjected to microscale flash column chromatography to afford 4.7 mg of the product
(58%) as a 7:1 ratio of cis:trans.

'H NMR (500 MHz, CDCl3) & 6.77 — 6.67 (m, 3H), 4.09 (p, J = 6.5 Hz, 1H), 3.94 (td, J =
8.0, 5.0 Hz, 1H), 3.77 (s, 3H), 3.76 (s, 3H), 3.68 (q, J = 8.0 Hz, 1H), 2.76 (dd, J=13.0,
4.5 Hz, 1H), 2.51 — 2.36 (m, 2H), 1.86 — 1.78 (m, 1H), 1.70-1.64 (m, 1H), 1.19 (d, J=6.5
Hz, 3H);

*C NMR (126 MHz, CDCl3) § 153.3, 151.9, 130.8, 116.9, 111.1, 110.8, 55.8, 55.7, 41.8,
30.7,29.7,29.3, 16.3;

IR (ATR) 2925, 2856, 1726, 1500, 1463, 1225, 1050, 800 cm™

HRMS (FAB+) calculated for C4H,0O [M+]: 236.1412; found 236.1419.

Br \ Pd(PPhs),Cl, ~ HO T
gz Cul, EtsN
/ ’ 3
N o~ 43% >
Bn N

\

Bn
4-(1-benzyl-1H-indol-5-yl)but-3-yn-1-ol. To a mixture of the known 1-benzyl-5-bromo-
1H-indole (1.0 g, 3.91 mmol) in EtsN (20 mL) was added 3-butyn-1-ol (0.35 mL, 4.68
mmol), Pd(PPh;),Cl, (82 mg, 0.12 mmol). Cul was added (22 mg, 0.12 mmol) and the
mixture was stirred overnight. The reaction was quenched with NH4Cl, filtered through a
pad of celite and was washed twice with Et,O (~ 10 mL total). The reaction mixture was
concentrated in vacuo and flash column chromatographed using 3/97 MeOH/DCM as the
mobile phase to afford the 460 mg (43%) of product.

'H NMR (CDCls, 500 MHz) & 7.31-7.16 (m, 5H), 7.12 (d, J = 3.0 Hz, 1H), 7.07 (d, J =
6.5 Hz, 1H), 6.50 (d, /= 3.0 Hz, 1H), 5.29 (s, 2H), 3.81 (q, /= 6.0 Hz, 2H), 2.70 (t, J =
6.0 Hz, 2H), 1.89 (s, 1H);

BC NMR (126 MHz, CDCI3) § 137.2, 135.8, 129.2, 128.8, 128.6, 127.7, 126.7, 125.4,

124.8, 114.2, 109.7, 101.9, 83.9, 83.4, 61.4, 50.2, 24.0.

IR (ATR) 3359, 2921, 1481, 1328, 1045, 728 cm™;

HRMS (FAB) m/z caled C19H;70ON: 275.1310, found: 275.1316.
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HO N
A
A LAH, THF y
OH |

N
Bn

(E)-4-(1-benzyl-1H-indol-5-yl)but-3-en-1-ol. Lithium aluminum hydride (66 mg, 1.74
mmol) was added to a pre-dried round bottom flask under argon. 6 mL of dry THF was
added and 4-(1-benzyl-1H-indol-5-yl)but-3-yn-1-ol was added in dropwise (200 mg, 0.73
mmol). The reaction was refluxed overnight. The reaction was cooled to 0°C and 0.1 mL
of water was added, followed by 0.1 mL of 15% NaOH/H,O, then 0.2 mL of H,O.
Magnesium sulfate was added to the mixture and allowed to stir. The solution was
filtered through a fritted glass funnel, concentrated, and purified by flash column
chromatography using 2/98 MeOH/DCM as the eluent to afford the crude product, which
was used immediately in the next step.

/Bn /Bn
N Pd(TFA), N
Y bathophenanthroline Y
X X
BVE, 70 °C
OH 22% over 2 steps o

(E)-1-benzyl-5-(4-(vinyloxy)but-1-en-1-yl)-1H-indole. Bathophenanthroline (1 mg,
0.003 mmol) and Pd(CF;CO,), (1 mg, 0.003 mmol) were added to butyl vinyl ether (1.4
mL, 10.8 mmol). The crude (E)-4-(1-benzyl-1H-indol-5-yl)but-3-en-1-o0l (0.73 mmol)
was added, and the mixture was stirred at 70°C overnight. The crude mixture was
purified by flash column chromatography using 50/50 toluene/hexanes as an eluent to
afford 48 mg (22% over two steps) of the vinyl ether.

"H NMR (500 MHz, CDCls) & 7.59 (d, J = 1.6 Hz, 1H), 7.32 — 7.15 (m, 6H), 7.09 (m,
3H), 6.58 (d, J=16.0 Hz, 1H), 6.52-6.47 (m, 2H), 6.15 (dt, /= 16.0, 7.0 Hz, 1H), 5.29 (s,
2H), 4.21 (dd, J = 14.0, 2.0 Hz, 1H), 4.00 (dd, /= 7.0, 2.0 Hz, 1H), 3.80 (t, /= 7.0 Hz,
2H), 2.58 (qd, J="7.0, 1.0 Hz, 2H);

BCNMR (101 MHz, CDCl3) § 151.9, 137.5, 135.9, 133.1, 129.3, 129.0, 128.8, 128.7,
127.6, 126.7, 123.1, 120.1, 119.0, 109.8, 102.0, 86.5, 67.8, 50.2, 32.9;

IR (ATR) 3028, 2921, 2870, 1614, 1483, 1195, 965, 718 cm™".

HRMS (FAB) m/z caled C,1H2;ON: 303.1623, found: 303.1612.
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N
Y/ HV(CO),dppe

O 0,
N PhH, 50 °C, 69%

0

10:1 cis:trans
1-benzyl-5-((2-methyltetrahydrofuran-3-yl)methyl)-1H-indole. (E)-1-benzyl-5-(4-
(vinyloxy)but-1-en-1-yl)-1H-indole (8.0 mg, 0.026 mmol) and HV(CO)4dppe (31 mg,
0.055 mmol) were added to a J-Young tube and dissolved in benzene (1 mL). The
resultant yellow solution was placed in a 50°C oil bath, and was left there for three days
with occasional shaking. After three days the resultant brown solution was filted through
a pad of silica and the tube was washed 3x with methylene chloride. The crude product
was subjected to microscale flash column chromatography to afford 5.5 mg of the
product (69%) as a 10:1 ratio of cis:trans.

'H NMR (400 MHz, CDCl5) & (Major Diastereomer) 7.44 (s, 1H), 7.33 — 7.28 (m, 2H),
7.23 —7.08 (m, 5H), 7.00 (dd, J= 8.0, 1.6 Hz, 1H), 6.51 — 6.46 (d, /= 3.2 Hz, 1H), 5.30
(s, 2H), 4.12 (p, J = 6.4 Hz, 1H), 3.96 (td, J = 8.0, 4.8 Hz, 1H), 3.69 (q, /= 8.0 Hz, 1H),
2.93 - 2.85 (m, 1H), 2.56 — 2.46 (m, 2H), 1.90 — 1.87 (m, 1H), 1.75 - 1.70 (m, 1H), 1.20
(d, J=6.4 Hz, 3H);

BC NMR (126 MHz, CDCl3) § 137.6, 135.0, 132.1, 128.9, 128.7, 128.4, 127.6, 126.8,
122.9, 120.5, 109.5, 101.2, 66.4, 50.2, 44.0, 35.0, 30.8, 29.7, 16.4;

IR (ATR) 2925, 2856, 1722, 1485, 1446, 1355, 1182, 1073, 795, 721 cm™".

HRMS (FAB+) calculated for C,;H,30N [M+]: 305.1780; found 305.1783.
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N O Pd(TFA), O

X
bathophenanthroline
HO BVE, 70 °C 9
O 45% A O
4,4'-(4-(vinyloxy)but-1-ene-1,1-diyl)bis(methylbenzene). Bathophenanthroline (1 mg,
0.003 mmol) and Pd(CF;CO,); (1 mg, 0.003 mmol) were added to butyl vinyl ether (1.0
mL, 7.92 mmol). 4,4-di-p-tolylbut-3-en-1-ol (100 mg, 0.40 mmol) was added, and the
mixture was stirred at 70°C for three days. The crude mixture was purified by flash
column chromatography using 50/50 toluene/hexanes as an eluent to afford 50 mg (45%)
of the vinyl ether.
'H NMR (500 MHz, CDCl3) & 7.17 (d, J = 8.0 Hz, 2H), 7.13 — 7.09 (m, 2H), 7.09 — 7.03
(m, 4H), 6.45 (dd, J=14.0, 7.0 Hz, 1H), 6.05 (t, /= 7.0 Hz, 1H), 4.16 (dt, /= 14.0, 1.5
Hz, 1H), 3.97 (dt,J= 7.0, 1.5 Hz, 1H), 3.73 (t, /= 7.0 Hz, 2H), 2.47 (q, /= 7.0 Hz, 2H),
2.37 (s, 3H), 2.31 (s, 3H);
*C NMR (126 MHz, CDCl3) § 151.8, 143.6, 139.8, 137.0, 136.8, 136.6, 129.7, 128.9,
128.8, 127.2, 123.8, 86.4, 67.8,29.8, 21.2, 21.1;
IR (ATR) 3023, 2921, 1613, 1511, 1196, 618 cm™;
HRMS (FAD) m/z calcd CyoH»,0: 278.1671 found: 278.1672.
9 °
< U

l HV(CO),dppe

© O PhH, 50 °C, 91% O

12:1 cis:trans
3-(di-p-tolylmethyl)-2-methyltetrahydrofuran. 4,4'-(4-(vinyloxy)but-1-ene-1,1-
diyl)bis(methylbenzene) (8.0 mg, 0.028 mmol) and HV(CO)4dppe (34 mg, 0.060 mmol)
were added to a J-Young tube and dissolved in benzene (1 mL). The resultant yellow
solution was placed in a 50°C oil bath, and was left there for three days with occasional
shaking. After three days the resultant brown solution was filted through a pad of silica
and the tube was washed 3x with methylene chloride. The crude product was subjected to
microscale flash column chromatography to afford 7.3 mg of the product (91%) as a 12:1
ratio of cis:trans.

"H NMR (CDCls, 500 MHz) 8 Major Diasteromer: 7.23 (d, J= 8.0 Hz, 2H), 7.14 (d, J =
8.0 Hz, 2H), 7.06 (dd, J = 15.0, 8.0 Hz, 4H), 4.19 (p, J = 6.5 Hz, 1H), 3.94 (dt, J = 8.0,
6.0 Hz, 1H), 3.73 (t, /= 8.0 Hz, 1H), 3.64 (m, 1H), 3.13 (m, 1H), 2.28 (s, 3H), 2.27 (s,
3H), 1.68 (qd, J = 6.5, 1.5 Hz, 2H), 0.94 (d, J = 6.5 Hz, 3H).

3C NMR (CDCls, 126 MHz) § 142.2, 140.7, 135.8, 135.7, 129.3, 129.2, 127.5, 127.3,
75.7, 66.4, 51.8, 46.6,30.4, 21.0, 20.9, 16.1.

IR (ATI}) 3020, 2968, 2925, 2869, 1727, 1511, 1454, 1376, 1110, 1061, 1034, 863, 805,
765 cm.

HRMS (FAB+) calculated for C,0H,30 [M+]: 279.1749; found 279.1741.
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‘ [I(COD)Cl]p, Na,COs
O N vinyl acetate, toluene
OH 100 °C, 4% o
(E)-1-styryl-2-(vinyloxy)benzene. A solution of [Ir(COD)CI]; (3 mg, 0.0051 mmol)
and Na,CO3 (32 mg, 0.31 mmol) was suspended in toluene (1 mL). Vinyl acetate (93 pL,
1.02 mmol) and the (E)-2-styrylphenol (100 mg, 0.51 mmol) were added and the mixture
was brought to 100 °C for 2 hours. The reaction was quenched with wet ether,
concentrated, and subjected to column chromatography (50/50 toluene/hexanes) to afford
5 mg of the product (4%).
'H NMR (500 MHz, CDCl3) & 7.63 (dd, J=7.5, 1.5 Hz, 1H), 7.55 — 7.49 (m, 2H), 7.40
(d, J=16.5 Hz, 1H), 7.33 (t,J= 7.5 Hz, 2H), 7.25 - 7.16 (m, 2H), 7.15 — 7.07 (m, 2H),
6.98 (dd, J=8.0, 1.5 Hz, 1H), 6.63 (dd, J = 14.0, 6.0 Hz, 1H), 4.71 (dd, J = 14.0, 2.0 Hz,
1H), 4.42 (dd, /= 6.0, 2.0 Hz, 1H);
*C NMR (101 MHz, CDCl3) § 154.0, 149.1, 137.7, 130.0, 128.7, 128.7, 128.2, 127.7,
126.7, 126.5, 123.8, 122.7, 117.7, 94.8, 29.8;
IR (ATR) 3026, 2920, 2850, 1639, 1481, 1452, 1231, 961, 690 cm™;
HRMS (FAB) m/z caled Ci6H;40: 222.1045, found: 222.1037.

O HV(CO)4dppe O
9% ~
0 0,
N PhH, 50 °C, 47%
O

3:2 cis:trans

3-benzyl-2-methyl-2,3-dihydrobenzofuran. (E)-1-styryl-2-(vinyloxy)benzene (8.0 mg,
0.036 mmol) and HV(CO)sdppe (43 mg, 0.076 mmol) were added to a J-Young tube and
dissolved in benzene (1 mL). The resultant yellow solution was placed in a 50°C oil bath,
and was left there for three days with occasional shaking. After three days the resultant
brown solution was filted through a pad of silica and the tube was washed 3x with
methylene chloride. The crude product was subjected to microscale flash column
chromatography to afford 3.8 mg of the product (47%) as an inseparable mixture (~3:2
ratio of cis:trans).

'H NMR (400 MHz, CDCl5) & (Both Diastereomers) 7.35 — 7.30 (m, 3H), 7.21 (d, J = 8.0
Hz, 2H), 7.16 — 7.06 (m, 4H), 6.97 (dd, J = 18.4, 6.8 Hz, 2H), 6.84 — 6.74 (m, 2H), 6.67 (t,
J=72Hz, 1H), 6.47 (d, J= 7.6 Hz, 1H), 3.12 — 3.00 (m, 2H),; (Major Diastereomer):
4.93 (p, J= 6.8 Hz, 1H), 3.61 (q, /= 8.0 Hz, 1H), 2.70 (dd, /= 13.6, 9.6 Hz, 1H), 1.21 (d,
J=6.0 Hz, 3H); (Minor Diastereomer): 4.55 (p, /= 6.0 Hz, 1H), 3.33 (q, /= 7.2 Hz, 1H),
2.83 (dd, J=13.6, 8.8 Hz, 1H), 1.47 (d, J = 6.4 Hz, 3H); °C NMR (126 MHz, CDCls) &
(Both Diastereomers)159.2, 159.1, 139.5, 139.0, 131.1, 130.4, 129.4, 129.2, 128.9, 128.7,
128.5, 128.3, 126.6, 126.4, 125.5, 124.7, 120.2, 120.0, 109.7, 109.6, 85.0, 82.6, 50.8, 46.0,
40.9,35.7,29.8, 15.9; IR (ATR) 2923, 2852, 1596, 1477, 1458, 1234, 1045, 748 cm™;
HRMS (FAB) m/z caled Ci6H;60: 222.1201, found: 222.1193.
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NMR Kinetic Measurements
kobs

CpCr(CO)3-D nB”\o/\ ”Bu\o/\q_D

$1 4

All experiments were performed at 500 MHz. A stock solution of CpCr(CO);D (S1)
was prepared with the internal standard (hexamethylcyclotrisiloxane), placed in a J-
Young tube, and frozen under Ar. A solution of excess olefin (>10 equiv.) was then
added and also frozen under Ar. The tube was allowed to thaw and its contents mixed
before it was placed in the NMR probe (which was set at 323 K). Ethylene glycol was
used to calibrate the temperature controller.

The height of the hydride peak (relative to the internal standard) was measured over
time. Generally 4 pulses were used with 3 dummy pulses at each kinetic point, with 120
seconds between the 4 pulses. The kinetic data was fit to an exponential and the rate
constant and infinity point were adjusted for a best fit to afford pseudo-first order rate
constant ks = 0.0130(3).

CpCr(CO)3*, i "Bu.

Py

+ H

CpCr(C0O)5-D, kp "Bu.
"Bu.. PCr(CO)3-D, A O/\FH
?‘/\ s2 D

n
BU\O/\

CpCr(CO)3e, kip

The kops only accommodates a fraction of the outcomes from S2. Because De
abstraction is not observed, we estimate its contribution using the relation below.

kopbs = Skp.
2
5= (g) kirn [CI‘ ']
2 1
(§) ktrH [CI‘ '] + (§) ktrD [CI‘ ']
2 kt_rH
__kap 6
k 7
278 41
ktrD

We can estimate kyqy/kip as 3 as in our previous work.* This gives kp=0.0152(1). We
use the kn/kp = 0.45 reported by Bullock and coworkers’, resulting in &y = 0.00684(5).
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