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Materials and Methods

All silylation reactions were assembled in an N>-filled glovebox using oven-dried
glassware and were stirred with Teflon-coated magnetic stirring bars. [Ir(cod)OMe].
was obtained as a gift from Johnson Matthey and was used as received. 3,4,7,8-
Tetramethyl-1,10-phenanthroline (Mesphen) was purchased from Aldrich and was
used as received. Diethylsilane (Et.SiH2) was purchased from Alfa Aesar and was
used as received. Ethyl, n-propyl, n-butyl and cyclohexyl magnesium chloride were
purchased from Acros and were used as received. Other Grignard reagents were
prepared from the corresponding alkyl bromides with magnesium turnings.
Norbornene (nbe), Xantphos, tert-butyl hydroperoxide (5-6 M in decane, stored over
molecular sieves), tetra-n-butylammonium fluoride (TBAF) and anhydrous
dimethylformamide (DMF) were purchased from Aldrich and were used as received.
RhCI(Xantphos) was synthesized by literature procedures.! Diethyl ether and
tetrahydrofuran (THF) were degassed by purging with nitrogen and then dried with a
solvent purification system containing activated alumina. All other solvents and
reagents were used as received. Reaction temperatures above 23 °C refer to
temperatures of an aluminum heating block, which were either controlled by an
electronic temperature modulator or controlled manually and monitored using a
standard alcohol thermometer. NMR spectra were recorded on Bruker AVQ-400,
AVB-400, AV-500, DRX-500 and AV-600 instruments. Chemical shifts (8) are
reported in ppm relative to the residual solvent signal. Data for *H NMR spectra are
reported as follows: chemical shift (multiplicity, coupling constants, number of
hydrogens). Abbreviations are as follows: s (singlet), d (doublet), t (triplet), g
(quartet), m (multiplet), br (broad). GC-MS data were obtained on an Agilent 6890-N
GC system containing an Alltech EC-1 capillary column and an Agilent 5973 mass
selective detector. High-resolution mass spectral data were obtained from the
University of California, Berkeley Mass Spectrometry Laboratory. Elemental analysis
was conducted at the Micro Analytical Facility in the College of Chemistry. IR
spectra were recorded with a Bruker Vertex 80 FTIR spectrometer, the spectra were
reported in cm .
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General procedure for the synthesis of substrates

O CeCly OH
+  R¥MgX ————— > Ao
R1JJ\R2 THE R /(,;R

A suspension of CeClz (6.0 mmol) in 15 mL of anhydrous THF was stirred at room
temperature for 3 h. The suspension was cooled to 0 °C, and a Grignard reagent (5.0
mmol) was added. The resulting mixture was stirred at 0 °C for 1 h before a solution of
ketone (5.0 mmol) in 3.0 mL of THF was added. After 30 min at 0 °C, the reaction was
quenched by adding 1 mL of water. The mixture was filtered through Celite, dried over
Na,SO4 and concentrated. The crude product was further purified by column

chromatography on silica gel with EtOAc/hexanes mixture as eluent.

OH

Alcohol 1a: Following the general procedure, 5-nonanone (5.0 mmol) was allowed to
react with iso-butyl magnesium bromide. The crude product was purified by column
chromatography on silica gel to give 792 mg (79% yield) of alcohol 1a as a colorless
oil. 'H NMR (500 MHz, CDCls) & 1.76 (hept, J = 6.6 Hz, 1H), 1.42 (t, J = 3.9 Hz, 4H),
1.37 - 1.18 (m, 11H), 0.95 (d, J = 6.6 Hz, 6H), 0.90 (t, J = 7.0 Hz, 6H). '3C NMR (126
MHz, CDCl3) 6 75.22,48.11, 39.54, 25.99, 24.97, 23.91, 23.47, 14.28. EI-HR calcd for
C12H240 (M) 200.2140, found 200.2136.

OH

MeO
MeO

Alcohol 1b: To a cooled solution of ethyl isovalerate (5.0 mmol) in 10 mL of THF at
0 °C was added dropwise 4-methoxybutyl magnesium bromide (12.0 mmol). The
resulting mixture was stirred at 0 °C for 1 h. Water (2 mL) was added, and the mixture

was filtered through Celite. The filtrate was dried and concentrated. The crude product
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was purified by column chromatography on silica gel to give 936 mg (72% vyield) of
alcohol 1b as a colorless oil. 'H NMR (500 MHz, CDCls) & 3.36 (t, J = 6.5 Hz, 4H),
3.31 (s, 6H), 1.74 (hept, J = 6.6 Hz, 1H), 1.58 — 1.47 (m, 5H), 1.47 — 1.40 (m, 4H), 1.37
—1.28 (m, 6H), 0.93 (d, J = 6.6 Hz, 7H). '3C NMR (126 MHz, CDCls) § 75.07, 72.83,
58.66, 47.94, 39.52, 30.23, 24.91, 23.89, 20.40. EI-HR calcd for C;sH303 (M)
260.2351, found 260.2348.

RIS

Alcohol 1c: Following the general procedure, cyclohexanone (5.0 mmol) was allowed
to react with iso-butyl magnesium bromide. The crude product was purified by column
chromatography on silica gel to give 604 mg (78% yield) of alcohol 1c as a colorless
oil. tH NMR (500 MHz, CDCl3) & 1.82 (hept, J = 6.4 Hz, 1H), 1.63 — 1.19 (m, 13H),
0.95 (d, J = 6.6 Hz, 6H). '*C NMR (126 MHz, CDCl3) & 72.25, 51.15, 38.11, 25.96,
25.14,23.53, 22.42. EI-HR calcd for C1oH200 (M) 156.1514, found 156.1510.

OH
Phw\)\

Alcohol 1d: Following the general procedure, 4-phenyl cyclohexanone (5.0 mmol) was
allowed to react with iso-butyl magnesium bromide. The crude product was purified by
column chromatography on silica gel to give 928 mg (80% yield) of alcohol 1d as a
colorless oil. 'H NMR (500 MHz, CDCls) 6 7.35 — 7.21 (m, 5H), 2.58 — 2.41 (m, 1H),
1.99 — 1.69 (m, 7H), 1.53 (td, J = 13.3, 3.6 Hz, 2H), 1.45 (d, J = 5.8 Hz, 2H), 1.33 (s,
1H), 1.03 (d, J = 6.6 Hz, 6H). *C NMR (126 MHz, CDCl3) & 147.42, 128.45, 126.98,
126.06, 71.27, 53.30, 44.18, 37.85, 29.41, 25.21, 23.69. EI-HR calcd for CisH240 (M)
232.1827, found 232.1823.

OH
tBu\M\)\/

Alcohol 1e: Following the general procedure, 4-tert-butyl cyclohexanone (5.0 mmol)
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was allowed to react with 2-methylbutyl magnesium bromide. The crude product was
purified by column chromatography on silica gel to give 847 mg (75% yield) of alcohol
1e as a colorless oil. tH NMR (500 MHz, CDCl3) § 1.74 — 1.62 (m, 2H), 1.62 — 1.50
(m, 3H), 1.47 — 1.11 (m, 10H), 0.94 (d, J = 6.6 Hz, 3H), 0.89 — 0.82 (m, 12H). '3C NMR
(126 MHz, CDCls) ¢ 71.51, 51.04, 48.04, 38.33, 37.82, 32.53, 31.68, 29.97, 27.71,
22.61,22.58,21.99, 11.62. EI-HR calcd for CisH300 (M) 226.2297, found 226.2293.

3

Me

Alcohol 1f: Following the general procedure, 2-hexanone (5.0 mmol) was allowed to
react with 2,2-dimethylpropyl magnesium bromide. The crude product was purified by
column chromatography on silica gel to give 645 mg (74% yield) of alcohol 1f as a
colorless oil. 'TH NMR (600 MHz, CDCl3) § 1.50 — 1.42 (m, 4H), 1.34 — 1.26 (m, 5H),
1.23 (s, 3H), 1.02 (s, 9H), 0.91 (t,J= 6.5 Hz, 3H). *C NMR (151 MHz, CDCl;) § 74.46,
53.84,44.84, 31.75, 31.50, 28.47, 26.46, 23.44, 14.25. EI-HR calcd for C;;H20 (M)
172.1827, found 172.1823.

OH
Ph

Alcohol 1h: Following the general procedure, 4-phenyl cyclohexanone (5.0 mmol) was
allowed to react with 3-pentyl magnesium bromide. The crude product was purified by
column chromatography on silica gel to give 1.01 g (82% vyield) of alcohol 1h as a
colorless oil. *H NMR (500 MHz, CDCls) § 7.34 (t, J = 7.4 Hz, 2H), 7.29 (d, J = 7.3
Hz, 2H), 7.23 (t, J = 7.1 Hz, 1H), 2.50 (tt, J = 14.5, 5.0 Hz, 1H), 1.91 (ddd, J = 16.1,
13.2, 3.4 Hz, 2H), 1.84 — 1.71 (m, 5H), 1.70 — 1.54 (m, 4H), 1.28 (tt, J = 14.5, 7.3 Hz,
2H), 1.12 — 1.07 (m, 1H), 1.04 (t, J = 7.4 Hz, 6H). 3C NMR (126 MHz, CDCl3) &
147.42,128.38, 126.92, 125.99, 73.92, 53.53, 44.18, 34.58, 29.39, 22.36, 14.13. EI-HR
calcd for C17H260 (M) 246.1984, found 246.1981.
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OH
Alcohol 1t: Following the general procedure, (-)-methone (5.0 mmol) was allowed to

react with methyl magnesium bromide. The crude product was purified by column

chromatography on silica gel to give 697 mg (82% yield) of alcohol 1t as a colorless

oil. 'H NMR (500 MHz, CDCl3)  2.18 — 2.08 (m, 1H), 1.80 — 1.72 (m, 1H), 1.70 —

1.61 (m, 1H), 1.57 (d, J = 13.5 Hz, 1H), 1.50 (dd, J = 13.3, 3.2 Hz, 1H), 1.41 — 1.24 (m,

3H), 1.22 (s, 3H), 1.08 — 0.95 (m, 2H), 0.92 — 0.82 (M, 9H). *C NMR (126 MHz, CDCl5)
0 73.26, 50.85, 50.61, 35.35, 29.01, 28.35, 26.24, 23.96, 22.46, 21.04, 18.38. EI-HR

calcd for C11H220 (M*) 170.1671, found 170.1667.

or
’ o RM e RW
+ _— -
OH iPr,NEt, DMF CeCly .
=

The literature procedure? was used with slight modifications. Into a 20 mL screw-
capped vial was placed Pd(OAc)2 (0.15 mmol, 0.030 equiv), LiCIl (15 mmol. 3.0 equiv)
and dried DMF (5.0 mL). The solution was magnetically stirred to afford a yellow
suspension. Diisopropylethylamine (7.5 mmol. 1.5 equiv), the homoallylic alcohol (6.0
mmol, 1.2 equiv) and the aryl iodide (5.0 mmol, 1.0 equiv) were added successively.
The vial was capped with a Teflon-lined screw cap and placed in a preheated aluminum
block at 80 °C. After 18 h, the reaction mixture was poured into 50 mL of H20O and
extracted with ether (20 mL x 3). The combined ether extracts were washed
successively with ag. HCI (30 mL, 1N), H.O (30 mL), saturated brine (30 mL) and H20
(30 mL). The solution was dried over MgSQOyg, filtered and evaporated to give the crude
ketone product. The crude product was used without further purification. Reaction of
the ketone product with a Grignard reagent according to the general procedure for the

Grignard reaction provided the tertiary alcohol.
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OH

nBu

Alcohol 1g: Following the general procedure, iodobenzene (716 mg, 3.00 mmol) was
coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard reaction of the resulting ketone
with n-butylmagnesium bromide provided 530 mg (64%) of alcohol 1g as a colorless
oil. 'TH NMR (500 MHz, CDCl3) § 7.33 — 7.18 (m, 5H), 2.63 (t, J = 7.2 Hz, 2H), 1.72 —
1.48 (m, 6H), 1.47 (s, 2H), 1.37 — 1.19 (m, 5H), 1.05 (s, 9H), 0.93 (t, J = 6.9 Hz, 3H).
3BC NMR (126 MHz, CDCl3) § 142.62, 128.54, 128.42, 125.87, 76.27, 51.30, 40.46,
40.36, 36.55, 31.83, 31.57, 26.12, 26.07, 23.39, 14.28. EI-HR calcd for C19H3,0 (M)
276.2453, found 276.2448.

Pr
Alcohol 1j: Following the general procedure, 4-fluoroiodobenzene (1.11 g, 5.00 mmol)

was coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard reaction of the resulting
ketone with n-propylmagnesium bromide provided 882 mg (63%) of alcohol 1j as a
colorless oil. *H NMR (500 MHz, CDCl3) § 7.13 (t, J = 8.6 Hz, 2H), 6.96 (t, J = 8.6 Hz,
2H), 2.56 (t, J = 7.3 Hz, 2H), 1.67 — 1.40 (m, 8H), 1.35 — 1.19 (m, 3H), 1.01 (s, 9H),
0.89 (t, J = 7.2 Hz, 3H). '*C NMR (126 MHz, CDCl3) § 161.31 (d, J = 244.4 Hz),
138.16 (d, J = 2.5 Hz), 129.81 (d, J = 7.5 Hz), 115.09 (d, J = 21.4 Hz), 76.22, 51.30,
43.04, 40.25, 35.69, 31.80, 31.54, 26.10, 17.19, 14.71. EI-HR calcd for C13H20FO (M)
280.2202, found 280.2198.

CIM

Pr
Alcohol 1k: Following the general procedure, 4-chloroiodobenzene (1.19 g, 5.00 mmol)

was coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard reaction of the resulting
ketone with n-propylmagnesium bromide provided 1.07 g (72%) of alcohol 1k as a
colorless oil. '"H NMR (500 MHz, CDCl3) & 7.27 (d, J = 7.3 Hz, 2H), 7.13 (d, J= 7.3
Hz, 2H), 2.59 (t, J= 6.9 Hz, 2H), 1.68 — 1.43 (m, 8H), 1.35— 1.21 (m, 3H) (s, 3H), 1.04
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(d, J= 1.2 Hz, 9H), 0.92 (t, J = 6.6 Hz, 3H). 3C NMR (126 MHz, CDCls) § 141.00,
131.53, 129.87, 128.48, 76.21, 51.30, 43.02, 40.29, 35.86, 31.81, 31.55, 25.86, 17.22,
14.72. EI-HR caled for C1sHoClO (MY) 296.1907, found 296.1903.

F5;C
3 \©\/\/M
il

Pr

Alcohol 11 Following the general procedure, 4-trifluoromethyliodobenzene (1.36 g,
5.00 mmol) was coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard reaction of the
resulting ketone with n-propylmagnesium bromide provided 957 mg (58%) of alcohol
1l as a colorless oil. 'tH NMR (500 MHz, CDCls) § 7.53 (d, J = 7.5 Hz, 2H), 7.29 (td J
= 7.5 Hz, 2H), 2.65 (t, J = 7.3 Hz, 2H), 1.70 — 1.39 (m, 8H), 1.26 (s, 3H), 1.01 (s, 9H),
0.89 (t, J = 7.0 Hz, 3H). 3C NMR (126 MHz, CDCl3) & 146.72, 128.83, 128.15 (q, J =
32.6 Hz), 125.24 (q, J = 3.6 Hz), 124.41(q, J = 272.4 Hz), 76.20, 51.30, 43.02, 40.31,
36.37, 31.79, 31.55, 25.71, 17.25, 14.70. EI-HR calcd for C19H20F30 (M") 330.2171,
found 330.2168.

Pr

Alcohol 1m: Following the general procedure, 1-iodo-4-((4-methylpent-3-en-1-
yl)oxy)benzene (906 mg, 3.00 mmol) was coupled with 6,6-dimethyl-1-hepten-4-ol.
The Grignard reaction of the resulting ketone with n-propylmagnesium bromide
provided 561 mg (52%) of alcohol 1m as a colorless oil. 'H NMR (500 MHz, CDCl;)
8 7.09 (d, J = 8.1 Hz, 2H), 6.82 (d, J = 8.2 Hz, 2H), 5.22 (s, 1H), 3.91 (t, J= 7.0 Hz,
2H), 2.63 — 2.40 (m, 4H), 1.73 (s, 3H), 1.65 (s, 3H), 1.61 — 1.34 (m, 8H), 1.35 — 1.21
(m, 2H), 1.20 — 1.09 (br, 1H), 1.02 (s, 9H), 0.89 (t, J = 7.1 Hz, 3H). *C NMR (126
MHz, CDCls) 6 157.22, 134.59, 134.45, 129.34, 119.77, 114.47, 76.27, 67.76, 51.29,
43.04,40.39,35.64,31.81,31.54,28.43,26.28,25.90, 18.00, 17.18, 14.73. EI-HR calcd
for C24H1002 (M) 360.3028, found 360.3024.
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MeO
e M
i

Pr
Alcohol 1n: Following the general procedure, 4-methoxyiodobenzene (1.17 g, 5.00

mmol) was coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard reaction of the
resulting ketone with n-propylmagnesium bromide provided 978 mg (67%) of alcohol
1n as a colorless oil. '"H NMR (500 MHz, CDCl3) § 7.11 (d, J = 8.4 Hz, 2H), 6.83 (d, J
= 8.5 Hz, 2H), 3.79 (s, 3H), 2.54 (t, J = 7.2 Hz, 2H), 1.69 — 1.37 (m, 8H), 1.34 — 1.20
(m, 3H), 1.02 (s, 9H), 0.90 (t, J = 7.2 Hz, 3H). 3C NMR (126 MHz, CDCls) § 157.78,
134.70, 129.37, 113.79, 76.25, 55.35, 51.28, 43.03, 40.37, 35.62, 31.80, 31.53, 26.28,
17.17, 14.72. EI-HR calcd for C19H3,0, (M") 292.2402, found 292.2398.

B
now

Pr
Alcohol 1o: Following the general procedure, 4-benzyloxyiodobenzene (1.55 g, 5.00

mmol) was coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard reaction of the
resulting ketone with n-propylmagnesium bromide provided 1.20 g (65%) of alcohol
10 as a colorless oil. '"H NMR (500 MHz, CDCls) § 7.45 (d, J=7.3 Hz, 2H), 7.40 (t, J
= 7.4 Hz, 2H), 7.34 (t, J = 7.1 Hz, 1H), 7.12 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.5 Hz,
2H), 5.06 (s, 2H), 2.56 (t, J = 7.0 Hz, 2H), 1.69 — 1.38 (m, 8H), 1.34 — 1.20 (m, 3H),
1.04 (s, 9H), 0.91 (t, J = 7.2 Hz, 3H). 3C NMR (126 MHz, CDCls) § 157.04, 137.32,
135.00, 129.40, 128.66, 127.99, 127.58, 114.78, 76.26, 70.13, 51.28, 43.04, 40.38,
35.65, 31.81, 31.54, 26.26, 17.17, 14.73. EI-HR calcd for CasH3sO2 (M) 368.2715,
found 368.2711.

|

Pr
Alcohol 1p: Following the general procedure, tert-butyl((4-

iodobenzyl)oxy)dimethylsilane (1.39 g, 4.00 mmol) was coupled with 6,6-dimethyl-1-
hepten-4-ol. The Grignard reaction of the resulting ketone with n-propylmagnesium
bromide provided 1.10 g (68%) of alcohol 1p as a colorless oil. '"H NMR (500 MHz,
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CDCLs) & 7.27 (d, J = 7.5 Hz, 2H), 7.18 (d, J = 7.6 Hz, 2H), 4.75 (s, 2H), 2.61 (t, J =
7.2 Hz, 2H), 1.77 — 1.40 (m, 8H), 1.38 — 1.22 (m, 3H), 1.03 (s, 9H), 0.98 (s, 9H), 0.92
(t,J=7.2 Hz, 3H), 0.13 (s, 6H). 3C NMR (126 MHz, CDCL3) § 141.22, 138.93, 128.36,
126.25, 76.27, 65.00, 51.30, 43.05, 40.43, 36.24, 31.82, 31.55, 26.11, 18.56, 17.19,
14.74, -5.08. EI-HR calcd for C25Ha40Si ([M-H20]") 388.3161, found 388.3157.

o)
-0 OH

Pr
Alcohol 1g: Following the general procedure, 4-ethyloxycarbonyliodobenzene (828 mg,

3.00 mmol) was coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard reaction of the
resulting ketone with n-propylmagnesium bromide at 0 °C provided 521 mg (52%) of
alcohol 1q as a colorless oil. '"H NMR (500 MHz, CDCI3) § 7.98 (d, J = 8.0 Hz, 2H),
7.26 (d, J= 8.0 Hz, 2H), 4.38 (q, J = 7.1 Hz, 2H), 2.67 (t, J=7.5 Hz, 2H), 1.71 — 1.21
(m, 13H), 1.02 (s, 9H), 0.90 (t, J= 7.3 Hz, 3H). 1*C NMR (126 MHz, CDCl;3) § 166.82,
148.02, 129.75, 128.52, 128.19, 76.17, 60.90, 51.28, 42.99, 40.31, 36.53, 31.79, 31.53,
25.59,17.21, 14.70, 14.47. EI-HR calcd for C21H3403 (M) 334.2508, found 334.2504.

>|\[(O OH
(@] o
Pr

Alcohol 1r: Following the general procedure, 4-pivolyliodobenzene (912 mg, 3.00
mmol) was coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard reaction of the
resulting ketone with n-propylmagnesium bromide at 0 °C provided 586 mg (54%) of
alcohol 1r as a colorless oil. '"H NMR (500 MHz, CDCl3) § 7.17 (d, J = 7.6 Hz, 2H),
6.96 (d, J=7.5 Hz, 2H), 2.58 (t, J = 7.0 Hz, 2H), 1.67 — 1.40 (m, 8H), 1.37 — 1.22 (m,
12H), 1.02 (s, 9H), 0.89 (t, J = 7.0 Hz, 3H). *C NMR (126 MHz, CDCls) § 177.37,
149.20, 139.89, 129.31, 121.30, 76.23, 51.28, 43.00, 40.41, 39.14, 35.92, 31.80, 31.54,
27.27, 26.00, 17.21, 14.72. EI-HR calcd for C23H3602 ([M-H,0]") 344.2715, found
344.2711.
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Me,N OH

Pr
Alcohol 1s: Following the general procedure, 4-dimethylaminocarbonyliodobenzene
(825 mg, 3.00 mmol) was coupled with 6,6-dimethyl-1-hepten-4-ol. The Grignard
reaction of the resulting ketone with n-propylmagnesium bromide at 0 °C provided 539
mg (54%) of alcohol 1s as a colorless oil. '"H NMR (500 MHz, CDCl3) § 7.15 (d, J =
8.2 Hz, 2H), 7.00 (d, J = 8.3 Hz, 2H), 3.05 (s, 3H), 3.00 (s, 3H), 2.56 (t, J = 7.1 Hz,
2H), 1.66 — 1.34 (m, 9 H), 1.31 — 1.18 (m, 2H), 1.01 (s, 9H), 0.88 (t, J = 7.2 Hz, 3H).
3C NMR (126 MHz, CDCls) § 155.21, 149.59, 139.42, 129.16, 121.58, 76.20, 51.24,
42.96, 40.41, 36.77, 36.51, 35.89, 31.78, 31.51, 26.00, 17.18, 14.69. EI-HR calcd for
C21H3sNO, (M") 333.2668, found 333.2664.

TBSCI
NEt,

TBSO
Alcohol 1u’: To a solution of diol (804 mg, 2.00 mmol) in 10 mL of anhydrous

dichloromethane and triethylamine (404 mg, 4.00 mmol) was added dropwise a
solution of TBSCI (360 mg, 2.40 mmol) in 5 mL of dichloromethane. The solution was
stirred at room temperature for 2 hours. The reaction mixture was concentrated and
purified by silica gel chromatography to afford 972 mg of mono-protected diol 1u’ (94%
yield) as a white solid. *H NMR (500 MHz, CDCls) § 5.31 (m, 1H), 3.56 — 3.45 (m,
1H), 2.34 — 2.23 (m, 1H), 2.19 (dd, J = 13.1, 2.7 Hz, 1H), 2.12 (t, J = 12.2 Hz, 1H),
1.99 (d, J = 14.6 Hz, 1H), 1.86 — 1.63 (m, 6H), 1.58 — 1.39 (m, 9H), 1.34 — 1.25 (m,
6H), 1.20 — 1.13 (m, 4H), 1.02 (s, 3H), 0.95 — 0.86 (m, 20H), 0.08 (s, 6H). 3C NMR
(126 MHz, CDCls) 6 141.59, 121.10, 75.28, 72.63, 57.67, 56.93, 50.13, 44.20, 42.81,
42.67,40.15, 39.64, 37.39, 36.61, 32.09, 31.84, 31.35, 27.96, 26.46, 25.97, 23.81, 22.77,
22.61, 22.39, 22.05, 20.93, 19.46, 18.30, 13.63, -4.56. EI-HR calcd for C33He002Si (M)
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516.4363, found 516.4358.

General procedure for Ir-catalyzed silylation of alcohols:

In an No-filled glovebox, 0.50 mmol of the alcohol was weighed into a one-dram screw-
capped vial. A stir bar was added, and the substrate was dissolved in Et2O (1.0 mL).
The resulting solution was treated first with [Ir(cod)OMe]. (0.50 pumol, 0.10 mol %,
unless otherwise specified) and then neat Et>SiH2 (0.75 mmol). The vial was capped
with a Teflon-lined screw cap, and the resulting solution was stirred in the glovebox at
room temperature until complete conversion to the corresponding diethyl(hydrido)silyl

ether was observed, as determined by GC (generally 1-2 h) (CAUTION: H2 evolution!).

General procedure for Ru-catalyzed silylation of alcohols:

In an N2-filled glovebox, 0.50 mmol of the alcohol was weighed into a one-dram screw-
capped vial. A stir bar was added, and the substrate was dissolved in PhH (1.0 mL).
The resulting solution was treated first with RuCl2(PPhz)s (2.5 umol, 0.50 mol %, unless
otherwise specified) and then neat Et>SiH2 (0.75 mmol). The vial was capped with a
Teflon-lined screw cap, and the resulting solution was stirred at 50 °C until complete
conversion to the corresponding diethyl(hydrido)silyl ether was observed, as

determined by GC (generally 3-5 h) (CAUTION: H; evolution!).

General procedure for Rh-catalyzed intramolecular aliphatic silylation:

In an Nx-filled glovebox, the crude reaction mixture containing the
diethyl(hydrido)silyl ether (ca. 0.50 mmol) and solvent was placed under high-vacuum
for 0.5 h (the stir bar was temporarily removed during this operation to prevent
bumping). The stir bar was replaced, and the concentrated diethyl(hydrido)silyl ether
was then sequentially treated with norbornene (0.60 mmol, 1.2 equiv), RhCl(Xantphos)
(0.020 mmol, 4.0 mol %) and THF (1.0 mL). The Teflon-lined screw cap was replaced,
and the vial was then removed from the glovebox, placed in a pre-heated aluminum

block at 100 °C for 16 h.
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General procedure for Tamao-Fleming oxidation of oxasilolanes:

To an ice-cooled (0 °C) stirred solution of KH (120 mg, 3.0 mmol, 6.0 equiv) in 5.0 mL
of NMP was added tert-butyl hydroperoxide (0.55 mL, 5.0 ~ 6.0 M in decane stored
over molecular sieves) dropwise. The mixture was allowed to warm to RT and kept for
10 min. The crude reaction mixture containing the silolane (ca. 0.5 mmol) in 1.0 mL of
THF was then added. After stirring at RT for 10 min, 2.5 mL of TBAF solution (2.5
mmol, 1.0 M solution in THF) was added. The resulting mixture was stirred for 14 h at
RT. The reaction was carefully quenched with aq. Na>SOs (saturated, 5 mL), and the
resulting mixture was extracted with EtOAc (30 mL, then 2 x 15 mL). The combined
organic layers were washed (30 mL of saturated Na,SOs, 30 mL of brine, 30 mL of 0.1
N HCI, then 30 mL of brine), dried over MgSOQa, filtered through Celite, and
concentrated by rotary evaporation. The crude diol was further purified by column

chromatography on silica gel with EtOAc/hexanes mixture as eluent.

Et,
Si
o |

Oxasilolane 3a: In an N2-filled glovebox, 5-isobutylnonan-5-ol (200 mg, 1.00 mmol)
and Et2SiH2 (132 mg, 1.50 mmol) were weighed in a 20 mL screw-capped vial. A stir
bar was added, followed by THF (1.0 mL). The resulting solution was treated with
[Ir(cod)OMe]2 (0.6 mg, 1.0 umol, 0.1 mol %). The vial was capped with a Teflon-lined
screw cap, and the resulting solution was stirred in the glovebox at room temperature
for 15 h, at which point GC analysis indicated full conversion to diethyl(hydrido)silyl
ether. The volatile materials were removed by placing the reaction mixture directly
under high vacuum for 0.5 h (the stir bar was temporarily removed during this operation
to prevent bumping). The stir bar was replaced, and the concentrated
diethyl(hydrido)silyl ether was then sequentially treated with norbornene (113 mg, 1.20
mmol), RhCI(Xantphos) (29 mg, 0.040 mmol, 4.0 mol %) and THF (3.0 mL). The

Teflon-lined screw cap was replaced, and the resulting solution was stirred in a pre-
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heated aluminum block at 100 °C for 16 h. The reaction mixture was then cooled to
room temperature, and the solvent was removed by rotary evaporation. The resulting
residue was purified by Kugelrohr distillation (25 mTorr, 75 °C) to give 267 mg (94%)
of oxasilolane 3a as colorless oil. *H NMR (600 MHz, CDCl3) § 1.97 — 1.78 (m, 1H),
1.54 (dd, J = 18.5, 7.4 Hz, 1H), 1.46 — 1.37 (m, 4H), 1.36 — 1.21 (m, 8H), 1.16 (dd, J =
14.7, 8.7 Hz, 1H), 1.10 — 1.03 (m, 1H), 0.97 (d, J = 6.3 Hz, 3H), 0.96 — 0.88 (m, 12H),
0.66 (d, J = 14.3 Hz, 1H), 0.61 — 0.52 (m, 3H), 0.52 — 0.42 (m, 1H), 0.18 (t, J = 135
Hz, 1H). C NMR (151 MHz, CDCl3) § 76.79, 45.65,41.79, 38.90, 27.48, 26.37, 25.71,
24.11, 23.40, 23.34, 18.26, 14.17, 14.13, 8.03, 7.04, 6.84, 6.50. EI-HR calcd for
C17H360S1 (M") 284.2535, found 284.2531.

OH
OH

Diol 4a: Following the general procedure, 5-isobutylnonan-5-ol (200 mg, 1.00 mmol)
was converted to the corresponding diethyl(hydrido)silyl ether with [Ir(cod)OMe].
(0.10 mol %) as catalyst at room temperature for 14 h. The subsequent cyclization was
conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the intermediate
oxasilolane. Tamao-Fleming oxidation and purification by silica gel chromatography
gave 166 mg (77% overall yield) of 4a as a colorless oil. *H NMR (500 MHz, CDCls)
§3.78 (s, 1H), 3.58 (dd, J = 10.5, 3.4 Hz, 1H), 3.34 — 3.21 (dd, J = 10.5, 3.4 Hz, 1H),
1.94 (d, J = 3.4 Hz, 1H), 1.63 — 1.38 (m, 6H), 1.32 (dd, J = 14.6, 7.0 Hz, 6H), 1.25 —
1.08 (m, 2H), 0.92 (t, J = 7.5 Hz, 6H), 0.89 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz,
CDCIs) & 74.43, 69.27, 46.08, 40.65, 37.70, 31.19, 26.43, 25.59, 23.32, 23.31, 19.71,
14.16, 14.14. ESI-HR calcd for Ci3H230,Na ([M+Na]*) 239.1982, found 239.1978.

OH
OH

MeO
MeO
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Diol 4b: Following the general procedure, 5-isobutyl-1,9-dimethoxynonan-5-ol (130
mg, 0.500 mmol) was converted to the corresponding diethyl(hydrido)silyl ether with
[Ir(cod)OMe]2 (0.20 mol %) as catalyst at room temperature for 14 h. The subsequent
cyclization was conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the
intermediate oxasilolane. Tamao-Fleming oxidation and purification by silica gel
chromatography gave 99 mg (72% overall yield) of 4b as a colorless oil. 'H NMR (500
MHz, CDCl3) & 3.59 (d, J = 10.4 Hz, 1H), 3.40 (dd, J = 8.2, 4.1 Hz, 4H), 3.34 (s, 6H),
3.29 (d, J = 8.6 Hz, 1H), 1.94 (br, 2H), 1.64 -1.54 (m, 5H), 1.52 - 1.44 (m, 3H), 1.42 —
1.36 (M, 1H), 1.34 - 1.18 (m, 2H), 0.89 (d, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl5)
O 74.26, 72.77, 72.61, 69.29, 58.57, 45.91, 45.89, 40.51, 37.94, 31.26, 30.07, 30.05,
20.78, 20.12, 19.69. ESI-HR calcd for CisH3OsNa ([M+Na]") 299.2193, found
299.2189.

Diol 4c: Following the general procedure, 1-isobutyl-1-cyclohexanol (78 mg, 0.50
mmol) was converted to the corresponding diethyl(hydrido)silyl ether with
[Ir(cod)OMe]2 (0.10 mol %) as catalyst at room temperature for 14 h. The subsequent
cyclization was conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the
intermediate oxasilolane. Tamao-Fleming oxidation and purification by silica gel
chromatography gave 65 mg (75% overall yield) of 4c as a colorless oil. *H NMR (500
MHz, CDCls)  3.80 (br, 2H), 3.58 (dd, J = 10.5, 3.5 Hz, 1H), 3.31 (t, J = 9.6 Hz, 1H),
1.94 (t, J = 24.7 Hz, 1H), 1.67 (s, 1H), 1.64 — 1.38 (m, 10H), 1.34 — 1.26 (m, 1H), 0.90
(d, J = 6.9 Hz, 3H). 3C NMR (126 MHz, CDCl3) & 71.40, 69.22, 48.18, 40.05, 35.98,
30.85, 25.84, 22.58, 22.23, 19.73. ESI-HR calcd for C19H2002Na ([M+Na]") 195.1356,
found 195.1352.

OH

OH
Ph
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Diol 4d: Following the general procedure, 1-isobutyl-4-phenylcyclohexanol (116 mg,
0.500 mmol) was converted to the corresponding diethyl(hydrido)silyl ether with
[Ir(cod)OMe]2 (0.25 mol %) as catalyst at room temperature for 14 h. The subsequent
cyclization was conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the
intermediate oxasilolane. Tamao-Fleming oxidation and purification by silica gel
chromatography gave 94 mg (76% overall yield) of 4d as a white solid. *H NMR (500
MHz, CDCls) & 7.36 — 7.24 (m, 4H), 7.21 (t, J = 6.7 Hz, 1H), 3.81 (s, 2H), 3.65 (dd, J
=10.2, 3.2 Hz, 1H), 3.38 (t, J = 9.6 Hz, 1H), 2.56 — 2.43 (m, 1H), 2.17 — 1.97 (m, 2H),
1.94 —1.70 (m, 5H), 1.64 (dd, J = 14.6, 8.7 Hz, 1H), 1.59 — 1.48 (m, 2H), 1.42 (td, J =
13.4, 3.7 Hz, 1H), 0.94 (d, J = 6.8 Hz, 3H). *C NMR (126 MHz, CDCLs) & 147.35,
128.43, 126.97, 126.05, 70.24, 69.36, 50.99, 44.21, 39.84, 35.87, 31.06, 29.48, 29.26,
19.80. ESI-HR calcd for CisH2402Na ([M+Na]*) 271.1669, found 271.1667.

OH

OH
tBu

Diol 4de: Following the general procedure, 4-(tert-butyl)-1-(2-
methylbutyl)cyclohexanol (113 mg, 0.500 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with [Ir(cod)OMe]> (0.25 mol %) as catalyst at room
temperature for 14 h. The subsequent cyclization was conducted with RhCI(Xantphos)
at 100 °C for 15 h to provide the intermediate oxasilolane. Tamao-Fleming oxidation
and purification by silica gel chromatography gave 104 mg (86% overall yield) of 4e
as a white solid. *H NMR (500 MHz, CDCls) & 3.68 (dd, J = 10.5, 3.3 Hz, 1H), 3.58
(br, 2H), 3.36 (d, J = 10.0 Hz, 1H), 1.95 (dd, J = 13.0, 2.6 Hz, 1H), 1.76 (s, 1H), 1.70
(d, J =10.4 Hz, 1H), 1.62 (s, 2H), 1.56 — 1.45 (m, 2H), 1.41 — 1.23 (m, 4H), 1.23 - 1.13
(m, 2H), 0.97 (dd, J = 19.6, 7.9 Hz, 1H), 0.91 (t, J = 7.5 Hz, 3H), 0.88 (s, 9H). 3C NMR
(126 MHz, CDCIs) ¢ 70.49, 67.73, 48.18, 47.96, 40.24, 37.66, 35.93, 32.43, 27.59,
26.54, 22.63, 22.38, 11.72. ESI-HR calcd for CisH3002Na ([M+Na]") 265.2138, found
265.21384.
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Me
Diol 4f: Following the general procedure, 2,2,4-trimethyloctan-4-ol (86 mg, 0.50 mmol)

was converted to the corresponding diethyl(hydrido)silyl ether with [Ir(cod)OMe].
(0.10 mol %) as catalyst at room temperature for 14 h. The subsequent cyclization was
conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the intermediate
oxasilolane. Tamao-Fleming oxidation and purification by silica gel chromatography
gave 62 mg (66% overall yield) of 4f as a colorless oil. *H NMR (500 MHz, CDCls) §
4.01 (br, 2H), 3.46 (d, J = 11.1 Hz, 1H), 3.37 (d, J = 11.0 Hz, 1H), 1.57 (d, J = 15.1 Hz,
1H), 1.55 — 1.47 (m, 2H), 1.44 (d, J = 15.1 Hz, 1H), 1.35 — 1.28 (m, 4H), 1.27 (s, 3H),
1.00 (s, 3H), 0.95 (s, 3H), 0.91 (t, J = 6.6 Hz, 3H). 3C NMR (126 MHz, CDCl3) § 73.98,
71.04, 50.65, 44.90, 36.43, 28.55, 28.20, 27.03, 26.60, 23.28, 14.14. ESI-HR calcd for
C11H2402Na ([M+Na]*) 211.1669, found 211.1665.

OH

OH
Ph

nBu

Diol 4g: Following the general procedure, 2,2-dimethyl-4-(3-phenylpropyl)octan-4-ol
(138 mg, 0.500 mmol) was converted to the corresponding diethyl(hydrido)silyl ether
with [Ir(cod)OMe]2> (0.20 mol %) as catalyst at room temperature for 14 h. The
subsequent cyclization was conducted with RhCI(Xantphos) at 100 °C for 15 h to
provide the intermediate oxasilolane. Tamao-Fleming oxidation and purification by
silica gel chromatography gave 105 mg (72% overall yield) of 4g as a colorless oil. *H
NMR (500 MHz, CDCls) § 7.31 (t, J = 7.5 Hz, 2H), 7.22 (t, J = 6.2 Hz, 3H), 3.55 (br,
2H), 3.42 (s, 2H), 2.62 (t, J = 6.7 Hz, 2H), 1.67 — 1.58 (m, 3H), 1.59 — 1.44 (m, 5H),
1.35 — 1.25 (m, 2H), 1.25 — 1.15 (m, 2H), 0.96 (s, 6H), 0.92 (t, J = 7.2 Hz, 3H). 3C
NMR (126 MHz, CDClIs) 6 142.36, 128.44, 128.37, 125.86, 75.98, 71.15, 48.52, 40.15,
40.00, 36.45, 36.36, 27.89, 27.87, 26.10, 26.09, 23.23, 14.17. ESI-HR calcd for
C19H3202Na ([M+Na]") 315.2295, found 315.2291.
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Diol 4h: Following the general procedure, 1-(pentan-3-yl)-4-phenylcyclohexanol (123
mg, 0.500 mmol) was converted to the corresponding diethyl(hydrido)silyl ether with
[Ir(cod)OMe]2 (0.10 mol %) as catalyst at room temperature for 14 h. The subsequent
cyclization was conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the
intermediate oxasilolane. Tamao-Fleming oxidation and purification by silica gel
chromatography gave 91 mg (74% overall yield) of 4h as a colorless oil. *H NMR (500
MHz, CDCl3) § 7.42 — 7.10 (m, 5H), 3.83 (dt, J = 6.3, 5.7 Hz, 1H), 3.73 — 3.18 (br, 2H),
3.68 —3.59 (m, 1H), 2.48 (dd, J = 16.2, 7.7 Hz, 1H), 2.00 — 1.59 (m, 10H), 1.45 (dt, J
=14.1, 4.0 Hz, 1H), 1.40 — 1.31 (m, 1H), 1.31 — 1.19 (m, 1H), 0.98 (t, J = 7.3 Hz, 3H).
3C NMR (126 MHz, CDCls) & 147.38, 128.40, 126.94, 126.02, 72.75, 61.71, 49.96,
44.14, 36.15, 33.22, 31.03, 29.48, 29.32, 22.79, 13.38. ESI-HR calcd for Ci7H2602Na
(IM+Na]") 285.1825, found 285.1821.

F OH
\©\/\/Ti/(
vl

Pr
Diol 4j: Following the general procedure, 1-(4-fluorophenyl)-6,6-dimethyl-4-
propylheptan-4-ol (140 mg, 0.500 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with [Ir(cod)OMe]> (0.20 mol %) as catalyst at room
temperature for 14 h. The subsequent cyclization was conducted with RhCI(Xantphos)
at 100 °C for 15 h to provide the intermediate oxasilolane. Tamao-Fleming oxidation
and purification by silica gel chromatography gave 110 mg (74% overall yield) of 4j as
a colorless oil. tH NMR (500 MHz, CDCls3) § 7.14 (dd, J = 8.1, 5.6 Hz, 2H), 6.98 (t, J
= 8.6 Hz, 2H), 3.82 (br, 2H), 3.40 (g, J = 11.1 Hz, 2H), 2.58 (t, J = 6.8 Hz, 2H), 1.64 —
1.42 (m, 8H), 1.25 (td, J = 14.8, 7.1 Hz, 2H), 0.97 (s, 3H), 0.96 (s, 3H), 0.91 (t, J = 7.2
Hz, 3H). 3C NMR (126 MHz, CDCl3) & 161.24 (d, J = 244 Hz), 137.94 (d, J = 2.5 Hz),
129.71 (d,J=7.5Hz),115.04 (d, J=21.4 Hz), 75.81, 71.10, 48.59, 42.71, 39.95, 36.41,
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35.53, 27.89, 27.77, 26.12, 17.21, 14.58. ESI-HR calcd for CigH20FO>Na ([M+Na]")
319.2044, found 319.2040.

Cl OH
\©\/\/Ti/(
LR R}

Pr

Diol 4k: Following the general procedure, 1-(4-chlorophenyl)-6,6-dimethyl-4-
propylheptan-4-ol (148 mg, 0.500 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with [Ir(cod)OMe]> (0.20 mol %) as catalyst at room
temperature for 14 h. The subsequent cyclization was conducted with RhCI(Xantphos)
at 100 °C for 15 h to provide the intermediate oxasilolane. Tamao-Fleming oxidation
and purification by silica gel chromatography gave 131 mg (84% overall yield) of 4k
as a colorless oil. 'H NMR (500 MHz, CDCl3) 6 7.26 (d, J = 8.3 Hz, 2H), 7.12 (d, J =
8.2 Hz, 2H), 3.83 (br, 2H), 3.40 (g, J = 11.0 Hz, 2H), 2.57 (t, J = 6.7 Hz, 2H), 1.62 —
1.42 (m, 8H), 1.24 (dt, J = 15.0, 7.0 Hz, 2H), 0.97 (s, 3H), 0.96 (s, 3H), 0.91 (t, J = 7.2
Hz, 3H). 3C NMR (126 MHz, CDCls) § 140.78, 131.48, 129.77, 128.42, 75.76, 71.10,
48.60, 42.69, 39.98, 36.41, 35.70, 27.93, 27.74, 25.88, 17.25, 14.59. ESI-HR calcd for
C1sH20C102Na ([M+Na]*) 335.1748, found 335.1744.

Fs;C OH
3 w
o

Pr
Diol 4l: Following the general procedure, 1-(4-trifluoromethylphenyl)-6,6-dimethyl-4-
propylheptan-4-ol (165 mg, 0.500 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with [Ir(cod)OMe]> (0.20 mol %) as catalyst at room
temperature for 14 h. The subsequent cyclization was conducted with RhCI(Xantphos)
at 100 °C for 15 h to provide the intermediate oxasilolane. Tamao-Fleming oxidation
and purification by silica gel chromatography gave 106 mg (61% overall yield) of 4l as
a colorless oil. 'H NMR (500 MHz, CDCl3) & 7.55 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 7.8
Hz, 2H), 3.75 (br, 2H), 3.41 (q, J = 11.0 Hz, 2H), 2.66 (t, J = 6.9 Hz, 2H), 1.66 — 1.46
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(m, 8H), 1.23 (dt, J = 34.4, 17.1 Hz, 2H), 0.98 (s, 3H), 0.97 (s, 3H), 0.91 (t, J = 7.2 Hz,
3H). 13C NMR (126 MHz, CDCls) & 146.49, 128.71, 128.18 (q, J = 32.8 Hz), 124.38
(9,J=273Hz),125.26 (q, J =273 Hz), 75.73, 71.11, 48.61, 42.67, 40.01, 36.39, 36.19,
27.92, 27.68, 25.71, 17.26, 14.55. ESI-HR calcd for Ci9Ha9F302Na ([M+Na]")
369.2012, found 369.2008.

O\CWMOH

SO

Diol 4m: Following the general procedure, 6,6-dimethyl-1-(4-((4-methylpent-3-en-1-
yl)oxy)phenyl)-4-propylheptan-4-ol (108 mg, 0.300 mmol) was converted to the
corresponding diethyl(hydrido)silyl ether with [Ir(cod)OMe]2 (0.20 mol %) as catalyst
at room temperature for 14 h. The subsequent cyclization was conducted with
RhCI(Xantphos) at 100 °C for 15 h to provide the intermediate oxasilolane. Tamao-
Fleming oxidation and purification by silica gel chromatography gave 69 mg (61%
overall yield) of 4m as a colorless oil. This compound contained ~15% inseparable
impurities. *H NMR (500 MHz, CDCls) § 7.10 (d, J = 8.3 Hz, 2H), 6.84 (d, J = 8.4 Hz,
2H), 5.28 — 5.16 (M, 1H), 3.94 (t, J = 15.3 Hz, 2H), 3.42 (d, J = 2.4 Hz, 2H), 3.18 (s,
2H), 2.55 (s, 2H), 2.49 (dd, J = 13.6, 6.7 Hz, 2H), 1.75 (s, 3H), 1.68 (s, 3H), 1.58 — 1.50
(m, 7H), 1.29 — 1.23 (m, 3H), 0.98 (s, 3H), 0.97 (s, 3H), 0.91 (t, J = 7.1 Hz, 3H). 3C
NMR (126 MHz, CDCIs) 6 157.18, 134.39, 134.29, 129.25, 119.66, 114.42, 76.08,
71.15,67.69,48.41,42.73,40.07, 36.44, 35.45, 28.33, 27.93, 27.80, 26.29, 25.81, 17.91,
17.19, 14.59. ESI-HR calcd for C24H3302Na ([M+Na]") 399.2870, found 399.2866.

O OH
i \Q\/\M
]

Pr
Diol 4n: Following the general procedure, 1-(4-methoxyphenyl)-6,6-dimethyl-4-
propylheptan-4-ol (146 mg, 0.500 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with [Ir(cod)OMe]> (0.20 mol %) as catalyst at room
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temperature for 14 h. The subsequent cyclization was conducted with RhCI(Xantphos)
at 100 °C for 15 h to provide the intermediate oxasilolane. Tamao-Fleming oxidation
and purification by silica gel chromatography gave 129 mg (84% overall yield) of 4n
as a colorless oil. *H NMR (500 MHz, CDCl3) & 7.12 (d, J = 8.3 Hz, 2H), 6.85 (d, J =
8.4 Hz, 2H), 3.81 (s, 3H), 3.65 (br, 2H), 3.45 — 3.35 (m, 2H), 2.55 (s, 2H), 1.65 — 1.44
(m, 8H), 1.31 — 1.18 (m, 2H), 0.98 (d, J = 1.8 Hz, 3H), 0.96 (s, 3H), 0.91 (t, J = 7.2 Hz,
3H). 13C NMR (126 MHz, CDCls) § 157.74, 134.47, 129.29, 113.76, 75.95, 71.12,
55.29, 48.51, 42.72, 40.06, 36.43, 35.46, 27.92, 27.80, 26.32, 17.20, 14.60. ESI-HR
calcd for C19H3203Na ([M+Na]") 331.2244, found 331.2240.

BnO OH
n @\/\/M
L

Pr

Diol 40: Following the general procedure, 1-(4-benzyloxyphenyl)-6,6-dimethyl-4-
propylheptan-4-ol (184 mg, 0.500 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with [Ir(cod)OMe]. (0.20 mol %) as catalyst at room
temperature for 14 h. The subsequent cyclization was conducted with RhCI(Xantphos)
at 100 °C for 15 h to provide the intermediate oxasilolane. Tamao-Fleming oxidation
and purification by silica gel chromatography gave 167 mg (87% overall yield) of 40
as a colorless oil. 'H NMR (500 MHz, CDCls) § 7.47 (d, J = 7.2 Hz, 2H), 7.42 (t, J =
7.4 Hz, 2H), 7.36 (t, J = 7.1 Hz, 1H), 7.14 (d, J = 8.3 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H),
5.08 (s, 2H), 3.72 (br, 2H), 3.48 — 3.38 (m, 2H), 2.57 (s, 2H), 1.64 — 1.46 (m, 8H), 1.33
—1.22 (m, 2H), 1.00 (s, 3H), 0.99 (s, 3H), 0.93 (t, J = 7.1 Hz, 3H).

13C NMR (126 MHz, CDCl3) § 157.02, 137.24, 134.80, 129.34, 128.62, 127.96, 127.53,
114.76, 75.97, 71.14, 70.08, 48.54, 42.74, 40.08, 36.45, 35.51, 27.95, 27.83, 26.31,
17.22, 14.63. ESI-HR calcd for C2sH3s03Na ([M+Na]*) 407.2557, found 407.2553.

H
ol

Pr
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Diol 4p: Following the general procedure, 1-(4-(((tert-
butyldimethylsilyl)oxy)methyl)phenyl)-6,6-dimethyl-4-propylheptan-4-ol (102 mg,
0.250 mmol) was converted to the corresponding diethyl(hydrido)silyl ether with
[Ir(cod)OMe]2 (0.20 mol %) as catalyst at room temperature for 14 h. The subsequent
cyclization was conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the
intermediate oxasilolane. Tamao-Fleming oxidation and purification by silica gel
chromatography gave 48 mg (62% overall yield) of 4p as a colorless oil. *H NMR (500
MHz, CDCls) § 7.28 (d, J = 7.9 Hz, 2H), 7.17 (d, J = 7.8 Hz, 2H), 4.62 (s, 2H), 3.50
(br, 2H), 3.37 (g, J = 11.0 Hz, 2H), 2.59 (t, J = 6.7 Hz, 2H), 1.65 — 1.41 (m, 8H), 1.30
—1.18 (m, 2H), 0.95 (s, 3H), 0.95 (s, 3H), 0.90 (t, J = 7.2 Hz, 3H). 3C NMR (126 MHz,
CDCl3) 6 141.72, 138.52, 128.56, 127.20, 75.82, 71.07, 64.95, 48.64, 42.66, 39.98,
36.39, 36.04, 27.91, 27.75, 26.00, 17.24, 14.61. ESI-HR calcd for Ci9Hz0O2Na
([M+Na]") 331.2244, found 331.2240.

Oxasilolane 4q: Following the general procedure, ethyl 4-(4-hydroxy-6,6-dimethyl-4-
propylheptyl)benzoate (84 mg, 0.25 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with RuCl2(PPhs)s (0.50 mol %) as catalyst at 50 °C for 14
h. The subsequent cyclization was conducted with RhCl(Xantphos) at 100 °C for 15 h
to provide the intermediate oxasilolane. Purification by preparative TLC gave 96 mg
(92% overall yield) of 4q as a colorless oil. 'H NMR (500 MHz, CDCl3) § 7.95 (d, J =
7.9 Hz, 2H), 7.24 (d, J = 7.8 Hz, 2H), 4.36 (g, J = 7.0 Hz, 2H), 2.61 (d, J = 7.1 Hz, 2H),
1.70 — 1.16 (m, 13H), 1.04 (s, 3H), 1.00 (s, 3H), 0.93 — 0.82 (m, 9H), 0.62 — 0.43 (m,
6H). 3C NMR (126 MHz, CDCls) & 166.88, 148.36, 129.69, 128.54, 128.08, 76.86,
60.88, 48.64, 44.58, 41.68, 36.62, 34.32, 34.28, 31.41, 25.62, 23.17, 17.40, 14.85, 14.49,
8.54, 8.50, 6.86, 6.82. ESI-HR calcd for C2sH4203Si (M™) 418.2903, found 418.2900.
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Oxasilolane 4r: Following the general procedure, ethyl 4-(4-hydroxy-6,6-dimethyl-4-
propylheptyl)phenyl pivalate (91 mg, 0.25 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with RuCl2(PPhs)s (0.50 mol %) as catalyst at 50 °C for 14
h. The subsequent cyclization was conducted with RhCI(Xantphos) at 100 °C for 15 h
to provide the intermediate oxasilolane. Purification by preparative TLC gave 100 mg
(90% overall yield) of 4r as a colorless oil. *H NMR (500 MHz, CDCl3) § 7.17 (d, J =
8.0 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 2.56 (t, J = 6.6 Hz, 2H), 1.73 — 1.13 (m, 23H),
1.04 (s, 3H), 1.01 (s, 3H), 0.96 — 0.90 (M, 4H), 0.87 (t, J = 7.1 Hz, 3H), 0.64 — 0.43 (m,
6H). *C NMR (126 MHz, CDClg) § 177.38, 149.14, 140.22, 129.32, 121.22, 48.63,
44.63,41.84, 39.16, 36.03, 34.39, 34.29, 31.43, 27.29, 26.02, 23.20, 17.39, 14.87, 8.56,
8.53, 6.87, 6.84. ESI-HR calcd for C27H4603Si (M*) 446.3216, found 446.3212.

Oxasilolane 4s: Following the general procedure, 4-(4-hydroxy-6,6-dimethyl-4-
propylheptyl)-N,N-dimethylbenzamide (83 mg, 0.25 mmol) was converted to the
corresponding diethyl(hydrido)silyl ether with RuCl2(PPhs)s (0.50 mol %) as catalyst
at 50 °C for 14 h. The subsequent cyclization was conducted with RhCI(Xantphos) at
100 °C for 15 h to provide the intermediate oxasilolane. Purification by preparative
TLC gave 98 mg (94% overall yield) of 4s as a colorless oil. *H NMR (500 MHz, CDCls3)
§7.18 (d, J = 7.9 Hz, 2H), 7.03 (d, J = 8.2 Hz, 2H), 3.12 (s, 3H), 3.03 (s, 3H), 2.55 (t,
J=6.2 Hz, 2H), 1.75 — 1.17 (m, 11H), 1.07 (s, 2H), 1.05 (s, 3H), 0.98 — 0.90 (m, 6H),
0.88 (t, J = 7.1 Hz, 3H), 0.65 — 0.44 (m, 6H).

13C NMR (126 MHz, CDCls) § 155.18, 149.46, 139.67, 129.09, 121.43, 76.86, 48.51,
44.53, 41.80, 36.70, 36.45, 35.93, 34.30, 34.18, 31.32, 25.95, 23.10, 17.28, 14.78, 8.45,
8.42, 6.78, 6.74. ESI-HR calcd for C2sH43NO2Si (M*) 417.3063, found 417.3060.
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Triol 6d: Following the general procedure, compound 5d (72 mg, 0.20 mmol) was
converted to the corresponding diethyl(hydrido)silyl ether with [Ir(cod)OMe]. (0.50
mol %) as catalyst at room temperature for 14 h. The subsequent cyclization was
conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the intermediate
oxasilolane. Tamao-Fleming oxidation and purification by silica gel chromatography
gave 38 mg (72% overall yield) of 6d as a white solid. "H NMR (500 MHz, CD;0D) &
7.32—-7.09 (m, 5H), 4.95 — 4.82 (br, 3H), 3.61 (dd, J = 10.6, 6.2 Hz, 2H), 3.55 (dd, J =
10.6, 6.2 Hz, 2H), 2.55 — 2.41 (m, 1H), 2.10 — 1.97 (m, 1H), 1.97 — 1.80 (m, 4H),1.67
(d, J = 9.9 Hz, 2H), 1.58 — 1.41 (m, 4H). 3C NMR (126 MHz, CD;0D) & 149.67,
130.17, 128.72, 127.75, 71.87, 66.34, 46.36, 46.01, 40.83, 39.43, 31.39. ESI-HR calcd
for C16H24NaO3 ([M+Na]") 287.1618, found 287.1614.

7,

OH
Diol 4t: Following the general procedure, (1R,2R,5S)-2-isopropyl-1,5-

dimethylcyclohexanol (170 mg, 1.00 mmol) was converted to the corresponding
diethyl(hydrido)silyl ether with [Ir(cod)OMe]> (0.20 mol %) as catalyst at room
temperature for 14 h. The subsequent cyclization was conducted with RhCI(Xantphos)
at 100 °C for 15 h to provide the intermediate oxasilolane. Tamao-Fleming oxidation
and purification by silica gel chromatography gave 153 mg (82% overall yield) of 4t as
a colorless oil. 'H NMR (500 MHz, CDCls) § 4.92 (s, 2H), 3.42 (t, J = 10.8 Hz, 1H),
3.33 (dd, J = 10.9, 3.4 Hz, 1H), 2.39 — 2.29 (m, 1H), 1.87 — 1.76 (m, 2H), 1.65 (dt, J =
22.6, 7.3 Hz, 1H), 1.55 — 1.42 (m, 2H), 1.25 (s, 3H), 1.24 — 1.17 (m, 1H), 1.05 (t, J =
23.1Hz, 1H), 0.92 — 0.81 (m, 7H). 3C NMR (126 MHz, CDCls) & 71.26, 63.54, 51.62,
50.01, 35.50, 33.60, 29.09, 27.89, 22.30, 20.45, 18.34. ESI-HR calcd for C11H2202Na
(IM+Na]") 209.1512, found 209.1508.
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Protected diol 5t: A mixture of 4t (150 mg, 0.600 mmol), 4-nitrobenzoyl chloride (134
mg, 0.720 mmol), NEt3 (165 pL, 1.60 mmol), DMAP (3.7 mg, 0.030 mmol) in 5 mL of
anhydrous CH2Cl; was stirred at room temperature for 14 h. The crude reaction mixture
was concentrated and directly purified by column chromatography to afford the product
as a white solid (149 mg, 74%). Single crystal suitable for X-ray crystallography was
obtained by slow diffusion of hexane to a solution of the product in EtOAc at room
temperature. 'H NMR (400 MHz, CDCls) § 8.32 (d, J = 8.8 Hz, 2H), 8.24 (d, J = 8.9
Hz, 2H), 4.89 (dd, J = 10.8, 4.2 Hz, 1H), 4.09 (dd, J=10.7, 9.3 Hz, 1H), 2.57 — 2.40
(m, 1H), 1.85 — 1.65 (m, 5H), 1.48 (ddd, J=26.1, 13.0, 3.2 Hz, 1H), 1.35 (s, 3H), 1.31
—1.20 (m, 2H), 1.14 (d, J = 6.9 Hz, 3H), 0.96 — 0.86 (m, 4H). 3*C NMR (101 MHz,
CDCI) 6 164.94, 150.43, 135.91, 130.61, 123.53, 72.45, 69.25, 50.37, 50.24, 35.31,
31.46,29.10, 28.04, 22.18, 21.60, 18.44. ESI-HR calcd for C1gH2sNOs [M]" 335.1733,
found 335.1738.

Crystal data and structure refinement for 6d:

A colorless plate 0.050 x 0.040 x 0.020 mm in size was mounted on a Cryoloop with
Paratone oil. Data were collected in a nitrogen gas stream at 100(2) K using phi and
omega scans. Crystal-to-detector distance was 60 mm and exposure time was 10
seconds per frame using a scan width of 2.0°. Data collection was 98.5% complete to
67.000° in 0. A total of 5741 reflections were collected covering the indices, -7<=h<=7,
-8<=k<=8, -21<=/<=21. 5741 reflections were found to be symmetry independent, with
an Riy 0f 0.0473. Indexing and unit cell refinement indicated a primitive, triclinic lattice.
The space group was found to be P 1 (No. 1). The data were integrated using the Bruker
SAINT software program and scaled using the TWINABS software program. Solution
by iterative methods (SHELXT-2014) produced a complete heavy-atom phasing model
consistent with the proposed structure. All non-hydrogen atoms were refined

anisotropically by full-matrix least-squares (SHELXL-2014). All hydrogen atoms were
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placed using a riding model. Their positions were constrained relative to their parent
atom wusing the appropriate HFIX command in SHELXL-2014. Absolute
stereochemistry was unambiguously determined to be R at C4, C9, C22, and C27, and
Sat Cl, C6, C19, and C24, respectively.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

\olume

Z

Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.000°
Absorption correction

Max. and min. transmission

Refinement method

C18H2sNOs
335.39

100(2) K
1.54178 A
Triclinic

P1
a=6.5555(3) A
b=7.2872(3) A
c=17.9836(7) A
857.37(6) A3

2
1.299 Mg/m3
0.776 mm-1
360

0.050 x 0.040 x 0.020 mm3

2.461 t0 68.734°.

_7<:h<:7, -8<:k<:81 21<=Ik=21

5741

5741 [R(int) = 0.0473]
98.5%
Semi-empirical from equivalents

0.929 and 0.808

Full-matrix least-squares on F2
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Data / restraints / parameters 5741 /3 /442

Goodness-of-fit on F2 1.011

Final R indices [I>2sigma(l)] R1 =0.0403, wR2 = 0.1077
R indices (all data) R1=0.0464, wR2 = 0.1120
Absolute structure parameter -0.13(11)

Extinction coefficient n/a

Largest diff. peak and hole 0.212 and -0.168 e.A-3

Triol 4u: Following the general procedure, compound 1v’ (103 mg, 0.200 mmol) was
converted to the corresponding diethyl(hydrido)silyl ether with [Ir(cod)OMe]. (0.50
mol %) as catalyst at room temperature for 14 h. The subsequent cyclization was
conducted with RhCI(Xantphos) at 100 °C for 15 h to provide the intermediate
oxasilolane. Tamao-Fleming oxidation and purification by silica gel chromatography
gave 38 mg (44% overall yield) of 4u as a white solid. *H NMR (500 MHz, CDCls) §
5.35 (d, J = 4.4 Hz, 1H), 3.69 (d, J = 11.7 Hz, 1H), 3.58 (d, J = 11.8 Hz, 1H), 3.56 —
3.49 (m, 1H), 2.84 (br, 3H), 2.59 (d, J = 12.6 Hz, 1H), 2.27 (dt, J = 22.9, 9.8 Hz, 2H),
1.99 (d, J = 9.0 Hz, 1H), 1.92 — 1.79 (m, 3H), 1.68 (dd, J = 27.5, 9.3 Hz, 2H), 1.62 —
1.45 (m, 9H), 1.39 (s, 3H), 1.33 — 1.24 (m, 4H), 1.15 (t, J = 13.3 Hz, 4H), 1.04 (s, 3H),
0.98 (d, J=6.7 Hz, 1H), 0.89 (d, J = 6.5 Hz, 6H). 3C NMR (126 MHz, CDCl3) § 140.96,
121.31, 74.83, 71.75, 58.96, 57.41, 56.29, 50.21, 47.00, 44.11, 42.23, 39.60, 37.24,
36.57, 34.46, 32.09, 31.88, 31.60, 27.91, 26.98, 23.43, 22.75, 22.60, 22.48, 22.32, 20.63,
19.48. ESI-HR calcd for C27H4603Na ([M+Na]") 441.3339, found 441.3336.

Synthesis of materials and complexes for studies of the reaction mechanism
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Synthesis of Dibutyl Oxirane

Trimethylsulfoxonium iodide (4.4 g, 20 mmol) was added to a 50 mL two necked
round bottom flask fitted with a stir bar. The flask was sealed with two septa and purged
with N2. 15 mL DMSO from an Aldrich Sure/Seal bottle was added through a septum.
The flask was placed under a positive pressure of N2, and one septum was removed. A
60% dispersion of NaH in oil (800 mg, 20 mmol) was added portionwise to the solution
with vigorous stirring. When no more Hz evolution was observed, the septum was
replaced. 5-Nonanone (2 mL, 11.6 mmol) was added through the septum. The solution
was stirred for 18 h. The solution was diluted with Et>O, washed with water, and
washed with brine. The organic layer was dried with sodium sulfate, filtered, and
concentrated under reduced pressure. The resulting oil was purified by column
chromatography (1:10, Et20 to hexane) to yield 1.43 g (79% vyield) of a colorless oil.
IH NMR (400 MHz, Chloroform-d) & 2.57 (s, 2H), 1.68 — 1.45 (m, 4H), 1.38 — 1.27
(m, 8H), 0.91 (t, 6H).
13C NMR (101 MHz, CDCls) § 59.72, 52.81, 34.09, 27.19, 23.01, 14.19.
HRMS (EI +) Calc for C1oH200 [M]* 156.1514 found 156.1516

_S\./\
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Synthesis of 2a-d7

In an N2 filled glovebox, Mg metal (242 mg, 9.96 mmol), 1> (1 crystal), and 8 mL of
Et,O was added to a 25 mL round bottom flask containing a stir bar. In a separate flask,
a solution of 1,2-dibromoethane (0.085 mL) in 2 mL of EtoO was prepared. These
solutions were removed from glovebox. Under a flow of nitrogen, the solution of 1,2-
dibromoethane was added, by syringe, to the stirring suspension of Mg metal. Evolution

of gas was observed. As gas evolution slowed, a solution of isopropylbromide-d (0.80
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mL, 8.5 mmol) in 4 mL of Et2O was added dropwise to the activated Mg metal
suspension. This solution was stirred for 2 h at room temperature, at which point little
solid remained. Cul (1 g, 5 mmol) was added to a 50 mL round bottom flask fitted with
a stir bar. This flask was evacuated and refilled with nitrogen, followed by 20 mL of
THF. This suspension was stirred at -20 °C. The solution of Grignard reagent was
canula transferred to the Cul suspension. A solution of dibutyloxirane (320 mg, 2.0
mmol) in 5 mL THF was added dropwise to the stirring solution of isopropylcuprate.
The resulting solution was stirred for 1 h and then allowed to come to room temperature.
The solution was diluted with Et,O, washed with water, washed with brine, dried with
sodium sulfate, filtered, and concentrated under reduced pressure. The resulting oil was
purified by column chromatography (1:5, Et2O to hexane) to yield a colorless oil, which
contained unreacted epoxide starting material. This material was brought into a nitrogen
filled glovebox and treated with 2 mL of a 4 M solution of [Ir(COD)(OMe)] followed
by diethylsilane (0.1 mL, 0.8 mmol) at room temperature. Hydrogen evolution was
observed. After 3 h, the volatiles were evaporated under reduced pressure and the
resulting oil was purified by column chromatography (1:20, Et,O to hexane) to yield
97 mg of 2a-d7 (17%).

'H NMR (600 MHz, Chloroform-d) § 4.43 (p, J = 2.3 Hz, 1H), 1.46 — 1.42 (m, 4H),
1.38 — 1.22 (m, 10H), 0.99 (t, J = 7.9 Hz, 6H), 0.90 (t, J = 7.0 Hz, 6H), 0.66 (dg, J =
8.1, 2.1 Hz, 4H).

13C NMR (151 MHz, CDCls) & 74.65, 37.05, 34.11, 27.92, 22.98, 14.25, 6.91, 5.80.

Synthesis of (H)Si(Et)2(OAd)

In a No-filled glovebox, 1-adamantyl alcohol (76 mg, 0.50 mmol) was weighed into a
4 mL vial, fitted with a stir bar. To this vial, 1 mL of a 6 mM solution of [Ir(cod)OMe]z
in Et2O was added, followed by Et>SiH2 (0.1 mL, 0.8 mmol). The vial was capped with
a Teflon-lined screw cap, and the resulting solution was stirred in the glovebox at room
temperature for 15 h. Hydrogen evolution was observed. Complete conversion to the
corresponding diethyl(hydrido)silyl ether was determined by GC-MS. Solvent and
excess silane were removed by placing the vial under high vacuum for 1 h.
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IH NMR (500 MHz, Benzene-ds) & 4.92 — 4.85 (m, 1H), 2.03 — 1.92 (m, 3H), 1.84 (d,
J=3.1Hz, 6H), 1.48 (t, J = 3.1 Hz, 6H), 1.07 (t, J = 7.9 Hz, 6H), 0.68 (dg, J = 10.5,
4.8 Hz, 4H).

13C NMR (126 MHz, CDCls) § 71.19, 45.88, 36.49, 31.29, 7.49, 7.23.

Observations of the Soluble Precatalyst and Resting State

In an Na-filled glovebox, 5-isobutylnonan-5-ol (25 mg) and Et.SiH2 (25 uL) were
weighed in a 4 mL screw-capped vial. 0.25 mL of a 12 mM solution of [Ir(cod)OMe].
in EtoO was then added. The vial was capped with a Teflon-lined screw cap, and the
resulting solution was stirred in the glovebox at room temperature for 2 h, at which
point GC analysis indicated full conversion to diethyl(hydrido)silyl ether. The volatile
materials were evaporated by placing the reaction mixture directly under high vacuum
for 0.5 h. The concentrated diethyl(hydrido)silyl ether was then sequentially treated
with norbornene (30 mg, 0.3 mmol), RhCl(Xantphos) (7.2 mg, 0.010 mmol) and THF-
dg (0.75 mL). This solution was a brick red suspension but was observed to form a clear
solution after 10 m (ca.). This solution was transferred to a J-Young NMR tube and
analyzed by H and 3P NMR spectroscopy. The J-Young tube was placed in a pre-
heated aluminum block at 100 °C for 1 h. Upon heating the solution turned red. The
solution was then cooled to room temperature, and was analyzed by *H and 3P NMR
spectroscopy.

Before Heating:

.80
98

™M

131.78

|

A (d)
34.39

W\ww

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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f1 (ppm)
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Synthesis of (Xantphos)Rh(CI)(H)(SiEt2OAd) (8)
In a N2-filled glovebox, (Xantphos)Rh(CI) (72 mg, 0.10 M) was weighed into a 20 mL
vial. A stir bar was added. 5 mL of a 0.2 M solution of 2v in THF was added. The
resulting solution was stirred in the glovebox at room temperature for 24 h. Pentane
was carefully added to form a separate phase above the solution and then allowed to
diffuse into the solution over 2 d at -28 °C. A white precipitate formed which was
filtered, washed with Et2O and dried under vacuum yielding 42 mg (0.044 mmol, 44%)
of white solid. The solid was dissolved in THF and crystallized by slow diffusion of
pentane.
'H NMR (600 MHz, Benzene-ds) & 8.35 (dq, J = 30.9, 5.6, Hz, 8H), 7.27 — 7.19 (m,
2H), 7.14 — 7.05 (m, 10H), 7.05 — 6.98 (m, 4H), 6.73 (t, J = 7.7 Hz, 2H), 1.91 (d, J =
4.2 Hz, 3H), 1.61 (apparent doublet, 6 H), 1.43 (s, 6H), 1.33 (s, 3H), 1.30 (t, J=7.6
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Hz, 6H), 0.95 (s, 3H), 0.93 (d, 7.6 Hz, 2H), 0.91 (d, 7.6 Hz, 2H), -13.49 (dt, J = 25.5,
14.0 Hz, 1H).

Observation of Rh hydride in THF-ds: *H NMR (400 MHz, THF-ds) & -14.02 (dt, J =
25.3, 14.2 Hz, 1H).

13C NMR (151 MHz, Benzene-ds) & 152.9 (t, J = 6.7 Hz), 135.0 (t, J = 5.8 Hz), 134.6
(t, J = 7.0 Hz), 133.5, 133.1 (t, J = 22.4 Hz), 132.0 (t, J = 2.6 Hz), 130.0, 129.6, 127.2,
123.9,72.7,45.0, 36.2, 34.7, 34.4, 31.0, 27.4,17.5, 9.1.

31p NMR (243 MHz, Benzene-de) & 34.7 (d, J = 131.4 Hz).

Elemental analysis (%) calcd for CssH70ClO2P2RhSi [M+pentane]: C 67.79, H 6.23,
found: C 67.89, 6.27

IR (neat, cm—1) v 3051, 2905, 2849, 2116, 1435, 1087, 692.

HRMS (ESI +) Calc for Cs3HssO2P2RhSi [M-CI]" 919.2736 found 919.2731

X-Ray structural data for Complex 8:

A yellow prism 0.050 x 0.040 x 0.040 mm in size was mounted on a Cryoloop with
Paratone oil. Data were collected in a nitrogen gas stream at 100(2) K using phi and
omega scans. Crystal-to-detector distance was 60 mm and exposure time was 10
seconds per frame using a scan width of 2.0°. Data collection was 98.8% complete to
67.000° in 0. A total of 69005 reflections were collected covering the indices, -
13<=h<=10, -19<=k<=19, -32<=[<=32. 17750 reflections were found to be symmetry
independent, with an Rix of 0.0913. Indexing and unit cell refinement indicated a
primitive, triclinic lattice. The space group was found to be P -1 (No. 2). The data were
integrated using the Bruker SAINT software program and scaled using the SADABS
software program. Solution by iterative methods (SHELXT-2014) produced a complete
heavy-atom phasing model consistent with the proposed structure. All non-hydrogen
atoms were refined anisotropically by full-matrix least-squares (SHELXL-2014). All
hydrogen atoms were placed using a riding model. Their positions were constrained

relative to their parent atom using the appropriate HFIX command in SHELXL-2014.

Empirical formula Cs4H59Cl,02P2RNSI
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Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

\olume

Z

Density (calculated)

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.000°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

1003.85
100(2) K

1.54178 A
Triclinic

P-1
a=11.5444(5) A
b =16.0589(7) A
c =26.8374(14) A
4948.9(4) A3

4
1.347 Mg/m3
4.931 mm-1
2088

0.050 x 0.040 x 0.040 mm3

2.763 t0 69.312°.

-13<=h<=10, -19<=k<=19, -32<=|<=32

69005

17750 [R(int) = 0.0913]

98.8 %

Semi-empirical from equivalents

0.929 and 0.616

Full-matrix least-squares on F2

17750/12 /1126

1.087

R1=0.1059, wR2 = 0.2772
R1=0.1193, wR2 = 0.2935

n/a
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Largest diff. peak and hole 5.911 and -1.528 e.A-3
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Synthesis of (Xantphos)2Rh(H)

In a No-filled glovebox, (Xantphos)Rh(Cl) (14 mg, 0.020 mmol) and Xantphos (12 mg,
0.021 mmol) was weighed into a 4 mL vial. 1 mL of a 0.2 M solution of 2v in THF was
added. The resulting solution was kept in the glovebox at room temperature for 24 h.
Red crystals, suitable for x-ray diffraction, formed in an otherwise colorless solution.
The solvent was removed by pipette, and the remaining solids were washed with 2 mL
of EtoO and 2 mL of pentane and dried under vacuum yielding 18 mg (0.014 mmol,

73%) of red crystalline solids.

Elemental analysis (%) calcd for C7sHesO2P4Rh: C 74.28, H 5.20, found: C 74.36,
5.31
IR (neat, cm—1) v 3058, 2973, 2156, 1584, 1431, 1398, 1221, 913, 743, 694

X-Ray structure data for Complex 9:

A yellow prism 0.050 x 0.030 x 0.030 mm in size was mounted on a Cryoloop with
Paratone oil. Data were collected in a nitrogen gas stream at 100(2) K using phi and
omega scans. Crystal-to-detector distance was 40 mm and exposure time was 10
seconds per frame using a scan width of 2.0°. Data collection was 98.1% complete to
25.000° in O. A total of 26276 reflections were collected covering the indices, -
20<=h<=20, -20<=k<=21, -22<=[<=22. 5321 reflections were found to be symmetry
independent, with an Rixe of 0.0597. Indexing and unit cell refinement indicated a C-
centered, monoclinic lattice. The space group was found to be C 2/c (No. 15). The data
were integrated using the Bruker SAINT software program and scaled using the
SADABS software program. Solution by iterative methods (SHELXT 2014) produced

a complete heavy-atom phasing model consistent with the proposed structure. All non-
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hydrogen atoms were refined anisotropically by full-matrix least-squares (SHELXL-
2016). All hydrogen atoms were placed using a riding model. Their positions were
constrained relative to their parent atom using the appropriate HFIX command in

SHELXL-2016.

Empirical formula C78Hss02P4Rh
Formula weight 1260.18
Temperature/K 100.15

Crystal system monoclinic

Space group C2/c

a/A 17.6304(6)

b/A 18.1797(6)

c/A 18.7127(6)

a/° 90

/e 96.862(1)

v/° 90

Volume/A® 5954.7(3)

Z 4

Pealeg/cm’ 1.4055

p/mm’! 0.445

F(000) 2610.1

Crystal size/mm? 0.05 x0.03 x 0.03
Radiation Mo Ka (A =0.71073)

20 range for data collection/®3.22 to 50.76

Index ranges -20<h<20,-20<k<21,-22<1<22
Reflections collected 26276

Independent reflections 5321 [Rint = 0.0597, Rsigma = 0.0633]

Data/restraints/parameters  5321/0/386
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Goodness-of-fit on F? 1.034
Final R indexes [I>=26 (I)] R = 0.0452, wR = 0.0990
Final R indexes [all data] R1=0.0676, wR2 = 0.1098

Largest diff. peak/hole / e A= 1.39/-0.80

o P _ O O fisi = Fsr©
(_ RN (P - o Et’ Et

P” Vs
PPh, PPh,

Synthesis of (Xantphos)Rh(SiEt2OAd)
In a No-filled glovebox, (Xantphos)Rh(CI)(H)(SiEt.OAd) (10 mg, 0.01 mmol) was
weighed into a 4 mL vial. A stir bar was added. LIHMDS (2 mg, 0.01 mmol) was
weighed into a separate 4 mL vial. THF-dg (600 uL) was added to the LIHMDS. When
the LIHMDS was fully dissolved, this solution was added to vial containing complex
8. After stirring at room temperature for 15 m, the solution was observed to turn a red.
This solution was transferred to a J-Young tube, and NMR analysis was performed
directly on this mixture. Isolation was attempted by slow diffusion of pentane, leading
to precipitation of the complex. NMR spectroscopy of the isolated red solid indicated
the same material was present as in the crude reaction mixture but with additional
impurities. Repeated attempts at precipitation, crystallization and washing only
produced more impurities and eventually eliminated any red products and gave an
orange solid that produced no signal in the 3P NMR spetrum.
IH NMR (400 MHz, THF-dg) & 7.87 (qd, J = 5.3, 2.7 Hz, 8H), 7.57 (dd, J = 7.7, 1.6
Hz, 2H), 7.34 — 7.25 (m, 14H), 7.09 (t, J = 7.6 Hz, 2H), 1.73 (s, 6H), 1.65 (s, 6H),
1.36 (apparent doublet, J = 2.9 Hz, 6H), 1.33 (s, 3H), 0.81 (t, J = 7.7 Hz, 6H), 0.51 -
0.39 (m, 2H), 0.23 — 0.13 (m, 2H).
31p NMR (162 MHz, THF-ds) 5 32.6 (d, J = 193.4 Hz).
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Synthesis of (Xantphos)Rh(SiEt2OAd)(nbe)
In a No-filled glovebox, (Xantphos)Rh(CI)(H)(SiEt2OAd) (38 mg, 0.040 mmol) was
weighed into a 4 mL vial. A stir bar was added. LIHMDS (34 mg, 0.20 mmol) and
norbornene (4 mg, 0.04 mmol) were weighed into a separate 4 mL vial. C¢Ds (600 uL)
was added to the vial containing LIHMDS and norbornene. When the LIHMDS was
dissolved, this solution was added to vial containing complex 8. After stirring at room
temperature for 1 h, the solution was observed to turn red. This solution was transferred
to a J-Young tube and NMR analyses showed that complex 8 was fully consumed.
Inside of a N2-filled glovebox, the solution was transferred to a 20 mL vial. The product
was crystallized by slow diffusion of pentane at -30 °C. Reddish orange crystals formed
after several days, along with a larger amount of orange powder. This powder was
observed to decompose instantaneously upon removal of solvent, though the crystalline
material could be removed from solvent without immediate decomposition. The
powder was removed as a suspension in Et2O, and the remaining crystals were washed
with pentane. The resulting solids had a mass of 9.5 mg (24%). A few crystals were
removed from the vial and dissolved in CsDs (600 uL) for NMR analysis.
IH NMR (500 MHz, Benzene-ds)  8.03 (s, 8H), 7.22 — 7.16 (m, 2H), 7.08 (m, 12H),
6.93 (d, J = 7.6 Hz, 2H), 6.74 (t, J = 7.7 Hz, 2H), 2.62 (s, 2H), 2.03 (s, 2H), 1.94 (s,
3H), 1.74 (s, 6H), 1.47 (s, 6H), 1.46 — 1.33 (m, 2H), 1.23 — 0.98 (m, 14H), 0.98 — 0.88
(m, 2H), 0.85 (t, J = 7.1 Hz, 3H), 0.57 (t, J = 7.8 Hz, 1H).
31p NMR (202 MHz, Chloroform-d) § 21.47 (d, J = 143.0 Hz).

X-Ray structural data for Complex 11:
A yellow blade 0.070 x 0.040 x 0.020 mm in size was mounted on a Cryoloop with
Paratone oil. Data were collected in a nitrogen gas stream at 100(2) K using phi and

omega scans. Crystal-to-detector distance was 40 mm and exposure time was 10
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seconds per frame using a scan width of 0.5°. Data collection was 100.0% complete to
25.000° in [J. A total of 127076 reflections were collected covering the indices, -
22<=h<=22, -15<=k<=15, -30<=[<=30. 11400 reflections were found to be symmetry
independent, with an Riy of 0.0545. Indexing and unit cell refinement indicated a
primitive, monoclinic lattice. The space group was found to be P 21/c (No. 14). The
data were integrated using the Bruker SAINT software program and scaled using the
SADABS software program. Solution by iterative methods (SHELXT-2014) produced
a complete heavy-atom phasing model consistent with the proposed structure. All non-
hydrogen atoms were refined anisotropically by full-matrix least-squares (SHELXL-
2016). All hydrogen atoms were placed using a riding model. Their positions were
constrained relative to their parent atom using the appropriate HFIX command in

SHELXL-2016.

Empirical formula Cs6H7302P2RhSi1

Formula weight 1091.18

Temperature 100(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P21/c

Unit cell dimensions a=18.4691(15) A [1=90°.

b=13.1762(10) A (1= 95.478(4)°.

c=25.638(2) A [1=90°.
Volume 6210.6(9) A3
Z 4
Density (calculated) 1.167 Mg/m3
Absorption coefficient 0.386 mm-1
F(000) 2296
Crystal size 0.070 x 0.040 x 0.020 mm3

Theta range for data collection

1.108 to 25.377°.
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Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.000°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

Details of Kinetic Analyses

Test of Kinetic Competence

-22<=h<=22, -15<=k<=15, -30<=I<=30

127076

11400 [R(int) = 0.0545]

100.0 %

Semi-empirical from equivalents
0.928 and 0.852

Full-matrix least-squares on F2

11400/0/ 653

1.045

R1=0.0418, wR2=0.1018
R1=0.0531, wR2 =0.1088

n/a

0.915 and -0.523 e¢.A-3

The silylation of 2a was conducted in diglyme with a total volume of 0.40 mL. The
concentrations of each reagent under the standard conditions for catalytic silylation
were: 0.2 M silane, 0.4 M norbornene, and 8 mM catalyst. To determine the catalytic
competence of each pre-catalyst, the reaction was conducted three times, with
(Xantphos)Rh(Cl) as precatalyst, complex 8 as precatalyst, and complex 9 as
precatalyst. The rate of the reaction was determined by the method of initial rates at
120 °C, monitored by GC analysis with dodecane as the internal standard. No product

was observed when complex 9 was used as precatalyst for the silylation reaction.
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Figure S1. Initial Rates of C—H Silylation
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Determination of Experimental Rate Law

Silylation of 2a was conducted in diglyme with a total volume of 0.40 mL. The
concentrations of each reagent under the standard conditions for catalytic silylation
were: 0.16 M silane, 0.4 M norbornene, 8 mM catalyst (8). To determine the rate
dependence on one reagent, the concentration of that reagent was varied, while the
concentration of the other reagents and the total volume (0.40 mL) were held constant.
The concentration of the silane was varied between 0.04 and 0.32 M. The concentration
of the catalyst (8) was varied between 2 and 16 mM. The concentration of norbornene
was varied between 0.4 M and 3 M. The rate law of the reaction was determined by the
method of initial rates at 120 °C monitored by GC analysis with dodecane as the internal

standard.
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Figure S2. Dependence of Rate of Silylation on
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Figure S3. Dependence of Rate of Silylation on
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Figure S4. Dependence of Rate of Silylation on
[2a]
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Determination of the Kinetic Isotope Effect

The silylation of 2a-dz was conducted in THF with a total volume of 0.40 mL. The
concentrations of each reagent under the standard conditions were 0.2 M 2a-d7, 0.4 M
norbornene and 8 mM catalyst. The silylation of 2a was conducted under the same
conditions. The initial rate of the reactions of 2a and 2a-dv at 100 °C were monitored
by GC analysis with dodecane as the internal standard. The kinetic isotope effect (kn/kp)

was determined to be 4.6+0.5.

Figure S5. Difference in Rate of Silylation for
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Computational Details

DFT calculations were performed with the Gaussian 09 software package. B3LYP
functionals (with gd3 dispersion correction), and LANL2DZ basis set for Rh and 6-
31g(d,p) basis set for all other atoms was applied for geometry optimizations. The M06
functional, and LANL2TZ basis set for Rh and 6-31++g** basis set for all other atoms,
and SMD THF solvent correction was applied to single point energy calculations.
Thermal corrections from the geometry optimizations were added to the energies found
in single point energy calculations to find values for Gibbs free energy. Cartesian
coordinates and Gibbs energy are given. Single point energy calculations were not

performed for geometry comparisons

0 -0.23774800  -0.37602900  -0.32713600
c 1.05411200  -0.02734100  0.20341600
Non-metal containing molecules:
c 1.07997300  1.44910300  0.62443100
H2
c 1.34974000  -0.93837700  1.40285700
H—H
c -2.86833200  -1.42064800  -0.44581100
G°=-1.170194856 Hartrees
c 238021200  1.62848400  -0.36022500
H 0.00000000  0.00000000  0.37139600
H 206570300 173361400  1.00345200
H 0.00000000  0.00000000  -0.37139600
H 0.83713600  2.09386100  -0.22580000
H 035579000  1.63852500  1.42377800
\S_, H H 233199300 -0.72571100  1.83516800
|
6 H 059904200  -0.79271700  2.18516900
><\ H 132354500 -1.98711200  1.09196900
H -2.83087700  -1.43726300  -1.54031600
G°=-641.9037591 Hartrees
H -2.54255200  -2.40108900  -0.08479900
Si -1.77358500  -0.05367000  0.22958100
H -3.91213300  -1.27552900  -0.14572900
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H -1.75843300
H -2.35774200
H -3.41167800
C 2.02056500
C 3.50804900
H 1.69063700
H 1.86355800
H 3.88367600
H 3.71107500
H -1.79978100
H 4.09984800
~d.-H
SII
O><\/

°=-681.1608613 Hartrees

Si -2.20647500
O -0.59531300
C 0.58786300
C 0.49692000
C 0.72408100
C -3.15078400
C -2.75853900
H 1.40067700
H 0.36771200
H -0.34985100
H 1.61645800
H -0.14673000
H 0.78697100
H -2.94887200
H -2.85794400
H -4.23121200
H -2.22231000
H -2.57334800
H -3.83119600
C 1.73077400
C 3.15686700
C 4.19776000
H 1.51538500
H 1.65922700
H 3.38510500
H 3.24331400

2.44037100

1.68460300

1.80879900

-0.29592400

-0.05470100

0.32829200

-1.33539900

-0.69403500

0.98520100

-0.07336900

-0.27500400

-0.06178300

-0.40723900

0.12717100

1.65710800

-0.49753900

-1.60697900

1.40920700

2.07844900

2.09615700

1.95751300

-0.13314200

-0.24876900

-1.58670800

-1.86410400

-2.46164900

-1.46077700

2.32178300

1.22238100

1.59701700

-0.31220000

0.06825800

-0.42595600

0.10370200

-1.40223300

-0.35219000

1.15738000

0.02907300

-1.45413000

-0.03547300

-0.96889100

-0.69315000

-1.80800200

-1.27970200

0.11217400

-0.41704200

1.72468100

-1.58727300

0.09229900

-0.14983800

0.47302400

0.56987300

1.86842200

-0.40156500

-0.94556700

1.01911900

-0.42409800

1.19602900

2.38598300

2.48216900

1.78600300

-1.44689400

0.21613300

-0.29234200

-0.66789500

-2.00910100

-0.81904400

-0.46434500

-0.04839100

-1.05961500

-1.45696600

-0.56825800

0.93868000

0.05280100
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H 5.21340400
H 4.01542100
H 4.16234900
H -2.46106000
~ | H
SII
(0]

©=-720.414597658 Hartrees

Si 2.50433
(@) 0.91207
C -0.30654
C -0.27607
C -0.41336
C 3.5162
C 3.00718
H -1.19499
H -0.16688
H 0.55972
H -1.32812
H 0.43811
H -0.3983
H 3.33116
H 3.25638
H 4.58877
H 2.43935
H 2.83354
H 4.07223
C -1.40617
C -2.81578
C -3.65418
H -1.00001
H -1.48971
H -2.71775
H -4.64312
H -3.16449
H -3.80281
H 2.73512
C -3.55732
H -3.09294
H -3.58329
H -4.59286

-0.14998000  -0.75775100

0.00108800  -2.05240900

-1.51680000  -1.15943100

0.24934100 1.53277400

-0.12093

0.06643

-0.44417

-0.29009

-1.92224

0.11853

1.13852

-0.6728

0.76266

-0.85264

-2.38616

-2.48133

-2.00961

1.10903

-0.62829

0.03556

1.00909

2.15884

1.04454

0.43936

0.49309

1.53492

1.45744

0.15868

0.84533

1.65558

2.51464

1.22726

-1.49254

-0.85194

-1.56985

-1.30523

-0.71438

0.0032

0.45199

-0.12858

-1.65506

0.27267

1.56599

-1.30395

-2.10824

-1.93332

-2.08392

-0.10024

-0.12712

1.36284

1.99526

2.32256

1.35783

-2.23038

-0.9446

-1.54646

0.51002

-0.11434

0.64609

0.49914

1.56863

-1.15068

0.19079

0.65569

1.68845

-0.54667

-0.14155

-0.8229

0.85664

-0.4718



Three products
N
si-O

©=-640.730435119 Hartrees

14 -1.18679
8 0.23051
6 1.43713
6 1.93055
6 2.46821
6 -2.16855
6 -2.22632
1 2.8902
1 1.21155
1 2.05491
1 3.39666
1 2.69791
1 2.0752
1 -2.48179
1 -1.56568
1 -3.07177
1 -3.1614
1 -1.67844
1 -2.48543
6 1.07083
6 -0.33222
1 1.0484
1 1.84529
1 -0.27517
1 -0.80733
\S/i’o

°=-679.986495477 Hartrees

14 -1.00005
8 0.56191
6 -1.82078
6 -2.02671
6 1.58821
6 -0.49981
6 2.65119

0.00349

0.05429

0.01326

-1.43968

0.90678

-1.55865

1.53192

-1.50868

-2.08058

-1.82693

0.94714

0.52444

1.92236

-1.59303

-2.45084

-1.61463

1.51849

2.4419

1.59767

0.54267

0.01746

1.63906

0.26435

-0.99581

0.64939

-0.52806

-1.03962

-1.69706

-0.387

-0.08493

1.15693

-0.11497

-0.03618

-0.94583

-0.14648

-0.09

-0.83414

-0.40052

-0.38299

0.43335

0.43042

-1.10514

-0.25439

-1.83313

-0.93821

-1.44955

-0.20187

0.21831

0.18878

-0.11665

-1.4453

1.2687

1.65822

1.2302

1.99292

2.07244

2.41416

0.07543

0.44384

-1.14786

1.64527

0.07409

-0.654

1.1713
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2.18765

0.90792

-3.04514

-2.09936

-1.57326

-2.81924

-1.2231

-1.93242

3.44435

2.19944

3.10016

2.54776

3.02541

1.43982

1.54127

0.80265

-0.39381

-1.41319

-0.98234

-2.39633

-1.57724

-719.248336511 Hartrees

1.42894

0.35519

-1.05439

-1.67398

-1.26654

2.81573

2.12957

-2.75576

-1.48318

-1.22512

-2.3332

-0.78334

-0.83454

3.31949

242738

3.56875

1.36174

-0.52078

1.30731

-0.04556

-1.3538

0.32425

-1.3413

-1.78389

-2.70056

0.61211

0.12278

-1.11043

-1.55076

0.12478

-0.48119

2.0075

1.71755

1.0325

2.35897

3.29036

2.23456

2.50012

0.06945

-1.18047

-1.15362

-2.24345

-1.50386

-0.10648

-0.02577

-2.31004

-2.02625

-3.21287

-1.58822

-2.4594

-0.74819

-1.07332

-0.03886

0.67915

0.15993

-1.27064

-0.0285

1.42776

2.15486

2.34357

-1.42782

-2.06105

-0.72337

0.96617

2.13877

1.23842

-1.19658

-1.55545

-2.06899

-0.58762

0.98554

-1.74072

-0.38404

-0.77252

-0.8522

0.69083

-0.04907

-0.34466

-0.0533

-0.93498

1.42856

-1.30288

1.70016

-0.77916

-1.98994

-0.69977

1.66146

1.65061

2.08982

-1.19862

-2.32419

-1.1723

2.45841



H 2.55886 -1.01411  1.89648
H 2.9228 0.71779  1.84248
C -1.6761 0.21755 -0.41296
C -1.02657  1.46315  0.22477
C 0.4245 1.65028 -0.28129
H -2.73875  0.1816  -0.1409
H -1.63716  0.33432 -1.5051
H -1.00005  1.32412  1.31519
H 0.89344  2.50681  0.22018
H 0.39381  1.89661 -1.3527
C -1.87664  2.71031 -0.05607
H -2.89117  2.60715  0.34626
H -1.42388  3.6026 0.3899
H -1.96028  2.88406 -1.13594
_\_o
Si

Prr Ry
(oS,

P
(& =

P

(0]
PPh, PPh,

°=-3014.135723 Hartrees
Rh -0.53495900  1.33972400  0.56962500
P 1.83484200  0.86003800  0.38376300
P -1.50365000 -0.94771600  0.53205500
Si -1.00141500  2.07705600 -1.55004400
C 4.82460900  4.39846100  0.94023600
C 5.26049000  3.07960200  1.09736900
C 4.36246000  2.02400400  0.94995300
C 3.01218100 226948100  0.64344900
C 2.58542800  3.59460100  0.49458800
C 3.48683400  4.65227400  0.63928300
C 3.27790400 -1.94425500  3.80643100
C 3.73331500 -2.18521800  2.51009100
C 3.31666500 -1.37012000  1.45554900
C 2.43240700 -0.30813300  1.68658200
C 1.96990100  -0.08171000  2.99188100
C 2.39515100 -0.88870100  4.04481000
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-0.29720200

0.09800500

-0.25985100

-1.00954000

-1.37887800

-1.03597900

-6.14473500

-5.44328200

-4.05204700

-3.34814000

-4.06227400

-5.44994400

-2.58099500

5.52455300

6.29969700

4.71114000

1.54323700

3.13776700

3.60137700

4.41761000

3.68705700

1.26939800

2.01965600

-0.02238800

0.68783000

0.04337000

-1.95396800

-1.34094300

-7.22616900

-5.97582600

-3.53935600

-5.98685900

-3.51716600

3.24101000

3.75023100

3.40304200

2.51068200

2.00356200

1.09156800

0.06756700

-1.20814300

-2.23803400

-1.98922800

-0.71219100

0.34795400

-2.85982800

-3.48372700

-2.94259500

-1.76234500

-1.12176900

-1.67500000

-1.25127500

-1.97989800

-1.88186900

-1.04200700

-0.30075900

-0.41354600

2.64372300

5.22119500

2.87318000

1.00391400

3.79261300

5.67406100

-2.57975400

-3.00679000

-1.56186300

0.72731900

-0.70665900

-3.28829100

-4.39494000

-3.44075400

-0.19984400

-1.17931500

-1.33199300

-2.63236500

0.38189100

0.16743700

-2.46713200

-1.06896100

0.18398800

0.78272300

0.14374100

-1.09449200

-1.68242200

-2.37155600

-2.23293700

-2.98295400

-3.77606600

-3.83544400

-3.13364600

4.58888400

3.40524500

2.16910100

2.10758600

3.30359300

4.53582600

0.42323500

1.38510200

1.46452200

0.58979800

-0.36573300

-0.45225200

-1.66233500

1.05678400

1.33797300

1.07759900

0.27680100

0.51969400

4.62587100

2.31601400

0.45374400

3.18258200

5.04664700

5.54848200

3.44102300

1.25455300

3.26417500

5.45323500

0.35881400

2.07151600

-1.02889700

-1.19616500

2.20498700

-3.60931500

-3.25813800

-2.04575400

-1.17374800

-1.57364500

-0.71877100

-1.33392200

-0.77932200

-1.37152800

-2.49031400

-3.05139800

-2.47414400



1.79786900  -3.15242600 -2.97215100

2.35966300 -1.74302100 -2.75783200 \\Sl/o
2.60817900 -4.13342100 -2.07807200 P/l | o
1.90337600 -3.60116000 -4.43589300 PK | \H
-0.96818800  0.69736200 -2.84670400 \\’O
0.19413700  3.41244000 -2.17526200
—_—
-3.26005800  3.59891300 -0.83265100 O P
-2.34766500  2.23555000 1.19348000 (P =
-3.08732600  4.98938300 -1.46199100 O
PPh, PPh,
-4.74389200  3.20474800 -0.86105800
-2.73241700  3.60640600  0.62911800 ©=-3014.130476 Hartrees
3.53827700 -1.51896800 -4.54993700
4.43222600  0.69387200 -3.93180200 Rh 0.26627000 -0.91005000 -0.65042900
3.81697700 1.74900300  -1.77990600 P -1.87049600 -0.42887300  0.31923300
-3.24417000 -2.92491400 -0.97606200 P 1.75661500  0.69039200  0.46604300
-2.80182700 -4.33962700 -2.93862500 Si 0.76704500  -2.96095200  0.23780000
-0.54796200 -4.43502900 -3.93981700 C -5.15588300 -3.66713200 -0.34467200
3.66053700 -4.14077200 -2.38050700 C -5.00700700 -3.09877800  0.91939600
2.55405200 -3.83816400 -1.02653200 C -4.04084700 -2.11291400 1.14093000
2.20801400 -5.14827100 -2.17165900 C -3.20430800 -1.69363500  0.09866500
2.94764900 -3.61169500 -4.75993200 C -3.36186600 -2.27101500 -1.17200000
1.52630900 -4.62017500 -4.55777900 C -4.33257500 -3.24480100 -1.39295100
1.33922500 -2.93947900 -5.09971500 C -2.67005000  0.68408400  4.75908100
-0.07570600  3.70529200 -3.19708600 C -3.32744100 1.41506100  3.76828300
0.17286400  4.30622700 -1.54546900 C -3.09164600 1.14290400  2.41982300
1.22168600  3.03285000 -2.18800400 C -2.18897300  0.13689100  2.04701100
0.04381700  0.29789600  -2.96437400 C -1.51153400 -0.57262300  3.05048400
-1.63191200 -0.13410000 -2.60006000 C -1.75796600 -0.30862000  4.39662200
-1.28465800 1.11324000 -3.81088000 C 0.48309400  2.29725900  4.64484400
-3.59989000  5.75188900 -0.86499200 C 0.00129200  2.91255000  3.48942200
-2.02819600  5.25536200 -1.52021500 C 0.40340300  2.46097000  2.23206200
-3.50077400  5.00223500 -2.47524500 C 1.29143000 1.38330400  2.11322600
-5.06762400  3.05649500 -1.89603700 C 1.75271000  0.75431600  3.28179900
-5.36019900  3.98979800 -0.41053600 C 1.35938400 1.21571000  4.53661600
-4.91304700  2.28001700 -0.30697200 C 6.30711900 -0.15033800  0.97312200
-3.52917400  4.06645500 1.23454400 C 5.74643100  0.96420700 1.60345800
-1.87000700  4.27948500  0.69784700 C 4.38422600 1.23186800 1.47195100
-2.09666000  2.35888500  2.26195000 C 3.56331700  0.39311800  0.69663300
-3.20293400 1.55680100 1.13913800 C 4.13296800 -0.73099200  0.08654700
-0.08803800  2.83283300  0.74298800 C 5.49642600 -1.00033000  0.22084200
(0] 1.76646400 -3.88321500 -0.75192500
H -5.90544200 -4.43487300 -0.51427100
H -5.64182800 -3.42003000 1.74049100
H -3.94044700 -1.67968200  2.12990300
H -2.70746500 -1.96480900 -1.98202300
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-4.44006400

-2.85738500

-4.02854300

-3.61285800

-0.78819200

-1.22357600

0.16887100

-0.69338100

0.02520800

2.43049000

1.73361900

7.36747800

6.36826600

3.50136000

5.91682400

3.95382800

-3.41938100

-4.34319500

-3.91813700

-2.55374400

-1.67359000

-0.33942700

0.58024500

1.70371500

2.64978500

2.43536300

1.27174900

0.31737500

-0.95880100

-2.05723400

-1.37564400

-0.67944800

-0.74619000

1.75478800

1.90446500

1.60159500

2.95276700

0.57999200

2.44295900

-3.77446900

-5.40082700

-4.64103300

3.55382000

3.17669500

1.12112300

-3.68207500

0.89573800

2.19822400

1.71764600

-1.33127200

-0.86579500

2.65081500

3.74390200

2.95438500

-0.09041200

0.72468300

-0.36027800

1.62047900

-1.40537500

-1.88131700

2.07876900

3.17604400

2.37185500

1.26382000

0.94573700

1.74263700

1.38202500

2.41367600

2.22481600

3.25977900

4.42722800

4.59314700

3.57589900

3.59651300

2.86566600

5.02500800

2.78586900

-4.03628200

-2.83983000

-3.83743800

-1.20315200

-4.90993800

-4.18376100

-2.45238000

4.03613900

2.61283400

0.63988300

3.15575500

5.22024100

5.51777000

-2.38162200

5.80797100

4.04372000

1.66224400

2.76892100

5.16007000

5.62240500

3.56388100

1.34198600

3.20999500

5.43067400

1.08147300

2.20597400

-0.47446400

-0.25542000

1.99728700

-2.22515500

-1.54905000

-0.81681500

-0.73213500

-1.46949700

-1.47472200

-1.40955100

-0.59771200

-0.58509000

-1.31690600

-2.07436800

-2.14210100

-2.99627200

-2.20973800

-3.37396700

-4.29437900

0.63179000

1.85932500

-2.17466200

-2.30813900

-2.50452400

-2.87213800

-2.60575300

-2.78218500

-1.59753100

-0.30037500

0.00313900

-1.29266100

-2.62062600
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-2.27175700

-1.57827600

-0.59236900

-1.57983100

0.12436100

-0.37694800

1.95820300

2.71143600

1.20050000

-1.38089900

-1.36743900

-0.41167000

3.16309500

3.88444000

2.59460900

-0.59797100

0.20933400

0.72572200

-0.17866300

2.63739400

3.43162000

2.27398400

0.88336900

5.01281800

5.63368200

5.51341200

2.74606600

3.25888600

1.76211500

-3.84668800

-2.33390000

-2.28980000

-3.58788800

-4.18721300

-5.01638600

-4.94145900

-4.69971500

-5.89406700

-1.88550500

-5.14818500

-4.25080700

-3.42379100

-2.50708600

-2.36220800

-0.33541200

-1.05174700

-3.99990500

-2.48763200

-3.95965900

-4.91595200

-4.86755400

-4.05910200

2.24376300

1.70829200

2.62737400

1.40332800

-0.25485500

0.99268400

-3.57892100

-1.97004400

-2.18776100

-1.52227100

-2.51063800

-3.95613400

-2.67380300

-3.68838500

-2.13924300

-2.32048300

-3.12403700



°=-3014.122092 Hartrees

-0.42939900

2.02951500

-1.40529300

-2.16458400

4.53211100

5.09509500

4.36095400

3.05261500

2.49154900

3.22942500

4.10893100

4.38753400

3.77439100

2.87235500

2.57581000

3.19552300

0.88189700

1.14931600

0.45812200

-0.51191100

-0.75556200

-0.07067200

-5.83113600

-4.94668700

-3.61491300

-3.15139900

-4.04288500

-5.37546700

-3.35887000

5.10359600

6.10635500

4.80416800

PPh,

1.02546100
0.72637600
-1.04273300
1.76871500
4.62208600
3.39536100
2.21740800
2.25072900
3.48973100
4.66550100
-1.99982300
-2.21878200
-1.43731400
-0.42464500
-0.23436700
-1.00696800
-3.47431100
-3.70831300
-3.00463300
-2.05624200
-1.80799800
-2.51818300
-1.46021300
-2.52140400
-2.41368100
-1.24476800
-0.18198600
-0.29238000
2.59684400
5.53874700
3.35382400

1.27141400

PPh,

-0.10516600
0.42757400
0.70207300

-1.48746200
0.94320700

1.30185900
1.15775900
0.64610600
0.29935300
0.44310600
3.58195500
2.23338800
1.25052000
1.60683000
2.96747500
3.94589500
3.94888800
2.60060600
1.61313200
1.96343200
3.32500500
4.30890600
2.07537900
2.29048500
1.89215900
1.26134300
1.05976600
1.46401400
-0.61417500
1.05936400
1.69722500

1.45275600
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1.47571200

2.78075000

4.58851600

5.08776500

4.01071200

1.85312200

2.95399700

1.42153800

1.90398200

0.67330200

-1.50136300

-0.27970200

-6.86734100

-5.29227000

-3.70635100

-6.04925700

-2.92890700

3.33730600

4.28403500

3.92222000

2.60281700

1.67960600

0.35211500

-0.36296000

-1.28224000

-2.02155700

-1.81451400

-0.87149000

-0.12756600

0.85296900

2.00220900

1.35699300

0.10881800

-3.16178500

-1.59541500

-3.15139500

-1.08182500

-3.48544100

-4.14994300

-1.70046100

3.64529300

5.31089500

4.66574800

-2.76404500

-2.39514400

3.52120700

5.61673800

-2.60633900

-2.99655800

-1.61521300

0.52331200

-0.84504100

-4.02325800

-4.43398300

-3.20105300

-1.07306300

-2.32334500

-1.54381900

-3.43043400

0.73268300

0.54369700

-3.23115500

-1.20440100

-0.49309900

0.14355400

0.07793100

-0.59513900

-0.59361800

-1.77089400

-2.12754900

-3.29763200

-4.06405900

-3.67775400

-2.50598900

-1.91553700

-1.25966200

-2.97317500

-0.79559200

0.40015900

2.90012700

3.67268800

2.40758700

4.98353100

3.45212700

3.73187700

-1.70193400

-0.44042400

0.68274900

-3.60488400

-4.96848600

-0.08137400

0.17075300

4.34497200

1.94045800

0.20718900

3.25895800

4.99219300

4.71492200

2.31318800

0.56748900

3.61505600

5.35717800

2.39123600

2.77500800

0.58670500

1.30143700

2.09140300

-3.61989700

-2.87617500

-1.68877100

-1.21869300

-2.02407100

-1.61812800

-1.79927000

-0.80781600

-1.02483100

-2.17142700

-3.12838800

-2.96390300

-3.98731300

-3.21010300

-4.97920700

-4.77033600

-2.35474200

-2.90964800

0.31110800

1.30653000

-0.41724700

1.45829900

0.85141500

-4.53287800

-3.22524900

-1.11034200

-0.29674800

-2.32572300



-0.73163800

2.02753500

1.89048500

0.52303100

0.78578400

-0.74724300

-0.25825800

-2.43958300

-1.10382600

-0.86559000

-2.53004500

-3.58905600

-3.98159000

-3.35982400

-2.82909600

-4.51979000

0.12669700

-5.15579100

-4.15750400

-3.90306500

-1.71714000

-1.05296100

-0.16328100

-1.76374200

-4.29000600

-2.52270500

-3.78196100

-3.40426400

-0.32871100

-1.21541000

-0.01979900

3.20497600

3.79996800

2.37769700

-0.15105200

-0.32217600

0.85612400

5.84783700

5.11071600

4.96236900

2.27324800

3.32542600

4.30784000

2.55628200

4.43778200

4.18916600

2.62945500

1.88018700

-4.01226900

-5.71579500

-4.47080100

-5.53907300

-5.49288500

-5.30809600

-4.09380300

-3.54039500

-2.52608700

-3.54072700

-3.06008600

-1.65581000

-2.92297500

0.24470000

-1.28293900

-0.77384600

-0.89770700

1.04602700

2.14173700

2.03355500

1.69674300

0.09232000

1.86276300

1.98440400
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-3014.122180 Hartrees

0.01125100

-2.22721800

2.27357300

-0.10721700

-5.14765800

-5.07412800

-4.19684600

-3.37681600

-3.43285000

-4.32276800

-4.68873000

-3.35402200

-2.62713400

-3.22970000

-4.57144000

-5.29404500

4.59051400

5.30825600

4.63427800

3.22971600

2.51851300

3.19495800

4.85121800

4.87683400

4.16493400

3.42215200

3.40899600

4.11688000

-0.61350700

-5.83412200

PPh,

-0.43849400
0.03884900
0.01548400

-2.65995400

-1.61417700
-0.23300600

0.30407600
-0.53807000
-1.92487400
-2.45699700
-0.54905700
-0.13685300

0.02192600
-0.21835800
-0.62345000
-0.79215000
-0.35209600
-0.27359600
-0.17898700
-0.16149700
-0.24382600
-0.33605600
-1.74292800
-2.34531700
-1.78519700
-0.60623400
-0.00634200
-0.57078000
-3.62684100

-2.03076300

PPh,

0.19770000

0.27398400

0.31708200

0.79562700

-2.94157300

-2.75581100

-1.81070600

-1.04611300

-1.26076300

-2.19338600

4.18128500

4.22749800

3.04959900

1.80563600

1.76440500

2.94856200

4.34366800

3.14892500

1.93068200

1.89008100

3.09609500

4.31293800

-3.12489500

-1.86590700

-0.80522700

-0.98416100

-2.25302800

-3.31363400

-0.49139200

-3.67329100
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-5.70161900

-4.15846700

-2.75483200

-4.35103600

-5.25095800

-2.87429300

-1.58044200

-5.05479700

-6.33037100

5.11610000

6.39446600

5.20886400

1.43313700

2.62834700

5.39936800

5.44608000

2.83854800

4.09133900

4.18842200

-2.35224300

-3.45458400

-3.41253700

-2.26263800

-1.15391200

0.02147800

1.22146500

2.33995100

3.54081400

3.61280000

2.48267700

1.27215200

0.02095400

-1.18756100

0.04430900

-0.05233300

-1.38397300

1.55756700

0.00602500

0.07409400

0.96522300

-1.12242800

0.77602000

-2.40691500

-4.34826900

-4.27381200

0.43115800

1.37899300

-2.58552100

-3.53126500

-0.68346700

0.04936100

0.30976100

-0.81367700

-1.11498200

-0.42982200

-0.28863100

-0.13264900

-0.23705600

-0.40284800

-2.18355800

-3.25676900

0.90225200

-0.09444600

-2.26960900

4.67279600

3.99850600

2.61640000

1.88486300

2.60108600

1.90377200

2.57970300

1.85112800

2.55524800

3.92485900

4.61878900

3.95634200

4.61564600

3.98392100

6.14400700

4.25781800

-3.08963500

-3.33268400

-3.74834300

-1.14157000

-4.94885400

-4.04314800

-2.46773000

5.74586000

4.55039800

2.08980500

-3.34376000

-1.67369600

-0.72907400

-2.34944800

5.10113200

5.18440300

3.07699100

0.81251900

2.90289500

5.29125100

3.16182900

1.01148500

3.06070200

5.23742800

-3.95254300

-1.70750700

-2.41588200

-4.28955600

0.16486500

-0.23537500

0.29145600

0.45116700

0.11652500

-0.35572700

-0.61347400

-0.42470400

0.00655800

0.18051700

-0.04828100

-0.48151400

-0.69238000

-1.27380700

-0.58245900

-1.12863400

-2.78667500

2.12336300

1.41739100

-1.78494200

-1.87859600

-1.74117200

-2.78289300

-2.19269200

-0.37784800

0.56588400

0.84930900



H 4.42333900
H 4.54862400
H 2.55381300
H -0.85165300
H 0.10241300
H 0.89699300
H -0.95934100
H 0.81924000
H -0.07112000
H 1.44705800
H 2.32946900
H 1.90341000
H -1.21533200
H -2.40983900
H -1.29513700
H 1.45367300
H 1.74260500
H 0.41860500
H -1.74690100
H -0.70784000
H -1.75263900
H 0.98003700
H 1.75937200
H 0.61004000
H -0.94025400
H -0.02545800
P th‘ WSic
P
P

©=-3014.110061Hartrees

0.31530700

1.59736100

-2.06526800

2.13765800

5.67765300

5.69233400

2.02342300
4.45314700
5.68455500
6.58628000
6.45013600
6.56968600
4.68010400
4.66174100
3.17460400
-4.39210200
-3.25543300
-2.78985000
-2.50363300
-2.90170500
-4.15398500
-5.08864600
-4.79666700
-5.86339000
-4.85997300
-4.33941100
-3.16630500
-2.56527200
-2.48979700
-0.33688200
-1.15156700

0.15773800

PPh,

-0.57999900
1.23967400
0.28759400
-2.03934100
2.04054800

1.75019400

0.51619000

0.10571900

-0.66541700

-1.57174700

-0.07989400

-1.66369000

-3.23122900

-3.31199100

-2.93342900

1.67774500

0.64815600

2.30151900

3.03159600

1.79672300

2.37115800

-2.71202100

-0.98815000

-1.48972700

-2.40661600

-3.75218900

-2.93577000

-3.27157400

-1.71243300

-2.40117000

-2.29219600

1.75223900

PPh,

-1.06766800

-0.26409600

-0.37230300

-1.20552000

-2.35884700

-0.99546800
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4.49747100

3.26972700

3.26733000

4.45826800

-0.35398800

0.53522100

1.14143700

0.86047600

-0.03080000

-0.63191800

-3.43181100

-2.33154100

-1.96706500

-2.69597200

-3.80321600

-4.16524200

-5.22874100

-5.08141700

-4.17399900

-3.40104500

-3.53402500

-4.44911400

1.66916800

6.60787000

6.63549300

4.53882100

2.32675200

4.43495500

-0.83484700

0.75256800

1.81642500

-0.27067800

-1.33313500

-3.71238200

-1.74677300

-1.10229400

-4.39399300

-5.02828600

-5.93483900

-5.66807300

-2.91150700

-4.54256700

-4.05695000

2.03106400

2.78585700

1.51618800

1.57013300

1.84510600

2.08484300

5.44334600

5.23362400

3.98943200

2.93471700

3.15656900

4.40305300

4.45437300

3.78354200

2.53222800

1.92229000

2.59790500

3.85659800

-1.17501200

-1.88147700

-1.44994100

-0.30010800

0.38558700

-0.03830600

-3.59423300

2.21909000

1.69515800

1.25582500

1.85330200

2.29384400

6.40921100

6.03866800

3.84391200

2.33291100

4.55371700

5.43449900

4.24108700

2.03057200

2.14537200

4.36500800

-1.51349400

-2.77819600

1.25359200

0.50968200

-2.02777600

0.15111300

1.21581300

-0.30910500

-0.98024000

-2.35862700

-3.04019800

-0.72441500

0.33195300

0.50342700

-0.37595300

-1.43625300

-1.61130600

1.22474700

1.76544800

1.27806400

0.24259200

-0.28679100

0.20115400

-3.44175600

-2.24844800

-1.27832200

-1.48826400

-2.70939100

-3.67099200

-0.73591000

-2.89027100

-0.45909300

0.74094500

-2.90215100

-4.10585000

-0.84846200

1.02859200

1.33890100

-2.10257100

-2.42684100

1.59960300

2.55766600

1.70220000

-1.07525400

-0.22022400

-4.19437400

-2.07017100

-2.91098700

-4.60419600

-0.36930500

4.26772600

3.76836100



2.68622400  1.58919000  2.42894300 H -0.64461600 -3.81946300  0.52357000

1.82075300  0.91543700  1.54970500 H -1.08587000 -4.23102300 -2.57406000
1.06301400 -0.12784600  2.10408900 H 0.35829900  -3.40378900  -3.12764400
0.14167300  -0.79714300  1.29910900 H -1.45253300 -1.82724000 -2.57432300
-1.09366800 -1.02136500  1.90634000 H -1.56020500 -2.46191300 -0.94290400

-2.25310700  -0.65578900  1.21749000

-3.47307000 -0.85491700  1.88455300

-3.50325800 -1.40850100  3.16252400 H
-2.31507900 -1.72906400  3.82782900 (O//é';: P
p” J

-1.07994600 -1.52559600  3.21045400 /S|

0.29861500 -1.75782500  3.84125300 / b

1.15396100 -0.54756900  3.43612400

0.21266000 -1.92278700  5.36392600

—_

0.93502600 -3.03912600  3.22873800 O P

3.52102100 -1.81655800  0.08208500 (P =

3.00179800 -2.08253500 -2.89541400 o

0.55730800 -4.35603800 -1.20857200 Pphz PPh2
-0.85448500 -2.24263100 -1.75671000 ©=-3014.085681 Hartrees

1.12796500  -5.62690900 -1.85383000
-0.28494000 -4.72221400  0.02342200 Rh -0.00608800 -0.54857700  0.09591200
-0.26988200 -3.56812700 -2.24284800 P -2.22778200 -0.07227700  0.53811100
2.13343600 -0.13138400  5.30954000 P 2.19487400  0.00052200  0.47199900
3.46267500 1.75138400  4.42707900 Si 0.23283900 -1.31773600 -2.22692100
3.29338900  2.40870500  2.06213500 C -6.08362700 -1.95540900 -1.27950400
-4.39709700 -0.54501300 1.40753000 C -6.18018000 -1.21694200 -0.09641800
-4.45580700 -1.56315300  3.66026800 C -5.03992900 -0.65077300  0.47295000
-2.36020600 -2.11994400  4.83820200 C -3.78590000 -0.80727900 -0.14310400
1.20601300 -2.09305000  5.78793400 C -3.70023600 -1.55989000 -1.31840700
-0.22649300 -1.04369000  5.84570900 C -4.84022300 -2.12927700 -1.88786900
-0.39296900 -2.79680800  5.61859900 C -3.11749700 -0.15267600  5.09626900
1.93094500 -3.19847700  3.65417200 C -2.85948000 1.07144700  4.47664300
0.31287900 -3.90924400  3.46109800 C -2.62559800 1.13048100  3.10171800
1.03437800 -2.97233100  2.14357900 C -2.65299300 -0.03725800  2.32974400
3.78124300 -2.85356700 -2.92509200 C -2.91776600 -1.26521500  2.95729300
2.29370700 -2.26849700 -3.70822100 C -3.14566600 -1.32156600  4.33171000
3.47209400 -1.10920200 -3.08019300 C 3.17765500  0.95774400  4.91964300
4.19697400  -0.99591800 -0.16264200 C 3.50101700 1.90177500  3.94685300
3.13781700 -1.66331800 1.09507000 C 3.21704400 1.65199100  2.59970500
4.10018000 -2.74705200  0.08497500 C 2.59497800  0.45748300  2.21902000
0.32785000 -6.29327700 -2.19551800 C 2.25973900 -0.48312200  3.20674500
1.75198900 -5.36187400 -2.71306800 C 2.55702700 -0.23865500  4.54442800
1.75102000 -6.16656100 -1.13391100 C 5.90778100 -2.59683800 -0.58470500
0.56287700  -0.37906100 -2.56686400 C 6.05857300 -1.49450300  0.26099500
0.32924100 -5.28089200  0.73653800 C 4.95553800 -0.70541000  0.58497200
-1.14904100 -5.33716900 -0.25214800 C 3.68928600 -0.99544600  0.04577300
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3.54323400 -2.11413000 -0.78716200 C -0.65049200 -3.55624100 -0.17600100

4.64910800  -2.90753700 -1.09948700 H -2.55655500  5.30074400 -1.49137900
0.65408500 -2.97343800 -2.24694700 H -4.48968100  4.31414100 -0.32513100
-6.97309700  -2.40011000 -1.71686200 H -4.37598800  1.99578500  0.52884900
-7.14413600 -1.08825100  0.38808400 H 4.48872400  1.71573700 -0.43852500
-5.12376800 -0.10563500  1.40787500 H 4.58100900  3.91921400 -1.56532200
-2.73300100  -1.70135200 -1.77788500 H 2.50529100  5.04436200 -2.26119800
-4.75135500  -2.71149000  -2.80068800 H -1.00040500  5.93927000 -2.72280900
-3.29602200 -0.19599300  6.16682400 H 0.07141200  6.07425600 -1.31276600
-2.83737300  1.98536700  5.06384100 H 0.73077700  5.86999800 -2.94884100
-2.41220500  2.08631100  2.63433000 H -1.27443800  3.73381700 -3.94534500
-2.94810200 -2.17871000  2.36939600 H 0.49011800  3.65590500 -4.18152800
-3.34645500 -2.27869300  4.80490500 H -0.36826200  2.29959200 -3.42964100
3.39890900  1.15307000  5.96508600 H -0.69049100 -1.05595900 -4.55271200
3.97339500  2.83835600  4.23029200 H -1.89602100  -1.86922800 -3.56480100
3.47308000  2.39887900  1.85586000 H -1.67711900  -0.12311100  -3.41065900
1.73980100 -1.39343600  2.92348000 H 1.39793300  0.53154200 -3.43412300
229188100 -0.97500000  5.29778400 H 2.62609500 -0.46043400 -2.64902000
6.76652400  -3.21599400 -0.82894400 H 1.83992400 -1.03269500 -4.13063900
7.03237100 -1.25633300  0.67975500 H -1.38050700  -5.62076400 -1.84014200
257331300 -2.37532100 -1.19340000 H -1.74364100 -4.08986800 -2.66106500
4.51535700  -3.77175200 -1.74343800 H -0.44048400 -5.12459400 -3.26901000
5.07706400  0.12210600  1.27713300 H 1.77420400 -5.24217800 -2.02563200
-2.47011800  4.30495100 -1.07252600 H 0.86206000 -5.89186200 -0.64354000
-3.57033800  3.74488700 -0.42101500 H 1.93626700  -4.49750800 -0.42729100
-3.50208500  2.44428200  0.06959100 H -0.83368700 -4.47400800  0.40672400
-2.31840000  1.69824000 -0.02502700 H -1.64577900  -3.17622600 -0.43141800
-1.21765200  2.31812900 -0.64062400 H -0.39945500 -2.53919500  1.71072900
-0.03372600  1.60107000 -0.71310600 H 1.11560600 -2.81898200  0.84852100
1.17816800  2.25679200 -0.89273700 H -0.06862300 -0.00273600  1.65755000

2.34111000  1.60217700 -0.45037600

3.56983300  2.21510200 -0.72548300 For the following complexes
3.62187300  3.45226900 -1.36418900 PPh2 PPh2
2.44414600  4.08679800 -1.75730000 O
1.19536900  3.49224200 -1.54623800 <P = = XantphOS
-0.11608500  4.04359000 -2.11166700 P
-1.27747900  3.59163100 -1.22006900
-0.07458900  5.57209400 -2.27353300
-0.33135100  3.38981600 -3.50846800 P/ ,
1.67597700  -0.50086700  -3.18493100 P” Rh YH
-1.14570200 -1.07279600 -3.55466200 ©=-2,371.799286 Hartrees
0.07447000 -4.02589900 -1.46886900 6 -2.41478  3.83906 -1.0833
0.06430000 -2.54303200  0.71846000 6 -3.53257  3.03105 -1.28946
-0.93627900 -4.76560900 -2.36225700 6 -3.48682  1.68219 -0.94703
1.23186000 -4.97447200 -1.11382200 6 -2.32167  1.1082  -0.41722
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-1.19812

0.00001

1.19814

2.32169

3.48684

3.53259

2.4148

1.23068

0.00001

-1.23067

-2.46961

-4.43933

-4.35715

435717

4.43934

2.46962

-4.71769

-5.3715

-4.64843

-3.26241

-2.60943

-3.33522

-5.28166

-6.44455

-5.16124

-1.53002

-2.82126

-4.79077

-4.94212

-4.19304

-3.27797

-3.11862

-3.87658

-5.37483

-5.64404

-4.31979

-2.38486

-3.74448

4.79052

3.87635

3.11847

3.27789

4.19293

1.94017

1.36778

1.94017

1.1082

1.6822

3.03107

3.83907

3.31149

4.14601

3.31149

4.89186

3.45619

1.05366

1.05368

3.45622

4.89187

4.37178

5.51373

-2.71966

-2.2855

-1.67893

-1.50107

-1.95614

-2.55512

-3.1937

-2.42203

-1.35279

-1.84574

-2.90412

-1.17203

-0.00588

0.18442

-0.79089

-1.95346

-2.14639

-1.31748

0.76011

1.09805

-2.6953

-3.05126

-1.17196

-2.14632

-1.95342

-0.79087

0.18445

-0.27573

0.17048

-0.27573

-0.41723

-0.94704

-1.28945

-1.0833

-0.55941

-0.20539

-0.55942

-1.33438

-1.70889

-1.10608

-1.1061

-1.70888

-1.33436

1.33433

-0.90337

-3.26907

-2.11426

-1.0849

-1.20536

-2.36088

-3.38998

-4.06762

-2.01152

-0.18483

-2.42984

-4.28132

3.92785

3.17654

2.01245

1.59062

2.36443

3.51822

4.83226

3.49498

1.44126

2.06101

4.10472

3.928

3.51834

2.36448

1.59065

2.01252
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6 4.94193
1 5.37452
1 3.74421
1 2.38472
1 4.31973
1 5.64384
6 4.71787
6 3.3354
6 2.60955
6 3.26247
6 4.6485
6 5.37162
1 5.28188
1 2.82147
1 1.53013
1 5.16127
1 6.44468
1 -0.89043
1 -0.00002
1 0.89045
1 -0.87571
1 0.87571
1 0.
45 0.00002
15 -2.22534
15 2.22534
1 0.00006
TS-OxAdd-6
~ | .0
Si
( Pr g
P TH

©=-3091.01117 Hartrees

45 0.97048
15 0.6586

15 -1.19002
14 1.69281
6 4.51308
6 3.35139
6 2.18763
6 2.17499
6 3.3481

6 4.50721
6 -1.29176

-0.00583

-1.31739

-3.05117

-2.69526

1.09805

0.76017

-2.71977

-2.5553

-1.95627

-1.50109

-1.67887

-2.28548

-3.19384

-2.90439

-1.84593

-1.35265

-2.42195

4.93428

3.41912

4.93425

6.09713

6.09713

5.41269

-0.97795

-0.68076

-0.68074

-2.52857

0.54918

-1.76484

1.59524

0.64319

-4.3422

-4.73384

-3.97277

-2.8046

-2.4118

-3.18346

-2.08069

3.17667

4.83245

4.10485

2.06103

1.44131

3.49513

-3.2689

-3.38986

-2.36082

-1.20532

-1.08481

-2.1141

-4.0674

-4.28118

-2.42982

-0.18475

-2.01132

1.63337

1.87043

1.63338

-0.6076

-0.6076

-1.99278

0.26725

0.07772

0.07769

0.24628

0.47622

0.57703

0.21589

-1.7041

1.0022

1.67315

1.55804

0.77817

0.11753

0.22363

4.78804



-2.04373

-1.47968

-0.14958

0.5969

0.03091

-3.79236

-4.36071

-3.60626

-2.27043

-1.70365

-2.45978

-1.41234

-2.56358

-2.52045

-1.32545

-0.17685

-0.21844

3.36562

5.41874

3.35153

1.28696

3.35863

5.40785

-1.73631

-3.07768

-2.07677

1.62932

0.62355

-4.38004

-5.39588

-4.06452

-0.66415

-2.00291

-1.44754

-3.49395

0.74827

0.6821

-3.41483

-1.75434

-0.599

0.09551

-0.35371

-1.53696

-1.99367

-2.50204

-2.42771

-2.36712

-1.95695

-1.59304

-1.66098

0.62895

0.49033

0.76063

1.16857

1.29221

1.02992

6.24913

5.50346

4.11023

3.44259

4.19955

5.59523

0.49009

-4.93587

-5.63101

-4.28257

-1.49582

-2.87247

-2.1303

-2.74003

-2.64038

-1.27505

-1.38665

0.41749

0.17542

0.65954

1.59287

1.12152

7.33454

6.009

3.68529

6.16682

3.53632

-4.07703

-4.65488

-4.03299

-2.81744

-2.28968

-1.09754

-0.19151

3.66441

2.39036

2.2244

3.36009

4.63248

3.95606

2.6898

1.54583

1.65671

2.9353

4.0756

0.33226

0.60579

0.57131

0.25522

-0.00801

0.02676

-1.80093

1.09132

2.28617

2.07982

-0.46471

-0.29865

5.77796

3.7775

1.52788

3.24277

5.50092

4.8449

2.58822

0.56739

3.03763

5.05616

0.36379

0.84964

-0.23449

-0.17994

0.79549

-2.67126

-2.14256

-1.1062

-0.56614

-1.09962

-0.56718

-1.47765

S57

-2.25436

-2.75109

-3.44947

-3.69399

-3.23294

-3.52077

-2.24801

-4.65695

-3.96301

1.1291

1.12402

4.53393

3.45109

2.45102

5.70759

4.63202

4.58305

-2.26758

-0.22962

1.01016

-2.57987

-3.81574

-4.25289

-4.86146

-4.37748

-5.57373

-4.18775

-4.87934

-3.19119

1.49121

0.03254

1.51114

0.03706

1.43988

1.53754

6.67008

5.64708

5.66411

2.49538

4.59448

5.57302

3.80965

5.5522

4.61267

2.9043

1.16506

2.08593

1.64821

0.2881

-0.6607

-2.16558

-2.8777

-2.46992

-2.62802

2.20951

-0.77384

1.26935

2.76715

2.08623

0.29819

2.40972

1.80543

-4.56702

-5.59099

-4.48007

3.14618

2.37357

-0.02828

-3.54524

-2.14691

-1.94484

-3.69798

-2.11419

-2.43566

-1.74582

-0.82452

-0.59401

221743

3.1551

2.1656

0.80439

-0.51997

-0.12981

0.59421

1.99696

2.95712

3.1206

2.30865

0.94164

3.09468

-1.22923

-2.16311

-3.28936

-3.49136

-2.57358

-2.62223

-2.15121

-1.60446

-4.01708

-2.62992

-2.82104

-1.5376

0.35731

1.30335

-1.74271

-2.56413

-0.08756

-3.49112

-2.55063

-0.73531

-2.01286

-4.00964

-4.36496

-1.57669

-0.59793

-1.89232

-4.0158

-4.31991

-4.76816

-2.48421

-2.87674

-3.83114

-2.70543

-2.18337

-3.64703

-1.61605

-1.01881

-2.74824

0.93352

-3.57645

-2.44452

-2.46069

0.01945

0.58765

-0.53376



1 2.97369

1 1.66918
6 4.0292
1 4.60342
1 4.69929
1 3.23083
Rhodacycle-6
<J.0
Si
P
P’Rh‘H
©=-3091.028934 Hartrees
45 1.16122
15 0.22639
15 -0.86205
14 2.02438
6 3.43961
6 2.2167
6 1.25839
6 1.51155
6 2.74507
6 3.6985
6 -1.93457
6 -2.68148
6 -2.06115
6 -0.68214
6 0.06025
6 -0.56093
6 -3.75548
6 -4.29106
6 -3.45
6 -2.06213
6 -1.5318
6 -2.3732
6 -0.33417
6 -1.40026
6 -1.57574
6 -0.68125
6 0.39092
6 0.56051
8 3.65979
1 4.18633
1 2.00755
1 0.30956

1.80573

279118

4.03616

3.78335

4.56796

4.72548

0.35735

-1.88527

1.77363

0.35889

-5.25148

-5.39269

-4.38123

-3.20998

-3.07579

-4.09315

-2.23268

-2.36697

-2.27932

-2.05251

-1.89223

-1.99038

0.97741

1.12382

1.34911

1.42065

1.25622

1.04495

6.39745

5.7917

4.40798

3.60955

4.22835

5.61181

-0.00777

-6.03827

-6.28909

-4.50179

2.22908

1.59976

1.00932

1.90911

0.32289

1.30655

0.48797

0.53594

0.31297

-1.64433

0.86204

1.52209

1.44362

0.7102

0.05419

0.1276

4.63715

3.46622

2.21902

2.13146

3.31481

4.55847

3.8614

2.58115

1.48947

1.66813

2.95671

4.04707

0.58104

1.24884

1.18732

0.45858

-0.20309

-0.14814

-1.70485

0.92358

2.09934

1.95724

S58

2.97812

4.64757

-2.42094

-3.75252

-2.65239

1.13087

0.0275

-4.41073

-5.36561

-3.87704

-0.45594

-1.94747

-0.199

-2.09959

1.09778

1.39778

-2.41011

-2.40937

-1.42561

-0.67083

-0.89042

-1.90923

-2.12736

-2.40081

-1.89549

-2.16037

-2.88331

-3.38325

-3.16312

-3.74781

-2.6736

-4.97261

-4.20221

1.72101

1.29402

4.86887

3.72337

2.41612

5.8287

5.42103

4.70643

-2.96803

-1.23567

0.11268

-1.78939

-2.17328

-3.97006

-2.30795

-2.53865

-2.39177

-1.71424

-1.8791

0.80176

1.06807

1.47632

1.28881

0.90915

7.47411

6.39626

3.62107

6.07127

3.95198

-3.50465

-4.3345

-3.92183

-2.66557

-1.88144

-0.65081

0.38441

1.64281

2.7019

2.48135

1.21244

0.13686

-1.27122

-2.25476

-1.38874

-1.55661

1.94372

-0.99979

0.52858

2.3211

1.9253

-0.6691

1.56582

1.13514

-3.83802

-5.30577

-4.56499

3.69471

-0.4987

-0.38655

5.60555

3.52061

1.31716

3.25648

5.46504

4.70981

2.42968

0.49989

3.10566

5.03591

0.63269

1.81969

-0.7522

-0.66572

1.70937

-2.94452

-2.40274

-1.3054

-0.71995

-1.26859

-0.67845

-1.55097

-1.20903

-2.08844

-3.26155

-3.56234

-2.69655

-2.85323

-2.37855

-1.9016

-4.29087

-2.65558

-2.74735

-1.15674

0.42442

1.13263

-1.07236

-2.14847

0.25744

-3.81211

-2.8495

-0.92288

-1.86005



1 -3.06807  3.30755
1 -3.9544 1.0681

1 -5.3924  -2.39883
1 -4.68475 -1.18338
1 -5.7475  -0.6716

1 -4.641 -2.55525
1 -4.97743  -0.8492

1 -3.36944 -1.48899
1 1.45376  -2.00639
1 0.21743  -0.85964
1 1.77704 -0.93849
1 0.65144  2.16236
1 2.23029  2.8305
1 2.10311  1.75817
1 6.82081 -0.36314
1 543116 -1.41634
1 5.93007 -1.13413
1 249112 -0.43641
1 5.53507  1.10709
1 6.39633  1.94111
1 4.7436 2.41771
1 5.71311  1.45114
1 4.41628  0.3331
1 3.46554  2.70895
1 2.67714  1.537

1 1.82148  2.82969
6 4.40291  3.48552
1 4.70598  3.17332
1 5.29973  3.83432
1 3.71919  4.33528

~ | 0
Si.
(PrRN
P” H

TS-RedElim-3

©=-3091.018353 Hartrees
45 1.0755 0.21348
15 0.01824 -1.83239
15 -0.78925  1.84089
14 2.38128  0.58658
6 2.82612 -5.55136
6 1.63279 -5.57111
6 0.79794 -4.45174
6 1.15739  -3.2901

-3.94133

-4.47269

-1.94893

-0.86688

-2.19189

-4.36492

-4.59746

-4.99705

-2.35543

-2.88699

-3.72993

-2.73623

-2.27229

-3.66702

-0.7243

-0.37828

-2.05755

0.69854

-3.13496

-1.82014

-2.24969

0.55961

0.94393

-0.56855

2.13493

1.29111

1.17244

2.17965

0.64524

1.27983

0.44053

0.57641

0.30089

-1.53228

0.68218

1.40614

1.41223

0.71145

S59

2.36079

3.1834

-2.56686

-3.19879

-2.45061

-1.06054

-0.43361

-1.17848

-3.66733

-4.1799

-3.33696

-1.9739

-1.46967

-2.30973

0.72267

0.01539

-0.48672

-0.28066

0.44031

0.92949

3.76533

3.47332

1.34597

-0.1365

2.66177

4.10925

-3.15066

-4.27814

-2.95586

0.64455

-0.67726

-4.32475

-5.23656

-3.74057

-0.42017

-1.90828

1.11116

-0.15281

0.62506

1.48185

-1.04004

-2.52517

-1.55936

-0.82548

-1.03488

-3.2765

-4.40401

-2.34731

-2.34586

-2.2154

-2.0667

-2.04394

-2.1981

1.34704

1.79273

1.9434

1.63368

1.1756

1.04384

6.22576

5.6231

4.32741

3.60991

4.22493

5.52314

-0.37569

-6.42402

-6.4587

-4.48676

-2.38499

-4.37754

-2.45735

-2.45136

-2.234

-1.91881

-2.19548

1.22916

2.02768

2.29946

0.9075

0.67523

7.23366

6.16242

3.68534

5.97847

3.87772

-3.10691

-3.97997

-3.65091

-2.42973

-0.01103

-0.02932

441344

3.17052

1.99787

2.05867

3.31674

4.48349

3.91571

2.6957

1.59398

1.69858

2.92404

4.02927

0.77391

1.8146

1.67172

0.48493

-0.55415

-0.41542

-1.54137

0.67277

1.96336

1.96252

-0.55213

-0.59631

5.32286

3.10804

1.03896

3.37547

5.44761

4.77251

2.60134

0.6513

3.00348

4.96719

0.888

2.74263

-1.47689

-1.23245

2.48879

-3.14064

-2.63756

-1.49871

-0.83837



-2.01875

-2.22612

-2.48794

-1.92104

-2.22638

-3.01826

-3.5326

-3.28444

-3.86106

-2.78082

-5.08207

-4.31675

2.65238

1.24342

5.03264

4.19969

2.65868

5.59968

5.95184

4.89617

-3.07876

-1.37257

-0.07026

-1.83774

-3.23754

-4.13923

-5.49207

-4.79342

-5.86485

-4.74799

-5.09797

-3.48572

1.15401

0.23611

1.68126

1.68154

3.22429

3.17107

6.62118

4.98058

5.61347

2.26961

6.04075

6.9526

5.54456

-1.59131

-0.39023

0.68675

1.90574

3.02636

2.89234

1.64782

0.51495

-0.88348

-1.89107

-1.06909

-1.08067

2.10332

-0.43295

-0.19864

1.88556

1.81336

-1.60624

0.56819

0.51957

-3.38216

-4.92403

-4.33768

4.00061

3.7667

1.56836

-2.0788

-0.9212

-0.34381

-2.07588

-0.36131

-0.96122

-1.4772

-0.00813

-0.40256

2.49937

2.92781

1.76633

-1.55838

-2.15394

-2.15899

-0.72376

0.00843

0.70157

1.55316

-1.36782

-0.71858

-1.53983

-1.15758

-1.94208

-3.08377

-3.45476

-2.67409

-2.91399

-2.50267

-1.9685

-4.36622

-2.66532

-2.69007

-0.90255

0.41647

0.28329

-0.67219

-1.86951

0.45631

-4.03167

-3.14034

-1.13809

-1.67023

-3.68919

-4.34995

-2.07422

-0.92424

-2.21391

-4.50329

-4.62628

-5.06751

-2.38624

-2.74531

-3.69674

-2.98999

-2.23091

-3.57041

-0.2799

0.04249

-1.61683

0.80977

-2.80513

-1.44411

-2.11051

S60

1 5.90719
1 4.34478
1 4.57751
1 2.26963
1 2.28783
6 4.56509
1 5.64324
1 4.04168
1 427731
TS-OxAdd-y-2°
~ | e
Sll
(PR
P” H

©=-3,051.760195 Hartrees

45 -0.6269
15 1.7054
15 -1.41122
14 -0.96546
6 4.05686
6 4.7457
6 4.0515
6 2.65966
6 1.97876
6 2.67346
6 3.31802
6 3.86748
6 3.40395
6 2.37931
6 1.82448
6 2.29425
6 -0.14688
6 0.43138
6 0.05134
6 -0.91466
6 -1.47757
6 -1.10322
6 -6.02499
6 -5.28194
6 -3.89828
6 -3.24115
6 -3.99654
6 -5.37897
8 -2.58598

0.6368

-0.13219

2.43938

1.66802

2.78972

2.7151

2.91088

3.67747

2.18112

1.13176

1.04544

-1.15323

1.5705

5.06346

3.85021

2.64489

2.63459

3.85395

5.06295

-0.93645

-1.32038

-0.75332

0.20175

0.57287

0.01313

-2.2756

-2.95507

-2.66142

-1.67895

-0.98406

-1.2869

-1.75511

-2.43266

-2.26359

-1.40471

-0.71831

-0.90118

1.99227

0.86729

1.14504

-0.45265

1.31986

-0.02333

1.66059

1.7099

1.65692

2.5748

0.33861

0.25682

0.51077

-1.87883

0.53474

0.63196

0.54418

0.34877

0.26634

0.35586

4.1509

2.92752

1.73839

1.75994

2.99536

4.18136

4.8433

3.77022

2.4601

2.20733

3.29309

4.60112

0.39462

1.36485

1.43346

0.53767

-0.42608

-0.5009

-2.08135



4.5979

5.82172

4.58938

0.90008

2.13152

3.67864

4.66236

3.84684

1.01876

1.84778

0.15155

1.18693

0.50879

-2.22934

-1.55684

-7.10166

-5.7786

-3.50627

-5.94914

-3.32786

3.56417

3.89501

3.40926

2.5548

2.22076

1.32893

0.42272

-0.9013

-1.80922

-1.40061

-0.08001

0.86106

2.3406

2.72361

3.17633

2.61561

-0.78971

0.13265

-3.35156

-2.46482

-3.23993

-4.80649

-2.89714

3.96607

4.54536

6.00299

3.84476

1.7053

3.83961

6.00228

-1.37939

-2.06081

-1.05509

1.30217

0.30458

-2.50907

-3.71401

-3.19811

-0.22087

-0.74967

-1.89007

-3.09862

-0.03128

-0.36412

-2.80176

-1.29335

0.0531

0.77538

0.17096

-1.17082

-1.74843

-2.62509

-2.55861

-3.4693

-4.36352

-4.36746

-3.49511

-3.41981

-1.93576

-4.15109

-4.0704

0.07333

2.94416

3.09786

2.46346

4.2539

2.60839

3.57317

-1.83934

0.54105

0.60578

0.7827

0.6322

0.14629

0.28798

5.07494

2.89512

0.79481

3.02656

5.12699

5.86131

3.95084

1.63663

3.11059

5.42953

0.34056

2.06528

-1.10987

-1.25325

2.18379

-3.32223

-3.15437

-2.06384

-1.12924

-1.35129

-0.46712

-1.03497

-0.58484

-1.14909

-2.13731

-2.59104

-2.03936

-2.43088

-2.40816

-1.34214

-3.79286

-3.01925

-2.59473

-1.58094

0.79643

-2.5857

-1.52149

-0.17453

-4.16843

-3.87413

S61

3.68636

-2.84585

-2.11979

0.21034

4.24413

3.00836

2.89573

3.67893

2.35695

2.04405

-0.14739

0.04206

1.18586

0.24124

-1.4378

-1.06188

-3.82418

-2.19821

-3.61195

-5.07549

-5.48826

-4.94155

-3.74539

-2.08618

-3.15222

-0.98174

-2.46595

-1.81423

-3.47722

-2.10872

Rhodacycle-y-2°

\l,O

Si

| Wy
Py

P

v N

H

©=-3,051.780473 Hartrees

45

-0.57841

1.82065

-1.41692

-1.05636

4.5885

5.07865

4.24632

1.81645

-3.45803

-5.05448

-5.05479

-4.08038

-3.70821

-5.20847

-4.00959

-5.13255

-3.58857

3.12729

3.88378

2.64608

-0.29237

-0.75319

0.37086

5.11822

4.56548

3.93885

2.14031

3.44487

1.87481

4.12699

4.30761

1.6197

2.66693

2.9395

3.81098

3.22538

2.15778

1.29963

0.93372

-1.0526

1.88798

4.65301

3.37163

2.26165

-1.94302

-0.83387

-2.56694

-3.378

-1.57423

-0.35682

-1.2972

-4.04019

-3.77245

-4.59164

-3.63936

-2.04402

-2.57236

-3.03338

-2.71823

-4.03903

-2.25095

-2.69794

-3.56531

-2.47322

-1.33649

-0.72414

0.2553

-0.28078

0.69832

0.53896

2.25278

2.39154

2.5764

2.93264

0.45473

0.36953

0.53002

-1.71108

0.89225

1.15892

1.02348



2.90778

2.42626

3.26216

3.32151

3.83659

3.4025

2.44212

1.91791

2.36041
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-2.93948

3.70529

4.30623

3.03285

0.2979

-0.1341

1.11324

5.75189

5.25536

5.00223

3.05649

3.9898

2.28002

4.06646

4.27949

2.35888

1.5568

2.83283

1.03964

1.02471

-1.37136

2.09204

4.9075

3.66537

2.51107

2.57495

3.82458

4.98301

-1.83681

-2.1408

-1.30348

-0.15917

0.13346

-0.69007

-1.02653

-2.17166

-4.75993

-4.55778

-5.09971

-3.19709

-1.54547

-2.188

-2.96437

-2.60006

-3.81088

-0.86499

-1.52022

-2.47525

-1.89604

-0.41054

-0.30697

1.23454

0.69785

2.26195

1.13914

0.74299

-0.7848

-0.49677

-0.54661

0.99437

-1.25487

-1.15133

-0.94996

-0.85211

-0.955

-1.15475

-3.23456

-1.87835

-1.01819

-1.51152

-2.88278

-3.73444



-1.11557

-0.70483

-0.03482

0.21942

-0.20735

-0.86216

5.60857

4.59397

3.25256

2.90444

3.9369

5.27501

3.43507

-4.80808

-5.93498

-4.60318

-0.99708

-2.32974

-4.7537

-4.56691

-3.31935

-2.35479

-3.64755

-1.63856

-0.90374

0.28811

-0.03794

-1.1975

6.65048

4.84248

3.69813

6.05396

24771

-2.76621

-3.15328

-2.91246

-2.25628

-1.86409

-1.17561

-0.18112

0.99716

1.98975

1.81375

0.65164

-0.37974

-4.07804

-4.61788

-3.82106

-2.47057

-1.93339

-2.73589

-2.04604

-2.4764

-2.32096

-1.72477

-1.28697

-1.45359

2.69047

5.80767

3.59505

1.55309

3.88574

5.94293

-2.48728

-3.02993

-1.54813

1.0228

-0.44061

-4.69885

-5.66116

-4.24893

-0.88087

-2.30444

-2.16896

-2.94101

-0.8119

-1.10956

-2.66983

0.24447

1.44775

1.6869

0.72957

-0.44997

-1.36854

-2.06572

-2.27451

-3.051

-3.51773

-3.21781

-2.48555

-3.56964

-2.34902

-1.42052

-1.69926

-2.92158

-3.85558

-1.72973

-2.5846

-2.22534

-1.00528

-0.15458

-0.50924

1.32313

-1.41343

-1.22806

-0.86885

-0.8824

-1.23359

-3.89834

-1.48042

0.03506

-3.27975

-4.78903

-4.2916

-2.11976

-0.47662

-3.13092

-4.79315

-2.01081

-3.53474

0.79159

0.16506

-2.89947

3.9944

3.40134

2.0482

1.25923

1.89898

1.13169

1.7827

1.06211

1.67636

2.97987

3.69457

3.0995

S67

6 -1.72032
6 -2.11844
6 -2.78589
6 -1.6468

6 1.68459
6 0.77315
6 4.17308
6 2.70332
6 4307

6 5.55656
6 3.39879
1 -2.97358
1 -3.65152
1 -3.22099
1 291193
1 2.59546
1 0.55241
1 -3.77081
1 -2.8504

1 -2.52184
1 -2.61841
1 -1.38485
1 -0.90535
1 -0.28047
1 1.11664
1 0.8511

1 0.63267
1 222158
1 2.08864
1 4.84274
1 3.31568
1 4.85245
1 0.24054
1 6.02389
1 6.20995
1 5.47001
1 4.09348
1 2.65938
1 225333
1 3.44081

For the following complexes

-2.13211

-0.74015

-3.14976

-2.18817

0.85712

3.59679

3.31409

1.71191

4.80999

2.64894

3.07464

0.07851

2.20563

2.62798

-3.26614

-4.10824

-3.56475

-2.89579

-3.14646

-4.16192

-1.95204

-3.19448

-1.4856

3.32106

4.04751

4.3553

0.6155

-0.08178

1.3345

5.32894

5.26069

4.96027

2.51888

2.71406

3.13748

1.59082

3.10907

3.8688

1.47072

0.93503

3.75282

3.24333

3.25673

5.2851

2.41767

1.38297

0.27032

-0.96065

0.57522

0.22704

-1.05274

5.04558

3.99821

1.60918

1.14966

3.44812

4.71716

3.66185

2.16514

3.58022

5.72744

5.62263

5.67661

1.48398

2.32232

0.59769

2.59312

2.26827

3.31838

-0.22805

0.68062

1.51189

-1.20375

1.21419

-0.50429

-0.03848

-1.90203

-1.21563

-1.94552

-0.76536



G- .
P 0
<
o
P:.
P Rhs H

©=-2,556.892631 Hartrees
6 0.30736
6 -0.07823
6 0.34138
6 1.19621
6 1.62844
6 1.22728
8 -0.94407
8 -0.23252
1 1.51169
1 2.29799
15 1.71136
6 -1.52876
6 -0.55299
6 0.01982
6 -0.31399
6 -1.32504
6 -1.90692
1 -1.98156
15 -1.6954
1 -2.67227
8 0.93649
8 -0.01524
6 1.02135
1 0.87085
1 1.9978
6 -1.10438
1 -2.1427
1 -0.82629
6 5.97741
6 5.61001
6 4.33103
6 3.39253
6 3.76935
6 5.05311
1 6.97445
1 6.31801
1 4.05725

PPh,
PPh,

1.55157
2.85507
3.56859
3.01138
1.69845
0.97077
3.62252
4.81294
3.55631
1.23668
-0.81157
-0.29456
0.67298
1.24311
0.8635
-0.1384
-0.68768
-0.73042
-0.79012
-1.44785
2.19399
1.24135
2.1188
3.11632
1.70601
4.84878
4.93487
5.69049
-1.05279
0.0764
0.1709
-0.86224
-1.98302
-2.07888
-1.12599
0.88733

1.06879

= Segphos

0.13437
-0.12816
-1.24617
-2.17281
-1.92027
-0.79118
0.611
-1.25018
-3.05488
-2.63641
-0.64872
3.6296
3.72332
2.58853
1.30315
1.18627
2.33166
4.51262
-0.50435
2.22825
2.96136
4.85023
4.38889
4.81537
4.67234
-0.11064
-0.45334
0.53426
-2.54018
-1.80395
-1.25851
-1.43921
-2.18981
-2.73239
-2.96561
-1.65668

-0.71603

S68

45

3.04288

5.32501

2.67604

3.25769

2.98069

2.13138

1.56229

1.82661

2.88374

3.92517

3.41208

0.89648

1.36584

-5.28689

-5.54037

-4.49234

-3.17226

-2.9258

-3.97544

-6.10542

-6.55775

-4.70498

-1.90318

-3.76804

-3.19886

-3.61789

-3.18577

-2.34838

-1.93456

-2.35503

-3.52436

-4.27473

-3.48129

-1.25491

-2.01544

0.09106

1.2429

-2.77389

-2.95738

-1.3405

-0.28444

-0.11072

-1.00217

-2.06564

-2.22962

-1.46794

0.40869

0.7355

-2.74353

-3.04928

-3.69526

-2.39774

-1.48966

-1.87156

-3.18669

-4.08846

-4.39799

-2.08879

-0.48662

-3.49601

-5.09796

3.00198

2.77636

1.64167

0.70872

0.94076

2.0845

3.89342

3.48849

1.48755

0.23382

2.26434

-2.09584

-3.13883

-2.34625

-3.31083

3.88508

3.17835

1.82293

1.15089

1.86405

3.22443

4.94382

3.68363

1.30141

1.33699

3.76811

0.07353

-0.37475

-0.53969

-0.26081

0.17718

0.35064

0.20064

-0.59828

-0.89294

0.38576

0.69404

-2.72774

-1.41268

-0.72599

-1.35752

-2.67612

-3.35692

-3.25649

-0.91999

0.30775

-3.14498

-4.37273

-1.3529

-1.74663



TS-OxAdd-
~ | .0
Si
(P R’
P” TH

©=-3276.099906 Hartrees

6 1.91862
6 2.52826
6 1.98959
6 0.80207
6 0.16207
6 0.69289
8 3.7186
8 2.81607
1 0.37859
1 -0.78793
15 -0.38606
6 4.05887
6 4.35878
6 3.6465
6 2.57936
6 2.23515
6 2.98289
1 4.62229
15 0.75293
1 2.73148
8 4.15958
8 5.34251
6 5.17598
1 6.1183
1 4.85627
6 3.79068
1 3.55184
1 4.78818
6 -3.06795
6 -1.77923
6 -0.95592
6 -1.41469
6 -2.71923
6 -3.53472
1 -3.7073

1 -1.41486
1 0.03694
1 -3.11066

0.64752

0.13921

0.25999

0.92593

1.46492

1.35656

-0.54328

-0.34739

1.0186

1.96846

1.77199

0.01471

1.03862

1.21585

0.41934

-0.63325

-0.82123

-0.13591

-1.66445

-1.63468

228314

1.98804

2.84677

2.90012

3.83942

-1.05181

-2.12389

-0.86302

5.38983

5.31158

4.23022

3.20527

3.27968

437187

6.23421

6.09212

4.17113

2.46839

1.27142

2.40423

3.68419

3.90495

2.77528

1.47796

2.46958

4.59354

4.89836

2.91202

0.03356

-2.46818

-1.59714

-0.41376

-0.04742

-0.94781

-2.11512

-3.3818

-0.51622

-2.78425

0.27976

-1.69519

-0.55711

-0.00059

-0.89711

3.80672

3.80093

4.21309

1.20016

1.73445

1.42051

0.57572

0.06504

0.36764

1.44209

2.39678

1.85578

-0.54059

S69

-4.54203

2.39521

2.28423

1.46082

0.72969

0.83588

1.66705

3.04437

2.83841

1.39402

0.27451

1.74975

-0.00775

0.2442

0.52981

0.55453

0.2881

0.02151

-0.22654

0.2253

0.7343

0.29375

-0.17587

2.5498

3.37577

2.85642

1.5014

0.68221

1.20189

2.95576

4.42648

3.50654

-0.36231

0.55431

-1.21964

-2.7926

-4.25976

-5.23544

-5.25136

-6.57314

-2.45392

-3.08661

-5.9723

-4.26192

-5.52914

4.41575

3.72587

4.32323

3.75961

2.5942

2.01336

2.56982

4.16124

523151

4.22835

1.11073

2.09685

-4.40074

-4.97401

-4.16808

-2.77183

-2.20449

-3.00997

-5.02979

-6.05405

-4.6298

-1.1256

-2.5513

-4.52019

-4.01775

-3.15872

-2.79321

-3.29817

-4.15773

-5.18937

-4.29305

-2.76204

-3.01481

-4.53952

-0.37292

-0.43239

0.22421

-0.06217

1.12382

-0.13022

0.59684

-2.2201

0.96041

1.28184

2.0369

-0.03663

-3.15904

-1.89982

-0.92548

-1.20032

-2.46976

-3.44263

-3.91325

-1.67746

0.04948

-2.67936

-4.41676

-4.2014

-2.95483

-1.85008

-1.97427

-3.23341

-4.33852

-5.05926

-2.83856

-0.88977

-3.34854

-5.3033

2.70583

1.69538

0.72702

0.75213

1.77179

2.74238

3.45958

1.66313

-0.04583

1.80538

3.52657

0.19892

-1.46162

-0.97104

0.03756

1.01144

-0.72128

-3.01671

-2.04782

1.82003

1.44546

0.47754



1 -7.42379

1 -6.68806
1 -6.58755
1 -3.33805
1 -2.24282
1 -1.60681
1 -3.08821
1 -4.05454
1 -2.30721
6 -5.04686
6 -2.55243
1 -4.8644
1 -6.0319
1 -1.93003
1 -2.52734
1 -2.43729
6 -4.02885
1 -4.13317
6 -4.39451
1 -3.69441
1 -5.40538
1 -4.35414
Rhodacycle-6
~ |./O
Si
Prigh
P’Rh‘H

©=-3276.123793 Hartrees

6 -2.58862
6 -3.5573
6 -3.69709
6 -2.87429
6 -1.90311
6 -1.7559
8 -4.47419
8 -4.70645
1 -2.96838
1 -1.24908
15 -0.32547
6 -2.61733
6 -3.55263
6 -3.49699
6 -2.49764
6 -1.4976

-0.19848

0.76673

-1.00164

0.55874

1.64384

0.19277

-2.94006

-2.27821

-2.52482

-1.41098

-1.65779

-2.1979

-1.63723

-1.72668

-0.19381

-2.5861

-1.54474

-0.66801

-2.78205

-2.91106

-2.70376

-3.69179

0.06559

-0.5077

-0.21915

0.69132

1.31724

1.04407

-1.46121

-0.97432

0.9096

2.04327

1.78372

-1.41183

-0.52674

-0.06403

-0.41342

-1.30757

-0.03453

-1.33616

-1.38402

-3.66395

-2.78337

-3.57965

-1.22657

-2.56102

-2.75093

0.78789

1.50696

0.04646

1.21552

2.40666

1.06901

0.93688

1.94292

2.59604

2.78556

3.61834

3.20348

2.17329

-0.61924

-1.42613

-2.77963

-3.40591

-2.60524

-1.23757

-1.0601

-3.31774

-4.46331

-3.07341

-0.32333

3.47798

2.99107

1.67858

0.79118

1.28755

S70

-1.58761

-2.66917

-0.03721

-0.84721

-4.56202

-4.64657

-5.2222

-6.28938

-5.05598

-5.20794

-5.0513

-6.27116

0.27799

-1.0176

-1.21758

-0.12673

1.16437

1.36614

0.43401

-1.87379

-2.23137

2.01153

237671

-2.0866

-2.64607

-2.13794

-1.05032

-0.49068

-1.00683

-2.49005

-3.48182

-2.60231

0.33786

-0.56803

2.39168

1.77103

0.99243

0.82456

1.47337

2.23878

2.99722

1.89303

0.52546

1.39187

2.72701

-1.79164

-1.79402

-1.67141

-2.49216

0.76713

0.00169

0.93361

0.71852

1.9556

-1.78602

-2.84311

-1.56695

5.92607

5.48286

4.24193

3.42174

3.86585

5.11101

6.89365

6.09978

3.89272

3.22562

5.43579

2.73007

3.35047

3.0949

2.22691

1.61902

1.86058

2.92257

4.03539

3.57312

0.9323

1.36578

-5.11483

-5.32932

-4.32727

-3.09132

-2.87914

-3.88362

-5.89543

-6.27849

-4.5121

-1.91906

-3.69764

2.59656

4.49079

0.20643

2.96005

1.43733

3.62479

2.69678

2.58041

3.06074

-2.24597

-2.48997

-2.08873

-2.39227

-2.11255

-1.51078

-1.16836

-1.48308

-2.08352

-2.86095

-2.37086

-1.34812

-1.27235

-2.3139

3.89852

2.77884

1.50472

1.33047

2.464

3.73641

4.88849

2.8957

0.65183

2.33556

4.59762

2.18175

0.95159

0.36719

1.00747

2.23581

2.82417

2.63302

0.43752

-0.59309

2.72997

3.77651



-2.16848

-2.50039

-1.86109

-0.86586

-0.53317

-1.18658

-2.67673

-3.26255

-2.14132

0.21647

-0.93337

1.45589

3.07687

4.61192

5.73335

6.51811

6.60527

2.70211

3.24624

7.43651

5.91248

6.78411

7.52598

6.87434

6.06588

3.35008

2.93512

1.66546

2.30749

3.53243

4.01104

5.31484

2.8555

4.93922

6.23593

2.26638

2.43398

2.92548

4.26943

4.24527

4.69878

5.69279

4.73702

3.99163

-3.55486

-3.98013

-3.42191

-2.4465

-2.03228

-2.57936

-3.97891

-4.74096

-3.73199

-1.262

-2.23545

0.18741

1.12745

1.3599

0.51919

1.22629

0.44229

2.8891

0.07872

0.68119

1.31123

2.23696

-0.12018

1.45102

-0.0508

3.09949

3.62339

3.03593

0.06636

-0.95368

0.52981

-0.89963

-1.29738

-1.44125

-1.42095

-1.72686

1.25419

-2.08746

-0.99655

-0.04337

-2.08447

-1.87801

-3.06699

-2.15612

-3.47673

-2.18673

-1.08093

-1.25198

-2.54888

-3.65457

-4.33793

-2.04151

-0.07881

-2.69548

-4.65286

-0.46018

0.91412

0.27768

0.00623

-1.10954

1.27158

1.50791

2.49605

-1.35213

-2.01537

-0.78617

1.08165

1.59933

2.0848

2.36753

0.7332

1.8183

3.06003

2.28349

3.13966

-0.42432

-1.03485

0.4531

-0.71574

-1.86404

-1.0858

-0.27668

-1.56469

-2.10538

-2.56876

-2.9855

-2.08109

-3.40322

S71

~ | o)
Sis.
PRy~
P” H
TS-RedElim-5
G°=-3276.114716 Hartrees

C 2.38568
C 3.31942
C 3.21991
C 2.1693
C 1.21621
C 1.31221
(@) 4.43688
(@) 4.2707
H 2.07948
H 0.37157
P -0.11092
C 3.20659
C 3.88868
C 3.58663
C 2.57508
C 1.8344
C 2.17034
H 3.44951
P 0.3512
H 1.61536
o 4.43024
(0] 4.92688
C 5.168

H 6.23631
H 4.81086
C 5.03421
H 5.00181
H 6.06415
C -1.95412
C -0.59875
C -0.0291
C -0.81111
C -2.17349
C -2.7376
H -2.39683
H 0.01744
H 1.02247
H -2.79526
H -3.79433

0.58103

0.28601

0.73198

1.52389

1.86298

1.43351

-0.49849

0.25066

1.86085

2.47331

1.70747

-1.1785

-0.08976

0.44903

-0.02931

-1.14208

-1.69217

-1.61219

-1.71823

-2.54291

1.49902

0.60404

1.71792

1.77439

2.63796

-0.57499

-1.61307

-0.20232

5.88126

5.66483

4.41509

3.35798

3.58478

4.83909

6.85439

6.46772

4.25939

2.7724

4.99473

0.80565

1.78435

3.09864

3.50994

2.53353

1.20284

1.64566

3.83632

4.53614

2.83235

0.05832

-3.09771

-2.60348

-1.35468

-0.54462

-1.05439

-2.29524

-4.06081

-0.1009

-2.67047

-1.09014

-3.16973

-2.29747

-2.06672

-2.77846

2.94474

3.29648

2.89496

0.99916

1.2555

1.00859

0.51424

0.26473

0.50069

1.19219

1.65067

1.22674

-0.09762

0.30317



1.85823  2.63601

2.1386 3.45614

1.55831  3.19168

0.68168  2.1078

0.39814  1.29916

0.98678  1.55643

231654  2.83896

2.8082 4.30505

1.79451  3.83154

-0.26545  0.45342

0.76846  0.90932

-1.05331  -5.55042

-0.43091 -5.68542

0.02877 -4.55873

-0.14154  -3.27795

-0.79664 -3.15121

-1.23322 -4.2776

-1.4058  -6.42851

-0.29786  -6.67066

0.51619 -4.68246

-0.97315  -2.16266

-1.7331  -4.1589

2.44101 -3.02987

297682 -3.41801

2.35105 -3.03594

1.1663  -2.2826

0.63675 -1.89803

1.27349 -2.26605

2.93564 -3.31618

3.88862 -4.00796

2.78988 -3.30868

-0.25254  -1.27684

0.86258 -1.9455

-1.42997  -0.12652

-3.51891 -0.57915

-4.83308  0.36959

-5.70689  0.33068

-5.43166  1.59455

-7.1372 0.37429

-2.99301 037784

-4.2161  -2.17035

-6.08828  1.6486

-4.39167  1.62292

-5.60482  2.47935

-7.87885  0.40623

-4.06288

-2.96595

-1.72579

-1.56875

-2.67555

-3.91371

-5.0266

-3.07665

-0.8833

-2.54869

-4.75797

-2.33473

-1.09367

-0.40666

-0.95006

-2.18765

-2.88273

-2.86792

-0.6556

0.5539

-2.60217

-3.83954

3.84879

2.61699

1.43116

1.46087

2.70096

3.88765

4.7727

2.5795

0.47616

2.73404

4.84035

0.30214

-0.88641

-0.43918

0.68886

1.52064

0.13192

-2.45964

-1.68104

239616

1.85371

0.90037

0.93792

S72

H -7.26321

H -7.32729
H -3.91377
H -2.55084
H -2.29848
H -3.43752
H -4.97857
H -4.68092
C -5.52055
C -3.04281
H -5.8584
H -6.19896
H -2.09338
H -2.49192
H -3.21207
C -4.09605
H -3.73363
C -4.16825
H -4.06539
H -3.37824
H -5.11129
TS-OxAdd-y-2°
~ | e
Sll
(PR
P” H

©=-3,236.852471 Hartrees

6 2.3162

6 3.34047
6 3.31838
6 2.26424
6 1.21779
6 1.2175

8 4.49515
8 4.45369
1 2.24255
1 0.38363
15 -0.25977
6 2.97255
6 3.64399
6 3.40136
6 2.45975
6 1.75746
6 2.02623

1.26123

-0.50929

0.52023

1.35465

-0.20232

-2.9189

-2.6383

-1.9306

-0.9534

-1.60958

-1.811

-0.89333

-1.71133

0.93112

-2.61435

-1.21269

-0.33073

-2.34359

-3.28867

-2.22354

-2.30431

-0.52517

-0.25562

-0.64523

-1.36467

-1.67729

-1.2794

0.44089

-0.20963

-1.67482

-2.25142

-1.61246

0.90908

-0.16744

-0.59947

-0.01971

1.10393

1.54086

-0.49596

-0.48523

-3.04033

-2.26085

-3.07589

-1.85761

-1.04965

-2.64429

1.52324

0.97627

0.92703

2.38382

1.5345

0.77824

0.58232

2.03053

2.56731

3.07334

2.58227

3.78494

3.57736

-0.72754

-1.61782

-2.95361

-3.47079

-2.58377

-1.24175

-1.35903

-3.58665

-4.50909

-2.96675

-0.16344

3.33608

2.8006

1.49871

0.66958

1.20545

2.50697



3.17065

0.39305

1.49855

4.22915

4.62355

4.93577

6.0131

4.60339

5.18944

5.23562

6.19299

-2.56095

-1.64105

-0.91993

-1.1182

-2.05293

-2.76202

-3.12464

-1.4871

-0.22487

-2.24198

-3.48529

1.69716

2.14037

1.57139

0.52864

0.09301

0.67615

2.14912

2.93776

1.95117

-0.69301

0.33551

-0.91556

-0.19128

0.25384

-0.02662

-0.77941

-1.20729

-1.25928

0.0304

0.81126

-1.03947

-1.78134

2.54481

1.25818

1.82919

2.40035

-1.65291

-0.93781

-1.95421

-1.94996

-2.92785

0.53779

1.58941

0.10979

-4.88835

-5.28543

-4.3314

-2.96465

-2.57522

-3.52748

-5.63248

-6.34116

-4.66294

-1.51805

-3.20527

-3.68445

-4.01558

-3.40414

-2.47697

-2.15001

-2.74539

-4.15236

-4.74211

-3.63092

-1.41112

-2.47463

5.71288

5.8235

4.67943

3.40457

3.30492

4.44727

6.60473

6.80365

4.78592

2.32416

4.34827

299171

4.34288

0.1885

2.90173

1.20091

3.37245

2.40937

2.21098

2.79052

-2.60738

-2.91534

-2.50066

-2.55832

-1.58745

-0.8658

-1.09882

-2.07264

-2.80245

-3.1138

-1.38215

-0.10349

-2.22863

-3.54605

3.51785

2.23427

1.1171

1.26793

2.55961

3.67882

4.38791

2.10254

0.12579

2.68156

4.67391

2.39031

1.20325

0.5361

1.04624

223214

2.90593

2.90619

0.79037

-0.38778

2.6229

3.82271

-3.75435

S73

3.117%4

2.48689

1.26186

0.69132

1.33343

3.04475

4.06045

2.95069

-0.23902

0.89379

-1.5646

-3.38808

-4.8442

-5.26461

-5.05394

-6.7658

-3.45212

-3.50923

-5.40982

-3.99643

-5.60086

-7.2052

-7.28393

-6.9262

-4.31976

-3.55992

-2.55541

-4.50372

-2.76856

-3.35812

-4.53504

-3.023

-4.73233

-5.05743

-2.60321

-2.62635

-2.72589

-3.27985

-1.66411

-3.01465

3.36033

3.02519

2.34068

1.97677

2.29724

3.24018

3.90103

3.28003

1.41652

1.99551

0.28036

-0.9155

-0.63916

0.55556

0.3671

0.68702

-2.79345

-0.1992

1.23845

0.21602

-0.51897

1.53927

-0.2252

0.82065

-3.03742

-3.31717

-3.17433

-0.41873

-0.66431

0.88408

1.80433

1.9891

1.80641

2.68633

0.50736

2.49141

2.8802

3.8281

3.12864

2.40845

-2.53331

-1.33539

-1.3502

-2.57791

-3.77458

-4.68618

-2.51418

-0.38712

-2.58164

-4.72054

0.13949

0.95679

0.15051

-0.51496

-2.02507

-0.21783

1.18523

2.73603

-2.58516

-2.25812

-2.36134

-0.74756

-0.52769

0.8565

1.81012

0.23299

1.6847

3.14513

3.39728

2.7693

0.04019

-0.19646

1.11821

-0.36044

-0.97403

0.69018

-1.41001

-1.33891

-1.48287

-2.35522



Rhodacycle-y-2°

P

P

\l,O

v

Si
1 | g
‘Rh

\\\
~
H

©=-3,236.867011 Hartrees

-2.44918

-3.44838

-3.6507

-2.86134

-1.85981

-1.65346

-4.34032

-4.67744

-3.00203

-1.23052

-0.2108

-2.27678

-3.25311

-3.26039

-2.28868

-1.24943

-1.27533

-2.27786

0.16644

-0.50781

-4.35383

-4.33428

-4.96048

-6.02892

-4.78889

-5.10418

-4.91154

-6.16839

0.37779

-0.91735

-1.11489

-0.02172

1.26968

1.46889

0.53147

-1.77536

-2.12792

2.11829

0.03832

-0.52436

-0.20508

0.7239

1.33981

1.03969

-1.49407

-0.95581

0.96327

2.07938

1.78071

-1.52201

-0.65316

-0.16537

-0.47246

-1.35415

-1.8618

-1.92339

-1.67825

-2.55372

0.64328

-0.16397

0.77836

0.55226

1.79532

-1.81779

-2.86016

-1.64855

5.94874

5.49149

4.24231

3.42585

3.88688

5.14056

6.9228

6.10468

3.88568

3.25219

-0.55826

-1.33446

-2.67343

-3.31498

-2.54369

-1.18992

-0.95133

-3.18364

-4.3626

-3.02433

-0.29817

3.50469

3.07223

1.76785

0.83505

1.2724

2.57524

4.5114

0.11778

2.89565

1.58422

3.75772

2.87399

2.79972

3.24952

-2.1183

-2.3984

-1.91638

-2.32068

-2.06244

-1.4771

-1.13275

-1.42127

-2.0044

-2.77645

-2.32353

-1.32696

-1.19925

S74

2.47969

-1.94609

-2.52458

-2.02564

-0.92827

-0.35495

-0.85994

-2.34088

-3.36857

-2.50363

0.47314

-0.40738

2.69822

2.04774

1.23651

1.06549

1.74509

2.5421

3.32827

2.17075

0.74645

1.66099

3.05164

-2.13211

-2.3579

-1.67195

-0.73629

-0.51796

-1.21416

-2.67485

-3.07301

-1.86591

0.17042

-1.04662

1.62199

3.13138

4.73742

5.36338

5.51927

6.75006

2.8718

3.13759

5.95375

4.5495

6.17149

547818

2.74057

3.34071

3.07736

222157

1.62883

1.87942

2.9414

4.01537

3.54068

0.94428

1.39758

-5.19701

-5.3468

-4.32561

-3.13253

-2.9856

-4.01037

-5.9928

-6.26053

-4.4628

-2.06108

-3.8736

-3.48124

-3.98133

-3.44551

-2.41489

-1.92066

-2.44813

-3.89098

-4.78455

-3.81994

-1.09745

-2.04206

0.22498

1.07713

1.05537

0.19711

0.99243

-0.12727

2.887

0.09643

0.37636

1.36339

1.85468

-2.21456

3.9304

2.8089

1.53283

1.35876

2.49202

3.76715

4.92224

2.92597

0.67909

2.36232

4.62857

1.82333

0.59897

0.09792

0.81642

2.03715

2.54326

2.20982

0.02444

-0.85879

2.59225

3.4928

-3.50709

-2.22044

-1.13171

-1.31773

-2.60918

-3.69807

-4.35404

-2.06458

-0.1311

-2.76093

-4.69094

-0.46537

1.08101

0.60075

-0.35877

-1.66322

0.21772

1.58097

2.71851

-2.45758

-1.99867

-1.49072



7.34251

1 7.28788
1 6.65043
1 3.52913
1 3.13644
1 1.84333
1 2.16835
1 3.51147
1 3.83528
6 4.57781
6 3.16082
1 4.53431
1 521212
1 2.61766
1 2.77997
6 3.14724
1 3.92401
1 2.19371
1 3.32567
TS-RedElim-y-2°
< e,
Si.
RN
( PR
P” H
©=-3,236.851472 Hartrees
6 25145
6 -3.47624
6 -4.09289
6 -3.80363
6 -2.84828
6 220218
8 -3.9416
8 -4.96465
1 -4.28601
1 -2.60958
15 -0.81987
6 -1.21013
6 -2.44401
6 -2.79868
6 -1.95221
6 -0.65742
6 -0.32822
1 -0.93368
15 0.59795

-0.72175

0.80098

-0.68789

3.11248

3.56573

3.10174

0.03942

-0.91749

0.60865

-1.12364

-1.13091

-1.58552

-1.78963

1.35249

-2.12746

-1.02371

-1.66987

-1.36112

-0.01146

-0.54499

-1.31821

-0.95886

0.23418

1.05485

0.69597

-2.54351

-1.94159

0.52374

2.00104

1.74042

-2.24554

-1.66618

-1.11245

-1.06479

-1.64559

-2.22308

-2.70218

-1.46744

-0.48636

0.43243

1.15253

2.42931

0.76638

1.88384

3.22466

2.56021

3.39277

-0.53325

-1.12657

0.46197

-1.14262

-0.94388

-0.88037

-2.66221

-3.10445

-3.08079

-3.03274

-0.26829

-0.89577

-2.09001

-2.71373

-2.08883

-0.89912

-0.48704

-2.4812

-3.64003

-2.55756

-0.24241

3.52576

3.336

2.10939

1.01538

1.19873

2.43017

4.46893

-0.16029

S75

0.63661

-4.09666

-3.49579

-4.49364

-5.45591

-4.55266

-4.88799

-4.54455

-5.87251

-1.56941

-2.23939

-2.0169

-1.10835

-0.43195

-0.66674

-1.74392

-2.93715

-2.54824

0.28953

-0.13518

-2.16748

-3.13119

-2.74533

-1.38717

-0.42831

-0.81498

-2.46975

-4.18678

-3.5003

0.61976

-0.05827

3.92843

3.15839

2.13206

1.86341

2.67861

3.68227

4.72044

3.34987

1.54551

2.545

4.2889

-1.71221

-1.70334

-1.01423

-2.69294

-0.66239

-1.57701

-0.79904

-1.31838

0.19509

-2.9621

-3.89678

-3.08996

5.67936

5.47236

4.30824

3.34072

3.56338

4.71867

6.5854

6.21783

4.16514

2.82946

4.87293

2.82589

2.50294

2.15456

2.1341

2.46832

2.80847

3.0903

2.52666

1.87966

2.45309

3.05647

-4.63854

-4.73019

-3.81463

-2.77776

-2.67108

-3.60408

-5.35649

-5.52006

-3.91415

-1.84212

-3.50471

-3.21258

-3.91225

-3.40031

2.56031

2.16877

4.21192

3.5381

3.58727

4.00106

-1.47588

-1.93457

-1.00865

-2.6321

-1.42581

-0.68716

-1.13852

-2.34881

-3.09401

-3.20553

-1.05463

0.24694

-2.69461

-4.02882

4.07752

3.11872

1.82386

1.4704

2.435

3.73187

5.08691

3.37588

1.09507

2.16646

4.4705

0.6768

-0.48211

-0.72511

0.18308

1.32436

1.58094

0.86853

-1.20305

-1.63041

2.008

2.47604

-3.8009

-2.59019

-1.49224



6 -0.31045

6 -0.31202
6 -1.01605
1 -2.26291
1 -2.23798
1 -1.03114
1 0.21509
1 -1.02699
45 1.26514
14 3.21152
8 4.89403
6 5.52988
6 6.78158
6 5.96092
6 3.19704
6 2.65181
1 7.36023
1 6.52106
1 7.41422
1 6.41229
1 6.68762
1 5.0981

1 3.93046
1 3.45886
1 2.20697
1 1.64175
1 3.36565
1 2.70102
6 4.51442
6 3.43498
1 4.03299
1 5.05412
1 1.54466
1 2.71362
6 3.96902
1 3.14745
1 4.5873
1 4.59396

~ | e
Si
( PR
P TH

TS-OxAdd-y-1°

-2.19011

-1.50241

-2.00815

-3.60437

-4.85408

-3.93092

-0.55489

-1.45689

0.85007

1.51485

1.24708

0.16083

0.71274

-0.87599

3.40261

0.76854

-0.09813

1.42978

1.22239

-1.7539

-0.43682

-1.21241

3.72931

3.8555

3.7755

0.35316

-0.00082

1.56449

-0.45289

0.55213

-1.32524

-0.81542

2.34548

-0.01366

1.6961

2.2559

2.40203

1.28987

-1.59772

-2.81828

-3.91301

-4.65122

-2.50063

-0.5452

-2.89391

-4.8486

-0.5546

0.74146

0.79038

0.12341

-0.57633

1.17107

0.87224

2.42226

-1.03266

-1.35636

0.15689

0.69503

1.86152

1.74853

1.61858

-0.08843

1.15053

2.43474

2.7299

3.17691

-0.88399

-1.30741

-0.436

-1.77114

-0.92306

-1.92299

-2.18662

-2.63839

-1.62682

-2.99563

S76

G°=-3,197.600153 Hartrees

-2.22684

-3.24974

-3.17539

-2.06676

-1.02263

-1.07375

-4.45316

-4.32373

-2.00425

-0.1477

0.40896

-2.98372

-3.5999

-3.33505

-2.42155

-1.7838

-2.07292

-3.19709

-0.46235

-1.58609

-4.10091

-4.53379

-4.81112

-5.88677

-4.4591

-5.13345

-5.26192

-6.10014

2.89008

1.99837

1.22254

1.33611

2.24573

3.0086

3.49628

1.90923

0.55186

2.3736

3.7102

-1.45102

-1.86157

-1.32234

-0.34057

0.06501

-0.65507

-0.47779

-0.89653

-1.55797

-1.78458

-1.35471

0.14657

-0.5523

-1.89086

-2.31598

-1.56297

0.86681

-0.25634

-0.71291

-0.11085

1.06499

1.52424

1.2302

1.84045

2.4191

-1.82072

-1.06309

-2.10964

-2.13805

-3.06483

0.15484

1.19098

-0.35198

-4.8784

-5.25082

-4.28723

-2.93386

-2.56848

-3.53151

-5.62929

-6.29396

-4.59849

-1.51722

-3.22658

-3.47869

-3.93083

-3.36932

-2.36989

-1.92413

0.74415

1.659

2.98379

3.4631

2.54829

1.21698

1.4391

3.6489

4.49265

2.90095

0.1143

-3.27136

-2.76555

-1.47639

-0.6319

-1.13364

-2.42317

-4.26993

-0.10197

-2.7917

-1.21278

-3.36312

-2.42222

-2.21425

-2.83044

2.69902

3.03439

2.5945

2.26682

1.26081

0.612

0.95424

1.96111

2.61881

2.76553

0.97043

-0.17993

2.1992

3.38996

-3.69787

-2.44054

-1.28321

-1.36963

-2.63505



-0.49008

-1.88172

-2.61006

-1.67965

0.80383

-0.17509

0.54878

-0.31418

-0.65762

-0.13426

0.75034

1.07965

0.81377

-0.72338

-1.32746

1.18997

1.76085

-2.62368

-3.27891

-2.6501

-1.3477

-0.69358

-1.33213

-3.12129

-4.28308

-3.1757

0.3049

-0.82513

1.58506

3.49428

4.93034

5.26677

5.13118

6.73435

3.70179

3.55175

5.42176

4.10156

5.77249

7.11449

7.3488

6.83511

3.85507

2.8281

4.57791

-2.47004

-3.90756

-4.71465

-3.69227

-1.13156

-2.10617

5.79676

5.84718

4.67816

3.4419

3.40486

4.57002

6.70812

6.79903

4.73502

2.45726

4.52148

2.86295

3.11025

2.81406

2.29151

2.05278

2.33229

3.07891

3.52586

2.96816

1.62406

2.12838

0.42143

-0.55808

-0.19811

0.96811

0.62587

1.27057

-2.40767

0.2745

1.4758

0.35198

-0.22708

2.10902

0.38852

1.51825

-2.97648

-2.82252

-2.5526

-3.79301

-4.59826

-2.36039

-0.3102

-2.70328

-4.76661

-2.33028

-1.23492

-0.55139

-0.9533

-2.04723

-2.73777

-2.85852

-0.90794

0.29957

-2.34909

-3.58243

3.87332

2.66316

1.4537

1.44508

2.66187

3.87092

4.81446

2.66166

0.51614

2.64858

4.80945

-0.02699

-0.91056

-0.1018

0.65701

2.14887

0.32327

-1.25116

-2.64042

2.7764

2.39605

2.38963

0.91705

0.5257

-0.7381

-0.33178

-1.76482

-1.89452

S77

1 4.53456
1 2.79248
1 3.40119
6 4.39749
6 2.90076
1 4.52427
1 4.84721
1 2.73064
1 2.6149
1 2.38396
~ | .0
Si
Prg™
P” H
Rhodacycle-y-1°
©=-3,197.618330 Hartrees
-2.37288

6 -3.27874
6 -3.42316
6 -2.67069
6 -1.76533
6 -1.61447
8 -4.12415
8 -4.36564
1 -2.77018
1 -1.16584
15 -0.24408
6 -2.34893
6 -3.32795
6 -3.28823
6 -2.26515
6 -1.21995
6 -1.29366
1 -2.3878
15 0.26659
1 -0.52057
8 -4.39558
8 -4.45544
6 -5.08127
1 -6.12999
1 -4.99063
6 -4.80318
1 -4.5397

0.08623

-0.1472

1.3576

2.18714

2.15402

2.32689

3.07185

2.46106

0.61415

2.88597

-0.03917

-0.64821

-0.30251

0.70408

1.36553

1.03372

-1.68601

-1.10295

0.96977

2.16498

1.81775

-1.70886

-0.85283

-0.3231

-0.57397

-1.43395

-1.98799

-2.14446

-1.6502

-2.66647

0.45959

-0.41918

0.51672

0.23646

1.52771

-2.01608

-3.03836

-3.09139

-3.30925

-2.59826

0.26569

0.60362

-0.81444

0.74018

1.64189

1.10859

-0.02006

-0.63544

-1.48729

-2.82725

-3.39203

-2.54389

-1.18956

-1.18433

-3.41815

-4.43802

-2.96298

-0.22455

3.38622

2.93451

1.64699

0.75386

1.21534

2.49754

4.37783

0.13122

2.83339

1.43563

3.58151

2.69148

2.54748

3.10843

-2.40138

-2.69656



-5.88482

0.10116

-1.16363

-1.28675

-0.14754

1.1118

1.23639

0.19663

-2.05541

-2.27769

1.99274

2.22325

-1.99269

-2.6434

-2.14669

-0.9803

-0.33141

-0.83519

-2.3872

-3.54141

-2.68381

0.55642

-0.32495

2.94778

2.38078

1.5296

1.23697

1.82792

2.66559

3.60931

2.59989

1.10106

1.64042

3.10792

-1.60871

-1.98172

-1.42635

-0.47388

-0.09461

-0.66579

-2.05194

-2.70976

-1.73838

0.63991

-0.37609

-1.90927

6.08295

5.56047

4.2829

3.50479

4.02912

5.31121

7.0794

6.14505

3.87579

3.42066

5.69943

2.4604

3.04703

2.87678

2.12992

1.55346

1.71025

2.58657

3.63899

3.3189

0.95598

1.24302

-4.96687

-5.16375

-4.2027

-3.02385

-2.82956

-3.79489

-5.71569

-6.06755

-4.37355

-1.91345

-3.62297

-3.59283

-4.04625

-3.46757

-2.44324

-2.004

-2.57113

-4.03451

-4.84664

-3.80173

-1.21136

-2.21137

-2.25596

-2.08804

-1.80325

-1.26088

-0.9851

-1.30349

-1.84454

-2.51016

-2.01154

-1.09255

-1.1422

-2.0796

4.05213

2.96336

1.67118

1.44869

2.54967

3.84096

5.05625

3.11963

0.84173

2.38043

4.67802

1.99376

0.73496

0.18409

0.88554

2.14447

2.69969

2.41954

0.1735

-0.79656

2.68973

3.67675

-3.65636

-2.38725

-1.24692

-1.36335

-2.63925

-3.7797

-4.54428

-2.28575

-0.2621

-2.7404

-4.76244

S78

45

| .o
S

PRy~

P” “H

1.59659

3.22472

4.77762

533127

5.40389

6.74375

3.00435

3.34434

5.83329

4.40649

6.02809

7.27798

731415

6.69073

3.7122

3.20819

1.99408

2.41644

3.65946

4.1147

4.50869

3.0791

4.49373

5.08534

3.10541

2.51379

2.66308

TS-RedElim-y-1°

©=-3,197.602789 Hartrees

-2.42483

-3.35332

-3.4015

-2.51831

-1.58012

-1.52692

-4.31892

-4.40023

-2.54211

-0.86828

-0.1138

0.31717

1.14867

1.11706

0.19579

0.9122

-0.12536

2.94697

0.15878

0.25922

1.22202

1.80672

-0.77515

0.79977

-0.62774

3.15388

3.6537

3.13898

0.14868

-0.87079

0.64581

-1.10824

-1.00257

-1.56633

-1.7984

-0.68048

1.46385

-2.01584

0.20034

-0.25165

0.19038

1.13786

1.63573

1.20917

-1.20635

-0.46122

1.47407

237613

1.76023

-0.4983

0.91615

0.28817

-0.66157

-2.01781

-0.15488

1.47252

2.54007

-2.78604

-2.33862

-1.9297

-0.85669

-0.02894

0.81623

2.28413

0.6647

1.84851

3.12099

2.36142

3.15096

-0.75174

-1.28821

0.24623

-1.38807

-2.3399

-1.08216

-1.27662

-0.72225

-1.6457

-2.96351

-3.4352

-2.51549

-1.18117

-1.4433

-3.64001

-4.46525

-2.86219

-0.12231



-2.67626

-3.58112

-3.46165

-2.42652

-1.46301

-1.6109

-2.77536

0.04901

-0.88105

-4.5005

-4.69599

-5.21158

-6.27679

-5.04232

-4.95601

-4.75312

-6.03257

0.69787

-0.59941

-0.8539

0.1869

1.48628

1.73857

0.89546

-1.4155

-1.86425

2.3033

2.75321

-2.00661

-2.52321

-1.96907

-0.88414

-0.36733

-0.92676

-2.44456

-3.35882

-2.39421

0.45697

-0.52439

2.28597

1.57343

0.86277

0.86226

1.60194

2.29787

-1.68642

-0.74697

-0.15633

-0.43152

-1.38691

-1.99256

-2.15919

-1.65228

-2.72188

0.71821

-0.26501

0.77032

0.59449

1.74573

-1.40294

-2.42155

-1.22321

6.21742

5.70986

437171

3.51333

4.03226

5.37458

7.25997

6.35428

3.99064

3.37377

5.7555

231151

3.03183

2.88502

2.02045

1.31077

1.44957

242123

3.7111

3.43934

0.62773

0.87869

-5.20481

-5.44036

-4.40647

-3.1189

-2.8885

-3.92315

3.19932

2.75857

1.50253

0.63036

1.08049

2.33182

4.16953

0.04615

2.66124

1.30342

3.39454

2.54507

2.36287

3.01945

-2.71065

-3.0632

-2.6093

-1.24424

-1.34439

-1.04525

-0.64817

-0.5642

-0.85352

-1.47716

-1.65936

-1.15063

-0.28919

-0.78066

4.10618

3.02556

1.75433

1.54752

2.63865

3.90884

5.09417

3.17275

0.92614

2.46738

4.74048

2.05362

0.87745

0.26206

0.81583

1.98862

2.60998

S79

2.83834

1.56928

0.31651

1.64128

2.86662

-1.85328

-2.30162

-1.73534

-0.69623

-0.24951

-0.82982

-2.30547

-3.0987

-2.11155

0.52662

-0.4892

1.51969

3.86042

5.09497

5.45898

4.91351

6.98772

3.26528

4.63439

5.24822

3.82147

5.27478

7.32776

7.40728

7.37333

4.16258

2.80795

2.56276

3.92731

4.99402

5.4848

4.85171

3.4491

5.51407

4.82461

2.70304

2.42533

3.2592

-6.0105

-6.43161

-4.60589

-1.88546

-3.72341

-3.18244

-3.69459

-3.25065

-2.30622

-1.80171

-2.23351

-3.51727

-4.43296

-3.62301

-1.04158

-1.82043

0.22999

0.13737

0.93366

0.37979

1.28768

0.32106

1.45876

-1.12899

0.94073

1.30672

2.30937

-0.14149

1.32979

-0.26135

1.7823

2.32783

1.0506

-1.43001

-2.03923

-0.65283

-1.04272

-1.11577

-1.72628

-1.39096

-0.93456

1.46371

-2.11744

2.52847

0.43278

-0.65295

2.40349

3.51315

-3.91243

-2.69085

-1.49629

-1.51134

-2.74029

-3.93424

-4.84169

-2.66814

-0.54806

-2.74824

-4.87907

-0.2909

0.95325

0.11444

-1.15874

-2.2704

-1.21764

2.18504

2.15492

-3.25461

-2.25202

-2.1183

-2.15107

-1.15676

-0.37535

2.73038

1.71386

2.91622

2.93539

1.66562

2.65717

-1.23399

-0.57528

-0.68994

-2.27351

-1.38997

-0.67935

-0.18889



References
1 Esteruelas, M. A.; Olivan, M.; Vélez, A. Inorg. Chem. 2013, 52, 5339.
2 Qadir, M.; Priestley, R. E.; Rising, T.; Gelbrich, T.; Coles, S. J.; Hursthouse, M. B.; Sheldrake,

P. W.; Whittall, N.; Hii, K. K. Tetrahedron Lett. 2003, 44, 3675.

S80



Copies of NMR spectra

OH

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0

10.0

6L9L—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S81



OH

MeO

MeO

:
_J

= =560

||\! F2s'9 e

'

£

8¢9
9C'y
GES[

009
80'FL

oroz—
e
165z
€206~

256E—
we'Lr—

99'85—

£8CL~
06—

40 30

50

180 170 1860 150 140 130 120 110 100 90

180

200

S82



OH

— o
S 5 2
00 95 9.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 45 40 3.5 3.0 25 2.0 15 1.0 0.5 0.0
9 o - 8Igy
o - o was o o
~ wn o« [ RS o ot
i ~\ A
1
e sl b U s e
0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S8&3



OH

Ph

(g ———

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

9.0

9.5

69'6Z—
1zsz”
LP6Z—

S LE—

8Lrr—

0E'es—

LEbl—

90924,
869zL—
srazl”

v ivi—

i¢0 180 170 160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10

0

S84



OH
tBu

)0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

71.51

—51.04
—48.04

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S8&5



OH

Me

— — W
- E—
— -

— — &

66'¢C
006
v6'¢
0L'S
L'y

45 40 35 30 25 20 15 10 05 00

5.0

55

6.0

85 80 75 70 65

9.0

9.5

SZrl—

N
99T
1r8e~>

0s°LE
mh‘_.mv.
Brr—

PBeS—

Wyl —

10

40

60

70

120

130

180

190

200

90

S86



OH

Ph

nBu

i

|

Fos'L

S0'€
60

0.0

50 45 40 35 30 25 20 15 10 05

55

95 80 85 80 75 70 65 60

0.0

8TrL—
6EEZ
N
e
G598~
o

0g'LG—

L29L—

1852,
Zr'8zh
wszl

28Trl—

180 170 160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10

190

S87



OH

Ph

v8'S
Hert
bgoz
00k
6%

Eire

oot

r80'T
60T
9T'e

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

9.5

0.0

ETFI—
9ETT—

6£'6C—
85 bE—

8Tkb—

E£SES—

CO'EL—

56'STT~
6921
8e'8z1/

WPt —

s

10

20

30

40

50

60

70

80

a0

100

200 190 180 170 160 150 140 130 120

210

110

S&8



OH

Pr

U

——

If

|

U

f

\

00'€
£e'e
Egi¢

[ees

FLoe

Feoe
Fooz

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

9.5

0.0

bvlb—
6LLL—

0192+
¥Sle

om‘_nv.
69°GE—
SZ0P~.
POEP~

0€'LG—

°C9L—

LOGHE
mr‘m:.v.

wn.mm_‘
Y86k v.

LLBEL—

e 091~
gee9l—

40

50

920

T
160

T
190

S&9



OH

Cl

Pr

— E10¢

/]

I

— Roz'6
— BRgie
Fozg

) JJ

Fvoz

) y007T
——= %07

Lvl—
eTil—

9862~
SG'LE

Fm._mv.
98'6e—

620F~_
20EP~_

0g'15—

Le9L—

IRTARN
1862L—
£51EL""

00kPL—

10

20

40

60

70

90

180 170

180

00

100,

S90



OH

F3C

Pr

R —————

3
B —

LZ'e
Y6
heze

wmrm

Fvoz

=66’}
Fooe

70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

7.5

90 85 8.0

9.5

0LPl—
STLI—

126z
Sg'ie

E._mv.
LE'98~
LE0b~
20~

0g'lS—

029.—

Erect
€EGCh
wmmNFV.

CL'8TL-7
mm.mw_.\v

cLovl—

bk

120 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10

200

S91



OH

Pr

J

|

L

42>
0€'6
060
ve'e
608
10'E
Le

Tooy

Fos'L

F/6°L
g6l

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

9.5

IR IEN
8L/~
0081~
06'52~
879z~
£v'8z
¥51E

:ﬁm%
ro5e
601

poer

62°15—

9L719—

L8'9L—

rvbl—
226 —

6L~
SPpelL
mm‘ﬂmpu.

[ AR Rl

40 30

50

80

90

120

180

190

200

S92



OH

MeO

N

Pr

—

D

Eg0'¢

= 5

Hr .
Fles

Fs6'1L

Fooe

Fee'1L
o6l

0.0

1.0

1.5

25

3.0

3.5

4.0

45

5.5

6.5

7.0

75

85 8.0

9.0

9.5

(234
LVLL—

879"
€5'LE

08 —mv.
296e—"

LE0P~_
E0'EP~

8215 —
6E'66—

§T9L—

6LELL—

LE6EL—
0L ¥EL—

8LL51—

40

50

90

T
120

T
190

r
200

S93



OH

BnO

Pr

— F0l'E

— Rize
——— ke

= fees

—= Fl02

———— = Hioe

002
— Mlo.m
— fs60

e

16°L

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

9.5

1.0

€LY~
Ll —

9292
¥S'le

—m‘—mv.
S9'6E—
8E 0¥~
POEP~

815 —

€L0L—

92°9.—

8L v —

89221
A
998z 1
ov6zl
S.mﬁw
Nm‘hm_‘

PO LSL—

20

40

60

130

160

180

190

200

50

100

S94



OH

TBSO

Pr

Fooz

+G6')
5202

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

9.0

9.5

PLYVL~
BL°LL~—~
9581~
L9z
SSLE

Nm.FmV.
e oe—
EF0b-~
SOEr~

0Ehs—
00'69—

Le9l—

SZ9Zl~
982l

€6°8E1L—
@l —

40

60

20

150

180

190

200

S95



Pr

E
-

T iy T T T A,
o ~ o — =]
o < < T © Mo
r T T T LA} T A% ] T T T T T TON T T T TN T T i L"Zlmar T T

00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

o o 0o
@ =] ~ o= ~ o © Dem@m @ O
5} ] [ KX bt @ N @on~n 0 N
© < NN © o - NOWe = W I~
- - - ~ © 0 TTOmM®m o =

S PSS TN

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S96



OH

Pr

E—

3

iy

——

—

e
h 6¢
begz

Fw

F g6

19 I

4.0

75 70 65 60 55

8.0

45

50

ico

200

250

S97



OH

MezN

Pr

/I

Fe6'L

lo'e
SL'e

1.0 05 0.0

15

2.0

25

45 40 35 3.0

5.0

55

6.5

85 80 75 7.0

9.0

9.5

89 L—
8l 4L~
0092
—m‘—m./
8/1E
68°5¢
EEW
LL9E
e
sezr

v ls—

0Z'9.—

85°LEL—

9L'62l—
Zreel—

65°6PL—
12§51

10

40

60

120

180

180

200

90

S98



OH

f
s ol

90 85 80 75 70 865 60 55 50 45 40 35 30 25 20 15 10 05 00

9.5

).0

8E8L
S‘E/
TN
96T~
¥Z'9z—
se8ef
1062

SE'GE—

—@dm
G8°0s >

KEeL—

20

40

50

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

r
200

S99



= §0°9)

+6107
- 8r'g
90y
koo
€19
00T
roory
01
o'

E ooy

I 560

2.0 15 1.0 0.5 0.0

2.5

3.0

4.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

9.5

10.0

0 1el—

65 THT—

-10

30 20 10

40

170 150 130 110 9 80 70 60 50

190

210

S100



Et,
Si
o |

I

Hkr

it

i

88°0)
07
£6°¢
90°T
50°Cr
66
LT
06
L6°¢]
07
00°F

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 50 45 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0

10.0

6L°9L—

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

190 180 170

200

S101



OH

OH

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 20 15 1.0 05 0.0

10.0

LT°69—
Ebbi—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S102



OH

OH

MeO

MeO

oo

10T
Wmi
00°€
Rerg

ket

€01
£1°9
20
Figo

9.5 9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 05 0.0

10.0

69°61
A .QNW
84702
50°0E
hode
9T'1E
b6'LE~
15°0b-—
68°Sk
ﬁm.va

L5°85—

6269,
192
LET
vl

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S103



OH

OH

Fooe

or'1
va.m
9T

w‘mc;

sot

LT'T

160

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

9.5

0.0

€161 —
£
mm.NNM
v8'sz
sgoe
8656~
00—

8T'8r—

CT69~
b 1L~

90 80 70 60 50 40 30 20 10

100

200 190 180 170 160 150 140 130 120

210

110

S104



OH

OH

Ph

L2

o

L@

o

‘“Au rizel @

- —— .
— — e .
—_— — IN!

— — w«vm.m
;J I

)

~ —=— kot

Le

«©

— = Foot|

= LU FEOL @

— ———— Foee _

IE

L@

=t

L2

w

L

w0

Le

0

L@

w

L@

— — — §66°0 =
o= | v

B 62 L0

e

«

LW

<«

Le

(o2}

L

(=2

o

- o

0g6l—

97 62~
mv‘mw\
90'LE

gce/
[
12—

66'05—

9E'69~
vZoL"

S09Zin,
15921
erezi

SELlrl—

20

40

50

90

160

180

200

S105



OH

OH

tBu

Foo'T

i YA

0.0

0.5

4.0 3.5 3.0 2.5 2.0 15 1.0

4.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0

10.0

wiT—

8T

oA
b5'97—
65227
€7
€6'5e—
99'€

vzor
96k

arss

€L49—
6k 0L—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S106



OH

OH

Me

HOE
re6z
sTE

a0

56T
Lso'1

9.5 9.0 8.5 8.0 75 70 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

10.0

PP —
87T

ou.mw//
€072\
078
5587

eboE—

06"+ —
S9'06—

PO TL—
86°CL—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

S107



OH

OH

Ph

nBu

£0€
MS.@
507
B0
$0'S
80°€

Fooz

154

+9°0

16T
o0z

95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

10.0

LTHT—
ETET
6097\
019z~
1847
mm.RN
9£'9E
mv.mmV
00°0b—7
rop’
°5'8b—

STTL—
86'GL—

98T~
LE8TT
vv.mmﬁv

9ETPT—

20 10

30

190 180 170 160 150 140 130 120 110 100 20 80 70 60 50

200

S108



OH
OH

Ph

e

s JIr )

\
4‘\

|
JE B U wﬁkvj HUAU”]HLJ (N

. T b L e B
o 0 - @ — O~
< 2 < @ o e
r T T T T LI~ i T T T T T T T T wr LI i or T T
00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
3 238 0 - @ ¥ vamos ®  ©
5 €88 N = % ¥ Sacoan o
s ooa N by ? ¥ 88588 9 o
| S | ol OSSNV
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S109



OH

OH

Pr

S6'T
S6'T

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

9.0

9.5

0.0

85T
m.:%
[A%T4]
LELT~,
68'LT
mmmmuw
TH'9¢
mm.mm\
L
658t~

0T'TL—
18'6L—

S6FIT
[AR8¢

89°6¢CT
vm‘m.wﬁv.
£6°LET
mm...“mﬂv.

LT09T~
17791

30 20 10

40

170 150 130 110 9 80 70 60 50

190

210

S110



OH

OH

Cl

Pr

F90¢
158z
THHOE
e

For

TFooz

Fsoz

8L
EELT

0.0

0.5

1.0

9.5 9.0 8.5 8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20

10.0

65 FT—
STLT—

88°52_
bLLT~
e6vz’
0056
1o/
mm,mﬁ\\
697k

09'8b—

oT'Te—
9L°6L—

[
16—
e

8L0FT—

190 180 170 160 150 140 130 120 110 100 = 90 80 70 60 50 40 30 20 10

200

S111



OH

OH

F3C

r

P

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.0

SSPT
9TLI~:
1452
mm.R/
LT
61°9€
om.wmw
S.E‘.\w
L9t
19'8p~

-
£L'6L—

0€'€2T
17°521
2SI
£2'STT
0€'szT
outTa:
soset-f
€8zt
12°8g1d
6b"9bT—

80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50

0

110

130

150

170

190

210

230

250

S112



OH

OH

Pr

VL A

Ny

60°E
S60°€

e
Rpoe
it

£6'C
Wom.m
£€6'T
Noo,m
66'T
=00¢

602

180

=68'T
=61

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0

10.0

65 BT~
61T~

el

€642
gege-t

SP'SE-—
vv.mm\\\
L00F

srer’
Tb'8b—

699"
STTL—
809/~

WHIT—
99'61T—

ST6LT~
6T HET
6E'VET

8T°48T—

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70

200

S113



OH

OH

Pr

)

S

Bere
€09
hire

Hﬂmﬂ.m

Fooe

1T

FETE

ES6'T
Fi6T

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.0

09°FT—
0zLI—
9z

cm.RW
FoyEs

9'sE—
mv.nmw
900k

o
158

6C'S5—

L=
S6'GL—

9L ETT—

60°62T—
LbPET—

PLLST—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S114



OH

OH

BnO

Pr

H

(o]

LA@L

=0TE
Aeoe
1687

“e1T

Fsoe

Leoe

80°C

SET

Fooe

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 _ 50 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

10.0

£9'%T—
wit—

1692
mm.RW
672

T1S°SE—+
mw,mmm
80°0F

veee’
$S'Bb—-

80°0L—
v1127
1650

9L PTT—

€51
96212
zoge1f
vE'6L
08'bE1,
bz LT

20'48T—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

S115



OH

OH

HO

Pr

66T
E907

9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

0.0

19%T—
YCLT—

009~
SLLT
16'LT

+0'9E-~
mm.wm.\
mm,om*
99t

+9'8b—

mmfm\.
LOTL~
[ARTAN

07421~
95'87T-"

7S8°8ET—
LTI —

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10

200

S116



J\

s LS s T e
2 « @ N~ 0~
< @ - QoM
T ot ~—T T T o T T O
00 95 90 85 80 75 70 65 B0 55 50 45 40 35 30 25 20 15 10 05 00
© o @ ©© @ @ CROONNTO-ITOT g0
e 3 ooy € 8 FIT8II3nd8 Il swow
| I S~ | | AV TSNY NN e~
I
I
]
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

S117



Et,
/S.
o 1
Pr
I

U

I

5

3.0

3.5

4.5

55

6.5

9.0

9.5

¥8'9
189
£5'8
o5/
1871~
64 L~
0z€Z
2092
mmpmk
SrLE
mm‘vmW
667
S‘emﬂ
91'6e
ve'Lp
£9vp
o8

2T —

EBCL—

2orl—

FLBrE—

8ELLL—

10

20

60 50 40 30

70

180 170 160 150 140 130 120 110 100 90 80
S118

190




Et,
Si
o |

r

P

F 671
961

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0

10.0

b9
8491
Nv,mW
S8
8L PT~_
8T LT~
0T’z
5657
ZETE
8T'bE-|
0EPE~
oAl
Sb9g]
E.omw\
08T
€5t
t58r/

989/ —

eI —
60'67T—
L9'6ET—

9F'6vT—

8T'S5T—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

0

S119



OH

OH
Ph OH

|

| |
ji )

P —

L ﬁ Mw PU UﬂU L,%

! T .
& - © TN
00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
With CPD prot ,,jr:A 3. Uss n s
TBIC 10201 ~ w0 S et

S120



OH

OH

————  F90¢
% 1T
1 +0'T
Ty ot
=== L6t
= 40T
————  F10¢

|
AMA_ 10T
—_— ¥60
- 0T

|
!/ beat

N

1

9.5 9.0 8.5 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0

10.0

PEBT~
SH 07—
oeze””
68LT~
60'62-"
09'€EE—
05'56-"

T0°0S~—
7915

S E9—

9T’ TL—

190 180 170 160 150 140 130 120 110 00 90 80 70 60 50 40 30 20 10

200

S121



[ =
- =3
|
I’
7 B=
.
- . N =Sy Bgzp| ©
— e[ =
— 807
= el
== Fsail
—— II‘M'L -
— — Feos
- -
|L4 | =i
|
= - ) |«
= Froap 2
72 08
1808
[ (=]
o
[ w
=3 7 69—
o TL—
[ (=}
— — Foil
[ w
=
- = [0l o
[
w
[
[ (=]
e
N
o -
Z <
[ (=]
~
J £ 051—
o
[
O - V6 9T —
| [ o
@) —— e  —ul
— —————————— T
) 1]
-4}
T | M
[ w
o
(=]
=
=1

S122




'f‘ 14 1 |
{ I |
/ / / [
r I/ 7l S ,‘-‘ [
| | il
f f ‘ | | J
| Mk LAY
I\ IR i
/ \\‘ ALY v \
A J S WAV U AW R e 1
T e, T e e ity
(=] @ m nmMrON=nmoONnNOUMOoON
3 &35 S5 rmmAN-858585
— =Rl MeN-MANOM T M~ O
‘ ‘ T T ‘ ‘ ‘ ‘ T T ‘ ‘ T ‘ ‘ ‘
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

T
250

150

S123

100

50



00 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

a N O WY W

in o ae®C

o o NN

h L0 MmN N -

b e
I A TR T S
210 200 190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 0 -10

100
f1 (ppm)

S124



ro
+ 00'f
- £0'9 °
™ og9 -
1207
~Te s
°
e~
o
<
<
- 5609
r o
r o
1 BN
o
" oo
=
o
o

65°G\
097

vO'PT —

(LT

|YAVAa

T6°€€—
¥8'9€ —

vyl —

T
45
f1 (ppm)

S125



b e RBm RS
@ QS a5
o N W OLW;nT
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
o) N o
N Yo ® oA
o n oo Q ®
N <+ M@ N O
| NN/ ~

T ——T T —T —T T —T T ——T — T ——T T T —T T — T —T ——T T
260 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60
f1 (ppm)

S126



.0
Fgi
Et' Et
o

4-[si]

PPh,

O
T
-3
L (pm)

PPh,
2

..|~.J" W L..l
: e
(421
™~
i
1

Cl
o) WP
Rh
PR
P7 L Isil
-
"t
8 S
=T
8

(

86°ZET |
ET°EET |
8T'EET |
SbEET |
ZSbET |
9" bET |

TOPET
S6'PET
mm.vmﬁx
€0°GET
p87CST
88°¢CST
€6°¢ST

90
f1 (ppm)

T T T T T T T
160 150 140 130 120 110 100

T
170

S127



,34.93
13439

131.40

(d)
.66|

Y >

WWMWMWMMMMWWW

T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -5
f1 (ppm)

In THF:

14.15
14.15

A (dt)
-14.02]

WWWWMWWA W 3 i P I

T T T T T T T T T T T T T T 1
-14.02 -14.04 -14.06 -14.08 -14.10 -14.12 -14.14 -14.16 -14.18 -14

f1 (ppm)

T T T T T T T T T T T T
-13.86  -13.88 -13.90 -13.92 -13.94 -13.96 -13.98 -14.00

S128



ﬁSi/o
Et

+si =

Et

PPh,

PPh,

0.0

0.5

10T
Job€E
~ogz e
Fozbt

7 8ET

=819 -
= 7 00°9

S LTE
F6sT [

Fo1e

L
T
3.5

4.0
f1 (ppm)

4.5

e
¥ L0T
7 61°C

o't

N 6bT

ﬁm@.m re

142.98

—

A (d)
21.47

-15 -20 -25 -30

-10

f1 (ppm)

S129



or P P _ O O s = Sg©
(_ RN (P = o Et Et

v g
P [Si]
PPh, PPh,
y | WJJ»% AN

0 — — 0 — = O o ™M T

n = ¢ =} N~ o N ™M
T USRS R T T T T T T T T T e B e LA T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5

f1 (ppm)

/33.20
132.01

193.43

(d)
.61

W >

T T T T T T T T T T T T T T
140 120 100 80 60 40 20 0 -20 -140 -160 -180 -200 -220 -240

S130



