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General Remarks

Unless otherwise indicated, all reactions were carried out with magnetic stirring and in flame-
dried glassware under nitrogen. Syringes used to transfer reagents and solvents were purged
with N2 prior to use. The following starting materials were synthesized according to previously
described methods: ketoesters,!!¥] esters S3as-S3av,®! alkenyl acetates.['>!*] Other chemicals
were obtained from commercial sources and were used without further purification. Yields refer
to isolated compounds, estimated to be > 95% pure as determined by '"H-NMR and GC-analysis.
Reactions were monitored by gas chromatography (GC and GC-MS) or thin layer
chromatography (TLC). TLC were performed using aluminum plates covered with SiO2 (Merck
60, F-254) and visualized by UV detection. Purification via column chromatography was
performed using Merck silica gel 60 (40-63 mm 230-400 mesh ASTM from Merck). THF was
continuously refluxed and freshly distilled from sodium benzophenone ketyl under nitrogen.
NMR spectra were recorded in CDCIz and chemical shifts (o) are reported in parts per million
(ppm). Mass spectra and high resolution mass spectra (HR-MS) were recorded using electro
ionization (EI) except where otherwise noted. GCs were recorded on machines of the type
Hewlett-Packard 6890 (Hewlett Packard, 5% phenylmethylpolysiloxane; length: 15 m,
diameter: 0.25 mm; film thickness: 0.25 pm).
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Optimization Studies

Table 1. Optimization for Cobalt-Catalyzed Silylation of Alkenyl Acetate 3a.!?!

CoBr;, (10 mol %)

L1 (11 mol %) CO,Et
COQEtJr PhMe,Si—ZnOPiv+Li,(OPiv)(CI) ’
OAc THF, 23°C,2h SiMe,Ph
3a 1a 9
R R R R
A @_@_ {/ \g ?/ \§ <// Q \?
Q_@ N\ = =N NZ
R=H; [Li L4 R=H; L5 Me gy Me
R=Bu; L2 R = Ph; L6
R =OMe; L3 Ph
L AN G
SN, T o oy,
=N N= Ph Ph Ph
L8 L9 L10 L11
entry modified conditions yield (%)
1 none 81
2 L2 instead of L1 40
3 L3 instead of L1 Trace
4 L4 instead of L1 80
5 L5 instead of L1 Trace
6 L7 instead of L1 Trace
7 Lu1 instead of L1 Trace
8 PhMe or NMP or MeCN 0-20
9 Under o °C 57
10 Col2 instead of CoBr, Under o °C 55
1 CoClz instead of CoBr, 62
12 Co(acac)2 instead of CoBr, 33
13 NiCl2 or FeCl2 or CrCl2 0-8
14 w/o [Co] o)

[a] Reaction conditions: 3a (0.25 mmol, 1.0 equiv), 1a (0.5 mmol, 2 equiv), CoBr, (10

mol %), L1 (11 mol %), THF (1.5 mL), @ 23°C, 2 h. [b] Isolated yields.



Table 2. Optimization for Cobalt-Catalyzed Stannylation of Alkenyl Acetate 5a.[?!

CoBr; (10 mol %)

L1 (11 mol %)
’ COEt | ("Bu);8n—2znCI-LiCl ’ CO2Et

MeCN, 0°C,1h

OAc Sn"Buj
3b 2a 8
R R R R

= = 4 N\

/\\/Me/\\/Meg/\§?/§ el

=N N =N N =N N= M ¥
R=H; [L1 L4 R=H; L5 © L7 ©
R =1Bu; L2 R =Ph; L6

R = OMe; L3 I';‘h

L ., QCx
z Ph. _Ph
ooty e of e K
=N N= Ph Ph L

L8 L9 L10 L1
entry modified conditions yield (%))
1 none 20
2 L2 instead of L1 12
3 L3 instead of L1 Trace
4 L4 instead of L1 18
5 LS5 instead of L1 18
6 L6 instead of L1 15
7 L7 instead of L1 0
8 L8 instead of L1 trace
9 L9 instead of L1 14
10 L10 instead of L1 18
11 L11 instead of L1 20
12 THEF, DMF, dioxane instead of MeCN 0
13 NiCly, FeCly, or CrCl; instead of CoBr» 0-8
14 under -20 °C (or -30 °C) 53 (0r 0)
15 25 min; under -20 °C 54
16 15 min; under -20 °C 66 (21)lc

[a] Reaction conditions: 3b (0.25 mmol, 1.0 equiv), 2a (0.325 mmol, 1.3 equiv), CoBr2 (10
mol %), L.1 (11 mol %), MeCN (1.5 mL), @ 0 °C, 1 h. [b] Isolated yields. [c] The number given

in parentheses is the isolated yield of 6.



Additional Experiments

Figure 5. Mechanistic Studies for Cobalt-Catalyzed Stereoselective C—O Bond Silylation

and Stannylation.

(a) radical-clock experiment with (E)-82

CoBr; (10 mol %)
bpy (11 mol %)

EtOZCI\/\ 1a, THF, 23 °C EtOQCI\/\ EtO,C
[Si/Sn] ;
2a, MeCN, 23°C [Si/Sn]

(E)-82 PMP = 4-OMeCgH, 83: N.D. 84: N.D.

(b) Co-catalyzed cross-couplings with Z- & E-alkeny! acetate

CoBr, (10 mol %)

Et0,C bpy (11 mol %) H._CO,Et
IZ) + ("Bu);Sn—2ZnCtLICI —— > (zl
MeCN, -20 °C, 15 min Me Sn("Bu),
(Z )-85: (1.0 equiv) 2a (1.3 equiv) 86: 86%

CoBr; (10 mol %)

Et0,C.__H bpy (11 mol %) Et0,C.__H
IE) + ("Bu);Sn—2znCHLICI ———————— I
Me OAcC MeCN, -20 °C, 15 min Sn("Bu);
(E:Z=5.4:1)
(E)-85: (1.0 equiv)  2a (1.3 equiv) 86" 27% (86: 5%)
o] CoBr; (10 mol %) o
H bpy (11 mol %) H
EtzNJjEE) + ("Bu);Sn—2ZnCHLICI ———— 3 ELN (E)
Me OAc MeCN, -20 °C, 15 min Me Sn("Bu),
87: (1.0 equiv) 2a (1.3 equiv) 88: 7%

(c) competition experiments between (Z)- and (E)-86

AcO_(z) COEL CoBr, (10 mol %)
— (2)-85 bpy (11 mol %)
Me  H MeCN, -20 °C, 15 min ~ H{ _COzEt EtO,C__H
+ JEH
. — .
Me, (&) COoE ("Bu)3Sn—ZnCHLICI Sn("Bu); Me” “Sn("Bu),
= (E)-85
AcO H 86 86"
(each 1.0 equiv)
(d) steric effects of R
Br, (10 mol ¥
Me.__OAc CoBr (10 mol %) [si/sn]
N (Z)| bpy (11 mol %) N @
R _— A
CO.R 1a, THF, 23 °C CO,R
R = Et, (2)-89 or R = Et, 22 or 65: 70% (1a or 2a)
R = (Bu, (2)-90 2a, MeCN, 0°C R = {Bu, 91 or 92: 0% or 31%

(e) effect of directing groups

CoBr;, (10 mol %)

H bpy(11 mol %) & d},

O oAC 1a THF, 23 °C [Si] [Sn]
93 or2a, MeCN, 23 °C 94: N.D. 95: N.D.

CoBr, (10 mol %)

0
/ bpy (11 mol %)

MezN—gQ<OAc Py ( ) ) MezN—</ @ [si . MeZN—<I () [sn]
= 1a, THF, 23 °C

H Ph or 2a, MeCN, 23 °C
(2)-96 97: 0% 98: 43%

Procedure for Figure 5a:
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To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
THF (0.5 mL) was added (£)-82 (0.25 mmol, 1.0 equiv). Then the PhMe>Si-ZnOPiv (0.9 mL,
0.5 mmol, 2 equiv) in THF (1 mL) was added and the reaction was stirred at 23 °C for 2 h under

an atmosphere of N».

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2'-bipyridyl (4.0 mg, 10 mol %) in anhydrous
MeCN (0.5 mL) was added (£)-82 (0.25 mmol, 1.0 equiv). Then the ("Bu);Sn—ZnClI-LiCI (1.3
mL, 0.325 mmol, 1.3 equiv) in MeCN (1 mL) was added and the reaction was stirred at 23 °C

for 2 h under an atmosphere of N».

Procedure for Figure 5b:

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
MeCN (0.5 mL) was added corresponding alkenyl acetates (0.25 mmol, 1.0 equiv). Then the
("Bu)3Sn—ZnCl-LiCl (1.3 mL, 0.325 mmol, 1.3 equiv) in MeCN (1 mL) was added and the
reaction was stirred at -20 °C for 15 minutes under an atmosphere of N». The solvent was
evaporated in vacuo and the remaining residue was purified by column chromatography on

silica gel (petroleum ether/EtOAc) to yield products 86, 86', 88.

Procedure for Figure 5c:

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
MeCN (0.5 mL) was added (Z£)-85 (0.25 mmol, 1.0 equiv) and (£)-85 (0.25 mmol, 1.0 equiv).
Then the ("Bu);Sn—ZnClLiCl (1.0 mL, 0.25 mmol, 1.0 equiv) in MeCN (1 mL) was added and
the reaction was stirred at -20 °C for 15 minutes under an atmosphere of N». The reaction

mixture was analyzed by GC.

Procedure for Figure 5d:

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
THF (0.5 mL) was added corresponding alkenyl acetates (0.25 mmol, 1.0 equiv). Then the
PhMe>Si-ZnOPiv (0.5 mmol, 2 equiv) in THF (1 mL) was added and the reaction was stirred
at 23 °C under an atmosphere of N>. The solvent was evaporated in vacuo and the remaining
residue was purified by column chromatography on silica gel (petroleum ether/EtOAc) to yield
product 22.
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To a solution of CoBr2 (8.2 mg, 15 mol %), 2,2"-bipyridyl (5.9 mg, 15 mol %) in anhydrous
MeCN (0.5 mL) was added corresponding alkenyl acetates (0.25 mmol, 1.0 equiv). Then the
("Bu)3Sn—ZnCl-LiCl (0.325 mmol, 1.3 equiv) in MeCN (1 mL) was added and the reaction was
stirred at 0 °C under an atmosphere of N>. The solvent was evaporated in vacuo and the
remaining residue was purified by column chromatography on silica gel (petroleum

ether/EtOAc) to yield products 65, 92.

Procedure for Figure Se:

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
THF (0.5 mL) was added 93 (0.25 mmol, 1.0 equiv). Then the PhMe;Si-ZnOPiv (0.9 mL, 0.5
mmol, 2 equiv) in THF (1 mL) was added and the reaction was stirred at 23 °C for 3 h under an

atmosphere of No.

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
MeCN (0.5 mL) was added 93 (0.25 mmol, 1.0 equiv). Then the ("Bu);Sn—ZnCl-LiCl (1.3 mL,
0.325 mmol, 1.3 equiv) in MeCN (1 mL) was added and the reaction was stirred at 23 °C for 3

h under an atmosphere of N».

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
THF (0.5 mL) was added (£)-96 (0.25 mmol, 1.0 equiv). Then the PhMe;Si-ZnOPiv (0.9 mL,
0.5 mmol, 2 equiv) in THF (1 mL) was added and the reaction was stirred at 23 °C for 1 h under

an atmosphere of N».

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
MeCN (0.5 mL) was added (£)-96 (0.25 mmol, 1.0 equiv). Then the ("Bu);Sn—ZnCI-LiCl (1.3
mL, 0.325 mmol, 1.3 equiv) in MeCN (1 mL) was added and the reaction was stirred at 23 °C
for 1 h under an atmosphere of N2. The solvent was evaporated in vacuo and the remaining
residue was purified by column chromatography on silica gel (petroleum ether/EtOAc) to yield

product 98.
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Representative Procedures

Typical procedure 1 (TP1) for the preparation of ketoesters:

1. Synthesis of substituted benzoylacetates from aryl ketones:!!!

S3ac-S3af, S3ah-S3al were prepared in the following manner: NaH (40 mmol, 2.0 eq, 60% in
mineral oil) was added in 50 mL THF to form a suspension. And then commercial available
ketone (20 mmol, 1.0 eq) was added to the mixture and stirred at rt for 10 min. Then diethyl
carbonate (40 mmol, 2.0 eq) was added to the solution at rt and kept stirring at reflux conditions
for 2-3 h. Upon completion as indicated by TLC, the reaction was quenched with saturated
aqueous NH4HCO3 and followed by the addition of acetic acid (1 M) at rt. The reaction mixture
was then extracted with ethyl acetate, washed with brine, dried over Na>SOg, filtered and
concentrated to give the crude product, which was purified by column chromatography on silica

gel (petroleum ether/EtOAc) to give S3ac-S3af, S3ah-S3al.

Another syhthesis method:*!

S3ag was prepared in the following manner: NaH (20 mmol, 2.0 eq, 60% in mineral oil) was
added in 30 mL THF to form a suspension. And diethyl carbonate (20 mmol, 2 eq) was then
added to the suspension at rt and subsequently the ketone (10 mmol, 1.0 eq) was added dropwise.
The reaction mixture was allowed to stir at rt until hydrogen gas evolution ceased and then
heated to reflux. Upon completion as indicated by TLC, the reaction mixture was cooled to 0 °C
and quenched with aqueous NH4Cl. The reaction mixture was then extracted with ethyl acetate,
washed with brine, dried over Na,SOs, filtered and concentrated to give the crude product,
which was purified by column chromatography on silica gel (petroleum ether/EtOAc) to give

S3ag.

According to Stubbing et al,'*! ethyl 3-(4-hydroxyphenyl)-3-oxopropanoate was prepared in the
following manner: A solution of 4’-hydroxyacetophenone (10 mmol, 1.0 eq) in THF (26 mL)
was added dropwise to a solution of LIHMDS (1 M in THF, 30 mmol, 3.0 eq) at -78 °C. The
mixture was allowed to stir at this temperature for 2 h, then a solution of diethyl carbonate (11
mmol, 1.1 eq) in THF (10 mL) was added quickly. The mixture was allowed to slowly warm to
rt and stirred overnight. The mixture was then poured onto a mixture of ice and concd HCI. The

resulting solution was extracted with DCM and the combined organic extracts was washed with
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water, dried over NaxSOy, filtered and concentrated to give the crude product, which was
purified via flash column chromatography on silica gel (petroleum ether/EtOAc) to give ethyl
3-(4-hydroxyphenyl)-3-oxopropanoate.

2. Synthesis of cyclic ketoesters:*]

S3x, S3y were prepared in the following manner: NaH (20 mmol, 2.0 eq, 60% in mineral oil)
was added to THF (6 mL) followed by the addition of diethyl carbonate (20 mmol, 2.0 eq) to
form a suspension. Then a solution of the starting material (10 mmol, 1.0 eq) in THF (20 mL)
was added to the reaction mixture dropwise. The mixture was stirred at 75 °C for 16 h, then
extracted with ethyl acetate, dried over Na>SOs, filtered and concentrated to give the crude
product, which was purified by column chromatography on silica gel (petroleum ether/EtOAc)

to give the cyclic ketoesters S3x, S3y.

3. Synthesis of a-alkyl substituted ketoesters from ethyl acetoacetate:[*!

S3c-S3u, S3an and S3ap-S3ar were prepared in the following manner: To a suspension of #-
BuOK (22 mmol, 1.1 eq) in THF (40 mL) was added ethyl acetoacetate or tert-butyl
acetoacetate (in case of S5ay) (20 mmol, 1.0 eq) at 0 °C. The resulting clear solution was stirred
at 0 °C for 30 min, and then alkyl bromide or alkyl iodide (24 mmol, 1.2 eq) in THF (10 mL)
was added to the solution. After heating under reflux conditions for 12 h, the reaction was
quenched with saturated aqueous NH4Cl. Then the aqueous layer was extracted with ethyl
acetate. The combined organic layers were washed with brine, then dried over Na,SOs, filtered
and concentrated to give crude product, which was purified by column chromatography on
silica gel (petroleum ether/EtOAc) to give a- alkyl substituted ketoesters S3¢-S3u, S3an and
S3ap-S3ar.

4. Synthesis of a-alkyl substituted benzoylacetates:®!

S(E)-82 was prepared in the following manner: A solution of ethyl 3-(4-methoxyphenyl)-3-
oxopropanoate (15 mmol, 1.0 eq) in dry DMF (10 mL) was added dropwise to a suspension of
NaH (18 mmol, 1.2 eq, 60% in mineral oil) in dry DMF (10 mL). The mixture was stirred for 1
h at rt. Then 4-bromobut-1-ene (16.5 mmol, 1.1 eq) in dry DMF (4 mL) was added dropwise,
and the mixture was stirred for 20 h at rt. The reaction was quenched with water and neutralized
with 10% aqueous HCI, extracted with ethyl actetate, dried over NaSOs, filtered and
concentrated to give the crude product, which was purified by column chromatography on silica

gel (petroleum ether/EtOAc) to give S(E)-82.
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5. Synthesis of a-aryl substituted ethyl 3-oxooctanoate:!”

S3v was slightly modified by Chegaev et al. To the solution of ethyl phenylacetate (10 mmol,
1.0 eq) in THF (20 mL), 16 mL of 1.3 M LiHMDS solution in THF was added dropwise at -
70 °C. Then the solution was stirred at -70 °C for 15 min. The solution of hexanoyl chloride
(10 mmol, 1.0 eq) in THF (20 mL) was added dropwise and the reaction was stirred at -70 °C
for 2 h. The reaction mixture was quenched with saturated aqueous NH4Cl and then extracted
with ethyl acetate, washed with water and brine, dried over Na>SOs, filtered and concentrated
to give the crude product, which was purified by column chromatography on silica gel

(petroleum ether/EtOAc) to give S3v.

6. Synthesis of ethyl 4-oxochromane-3-carboxylate S3z:%]

S3z was slightly modified by Kenny et al. To a solution of 4-chromanone (10 mmol, 1.0 eq) in
THF (20 mL) was added a solution of LIHMDS (15 mmol, 1.5 eq, 1.3 M in THF) dropwise at
-78 °C and the mixture was stirred for 30 min. Ethyl cyanoformate (20 mmol, 2.0 eq) in THF
(20 mL) was added dropwise and the reaction was stirred at -78 °C for 1 h. The mixture was
allowed to warm to rt and quenched by the addition of aqueous NH4Cl and water. The combined
organic phases were washed with brine, dried over Na>xSO4 and concentrated. Flash column

chromatography on silica gel (petroleum ether/EtOAc) afforded S3z.

Typical procedure 2 (TP2) for the synthesis of esters S3as-S3av:"]

Take S3at for example: To a round-bottom flask were added (S)-(+)-ibuprofen (4 mmol, 1.0
eq), dicyclohexylcarbodiimide (6 mmol, 1.5 eq), and DCM (30 mL). Then ethyl 3-(4-
hydroxyphenyl)-3-oxopropanoate (4 mmol, 1.0 eq) and 4-dimethylaminopyridine (0.4 mmol,
0.1 eq) were added to the mixture. The reaction mixture was stirred at rt for 24 h and then
filtered. The filtrate was concentrated and purified by flash column chromatography on silica
gel (petroleum ether/EtOAc) to give S3at.

Typical procedure 3 (TP3) for the synthesis of alkenyl acetates 3a, 3b-3av: [!%

To a solution of ketoester (10 mmol, 1.0 eq) in iso-propenyl acetate (10 mL) was added p-
TSA H20 (1 mmol, 0.1 eq). The resulting mixture was heated under reflux conditions (130 <C)
for 18 hours (As for 3as-3av, the resulting mixture were refluxing at 110 <C). The mixture was

allowed to cool to rt and the remaining iso-propenyl acetate was removed under reduced
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pressure. The brown oily residue was extracted with ethyl acetate and washed with water.

Afterwards the organic phase was dried over Na SO, filtered and the solvent was removed

under reduced pressure. The remaining residue was purified by column chromatography on

silica gel (petroleum ether /EtOAc) to yield alkenyl acetates 3a, 3b-3av.

Starting materials synthesis of TP3:

O coLEt Me.__OAc Bu Me._OAc FsC Me.__OAc F. Me.__OAc
COEt ) P“JEZ) @\Im \©\/\|[(Z) \©\I(Z)
OAc bAc CO,Et CO4Et CO,Et CO,Et
3a:72%!1% 3b: 82%!"1 3c: 80% 3d: 91% 3e: 63% 3f: 89%
Me._ OAc
Me._OAc Br. Me._OAc / OAc @
Me.
\Q\I /Q\I(Z) L m Me' C0a!
CO Et Cl 'CO,Et CO,Et CO,Et COzEl Me Me
F
39: 69% 3h: 62% 3i:72% 3j: 53% 3k: 85% 31: 78%
o
Me_ _OAc Me I OAc Ph/\O)J\N Me | OAc
[ NS 2 b 2
EtO. C\/\/\I a ivO.
G/\ICO £t 2 COLE CO,R CO)Et CO,Et
3m: 43% 3n:81% R=Et, (2)-89: 34% 30:70% 3p: 68%
R = Bu, (2)-90: 66%
Cl
_Q_ FOO Me, m@»o Me, @— C‘AGO Ve
/ OAc /) OAc ) Ohc / OAc \_\_/270Ac
(2)
CO Et CO,Et CO,Et CO;E( Co,Et
39:51% 3r:51% 3s:73% 3t: 5% 3u: 60%
EtO,C,
— MeO.
@ O oAc o o
o) = O OAc
Me Me CO,Et CO,Et CO)EQ | 2
o OAc OAc OA H co Et H” >Co,Et
3v: 60% 3w: 72% 3x: 98% 3y: 60% 32: 76% 3aa: 80%!"7) 3ab: 88%!0)
Me
i F. cl EtO,C AN
Me” OAc
oAc Ohe OAc
2 @ @ Il @
H CouEt H” SCO,Et H” CO,Et H co - H co £t H co - H 0,
3ac: 70% 3ad: 84% 3ae: 68%!'0 3af: 62% 3ag: 86% 3ah: 80% 3ai: 70%
O  OAc
cl F o |
NN N >
OAc
Br Ohe /\/I ﬂ M
cl OAc
Il [@ CO,Et w
H COzEt H™ "CO,Et H7 > Co,E s o CO,Et
3aj: 68%!10 3ak!10 3al: 67% 3am: 75% an: 62% 3a0: 45%
H
(2) CO,Et
o COLE Me Me . Me 08 o 4@_2/’
! [@ TBSOM: ~ z @), ﬁs—@—( OAC
OAC Me’ OAc IN 0
CO,Et
3aq: 42% 3ar: 65% Me 3as: 60%
3ap: 61%
Me
Me Cl
We \©\fo
o. I "
o OAc o Ve (2))~COE!
[ @ —@—ls\\ co Et 0 on
Me” “Me H”  CO,E MeC Y °
3at: 72% 3au: 82% 3av: 22% (E)-82: 49%
Q Q o 0  OAc
H H H H MeL
EtO EtO Et,N Q N .
OAc Me H
AcO’ Me Me’ OAc Me’ OAc

(2)-85: 55%!1%)

(E)-85: 18%1%

87: 43%!10)

93: 95%12!

(2)-96: 28%!"%
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Preparation of Zn(OPiv)::

Pivalic acid (20.4 g, 22.6 mL, 200 mmol) was placed in a dry and argon-flushed 500 mL three-
necked roundbottom flask, equipped with a magnetic stirring bar, a septum and a pressure
equalizer, and was dissolved in dry THF (120 mL). The mixture was cooled to 0 °C, and a
solution of EtcZn (13.0 g, 10.8 mL, 105 mmol) in dry THF (120 mL) was added over a period
of 30 min under vigorous stirring. Then, the ice-bath was removed and stirring was continued
at 25 °C for one additional hour at which point bubbling has ceased (a thick slurry was formed).
The solvent was removed in vacuo and the solid residue was dried for at least 4 h longer.

Zn(OPiv), was obtained in quantitative yield, as a puffy amorphous white solid.

Preparation of PhMe2Si-ZnOPiv and ("Bu)3Sn—ZnCl-LiCl:

THF, 0°C, 12h Zn(OPiv),
PhMe,SiCl + Li > PhMe,Si=Li ——————3 PhMe,Si=Zn(OPiv)

rt, 10min

A 50-mL two-necked round-bottomed flask equipped with a magnetic stirring bar and was
charged with lithium clippings (174 mg, 25 mmol) and dry THF (10.0 mL). Then
Chlorodimethylphenylsilane (10 mmol, 1.0 equiv) was added dropwise at 0 °C and the mixture
was stirred at same temperature for 12 h. The silyllithium was titrated against iodine according
to Kofron’s method. Next, this solution was added via syringe into a 50-mL two-necked round-
bottomed flask equipped with a magnetic stirring and Zn(OPiv)2 (1.5 equiv with respect to
titrated silyllithium) at rt, and the reaction mixture was stirred at rt for 10 min. The PhMe:Si-
ZnOPiv (1a) (routinely formed as an ~0.55 M solution) was titrated using Knochel’s method.

Naphthalene
(5 mol%) ZnCl;
"BuzSnCl + Li = "BusSn=Li —————— "Bu,;Sn=2ZnCI-LiCl
THF, rt, 3h rt, 5min

To a solution of naphthalene (26 mg, 0.2 mmol) in THF (8 mL) were added lithium clippings
(84 mg, 12 mmol). The resulting mixture was stirred at rt for 10 minutes under an nitrogen
atmosphere. Then tributyltin chloride (1.1 mL, 4 mmol) was added and the mixture was stirred
at rt for 3 h. The stannyllithium was titrated against iodine according to Kofron’s method. A
portion of 1.3 mL of the above solution (0.325 mmol) was added to a stirred solution of ZnCl,
(0.5 mL, 1M solution in THF). The reaction was stirred at rt for 5 minutes. The ("Bu)3Sn—
ZnCl-LiCl (2a) (routinely formed as an ~0.25 M solution) was titrated using Knochel’s method.
Then the solvent was removed in vacuo and the liquid residue (2a) was obtained.
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Typical procedure 4 (TP4) for the cobalt-catalyzed silylation of alkenyl acetates:

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2'-bipyridyl (4.0 mg, 10 mol %) in anhydrous
THF (0.5 mL) was added alkenyl acetates 3 (0.25 mmol, 1.0 equiv). Then the PhMe:Si-
ZnOPiv (0.9 mL, 0.5 mmol, 2 equiv) in THF (1 mL) was added and the reaction was stirred at
rt for 2 h under an atmosphere of N». The solvent was evaporated in vacuo and the remaining
residue was purified by column chromatography on silica gel (petroleum ether/EtOAc) to yield

products 4, 21-22, 24, 26-31.

Typical procedure 5 (TPS) for the cobalt-catalyzed silylation of alkenyl acetates:

To a solution of CoBr»*5,5'-dimethyl-2,2'-bipyridine (10 mg, 10 mol %) in anhydrous THF (0.5
mL) was added alkenyl acetates 3 (0.25 mmol, 1.0 equiv). Then the PhMe2Si-ZnOPiv (0.9
mL, 0.5 mmol, 2 equiv) in THF (1 mL) was added and the reaction was stirred at rt for 2 h
under an atmosphere of N>. The solvent was evaporated in vacuo and the remaining residue was
purified by column chromatography on silica gel (petroleum ether/EtOAc) to yield products 9-
20, 23, 25, 32, 73-76.

Typical procedure 6 (TP6) for the cobalt-catalyzed stannylation of alkenyl acetates:

To a solution of CoBr2 (5.5 mg, 10 mol %), 2,2"-bipyridyl (4.0 mg, 10 mol %) in anhydrous
MeCN (0.5 mL) was added alkenyl acetates 3 (0.25 mmol, 1.0 equiv). Then the ("Bu)3Sn—
ZnClI-LiCl (1.3 mL, 0.325 mmol, 1.3 equiv) in MeCN (1 mL) was added and the reaction was
stirred at -20 °C for 15 minutes under an atmosphere of N>. The solvent was evaporated in
vacuo and the remaining residue was purified by column chromatography on silica gel

(petroleum ether/EtOAc) to yield products 7, 40-45, 47, 49-52, 78-81.

Typical procedure 7 (TP7) for the cobalt-catalyzed stannylation of alkenyl acetates:

To a solution of CoBr2 (8.2 mg, 15 mol %), 2,2"-bipyridyl (5.9 mg, 15 mol %) in anhydrous
MeCN (0.5 mL) was added alkenyl acetates 3 (0.25 mmol, 1.0 equiv). Then the ("Bu)3Sn—
ZnClIeLiCl (1.3 ml, 0.325 mmol, 1.3 equiv) in MeCN (1 mL) was added and the reaction was
stirred at 0 °C for 1h under an atmosphere of N». The solvent was evaporated in vacuo and the
remaining residue was purified by column chromatography on silica gel (petroleum

ether/EtOAc) to yield products 35-39, 46, 48, 53-71, 77.
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Typical procedure 8 (TP8) for the MKS Reaction:

To a solution of Pd(PPh3)s (6 mg, 5 mol %), Cul (9.5 mg, 50 mol %) in anhydrous DMF (0.5
mL) were added alkenyl stannanes (0.1 mmol, 1.0 equiv) and aryl or heteroaryl halides (0.12
mmol, 1.2 equiv). The reaction was stirred at 23 °C for 10 h under an atmosphere of N». The
solvent was evaporated in vacuo and the remaining residue was purified by column

chromatography on silica gel (petroleum ether/EtOAc) to yield products 108-117.

Typical procedure 9 (TP9) for the reduction of the ester:

To a solution of ester (1.0 equiv) in THF (1.5 mL), was added dropwise a solution of
diisobutylaluminium hydride (3.0 equiv, 1.5 M in toluene) at —78 °C under nitrogen. After
stirring for 20 min at 0 °C, diethyl ether and water were successively added at 0 °C. After
stirring for 2 h, the reaction mixture was extracted with ethyl acetate, washed with water and
brine, dried over NaxSOs, filtered and concentrated. The remaining residue was purified by

column chromatography on silica gel (petroleum ether/EtOAc) to yield product 8.

Typical procedure 10 (TP10) for the reduction of the lactones:

To a suspended solution of LiAlH4 (1.5 equiv) in anhydrous Et2O (1 mL) was added lactones
(1 equiv) in Et20 (1 mL) at 0 °C under N> atmosphere. After stirring for 1 h, the reaction was
quenched with water at 0 °C.Then the reaction was extracted with CH>Cl,, washed with water
and brine, dried over Na,SOs, filtered and concentrated. The remaining residue was purified by

column chromatography on silica gel (petroleum ether/EtOAc) to yield product 33, 72.

Typical procedure 11 (TP11) for the C—Si bond cleavage:

To a solution of tetrasubstituted alkenyl silanes (1.0 equiv) in CCl4 (1.5 mL) was added iodine
(1.5 equiv). The reaction mixture was stirred at 70 °C for 16 h. After cooling to room
temperature, saturated Na>S»0O; solution (4 mL) was added and the resulting mixture was
extracted with CH2Cl (15 ml x 3). The organic phase was washed with brine (30 mL), dried
over NaSOq, filtered and concentrated. The remaining residue was purified by column

chromatography on silica gel (petroleum ether/EtOAc) to yield products 118-119.

Typical procedure 12 (TP12) for the Hiyama Cross-Coupling:
To a solution of alkenyl silane (1.0 equiv) in THF (1.5 mL) was added NaOH (2 equiv) at rt and
the solution stirred for 5 min. Ar-I (1.5 equiv) was added and after Smin Pd>dbasz (2.5 mol%)
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was added, then the mixture was stirred at 60 °C for 16 h. After cooling to room temperature,
the reaction mixture was purified by column chromatography on silica gel (petroleum

ether/EtOAc) to yield products 106-107.

OAc

Ve~ Xy CO2Et
Ph

Ethyl (Z)-3-acetoxy-2-benzylbut-2-enoate (3c)

The general procedure TP3 was followed using ketoester (3.7 mmol) for 18 h. Purification by

column chromatography (petroleum ether/ EtOAc 20:1) yielded 3c (80%, 775 mg) as a yellow

oil. 'H-NMR (400 MHz, CDCls): ¢ = 7.30 — 7.16 (m, 5H), 4.08 (q, J = 7.1 Hz, 2H), 3.71 (s,

2H), 2.20 (s, 3H), 2.06 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H). *C-NMR (100 MHz, CDCls): 6 = 168.9,

165.8, 154.4, 138.7, 128.6, 128.2, 126.4, 119.7, 60.7, 34.4, 21.1, 19.0, 14.2. HR-MS (EIl) m/z

calcd for C15H1804 [M+H*] 263.1278, found 263.1280.

tBu Me OAc

Ethyl (£)-3-acetoxy-2-(4-(tert-butyl)benzyl)but-2-enoate (3d)

The general procedure TP3 was followed using ketoester (3.6 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3d (1.04 g, 91% yield) as a
colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.30 (d, J = 8.3 Hz, 2H), 7.16 (d, J = 8.2 Hz,
2H), 4.09 (g, J = 7.1 Hz, 2H), 3.68 (s, 2H), 2.19 (s, 3H), 2.06 (s, 3H), 1.29 (s, 9H), 1.15 (t, J =
7.1 Hz, 3H). 1*C-NMR (100 MHz, CDCls): ¢ = 168.8, 165.8, 154.1, 149.1, 135.5, 127.7, 125.4,

119.8, 60.6, 34.4, 33.8, 31.4, 21.0, 18.9, 14.1. HR-MS (EI) m/z calcd for C19H2604 [M+H"]
319.1904, found 319.1908.

|
CO,Et
Ethyl (£)-3-acetoxy-2-(4-(trifluoromethyl)benzyl)but-2-enoate (3e)
The general procedure TP3 was followed using ketoester (2.2 mmol) for 18 h. Purification by

column chromatography (petroleum ether/ EtOAc 20:1) yielded 3e (63%, 457 mg) as a colorless
oil. *H-NMR (400 MHz, CDCls): § = 7.54 (d, J = 8.1 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 4.09
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(9, J = 7.1 Hz, 2H), 3.76 (s, 2H), 2.21 (s, 3H), 2.06 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H). ¥C-NMR
(100 MHz, CDCls): 5 = 168.8, 165.5, 155.3, 143.0, 128.8 (q, 2Jc-F = 32.5 Hz), 128.4, 125.6 (q,
3Jc-F = 3.7 Hz), 124.4 (q, “Jcr = 271.7 Hz), 118.9, 60.9, 34.3, 21.1, 19.1, 14.2. HR-MS (EI)
m/z calcd for Ci6H17F304 [M+H™] 331.1152, found 331.1157.

F Me OAc

Ethyl (£)-3-acetoxy-2-(4-fluorobenzyl)but-2-enoate (3f)

The general procedure TP3 was followed using ketoester (4.8 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3f (1.2 g, 89% vyield) as a
colorless oil. *H-NMR (400 MHz, CDCls): § = 7.19 (dd, J = 8.7, 5.4 Hz, 2H), 6.99 — 6.93 (m,
2H), 4.08 (q, J = 7.1 Hz, 2H), 3.67 (s, 2H), 2.20 (s, 3H), 2.06 (s, 3H), 1.15 (t, J = 7.1 Hz, 3H).
13C-NMR (100 MHz, CDCls): 6 = 168.9, 165.7, 161.6 (d, 1Jc.r = 244.0 Hz), 154.5, 134.3 (d,
*Jcr = 3.3 Hz), 129.6 (d, 3Jcr = 7.9 Hz), 119.7, 115.3 (d, 2Jc-F = 21.2 Hz), 60.7, 33.6, 21.0,
18.9, 14.2. HR-MS (EI) m/z calcd for C1sH17FO4 [M+H"] 281.1184, found 281.1186.

Cl Me.__OAc

\©\/\|[002Et
Ethyl (2)-3-acetoxy-2-(4-chlorobenzyl)but-2-enoate (39)
The general procedure TP3 was followed using ketoester (4 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3g (825 mg, 69% yield) as a
colorless oil. *H-NMR (400 MHz, CDCls): § = 7.24 (dd, J = 8.6, 2.3 Hz, 2H), 7.16 (d, J = 8.6

Hz, 2H), 4.09 (g, J = 7.1 Hz, 2H), 3.67 (s, 2H), 2.20 (s, 3H), 2.05 (s, 3H), 1.16 (t, J = 7.1 Hz,
3H). HR-MS (EI) m/z calcd for C1sH17C104 [M+H*] 297.0888, found 297.0892.

|
Cl CO,Et
Ethyl (Z)-3-acetoxy-2-(3-chlorobenzyl)but-2-enoate (3h)
The general procedure TP3 was followed using ketoester (3.2 mmol) for 18 h. Purification by

column chromatography (petroleum ether/ EtOAc 20:1) yielded 3h (568 mg, 60% yield) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 7.24 — 7.09 (m, 4H), 4.10 (q, J = 7.1 Hz, 2H),
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3.68 (s, 2H), 2.21 (s, 3H), 2.06 (s, 3H), 1.17 (t, J = 7.1 Hz, 3H). HR-MS (EI) m/z calcd for
C15H17ClO4 [M+H*] 297.0888, found 297.0891.

Br Me.__OAc
F

Ethyl (Z)-3-acetoxy-2-(4-bromo-2-fluorobenzyl)but-2-enoate (3i)

The general procedure TP3 was followed using ketoester (5 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3i (1.28 g, 72% vyield) as a
colorless oil. *H-NMR (400 MHz, CDCls): § = 7.23 — 7.12 (m, 3H), 4.10 (q, J = 7.1 Hz, 2H),
3.66 (s, 2H), 2.21 (s, 3H), 2.05 (s, 3H), 1.18 (t, J = 7.1 Hz, 3H). HR-MS (EI) m/z calcd for
C15H16BrCIFO4 [M+H™] 359.0289, found 359.0292.

OAc

Ve Ny CO2E

Cl

Cl

Ethyl (Z2)-3-acetoxy-2-(3,4-dichlorobenzyl)but-2-enoate (3j)

The general procedure TP3 was followed using ketoester (2 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3j (53%, 351 mg) as a colorless
oil. tH-NMR (400 MHz, CDCls): 6 = 7.34 (t, J = 5.1 Hz, 2H), 7.08 (dd, J = 8.2, 2.0 Hz, 1H),
4.10 (g, J = 7.1 Hz, 2H), 3.65 (s, 2H), 2.21 (s, 3H), 2.05 (s, 3H), 1.18 (t, J = 7.1 Hz, 3H). 13C-
NMR (100 MHz, CDCls): ¢ = 168.8, 165.4, 155.4, 139.1, 132.5, 130.5, 130.4, 130.2, 127.6,
118.8, 60.9, 33.6, 21.1, 19.2, 14.2. HR-MS (EI) m/z calcd for C15sH16Cl204 [M+H*] 331.0498,
found 331.0501.

Me
W N
CO,Et
Ethyl (Z)-2-(1-acetoxyethylidene)undecanoate (3k)
The general procedure TP3 was followed using ketoester (7.3 mmol) for 18 h. Purification by

column chromatography (petroleum ether/ EtOAc 20:1) yielded 3k (1.85 g, 85% yield) as a
colorless oil. *H-NMR (400 MHz, CDCl3): d = 4.18 (q, J = 7.1 Hz, 2H), 2.35 — 2.27 (m, 2H),
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2.17 (s, 3H), 2.01 (s, 3H), 1.28 (dd, J = 9.3, 4.9 Hz, 17H), 0.89 (t, J = 6.8 Hz, 3H). H-NMR
(400 MHz, CDCls): 9 = 7.23 - 7.12 (m, 3H), 4.10 (g, J = 7.1 Hz, 2H), 3.66 (s, 2H), 2.21 (s, 3H),
2.05 (s, 3H), 1.18 (t, J = 7.1 Hz, 3H). HR-MS (EI) m/z calcd for C17Hz004 [M+H"] 299.2217,
found 299.2220.

Me OAc

Me CO,Et

Me
Me Me

Ethyl (Z2)-2-(1-acetoxyethylidene)-5,7,7-trimethyloctanoate (3I)

The general procedure TP3 was followed using ketoester (7 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3l (1.62 g, 78% vyield) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 4.16 (g, J = 7.1 Hz, 2H), 2.35 — 2.23 (m, 2H),
2.15 (s, 3H), 2.00 (s, 3H), 1.56 — 1.39 (m, 2H), 1.34 — 1.21 (m, 6H), 0.95 (d, J = 6.6 Hz, 3H),
0.89 (s, 9H). ¥C-NMR (100 MHz, CDCls): ¢ = 168.7, 166.2, 151.9, 121.3, 60.4, 51.0, 38.4,
31.1, 30.0, 29.3, 26.8, 22.4, 20.9, 18.2, 14.2. HR-MS (EI) m/z calcd for C17H3004 [M+H"]
299.2217, found 299.22109.

Me OAc

I
A CO,Et

—

S

Ethyl (2)-3-acetoxy-2-[2-(thiophen-3-yl)ethyl]but-2-enoate (3m)

The general procedure TP3 was followed using ketoester (10.3 mmol) for 18 h. Purification
by column chromatography (petroleum ether/ EtOAc 20:1) yielded 3m (43%, 1.25 g) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 7.23 (dd, J = 4.8, 3.0 Hz, 1H), 6.97 (dd, J = 8.7,
3.6 Hz, 2H), 4.15(q, J = 7.1 Hz, 2H), 2.80 (t, J = 7.5 Hz, 2H), 2.59 (t, J = 7.6 Hz, 2H), 2.16 (s,
3H), 1.85 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H). ¥C-NMR (100 MHz, CDCls): ¢ = 168.7, 166.1,
153.4, 141.4, 128.5, 125.4, 121.0, 120.0, 60.6, 30.3, 29.4, 21.0, 18.2, 14.3. HR-MS (EI) m/z
calcd for C14H1804S [M+H*] 283.0999, found 283.1003.

Me OAc
2 CO,Et

Diethyl (£)-2-(1-acetoxyethylidene)octanedioate (3n)
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The general procedure TP3 was followed using ketoester (6.37 mmol) for 18 h. Purification
by column chromatography (petroleum ether/ EtOAc 10:1) yielded 3n (81%, 1.61 g) as a
colorless oil. tH-NMR (400 MHz, CDCls): 6 = 4.17 — 4.08 (m, 4H), 2.30 — 2.24 (m, 4H), 2.13
(s, 3H), 1.97 (s, 3H), 1.65 — 1.58 (m, 2H), 1.43 (dd, J = 15.3, 7.7 Hz, 2H), 1.37 — 1.31 (m, 2H),
1.24 (m, 6H). 3C-NMR (100 MHz, CDCls): 6 = 173.8, 168.8, 166.3, 152.1, 121.0, 60.5, 60.3,
34.3, 28.8, 28.7, 28.6, 24.8, 21.0, 18.3, 14.3. HR-MS (El) m/z calcd for C16H2606 [M+H"]
315.1802, found 315.1808.

Me OAc
N\\\/\/\'[
CO,Et

Ethyl (Z2)-2-(1-acetoxyethylidene)-5-cyanopentanoate [(Z)-89]

The general procedure TP3 was followed using ketoester (10.7 mmol) for 18 h. Purification
by column chromatography (petroleum ether/ EtOAc 5:1) yielded (Z)-89 (34%, 871 mg) as a
yellow oil. *H-NMR (400 MHz, CDCls): 6 = 4.18 (q, J = 7.1 Hz, 2H), 2.49 (t, J = 7.4 Hz, 2H),
2.40 (t, J = 7.0 Hz, 2H), 2.17 (s, 3H), 2.05 (s, 3H), 1.88 — 1.80 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H).
13C-NMR (100 MHz, CDCls): 6= 168.7, 165.7, 154.2, 119.6, 119.1, 60.9, 27.7, 24.8, 21.0, 18.8,
16.6, 14.4. HR-MS (El) m/z calcd for C12H17NO4 [M+H*] 240.1230, found 240.1237.

Me OAc
N\\\/\/\l[
CO,tBu

tert-Butyl (Z2)-2-(1-acetoxyethylidene)-5-cyanopentanoate [(Z)-90]

The general procedure TP3 was followed using ketoester (5 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 50:1) yielded (Z)-90 (66%, 887 mg) as a
colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 2.43 — 2.39 (m, 2H), 2.38 (t, J = 5.9 Hz, 2H),
2.14 (s, 3H), 1.98 (s, 3H), 1.85 - 1.76 (m, 2H), 1.44 (s, 9H). 3C-NMR (100 MHz, CDCls): 6 =
168.6, 165.3, 151.6, 120.6, 119.6, 81.4, 28.2, 27.8, 24.6, 21.0, 18.1, 16.4. HR-MS (El) m/z
calcd for C14H21NO4 [M+H"] 268.1543, found 268.1551.

OAc

Ve N COZE!

OPiv
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Ethyl (Z)-2-(1-acetoxyethylidene)-5-(pivaloyloxy)pentanoate (30)

The general procedure TP3 was followed using ketoester (5 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 30 (70%, 1.1 g) as a pale
yellow oil. 'H-NMR (400 MHz, CDCls): 6 = 4.15 (q, J = 7.1 Hz, 2H), 4.06 (t, J = 6.2 Hz, 2H),
2.40 — 2.33 (m, 2H), 2.14 (s, 3H), 1.99 (s, 3H), 1.77 (ddt, J = 12.4, 9.8, 6.1 Hz, 2H), 1.25 (t, J
=7.1Hz, 3H), 1.18 (s, 9H). *C-NMR (100 MHz, CDCls): 6 = 178.5, 168.7, 165.9, 153.2, 120.1,
63.6, 60.6, 38.8, 28.1, 27.3, 25.5, 21.0, 18.4, 14.3. HR-MS (EI) m/z calcd for C16H2606 [M+H"]
315.1806, found 315.1811.

O
Ph/\o)L,\OieIOAc
CO,Et

Benzyl (Z)-4-[3-acetoxy-2-(ethoxycarbonyl)but-2-en-1-yl|piperidine-1-carboxylate (3p)
The general procedure TP3 was followed using ketoester (6.9 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 5:1) yielded 3p (68%, 1.88 g) as an orange
oil. 'H-NMR (400 MHz, CDCls): 6 = 7.34 (t, J = 7.3 Hz, 5H), 5.12 (s, 2H), 4.17 (dd, J = 14.2,
7.1 Hz, 4H), 2.72 (s, 2H), 2.27 (d, /= 7.1 Hz, 2H), 2.16 (s, 3H), 1.98 (s, 3H), 1.73 (d, /= 12.8
Hz, 2H), 1.60 (ddd, J = 11.3, 9.4, 5.5 Hz, 1H), 1.27 (t, J = 7.1 Hz, 3H), 1.13 (d, J = 10.5 Hz,
2H). BC-NMR (100 MHz, CDCls): 6 = 168.7, 166.2, 155.2, 152.8, 136.9, 128.4, 127.9, 127.8,
119.2, 66.9, 60.6,44.2,36.1, 35.4,31.8,20.9, 18.7, 14.2. HR-MS (EI) m/z calcd for C22H29NOg
[M+H"] 404.2068, found 404.2075.

MeO—@—O Me
\—\_/2*OAC

CO,Et

Ethyl (2)-2-(1-acetoxyethylidene)-5-(4-methoxyphenoxy)pentanoate (3q)

The general procedure TP3 was followed using ketoester (5.4 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3q (51%, 922 mg) as a yellow
oil. 'H-NMR (400 MHz, CDCl3): 6 = 6.82 (s, 4H), 4.15 (q, J = 7.1 Hz, 2H), 3.92 (t, J = 5.9 Hz,
2H), 3.75 (s, 3H), 2.52 (t, J = 7.3 Hz, 2H), 2.15 (s, 3H), 1.98 (s, 3H), 1.92 (dt, J = 13.0, 6.5 Hz,
2H), 1.25 (t, J = 7.1 Hz, 3H). **C-NMR (100 MHz, CDCls): ¢ = 168.8, 166.2, 153.8, 153.3,
153.1, 120.0, 115.5, 114.7, 66.9, 60.6, 55.8, 28.4, 25.3, 21.0, 18.4, 14.3. HR-MS (EI) m/z calcd
for C1gH2406 [M+H"] 337.1646, found 337.1651.
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FA@iO\—\i}OAC

CO,Et

Ethyl (Z2)-2-(1-acetoxyethylidene)-5-(4-fluorophenoxy)pentanoate (3r)

The general procedure TP3 was followed using ketoester (3 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3r (51%, 496 mg) as a yellow
oil. 'H-NMR (400 MHz, CDCls): 6 = 6.97 — 6.90 (m, 2H), 6.84 — 6.78 (m, 2H), 4.14 (9, J = 7.1
Hz, 2H), 3.92 (t, J = 6.0 Hz, 2H), 2.51 (t, J = 7.2 Hz, 2H), 2.14 (s, 3H), 1.96 (s, 3H), 1.91 (dd,
J=13.4,6.9 Hz, 2H), 1.24 (t, J = 7.1 Hz, 3H). 3C-NMR (100 MHz, CDCls): 6 = 168.8, 166.1,
157.3 (d, YJcr = 237.8 Hz), 155.1 (d, “Jc-F = 2.0 Hz), 153.2, 120.0, 115.8 (d, 2Jc.F = 22.9 Hz),
115.5 (d, 3Jc.r = 7.9 Hz), 66.9, 60.6, 28.3, 25.2, 21.0, 18.3, 14.3. *®F-NMR (376 MHz, CDCl3):
& =-124.30 (s). HR-MS (EI) m/z calcd for C17H2:FOs [M+H™] 325.1446, found 325.1448.

CI4<;>7O\—\i}70m

CO,Et

Ethyl (2)-2-(1-acetoxyethylidene)-5-(4-chlorophenoxy)pentanoate (3s)

The general procedure TP3 was followed using ketoester (2.9 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3s (73%, 720 mg) as a yellow
oil. 'H-NMR (400 MHz, CDCls): 6 = 7.23 - 7.19 (m, 2H), 6.84 — 6.79 (m, 2H), 4.15 (9, J=7.1
Hz, 2H), 3.94 (t, J = 5.9 Hz, 2H), 2.52 (t, J = 7.2 Hz, 2H), 2.15 (s, 3H), 1.96 (s, 3H), 1.92 (dd,
J=13.3,7.0 Hz, 2H), 1.25 (t, J = 7.1 Hz, 3H). 3C-NMR (100 MHz, CDCls): 6 = 168.8, 166.1,
157.6, 153.3, 129.4, 125.5, 119.9, 115.8, 66.6, 60.7, 28.2, 25.2, 21.0, 18.4, 14.3. HR-MS (EI)
m/z calcd for C17H21ClOs [M+H*] 341.1150, found 341.1156.

Me

OAc
Me 1
CO,Et
Cl 0

Ethyl (Z)-2-(1-acetoxyethylidene)-5-(4-chloro-3-methylphenoxy)pentanoate (3t)

The general procedure TP3 was followed using ketoester (1.2 mmol) for 18 h. Purification by

column chromatography (petroleum ether/ EtOAc 20:1) yielded 3t (55%, 234 mg) as a colorless
oil. *H-NMR (400 MHz, CDCls): 6 = 7.20 (d, J = 8.7 Hz, 1H), 6.76 (d, J = 2.9 Hz, 1H), 6.66
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(dd, J = 8.7, 3.0 Hz, 1H), 4.15 (g, J = 7.1 Hz, 2H), 3.93 (t, J = 5.9 Hz, 2H), 2.52 (t, J = 7.2 Hz,
2H), 2.33 (s, 3H), 2.16 (s, 3H), 1.97 (s, 3H), 1.92 (dd, J = 13.3, 6.9 Hz, 2H), 1.26 (t, J = 7.1 Hz,
3H). *C-NMR (100 MHz, CDCls): § = 168.8, 166.1, 157.5, 153.4, 137.1, 129.7, 125.8, 120.0,
117.1, 113.2, 66.6, 60.7, 28.3, 25.3, 21.1, 20.4, 18.4, 14.4. HR-MS (EI) m/z calcd for
C1sH23Cl10s [M+H*] 355.1307, found 355.1311.

Me

y ﬁ/_/gfom
C CO,Et
Cl o]

Ethyl (2)-2-(1-acetoxyethylidene)-5-(3,4-dichlorophenoxy)pentanoate (3u)

The general procedure TP3 was followed using ketoester (4 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3u (60%, 900 mg) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 7.30 (d, J = 8.9 Hz, 1H), 6.98 (d, J = 2.9 Hz,
1H), 6.74 (dd, J = 8.9, 2.9 Hz, 1H), 4.15 (g, J = 7.1 Hz, 2H), 3.94 (t, J = 5.9 Hz, 2H), 2.51 (t, J
= 7.2 Hz, 2H), 2.16 (s, 3H), 1.97 (s, 3H), 1.93 (dd, J = 13.3, 6.9 Hz, 2H), 1.26 (t, J = 7.1 Hz,
3H). $3C-NMR (100 MHz, CDCls): § = 168.8, 166.1, 158.1, 153.4, 132.9, 130.8, 123.9, 119.8,
116.5, 114.5, 67.0, 60.7, 28.1, 25.2, 21.0, 18.5, 14.3. HR-MS (EI) m/z calcd for C17H20Cl20s
[M+H*] 375.0761, found 375.0764.

EtO,C  OAc

Me
Cl

Ethyl (Z)-3-acetoxy-2-(4-chlorophenyl)oct-2-enoate (3v)

The general procedure TP3 was followed using ketoester (8.6 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 80:1) yielded 3v (60%, 1.76 g) as a yellow
oil. *H-NMR (400 MHz, CDCls): 6 = 7.36 — 7.29 (m, 2H), 7.23 - 7.16 (m, 2H), 4.11 (9, J=7.1
Hz, 2H), 2.24 (s, 3H), 2.17 — 2.10 (m, 2H), 1.45 — 1.39 (m, 2H), 1.22 — 1.12 (m, 7H), 0.82 (t, J
= 6.9 Hz, 3H). ®*C-NMR (100 MHz, CDCls): 6 = 168.6, 165.1, 158.8, 133.9, 133.6, 131.4,
128.6, 122.1, 61.0, 32.6, 31.4, 26.1, 22.4, 21.2, 14.2, 13.9. HR-MS (El) m/z calcd for
C18H23Cl04 [M+H"] 339.1358, found 339.1364.
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OAc

Ethyl 1-acetoxy-3,4-dihydronaphthalene-2-carboxylate (3x)

The general procedure TP3 was followed using ketoester (6.8 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 30:1) yielded 3x (1.729 g, 98% vyield) as a
colorless oil. *tH-NMR (400 MHz, CDCls): 6 = 7.35 — 7.30 (m, 1H), 7.29 — 7.26 (m, 1H), 7.25
—7.17 (m, 2H), 4.23 (9, J=7.1 Hz, 2H), 2.92 — 2.86 (m, 2H), 2.79 — 2.73 (m, 2H), 2.37 (s, 3H),
1.32 (t, J = 7.1 Hz, 3H). °C-NMR (100 MHz, CDCls): 6 = 168.6, 165.8, 151.1, 138.3, 130.4,
130.2, 127.7, 126.8, 123.5, 116.7, 60.8, 27.4, 23.8, 21.0, 14.4. HR-MS (EI) m/z calcd for
C15H1604 [M+H*] 261.1121, found 261.1126.

OAc
Ethyl 9-acetoxy-6,7-dihydro-5H-benzo[7]annulene-8-carboxylate (3y)
The general procedure TP3 was followed using ketoester (4 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 70:1) yielded 3y (657 mg, 60% yield) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 7.36 (dt, J = 10.5, 5.1 Hz, 1H), 7.30 (ddd, J =
9.9, 7.3, 1.7 Hz, 2H), 7.23 (dd, J = 7.1, 1.6 Hz, 1H), 4.25 (q, J = 7.1 Hz, 2H), 2.77 (t, J = 6.7
Hz, 2H), 2.27 — 2.19 (m, 7H), 1.33 (t, J = 7.1 Hz, 3H). *C-NMR (100 MHz, CDCl3): & = 168.9,
166.1, 152.9, 142.1, 135.8, 129.9, 129.2, 126.7, 126.4, 120.8, 60.9, 34.7, 31.7, 25.1, 21.0, 14.4.
HR-MS (EI) m/z calcd for C16H1804 [M+H"] 275.1278, found 275.1280.

0
: ’\(\/ ~CO,Et

OAc
Ethyl 4-acetoxy-2H-chromene-3-carboxylate (3z)
The general procedure TP3 was followed using ketoester (3 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3z (596 mg, 76% yield) as a
colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.31 — 7.26 (m, 1H), 7.24 (d, J = 1.5 Hz, 1H),
6.96 (td, J = 7.6, 1.1 Hz, 1H), 6.90 — 6.84 (m, 1H), 5.10 (s, 2H), 4.23 (q, J = 7.1 Hz, 2H), 2.38
(s, 3H), 1.31 (t, J = 7.1 Hz, 3H). *3C-NMR (100 MHz, CDCls): § = 167.8, 162.8, 156.9, 149.8,
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132.8, 124.0, 121.8, 119.1, 116.5, 109.7, 65.4, 60.9, 20.9, 14.3. HR-MS (EI) m/z calcd for
C14H1405 [M+H*] 263.0914, found 263.0918.

Me

Me
OAc

H” ~CO,Et

Ethyl (Z)-3-acetoxy-3-[4-(dimethylamino)phenyl]acrylate (3ac)

The general procedure TP3 was followed using ketoester (4.5 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3ac (873 mg, 70% vyield) as a
yellow solid. *H-MR (400 MHz, CDCls): 6 = 7.49 — 7.44 (m, 2H), 6.68 — 6.62 (m, 2H), 6.09 (s,
1H), 4.17 (g, J = 7.1 Hz, 2H), 3.02 (s, 6H), 2.39 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). *C-NMR
(100 MHz, CDCl3): 6 = 168.4, 165.1, 159.1, 152.3, 127.5, 119.8, 111.8, 101.1, 60.0, 40.2, 21.2,
14.5. HR-MS (El) m/z calcd for C15sH10NO4 [M+H"] 278.1387, found 278.1391.

OAc

H” ~CO,Et

Ethyl (2)-3-acetoxy-3-(4-fluorophenyl)acrylate (3ad)

The general procedure TP3 was followed using ketoester (4.26 mmol) for 18 h. Purification
by column chromatography (petroleum ether/ EtOAc 50:1) yielded 3ad (84%, 898 mg) as a
yellow oil. *H-NMR (400 MHz, CDCls): 6 = 7.60 — 7.54 (m, 2H), 7.12 — 7.05 (m, 2H), 6.20 (s,
1H), 4.19 (q, J = 7.1 Hz, 2H), 2.38 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). *C-NMR (100 MHz,
CDCl3): 0 = 166.9 (d, YJc.r = 243.6 Hz), 164.2, 163.2, 157.2, 129.8 (d, “Jc-r = 3.2 Hz), 128.2
(d, 3Jcr = 8.7 Hz), 116.1 (d, XJcr = 22.2 Hz), 106.1, 60.5, 21.1, 14.3. **F-NMR (376 MHz,
CDCl3): 6 = -108.62 (s). HR-MS (EI) m/z calcd for Ci3H13FO3 [M+H"] 253.0871, found
253.0878.

OAc

H” >CO,Et

Ethyl (£)-3-acetoxy-3-(4-iodophenyl)acrylate (3af)
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The general procedure TP3 was followed using ketoester (12 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3af (62%, 2.67 g) as a yellow
solid. "TH-NMR (400 MHz, CDCls): 6 = 7.77 — 7.73 (m, 2H), 7.32 — 7.28 (m, 2H), 6.25 (s, 1H),
4.20 (q,J= 7.1 Hz, 2H), 2.38 (s, 3H), 1.30 (t,J = 7.1 Hz, 3H). *C-NMR (100 MHz, CDCl3): 6
=168.0, 164.0, 157.2, 138.1, 133.0, 127.5, 106.7, 97.7, 60.5, 21.0, 14.3. HR-MS (EI) m/z calcd
for C13H13104 [M+H"] 360.9931, found 360.9937.

FsC

OAc

H” ~CO,Et

Ethyl (Z)-3-acetoxy-3-[4-(trifluoromethyl)phenyl]acrylate (3ag)

The general procedure TP3 was followed using ketoester (7.2 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 30:1) yielded 3ag (86%, 1.87 g) as an orange
oil. tH-NMR (400 MHz, CDCls): § = 7.68 (g, J = 8.7 Hz, 4H), 6.32 (s, 1H), 4.22 (9, J = 7.1 Hz,
2H), 2.40 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). ¥C-NMR (100 MHz, CDCls): ¢ = 168.1, 163.9,
156.5, 137.1, 132.7 (q, 2Jc-F = 32.8 Hz), 126.4, 126.0 (q, 3Jc.r = 3.7 Hz), 123.8 (q, YJc.F = 272.5
Hz), 108.4, 60.8, 21.0, 14.4. F-NMR (376 MHz, CDCls): 6 = -63.01 (s). HR-MS (EI) m/z
calcd for C14H13F304 [M+H™] 303.0839, found 303.0841.

EtO,C

OAc

H” ~CO,Et

Ethyl (Z2)-4-(1-acetoxy-3-ethoxy-3-oxoprop-1-en-1-yl)benzoate (3ah)

The general procedure TP3 was followed using ketoester (3 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 15:1) yielded 3ah (80%, 733 mg) as an white
solid. *H-NMR (400 MHz, CDCls3): ¢ = 8.07 — 8.02 (m, 2H), 7.65 — 7.60 (m, 2H), 6.32 (s, 1H),
4.37(q,J = 7.1 Hz, 2H), 4.19 (g, J = 7.1 Hz, 2H), 2.38 (s, 3H), 1.38 (t, J = 7.1 Hz, 3H), 1.29 (t,
J = 7.1 Hz, 3H). ¥C-NMR (100 MHz, CDCls): 6 = 168.0, 165.7, 163.9, 156.8, 137.5, 132.5,
130.0, 125.9, 108.0, 61.3, 60.6, 20.9, 14.3, 14.3. HR-MS (EI) m/z calcd for C16H1806 [M+H"]
307.1176, found 307.1179.
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OAc

H” ~CO,Et

Ethyl (Z)-3-acetoxy-3-(4-cyanophenyl)acrylate (3ai)

The general procedure TP3 was followed using ketoester (7 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 15:1) yielded 3ai (70%, 1.27 g) as a yellow
solid. *H-NMR (400 MHz, CDCls): 6 = 7.72 — 7.66 (m, 4H), 6.32 (s, 1H), 4.22 (9, J = 7.1 Hz,
2H), 2.40 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). *C-NMR (100 MHz, CDCls): § = 167.9, 163.6,
155.7, 137.8, 132.6, 126.5, 118.1, 114.3, 109.1, 60.8, 20.9, 14.2. HR-MS (EI) m/z calcd for
C14H13NOs [M+H™] 260.0917, found 260.0922.

M/O
OAc

H” ~CO,Et

Ethyl (Z)-3-acetoxy-3-[4-(pent-4-en-1-yloxy)phenyl]acrylate (3al)

The general procedure TP3 was followed using ketoester (2.87 mmol) for 18 h. Purification
by column chromatography (petroleum ether/ EtOAc 10:1) yielded 3al (67%, 611 mg) as a
colorless oil. tH-NMR (400 MHz, CDCls): 6 = 7.54 — 7.49 (m, 2H), 6.91 — 6.86 (m, 2H), 6.16
(s, 1H), 5.84 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 5.06 (ddd, J = 17.2, 3.2, 1.6 Hz, 1H), 5.01 (dd, J
=10.2, 1.3 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.99 (t, J = 6.4 Hz, 2H), 2.39 (s, 3H), 2.23 (dd, J
=14.6, 6.8 Hz, 2H), 1.93 - 1.85 (m, 2H), 1.29 (t, J = 7.1 Hz, 3H). 3C-NMR (100 MHz, CDCls):
0=168.2,164.6, 161.5, 158.2, 137.6, 127.7, 125.6, 115.5, 114.8, 103.9, 67.4, 60.2, 30.1, 28.3,
21.1, 14.4. HR-MS (El) m/z calcd for C18H220s [M+H"] 319.1540, found 319.1547.

OAc

H” ~CO,Et
Ethyl (Z)-3-acetoxyhept-2-enoate (3am)
The general procedure TP3 was followed using ketoester (6.7 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3am (75%, 1.08g) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 5.58 (s, 1H), 4.12 (q, J = 7.1 Hz, 2H), 2.26 (t, J
= 7.4 Hz, 2H), 2.23 (s, 3H), 1.50 (dt, J = 15.2, 7.3 Hz, 2H), 1.36 (dd, J = 15.0, 7.4 Hz, 2H), 1.24

(t, J = 7.1 Hz, 3H), 0.91 (t, J = 7.3 Hz, 3H). *C-NMR (100 MHz, CDCls): 6 = 168.1, 164.1,
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163.6, 107.3, 60.1, 35.2, 28.0, 22.2, 21.1, 14.3, 13.8. HR-MS (EIl) m/z calcd for Ci11H1s04
[M+H"] 215.1278, found 215.1281.

Me

/ OAc
Ne—(_)-o
Ethyl (Z2)-2-(1-acetoxyethylidene)-5-(4-cyanophenoxy)pentanoate (3an)

The general procedure TP3 was followed using ketoester (3.3 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3an (62%, 677 mg) as a
colorless oil. tH-NMR (400 MHz, CDCls): 6 = 7.60 — 7.51 (m, 2H), 6.97 — 6.90 (m, 2H), 4.14
(9,J=7.1Hz, 2H), 4.03 (t, J = 6.0 Hz, 2H), 2.53 (t, J = 7.1 Hz, 2H), 2.15 (s, 3H), 2.01 — 1.95
(m, 2H), 1.95 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H). 3C-NMR (100 MHz, CDCls): § = 168.8, 166.0,
162.3,153.4,134.1,119.8,119.4, 115.3, 104.0, 66.8, 60.7, 28.0, 25.2, 21.0, 18.4, 14.3. HR-MS
(E1) m/z calcd for C1gH21NOs [M+H*] 332.1492, found 332.1495.

(@) CO,Et
(T X
Me OAc

Me

6-{(3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-[(R)-6-methylheptan-2-yl]-2,3,4,7,8,9,
10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl} 1-ethyl (2)-2
-(1-acetoxyethylidene)hexanedioate (3ap)

The general procedure TP3 was followed using ketoester (3.5 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3ap (61%, 1.34 g) as a white
solid. *H-NMR (400 MHz, CDCl3) 6 =5.35 (d, J = 4.1 Hz, 1H), 4.65 — 4.54 (m, 1H), 4.15(q, J
= 7.1 Hz, 2H), 2.32 (ddd, J = 11.2, 10.4, 5.8 Hz, 6H), 2.14 (s, 3H), 2.04 — 1.91 (m, 5H), 1.87 —
1.71 (m, 5H), 1.58 —0.90 (m, 30H), 0.84 (dd, J = 6.6, 1.6 Hz, 6H), 0.66 (s, 3H). *C-NMR (100
MHz, CDCls): 6 = 172.8, 168.7, 166.0, 153.2, 139.7, 122.7, 120.3, 74.0, 60.6, 56.8, 56.2, 50.1,
42.4,39.8, 39.6, 38.2, 37.1, 36.7, 36.3, 35.9, 33.8, 32.0, 31.9, 28.3, 28.2, 28.1, 27.9, 24.4, 24.2,
23.9, 22.9, 22.7, 21.1, 21.0, 19.4, 18.8, 18.5, 14.3, 12.0. HR-MS (EI) m/z calcd for CzgHs206

[M+H"] 627.4619, found 627.4623.
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Ethyl (R,Z)-2-(1-acetoxyethylidene)-6-{(3R,5R,8R,9S,10S,13R,14S,17R)-3-[(tert-butyldim
ethylsilyl)oxy]-10,13-dimethylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl}hepta
noate (3aq)

The general procedure TP3 was followed using ketoester (2 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3aq (42%, 529 mg) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 4.17 (g, J = 7.1 Hz, 2H), 3.63 — 3.52 (m, 1H),
2.15 (s, 3H), 1.99 (s, 3H), 1.86 — 1.74 (m, 4H), 1.50 — 0.98 (m, 30H), 0.92 — 0.84 (m, 17H),
0.06 (s, 6H). **C-NMR (100 MHz, CDCls): ¢ = 168.9, 166.5, 151.9, 121.5, 73.0, 60.5, 56.6,
56.3, 42.8,42.5, 40.4, 40.3, 37.1, 36.0, 35.7, 35.7, 34.7, 31.2, 29.9, 29.4, 28.4, 27.5, 26.6, 26.1,
25.5, 24.4, 235, 21.1, 21.0, 18.7, 18.5, 18.4, 14.4, 12.2, -4.5. HR-MS (EIl) m/z calcd for
CagHes0sSi [M+H™] 631.4752, found 631.4754.

Me Me Me
X =
Me OAc
CO,Et

Ethyl (R,Z)-2-(1-acetoxyethylidene)-5,9-dimethyldec-8-enoate (3ar)

The general procedure TP3 was followed using ketoester (4 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 20:1) yielded 3ar (65%, 806 mg) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 5.11 — 5.03 (m, 1H), 4.15 (q, J = 7.1 Hz, 2H),
2.36 — 2.19 (m, 2H), 2.14 (s, 3H), 2.02 — 1.89 (m, 5H), 1.67 (s, 3H), 1.59 (s, 3H), 1.44 (ddd, J
=12.7, 10.6, 5.3 Hz, 2H), 1.37 — 1.24 (m, 5H), 1.20 — 1.09 (m, 1H), 0.90 (d, J = 6.4 Hz, 3H).
13C-NMR (100 MHz, CDCls): § = 168.9, 166.4, 151.9, 131.3, 124.9, 121.5, 60.5, 36.9, 36.0,
32.5,26.6, 25.8, 25.6, 21.0, 19.5, 18.2, 17.7, 14.3. HR-MS (EI) m/z calcd for C1gH3004 [M+H"]
311.2217, found 311.2218.
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: ?—CO2Et
0 %
‘©_<\ OAc

o
=S
Me—/_'> ?
Me

(Z)-4-(1-Acetoxy-3-ethoxy-3-oxoprop-1-en-1-yl)phenyl 4-(N,N dipropylsulfamoyl)
benzoate (3as)
The general procedure TP3 was followed using ketoester (2.44 mmol) for 18 h. Purification
by column chromatography (petroleum ether/ EtOAc 5:1) yielded 3as (60%, 757 mg) as a white
solid. *H-NMR (400 MHz, CDCls): 6 = 8.33 — 8.30 (m, 2H), 7.97 — 7.93 (m, 2H), 7.70 — 7.65
(m, 2H), 7.31 - 7.27 (m, 2H), 6.27 (s, 1H), 4.21 (g, J = 7.1 Hz, 2H), 3.16 — 3.11 (m, 4H), 2.41
(s, 3H), 1.62 — 1.56 (m, 4H), 1.31 (t, J = 7.1 Hz, 3H), 0.89 (t, J = 7.4 Hz, 6H). 3C-NMR (100
MHz, CDCl3): 6 = 168.1, 164.1, 163.5, 157.1, 152.7, 145.3, 132.5, 131.6, 131.0, 127.5, 127.3,
122.1, 106.6, 60.5, 50.0, 22.0, 21.1, 14.3, 11.3. HR-MS (EI) m/z calcd for C26Ha1NOsS [M+H*]
518.1843, found 518.1849.

O OAc

Me Me H CO,Et

Ethyl (S,Z)-3-acetoxy-3-{4-{[2-(4-isobutylphenyl)propanoyl]oxy}phenyl}acrylate (3at)
The general procedure TP3 was followed using ketoester (3.3 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 15:1) yielded 3at (72%, 1.04 g) as an orange
oil. tH-NMR (400 MHz, CDCls): § = 7.57 — 7.53 (m, 2H), 7.29 (d, J = 8.1 Hz, 2H), 7.15 (d, J
= 8.1 Hz, 2H), 7.07 — 7.03 (m, 2H), 6.20 (s, 1H), 4.19 (g, J = 7.1 Hz, 2H), 3.94 (q, J = 7.1 Hz,
1H), 2.47 (d, J = 7.2 Hz, 2H), 2.37 (s, 3H), 1.87 (m, 1H), 1.60 (d, J = 7.2 Hz, 3H), 1.29 (t, J =
7.1 Hz, 3H), 0.91 (d, J = 6.6 Hz, 6H). 3C-NMR (100 MHz, CDCls): 6 = 172.9, 168.1, 164.2,
157.4,153.1,141.1,137.1,131.1,129.7,127.3,127.3, 122.0, 106.3, 60.5, 45.4, 45.2, 30.3, 22.5,
21.1, 18.6, 14.4. HR-MS (EI) m/z calcd for CasH3zo0s [M+H*] 439.2115, found 439.2121.
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OAc
— /O \
N Se CO,Et
\N/ 1 O

FsC 0 H

Ethyl (Z)-3-acetoxy-3-{4-{{{4-[5-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]phenyl}sul
fonyl}oxy}phenyl}acrylate (3au)

The general procedure TP3 was followed using ketoester (1.4 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3au (82%, 708 mg) as a white
solid. 'H-NMR (400 MHz, CDCls): § = 7.82 — 7.78 (m, 2H), 7.54 — 7.48 (m, 4H), 7.18 (d, J =
7.9 Hz, 2H), 7.09 (d, J = 8.1 Hz, 2H), 7.06 — 7.00 (m, 2H), 6.75 (s, 1H), 6.20 (s, 1H), 4.20 (q, J
=7.1Hz, 2H), 2.39 (s, 3H), 2.37 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). *C-NMR (100 MHz, CDCls):
J = 168.1, 164.0, 156.5, 151.1, 145.6, 144.6 (q, 2Jc-r = 38.5 Hz), 144.0, 140.2, 134.3, 132.9,
131.0, 129.6, 128.9, 127.7, 125.7, 125.5, 122.9, 121.1 (q, YJc-r = 269.3 Hz), 107.3, 106.8, 60.6,
21.5, 21.0, 14.3. ®F-NMR (376 MHz, CDCls): 6 = -62.52 (s). HR-MS (EI) m/z calcd for
CsoH25F3N207S [M+H*] 615.1407, found 615.1423.

cl
\©Yo
N H
) Me )—CO,E!
o)
OAc
MeO

0

Ethyl (Z2)-3-acetoxy-3-{4-{2-[1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl]acet
oxy}phenyl}acrylate (3av)

The general procedure TP3 was followed using ketoester (2.5 mmol) for 18 h. Purification by
column chromatography (petroleum ether/ EtOAc 10:1) yielded 3av (22%, 320 mg) as a yellow
solid. 'H-NMR (400 MHz, CDCls): 6 = 7.69 — 7.66 (m, 2H), 7.60 — 7.56 (m, 2H), 7.50 — 7.46
(m, 2H), 7.14 — 7.10 (m, 2H), 7.04 (d, J = 2.5 Hz, 1H), 6.89 (d, J = 9.0 Hz, 1H), 6.70 (dd, J =
9.0, 2.5 Hz, 1H), 6.21 (s, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.91 (s, 2H), 3.83 (s, 3H), 2.45 (s, 3H),
2.37 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). $3C-NMR (100 MHz, CDCls): 6 = 169.0, 168.4, 168.1,
164.2,157.2, 156.3, 152.8, 139.6, 136.5, 133.9, 131.3, 131.0, 130.5, 129.3, 127.4, 122.0, 115.2,
111.9, 111.8, 106.5, 101.3, 60.5, 55.9, 30.7, 21.1, 14.4, 13.6. HR-MS (EIl) m/z calcd for
Ca2H2sCINOg [M+H™] 590.1576, found 590.1584.
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EtO,C

OAc
MeO
Ethyl (E)-2-[acetoxy(4-methoxyphenyl)methylene]hex-5-enoate [(E)-82]
The corresponding ketoester (3.2 mmol, 1.0 eq) was dissolved in acetic anhydride (6.4 mL),
and 4-dimethylaminopyridine (1.6 mmol, 0.5 eq) and EtsN (24.3 mmol, 7.6 eq) were added.
The reaction mixture was stirred for 3 h at 23 °C. The solvent was evaporated and the residue
was taken up in toluene and washed with a saturated solution of NaHCOs3, water and brine. The
organic phase was dried over Na>SO4 and concentrated under reduced pressure. The residue
was purified by flash column chromatography (petroleum ether/ EtOAc 15:1) yielded (E)-82
(49%, 499 mg) as a colorless oil. tH-NMR (400 MHz, CDCls): 6 = 7.31 — 7.26 (m, 2H), 6.86 —
6.80 (m, 2H), 5.84 (ddt, J=16.9, 10.2, 6.7 Hz, 1H), 5.05 (dq, J = 17.1, 1.6 Hz, 1H), 5.01 — 4.96
(m, 1H), 4.02 (g, J = 7.1 Hz, 2H), 3.80 (s, 3H), 2.45 (dd, J = 8.9, 6.6 Hz, 2H), 2.27 — 2.19 (m,
2H), 2.16 (s, 3H), 1.01 (t, J = 7.1 Hz, 3H). ¥C-NMR (100 MHz, CDCls): ¢ = 168.4, 168.3,
160.3, 152.4, 137.7, 129.7, 128.1, 123.4, 115.3, 113.5, 60.8, 55.3, 32.4, 28.4, 21.0, 13.9. HR-
MS (El) m/z calcd for C1gH2205 [M+H*] 319.1540, found 319.1544.

CO,Et
SiMe,Ph

Ethyl 2-[dimethyl(phenyl)silyl|cyclopent-1-ene-1-carboxylate (4)
The general procedure TP4 was followed using 3a (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
2 h. Purification by column chromatography (PE) yielded 4 (55 mg, 81%) as a colorless oil. 'H-
NMR (400 MHz, CDCl3): 6 = 7.53 — 7.48 (m, 2H), 7.32 (dd, J=4.2, 2.3 Hz, 3H), 4.00 (q, J =
7.1 Hz, 2H), 2.71 (tt, J = 8.0, 2.5 Hz, 2H), 2.55 (tt, J = 7.6, 2.5 Hz, 2H), 1.89 — 1.81 (m, 2H),
1.09 (t, J = 7.1 Hz, 3H), 0.44 (s, 6H). *C-NMR (100 MHz, CDCl3): § = 166.1, 156.0, 145.5,
138.9, 133.7, 128.7, 127.6, 60.0, 41.0, 35.8, 23.5, 14.1, -2.0. HR-MS (EI) m/z caled for
Ci6H20,Si [M+H"] 275.1462, found 275.1466.

Sn"Bus

Ethyl 3-(tributylstannyl)-1H-indene-2-carboxylate (7)
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The general procedure TP6 was followed using 3b (0.25 mmol) and 2a (0.325 mmol) at -20 <C
for 15 min. Purification by column chromatography (PE) yielded 7 (79 mg, 66%) as a colorless
oil. 'H-NMR (400 MHz, CDCls): 6 = 7.64 (dd, J = 5.8, 2.7 Hz, 1H), 7.51 (dd, J = 5.3, 2.7 Hz,
1H), 7.36 — 7.27 (m, 2H), 4.30 (q, J = 7.1 Hz, 2H), 3.81 — 3.65 (m, 2H), 1.52 (ddd, J = 11.0,
8.1, 3.7 Hz, 6H), 1.39 — 1.29 (m, 9H), 1.24 — 1.10 (m, 6H), 0.87 (t, J = 7.3 Hz, 9H). 3C-NMR
(100 MHz, CDCls): 0 = 166.6, 161.8,149.9, 145.8, 144.9, 127.0, 126.7, 125.2, 124.0, 60.6, 40.9,
29.3, 27.6, 14.6, 13.8, 11.5. HR-MS (EI) m/z calcd for C24H380.Sn [M+H*] 479.1967, found
479.1970.

<r0H

SiMe,Ph

{2-[Dimethyl(phenyl)silyl]cyclopent-1-en-1-yl}methanol (8)

The general procedure TP9 was followed using 4 (0.219 mmol) and DIBAH (0.66 mmol) at
0 °C for 2 h. Purification by column chromatography (petroleum ether/EtOAc 5:1) yielded 8
(38 mg, 74%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): § = 7.54 — 7.47 (m, 2H), 7.39 —
7.32 (m, 3H), 4.09 (s, 2H), 2.56 — 2.47 (m, 4H), 1.88 — 1.78 (m, 2H), 1.18 (s, 1H), 0.39 (s, 6H).
BC-NMR (100 MHz, CDCls): § = 154.6, 139.5, 136.9, 133.7, 129.2, 128.1, 61.8, 39.0, 36.7,
23.8, -1.4. HR-MS (EI) m/z caled for C14H200Si [M+H"] 233.1356, found 233.1358.

Me SiMe,Ph
©\/\|[C02Et
Ethyl (£2)-2-benzyl-3-|dimethyl(phenyl)silyl|but-2-enoate (9)
The general procedure TP5 was followed using 3¢ (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1.5 h. Purification by column chromatography (PE) yielded 9 (48 mg, 57%) as a colorless oil.
'H-NMR (400 MHz, CDCls): § = 7.54 — 7.47 (m, 2H), 7.31 (dd, J = 6.1, 2.6 Hz, 3H), 7.28 —
7.23 (m, 2H), 7.17 (t, J= 6.5 Hz, 3H), 3.82 (s, 2H), 3.77 (q, /= 7.1 Hz, 2H), 1.90 (s, 3H), 0.98
(t,J=7.1 Hz, 3H), 0.43 (s, 6H). 3C-NMR (100 MHz, CDCl3): 6 = 169.2, 147.5, 142.3, 139.7,
139.4, 133.7, 128.6, 128.5, 128.4, 127.7, 126.1, 60.5, 35.9, 20.4, 14.0, -1.0. HR-MS (EI) m/z
caled for C21H2602Si [M+H"] 339.1775, found 339.1778.

tBu\©ie;[SiMe2Ph
CO,Et
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Ethyl (£)-2-[4-(tert-butyl)benzyl]|-3-[dimethyl(phenyl)silyl]|but-2-enoate (10)

The general procedure TPS was followed using 3d (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (PE) yielded 10 (54 mg, 55%) as a colorless oil.
'H-NMR (400 MHz, CDCl3): 6 = 7.54 — 7.49 (m, 2H), 7.34 — 7.30 (m, 3H), 7.28 (d, /= 8.4 Hz,
2H), 7.09 (d, J = 8.4 Hz, 2H), 3.82 — 3.72 (m, 4H), 1.89 (s, 3H), 1.30 (s, 9H), 0.98 (t, J = 7.1
Hz, 3H), 0.43 (s, 6H). *C-NMR (100 MHz, CDCls): § = 169.3, 148.8, 147.1, 142.5, 139.7,
136.1, 133.7, 128.6, 128.0, 127.7, 125.4, 60.5, 35.4, 34.5, 31.5, 20.3, 14.0, -1.0. HR-MS (EI)
m/z calcd for C2sH340,Si [M+H"] 395.2401, found 395.2403.

FaC Me . SiMe,Ph

O\/\l[coza
Ethyl (£2)-3-[dimethyl(phenyl)silyl]-2-[4-(trifluoromethyl)benzyl|but-2-enoate (11)
The general procedure TP5 was followed using 3e (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (PE) yielded 11 (68 mg, 67%) as a colorless oil.
"H-NMR (400 MHz, CDCl3): § = 7.54 — 7.47 (m, 4H), 7.35 — 7.30 (m, 3H), 7.27 (d, J = 8.0 Hz,
2H), 3.86 (s, 2H), 3.77 (q, J = 7.1 Hz, 2H), 1.89 (s, 3H), 0.98 (t, J= 7.1 Hz, 3H), 0.44 (s, 6H).
BC-NMR (100 MHz, CDCl3): 6 = 168.9, 149.0 143.6 (d, *Jc.r = 1.0 Hz), 141.2, 139.4, 133.7,
128.8, 128.6, 128.2 (q, 2Jcr = 23.5 Hz), 127.7, 125.5 (q, *Jcr= 3.7 Hz), 124.5 (q, 'Jc.r=270.0
Hz), 60.7, 35.7, 20.6, 13.9, -1.0. ’F-NMR (376 MHz, CDCl3): § = -62.33 (s). HR-MS (EI) m/z
calcd for C22HsF302Si [M+H'] 407.1649, found 407.1652.

F Me_ SiMe,Ph

\©\ICOZEt
Ethyl (£2)-3-[dimethyl(phenyl)silyl]-2-(4-fluorobenzyl)but-2-enoate (12)
The general procedure TP5 was followed using 3f (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
2 h. Purification by column chromatography (PE) yielded 12 (48 mg, 54%) as a colorless oil.
'H-NMR (400 MHz, CDCl3): 6 = 7.51 — 7.47 (m, 2H), 7.33 — 7.30 (m, 3H), 7.11 (dd, J = 8.6,
5.5 Hz, 2H), 6.98 — 6.92 (m, 2H), 3.76 (q, /= 7.1 Hz, 4H), 1.89 (s, 3H), 0.98 (t,J=7.1 Hz, 3H),
0.42 (s, 6H). >*C-NMR (100 MHz, CDCl3): 6 =169.1, 161.5 (d, 'Jc.r = 243.6 Hz), 147.5, 142.2,
139.5, 134.9 (d, *Je.r= 3.2 Hz), 133.7, 129.8 (d, *Jc.r = 8.0 Hz), 128.7, 127.7, 115.2 (d, 2Jc.r =
21.2 Hz), 60.6, 35.1, 20.3, 14.0, -1.0. "’F-NMR (376 MHz, CDCl3): § = -117.49 (s). HR-MS
(ET) m/z calcd for C21H2sFO2Si [M+H'] 357.1681, found 357.1684.
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cl Me__SiMe,Ph

\©\/\|[C02Et
Ethyl (£)-2-(4-chlorobenzyl)-3-[dimethyl(phenyl)silyl]but-2-enoate (13)
The general procedure TP5 was followed using 3g (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (PE) yielded 13 (57 mg, 61%) as a colorless oil.
"H-NMR (400 MHz, CDCl3): 6 = 7.48 (dt, J= 7.9, 3.2 Hz, 2H), 7.34 — 7.30 (m, 3H), 7.23 (d, J
= 8.4 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 3.77 (q, J = 7.3 Hz, 4H), 1.88 (s, 3H), 0.99 (t, J= 7.1
Hz, 3H), 0.42 (s, 6H). >*C-NMR (100 MHz, CDCls): § = 169.0, 148.1, 141.8, 139.5, 137.9,
133.7,131.8, 129.7, 128.7, 128.6, 127.7, 60.6, 35.3, 20.4, 14.0, -1.0. HR-MS (EI) m/z calcd for
C21H25Cl10,Si [M+H'] 373.1385, found 373.1388.

Me . _SiMe,Ph

CI/Q\ICO2Et

Ethyl (£)-2-(3-chlorobenzyl)-3-[dimethyl(phenyl)silyl]but-2-enoate (14)

The general procedure TPS was followed using 3h (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (PE) yielded 14 (51 mg, 55%) as a colorless oil.
'"H-NMR (400 MHz, CDCl3): 6 = 7.49 (dd, J = 6.4, 3.0 Hz, 2H), 7.34 — 7.29 (m, 3H), 7.21 —
7.13 (m, 3H), 7.04 (d, /= 7.1 Hz, 1H), 3.78 (q, J = 7.4 Hz, 4H), 1.89 (s, 3H), 0.99 (t, /= 7.1
Hz, 3H), 0.43 (s, 6H). *C-NMR (100 MHz, CDCl3): § = 168.9, 148.7, 141.5, 141.4, 139.5,
134.3, 133.6, 129.7, 128.7, 128.6, 127.7, 126.5, 126.3, 60.6, 35.5, 20.5, 14.0, -1.0. HR-MS (EI)
m/z calced for C21HzsCl102Si [M+H"] 373.1385, found 373.1388.

Br: Me SiMe,Ph
\Q\Icoza
F

Ethyl (£2)-2-(4-bromo-2-fluorobenzyl)-3-[dimethyl(phenyl)silyl|but-2-enoate (15)

The general procedure TP5 was followed using 3i (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
2 h. Purification by column chromatography (PE) yielded 15 (55 mg, 51%) as a colorless oil.
"H-NMR (400 MHz, CDCls): 6 = 7.50 (dd, J = 6.5, 3.0 Hz, 2H), 7.32 (dd, J = 6.1, 2.6 Hz, 3H),
7.11 (t,J=17.6 Hz, 1H), 7.02 (ddd, J=15.8, 11.5, 4.7 Hz, 2H), 3.82 (s, 2H), 3.77 (q, J= 7.1 Hz,
2H), 1.88 (s, 3H), 0.98 (t,J=7.1 Hz, 3H), 0.43 (s, 6H). *C-NMR (100 MHz, CDCl5): § = 169.0,
161.1 (d, 'Je.r = 245.2 Hz), 148.3, 140.8, 139.6, 133.7, 129.8 (d, “Jc.r = 4.5 Hz), 128.7, 127.8

(d, *Jer=8.1Hz), 127.7,126.2 (d, 2Jc.r = 15.8 Hz), 124.1 (d, *Jc.r = 3.6 Hz), 115.2 (d, 2Jc.r =
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22.2 Hz), 60.6, 28.8 (d, *Jc.r = 3.5 Hz), 20.2, 13.9, -1.0. ’F-NMR (376 MHz, CDCl3): 6 = -
117.33 (s). HR-MS (EI) m/z calcd for C21H24BrFO,Si [M+H'] 435.0786, found 435.0789.

o] Me__SiMe,Ph

CI:©\/\|[COZEt

Ethyl (£)-2-(3,4-dichlorobenzyl)-3-[dimethyl(phenyl)silyl|but-2-enoate (16)

The general procedure TPS was followed using 3j (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (PE) yielded 16 (60 mg, 60%) as a colorless oil.
'H-NMR (400 MHz, CDCl3): 6 = 7.50 — 7.46 (m, 2H), 7.35 — 7.31 (m, 4H), 7.26 (d, J=2.0 Hz,
1H), 7.00 (dd, J = 8.2, 2.1 Hz, 1H), 3.78 (dd, J = 14.7, 7.5 Hz, 4H), 1.89 (s, 3H), 1.00 (t, J =
7.1 Hz, 3H), 0.43 (s, 6H). '>*C-NMR (100 MHz, CDCl3): 6 = 168.8, 149.3, 141.0, 139.8, 139.4,

133.6, 132.4,130.4, 130.1, 129.7, 128.8, 127.8, 127.8, 60.7, 35.0, 20.6, 14.0, -1.0. HR-MS (EI)
m/z calcd for C21H24C10,Si [M+H"] 407.0995, found 407.0998.

Me

CO,Et

Ethyl (£2)-2-{1-[dimethyl(phenyl)silyl]ethylidene}undecanoate (17)

The general procedure TPS was followed using 3k (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (PE) yielded 17 (60 mg, 64%) as a colorless oil.
'H-NMR (400 MHz, CDCl3): 6 = 7.51 — 7.45 (m, 2H), 7.32 — 7.28 (m, 3H), 3.82 (q, /= 7.1 Hz,
2H), 2.46 — 2.34 (m, 2H), 1.83 (s, 3H), 1.43 — 1.36 (m, 2H), 1.31 — 1.24 (m, 12H), 1.09 (t, J =
7.1 Hz, 3H), 0.88 (t, J = 6.9 Hz, 3H), 0.38 (s, 6H). '*C-NMR (100 MHz, CDCl;): ¢ = 170.0,
144.8, 143.4, 139.7, 133.7, 128.6, 127.6, 60.4, 32.1, 30.5, 29.7, 29.7, 29.6, 29.5, 28.7, 22.8,
19.3,14.3, 14.1, -1.1. HR-MS (EI) m/z calcd for C23H3302Si [M+H"] 375.2714, found 375.2716.

Me SiMe,Ph
Me |

® Me Me
Ethyl (£2)-2-{1-[dimethyl(phenyl)silyl]ethylidene}-5,7,7-trimethyloctanoate (18)
The general procedure TP5 was followed using 31 (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (PE) yielded 18 (61 mg, 65%) as a colorless oil.
"H-NMR (400 MHz, CDCl3): 6 = 7.51 — 7.45 (m, 2H), 7.30 (dd, J = 3.7, 2.6 Hz, 3H), 3.82 (q,
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J=7.1Hz, 2H), 2.46 — 2.31 (m, 2H), 1.84 (s, 3H), 1.48 (td, J = 11.7, 6.1 Hz, 1H), 1.43 — 1.33
(m, 1H), 1.27 = 1.21 (m, 2H), 1.09 (t, /= 7.1 Hz, 3H), 1.07 — 1.01 (m, 1H), 0.94 (d, J= 6.6 Hz,
3H), 0.89 (s, 9H), 0.38 (s, 6H). *C-NMR (100 MHz, CDCl3): 6 = 170.0, 144.8, 143.7, 139.8,
133.7, 128.6, 127.6, 60.4, 51.2, 38.2, 31.2, 30.1, 29.6, 28.4, 22.7, 19.3, 14.1, -1.0. HR-MS (EI)
m/z calcd for C23H3302Si [M+H"] 375.2714, found 375.2717.

Me
CI4©—\_/2—SiMe2Ph

CO,Et

Ethyl (Z2)-2-(4-chlorophenethyl)-3-[dimethyl(phenyl)silyl|but-2-enoate (19)

The general procedure TP5 was followed using corresponding alkenyl acetate (0.25 mmol)
and 1a (0.5 mmol) at 23 °C for 2 h. Purification by column chromatography (petroleum
ether/EtOAc 100:1) yielded 19 (51 mg, 52%) as a colorless oil. 'TH-NMR (400 MHz, CDCls):
0="17.52—-7.48 (m, 2H), 7.38 — 7.34 (m, 3H), 7.13 (d, /= 8.4 Hz, 2H), 6.72 (d, /= 8.4 Hz, 2H),
4.25(q,J=7.1 Hz, 2H), 2.51 — 2.44 (m, 2H), 2.41 — 2.35 (m, 2H), 1.92 (s, 3H), 1.34 (t, J="7.1
Hz, 3H), 0.39 (s, 6H). *C-NMR (100 MHz, CDCls): § = 169.8, 143.7, 139.8, 138.8, 138.5,
133.9, 131.7, 129.8, 129.4, 128.4, 128.2, 60.5, 36.3, 34.1, 20.9, 14.6, -1.1. HR-MS (EI) m/z
calcd for C22H27C102Si [M+H'] 387.1542, found 387.1544.

Me
TN )=SiMezPh

CO,Et

Ethyl (£2)-3-[dimethyl(phenyl)silyl]-2-[2-(thiophen-3-yl)ethyl|but-2-enoate (20)

The general procedure TP5S was followed using 3m (0.25 mmol) and 1a (0.5 mmol) at 23 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 100:1) yielded 20 (45
mg, 50%) as a colorless oil. '"H-NMR (400 MHz, CDCls): § = 7.46 (dt, J = 5.0, 2.7 Hz, 2H),
7.33 -7.29 (m, 3H), 7.22 (dd, J=4.9, 3.0 Hz, 1H), 6.94 (t,J=3.5 Hz, 2H), 3.82 (q, J=7.1 Hz,
2H), 2.79 — 2.69 (m, 4H), 1.71 (s, 3H), 1.09 (t, J = 7.1 Hz, 3H), 0.38 (s, 6H). 3*C-NMR (100
MHz, CDCl3): 6 = 169.6, 145.7, 143.0, 141.9, 139.6, 133.7, 128.6, 128.6, 127.6, 125.3, 120.7,
60.5, 31.4,29.2, 19.4, 14.1, -1.1. HR-MS (EI) m/z calcd for C20H26SO,Si [M+H"] 359.1496,
found 359.1499.
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Me_ _SiMe,Ph

Diethyl (£)-2-{1-|dimethyl(phenyl)silyl]ethylidene}octanedioate (21)

The general procedure TP4 was followed using 3n (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded 21 (53 mg,
54%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.47 (dd, J = 6.6, 2.9 Hz, 2H), 7.33 —
7.28 (m, 3H), 4.12 (q, J = 7.1 Hz, 2H), 3.82 (q, J = 7.1 Hz, 2H), 2.45 — 2.36 (m, 2H), 2.29 (t,J
=7.5 Hz, 2H), 1.83 (s, 3H), 1.69 — 1.62 (m, 2H), 1.47 — 1.33 (m, 4H), 1.25 (t, /= 7.1 Hz, 3H),
1.09 (t, J = 7.1 Hz, 3H), 0.38 (s, 6H). *C-NMR (100 MHz, CDCl3): 6 = 173.9, 169.9, 144.3,
144.0, 139.6, 133.7, 128.6, 127.6, 60.4, 60.3, 34.4, 30.2,29.2,28.4,24.9,19.4, 14.4, 14.1, -1.1.
HR-MS (EI) m/z caled for C22H3404Si [M+H"] 391.2299, found 391.2302.

Me SiMe,Ph
NC\/\/\IE
CO,Et

Ethyl (£2)-5-cyano-2-{1-|dimethyl(phenyl)silyl]ethylidene}pentanoate (22)

The general procedure TP4 was followed using (£)-89 (0.25 mmol) and 1a (0.5 mmol) at 23 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded 22 (55
mg, 70%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.46 (dd, J = 6.4, 3.0 Hz, 2H),
7.31(dd,J=6.3,2.7Hz, 3H), 3.84 (q, /= 7.1 Hz, 2H), 2.62 — 2.52 (m, 2H), 2.36 (t,J=7.1 Hz,
2H), 1.89 (s, 3H), 1.80 (m, 2H), 1.10 (t, J = 7.1 Hz, 3H), 0.40 (s, 6H). 3*C-NMR (100 MHz,
CDCl): 0=169.2, 147.5, 141.6, 139.3, 133.6, 128.8, 127.7, 119.7, 60.7, 29.0, 24.6, 19.8, 17.0,
14.1, -1.1. HR-MS (EI) m/z calcd for Ci1sH2sNO,Si [M+H"] 316.1727, found 316.1730.

\/f;[SiMezPh
PivO CO,Et

Ethyl (Z2)-2-{1-[dimethyl(phenyl)silyl]ethylidene}-5-(pivaloyloxy)pentanoate (23)

The general procedure TPS was followed using 30 (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
2 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 23 (55 mg,
56%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.50 — 7.44 (m, 2H), 7.33 — 7.29 (m,
3H), 4.07 (t, J= 6.3 Hz, 2H), 3.84 (q, /= 7.1 Hz, 2H), 2.53 — 2.44 (m, 2H), 1.85 (s, 3H), 1.75
(dq, J = 12.9, 6.3 Hz, 2H), 1.20 (s, 9H), 1.09 (t, J = 7.1 Hz, 3H), 0.39 (s, 6H). *C-NMR (100
MHz, CDCl3): 6 =178.7, 169.5, 145.8, 143.1, 139.6, 133.7, 128.6, 127.7, 64.0, 60.5, 38.9, 28.0,
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27.4,26.8, 19.5, 14.1, -1.1. HR-MS (EI) m/z caled for C2oH3404Si [M+H*] 391.2299, found
391.2301.

/\/f;[suvlezph
AcO CO,Et

Ethyl (Z2)-6-acetoxy-2-{1-[dimethyl(phenyl)silyl]ethylidene}hexanoate (24)

The general procedure TP4 was followed using corresponding alkenyl acetate (0.25 mmol)
and 1a (0.5 mmol) at 23 °C for 1 h. Purification by column chromatography (petroleum
ether/EtOAc 20:1) yielded 24 (52 mg, 58%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6
=7.50 — 7.44 (m, 2H), 7.33 — 7.28 (m, 3H), 4.07 (t, J = 6.6 Hz, 2H), 3.82 (q, /= 7.1 Hz, 2H),
2.49 — 2.39 (m, 2H), 2.04 (s, 3H), 1.84 (s, 3H), 1.71 — 1.62 (m, 2H), 1.48 (tt, J=10.1, 6.4 Hz,
2H), 1.09 (t, J = 7.1 Hz, 3H), 0.38 (s, 6H). *C-NMR (100 MHz, CDCl;): 6 = 171.3, 169.8,
144.6,143.9, 139.6, 133.7, 128.6, 127.7, 64.4, 60.5, 29.9, 28.6,25.1,21.1, 19.5, 14.1, -1.1. HR-
MS (EI) m/z caled for C20H3004Si [M+H"] 363.1986, found 363.1989.

Ph/\O)J\N Me SiMe,Ph

O\ICOZEt
Benzyl (Z)-4-{3-[dimethyl(phenyl)silyl]-2-(ethoxycarbonyl)but-2-en-1-yl}piperidine-1-ca
rboxylate (25)
The general procedure TPS was followed using 3p (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
5 h. Purification by column chromatography (petroleum ether/EtOAc 15:1) yielded 25 (60 mg,
50%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.46 (dd, J = 6.4, 3.0 Hz, 2H), 7.35
(d, J=4.2 Hz, 4H), 7.34 — 7.27 (m, 4H), 5.12 (s, 2H), 4.16 (s, 2H), 3.80 (q, J = 7.1 Hz, 2H),
2.72 (s, 2H), 2.39 (d, J = 7.1 Hz, 2H), 1.82 (s, 3H), 1.72 — 1.53 (m, 4H), 1.15 (d, J = 9.5 Hz,
1H), 1.08 (t, J = 7.1 Hz, 3H), 0.38 (s, 6H). *C-NMR (100 MHz, CDCl;): § = 169.9, 155.4,
145.6,142.3,139.5,137.1, 133.7, 128.7, 128.6, 128.1, 128.0, 127.7, 67.1, 60.5, 44.4, 36.8, 36.1,
32.1, 20.0, 14.1, -1.0. HR-MS (EI) m/z calcd for CagH37NO4Si [M+H"] 480.2565, found
480.2567.

MeO@—O Me
\—\_/z—SiMezPh
CO,Et
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Ethyl (£2)-2-{1-[dimethyl(phenyl)silyl]ethylidene}-5-(4-methoxyphenoxy)pentanoate (26)
The general procedure TP4 was followed using 3q (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
0.5 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 26 (59
mg, 57%) as a colorless oil. 'TH-NMR (400 MHz, CDCls): 6 = 7.50 — 7.42 (m, 2H), 7.35 — 7.27
(m, 3H), 6.81 (s, 4H), 3.91 (t, J = 6.3 Hz, 2H), 3.81 (q, J = 7.1 Hz, 2H), 3.76 (s, 3H), 2.67 —
2.53 (m, 2H), 1.89 (dd, J = 8.6, 6.4 Hz, 2H), 1.85 (s, 3H), 1.07 (t, /= 7.1 Hz, 3H), 0.38 (s, 6H).
BBC-NMR (100 MHz, CDCl3): 6 =169.7, 153.8, 153.2, 145.5, 143.3, 139.6, 133.7, 128.6, 127.7,
115.5,114.8,67.8,60.5,55.9,28.4,26.8,19.5, 14.1, -1.0. HR-MS (EI) m/z calcd for C24H3204Si
[M+H"] 413.2143, found 413.2145.

O
\—\_/2—SiMe2Ph

CO,Et
Ethyl (£2)-2-{1-[dimethyl(phenyl)silyl]ethylidene}-5-(4-fluorophenoxy)pentanoate (27)
The general procedure TP4 was followed using 3r (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (petroleum ether/EtOAc 100:1) yielded 27 (55 mg,
55%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): § = 7.48 — 7.43 (m, 2H), 7.32 — 7.27 (m,
3H), 6.98 - 6.91 (m, 2H), 6.84 — 6.77 (m, 2H), 3.91 (t, /= 6.2 Hz, 2H), 3.81 (q, /= 7.1 Hz, 2H),
2.67 —2.56 (m, 2H), 1.91 (dt, J= 7.3, 6.4 Hz, 2H), 1.85 (s, 3H), 1.07 (t, J= 7.1 Hz, 3H), 0.38
(s, 6H). BC-NMR (100 MHz, CDCl3): 6 = 169.7, 157.3 (d, 'Jc.r = 237.8 Hz), 155.2 (d, *Jcr =
2.0 Hz), 145.6, 143.2, 139.6, 133.7, 128.6, 127.7, 115.9 (d, *Jc.r = 23.2 Hz), 115.5 (d, *Jcr =
8.0 Hz), 67.8, 60.5, 28.3,26.7, 19.5, 14.1, -1.1. "’"F-NMR (376 MHz, CDCl3): 6 = -124.32 (s)..
HR-MS (EI) m/z calcd for C23H29FO3Si [M+H'] 401.1943 found 401.1945.

\—\_/2—SiMe2Ph

CO,Et
Ethyl (Z)-5-(4-chlorophenoxy)-2-{1-|dimethyl(phenyl)silyl|ethylidene}pentanoate (28)

The general procedure TP4 was followed using 3s (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 28 (90 mg,
86%) as a colorless oil. '"H-NMR (400 MHz, CDCls): § = 7.46 (dd, J = 6.5, 3.0 Hz, 2H), 7.30
(dd, J=4.8, 1.8 Hz, 3H), 7.23 — 7.18 (m, 2H), 6.83 — 6.74 (m, 2H), 3.92 (t, J = 6.2 Hz, 2H),
3.80(q,J=7.1 Hz, 2H), 2.61 (t,J= 7.5 Hz, 2H), 1.96 — 1.86 (m, 2H), 1.85 (s, 3H), 1.07 (t, J =
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7.1 Hz, 3H), 0.38 (s, 6H). >*C-NMR (100 MHz, CDCl3): 6 = 169.6, 157.7, 145.7, 143.1, 139.5,
133.7, 129.4, 128.6, 127.7, 125.6, 115.9, 67.5, 60.5, 28.2, 26.7, 19.5, 14.1, -1.1. HR-MS (EI)
m/z caled for C23H29C103Si [M+H'] 417.1647, found 417.1649.

Me__SiMe,Ph
Me O\/\/\I[

D/ CO,Et
Cl
Ethyl (2)-5-(4-chloro-3-methylphenoxy)-2-{1-[dimethyl(phenyl)silyl]ethylidene}pentanoa
te (29)
The general procedure TP4 was followed using 3t (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 29 (77 mg,
71%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.46 (dd, J = 6.4, 3.0 Hz, 2H), 7.31 —
7.29 (m, 3H), 7.19 (d, J = 8.7 Hz, 1H), 6.74 (d, /= 2.8 Hz, 1H), 6.64 (dd, J= 8.7, 2.9 Hz, 1H),
391 (t,J=6.2 Hz, 2H), 3.81 (q, /= 7.1 Hz, 2H), 2.60 (t, J = 7.5 Hz, 2H), 2.32 (s, 3H), 1.93 —
1.86 (m, 2H), 1.85 (s, 3H), 1.07 (t,J= 7.1 Hz, 3H), 0.38 (s, 6H). *C-NMR (100 MHz, CDCls):
0=169.7, 157.6, 145.7, 143.1, 139.6, 137.1, 133.7, 129.7, 128.6, 127.7, 125.8, 117.2, 113.1,
67.4, 60.5, 28.2, 26.7, 20.5, 19.6, 14.1, -1.0. HR-MS (EI) m/z caled for C24H31C103Si [M+H"]
431.1804, found 431.1808.

Me._ . SiMe,Ph
cl O\/\/\I[

CO,Et
AT
Ethyl (2)-5-(3,4-dichlorophenoxy)-2-{1-[dimethyl(phenyl)silyl]ethylidene}pentanoate (30)
The general procedure TP4 was followed using 3u (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 30 (59 mg,
52%) as a colorless oil. 'H-NMR (400 MHz, CDCls): § = 7.46 (dd, J = 6.4, 3.0 Hz, 2H), 7.30
(dd, J=17.3, 3.7 Hz, 4H), 6.96 (d, J = 2.8 Hz, 1H), 6.72 (dd, /= 8.9, 2.8 Hz, 1H), 3.92 (t, J =
6.2 Hz, 2H), 3.81 (q, /= 7.1 Hz, 2H), 2.60 (t,J= 7.5 Hz, 2H), 1.95 — 1.86 (m, 2H), 1.85 (s, 3H),
1.07 (t, J = 7.1 Hz, 3H), 0.39 (s, 6H). 3*C-NMR (100 MHz, CDCl3): 6 = 169.6, 158.1, 145.9,
142.9,139.5,133.6,132.9, 130.8, 128.7, 127.7,123.9, 116.4, 114.7, 67.8, 60.6, 28.1, 26.6, 19.6,
14.1, -1.1. HR-MS (EI) m/z calcd for C23H23C1,03Si [M+H"] 451.1258, found 451.1260.
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EtO,C  SiMe,Ph

Me
Cl

Ethyl (£)-2-(4-chlorophenyl)-3-|dimethyl(phenyl)silyl]oct-2-enoate (31)

The general procedure TP4 was followed using 3v (0.25 mmol) and 1a (0.5 mmol) at 23 °C for
1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 31 (64 mg,
62%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.59 — 7.52 (m, 2H), 7.36 — 7.29 (m,
5H), 7.15 —7.08 (m, 2H), 3.75 (q, J = 7.1 Hz, 2H), 2.05 (dd, /= 9.4, 6.8 Hz, 2H), 1.22 — 1.15
(m, 2H), 1.08 — 1.01 (m, 2H), 1.01 — 0.92 (m, 5H), 0.73 (t, J = 7.2 Hz, 3H), 0.50 (s, 6H). 13C-
NMR (100 MHz, CDCl3): 6 = 168.3, 153.9, 143.7, 139.5, 137.0, 133.9, 133.1, 130.6, 128.7,
128.4, 127.6, 60.9, 34.2, 31.9, 29.4, 22.2, 14.0, 13.9, -0.5. HR-MS (EI) m/z calcd for
C24H31C10,Si [M+H"] 415.1855 found 415.1858.

O  SiMeyPh
)

0 Me

(2)-3-{1-|Dimethyl(phenyl)silyl]ethylidene}dihydrofuran-2(3H)-one (32)

The general procedure TP5 was followed using 3w (0.25 mmol) and 1a (0.5 mmol) at 23 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 100:1) yielded 32 (50
mg, 81%) as a colorless oil. 'TH-NMR (400 MHz, CDCls): 6 = 7.58 — 7.51 (m, 2H), 7.36 — 7.30
(m, 3H), 4.37 (t, J = 7.5 Hz, 2H), 2.98 — 2.81 (m, 2H), 1.86 (t, J = 1.9 Hz, 3H), 0.52 (s, 6H).
3C-NMR (100 MHz, CDCls): § = 170.2, 153.7, 139.0, 134.6, 134.1, 128.9, 127.7, 65.4, 28.4,
23.5, -2.0. HR-MS (EI) m/z calcd for C14Hi302Si [M+H"] 247.1149 found 247.1151.

HO  SiMe,Ph

4

HO Me

(Z£)-2-]1-|dimethyl(phenyl)silyl]ethylidene|butane-1,4-diol (33)

The general procedure TP10 was followed using 32 (0.56 g, 2.2 mmol) and LiAlH4 (0.125 g,
3.3 mmol) at 0 °C for 1 h. Purification by column chromatography (petroleum ether/EtOAc 2:1)
yielded 33 (0.23 g, 41%) as a white solid. "TH-NMR (400 MHz, CDCl3): § = 7.53 — 7.48 (m,
2H), 7.35 (dt,J=4.1, 1.7 Hz, 3H), 4.01 — 3.93 (m, 2H), 3.71 (t, J=5.9 Hz, 2H), 2.56 (t, /J=5.9
Hz, 4H), 1.82 (s, 3H), 0.42 (s, 6H). *C-NMR (100 MHz, CDCl3): § = 147.9, 140.2, 135.1,
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133.6,129.2,128.2, 66.4, 61.6, 35.5, 18.7, -0.4. HR-MS (EI) m/z calcd for C14H2,0,Si [M+H"]
251.1462 found 251.1464.

H
CI—</ >—<
\ CO,Et
H

Cl
Ethyl (E)-3-(3,4-dichlorophenyl)acrylate (34)
The general procedure TP4 was followed using 3aj (0.25 mmol) and 1a (0.5 mmol) at 23 °C
for 30 min. Purification by column chromatography (petroleum ether/EtOAc 100:1) yielded 34
(47 mg, 77%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): § = 7.60 (d, J=2.0 Hz, 1H), 7.57
(d, J=16.1 Hz, 1H), 7.46 (d, J= 8.3 Hz, 1H), 7.34 (dd, J= 8.4, 2.0 Hz, 1H), 6.42 (d, /= 16.0
Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 1.34 (t, J = 7.1 Hz, 3H). HR-MS (EI) m/z calcd for
C1iHi0CLO2 [M+H"] 245.0131 found 245.0133.

‘E ! ~CO,Et

Sn"Bus

Ethyl 1-(tributylstannyl)-3,4-dihydronaphthalene-2-carboxylate (35)

The general procedure TP7 was followed using 3x (0.25 mmol) and 2a (0.325 mmol) at 0 C
for 15 min. Purification by column chromatography (PE) yielded 35 (86 mg, 70%) as a colorless
oil. 'H-NMR (400 MHz, CDCls): § = 7.20 (dt, J = 3.8, 2.2 Hz, 2H), 7.19 — 7.12 (m, 2H), 4.25
(9,J=7.1Hz, 2H), 2.78 — 2.62 (m, 2H), 2.59 — 2.41 (m, 2H), 1.51 — 1.41 (m, 6H), 1.34 — 1.24
(m, 9H), 1.06 — 0.93 (m, 6H), 0.85 (t, J = 7.3 Hz, 9H). *C-NMR (100 MHz, CDCls): § = 168.8,
159.2, 139.9, 139.2, 137.2, 130.4, 128.0, 127.2, 126.2, 61.1, 29.4, 29.0, 27.6, 24.1, 14.5, 13.9,
13.4. HR-MS (EI) m/z calcd for C2sH002Sn [M+H™] 493.2123, found 493.2125.

Sn"Bus
Ethyl 9-(tributylstannyl)-6,7-dihydro-SH-benzo[7]annulene-8-carboxylate (36)
The general procedure TP7 was followed using 3y (0.25 mmol) and 2a (0.325 mmol) at 0 C
for 50 min. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 36
(60 mg, 47%) as a colorless oil. tH-NMR (400 MHz, CDCls): 6 =7.22 (td, J = 7.3, 1.9 Hz, 1H),
7.17-7.09 (m, 2H), 6.92 (d, J= 7.4 Hz, 1H), 4.26 (9, J = 7.1 Hz, 2H), 2.45 (t, J = 6.6 Hz, 2H),
2.13 —2.05 (m, 2H), 1.34 (m, 10H), 1.22 (dg, J = 14.5, 7.1 Hz, 7H), 0.97 — 0.84 (m, 6H), 0.82
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(t, J = 7.3 Hz, 9H). ¥C-NMR (100 MHz, CDCls): 6 = 169.3, 164.8, 143.8, 140.6, 138.4, 128.8,
128.4, 126.6, 125.6, 61.0, 34.3, 31.5, 29.3, 27.6, 26.5, 14.5, 13.8, 12.5. HR-MS (EI) m/z calcd
for CasH420,Sn [M+H*] 507.2280, found 507.2283.

o)

7 CO,Et

Sn"Bug
Ethyl 4-(tributylstannyl)-2 H-chromene-3-carboxylate (37)
The general procedure TP7 was followed using 3z (0.25 mmol) and 2a (0.325 mmol) at 0 <C
for 1 h. Purification by column chromatography (PE) yielded 37 (71 mg, 58%) as a colorless
oil. tH-NMR (400 MHz, CDCl3): 6 = 7.28 — 7.24 (m, 1H), 7.19 (td, J = 7.8, 1.5 Hz, 1H), 7.04
—6.88 (M, 2H), 4.81 — 4.72 (m, 2H), 4.27 (q, J = 7.1 Hz, 2H), 1.54 — 1.39 (m, 6H), 1.32 (ddd,
J=19.1, 7.1, 5.6 Hz, 9H), 1.13 — 0.97 (m, 6H), 0.86 (t, J = 7.3 Hz, 9H). 3C-NMR (100 MHz,
CDCls): 6=166.4, 156.2, 154.4, 133.9, 131.1, 130.5, 128.7, 121.6, 116.4, 64.6, 61.2, 29.3, 27.5,
14.5, 13.8, 13.4. HR-MS (El) m/z calcd for C24H3303Sn [M+H*] 495.1916, found 495.1918.

CO,Et
Sn"Bus
Ethyl 2-(tributylstannyl)cyclopent-1-ene-1-carboxylate (38)
The general procedure TP7 was followed using 3a (0.25 mmol) and 2a (0.325 mmol) at 0 C
for 20 min. Purification by column chromatography (PE) yielded 38 (92 mg, 85%) as a colorless
oil. tH-NMR (400 MHz, CDCls): 6 = 4.19 (q, J = 7.1 Hz, 2H), 2.61 (t, J = 7.5 Hz, 4H), 1.98 —
1.82 (m, 2H), 1.60 — 1.42 (m, 6H), 1.42 — 1.18 (m, 9H), 1.00 — 0.93 (m, 6H), 0.88 (t, J = 7.3
Hz, 9H). BC-NMR (100 MHz, CDCls): 6 = 166.7, 166.1, 143.9, 60.2, 41.8, 33.6, 29.4, 27.5,
24.6, 14.8, 13.8, 10.6. HR-MS (EI) m/z calcd for CzoH3s02Sn [M+H*] 431.1967, found
431.19609.

; COzMe

Sn"Bus
Methyl 2-(tributylstannyl)cyclohept-1-ene-1-carboxylate (39)
The general procedure TP7 was followed using corresponding alkenyl acetate (0.25 mmol)

and 2a (0.325 mmol) at 0 <T for 30 min. Purification by column chromatography (PE) yielded
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39 (67 mg, 60%) as a colorless oil. 'H-NMR (400 MHz, CDCls): § = 3.71 (s, 3H), 2.70 — 2.60
(m, 2H), 2.60 — 2.40 (m, 2H), 1.80 (dt, J = 11.9, 6.0 Hz, 2H), 1.53 — 1.37 (m, 10H), 1.29 (dd, J
= 14.7, 7.3 Hz, 6H), 0.98 — 0.81 (m, 15H). *C-NMR (100 MHz, CDCls): ¢ = 170.1, 169.9,
144.3, 52.0, 35.3, 32.8, 29.4, 28.8, 27.6, 26.4, 25.0, 13.9, 11.7. HR-MS (EI) m/z calcd for
Ca1H0025n [M+H*] 445.2123, found 445.2125.

Sn"Bus

H” ~CO,Et

Ethyl (2)-3-phenyl-3-(tributylstannyl)acrylate (40)

The general procedure TP6 was followed using 3aa (0.25 mmol) and 2a (0.325 mmol) at -
20 T for 15 min. Purification by column chromatography (PE) yielded 40 (73 mg, 63%) as a
colorless oil. *tH-NMR (400 MHz, CDCls): 6 = 7.38 — 7.25 (m, 2H), 7.26 — 7.18 (m, 1H), 7.09
—7.00 (m, 2H), 6.67 — 6.30 (m, 1H), 4.24 (g, J = 7.1 Hz, 2H), 1.48 — 1.35 (m, 6H), 1.33 — 1.21
(m, 9H), 0.97 — 0.92 (m, 6H), 0.83 (t, J = 7.3 Hz, 9H). 13C-NMR (100 MHz, CDCls): 6 = 173.8,
167.9, 145.9, 130.8, 128.2, 126.8, 126.3, 60.6, 29.2, 27.5, 14.5, 13.8, 12.1. HR-MS (EIl) m/z
calcd for C23Hzs02Sn [M+H*] 467.1967, found 467.1970.

MeO

Sn"Bus

H” “CO,Et

Ethyl (£2)-3-(4-methoxyphenyl)-3-(tributylstannyl)acrylate (41)

The general procedure TP6 was followed using 3ab (0.25 mmol) and 2a (0.325 mmol) at -
20 T for 15 min. Purification by column chromatography (PE) yielded 41 (73 mg, 59%) as a
colorless oil. tH-NMR (400 MHz, CDCls): 6 = 7.06 — 6.98 (m, 2H), 6.89 — 6.82 (m, 2H), 6.46
(s, 1H), 4.23 (q, J = 7.1 Hz, 2H), 3.81 (s, 3H), 1.51 — 1.34 (m, 6H), 1.33 — 1.20 (m, 9H), 1.04 —
0.88 (m, 6H), 0.84 (t, J = 7.3 Hz, 9H). 3C-NMR (100 MHz, CDCls): § = 173.1, 168.1, 159.1,
138.3, 129.9, 127.9, 113.7, 60.5, 55.5, 29.2, 27.5, 14.5, 13.8, 12.2. HR-MS (EI) m/z calcd for
C24H4003Sn [M+H"] 497.2072, found 497.2075.
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Me’N

Sn"Bus

H”™ “CO,Et
Ethyl (2)-3-[4-(dimethylamino)phenyl]-3-(tributylstannyl)acrylate (42)
The general procedure TP6 was followed using 3ac (0.25 mmol) and 2a (0.325 mmol) at 23 C
for 4.5 h. Purification by column chromatography ( petroleum ether/EtOAc 50:1) yielded 42
(89 mg, 70%) as a yellow oil. *H-NMR (400 MHz, CDCls): 6 = 7.10 — 7.00 (m, 2H), 6.68 (d, J
=8.9 Hz, 2H), 6.47 (s, 1H), 4.22 (g, J = 7.1 Hz, 2H), 2.96 (s, 6H), 1.52 — 1.38 (m, 6H), 1.36 —
1.20 (m, 9H), 1.00 — 0.94 (m, 6H), 0.84 (t, J = 7.3 Hz, 9H). 3C-NMR (100 MHz, CDCl3): 6 =
173.3,168.3, 150.1, 133.5, 128.2, 128.0, 112.1, 60.3, 40.6, 29.3, 27.5, 14.5, 13.9, 12.4. HR-MS
(EI) m/z calcd for C2sH43NO2Sn [M+H™] 510.2389, found 510.2392.
E

SnnBU3

H” ~CO,Et

Ethyl (£)-3-(4-fluorophenyl)-3-(tributylstannyl)acrylate (43)

The general procedure TP6 was followed using 3ad (0.25 mmol) and 2a (0.325 mmol) at -
20 T for 15 min. Purification by column chromatography (PE) yielded 43 (94 mg, 78%) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 7.05 — 6.97 (m, 4H), 6.45 (s, 1H), 4.24 (q, J =
7.1 Hz, 2H), 1.51 - 1.35 (m, 6H), 1.35-1.16 (m, 9H), 0.98 — 0.92 (m, 6H), 0.84 (t, J = 7.3 Hz,
9H). *C-NMR (100 MHz, CDCls): § = 172.7, 167.8, 162.1 (d, Jc-r = 245.8 Hz), 141.9 (d, *Jc-
F=3.4 Hz), 131.0, 128.0 (d, 3Jc.F = 7.9 Hz), 115.1 (d, 2Jcr = 21.4 Hz), 60.7, 29.2, 27.5, 14.5,
13.8, 12.1. ®F-NMR (376 MHz, CDCls): 6 = -115.94 (d, J = 6.0 Hz). HR-MS (EI) m/z calcd
for Ca3H37FO2Sn [M+H"] 485.1872, found 485.1875.

Cl

Sn"Bus

H” ~CO,Et

Ethyl (£2)-3-(4-chlorophenyl)-3-(tributylstannyl)acrylate (44)

The general procedure TP6 was followed using 3ae (0.25 mmol) and 2a (0.325 mmol) at -20 C
for 15 min. Purification by column chromatography (PE) yielded 44 (85 mg, 68%) as a colorless
oil. tH-NMR (400 MHz, CDCls): 6 = 7.31 — 7.26 (m, 2H), 6.99 — 6.94 (m, 2H), 6.45 (s, 1H),
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4.24(q,J = 7.1 Hz, 2H), 1.45—1.34 (m, 6H), 1.33 — 1.19 (m, 9H), 0.97 — 0.92 (m, 6H), 0.84 (t,
J = 7.3 Hz, 9H). *C-NMR (100 MHz, CDCls): § = 172.5, 167.7, 144.4, 132.8, 131.2, 128.4,
127.6, 60.8, 29.2, 27.5, 14.5, 13.8, 12.1. HR-MS (EI) m/z calcd for CasHs7ClIO,Sn [M+H"]
501.1577, found 501.1581.

Sn"Buj

H CO,Et

Ethyl (£)-3-(4-iodophenyl)-3-(tributylstannyl)acrylate (45)

The general procedure TP6 was followed using 3af (0.25 mmol) and 2a (0.275 mmol) at -20 °C
for 10 min. Purification by column chromatography (PE) yielded 45 (71 mg, 49%) as a colorless
oil. 'H-NMR (400 MHz, CDCls): 6 = 7.76 — 7.50 (m, 2H), 6.90 — 6.67 (m, 2H), 6.56 — 6.29 (m,
1H), 4.23 (q, J= 7.1 Hz, 2H), 1.44 — 1.33 (m, 6H), 1.33 — 1.18 (m, 9H), 0.96 — 0.91 (m, 6H),
0.84 (t, J = 7.3 Hz, 9H). "*C-NMR (100 MHz, CDCl3): 6 = 172.5, 167.7, 145.6, 137.3, 131.1,
128.2,92.2,60.8,29.2, 27.5, 14.5, 13.8, 12.1. HR-MS (EI) m/z calcd for C23H37102Sn [M+H"]
593.0933, found 593.0938.

FsC

Sn”Bu3

H” ~CO,Et

Ethyl (£2)-3-(tributylstannyl)-3-[4-(trifluoromethyl)phenyl]acrylate (46)

The general procedure TP7 was followed using 3ag (0.25 mmol) and 2a (0.325 mmol) at -
20 <C for 2.5 h. Purification by column chromatography (PE) yielded 46 (71 mg, 53%) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 7.57 (d, J = 8.1 Hz, 2H), 7.12 (d, J = 8.1 Hz,
2H), 6.46 (s, 1H), 4.25 (g, J = 7.1 Hz, 2H), 1.45 — 1.34 (m, 6H), 1.25 (m, 9H), 0.97 — 0.91 (m,
6H), 0.83 (t, J = 7.3 Hz, 9H). ¥C-NMR (100 MHz, CDCls): § = 172.4, 167.6, 149.9, 131.7,
128.8 (q, 2cr = 32.4 Hz), 126.4, 125.2 (q, *Jc-r = 3.7 Hz), 124.4 (q, YJc-r = 271.8 Hz), 60.9,
29.2,27.5,14.5,13.8,12.1. F-NMR (376 MHz, CDCl3): d = -62.39 (). HR-MS (El) m/z calcd
for C24H37F302Sn [M+H*] 535.1840, found 535.1844.

S-46



EtO,C

SnnBU3

H CO,Et

Ethyl (Z2)-4-[3-ethoxy-3-oxo-1-(tributylstannyl)prop-1-en-1-yl]benzoate (47)

The general procedure TP6 was followed using 3ah (0.25 mmol) and 2a (0.325 mmol) at -
20 °C for 15 min. Purification by column chromatography (petroleum ether/EtOAc 50:1)
yielded 47 (88 mg, 66%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6 = 8.07 — 7.96 (m,
2H), 7.10 — 7.03 (m, 2H), 6.46 (s, 1H), 4.38 (q, /= 7.1 Hz, 2H), 4.25 (q, /= 7.1 Hz, 2H), 1.43
—1.36 (m, 6H), 1.36 — 1.16 (m, 12H), 0.97 — 0.92 (m, 6H), 0.83 (t, J = 7.3 Hz, 9H). 3*C-NMR
(100 MHz, CDCl3): 6 =172.9, 167.6, 166.6, 151.0, 131.3, 129.6, 128.7, 126.1, 61.1, 60.8, 29.2,
27.4,14.5,14.5, 13.8, 12.1. HR-MS (EI) m/z calcd for C26H4204Sn [M+H"] 539.2178, found
539.2181.

NC

Sn"Bus

H” YCO,Et
Ethyl (£)-3-(4-cyanophenyl)-3-(tributylstannyl)acrylate (48)
The general procedure TP7 was followed using 3ai (0.25 mmol) and 2a (0.325 mmol) at -20 °C
for 15 min. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 48
(66 mg, 54%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): § = 7.61 (d, J = 8.4 Hz, 2H), 7.15
— 7.06 (m, 2H), 6.44 (s, 1H), 4.25 (q, J = 7.1 Hz, 2H), 1.40 — 1.33 (m, 6H), 1.33 — 1.18 (m,
10H), 0.95 — 0.91 (m, 5H), 0.84 (t, J = 7.3 Hz, 9H). '*C-NMR (100 MHz, CDCls): § = 172.0,
167.4, 151.2,132.1, 131.9, 126.8, 119.1, 110.2, 61.0, 29.1, 27.4, 14.4, 13.8, 12.1. HR-MS (EI)
m/z calcd for C24H37NO2Sn [M+H'] 492.1919, found 492.1921.

Cl

n
cl | Sn"Buj

H” ~CO,Et
Ethyl (£2)-3-(3,4-dichlorophenyl)-3-(tributylstannyl)acrylate (49)
The general procedure TP6 was followed using 3aj (0.25 mmol) and 2a (0.325 mmol) at -20 <C
for 15 min. Purification by column chromatography (PE) yielded 49 (104 mg, 78%) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 7.38 (d, J = 8.2 Hz, 1H), 7.13 (d, J = 2.1 Hz,
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1H), 6.91 — 6.83 (M, 1H), 6.45 (s, 1H), 4.24 (g, J = 7.1 Hz, 2H), 1.46 — 1.34 (m, 6H), 1.34 —
1.20 (m, 9H), 0.97 — 0.92 (m, 6H), 0.85 (t, J = 7.3 Hz, 9H). 3C-NMR (100 MHz, CDCls): 6 =
171.1, 167.5, 146.1, 132.3, 131.8, 130.7, 130.1, 128.0, 125.8, 60.9, 29.2, 27.5, 14.4, 13.8, 12.2.
HR-MS (EI) m/z calcd for C23H36Cl202Sn [M+H*] 535.1187, found 535.1191.

n
Br | Sn BU3

H” ~CO,Et

Ethyl (£)-3-(3-bromo-4-fluorophenyl)-3-(tributylstannyl)acrylate (50)

The general procedure TP6 was followed using 3ak (0.25 mmol) and 2a (0.325 mmol) at -
20 <C for 15 min. Purification by column chromatography (PE) yielded 50 (93 mg, 66%) as a
colorless oil. *H-NMR (400 MHz, CDCls): 6 = 7.10 — 6.98 (m, 3H), 6.45 (s, 1H), 4.24 (q, J =
7.1 Hz, 2H), 1.51 — 1.35 (m, 6H), 1.35 — 1.18 (m, 9H), 0.94 (m, 6H), 0.84 (td, J = 7.3, 4.1 Hz,
9H). 3C-NMR (100 MHz, CDCls): 6 = 172.6, 167.8, 162.1 (d, “Jc.r = 245.8 Hz), 141.9 (d, “Jc-
F = 3.0 Hz), 131.8, 131.1 (d, ®Jcr = 6.2 Hz), 128.0 (d, 3Jc.r = 7.9 Hz), 116.2 (d, 2Jc-F = 22.7
Hz), 115.1 (d, 2Jc.r = 21.4 Hz), 60.7, 29.2, 27.5, 14.5, 13.8, 12.1. "*F-NMR (376 MHz, CDCly):
5 =-116.04 (s). HR-MS (E1) m/z calcd for Co3HasBrFO,Sn [M+H*] 563.0977, found 563.0979.

MO
Sn"Bu3

H” >CO,Et

Ethyl (£2)-3-[4-(pent-4-en-1-yloxy)phenyl]-3-(tributylstannyl)acrylate (51)

The general procedure TP6 was followed using 3al (0.25 mmol) and 2a (0.325 mmol) at -20 °C
for 15 min. Purification by column chromatography (PE) yielded 51 (98 mg, 71%) as a colorless
oil. 'H-NMR (400 MHz, CDCl3): § = 7.05 — 6.98 (m, 2H), 6.88 — 6.82 (m, 2H), 6.46 (s, 1H),
5.85 (ddt, J=16.9, 10.2, 6.6 Hz, 1H), 5.11 —4.95 (m, 2H), 4.22 (q, J = 7.1 Hz, 2H), 3.97 (t, J
= 6.5 Hz, 2H), 2.30 — 2.19 (m, 2H), 1.97 — 1.82 (m, 2H), 1.51 — 1.36 (m, 6H), 1.26 (m, 9H),
0.98 — 0.92 (m, 6H), 0.84 (t, J = 7.3 Hz, 9H). *C-NMR (100 MHz, CDCl3): 6 = 173.2, 168.1,
158.6, 138.1, 137.9, 129.8, 127.9, 115.3, 114.3, 67.4, 60.5, 30.3, 29.2, 28.6, 27.5, 14.5, 13.8,
12.2. HR-MS (EI) m/z calcd for C23H4603Sn [M+H'] 551.2542, found 551.2547.
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/\/\/ESHHBU3
|

H CO,Et

Ethyl (£)-3-(tributylstannyl)hept-2-enoate (52)

The general procedure TP6 was followed using 3am (0.25 mmol) and 2a (0.325 mmol) at -
20 °C for 15 min. Purification by column chromatography (PE) yielded 52 (85 mg, 76%) as a
colorless oil. "TH-NMR (400 MHz, CDCl3): 6 = 6.36 (t, J= 1.2 Hz, 1H), 4.17 (q, J = 7.1 Hz,
2H), 2.39 (t, J= 6.7 Hz, 2H), 1.51 — 1.40 (m, 6H), 1.38 — 1.24 (m, 13H), 0.97 — 0.93 (m, 6H),
0.89 (dd, J = 13.6, 6.4 Hz, 12H). >*C-NMR (100 MHz, CDCl5): § = 176.1, 168.1, 128.4, 60.3,
40.2, 31.5, 29.4, 27.6, 22.5, 14.5, 14.1, 13.9, 11.2. HR-MS (EI) m/z calcd for C21H4202Sn
[M+H"] 447.2280, found 447.2284.

Me._ ,Sn"Bus

AX
CO,Et

Ethyl (£2)-2-benzyl-3-(tributylstannyl)but-2-enoate (53)
The general procedure TP7 was followed using 3¢ (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 100:1) yielded 53 (85
mg, 69%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): § = 7.24 (dd, J = 8.9, 5.8 Hz, 2H),
7.14 (dd, J=13.6,7.1 Hz, 3H), 4.11 (q, /= 7.1 Hz, 2H), 3.84 (s, 2H), 2.19 — 2.03 (m, 3H), 1.55
— 1.41 (m, 6H), 1.30 (dt, J=14.7, 7.3 Hz, 6H), 1.16 (t, J = 7.1 Hz, 3H), 1.02 — 0.90 (m, 6H),
0.88 (t, J = 7.3 Hz, 9H). *C-NMR (100 MHz, CDCl5): § = 169.1, 165.1, 140.5, 137.9, 128.3,
128.2, 125.8, 60.9, 33.6, 29.5, 27.7, 22.9, 14.3, 14.0, 12.0. HR-MS (EI) m/z calcd for
C25H4202Sn [M+H"] 495.2280, found 495.2283.

FsC Me._Sn"Buj

O\ICOZB
Ethyl (£2)-3-(tributylstannyl)-2-[4-(trifluoromethyl)benzyl|but-2-enoate (54)
The general procedure TP7 was followed using 3e (0.15 mmol) and 2a (0.195 mmol) at 0 <C
for 1 h. Purification by column chromatography (PE) yielded 54 (62 mg, 73%) as a colorless
oil. *H-NMR (400 MHz, CDCls): § = 7.49 (d, J = 8.1 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 4.11
(9, J = 7.1 Hz, 2H), 3.88 (s, 2H), 2.17 — 2.06 (m, 3H), 1.52 — 1.42 (m, 6H), 1.33 — 1.27 (m, 6H),
1.16 (t, J = 7.1 Hz, 3H), 0.99 — 0.90 (m, 6H), 0.88 (t, J = 7.3 Hz, 9H). 3C-NMR (100 MHz,
CDCls): § = 168.7, 166.4, 144.8, 137.0 128.5, 128.2 (q, 2Jcr = 32.4 Hz), 125.3 (q, 3Jc-r = 3.8
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Hz), 124.5 (g, YJc.r = 272.0 Hz), 61.0, 33.6, 29.5, 27.7, 23.0, 14.3, 13.9, 12.0. *F-NMR (376
MHz, CDCls): 6 = -62.30 (s). HR-MS (EI) m/z calcd for C2sH41F302Sn [M+H*] 563.2153,
found 563.2155.

Cl Me . ,Sn"Bus

CImCOZEt

Ethyl (£)-2-(3,4-dichlorobenzyl)-3-(tributylstannyl)but-2-enoate (55)

The general procedure TP7 was followed using 3j (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (PE) yielded 55 (118 mg, 84%) as a colorless
oil. 'TH-NMR (400 MHz, CDCl3): § = 7.29 (d, J = 8.2 Hz, 1H), 7.21 (d, J = 1.8 Hz, 1H), 6.95
(dd, J = 8.3, 1.9 Hz, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.77 (s, 2H), 2.16 — 2.05 (m, 3H), 1.53 —
1.40 (m, 6H), 1.34 - 1.26 (m, 6H), 1.18 (t, /= 7.1 Hz, 3H), 1.01 — 0.91 (m, 6H), 0.88 (t, J="7.3
Hz, 9H). 3C-NMR (100 MHz, CDCls): 6 = 168.6, 166.6, 140.9, 136.8, 132.3, 130.2, 130.2,
129.7, 127.6, 61.0, 32.8, 29.4, 27.6, 23.0, 14.3, 13.9, 12.0. HR-MS (EI) m/z calcd for
C25H40C1202Sn [M+H"] 563.1500, found 563.1503.

Me.__Sn"Bus

I
e CO,Et

Ethyl (£)-2-[2-(thiophen-3-yl)ethyl]-3-(tributylstannyl)but-2-enoate (56)

The general procedure TP7 was followed using 3m (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (PE) yielded 56 (67 mg, 52%) as a colorless
oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.22 (dd, J = 4.9, 2.9 Hz, 1H), 6.94 (dd, J=4.9, 1.2 Hz,
1H), 6.92 — 6.88 (m, 1H), 4.17 (q, J= 7.1 Hz, 2H), 2.76 — 2.66 (m, 4H), 1.91 (d, J=22.5 Hz,
3H), 1.49 — 1.40 (m, 6H), 1.28 (td, J = 7.1, 3.4 Hz, 9H), 0.92 — 0.86 (m, 15H). 3C-NMR (100
MHz, CDCl3): 6 = 169.2, 164.1, 142.5, 138.8, 128.6, 125.2, 120.4, 60.8, 30.0, 29.4, 29.3, 27.7,
22.1, 14.5, 13.9, 11.8. HR-MS (EI) m/z caled for C24H4202SSn [M+H"] 515.2000, found
515.2005.

Me
CI4©—\_/2—Sn”BU3

CO,Et

Ethyl (Z)-2-(4-chlorophenethyl)-3-(tributylstannyl)but-2-enoate (57)
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The general procedure TP7 was followed using corresponding alkenyl acetate (0.25 mmol) and
2a (0.325 mmol) at 0 °C for 1 h. Purification by column chromatography (petroleum
ether/EtOAc 100:1) yielded 57 (77 mg, 57%) as a colorless oil. 'TH-NMR (400 MHz, CDCls):
0=17.22(d,J=8.3 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 4.16 (q, J = 7.1 Hz, 2H), 2.67 (m, 4H),
2.04 —1.81 (m, 3H), 1.50 — 1.39 (m, 6H), 1.32 — 1.25 (m, 9H), 0.95 — 0.84 (m, 15H). *C-NMR
(100 MHz, CDCls): 6 = 169.1, 164.4, 140.6, 138.3, 131.7, 130.1, 128.4, 60.8, 35.1, 30.1, 29.4,
27.7,22.2,14.5,13.9, 11.8. HR-MS (EI) m/z calcd for C26Hs3C102Sn [M+H"] 543.2046, found
543.2049.

MeOOO Me
\—\_/2—Sn”Bu3

CO,Et

Ethyl (£2)-5-(4-methoxyphenoxy)-2-[1-(tributylstannyl)ethylidene|pentanoate(58)

The general procedure TP7 was followed using 3q (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 50 min. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 58
(74 mg, 52%) as a colorless oil. '"H-NMR (400 MHz, CDCls): 6 = 6.81 (s, 4H), 4.17 (q, J = 7.1
Hz, 2H), 3.88 (t, J = 6.3 Hz, 2H), 3.76 (s, 3H), 2.62 (t, J/ = 7.4 Hz, 2H), 2.11 — 1.99 (m, 3H),
1.90 — 1.82 (m, 2H), 1.49 — 1.40 (m, 6H), 1.28 (m, 9H), 0.88 (m, 15H). *C-NMR (100 MHz,
CDCl3): 6 =169.3, 163.9, 153.8, 153.3, 138.8, 115.5, 114.8, 67.9, 60.8, 55.9, 29.4, 29.1, 27.6,
24.4,22.3,14.5, 13.9, 11.8. HR-MS (EI) m/z calcd for C2sH4304Sn [M+H"] 569.2647, found
569.2650.

F@-O Me
\—\_/z—Sn"Bu3

CO,Et

Ethyl (Z2)-5-(4-fluorophenoxy)-2-[1-(tributylstannyl)ethylidene|pentanoate (59)

The general procedure TP7 was followed using 3r (0.25 mmol) and 2a (0.325 mmol) at 0 <C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 59 (112
mg, 81%) as a colorless oil. *H-NMR (400 MHz, CDCls): § = 6.98 — 6.91 (m, 2H), 6.87 — 6.75
(m, 2H), 4.17 (q, J = 7.1 Hz, 2H), 3.88 (t, J = 6.3 Hz, 2H), 2.63 (t, J = 7.4 Hz, 2H), 2.11 - 1.98
(m, 3H), 1.91 —-1.82 (m, 2H), 1.50 — 1.38 (m, 6H), 1.27 (dd, J = 15.0, 7.7 Hz, 9H), 0.93 - 0.84
(m, 15H). *3C-NMR (100 MHz, CDCls): 6 = 169.2, 164.1, 157.3 (d, }c-r = 237.7 Hz), 155.3
(d, *Jc.e = 2.0 Hz), 138.7, 115.9 (d, 2Jc-F = 23.0 Hz), 115.4 (d, Jcr = 8.0 Hz), 67.9, 60.8, 29.4,
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29.0, 27.6, 24.3, 22.3, 14.5, 13.9, 11.8. ®F-NMR (376 MHz, CDCls): § = -124.43 (s). HR-MS
(E1) m/z calcd for Ca7HasFO3Sn [M+H*] 557.2447, found 557.2450.

CI@—O Me
\—\_/2—Sn”Bu3

CO,Et

Ethyl (£)-5-(4-chlorophenoxy)-2-[1-(tributylstannyl)ethylidene|pentanoate (60)

The general procedure TP7 was followed using 3s (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 60 (89
mg, 62%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): 6 = 7.24 — 7.15 (m, 2H), 6.87 — 6.74
(m, 2H), 4.16 (q, J= 7.1 Hz, 2H), 3.89 (t, /= 6.3 Hz, 2H), 2.62 (t,J = 7.4 Hz, 2H), 2.13 — 1.97
(m, 3H), 1.94 — 1.81 (m, 2H), 1.49 — 1.39 (m, 6H), 1.32 — 1.21 (m, 9H), 0.88 (m, 15H). 1*C-
NMR (100 MHz, CDCl3): 6 = 169.2, 164.2, 157.7, 138.6, 129.4, 125.5, 115.8, 67.6, 60.8, 29.4,
28.9, 27.6, 24.3, 22.4, 14.5, 13.9, 11.8. HR-MS (EI) m/z calcd for C27H4sCl1O3Sn [M+H]
573.2152, found 573.2155.

Cl

\—\_/2—Sn"Bu3

CO,Et

Ethyl (£2)-5-(3,4-dichlorophenoxy)-2-[1-(tributylstannyl)ethylidene]pentanoate (61)

The general procedure TP7 was followed using 3u (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 61 (87
mg, 58%) as a colorless oil. '"H-NMR (400 MHz, CDCl3): § = 7.30 (d, J = 8.9 Hz, 1H), 6.96 (d,
J=2.8Hz, 1H), 6.73 (dd, J= 8.9, 2.8 Hz, 1H), 4.17 (q, J = 7.1 Hz, 2H), 3.89 (t, J = 6.2 Hz,
2H), 2.61 (t, J = 7.4 Hz, 2H), 2.10 — 1.98 (m, 3H), 1.92 — 1.83 (m, 2H), 1.49 — 1.37 (m, 6H),
1.28 (dd, J=13.6, 6.7 Hz, 9H), 0.88 (m, 15H). '*C-NMR (100 MHz, CDCl3): § = 169.1, 164.3,
158.2, 138.4, 133.9, 130.8, 123.9, 116.4, 114.6, 67.9, 60.9, 29.4, 28.8, 27.6, 24.3, 22.4, 14.5,
13.9, 11.8. HR-MS (EI) m/z calcd for C27H44C1203Sn [M+H'] 607.1762, found 607.1764.

NC@—O Me
\—\_/2—Sn"Bu3

CO,Et
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Ethyl (Z)-5-(4-cyanophenoxy)-2-[1-(tributylstannyl)ethylidene|pentanoate (62)

The general procedure TP7 was followed using 3an (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 20:1) yielded 62 (66
mg, 47%) as a colorless oil. '"H-NMR (400 MHz, CDCl3): 6§ = 7.57 (d, J = 8.9 Hz, 2H), 6.92 (d,
J=8.9Hz, 2H), 4.17 (q,J="7.1 Hz, 2H), 3.98 (t, J= 6.2 Hz, 2H), 2.64 (t,J= 7.4 Hz, 2H), 2.11
—1.98 (m, 3H), 1.96 — 1.87 (m, 2H), 1.53 — 1.37 (m, 6H), 1.27 (dd, J = 14.8, 7.6 Hz, 9H), 0.95
—0.82 (m, 15H). >*C-NMR (100 MHz, CDCl3): 6 = 169.1, 164.4, 162.4, 138.3, 134.1, 119.4,
115.2, 103.9, 67.7, 60.8, 29.4, 28.6, 27.6, 24.2, 22.3, 14.4, 13.9, 11.8. HR-MS (EI) m/z calcd
for C2sH4sNO3Sn [M+H '] 564.2494, found 564.2496.

Ph/\OJ\,\OieJiSn“B%

CO,Et
Benzyl (Z)-4-|2-(ethoxycarbonyl)-3-(tributylstannyl)but-2-en-1-yl]|piperidine-1-carboxyl
ate (63)
The general procedure TP7 was followed using 3p (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 10:1) yielded 63 (89
mg, 56%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.40 — 7.26 (m, 5H), 5.12 (s, 2H),
4.18 (q,J=17.1 Hz, 4H), 2.70 (s, 2H), 2.42 (d, /= 6.8 Hz, 2H), 2.11 — 1.94 (m, 3H), 1.59 — 1.34
(m, 11H), 1.34 — 1.09 (m, 9H), 0.92 — 0.84 (m, 15H). '*C-NMR (100 MHz, CDCl3): 6 = 169.4,
164.5, 155.4, 137.6, 137.1, 128.6, 128.0, 128.0, 67.1, 60.8, 44.5, 36.8, 34.2, 32.1, 29.4, 27.6,
23.0, 14.5, 13.9, 11.9. HR-MS (EI) m/z calcd for C3Hs3NOsSn [M+H'] 636.3069, found
636.3073.

Me SnnBU3

Diethyl (£)-2-[1-(tributylstannyl)ethylidene]octanedioate (64)

The general procedure TP7 was followed using corresponding alkenyl acetate (0.25 mmol)
and 2a (0.325 mmol) at 0 °C for 1 h. Purification by column chromatography (petroleum
ether/EtOAc 50:1) yielded 64 (74 mg, 54%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6
=4.18 (dd, J=14.4, 7.3 Hz, 2H), 4.12 (dd, J = 14.4, 7.2 Hz, 2H), 2.53 — 2.34 (m, 2H), 2.29 (t,
J=17.6 Hz, 2H), 2.11 — 1.91 (m, 3H), 1.52 — 1.36 (m, 10H), 1.36 — 1.21 (m, 14H), 0.91 — 0.84
(m, 15H). *C-NMR (100 MHz, CDCls): § = 174.0, 169.4, 162.6, 139.9, 60.7, 60.3, 34.5, 29.4,
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29.2,29.1,27.8,27.6,25.0,22.3, 14.5, 14.4, 13.9, 11.8. HR-MS (EI) m/z calcd for C26Hs5004Sn
[M+H"] 547.2804, found 547.2810.

Me.__Sn"Bus
NC\/\ICOQEt

Ethyl (2)-5-cyano-2-[1-(tributylstannyl)ethylidene|pentanoate (65)

The general procedure TP7 was followed using (Z)-89 (0.25 mmol) and 2a (0.325 mmol) at
0 °C for 1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 65
(82 mg, 70%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): § =4.21 (q,J=7.1 Hz, 2H), 2.62
—2.57 (m, 2H), 2.32 (t, J=7.1 Hz, 2H), 2.14 — 2.03 (m, 3H), 1.80 — 1.73 (m, 2H), 1.53 - 1.36
(m, 6H), 1.33 — 1.21 (m, 9H), 0.99 — 0.81 (m, 15H). *C-NMR (100 MHz, CDCls): 6 = 168.7,
165.8, 137.3, 119.8, 61.0, 29.3, 27.6, 26.8, 25.3, 22.5, 17.0, 14.4, 13.9, 11.8. HR-MS (EI) m/z
calcd for C2oH41NO2Sn [M+H"] 472.2232, found 472.2236.

\/ieISn"B%
PivO CO,Et

Ethyl (2)-5-(pivaloyloxy)-2-[1-(tributylstannyl)ethylidene|pentanoate (66)

The general procedure TP7 was followed using 30 (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 66 (84
mg, 62%) as a colorless oil. 'TH-NMR (400 MHz, CDCls): 6 = 4.19 (q, J = 7.1 Hz, 2H), 4.06 (t,
J=6.3 Hz, 2H), 2.58 — 2.45 (m, 2H), 2.12 - 1.99 (m, 3H), 1.78 — 1.66 (m, 2H), 1.51 — 1.39 (m,
6H), 1.32 — 1.25 (m, 9H), 1.24 — 1.19 (m, 9H), 0.93 — 0.83 (m, 15H). '>*C-NMR (100 MHz,
CDCl3): 6=178.7,169.1, 164.1, 138.7, 64.2, 60.8, 38.9, 29.4, 28.7, 27.6, 27.4, 24.5,22.2, 14.5,
13.9, 11.8. HR-MS (EI) m/z caled for C26Hs004Sn [M+H"] 547.2804, found 547.2808.

/\/TISHnBUS
AcO COzEt

Ethyl (£2)-6-acetoxy-2-(1-(tributylstannyl)ethylidene)hexanoate (67)

The general procedure TP7 was followed using corresponding alkenyl acetate (0.25 mmol) and

2a (0.325 mmol) at 0 °C for 1 h. Purification by column chromatography (petroleum

ether/EtOAc 50:1) yielded 67 (82 mg, 63%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6

=4.19 (q, J="7.1 Hz, 2H), 4.07 (t, J= 6.7 Hz, 2H), 2.51 — 2.41 (m, 2H), 2.11 — 1.99 (m, 6H),
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1.68 — 1.60 (m, 2H), 1.50 — 1.39 (m, 8H), 1.28 (dd, J = 14.3, 7.1 Hz, 9H), 0.88 (m, 15H). 13C-
NMR (100 MHz, CDCLs): & = 171.3, 169.3, 163.2, 139.4, 64.6, 60.8, 29.4, 28.6, 27.6, 27.4,
25.8,22.3,21.1, 14.5, 13.9, 11.8. HR-MS (EI) m/z calcd for C24HasO4Sn [M+H"] 519.2491,
found 519.2493.

Et02C SnnBU3

Me
Cl

Ethyl (£)-2-(4-chlorophenyl)-3-(tributylstannyl)oct-2-enoate (68)

The general procedure TP7 was followed using 3v (0.25 mmol) and 2a (0.325 mmol) at 23 °C
for 6 h. Purification by column chromatography (PE) yielded 68 (77 mg, 54%) as a colorless
oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.36 — 7.26 (m, 2H), 7.05 — 6.92 (m, 2H), 4.11 (q, J= 7.1
Hz, 2H), 2.26 — 2.05 (m, 2H), 1.55 - 1.43 (m, 6H), 1.32 (dd, J=14.7, 7.3 Hz, 6H), 1.21 — 1.07
(m, 9H), 0.99 (m, 6H), 0.90 (t, J= 7.3 Hz, 9H), 0.79 (t, J = 7.0 Hz, 3H). *C-NMR (100 MHz,
CDCh): 0 = 172.6, 168.4, 139.6, 137.1, 132.6, 131.1, 128.1, 61.1, 36.3, 31.9, 29.5, 29.3, 27.7,
22.5,14.4,14.0, 13.9, 12.1. HR-MS (EI) m/z caled for C2sH47C102Sn [M+H"] 571.2359, found
571.2363.

(Z2)-3-Phenyl-1-(piperidin-1-yl)-3-(tributylstannyl)prop-2-en-1-one (69)

The general procedure TP7 was followed using 3ao (0.25 mmol) and 2a (0.325 mmol) at 23 °C
for 40 min. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 69
(70 mg, 56%) as a yellow oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.30 (t, J = 7.4 Hz, 2H), 7.25 —
7.16 (m, 1H), 7.11 — 7.03 (m, 2H), 7.03 — 6.77 (m, 1H), 3.71 — 3.46 (m, 4H), 1.65 (dd, J="7.0,
3.5 Hz, 2H), 1.60 — 1.55 (m, 4H), 1.45 — 1.32 (m, 6H), 1.22 (dt, J = 14.3, 7.2 Hz, 6H), 1.00 —
0.86 (m, 6H), 0.82 (t, J = 7.3 Hz, 9H). 3 C-NMR (100 MHz, CDCl;3): § = 168.8, 166.3, 147.0,
130.4, 128.1, 126.5, 126.4, 46.8, 43.6, 29.4, 27.6, 26.9, 25.8, 24.8, 13.9, 12.6. HR-MS (EI) m/z
calcd for C26H43NOSn [M+H"] 506.2439, found 506.2444.
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/Me

= O

Me—N

(Z2)-1-Methyl-3-(1-(tributylstannyl)ethylidene)pyrrolidin-2-one (70)

The general procedure TP7 was followed using corresponding alkenyl acetate (0.25 mmol) and
2a (0.325 mmol) at 23 °C for 40 min. Purification by column chromatography (petroleum
ether/EtOAc 50:1) yielded 70 (45 mg, 43%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6
=3.45-3.34 (m, 2H), 2.92 (s, 3H), 2.76 — 2.66 (m, 2H), 2.06 — 1.92 (m, 3H), 1.52 — 1.37 (m,
6H), 1.29 (dd, J = 14.7, 7.3 Hz, 6H), 1.03 — 0.90 (m, 6H), 0.87 (t, J = 7.3 Hz, 9H). *C-NMR
(100 MHz, CDCls): 6 = 169.2, 149.6, 137.6, 46.5, 30.4, 29.5, 27.6, 23.7, 22.1, 13.9, 11.5. HR-
MS (EI) m/z calcd for Ci19H37NOSn [M+H'] 416.1970, found 416.1974.

Sn”Bu3
=

= O

o Me

(Z£)-3-[1-(tributylstannyl)ethylidene]dihydrofuran-2(3H)-one (71)

The general procedure TP7 was followed using 3w (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 40 min. Purification by column chromatography (petroleum ether/EtOAc 100:1) yielded 71
(68 mg, 68%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 4.32 (t,J = 7.6 Hz, 2H), 2.85
(td, J=17.6, 1.8 Hz, 2H), 2.07 — 1.96 (m, 3H), 1.44 — 1.30 (m, 6H), 1.22 (dd, J = 14.7, 7.3 Hz,
6H), 0.95 — 0.84 (m, 6H), 0.84 — 0.77 (m, 9H). 3*C-NMR (100 MHz, CDCl3): 6 = 172.2, 163.0,
131.7, 65.5, 29.3, 27.5, 26.8, 24.0, 13.8, 11.0. HR-MS (EI) m/z calcd for C1sH340.Sn [M+H"]
403.1654, found 403.1656.

OH Sn"Buj

=
HO Me

(Z£)-2-[1-(Tributylstannyl)ethylidene]butane-1,4-diol (72)

The general procedure TP10 was followed using 71 (0.5 mmol) and LiAlH4 (0.75 mmol) at
0 °C for 1 h. Purification by column chromatography (petroleum ether/EtOAc 3:1) yielded 72
(120 mg, 59%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): 6 = 3.99 (d, J = 4.6 Hz, 2H),
3.71(q, J=5.6 Hz, 2H), 2.77 (t, J = 5.0 Hz, 1H), 2.58 (t, /= 5.9 Hz, 2H), 2.53 (t, /= 4.8 Hz,
1H), 1.95 — 1.83 (m, 3H), 1.54 — 1.40 (m, 6H), 1.31 (dd, J = 14.6, 7.3 Hz, 6H), 0.91 (dt, J =
14.6,7.8 Hz, 15H). *C-NMR (100 MHz, CDCl3): 6 = 144.9, 141.3, 70.4, 61.9, 33.9, 29.3, 27.5,

21.1, 13.8, 10.9. HR-MS (EI) m/z caled for C1sH3302Sn [M+H"] 407.1967, found 407.1969.
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0 CO,Et
X

Me SiMe,Ph

6-{(35,85,95,10R,13R,14S,17R)-10,13-Dimethyl-17-[(R)-6-methylheptan-2-yl]|-2,3,4,7,8,9,

10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopentala]phenanthren-3-yl} 1-ethyl (£)-2
-{1-[dimethyl(phenyl)silyl]ethylidene}hexanedioate (73)

The general procedure TPS was followed using 3ap (0.25 mmol) and 1a (0.5 mmol) at 23 °C
for 2.5 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 73 (98
mg, 55%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): 6 = 7.50 — 7.44 (m, 2H), 7.33 — 7.27
(m, 3H), 5.37 (d,J=4.0 Hz, 1H), 4.69 —4.57 (m, 1H), 3.83 (q, /= 7.1 Hz, 2H), 2.51 —2.41 (m,
2H), 2.31 (t, J=7.2 Hz, 4H), 2.05 — 1.93 (m, 2H), 1.90 — 1.81 (m, 6H), 1.75 (dd, J=15.4, 7.6
Hz, 2H), 1.59 — 1.44 (m, 6H), 1.42 — 1.18 (m, 6H), 1.17 - 1.11 (m, 4H), 1.09 (t, /J="7.1 Hz, 5H),
1.02 (s, 4H), 0.96 (dd, J=12.3, 4.7 Hz, 2H), 0.92 (d, J= 6.5 Hz, 3H), 0.86 (dd, J= 6.6, 1.7 Hz,
6H), 0.68 (s, 3H), 0.38 (s, 6H). 3*C-NMR (100 MHz, CDCl3): 6 = 172.9, 169.6, 145.6, 143.3,
139.8, 139.6, 133.6, 128.6, 127.6, 122.8, 74.0, 60.5, 56.8, 56.3, 50.2, 42.4, 39.9, 39.7, 38.3,
37.1,36.7,36.3,35.9, 344, 32.0, 32.0, 29.6, 28.4, 28.1, 27.9, 24.4, 24.1, 24.0, 23.0, 22.7, 21.2,
19.6, 19.5, 18.9, 14.1, 12.0, -1.0. HR-MS (EI) m/z caled for C4sH7004Si [M+H"] 703.5116,
found 703.5119.

TBSOMm
CO,Et

Ethyl (R,Z2)-6-{(3R,5R,8R,95,10S5,13R,14S,17R)-3-[(tert-butyldimethylsilyl)oxy]-10,13-di
methylhexadecahydro-1H-cyclopenta[a]phenanthren-17-yl}-2-{1-[dimethyl(phenyl)silyl]

ethylidene}heptanoate (74)

The general procedure TPS was followed using 3aq (0.25 mmol) and 1a (0.5 mmol) at 23 °C
for 1 h. Purification by column chromatography (petroleum ether/EtOAc 100:1) yielded 74 (80
mg, 45%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): 6 = 7.51 — 7.46 (m, 2H), 7.33 — 7.28
(m, 3H), 3.83 (q, /= 7.1 Hz, 2H), 3.63 — 3.52 (m, 1H), 2.45 —2.29 (m, 2H), 1.94 (d, /= 11.8
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Hz, 1H), 1.85 — 1.72 (m, 7H), 1.53 (s, 2H), 1.38 (dt, J = 23.6, 15.1 Hz, 10H), 1.27 — 1.14 (m,
5H), 1.09 (t, J= 7.1 Hz, 5H), 1.04 (d, J= 8.7 Hz, 3H), 0.89 (s, 16H), 0.63 (s, 3H), 0.38 (s, 6H),
0.06 (s, 6H). *C-NMR (100 MHz, CDCL3): 6 = 170.1, 144.8, 143.4, 139.7, 133.7, 128.6, 127.6,
73.0, 60.4, 56.6, 56.4, 42.8, 42.5, 40.4, 40.3, 37.1, 36.0, 35.8, 35.8, 34.8, 31.2, 30.8, 28.4, 27.5,
26.6,26.1,25.2,24.4,23.6,21.0, 19.4, 18.8, 18.5, 14.1, 12.2, -1.0, -4.4. HR-MS (EI) m/z calcd
for C44H7403Siz [M+H*] 707.5249, found 707.5253.

Me SiMe,Ph
Me Me j\/\l
Me/l\/\/K/\o CO,Et

6-(3,7-Dimethyloct-6-en-1-yl) 1-ethyl (Z)-2-{1-[dimethyl(phenyl)silyl]ethylidene}hexanedi
oate (75)

The general procedure TPS was followed using corresponding alkenyl acetate (0.25 mmol) and
la (0.5 mmol) at 23 °C for 1.5 h. Purification by column chromatography (petroleum
ether/EtOAc 50:1) yielded 75 (48 mg, 41%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6
=7.49 —7.45 (m, 2H), 7.32 — 7.29 (m, 3H), 5.08 (ddd, /=7.1, 5.8, 1.3 Hz, 1H), 4.14 — 4.07 (m,
2H), 3.82 (q, J=7.1 Hz, 2H), 2.48 — 2.43 (m, 2H), 2.33 (t, /= 7.4 Hz, 2H), 1.98 (dt, J=17.1,
7.3 Hz, 2H), 1.85 (s, 3H), 1.76 (dd, J=15.4, 7.7 Hz, 2H), 1.68 (s, 3H), 1.60 (s, 3H), 1.49 (ddd,
J=20.8, 13.3, 7.0 Hz, 2H), 1.40 — 1.22 (m, 2H), 1.22 — 1.14 (m, 1H), 1.08 (t, /= 7.1 Hz, 3H),
0.91 (d, J = 6.6 Hz, 3H), 0.38 (s, 6H). >*C-NMR (100 MHz, CDCl3): 6 = 173.7, 169.6, 145.7,
143.3, 139.6, 133.6, 131.5, 128.6, 127.6, 124.7, 63.1, 60.5, 37.1, 35.6, 34.0, 29.6, 25.8, 25.5,
24.0, 19.6, 19.5, 17.8, 14.1, -1.0. HR-MS (EI) m/z calcd for C2sHs404Si [M+H'] 473.3082,
found 473.3085.

Me Me Me
Me” Z N siMe,Ph
CO,Et

Ethyl (S,2)-2-{1-[dimethyl(phenyl)silyl]ethylidene}-5,9-dimethyldec-8-enoate (76)

The general procedure TPS was followed using 3ar (0.25 mmol) and 1a (0.5 mmol) at 23 °C
for 1 h. Purification by column chromatography (PE) yielded 76 (49 mg, 50%) as a colorless
oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.47 (dd, J = 6.1, 3.0 Hz, 2H), 7.35 — 7.27 (m, 3H), 5.10
(t,J=17.0 Hz, 1H), 3.83 (q, /= 7.1 Hz, 2H), 2.49 — 2.32 (m, 2H), 1.98 (dd, /= 16.4, 10.2 Hz,
2H), 1.83 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H), 1.41 (m, 3H), 1.26 — 1.13 (m, 2H), 1.09 (t, /= 7.1
Hz, 3H), 0.91 (d, J= 6.4 Hz, 3H), 0.38 (s, 6H). 3 C-NMR (100 MHz, CDCl3): § = 169.9, 144.9,
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143.6, 139.8, 133.7, 131.2, 128.6, 127.6, 125.0, 60.4, 37.0, 35.7, 32.8, 28.1, 25.9, 25.7, 19.6,
19.3,17.8, 14.1, -1.0. HR-MS (EI) m/z calcd for C24H3302Si [M+H"] 387.2714, found 387.2716.

Me Me Me
Me S Z Sn”Bu3
CO,Et

Ethyl (R,Z)-5,9-dimethyl-2-[1-(tributylstannyl)ethylidene]dec-8-enoate (77)

The general procedure TP7 was followed using 3ar (0.25 mmol) and 2a (0.325 mmol) at 0 °C
for 1 h. Purification by column chromatography (PE) yielded 77 (80 mg, 59%) as a colorless
oil. 'TH-NMR (400 MHz, CDCl3): 6 = 5.22 — 5.04 (m, 1H), 4.18 (q, J= 7.1 Hz, 2H), 2.48 — 2.34
(m, 2H), 2.11 — 1.95 (m, 5H), 1.69 (s, 3H), 1.61 (s, 3H), 1.42 (dddd, J=17.3, 13.2, 7.7, 5.4 Hz,
9H), 1.31 — 1.25 (m, 9H), 1.21 — 1.12 (m, 2H), 0.89 (dt, J = 14.6, 6.9 Hz, 18H). *C-NMR (100
MHz, CDCl): 6 = 169.5, 162.0, 140.4, 131.2, 125.1, 60.7, 37.0, 36.5, 32.9, 29.4, 27.6, 25.9,
25.7,25.6,22.1,19.7, 17.8, 14.5, 13.9, 11.8. HR-MS (EI) m/z calcd for C23Hs402Sn [M+H"]
543.3219, found 543.3222.

H

o . : /?—COQEt
\;—@—ﬁ Sn"Bus
s ’
Me 2
Me
(Z£)-4-[3-Ethoxy-3-oxo-1-(tributylstannyl)prop-1-en-1-yl|phenyl 4-(V,/N-dipropylsulfamo
yl)benzoate (78)
The general procedure TP6 was followed using 3as (0.25 mmol) and 2a (0.325 mmol) at -20 °C
for 15 min. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 78
(133 mg, 71%) as a colorless oil. '"H-NMR (400 MHz, CDCl3): 6 = 8.33 (d, J = 8.4 Hz, 2H),
7.95 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.6 Hz, 2H), 7.15 — 7.09 (m, 2H), 6.76 — 6.25 (m, 1H),
4.25(q,J=17.1 Hz, 2H), 3.17 — 3.11 (m, 4H), 1.57 (dd, J = 15.1, 7.5 Hz, 4H), 1.43 (ddd, J =
12.5, 8.5, 6.1 Hz, 6H), 1.34 — 1.22 (m, 9H), 1.04 — 0.94 (m, 6H), 0.87 (dt, J = 14.5, 7.3 Hz,
15H). *C-NMR (100 MHz, CDCl3): 6 = 172.5, 167.8, 163.9, 149.7, 145.0, 144.0, 133.0, 131.3,
130.9, 127.5,127.3,121.2, 60.7, 50.0, 29.2,27.4, 22.1, 14.4, 13.8, 12.1, 11.3. HR-MS (EI) m/z
calcd for C36HssNOsSSn [M+H"] 750.2845, found 750.2851.
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Me Me H CO,Et

Ethyl (S5,2)-3-{4-{[2-(4-isobutylphenyl)propanoyl]oxy}phenyl}-3-(tributylstannyl)acrylat
e (79)

The general procedure TP6 was followed using 3at (0.25 mmol) and 2a (0.325 mmol) at -20 °C
for 15 min. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 79
(91 mg, 54%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): § =7.30 (d, J= 8.1 Hz, 2H), 7.14
(d, J=8.1 Hz, 2H), 7.07 — 6.98 (m, 2H), 6.98 — 6.91 (m, 2H), 6.60 — 6.27 (m, 1H), 4.22 (q, J =
7.1 Hz, 2H), 3.93 (q, /= 7.2 Hz, 1H), 2.47 (d, /= 7.2 Hz, 2H), 1.87 (dt, J=13.5, 6.8 Hz, 1H),
1.60 (d, J=7.2 Hz, 3H), 1.43 — 1.33 (m, 6H), 1.31 — 1.20 (m, 9H), 0.96 — 0.87 (m, 12H), 0.83
(t,J=7.3 Hz, 9H). 3C-NMR (100 MHz, CDCl3): § = 173.3, 172.7, 167.8, 150.0, 143.4, 141.0,
137.4, 131.1, 129.7, 127.4, 127.3, 121.2, 60.7, 45.4, 45.2, 30.3, 29.2, 27.5, 22.5, 18.7, 14.5,
13.8, 12.1. HR-MS (EI) m/z calcd for C36Hs404Sn [M+H'] 671.3117, found 671.3121.

Me

Sn"Bug
F4C N 0 © H
Ethyl (2)-3-{4-{{{4-|5-(p-tolyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]phenyl}sulfonyl}oxy}
phenyl}-3-(tributylstannyl)acrylate (80)
The general procedure TP6 was followed using 3au (0.25 mmol) and 2a (0.325 mmol) at -
20 °C for 15 min. Purification by column chromatography (petroleum ether/EtOAc 50:1)
yielded 80 (100 mg, 47%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.85 — 7.72 (m,
2H), 7.52 - 7.44 (m, 2H), 7.19 (d, /= 8.0 Hz, 2H), 7.09 (d, J= 8.1 Hz, 2H), 6.94 (ddd, J = 14.0,
7.8, 2.3 Hz, 4H), 6.75 (s, 1H), 6.57 — 6.30 (m, 1H), 4.23 (q,J = 7.1 Hz, 2H), 2.39 (s, 3H), 1.38
—1.31 (m, 6H), 1.31 — 1.17 (m, 9H), 0.91 (dd, J = 9.5, 6.6 Hz, 6H), 0.82 (t, J= 7.3 Hz, 9H).
BC-NMR (100 MHz, CDCl3): 6 = 172.1, 167.6, 148.2, 145.5, 145.4, 144.5 (q, *Jc.r=39.0 Hz),
143.8, 140.1, 134.6, 131.6, 129.9, 129.7, 128.9, 127.5, 125.7, 125.5, 122.1, 118.4 (dd, 'Je.r =
269.4 Hz), 106.8, 60.8, 29.1, 27.4, 21.5, 14.4, 13.8, 12.1. "’F-NMR (376 MHz, CDCl;3): § = -
62.52 (s). HR-MS (EI) m/z calcd for C40H49F3N205SSn [M+H"] 847.2409, found 847.2415.
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Ethyl (Z2)-3-{4-{2-[1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl]acetoxy}pheny
1}-3-(tributylstannyl)acrylate (81)
The general procedure TP6 was followed using 3av (0.25 mmol) and 2a (0.325 mmol) at -
20 °C for 15 min. Purification by column chromatography (petroleum ether/EtOAc 10:1)
yielded 49 (115 mg, 56%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 7.68 (d, J = 7.9
Hz, 2H), 7.47 (d, J= 7.9 Hz, 2H), 7.09 — 7.00 (m, 5H), 6.90 (d, J=9.0 Hz, 1H), 6.70 (dd, J =
9.0, 2.0 Hz, 1H), 6.59 — 6.29 (m, 1H), 4.23 (q, J = 7.0 Hz, 2H), 3.90 (s, 2H), 3.84 (d, /= 0.6
Hz, 3H), 2.46 (s, 3H), 1.39 (dt, /= 8.0, 6.3 Hz, 6H), 1.33 — 1.18 (m, 9H), 0.96 — 0.91 (m, 6H),
0.83 (t, J = 7.3 Hz, 9H). *C-NMR (100 MHz, CDCl3): § = 172.6, 169.4, 168.4, 167.8, 156.3,
149.8, 143.7, 139.5, 136.3, 134.0, 131.3, 131.2, 131.0, 130.6, 129.3, 127.4, 121.1, 115.2, 112.1,
112.0, 101.3, 60.7, 55.8, 30.7, 29.2, 27.4, 14.5, 13.8, 13.6, 12.1. HR-MS (EI) m/z calcd for
C4Hs2CINOgSn [M+H ] 822.2578, found 822.2582.

@)

H
fOEt

Me Sn"Bus

Ethyl (£2)-3-(tributylstannyl)but-2-enoate (86)

The general procedure TP6 was followed using (Z)-85 (0.25 mmol) and 2a (0.325 mmol) at -
20 °C for 15 min. Purification by column chromatography (PE) yielded 86 (87 mg, 86%) as a
colorless oil. '"H-NMR (400 MHz, CDCls): § = 6.58 — 6.24 (m, 1H), 4.17 (q, J = 7.1 Hz, 2H),
2.18 - 2.08 (m, 3H), 1.53 — 1.41 (m, 6H), 1.39 — 1.23 (m, 9H), 0.99 — 0.94 (m, 6H), 0.88 (t,J =
7.3 Hz, 9H). 3C-NMR (100 MHz, CDCl3): 6 = 171.7,167.9, 129.4, 60.2, 29.4, 27.6, 27.5, 14.5,
13.9, 11.0. HR-MS (EI) m/z caled for C1sH3602Sn [M+H"] 405.1810, found 405.1815.
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Ethyl (E)-3-(tributylstannyl)but-2-enoate (86')

The general procedure TP6 was followed using (E)-85 (0.25 mmol) and 2a (0.325 mmol) at -
20 °C for 15 min. Purification by column chromatography (PE) yielded 86' (27 mg, 27%) as a
colorless oil. 'H-NMR (400 MHz, CDCls): 6 = 6.10 — 5.83 (m, 1H), 4.16 (q, J = 7.1 Hz, 2H),
2.48 —2.31 (m, 3H), 1.54 — 1.45 (m, 6H), 1.35 - 1.26 (m, 9H), 0.96 (dd, J = 9.5, 6.7 Hz, 6H),
0.89 (dd, J = 7.3, 5.1 Hz, 9H). *C-NMR (100 MHz, CDCl3): § = 169.3, 164.6, 128.3, 59.7,
29.1, 27.5, 22.5, 14.5, 13.8, 9.6. HR-MS (EI) m/z caled for CisH3s02Sn [M+H'] 405.1810,

found 405.1815.

Et,N |

Me” ~Sn"Bus
(E)-N,N-Diethyl-3-(tributylstannyl)but-2-enamide (88)
The general procedure TP6 was followed using 87 (0.25 mmol) and 2a (0.325 mmol) at -20 °C
for 15 min. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 88
(8 mg, 7%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): 6 = 6.77 (d, J = 1.6 Hz, 1H), 3.39
(m, 4H), 2.26 — 2.06 (m, 3H), 1.49 — 1.42 (m, 6H), 1.28 (m, 6H), 1.20 (t, J= 7.1 Hz, 3H), 1.11
(t, J=7.1 Hz, 3H), 0.89 (dd, J = 7.0, 4.9 Hz, 15H). 3C-NMR (100 MHz, CDCls): § = 166.8,
166.5, 128.7, 42.0, 41.0, 29.5, 27.7, 27.3, 15.0, 14.0, 13.4, 11.7. HR-MS (EI) m/z calcd for
C20H41INOSn [M+H"] 432.2283, found 432.2285.

Me.__Sn"Bus
NC\/\ICO2t-Bu

tert-Butyl (Z)-5-cyano-2-[1-(tributylstannyl)ethylidene|pentanoate (92)

The general procedure TP7 was followed using (£)-90 (0.25 mmol) and 2a (0.325 mmol) at
0 °C for 2 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded 92
(39 mg, 31%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): § = 2.62 — 2.48 (m, 2H), 2.31 (t,
J=17.1 Hz, 2H), 2.13 — 1.97 (m, 3H), 1.81 — 1.68 (m, 2H), 1.48 (s, 9H), 1.48 — 1.36 (m, 6H),
1.27 (dd, J = 14.6, 7.3 Hz, 6H), 0.93 —0.83 (m, 15H). 3C-NMR (100 MHz, CDCl3): 6 = 167.8,
164.7, 138.1, 119.9, 80.7, 29.4, 28.2, 27.6, 26.9, 25.4, 22.3, 17.0, 13.9, 12.1. HR-MS (EI) m/z
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calcd for C24H4sNO2Sn [M+H'] 500.2545, found 500.2549.

(0] SnnBU3

Me< =
N

Me H

(£)-N,N-Dimethyl-3-phenyl-3-(tributylstannyl)acrylamide (98)

The general procedure TP7 was followed using (£)-96 (0.25 mmol) and 2a (0.325 mmol) at
23 °C for 1 h. Purification by column chromatography (petroleum ether/EtOAc 50:1) yielded
98 (50 mg, 43%) as a colorless oil. '"H-NMR (400 MHz, CDCl3): 6 = 7.35 — 7.26 (m, 2H), 7.24
—7.18 (m, 1H), 7.05 (dt, J = 8.0, 1.7 Hz, 2H), 7.02 — 6.74 (m, 1H), 3.13 (s, 3H), 3.03 (s, 3H),
1.45 - 1.34 (m, 6H), 1.23 (m, 6H), 0.90 (m, 6H), 0.82 (t,J= 7.3 Hz, 9H). '*C-NMR (100 MHz,
CDClh): 0 = 169.6, 167.5, 147.0, 129.9, 128.1, 126.4, 126.4, 37.4, 36.2, 29.3, 27.6, 13.9, 12.6.
HR-MS (EI) m/z calcd for C23H3oNOSn [M+H"] 466.2126, found 466.2130.

Late-Stage Modifications of Alkenyl Silanes and Alkenyl Stannanes:

Figure S8: Synthetic Applicability of Alkenyl Silanes by Hiyama coupling and Alkenyl
Stannanes by MKS Reaction.!'*!

a) Reaction condition of Hiyama coupling

Pd,dbas (2.5 mol%)
.\ Arl NaOH (2 eq) >
)l THF, 60 °C , 16h @]l

SiMe,Ph Ar

b) Reaction condition of Stille coupling
Pd(PPh3), (5 mol%)

CO,Et Cul (0.5 eq) COEt
(Zz[ ’ e SR (ZEE
Sn(nBu)3 ’ ’ FG
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Late-stage derivatizations of tert-substituted alkenyl stannanes

CHO COQEt O,
0 O O

COzEt CO,Et COQEI
106: 52% 107: 95% 108: 92/ 'u Xrayof109 109: 92% 110: 85% 11:53%
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Me

OH
HO

(Z2)-2-(1-phenylethylidene)butane-1,4-diol (106)

The general procedure TP12 was followed using 33 (0.1 mmol) and iodobenzene (0.15 mmol)
at 60 °C for 16 h. Purification by column chromatography (petroleum ether/EtOAc 2:1) yielded
106 (10 mg, 52%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.33 (t, J= 7.3 Hz, 2H),
7.26 (s, 1H), 7.21 — 7.14 (m, 2H), 3.94 (s, 2H), 3.84 (t, /= 5.8 Hz, 2H), 2.61 (t,J= 5.7 Hz, 2H),
2.29 (s, 2H), 2.03 (s, 3H). "*C-NMR (100 MHz, CDCls): § = 143.6, 138.4, 132.3, 128.3, 128.0,
126.8, 64.0, 62.0, 35.0, 21.2. HR-MS (EI) m/z calcd for C12Hi602 [M+H"] 193.1223, found
193.1225.

Cl
Me

OH
HO

(Z£)-2-[1-(4-chlorophenyl)ethylidene|butane-1,4-diol (107)

The general procedure TP12 was followed using 33 (0.1 mmol) and 1-chloro-4-iodobenzene
(0.15 mmol) at 60 °C for 16 h. Purification by column chromatography (petroleum ether/EtOAc
2:1) yielded 107 (19 mg, 56%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): § = 7.33 — 7.26

(m, 2H), 7.16 — 7.09 (m, 2H), 3.91 (s, 2H), 3.82 (t, J = 5.7 Hz, 2H), 2.76 (s, 2H), 2.59 (t, J =
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5.7 Hz, 2H), 2.00 (s, 3H). 3*C-NMR (100 MHz, CDCl3): 6 = 142.0, 137.1, 133.0, 132.7, 129.5,
128.5, 63.9, 61.8, 35.0, 21.1. HR-MS (EI) m/z calcd for C12H;5C102 [M+H"] 227.0833, found
227.0835.

O
Cl ‘ O Me
|
H CO,Et
Ethyl (E)-3-(4-acetylphenyl)-3-(4-chlorophenyl)acrylate (108)
The general procedure TP8 was followed using 44 (0.1 mmol) and 1-(4-iodophenyl)ethan-1-
one (0.12 mmol) at 23 °C for 16 h. Purification by column chromatography (petroleum
ether/EtOAc 20:1) yielded 108 (30 mg, 92%) as a colorless oil. 'TH-NMR (400 MHz, CDCl5):
0=28.07—-7.85 (m, 2H), 7.37 — 7.26 (m, 4H), 7.24 — 7.15 (m, 2H), 6.41 (s, 1H), 4.06 (q, J=7.1
Hz, 2H), 2.64 (s, 3H), 1.14 (t, J = 7.1 Hz, 3H). 3C-NMR (100 MHz, CDCl3): 6 = 197.7, 165.6,
154.3, 143.7, 138.5, 136.8, 136.1, 129.5, 129.4, 129.0, 128.2, 118.5, 60.5, 26.8, 14.1. HR-MS
(ET) m/z calcd for C19H17C103 [M+H"] 329.0939, found 329.0943.

MeO i i CHO
|

H” ~CO,Et

Ethyl (E)-3-(4-formylphenyl)-3-(4-methoxyphenyl)acrylate (109)

The general procedure TP8 was followed using 41 (0.147 mmol) and 4-iodobenzaldehyde
(0.18 mmol) at 23 °C for 16 h. Purification by column chromatography (petroleum ether/EtOAc
20:1) yielded 109 (43 mg, 95%) as a yellow solid. 'TH-NMR (400 MHz, CDCl3): 6 = 10.06 (s,
1H), 7.92 (d, J = 8.3 Hz, 2H), 7.38 (d, J = 8.1 Hz, 2H), 7.25 — 7.16 (m, 2H), 6.93 — 6.77 (m,
2H), 6.39 (s, 1H), 4.04 (q, J = 7.1 Hz, 2H), 3.81 (s, 3H), 1.12 (t, J = 7.1 Hz, 3H). *C-NMR
(100 MHz, CDCl3): 6 = 192.0, 165.9, 161.2, 155.1, 146.1, 135.8, 132.0, 129.8, 129.7, 129.5,
116.0, 114.1, 60.2, 55.5, 14.1. HR-MS (EI) m/z calcd for C19Hi304 [M+H"] 311.1278, found
311.1282.

CO,Et
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Ethyl 2-(6-oxocyclohex-1-en-1-yl)cyclopent-1-ene-1-carboxylate (110)

The general procedure TP8 was followed using 38 (0.1 mmol) and 2-iodocyclohex-2-en-1-one
(0.12 mmol) at 23 °C for 16 h. Purification by column chromatography (petroleum ether/EtOAc
20:1) yielded 110 (20 mg, 85%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): 6 = 6.77 (t, J
=4.2 Hz, 1H), 4.09 (q, J = 7.1 Hz, 2H), 2.74 (ddd, J= 7.9, 4.9, 2.4 Hz, 2H), 2.62 (tt, J = 8.0,
2.4 Hz, 2H), 2.57 — 2.48 (m, 2H), 2.47 — 2.38 (m, 2H), 2.05 (dt, J=12.4, 6.1 Hz, 2H), 1.99 —
1.84 (m, 2H), 1.22 (t, J = 7.1 Hz, 3H). *C-NMR (100 MHz, CDCl3): 6 = 197.0, 165.7, 149.6,
145.7, 138.1, 131.7, 60.0, 39.6, 38.8, 34.1, 26.1, 22.9, 21.9, 14.4. HR-MS (EI) m/z calcd for
C14H1303 [M+H"] 235.1329, found 235.1333.

@)

Me

I
I CO,Et

Ethyl (£)-3-(6-oxocyclohex-1-en-1-yl)-2-[2-(thiophen-3-yl)ethyl]but-2-enoate (111)

The general procedure TP8 was followed using 56 (0.1 mmol) and 2-iodocyclohex-2-en-1-one
(0.12 mmol) at 23 °C for 16 h. Purification by column chromatography (petroleum ether/EtOAc
20:1) yielded 111 (17 mg, 53%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6 = 7.23 (dd, J
=4.7,3.1 Hz, 1H), 6.98 (d, J=4.9 Hz, 2H), 6.53 (t, /= 4.2 Hz, 1H), 4.05 (q, /= 7.1 Hz, 2H),
2.79 (t, J= 7.6 Hz, 2H), 2.67 (t, J = 7.6 Hz, 2H), 2.49 (dd, J = 8.6, 4.9 Hz, 2H), 2.37 (dd, J =
10.3, 6.0 Hz, 2H), 2.08 — 1.97 (m, 2H), 1.76 (s, 3H), 1.22 (t, J = 7.1 Hz, 3H). 3*C-NMR (100
MHz, CDCls): 6 = 197.5, 168.7, 144.1, 143.1, 142.6, 141.9, 130.6, 128.7, 125.2, 120.8, 60.3,
38.8,31.0,29.4,26.0,22.9,21.1, 14.4. HR-MS (EI) m/z caled for C1gH2203S [M+H] 319.1362,
found 319.1368.

MeO—QO Me

/

CO,Et
Ethyl (£)-5-(4-methoxyphenoxy)-2-[1-(5-oxocyclopent-1-en-1-yl)ethylidene|pentanoate (1
12)
The general procedure TP8 was followed using 58 (0.09 mmol) and 2-iodocyclopent-2-en-1-
one (0.108 mmol) at 23 °C for 16 h. Purification by column chromatography (petroleum
ether/EtOAc 5:1) yielded 112 (17 mg, 53%) as a colorless oil. 'H-NMR (400 MHz, CDCls): 6
=7.34(t,J=2.8 Hz, 1H), 6.83 (s, 4H), 4.06 (q, /= 7.1 Hz, 2H), 3.93 (t, /= 6.1 Hz, 2H), 3.76
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(s, 3H), 2.71 - 2.59 (m, 4H), 2.53 — 2.37 (m, 2H), 1.99 — 1.83 (m, 5H), 1.20 (t, J="7.1 Hz, 3H).
13C-NMR (100 MHz, CDCl3): § = 206.5, 168.8, 156.9, 153.8, 153.2, 148.7, 135.5, 132.2, 115.5,
114.8, 67.5, 60.5, 55.9, 34.8, 28.5, 26.7, 26.5, 20.6, 14.3. HR-MS (EI) m/z caled for C21Ha60s
[M+H'] 359.1853, found 359.1857.

Me

NC CO,Et

Ethyl (2Z,4E)-2-(3-cyanopropyl)-3-methyl-5-phenylpenta-2,4-dienoate (113)

The general procedure TP8 was followed using 65 (0.127 mmol) and (E)-(2-
bromovinyl)benzene (0.16 mmol) at 23 °C for 16 h. Purification by column chromatography
(petroleum ether/EtOAc 20:1) yielded 113 (29 mg, 80%) as a colorless oil. 'TH-NMR (400 MHz,
CDCh):0=17.62 (d,J=16.1 Hz, 1H), 7.49 — 7.41 (m, 2H), 7.33 (t, J=7.5 Hz, 2H), 7.27 - 7.24
(m, 1H), 6.79 (d, J = 16.1 Hz, 1H), 4.30 (q, J = 7.1 Hz, 2H), 2.73 — 2.56 (m, 2H), 2.40 (t, J =
7.0 Hz, 2H), 2.09 (s, 3H), 1.85 (t,J= 7.6 Hz, 2H), 1.36 (t,J= 7.1 Hz, 3H). *C-NMR (100 MHz,
CDCl3): 0 =169.2, 141.1, 137.3, 132.3, 129.6, 128.8, 128.2, 128.2, 127.0, 119.6, 60.9, 29.7,
24.9,16.9,15.3, 14.5. HR-MS (EI) m/z caled for C1sH21NO2 [M+H "] 284.1645, found 284.1649.

(of
(E)
AR
St g
Me Me CO,Et

Ethyl (2E,4E)-3-(4-chlorophenyl)-5-[dimethyl(phenyl)silyl]penta-2,4-dienoate (114)

The general procedure TP8 was followed using 44 (0.128 mmol) and (E)-(2-
iodovinyl)dimethyl(phenyl)silane (0.15 mmol) at 23 °C for 16 h. Purification by column
chromatography (petroleum ether/EtOAc 50:1) yielded 114 (36 mg, 76%) as a colorless oil. 'H-
NMR (400 MHz, CDCl3): 0 = 8.09 (d, /= 19.2 Hz, 1H), 7.46 — 7.38 (m, 2H), 7.32 — 7.20 (m,
5H), 7.13 (d, /= 8.4 Hz, 2H), 6.07 (d, /= 19.2 Hz, 1H), 5.73 (s, 1H), 4.14 (q, /= 7.1 Hz, 2H),
1.22 (t,J = 7.1 Hz, 3H), 0.33 (s, 6H). "*C-NMR (100 MHz, CDCl3): 6 = 166.0, 154.8, 141.4,
141.1, 138.2, 138.0, 134.6, 133.9, 130.5, 129.3, 128.6, 128.0, 118.8, 60.4, 14.4, -2.7. HR-MS
(EI) m/z calcd for C21H23C10,Si [M+H"] 371.1229, found 371.1231.
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(£)-4-[3-Ethoxy-3-0x0-1-(5-oxocyclopent-1-en-1-yl)prop-1-en-1-yl|phenyl 4-(V,N-dipropy
Isulfamoyl)benzoate (115)

The general procedure TP8 was followed using 78 (0.185 mmol) and 2-iodocyclopent-2-en-1-
one (0.23 mmol) at 23 °C for 16 h. Purification by column chromatography (petroleum
ether/EtOAc 5:1) yielded 115 (66 mg, 66%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6
=8.31(d, J=8.6 Hz, 2H), 7.95 (d, J= 8.5 Hz, 2H), 7.52 — 7.41 (m, 3H), 7.25 — 7.18 (m, 2H),
6.39 (s, 1H), 4.16 (q, J=7.1 Hz, 2H), 3.18 — 3.09 (m, 4H), 2.81 (td, J=4.7, 2.6 Hz, 2H), 2.67
—2.57 (m, 2H), 1.58 (dt, J=15.1, 7.5 Hz, 4H), 1.28 (t, J=7.1 Hz, 3H), 0.89 (t,J= 7.4 Hz, 6H).
BBC-NMR (100 MHz, CDCl3): 6 =205.8, 165.7, 163.7, 160.8, 151.7, 145.9, 145.3, 145.2, 137.3,
132.6, 131.0, 128.9, 127.3, 121.9, 120.2, 60.5, 50.1, 34.7, 27.4, 22.1, 14.3, 11.3. HR-MS (EI)
m/z calcd for C20H33NO7S [M+H'] 540.2050, found 540.2054.

pr—

O\\ S//O

Ethyl (5)-2-{4-{N-methyl-N-[3-(naphthalen-1-yloxy)-3-(thiophen-2-yl)propyl]sulfamoyl}
phenyl}cyclopent-1-ene-1-carboxylate (116)

The general procedure TP8 was followed using 38 (0.1 mmol) and (5)-4-iodo-N-methyl-N-[3-
(naphthalen-1-yloxy)-3-(thiophen-2-yl)propyl]benzenesulfonamide (0.12 mmol) at 23 °C
for 16 h. Purification by column chromatography (petroleum ether/EtOAc 10:1) yielded 116
(42 mg, 72%) as a colorless oil. 'TH-NMR (400 MHz, CDCl3): 6 = 8.30 (dd, J= 6.2, 3.5 Hz, 1H),
7.77 (dd, J = 6.0, 3.4 Hz, 1H), 7.71 — 7.67 (m, 2H), 7.50 — 7.45 (m, 2H), 7.43 — 7.38 (m, 3H),
7.30 —7.25 (m, 1H), 7.20 (dd, J= 5.0, 1.1 Hz, 1H), 7.13 — 7.10 (m, 1H), 6.93 (dd, J= 5.0, 3.5
Hz, 1H), 6.88 (d, J= 7.6 Hz, 1H), 5.79 (dd, J= 7.8, 5.0 Hz, 1H), 4.04 (q, /= 7.1 Hz, 2H), 3.38
—3.19 (m, 2H), 2.87 — 2.80 (m, 4H), 2.77 (s, 3H), 2.51 (dq, J = 7.6, 5.9 Hz, 1H), 2.41 — 2.26
(m, 1H), 2.00 (dt, J=15.2, 7.7 Hz, 2H), 1.06 (t, J= 7.1 Hz, 3H). *C-NMR (100 MHz, CDCl5):

0=165.7,153.1, 151.2, 144.5, 142.0, 136.3, 134.7, 131.7, 128.6, 127.7, 127.0, 126.8, 126.4,
S-68



126.2, 125.9, 125.4, 125.3, 125.1, 122.1, 121.0, 107.3, 73.8, 60.3, 47.3, 40.3, 37.8, 35.9, 35.3,
22.1, 14.1. HR-MS (EI) m/z calcd for C3H33NOsS, [M+H'] 576.1873, found 576.1875.

o)

\ 7/

@]
Me. _S
N CO,Me
L f
(@) Ph o

Methyl 2-{4-{N-methyl-N-{3-phenyl-3-[4-(trifluoromethyl)phenoxy|propyl}sulfamoyl}ph
enyl}cyclohept-1-ene-1-carboxylate (117)

The general procedure TP8 was followed using 39 (0.149 mmol) and 4-iodo-N-methyl-N-{3-
phenyl-3-[4-(trifluoromethyl)phenoxy]propyl}benzenesulfonamide (0.179 mmol) at 23 <C
for 16 h. Purification by column chromatography (petroleum ether/EtOAc 10:1) yielded 117
(50 mg, 56%) as a colorless oil. tH-NMR (400 MHz, CDCls): 6 = 7.68 (d, J = 8.4 Hz, 2H), 7.43
(d, J = 8.6 Hz, 2H), 7.34 (d, J = 4.4 Hz, 4H), 7.29 (dd, J = 8.3, 4.2 Hz, 1H), 7.25 (d, J = 8.5 Hz,
2H), 6.91 (d, J = 8.6 Hz, 2H), 5.31 (dd, J = 8.6, 4.1 Hz, 1H), 3.34 (s, 3H), 3.29 (dd, J = 14.0,
7.0 Hz, 1H), 3.18 — 3.09 (m, 1H), 2.75 (s, 3H), 2.59 (dd, J = 10.5, 4.6 Hz, 4H), 2.22 (qd, J =
7.3, 5.3 Hz, 1H), 2.10 (dtd, J = 11.6, 7.4, 4.2 Hz, 1H), 1.87 (dt, J = 11.7, 5.9 Hz, 2H), 1.70 —
1.63 (m, 4H). 3C-NMR (100 MHz, CDCls3): 6 =170.7, 160.4, 149.5, 149.5, 140.5, 135.5, 135.3,
129.0, 128.2, 127.4, 127.4, 126.9 (q, ®Jc.r = 3.6 Hz), 126.0, 124.5 (g, Nc-r = 270.8 Hz), 123.2
(0, 2Jcr = 32.6 Hz), 116.0, 51.5, 47.3, 37.4, 37.0, 35.7, 32.4, 31.0, 26.3, 25.8. °F-NMR (376
MHz, CDCl3): 6 = -61.58 (s). HR-MS (EI) m/z calcd for C3:H34F3NOsS [M+H*] 602.2183,
found 602.2185.

Me
Me é-—Me

AcO

O
4-(2,2,3-Trimethyl-5-o0x0-2,5-dihydro-1,2-oxasilol-4-yl)butyl acetate (118)
The general procedure TP11 was followed using 24 (0.16 mmol) and Iz (0.24 mmol) at 90 °C
overnight. Purification by column chromatography (petroleum ether/EtOAc 10:1) yielded 118
(30 mg, 74%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): 6 = 4.07 (t, J= 6.5 Hz, 2H), 2.45
—2.36 (m, 2H), 2.04 (s, 3H), 1.99 (s, 3H), 1.70 — 1.62 (m, 2H), 1.52 (m, 2H), 0.40 (s, 6H). *C-
NMR (100 MHz, CDCl3): 6 = 171.3, 169.7, 155.2, 145.8, 64.3, 28.6, 25.7, 25.0, 21.1, 13.9, -
2.7. HR-MS (EI) m/z calcd for C12H2004Si [M+H"] 257.1204, found 257.1207.
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Me

C|©.O )~Sien
O
O

4-|3-(4-Chlorophenoxy)propyl]-2,3-dimethyl-2-phenyl-1,2-oxasilol-5(2H)-one (119)
The general procedure TP11 was followed using 28 (0.2 mmol) and I2 (0.3 mmol) at 70 °C
overnight. Purification by column chromatography (petroleum ether/EtOAc 10:1) yielded 119
(40 mg, 54%) as a colorless oil. 'H-NMR (400 MHz, CDCl3): § = 7.58 — 7.46 (m, 3H), 7.45 —
7.36 (m, 2H), 7.21 (d, J = 8.5 Hz, 2H), 6.79 (d, J = 8.5 Hz, 2H), 3.92 (t, J = 6.0 Hz, 2H), 2.65
(t,J=7.3 Hz, 2H), 2.10 - 2.00 (m, 2H), 1.98 (s, 3H), 0.70 (s, 3H). *C-NMR (100 MHz, CDCl5):
0=169.8,157.6,154.5,145.9, 134.1,131.7, 130.4, 129.5, 128.6, 125.7, 115.8, 67.4, 27.8, 22.8,
14.1, -5.1. HR-MS (EI) m/z calcd for C20H2:1C103Si [M+H"] 373.1021, found 373.1023.

DFT Mechanistic Studies:

Density Functional Theory (DFT) Studies

1. Computational methods

All density functional theory (DFT) calculations were performed using the Gaussian 16 software
package.!'>] Geometries were optimized using the (U)B3LYP!¢! functional and Grimme’s D3(BJ) dispersion
correction!!” with a mixed basis set of LANL2DZ for Zn, Sn, Co and 6-31G(d) for other atoms. Vibrational
frequencies were calculated for all the stationary points to confirm if each optimized structure is a local
minimum on the respective potential energy surface or a transition state structure with only one imaginary
frequency. Solvation energy corrections were calculated in acetonitrile solvent with the SMD continuum
solvation model!'] based on the gas phase optimized geometries. (U)B3LYP functional with a mixed basis
set of SDD for Zn, Sn, Co and 6-311+G(d, p) for other atoms were used for single-point energy calculations.
Moreover, M06!!°] functional was also used for solvation single-point energy calculation. The corresponding
results are summarized in Figure S2. Comparison between the computational results suggest that these two
functionals afford similar computational data. The optimized transition state structures were plotted using

CYLview.12]

2. (U)B3LYP-calculated singlet free energy profile of cobalt(I)-catalyzed C—O oxidative

addition
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In our DFT studies, both singlet and triplet spin states have been considered for the Co(I) bromide
complex. As shown in Figure S1, the relative free energy of the singlet structure is 29.7 kcal/mol higher than
that of the triplet structure. Moreover, the activation free energy of singlet C—O oxidative addition transition
state 'TS-1 is determined to be 42.5 kcal/mol with respect to 399. This energy barrier is 28.8 kcal/mol higher
than the corresponding triplet transition state 3TS-1. Therefore, the C-O oxidative addition prefers to occur

through the triplet free energy profile.

AG Me
(AH) o)f\o *
kcal/mol N, L Me
"Co”
( 7\ ;] o
EtO,C N Bp? >
]\ 11s.q4 OEt 0, )1724
AcO” Me /425 ZT.‘ CiNy
199 85 < (22.5) 22~ Co a :
29.7 \“\\ 1100 ,’I
@27.1) — N
25.8 T
A S-1 J
; (9-5) oEt
(N Lo N, 0=
Co'—Br: ( “Co'
1 7
N ! N \ABrO ‘
AG=29.7 ! o Me
\
399
0.0
(0.0)

Figure S1. Singlet free energy profile of cobalt(I)-catalyzed C—O oxidative addition. Bipyridine ligand is used in DFT
calculation. The energies were calculated at (U)B3LYP-D3/6-311+G(d,p)-SDD/SMD(acetonitrile)//(U)B3LYP-D3/6-
31G(d)-LANL2DZ level of theory. All energies are with respect to triplet Co(I) complex 99.

3. Conformations for the C—O oxidative addition transition state
As shown below, different conformations have been considered for the C—O oxidative
addition transition state and the corresponding Co(Ill) intermediate. The most stable

conformation was used for energy discussion in the main text.
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4. M06-calculated free energy profile of cobalt-catalyzed cross-coupling reaction

Ester chelation assisted
Transmetalation ""{

AG C-0 oxidative addition f ) S (
(AH) A / S

kcal/mol

EtO,C

AcO

0.0 Me Sn("Bu)s (12'3)
(0.0) ACO c-Zn  Me -
N A\ OAc M o=\ OEt Sn("Bu);
l 0 No,, | ° ©  Me o” N, | Ne CO,Et
N Z-N N N = 12, 11w Ny, | | 10, 1
s ) “, /| OEt Cou ™ RN Ny, |+ Coll > |
= P ( 2 N7 | o= ( AN Pagol M\ o= 0
N AN N NN B OBt W7 | Yoot | O Br OEt  Me” “Sn("Bu)
| Br ’ Br N Br
X 399 3100 3101 3102 3104 3105 86

Figure S2. Free energy profile of cobalt(I)-catalyzed cross-coupling reaction of alkenyl acetate 85 with ("Bu);Sn—ZnClL
Bipyridine ligand is used in DFT calculation. The energies were calculated at (U)MO06/6-311+G(d,p)—
SDD/SMD(acetonitrile)//(U)B3LYP-D3/6-31G(d)-LANL2DZ level of theory. All energies are with respect to triplet
Co(I) complex 399,

5. M06-calculated singlet free energy profile of cobalt(I)-catalyzed C-O oxidative

addition
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Figure S3. Free energy profile of cobalt(I)-catalyzed cross-coupling reaction of alkenyl acetate 85 with ("Bu);Sn—ZnCl.

Bipyridine ligand is used in DFT calculation. The energies were calculated at (U)MO06/6-311+G(d,p)-
SDD/SMD(acetonitrile)//(U)B3LYP-D3/6-31G(d)-LANL2DZ level of theory. All energies are with respect to triplet

Co(I) complex 399,

6. Cartesian coordinates (A) and energies of optimized structures
399

B3LYP SCF energy: -3212.01457958 a.u.

B3LYP enthalpy: -3211.840419 a.u.

B3LYP free energy: -3211.897773 a.u.

B3LYP SCF energy in solution: -3215.69263911 a.u.
B3LYP enthalpy in solution: -3215.518479 a.u.
B3LYP free energy in solution: -3215.575833 a.u.
MO06 SCF energy in solution: -3215.12035339 a.u.
MO06 enthalpy in solution: -3214.946193 a.u.

MOG6 free energy in solution: -3215.003547 a.u.

Cartesian coordinates
ATOM X Y Z

C -1.817609 -0.734449 0.000059
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C  -0478946 -2.642737 0.000773

C  -1.585093 -3.481177 0.000354

C -2.860674 -2.906489 -0.000317

C 2975056 -1.521457 -0.000447

C -1.816756 0.735781 0.000126

C  -0.475795 2.642506 0.000689

C  -1.580931 3.482213 0.000256

C  -2.857235 2.909050 -0.000237

C  -2.973275 1.524177 -0.000261

0.533284 -3.034339 0.001264

-1.449983 -4.557302 0.000518

-3.749761 -3.529086 -0.000742

-3.954278 -1.056845 -0.000965

0.536921 3.032831 0.001217

-1.444586 4.558184 0.000282

-3.745552 3.532744 -0.000578

-3.953042 1.060716 -0.000567

-0.579130 1.300083 0.000611

Z =z - T £ =Zm X T = =

-0.580651 -1.300269 0.000585
Co  0.989012 -0.000464 -0.000516

Br  3.290581 -0.001074 -0.000023

85

B3LYP SCF energy: -613.00866752 a.u.

B3LYP enthalpy: -612.798793 a.u.

B3LYP free energy: -612.856045 a.u.

B3LYP SCF energy in solution: -613.22032621 a.u.
B3LYP enthalpy in solution: -613.010452 a.u.

B3LYP free energy in solution: -613.067704 a.u.
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MO06 SCF energy in solution:

MO6 enthalpy in solution:

MO6 free energy in solution:

Cartesian coordinates

ATOM X

C

Q0 m T T QO T =TZ =-m &m - O a0 O o a m O

o T O O O

-1.611123

-0.662837

-0.978577

0.801332

1.554151

1.233950

2.661981

2.946856

3.153196

2.992613

4.022931

2.617794

2.434023

-3.080854

-3.294553

-3.550759

-3.532189

-1.086357

-1.233342

-1.302639

-0.668206

0.280547

-1.410385

Y

-0.813319

-1.717152

-2.727605

-1.548779

-2.481457

-0.279876

-0.100404

1.379417

-0.703618

-0.475050

1.563846

1.733858

1.962241

-1.081344

-2.131405

-0.461196

-0.808290

1.421905

1.201311

0.481242

2.722256

2.577908

3.041079

-612.79744408 a.u.

-612.587570 a.u.

-612.644822 a.u.

Z

-0.288255

-0.006644

0.226029

0.050752

0.262357

-0.133700

-0.027140

-0.192859

-0.797113

0.946228

-0.105894

-1.175520

0.579041

-0.268183

-0.056113

0.505512

-1.229241

0.292480

1.467211

-0.685362

-0.338599

-0.863520

-1.077135
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H  -0.556352 3.482985 0.434365

3100

B3LYP SCF energy: -3825.05822185 a.u.

B3LYP enthalpy: -3824.672649 a.u.

B3LYP free energy: -3824.765791 a.u.

B3LYP SCF energy in solution: -3828.92669728 a.u.
B3LYP enthalpy in solution: -3828.541124 a.u.
B3LYP free energy in solution: -3828.634266 a.u.
MO06 SCF energy in solution: -3827.93029983 a.u.
MO6 enthalpy in solution: -3827.544727 a.u.

MO6 free energy in solution: -3827.637869 a.u.

Cartesian coordinates
ATOM X Y Z

C  -3.583921 0.977605 0.670090

(@)

-3.327832 -0.091655 1.443712

-4.143231 -0.517095 2.017265

-2.043708 -0.792936 1.515108

-0.940639 -0.261258 1.372425

©c O O m

-2.200003 -2.085294 1.800051

@]

-0.999677 -2.902357 1.807495

(@)

-1.420166 -4.307987 2.184411

-0.290659 -2.472604 2.521915

-0.563408 -2.856630 0.805588

-0.541865 -4.962262 2.196794

-1.881788 -4.329552 3.176866

T T - = =

-2.135267 -4.704693 1.457483

C  -4910007 1.672561 0.631864
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QO =D T @=®m o o O O T =T =

@)

Z T " £ T I T =T =

-5.562685

-4.766621

-5.389549

-2.758503

-3.769178

-2.571819

-1.526609

-1.014226

-0.850153

-1.801217

3.307900

2.962097

4.320178

5.205709

4.694133

2.657893

0.605936

1.226455

2.631032

3.343626

2.225632

4.679696

6.275901

5.360229

-0.473837

0.629847

3.151547

4.427516

1.290981

1.295467

2.750583

1.526858

1.647478

1.307337

1.525141

2.207664

2.923661

1.365694

2.664980

0.287262

-1.948939

-2.175381

-1.108263

0.128110

1.537019

2.595810

3.754090

3.806167

2.686287

-2.721311

-3.155430

-1.243086

0.969826

2.495044

4.600104

4.699993

2.692013

1.510109

1.422684

0.773378

-0.338972

-1.471509

-2.027897

-0.098933

-2.119109

-1.473556

-2.311726

-3.070951

0.101153

-0.489775

-0.637906

-0.417023

-0.054296

0.490403

0.871497

1.303517

1.312294

0.911665

-0.688521

-0.932546

-0.539924

0.098388

0.851878

1.628346

1.641287

0.940008

0.447914
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N 2456225 -0.756159 -0.119705
Br  -0.662044 -1.485462 -1.846108

Co  0.487079 -0.223358 -0.168373

3TS-1

B3LYP SCF energy: -3825.03616094 a.u.

B3LYP enthalpy: -3824.652866 a.u.

B3LYP free energy: -3824.742978 a.u.

B3LYP SCF energy in solution: -3828.91496379 a.u.
B3LYP enthalpy in solution: -3828.531669 a.u.
B3LYP free energy in solution: -3828.621781 a.u.
Imaginary frequency: -138.7608 cm-1

MO6 SCF energy in solution: -3827.91127605 a.u.
MO06 enthalpy in solution: -3827.527981 a.u.

MO6 free energy in solution: -3827.618093 a.u.

Cartesian coordinates

ATOM X Y V4

C  -1.787506 -0.878144 -1.281245
C 2522119 0.272476 -1.123036

H  -3.253347 0.601737 -1.859001

C  -2.373998 0.982760 0.108098
O  -1.453145 0.747098 0.920887
O  -3.277049 1.949821 0.342474
C  -3.109798 2.699119 1.562832
C  -4.195394 3.757692 1.591768
H  -2.106457 3.137549 1.576804
H  -3.182986 2.013906 2.413228
H  -4.111146 4.353800 2.506864
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T T = T

@)

T = T O O O

-4.107684

-5.187861

-1.800453

-1.254813

-1.299148

-2.832763

-1.787049

-0.652568

-2.536229

-2.266377

-2.135799

-3.310413

-1.643809

2.287168

1.831422

2.924543

3.718197

3.397688

1.868460

0.314967

0.963420

2.116561

2.575189

1.168159

3.143424

4.579189

4.006352

-0.588921

0.573780

4.429009

3.296789

-1.712563

-1.188340

-2.666800

-1.890719

-2.612729

-2.110142

-2.258852

-3.739599

-3.455500

-3.984801

-4.621895

0.886519

-0.982702

-0.733855

0.379748

1.201572

1.678591

1.894315

3.009841

3.463175

2.791339

-1.828735

-1.400029

0.608362

2.070643

1.492896

3.500264

0.731464

1.568680

-2.515730

-3.308494

-2.359849

-2.845165

0.878447

1.133232

-0.072193

1.774252

2.822524

1.575076

1.588945

0.982541

2.288124

3.115433

2.848933

1.771615

-0.197451

-1.907456

-2.431484

-1.794613

-0.665289

2.428467

3.942845

3.469762

1.553155

-2.352661

-3.316894
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2.657240 4.325506 -2.172657

3.475011 3.126379 -0.163844

0.752902 1.251953 -0.822292

Zz z = =

1.527589 -0.191305 1.255587
Br 1.468844 -1.808436 -1.637869

Co -0.056985 -0.622890 -0.079131

3TS-1b
B3LYP SCF energy: -3825.03194339 a.u.
B3LYP enthalpy: -3824.648897 a.u.

B3LYP free energy: -3824.739715 a.u.

B3LYP SCF energy in solution: -3828.91061102 a.u.

B3LYP enthalpy in solution: -3828.527565 a.u.

B3LYP free energy in solution: -3828.618383 a.u.

MO6 SCF energy in solution: -3827.90603785 a.u.

MO06 enthalpy in solution: -3827.522991 a.u.
MO6 free energy in solution: -3827.613809 a.u.

Imaginary frequency: -213.4343 cm-1

Cartesian coordinates
ATOM X Y Z

C  -1.303344 -2.016639 -0.359223

C  -2.559484 -1.505595 -0.612024
H  -3.255052 -1.996523 -1.287844
C  -2.869872 -0.225996 -0.085391
O -2.011034 0.517237 0.459565
O  -4.140203 0.187195 -0.226704
C  -4429719 1.536344 0.181707

C -5.889278 1.798116 -0.137953
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0 o o o ¥ F Z O @m == =T T =T

O = T =

@]

T = =

-3.765201

-4.222568

-6.160145

-6.076410

-6.536043

-0.746348

-1.511391

-0.383044

0.081716

-0.533949

0.142105

-1.234360

-0.546133

-1.217045

-0.903140

0.455137

2.901108

2.676191

4.053763

4.875189

4.294358

2.189492

0.112626

0.690163

2.079636

2.839875

1.988580

4.463696

5.954432

2.220941

1.639622

2.817560

1.686406

1.097488

-3.205875

-3.981094

-2.877525

-3.656859

-1.960833

-0.941559

-2.632809

-2.427820

-1.774056

-3.455721

-2.332756

0.415460

-1.825271

-1.996892

-0.894980

0.325522

1.674408

2.676493

3.916833

4.017822

2.886557

-2.643516

-2.965238

-0.980759

-0.356092

1.252242

0.157825

-1.210479

0.399677

-1.067635

-1.212195

-2.047744

-0.514479

2.226035

1.932896

1.404533

3.668443

4.237381

3.748279

4.096067

0.164187

-0.378572

-0.492996

-0.263946

0.067376

0.492999

0.793268

1.055569

1.030364

0.746015

-0.560461

-0.758799

-0.345626
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4.919959 1.192490 0.242107
-0.960432 2.518641 0.787588

0.063761 4.775925 1.269923

H
H
H
H 2.569890 4.966523 1.226979
H 3.920701 2.953732 0.719773
N 0.846110 1.593205 0.523455
N 2.118484 -0.657552 -0.057570
Br  0.066370 0.149111 -2.412964

Co -0.057786 -0.264451 0.022842

101
B3LYP SCF energy: -3825.05094459 a.u.
B3LYP enthalpy: -3824.665862 a.u.

B3LYP free energy: -3824.757340 a.u.

B3LYP SCF energy in solution: -3828.93035445 a.u.

B3LYP enthalpy in solution: -3828.545272 a.u.

B3LYP free energy in solution: -3828.636750 a.u.

MO06 SCF energy in solution: -3827.92730618 a.u.

MO6 enthalpy in solution: -3827.542224 a.u.

MO6 free energy in solution: -3827.633702 a.u.

Cartesian coordinates

ATOM X Y 4

C  -1.159104 -1.837201 -0.694173
-2.488043 -1.663722 -0.576110

C
H  -3.211902 -2.434935 -0.832173

(@!

-2.959353 -0.372144 -0.126538

o

-2.189356 0.564544 0.140173

O 4286168 -0.248227 -0.030077
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-4.783416

-6.296391

-4.429364

-4.364141

-6.719093

-6.691012

-6.626224

-0.487830

-1.222268

0.221408

0.058513

0.205867

-0.284900

0.810236

-0.043076

-1.120781

0.406035

0.377220

2.787823

2.697775

4.085585

4.839209

4.184495

2.002233

-0.129630

0.377635

1.759715

2.581656

2.065420

1.037912

0.947989

1.802096

1.262947

1.905380

0.712517

0.170924

-3.072996

-3.793338

-2.834830

-3.521800

-1.941684

-0.865827

-2.844029

-2.002457

-1.999517

-2.904235

-1.115185

0.545655

-1.728724

-1.818211

-0.661311

0.536765

1.765598

2.657048

3.922955

4.097817

3.009272

-2.598637

0.400727

0.430323

-0.298405

1.386618

0.753327

-0.562927

1.126897

-1.170760

-1.556295

-1.970511

-0.335176

2.266936

1.723611

1.684849

3.771551

3.967591

4.191950

4.257078

0.139013

-0.292317

-0.386178

-0.208225

0.063185

0.435394

0.702155

0.983177

0.983280

0.707669

-0.390360
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Co

*101b

B3LYP SCF energy: -3825.04774376 a.u.

4.554249

5.922669

4.755536

-1.192565

-0.298092

2.196185

3.657912

0.663629

2.068766

0.020336

-0.134356

-2.774875

-0.687535

1.445692

2.450430

4.744996

5.069143

3.129779

1.613287

-0.577498

0.236335

-0.589347

-0.274689

0.208659

0.675278

1.192470

1.195407

0.707851

0.437298

-0.047406

-2.454220

-0.256974 -0.089181

B3LYP enthalpy: -3824.662842 a.u.

B3LYP free energy: -3824.753441 a.u.

B3LYP SCF energy in solution: -3828.92924038 a.u.

B3LYP enthalpy in solution: -3828.544339 a.u.

B3LYP free energy in solution: -3828.634938 a.u.

Cartesian coordinates

ATOM X

C 1.277152
C 2.472247
H 3.300887
C 2.669424
0 1.758860
0 3.904661
C 4.138065

Y

-1.115468

-0.509794

-0.635931

0.262808

0.459894

0.740806

1.468922

Z

1.621674

1.465626

2.160300

0.253989

-0.565006

0.075005

-1.152693
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T T =

@)

= = O

5.599520

3.470539

3.878389

5.822837

5.837351

6.245168

0.900189

1.715989

-0.011035

0.664829

-2.723989

-1.489930

-3.150087

-3.659144

-3.661724

-3.294830

-4.673068

-1.653205

-1.542218

-2.361984

-2.824133

-2.461589

-1.241999

-0.028397

-0.405932

-1.230842

-1.650031

-1.130405

-2.622237

1.870856

2.336340

0.822278

2.427841

2.506886

0.987913

-2.028894

-2.127442

-1.680962

-3.013956

-0.881924

-1.307421

0.161047

-1.835422

-2.808554

-2.002585

-1.430970

1.302994

-0.712995

-0.231454

1.078478

1.857555

2.035299

1.928505

3.217646

3.932937

3.338908

-1.716977

-0.874167

-1.165432

-1.178070

-1.995926

-2.081626

-0.306842

-1.131135

2.727815

3.456650

3.222242

2311264

1.381171

1.361527

0.882062

2.120640

1.617285

3.140113

2.149818

-1.223759

-2.376798

-3.395793

-3.312537

-2.216605

-0.007163

1.971080

2.337482

1.472179

0.285674

-2.383034

-4.229569
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-3.460979 1.493365 -4.087990

-2.817077 2.877160 -2.134939

0.622230 1.324678 2.593727

-0.061335 3.641002 3.274557

-1.550117 4.941105 1.718119

-2.301443 3.878715 -0.390161

-0.431388 1.362588 0.832309

Zz z @©m £ T I =T =T

-1.199145 0.036150 -1.326065
Br  0.756916 -2.691448 -0.788480

Co -0.032560 -0.623874 0.243715

"Bu3Sn-ZnCl

B3LYP SCF energy: -1002.84354332 a.u.

B3LYP enthalpy: -1002.448588 a.u.

B3LYP free energy: -1002.537159 a.u.

B3LYP SCF energy in solution: -1164.64253756 a.u.
B3LYP enthalpy in solution: -1164.247582 a.u.
B3LYP free energy in solution: -1164.336153 a.u.
MO6 SCF energy in solution: -1164.13908601 a.u.
MO6 enthalpy in solution: -1163.744131 a.u.

MO6 free energy in solution: -1163.832702 a.u.

Cartesian coordinates

ATOM X Y V4

Zn  0.011577 0.007294 1.971103

Cl  0.027231 0.016525 4.194256

Sn  -0.006565 -0.002465 -0.699326
C  -1.912503 0.751549 -1.383573

C  -3.114867 0.088746 -0.699674
S-86



s
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QO =T T O

0 T T E T =T O T =T

@)

T =

-1.961245

-1.932787

-4.467146

-3.072779

-3.060821

-5.658756

-4.511230

-4.528797

-6.611075

-5.651272

-5.634449

0.286094

1.471505

0.431265

-0.640918

1.699756

2.391753

1.315786

2.878342

0.781842

1.865514

3.019864

3.812255

2.720757

1.596040

1.632387

1.474875

2.546731

2.749126

0.595905

1.836941

0.602044

-1.001629

0.253417

-0.058998

1.690965

0.430434

0.324619

-1.145465

0.124851

-2.032172

-2.738107

-2.000781

-2.593034

-4.166495

-2.154658

-2.771885

-4.863771

-4.750782

-4.135992

-5.880841

-4.312250

-4.932611

1.264843

2.639646

1.382175

0.738353

3.551224

-2.469954

-1.223644

-1.210499

-0.839288

0.387309

-0.512736

-1.070091

-2.294143

-0.895274

-0.663589

0.568290

-1.381913

-0.711218

-2.470303

-1.208029

-1.221484

-0.863264

0.377980

-0.536856

-1.068286

-2.307329

-0.918907

-0.700679

0.546406

-1.404383

-0.724724

-2.489854

-1.252701

-1.248962
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H 0.666410 3.149432 -0.856225

s

1.758619 2.513793 0.361540

C 2.780539 4.915743 -0.555466

H 3.714954 3.044262 -1.116345
H 2.621021 3.687326 -2.331815
H 3.585889 5.546716 -0.947499
H 1.835030 5.452998 -0.698928
H 2.937722 4.805719 0.524442
3102

B3LYP SCF energy: -4827.96054531 a.u.
B3LYP enthalpy: -4827.178050 a.u.

B3LYP free energy: -4827.330042 a.u.

B3LYP SCF energy in solution: -4993.59706267 a.u.

B3LYP enthalpy in solution: -4992.814567 a.u.

B3LYP free energy in solution: -4992.966559 a.u.

MO6 SCF energy in solution: -4992.08945976 a.u.

MO6 enthalpy in solution: -4991.306964 a.u.

MOG6 free energy in solution: -4991.458956 a.u.

Cartesian coordinates

ATOM X Y 4

C  -3.324540 2.025487 0.754983
C  -4.344960 2.432913 -0.018727

H  -4.700685 3.460985 -0.043113

C -5.010720 1.427857 -0.822018
O  -4.644365 0.240196 -0.827827
O  -6.044014 1.856678 -1.541981
C -6.737318 0.865723 -2.339114
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T T T I =

s

O O O

T T =

-7.864471

-7.103344

-6.020655

-8.418023

-8.559484

-7.474419

-2.541214

-2.964038

-0.931511

-1.892800

-0.363716

-0.471666

0.619310

-0.744591

-0.926612

-0.735761

-0.209237

0.935271

1.246952

0.402600

-1.674034

-3.610302

-3.503537

-2.428308

-1.503598

-0.481345

1.569273

2.143152

0.645960

1.577478

0.079438

0.415646

0.862054

2.028347

2.366630

2.893019

3.905635

0.165113

0.741974

-0.889242

0.792811

0.882041

0.127713

1.772145

-1.738693

0.390614

-0.058796

-1.413085

-2.264325

-2.566098

-2.568883

-3.935629

-4.626291

-3.936552

1.436760

0.643078

-1.804071

-3.313552

-3.059498

-1.671950

-3.033029

-3.676697

-2.344577

-3.709662

1.670235

1.708376

-1.776315

-1.175200

-1.380078

-3.077237

-3.075949

-3.904383

-3.229142

1.442924

2.192966

2.847157

2.774043

2.064718

0.657086

-0.632916

-0.876051

-0.323693

0.455022

2.210768

3.376378

3.244033

1.972188
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Co
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Cl

Sn

0O 60 T T T T EZ O o @m o =m O T =
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-4.419607

-4.244852

-2.298870

-0.645627

-2.716321

-1.020467

-4.130927

-2.868897

1.534711

1.630167

3.221123

4.510100

5.654012

4.914901

3.902210

6.571884

6.262147

5.245346

7.713605

5.970445

6.984082

8.354067

8.346009

7.325248

2.288719

1.092528

0.493424

1.383747

0.300052

-1.970812

-4.436107

-5.688901

-4.453848

-1.908853

-0.419199

-0.163693

0.112839

-1.410762

-3.700540

0.523962

0.001494

1.002316

-1.004698

-0.063758

0.651778

1.065602

2.011915

1.654097

0.595728

-0.354919

1.381552

1.704237

2.663262

2421110

2.772573

4.163398

2.704630

2.025369

-1.032953

-1.489334

-0.501884

0.859671

0.110520

1.508590

2.500017

0.451793

-0.850273

-0.900982

-0.141632

1.530195

1.737165

1.360285

2.442289

2.916150

0.823458

1.894299

3.106738

3.834798

2.760072

3.953398

2.211804

3.292379

0.392930

-0.496542

-0.254939

-1.555209

-0.358969
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-0.710503 4.447151 -1.159781

0.199465 4.252145 0.801277

1.268778 4.925460 -0.412784

-1.160419 5.423092 -0.943700

-0.409777 4.446599 -2.214962

T T T I =

-1.485160 3.680277 -1.042409

@)

4.607259 1.026825 -1.736790

5.518538 -0.142653 -2.129025

5.212712 1.881367 -1.404352

4.040638 1.373593 -2.611505

QO =T T O

6.519946 0.199603 -3.239894

6.075827 -0.492690 -1.247267

T =

4.908686 -0.999827 -2.452650

@)

7.423277 -0.977811 -3.616810

5.967422 0.542148 -4.126278

7.135402 1.051084 -2.916581

8.128151 -0.708534 -4.411901

8.007674 -1.317551 -2.752754

6.830939 -1.831217 -3.969018

-2.536775 2.473886 2.681473

-1.505520 2.980145 1.325307

3.062244 3.196645 0.309141

T T =©m ZE =T ZEZ ZE =T ==

1.986295 2.402090 1.448244
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B3LYP SCF energy: -1231.46469061 a.u.
B3LYP enthalpy: -1231.014102 a.u.
B3LYP free energy: -1231.114210 a.u.

B3LYP SCF energy in solution: -1393.36224688 a.u.
S-91



B3LYP enthalpy in solution: -1392.911658 a.u.
B3LYP free energy in solution: -1393.011766 a.u.
MO06 SCF energy in solution: -1392.72501534 a.u.
MO6 enthalpy in solution: -1392.274427 a.u.

MO6 free energy in solution: -1392.374535 a.u.

Cartesian coordinates

ATOM X

C 3.676888
0) 3.397072
0) 2.987244
C 4.830704
H 4.454466
H 5.239070
H 5.610248
Zn 1.626662
Cl 1.767957
Sn  -0.532772
C  -2.249713
C  -3.383893
H  -2.624503
H  -1.898188
C  -4.593380
H  -3.729579
H  -3.005819
C -5.718033
H -4260189
H  -4.978965
H  -6.571054

Y

-0.407874

-0.062986

-1.265697

0.280100

1.200872

-0.358934

0.555460

-1.334562

-3.281715

0.204138

0.283936

1.186974

-0.737169

0.629340

1.251693

0.843312

2.208305

2.154007

1.605189

0.234100

2.184128

0.355360

-0.835270

0.986560

1.063943

1.526588

1.850752

0.348821

-0.710575

-1.943718

-0.202338

-1.561526

-1.064865

-1.717026

-2.543904

-2.009170

-0.078477

-0.906608

-1.491457

-2.995525

-2.166221

-2.181226
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T T =& T =& = =

-6.086500

-5.363148

0.025924

1.418363

1.837846

1.461959

2.163765

3.240671

1.797692

1.104998

3.527807

3.298859

3.989645

-1.543674

-2.347977

-2.206649

-0.791323

-3.075907

-3.091676

-1.683018

-3.879166

-2.338240

-3.744915

-4.390160

-4.641610

-3.226259

-0.732896

-0.006816

1.802513

3.183423

2.319926

2.522152

3.991701

2.049218

1.996195

4.158270

4.471444

4.522608

5.213804

3.708869

3.658843

-0.169143

-1.473020

0.681889

-0.186329

-1.747052

-1.461667

-2.321572

-3.051427

-1.773191

-0.902654

-3.225852

-3.036620

-3.911780

2.844913

2.768485

-0.519168

-1.353381

-0.028645

0.581517

0.722939

1.575423

-0.029073

1.316014

-0.265890

1.348720

1.407512

2.315991

0.689222

1.707839

1.721789

1.922522

2.508047

3.045548

0.910195

1.501706

3.035882

3.860318

3.267854

3.991374

2.246481

2.843037

0.570282

-1.032323
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B3LYP SCF energy: -3596.34305955 a.u.

B3LYP enthalpy: -3596.014358 a.u.

B3LYP free energy: -3596.092114 a.u.

B3LYP SCF energy in solution: -3600.19017808 a.u.
B3LYP enthalpy in solution: -3599.861477 a.u.
B3LYP free energy in solution: -3599.939233 a.u.
MO6 SCF energy in solution: -3599.32657114 a.u.
MO06 enthalpy in solution: -3598.997870 a.u.

MOG6 free energy in solution: -3599.075626 a.u.

Cartesian coordinates
ATOM X Y Z

C 1.460303 0.186520 -1.718420

C 2.523466 0.674501 -1.055944
H 3.408755 1.078606 -1.542189
C 2453534 0.602679 0.394088
0 1.402892 0.199772 0.955384
@) 3.514442 0977721 1.062871
C 3.471229 0.890249 2.524933
C 4.817824 1.349733 3.038729
H 3.249642 -0.146958 2.788407
H 2.648206 1.520980 2.871606
H 4.823654 1.296932 4.132058
H 5.620389 0.711143 2.658829
H 5.020162 2.383076 2.742353
C 1.246712 0.118558 -3.186844

H 2.004786 0.705468 -3.720956

C  -2.180958 1.366195 0.051475
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C  -0.639989 2.463169 -1.320071

C  -1.415281 3.616442 -1.356435

C  -2.621271 3.626945 -0.658873

C  -3.003699 2.493516 0.054831

C  -2.494569 0.127616 0.799113

C  -1.734816 -2.005638 1.364915

C -2.870594 -2.256113 2.131396

C  -3.847975 -1.267463 2.214956

C -3.661734 -0.061539 1.539206

0.311833 2.408014 -1.832663

-1.075139 4.479364 -1.917310

-3.256254 4.506878 -0.662846

-3.931822 2.493556 0.612138

-0.949856 -2.742057 1.234078

-2.981102 -3.206855 2.640162

-4.750098 -1.429326 2.795898

-4.419865 0.709777 1.591761

-1.555549 -0.843817 0.724504

Z =z - T £ =Zm X T = =

-1.013057 1.364091 -0.645250
Br  0.602299 -2.532597 -1.163556
Co  0.047006 -0.381709 -0.454846
H 1.302397 -0.923208 -3.519447

H 0.253136  0.487590 -3.469722

3TS-2

B3LYP SCF energy: -4827.96513402 a.u.
B3LYP enthalpy: -4827.183488 a.u.
B3LYP free energy: -4827.334046 a.u.

B3LYP SCF energy in solution: -4993.57721640 a.u.
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B3LYP enthalpy in solution: -4992.795570 a.u.
B3LYP free energy in solution: -4992.946128 a.u.
MO06 SCF energy in solution: -4992.07602854 a.u.
MO6 enthalpy in solution: -4991.294383 a.u.

MO6 free energy in solution: -4991.444941 a.u.

Imaginary frequency:

Cartesian coordinates

ATOM X

C  -1.885595
C  -3.096849
H  -3.605273
C  -3.829440
O  -3.285365
O  -5.132882
C  -5.908899
C  -7.344423
H  -5.801271
H  -5.489623
H  -7.970429
H  -7.728754
H  -7.424318
C  -1.170402
H  -1.792318
C -0.310017
O  -1.334620
0 0.311638
C 0.193491
H 0.467701

Y

1.043435

1.632140

2.177276

1.494734

1.227908

1.702226

1.602589

1.929178

0.587035

2.298607

1.862299

1.226490

2.943349

1.285708

1.835604

3.901129

3.751404

2.893808

5.289017

5.352388

-47.5114 cm-1

V4

1.459072

1.280830

2.075382

0.030605

-1.065631

0.122147

-1.100383

-0.743402

-1.491972

-1.832489

-1.639456

0.002085

-0.340146

2.763055

3.481873

-0.098493

-0.838771

0.364089

0.221290

1.278003
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Co

/n

Cl

Sn

C

C

1.099706

-0.552908

0.093968

0.687033

1.333289

1.352102

0.720572

-0.654685

-2.165800

-2.201464

-1.401766

-0.621882

0.625731

1.796353

1.837061

0.693875

-2.759755

-2.830208

-1.384146

0.010998

-1.401460

0.100432

-3.065752

-1.356115

-1.220228

-0.077208

1.735205

2.425681

3.385806

5.475141

6.045356

-3.225076

-2.461009

-3.650224

-4.664779

-4.450943

-2.940338

-1.525436

-2.329489

-3.468944

-3.780611

-1.653916

-3.776694

-5.613804

-5.239305

-0.623732

-2.049942

-4.108895

-4.659490

-1.813673

-2.239727

-2.060829

-0.767023

1.673402

0.898241

0.416372

-1.359481

-2.210666

-0.366760

-0.026124

0.129830

2.242208

2.553837

1.596671

0.376844

-1.112696

-2.167557

-3.302030

-3.338625

-2.229569

2.960819

3.526003

1.801419

-0.364577

-2.094260

-4.139780

-4.215236

-2.239466

-1.105532

1.056391

1.885504

0.700028

-0.810236

-2.702316

-0.318536

-1.336668

-0.500758
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2.917860

1.571811

3.825712

4.279502

2.919808

4.733646

2.928847

4.335577

5.033177

5.646931

4.224274

2.227838

2.866682

3.135089

3.812368

2.210053

3.765394

2.187606

3.788612

3.941664

4.728033

3.114999

2.834917

4.317109

2.711008

2.383846

5.161832

4.743877

4.426928

-0.990144

-1.948044

-3.497485

-1.624868

-2.482557

-4.373841

-4.064304

-3.238482

-5.289185

-3.836615

-4.666505

0.435752

1.756069

1.809934

1.918049

2.587633

3.133397

1.654794

0.973157

3.156280

3.297041

3.979838

2.059387

1.699169

2.916987

2.318098

2.872791

1.360828

0.853444

-2.244691

-1.676385

-1.211331

-0.240059

0.454217

-0.345521

-1.498620

-2.148973

-0.868549

-0.062643

0.581203

1.801493

2.241760

3.751922

1.705933

1.960059

4.193784

4.287556

4.037011

5.275217

3.693907

3.941713

-1.175032

-1.341443

-0.508732

-2.136709

-1.858356

-0.384037

-2.035153
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6.640014 2.514604 -2.032478

4.745121 3.215239 -2.815143

5.062549 3.716041 -1.161120

7.220566 3.368190 -2.400556

7.083030 2.194648 -1.081048

6.764636 1.692351 -2.747898

-0.870598 0.343950 3.239207

-0.262839 1.865375 2.566528

2.898073 -0.413647 1.990027

T T =T ZE T ZE ZE =T =

1.319140 0.259282 2.378424

ZnAcOCl
B3LYP SCF energy: -754.37135711 a.u.
B3LYP enthalpy: -754.310063 a.u.

B3LYP free energy: -754.353719 a.u.

B3LYP SCF energy in solution: -916.06375979 a.u.

B3LYP enthalpy in solution: -916.002466 a.u.

B3LYP free energy in solution: -916.046122 a.u.

MO6 SCF energy in solution: -915.91431052 a.u.

MO06 enthalpy in solution: -915.853016 a.u.

MOG6 free energy in solution: -915.896672 a.u.

Cartesian coordinates

ATOM X Y V4

Zn  -0.520782 -0.000064 -0.001233
Cl  -2.695538 -0.001956 0.004647
0] 1.196619 1.106623 -0.007441
C 1.845002 0.005806 -0.009110

0] 1.196894 -1.097163 -0.007803
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3105

B3LYP SCF energy: -4073.57313245 a.u.

3.347120 -0.002645 0.008330

3.741814 0.984304 -0.234920

3.684320

3.720632

-0.289292

-0.754487

1.011001

-0.691449

B3LYP enthalpy: -4072.854222 a.u.

B3LYP free energy: -4072.981806 a.u.

B3LYP SCF energy in solution: -4077.52389992 a.u.

B3LYP enthalpy in solution: -4076.804989 a.u.

B3LYP free energy in solution: -4076.932573 a.u.

MO6 SCF energy in solution: -4076.16795274 a.u.

MO06 enthalpy in solution: -4075.449042 a.u.

MOG6 free energy in solution: -4075.576626 a.u.

Cartesian coordinates

ATOM X

C 1.008763
C 2.342062
H 3.084392
C 2.781579
0) 1.993320
0 4.112936
C 4.583347
C 6.090417
H 4.278825
H 4.107578
H 6.495158

Y

0.698319

0.438442

0.988833

-0.685636

-1.485980

-0.804981

-1.957497

-1.836040

-2.861090

-1.976544

-2.697593

Z

-1.905657

-1.866640

-2.442467

-1.068988

-0.542163

-0.932704

-0.203954

-0.094527

-0.742897

0.780124

0.447318
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6.552527

6.365787

0.464314

1.256812

-0.087004

-0.233399

-2.973627

-2.870450

-4.245698

-5.003291

-4.362280

-2.197218

-0.087904

-0.599649

-1.971371

-2.779463

-2.232253

-4.706446

-6.079220

-4.937519

0.964108

0.065756

-2.408712

-3.848324

-0.863967

-2.250700

-0.456883

-0.149503

0.215905

-1.800672

-0.925687

1.717209

2.304530

1.182120

2.412330

-1.034704

0.693119

0.895367

0.085737

-0.891552

-2.045134

-2.942888

-3.875262

-3.877198

-2.957269

1.284354

1.664137

0.210369

-1.529897

-2.890868

-4.580813

-4.588193

-2.951687

-2.041714

-0.237400

-1.986542

-0.716412

1.155778

-1.085936

0.447835

-2.865366

-3.348666

-3.649370

-2.387946

-0.191511

-1.737125

-1.686524

-0.839374

-0.085906

0.557774

0.957146

1.853556

2.103888

1.444690

-2.383557

-2.297119

-0.768424

0.573212

0.708400

2.338868

2.798005

1.619033

0.337905

-1.002816

-3.174835

-1.122716

0.725463

S-101



Tz T O O

0 o@D =Z= = =T O =T I O

O T T O 0O

O @—m =

T T & = =

H

-0.016877

1.280217

-0.398793

-0.801507

1.090417

2.023446

1.723338

2.393620

0.352563

0.654489

2.233347

3.137327

2.830941

-1.300013

-2.613004

-0.855333

-1.490700

-3.749104

-2.445089

-2.952157

-5.060723

-3.905713

-3.440398

-5.861690

-4.937725

-5.394798

2.121911

2.280058

2.222617

3.250903

3.930419

3.744486

3.373049

5.395082

3.880473

3.381063

6.062204

5.441821

5.955161

7.104958

6.054393

5.533736

0.810592

1.569601

1.114592

-0.264026

1.119292

2.647334

1.453231

1.865479

0.039308

1.251056

1.520327

2.943870

1.720661

0.977207

-0.296385

1.865728

0.222075

-0.233699

1.126808

-0.535490

-0.647789

0.574973

-1.074084

-1.095694

-1.461497

0.191519

-1.392725

-0.289334

-1.951803

2.254482

2.022907

3.212643

2.339534

2.949990

2.156197

0.986257

2.693984

2.813042

3.996183

3.358014

2.851546

1.659095

1.732761

2.570207

2.372970
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2.924345 1.044391 0.989517

3.646450 -0.405684 3.259280

1.489970 -0.348854 3.333875

— = O @

2.139805 -1.171901 1.925680

C 3.827046 -1.721211 4.021342
H 4.435762 -0.306998 2.500370
H 3.778307 0.443458 3.944069
H 4.807538 -1.778578 4.507612
H 3.060884 -1.835201 4.798262
H 3.738850 -2.581556 3.345114
3TS-3

B3LYP SCF energy: -4073.56581319 a.u.

B3LYP enthalpy: -4072.848351 a.u.

B3LYP free energy: -4072.976137 a.u.

B3LYP SCF energy in solution: -4077.51353147 a.u.
B3LYP enthalpy in solution: -4076.796069 a.u.
B3LYP free energy in solution: -4076.923855 a.u.
MO06 SCF energy in solution: -4076.16162815 a.u.
MO06 enthalpy in solution: -4075.444166 a.u.

MO6 free energy in solution: -4075.571952 a.u.

Imaginary frequency: -69.2747 cm-1

Cartesian coordinates

ATOM X Y 4

C 0.703860 0.494536 -1.528208
C 1.799209 -0.283114 -1.885184
H 2.328308 -0.152416 -2.827233

C 2.186461 -1.391998 -1.044864
S-103
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1.435529

3.411455

3.775656

5.116436

2.991276

3.823500

5.437735

5.047438

5.879114

0.250380

1.044776

-0.020696

-0.618569

-3.327001

-2.983252

-4.291977

-5.140816

-4.657851

-2.741275

-0.900911

-1.529067

-2.814144

-3.430745

-2.289918

-4.633847

-6.169250

-5.312968

0.092671

-1.018568

-1.863136

-1.889405

-3.055560

-3.536140

-3.809863

-2.777137

-4.419676

-3.804903

-2.758674

1.543158

2.267304

1.054276

2.106285

-0.320911

0.528694

0.995855

0.791233

0.112969

-1.107788

-2.347232

-2.709356

-2.223623

-1.424816

0.631857

1.496685

1.137994

-0.084090

-2.691038

-3.350732

-0.166659

-1.272841

-0.503699

-1.022664

-0.617649

0.554956

-0.460630

-2.081237

-0.911758

-2.527690

-2.749280

-3.471532

-2.176164

-0.006521

-2.134802

-2.220357

-1.132768

-0.018299

1.100625

1.801059

2.987115

3.234179

2.276375

-2.960326

-3.119638

-1.157146

0.821564

1.542210

3.697225
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-3.334130

-4.434459

-1.477911

-2.502444

-1.069736

-0.544209

0.834144

1.548712

2.949956

1.553391

0.834762

3.446000

3.667495

2.969131

4.847969

2.734073

3.435727

5.178244

5.582221

4.874568

-0.894136

-1.935914

-0.508722

-1.350438

-3.196828

-1.489019

-2.233039

-4.244377

-3.630384

-2.471634

-1.053616

-1.544055

-0.083538

-2.618683

-1.005981

1.346901

3.297897

3.258628

3.931590

3.756940

4.627565

2.857141

2.557014

4.572904

5.024443

5.332393

5.560510

4.208070

3.894642

1.751150

2.650844

2.244872

0.816536

2.861258

3.629064

2.224860

3.732528

1.879303

4.154304

2.444645

0.895483

-1.047937

-2.647064

-0.877040

0.558495

-0.046512

-0.668229

0.851706

-0.740823

-1.151556

0.062005

-1.514817

-1.764259

-1.889122

-0.308374

-2.105752

-1.035485

-2.626007

1.786039

1.106891

2.689576

2.121620

1.954270

0.879471

0.140957

1.257413

2.190184

S-105



H  -2915966 3.310158 2.917076
H  -5.138963 3.863850 1.877102
H  -3.843342 4.728862 1.035060
H  -4.555536 3.281207 0.307764
C 2.444278 0.520879 1.730074
C 2.059640 -0.560669 2.742840
H 2.897358 1.380557 2.245028
H 3.210030 0.140799 1.043176
C 3.234208 -1.042128 3.602490
H 1.257955 -0.198435 3.403601
H 1.652620 -1.417465 2.199942
C 2.834179 -2.155961 4.574108
H 4.036250 -1.399715 2.940675
H 3.654815 -0.193682 4.160243
H 3.683681 -2.493951 5.178255
H 2.049777 -1.815121 5.261517
H 2.442862 -3.026084 4.031631
86

B3LYP SCF energy: -861.52588857 a.u.

B3LYP enthalpy: -860.983670 a.u.

B3LYP free energy: -861.081121 a.u.

B3LYP SCF energy in solution: -861.80390863 a.u.
B3LYP enthalpy in solution: -861.261690 a.u.
B3LYP free energy in solution: -861.359141 a.u.
MO6 SCF energy in solution: -861.02465455 a.u.
MO6 enthalpy in solution: -860.482436 a.u.

MOG6 free energy in solution: -860.579887 a.u.
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Cartesian coordinates

ATOM X

C -0.176375
C  -1.293624
H  -1.652790
C  -2.103453
O  -1.857982
O  -3.167225
C  -4.016466
C -5.142711
H  -4.383579
H  -3.415309
H  -5.814518
H  -5.723518
H  -4.750240
C 0.631648
H 0.201496
H 0.714516
H 1.660333
Sn  0.488574
C 1.026675
C 1.320022
H 0.203896
H 1.905944
C 1.683425
H 0.445976
H 2.141280
C 1.966191
H 2.561062

Y

-0.128903

0.592660

0.858206

1.062779

0.831096

1.785626

2.281779

3.059397

1.431301

2.905741

3.455675

2.416676

3.898834

-0.617608

-0.320115

-1.712287

-0.238900

-0.620244

1.145710

2.352466

1.380029

0.912492

3.620765

2.561567

2.115451

4.821322

3.416686

Z

1.605075

1.809728

2.803731

0.677491

-0.502955

1.068076

0.009992

0.661903

-0.573154

-0.658885

-0.106956

1.330979

1.244474

2.774660

3.739080

2.757558

2.723503

-0.414769

-1.521849

-0.619891

-2.205287

-2.136685

-1.401816

0.011297

0.072441

-0.494591

-2.031163
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0.862418

2.220734

1.092532

2.802942

2.352037

3.531865

2.590151

2.210313

4.848942

3.684644

3.297705

6.014269

4.703173

5.094966

6.942525

6.197216

5.802341

-0.871610

-1.852872

-0.282193

-1.425321

-2.841647

-1.301202

-2.417589

-3.824216

-3.396396

-2.281314

-4.523016

-3.293806

3.861509

5.715769

5.061180

4.613744

-1.668648

-0.738878

-2.270515

-2.388173

-1.477718

-0.035089

-0.112479

-0.533882

-2.174605

-2.098242

-1.085200

0.152709

0.076576

-1.997675

-2.648807

-2.768762

-1.447319

-3.608209

-3.197700

-1.868110

-4.243800

-3.060516

-4.395008

-4.921165

-4.821474

-2.091584

-1.074662

0.124184

0.183919

-0.036896

0.281727

-0.925225

0.781244

0.551331

-0.549254

1.155921

0.860499

1.388701

-0.321721

1.049161

0.024631

1.747224

-1.355334

-0.371164

-1.868340

-2.124019

-1.045162

0.407004

0.154745

-0.057685

-1.819805

-1.569421

-0.561798

0.709528
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H  -4415023 -3.476546 0.458002

199

B3LYP SCF energy: -3211.97432011 a.u.

B3LYP enthalpy: -3211.799646 a.u.

B3LYP free energy: -3211.852886 a.u.

B3LYP SCF energy in solution: -3215.64992773 a.u.
B3LYP enthalpy in solution: -3215.475254 a.u.
B3LYP free energy in solution: -3215.528494 a.u.
MO6 SCF energy in solution: -3215.07553228 a.u.
MO6 enthalpy in solution: -3214.900858 a.u.

MO6 free energy in solution: -3214.954098 a.u.

Cartesian coordinates

ATOM X Y 4

C  -1.982511 -0.082243 -0.000137
C  -1.549359 -2.379142 0.000102
C  -2.903999 -2.673465 0.000030
C  -3.830476 -1.623526 -0.000278
C  -3.357894 -0.315471 -0.000401
C  -1.327776 1.219535 -0.000034
C 0.784295 2.235333 -0.000136

C 0.212315 3.499826 -0.000069

@]

-1.181584 3.619783 0.000126

-1.956914 2.465334 0.000099

-0.795455 -3.160118 0.000072

-3.227129 -3.708805 0.000280

-4.896727 -1.823918 -0.000561

T T - = O

-4.048337 0.520959 -0.000724
S-109
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B3LYP SCF energy: -3825.03495033 a.u.

1.855038

0.852553

-1.653542

-3.039652

0.033922

-1.080204

3.003280

0.730586

2.072749

4.375101

4.596980

2.525720

1.113766

-1.111933

-0.706114

-0.610863

-0.000068

-0.000189

0.000305

0.000294

-0.000073

-0.000038

-0.000245

0.000523

B3LYP enthalpy: -3824.648258 a.u.

B3LYP free energy: -3824.736871 a.u.

B3LYP SCF energy in solution: -3828.90045617 a.u.

B3LYP enthalpy in solution: -3828.513764 a.u.

B3LYP free energy in solution: -3828.602377 a.u.

MO6 SCF energy in solution: -3827.90117348 a.u.

MO06 enthalpy in solution: -3827.514481 a.u.

MO6 free energy in solution: -3827.603094 a.u.

Cartesian coordinates

ATOM X

C 3.907713
C 3.675122
H 4.514404
C 2.358751
0 1.317991
0 2.419444
C 1.188979

Y Z

0.479496

-0.116652

-0.535072

-0.327658

0.190049

-1.102501

-1.395874

-0.918183

0.266079

0.807461

0.855998

0.428193

1.931198

2.645701
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1.568791

0.524620

0.719466

0.666765

2.043449

2.258260

5.258494

6.030498

5.254352

5.503757

2.149822

2.483736

2.905086

0.924046

1.176483

0.245859

0.436166

-2.564196

-0.500019

-1.084324

-2.467565

-3.208435

-3.214581

-2.841052

-4.193298

-5.088127

-4.586476

0.567037

-0.457482

-2.228057

-1.929169

-0.446837

-2.473235

-3.163355

-1.686988

0.620085

0.133627

0.182934

1.684203

2.048260

2.779263

0.960319

2.150560

2.023055

1.334517

3.110773

1.461653

2.344339

3.547039

3.708753

2.649563

0.285482

-1.864255

-2.038893

-1.007060

0.167106

2.189758

4.346259

3.852811

1.961902

2.923521

4.423546

3.540988

4.509084

-1.538349

-0.938222

-2.543571

-1.646160

-1.327399

-0.430010

-1.725527

-2.183797

-3.239997

-1.898062

-2.013181

0.414328

1.053580

1.417154

1.278328

0.768524

-0.148224

-0.970372

-1.229598

-0.933257

-0.386454

1.124656

1.798046
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-2.952624 4.639161 1.555316

-4.280979 2.741756  0.639047

-2.103978 -2.629062 -1.180224

-4.534094 -2.974851 -1.659340

-6.151125 -1.115976 -1.124371

-5.250513  0.988908 -0.143472

-2.342380 -0.727355 -0.436642

Zz z @©m £ T I =T =T

-1.213288 1.303612 0.560243
Br  0.399166 -2.459000 -0.762096

Co -0.518644 -0.367020 -0.008181

ITS-1

B3LYP SCF energy: -3825.00337960 a.u.

B3LYP enthalpy: -3824.618277 a.u.

B3LYP free energy: -3824.701029 a.u.

B3LYP SCF energy in solution: -3828.87821730 a.u.
B3LYP enthalpy in solution: -3828.493115 a.u.
B3LYP free energy in solution: -3828.575867 a.u.
MO06 SCF energy in solution: -3827.86202289 a.u.
MO06 enthalpy in solution: -3827.476920 a.u.

MOG6 free energy in solution: -3827.559672 a.u.

Imaginary frequency: -229.3499 cm-1

Cartesian coordinates

ATOM X Y 4

C 1.160976 -0.194904 1.752796
C 2.504442 0.062138 1.330717
H 3.359594 0.057557 1.999871

C 2.601928 0.517107 0.025950
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1.554074

3.798790

3.827242

5.283526

3.240379

3.361333

5.362936

5.735576

5.853803

0.690991

0.862906

-0.369389

1.275454

-0.431223

-1.184623

0.799305

-0.970533

-0.454697

-2.047930

-0.783965

-2.666440

-2.259392

-3.614016

-4.515820

-4.040663

-2.031044

-0.053739

-0.591649

-1.916922

0.696513

0.867929

1.303740

1.526205

2.223861

0.539654

1.863223

2.285495

0.598358

0.407575

1.486132

0.222322

-0.030309

-2.091154

-1.330131

-1.832729

-3.398498

-3.708400

-3.328388

-4.145781

0.766269

-1.160827

-1.303919

-0.372066

0.680070

1.866059

2.660011

3.929023

4.151316

-0.726184

-0.476988

-1.848180

-2.211374

-1.950939

-2.477015

-3.250850

-1.564622

-2.102464

3.066584

3.088049

3.260870

3.885917

1.958864

1.282536

2.201539

2.469338

3.380095

2.633166

1.689046

-0.742653

-1.965046

-2.272047

-1.762403

-0.980742

0.017288

0.956170

1.142911

0.774705
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Br

Co

-2.636691 3.114305 0.189211

-1.501735 -1.872885 -2.279077

-3.948266 -2.136891 -2.881309

-5.579384 -0.465037 -1.960881

-4.726896 1.401069 -0.550667

0.974561 2.429994 1.204529

0.022664 4.718403 1.561469

-2.374472  5.126672 0.908719

-3.644429 3.279922 -0.172842

-0.767933  1.644479 0.452606

-1.806033 -0.144999 -1.231707

0.849425 -2.237935 -0.925410

0.069765 -0.174110 0.139342

References:

[1]

[2]
[3]

[4]
[5]
[6]

[7]

[8]

M. Dong, J. Wang, S. Wu, Y. Zhao, Y. Ma, Y. Xing, F. Cao, L. Li, Z. Li, H. Zhu, A4dv.
Synth. Catal. 2019, 361, 4602-4610.

N. S.Y. Loy, S. Choi, S. Kim, C.-M. Park, Chem. Commun. 2016, 52, 7336-7339.

L. A. Stubbing, F. F. Li, D. P. Furkert, V. E. Caprio, M. A. Brimble, Tetrahedron. 2012,
68, 6948-6956.

G. Gu,J. Ly, O. Yu, J. Wen, Q. Yin, X. Zhang, Org. Lett. 2018, 20, 1888-1892.

M. Hu, C. Ni, L. Li, Y. Han, J. Hu, J. Am. Chem. Soc. 20185, 137, 14496-14501.

A. Bongers, C. Clavette, W. Gan, S. I. Gorelsky, L. Betit, K. Lavergne, T. Markiewicz,
P.J. Moon, N. Das Neves, N. K. Obhi, A. B. Toderian, A. M. Beauchemin, J. Org. Chem.
2017, 82, 1175-1194.

K. Chegaev, B. Rolando, D. Cortese, E. Gazzano, 1. Buondonno, L. Lazzarato, M.
Fanelli, C. M. Hattinger, M. Serra, C. Riganti, R. Fruttero, D. Ghigo, A. Gasco, J. Med.
Chem. 2016, 59, 4881-4889.

M. Kenny, J. Christensen, S. J. Coles, V. Franckevicius, Org. Lett. 2015, 17, 3926-3929.

S-114



[9]
[10]

[11]
[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]
[20]

H. Zhang, X. Wu, Y. Wei, C. Zhu, Org. Lett. 2019, 21, 7568-7572.

J. Li, Q. Ren, X. Cheng, K. Karaghiosoff, P. Knochel, J. Am. Chem. Soc. 2019, 141,
18127-18135.

K. Gorlitzer, Arch. Pharm. (Weinheim) 1975, 308, 272-286.

R.-D. He, C.-L. Li, Q.-Q. Pan, P. Guo, X.-Y. Liu, X.-Z. Shu, J. Am. Chem. Soc. 2019,
141, 12481-12486.

F. Wang, W. Sun, Y. Wang, Y. Jiang, T.-P. Loh, Org. Lett. 2018, 20, 1256-1260.

Y. Wang, L. Lu, D. J. Burton, J. Org. Chem. 2005, 70, 10743-10746.

Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman,
J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricat
0, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.;
Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.;
Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Montgomery, J. A., Jr.; ; Peralta, J. E.; Ogl
iaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobay
ashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tom
asi, J.; Cossi, M.; Rega, N.; Millam, N. J.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken,
V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.;
Cammi, R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski,
V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas,
O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J., Gaussian 16, Revision C.0
1; Gaussian, Inc.: Wallingford, CT, 2016.

a) Becke, A. D. J. Chem. Phys. 1993, 98, 5648-5652. b) Lee, C.; Yang, W.; Parr, R. G.
Phys. Rev. B 1988, 37, 785-789.

a) Grimme, S.; Antony, J.; Ehrlich, S.; Krieg, H. J. Chem. Phys. 2010, 132, 154104.; b)
Grimme, S.; Ehrlich, S.; Goerigk, L. J. Comput. Chem. 2011, 32, 1456-1465.
Marenich, A. V.; Cramer, C. J.; Truhlar, D. G. J. Phys. Chem. B 2009, 113, 6378-6396.
Zhao, Y.; Truhlar, D. G. Theor. Chem. Acc. 2008, 120, 215-241.

Legault, C. Y. CYLView, 1.0b; Université de Sherbrooke: Canada, 2009, http://www.cy

lview.org.

S-115


http://www.cylview.org/
http://www.cylview.org/

ol
m_._W
Ul

0E~
0zé-—

L8

80
it
B0

It

L
L
0zl
11
Yl
8z
8z
BZL
6L
6L

Wl

i} =
(@) o X hDu

O o s )

i) z
< - N
5 T I

)
(0] o O
= g

=00%

o
L

=004
=002

=825

0.0

3.0

9.0 8.0 6.0
1 (ppm)

10.0

S-116



GBI~
LG8~
-

eh—

L909—

896l
95,921

582
55921

BLRE—

95l—

1858~
5399

OAc

CO,Et

Me

Ph

3¢'3C-NMR
(100MHz, CDCls)

1 {(ppm)

il
m:uv
i

mm;kﬂ

i~
6le—"

238
30t

804,
ngw
Iy

ity
i
6117
]

Ac
CO,Et

3d "H-NMR

o)
(400 MHz, CDCly)

Me

Bu

t

» 108
I

#LEE
e

=00é
=1z

<807
g1z

£l (ppm)

S-117



o~
L33~
6500

e

BLEE~
B e

3503—

LBl
52—
211z
1558,

S068—
51—

1859~
6L83—

100 90 80
Il (ppm}

110

a9

1

140 130

OAc
CO,Et
150

160

170

Me
3d "’C-NMR
(100 MHz, CDCl3)

180

tBu
00 190

bl

10

bl

il
El _W
it

L0E~
1"

1A

L0
m_“_.qw
ore

ue!

S8l
LEL
851
5514

EW

Me OAc
CO,Et

FsC

1t
- =007

— =007
=

3e "H-NMR
(400 MHz, CDCl5)

1 (ppm)

S-118




G~
Al
01—

neve—

S308—

30

40

50

60

i

Bl
5021
m:mEJe
05521,

85 mm_u%m
15571

80

100 90
Il (ppm}

110

bl

19 m&‘

5LS21H
s¥8gH
Imef—

IE55—

59—
18851—

130

150 140

160

CF3

170

CO,Et
3e 13C-NMR
(100MHz, CDCl3)

190 180

OAc
Me” X
10 200

bl

#l1
m_Lw
ik

0i~
nge-"

269
vE3
V63
9531
353
863
869
Ut
B
Bt
7

U

OAc
CO,Et

Me
3f "H-NMR

(400 MHz, CDCl3)

=40

=008

“E0E

=002

=804

=41
=403

=]

B

10.5

1 (ppm)

S-119



A~
868~
y0le—

2388 —

ina—

8zl
.}m,_v
9"

o562
036d

eyl
Sevel w.

BrYa~

LN
AN
1959—
9983

a0 80

100

Il (ppm}

110

9

1

OAc
CO,Et

Me
3f 13SC-NMR
(100 MHz, CDCl5)

TP

-

130

140

150

160

190 180 170

200

10

9

Ll
al ,W
all

S0E~
ngi-—

198
mﬁ_.q/

a0y
m_“_..@n
I

W]
W)
)
Bl
57 L
9zl

wlltf

OAc
CO,Et

Me
3g "H-NMR

(400 MHz, CDCl3)

Cl

=it
=08

508

=002
=007

« 07
87

1 (ppm)

S-120



Bl
EW
il

i~
lzi—~

238

Loy
807

I
Bl

I

giL
BIL
BIt
1L
114

J

OAc

Me

CO,Et

Cl

3h "H-NMR
(400 MHz, CDCl5)

]

=308

B08
g

=002
= IZ

=4y

0.0

3.0

4.0

6.0

1 {(ppm)

10.0 9.0 8.0

13.0

an
m_._w.
I

S0~
1Ze—

EEH

Loy
607

I
ol

oIt
SIL
LI
8L
Il
0zt
1zt
12t
14
[11

Me OAc

Br.

CO,Et

—_— |.|\h

»
@)
X A
= O
Z N
T T
=
™ o
o
N

=508

418
~ong

=0z
=017

=078

0.0

3.0

4.0

6.0
f1 (ppm)

8.0

9.0

10.0

S-121



HEBRSEEE D558 58 ===
EECINENIRA NI \ Y 1~
OAc
CO,Et
Me” X
Cl
Cl
3j 'TH-NMR
(400MHz, CDCl5)
1
]
L Il J|_. |
L L oh i &
12.5 11.5 10.5 9.5 9.0 ®5 B0 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2 2. 1. 1.0 0.5 0.0
Il (ppm}
en = =B BRI DR W = & R
BB = EEEaRam = 2 S
] = ] | [\
OAc
CO,Et
Me” X 2
Cl
Cl
3j 13C-NMR
(100MHz, CDClI5)
]
] |
1
| |
! |
! 1
210 200 190 180 170 160 150 140 130 120 110 100 90 &0 70 60 a0 40 30 20 10

1 (ppm)

S-122



230
6810
150

LZ1
321
621
g1

02
ey

L1
:m.mw
g

Elk)
iy
Bl
&y

Me

/ OAc

Me

CO,Et

3k "H-NMR
(400 MHz, CDCl5)

=ha
—— =00

M S ane

e~ 518

0

=4

[t

i

1 {(ppm)

oau
¥60
960
1z
izl
521
921
LZ1
LZ1
621
e~
SIa~
¥
92
L2z
80
322

ol
Sl
m_.aw
k)

OAc

Me

CO,Et

Me

Me

Me

Me

31 "TH-NMR
(400 MHz, CDCl5)

"

0%
g
=789
L1
LO0g
=00¢
i

=94

f1 (ppm)

S-123



LIk
_ENM
I~
S~

0E62-F
hm.mmk
s

58 mm\

a1s—

01—

[8121—

58151—

0293~
2333

St

a0 80

100
1 {(ppm)

110

120

130

OAc
CO,Et
140

150

160

Me
31 "3C-NMR

(100 MHz, CDCl5)
1
170

Me

Me
180

Me
Me
190

200

521
Ld _W
621
581
m_.m/

L5
mm.mw
132
3T
1] NN
182

i
ik}
m_qw
ik

564
ELE!
361
364
14
8L
¥l
¥l

M =188

IERIE

Me OAc
CO,Et

3m '"H-NMR
(400 MHz, CDCl3)

= e
e
s

— 707

=1l

S-124

T (ppm)




161
. 8211
521
L7
= b1
£~ E— 9y
B8~ —_ i
niz— S B s
. E 09
_.umNLIV I\ml |w P AR
9208 a9 -t
161
= ENM
527
. | - 07
B 1z
621
#509— — e Bt
B0%
e It
ok o e o
LS
® By
o
] =
o
<5
-
$00Z~ ) | =
wi =
BE5E— S = —
gy 8z - -8 e %L %u ]
x
e . (@] O s a
0 > = O
si— 2 & v O —— = __ z 5
o O = 9 2 0 =<
Bres— Z 7 -— B = <
| O N =)
[9) o I =] m
. = £ = B ~
L0391~ E o - _
L] = — LS
” S
Q
= =
-
=
ol

S-125

T (ppm)




2z
mmm_ﬂ
0502~
LR

782
13 MNW
AT

_“_Nvm\

2109
E_H_mv

3602

S0251—

8299
60891
638l—

AL

90

100

1 {(ppm)

110

9

OAc
CO,Et
140 130 1

150
CO,Et

(2)-89 "H-NMR

OAc
(400 MHz, CDCls)

Me
160

170

3n 8C-NMR
(100 MHz, CDCls)

Me

190 180

200

EtO,C

=Mz

1 (ppm)

S-126

10.5




R ~ i AR
Me OAc
N
N |
CO,Et
(2)-89 "3C-NMR
(100 MHz, CDCl5)
I
I I 1 [
1
] ‘I
At Wi \ iy : NTRUTPRPTIN, S| N " \
0 190 180 170 160 150 140 130 120 1‘10” 00 80 80 70 60 50 40 30 20
(ppm}
SEREEEEEE TP
e ) T T

Me OAc

N\\\/\/\l[
COztBU

(2)-90 "H-NMR
(400 MHz, CDCl5)

T T
11.5 10.5 9.5 9.0 B5 KO 7.5 7.0 65 6.0

S-127



22 2 E 2 EEEE
T T N ~ T
]
Me OAc
N
N |
COztBU
(2)-90 "3C-NMR
(100 MHz, CDCly)
|
[
1 |
[ ! |
AJ l ‘ L b A 1Y
200 190 180 170 160 150 140 130 120 ]]Dr] [100‘ a0 80 70 60 50 10 30 20 10 0
(ppm}
coe=oS58 BhfzgoperpsirnOne
e A - - - R i [ B o I e R et S S S S S i i i
L_‘L""‘hnl-d";’—_‘ WH/JJFLAAAAAA_A_A
OAc
CO,Et
Me” X
OPiv
30 "H-NMR
(400MHz, CDClj)
“
e
2.5 11.5 10.5 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

S-128



18]
%EM
5,
BTli—
o5/

2388 —

4303~
4583—

00—

SIES—

1655~
0Lea—

b7 ail—

a0

100

1 (ppm)

110

Bl

1301

150 140

OPiv
160

170

CO,Et

OAc
Me” X
30 3C-NMR
(100MHz, CDCl3)
00 190 180

bl

10

bl

k)
a
ay
0y

a5—

iy
,m.hw
il
mm..@'
58l

CO,Et

3p '"H-NMR
(400 MHz, CDCl,)

0
M A
Ph/\O)J\N e~ OAC

s
N
78
A
008
=861
Rl

Ewz

=il

=il

=05

“T1 (ppm)

S-129

10.5




Lav~
598~
®/OI—

LL18~
LN
g

bl or—

1509—
68—

#8I5I~
G55~

1033~
5383

0
M A
Ph/\OJ\N e OhC

CO,Et

3p "3C-NMR
(100 MHz, CDCl,)

T
0 110 100 a0
1 {(ppm)

T
B

T T T T T
190 180 170 160 150 140 130 1

00

9

2l

mﬂ\

61—
57

05é
4] mwm
¥58
5.8
B m/
4] mW

Y68

iy
Lk
ary
L

88—

I

/ OAc

Me

MeO

CO,Et

3q '"H-NMR
(400 MHz, CDCl3)

=558

01
uﬁmqm

857
007

= ¥8
501
=4

=hih

f1 (ppm)

S-130



1891~
683~
o
B2 Si—
I78e—

055"
2908
0593~

Wil
sp-"
Wz

30

40

11l

100 a0 80

Il (ppm}

110

9

130

/ OAc
CO,Et

Me
160 150 140

3q "’C-NMR
(100 MHz, CDCl5)

MeO
190 180 170

200

8zl
ﬂm._v

#
LIS

052
_m.mW
852

158
Nmmwy
Y68

I

il

Sl

Bl

897
891
Bl
8L
0994
0894
139
139~
189
599
739
159
769
759
g5 0
¥E9
¥Eg
569
569
359
151

Me
/ OAc
CO,Et
3r 'TH-NMR
(400MHz, CDCl3)

=402
=00¢

-7
607

£l (ppm)

S-131

10.5




eEIsS®sg RE=RF
EEHBn Do g Y g
s =125
Me
/ OAc
CO,Et

)0

3r 3C-NMR
(100MHz, CDCl5)

—EE.80
—EO.8

~1827
—125.23
—1I10 3R
I8 34

1478

T T T T T T T T
210200 190 18O 170 160 150 140 130 120 110 100

80 60 10 30 20 0

1 {(ppm}

Me
/ OAc
CO,Et
F—< >—O
3r "F-NMR
(376MHz, CDCls)

E‘U ]IU fIJ I]U 'IJU f‘SU ‘]U .'IEU fliU ITU ;JU [‘JU” ]‘]U ]IBU ]ISU ]‘rU ]IC-JU I JI]U

(ppm)

S-132



/ OAc

Me

Cl

CO,Et

3s 'H-NMR
(400 MHz, CDCl3)

“

107
AIE
A
0
~007

=002
=002

=8l
=il

1 {(ppm)

8%~
78~
i0le—
B0Si—
63—

1308—
1999

£85I
68 6ll-~
LEETARN
0 Gal~

YEBSl—
45051—

3093~
0383

/ OAc

Cl

CO,Et

3s 13C-NMR
(100 MHz, CDCl5)

T
100 90
f1 (ppm)

110

T
12

T T T T T
190 180 170 160 150 140 130

00

bl

S-133



izl

mmu@
%
LG

i~
88—
05é-T
Nm.m.\

o6t
B8 mW
568
Bl
LK)
Elk)

Bl

598,

599
E.mw
193

EIA|

iLg
AL
1&L

Me

/ OAc

Me

CO,Et

Cl

3t "TH-NMR
(400MHz, CDCl5)

L

=002

0

od

Il (ppm}

sl
g.m_w
TN
mg._mm
825

5192/

G308—
9593—

LOLE~

38 85—
B5151—

LEE
389

Me

/ OAc

Me

CO,Et

Cl

3t 'SC-NMR
(100MHz, CDCls)

T
100 90

1 (ppm)

110

T
12

T
140 130

150

T
160

170

T
180

T
00

9

10

a

S-134



A
|
mh.mW
3L
664
mm.mﬁ
IEL

Me

/ OAc

Cl

CO,Et

Cl

3u 'H-NMR
(400MHz, CDCl3)

w0
Bom
5 662
fumm
961

=007
= 86

=10
=001
= 001

[

o

Il (ppm}

oLn—
04—

i~

591~
0861~
weEI~"
8L08I~
26781

el
50851~
50991

gmmeUm

Me

/ OAc

Cl

CO,Et

Cl

3u "3C-NMR
(100MHz, CDCls)

90

T
100

T
9

T T T T T
200 190 18O 170 160 150 140 130 1

10

a

110

1 (ppm)

S-135



uasu

780

530
g
91
|
8l
8l
Bl
"

__m./

Bli—r

m_m%
¥l
307
il
iy
Lk}

It
Bl
Bl

0zt
I
Izt

L

8L
4
A
el

Me

OAc

EtO,C
cl

3v '"H-NMR
(400 MHz, CDCls)

“ens
=801
51

= I0Z
~-0og

=002

= 81
> B

Il (ppm}

58
Iz
8l1a~,

5872

ikies
1gE~

w75

3609—

0122~
8592
mméeum
IS5
94581

L35I
53~
L5831~

Me

OAc

Et0,C
cl

3v 13C-NMR
(100 MHz, CDCl)

T
100 90
1 (ppm)

110

T
12

T T T T T
190 180 170 160 150 140 130

00

o

S-136



g1
el
e _\
L8l

8Ly
gmf
5.2
EN%
8Lz
152
062

152
17
quz
LA
m_mq.\_

i
I
M
1Z11
4%
871
AR
5217
571
871
17t
17t
871
571
ﬁi
12

2]
L
7L
781

! CO,Et
OAc
3x '"H-NMR
(400 MHz, CDCl5)

=008

=003
1z
=807

=002

00z
M il

10.5

(ppm}

Il

I
W1z~
%I~
151~

n3m—

15—

59~
0383

CO,Et

OAc
3x 13C-NMR

(100 MHz, CDCl,)

10

0

40 30 2

50

80

T
110 100 90

T
20

T T T
190 180 170 160 150 140 130 1

00

9

(ppm)

f1

S-137



1y
97y
oy
3zt

115
b
LTS
il
5217
5zl
92
Lil
LELA
BeL
TN
IEL
181
BEL
BEL
LETS
981
98
BELA
BEL

CO,Et

OAc
3y "H-NMR

(400 MHz, CDCl,)

=108

= |04

=002

=002

10.5

(ppm}

Il

oy
880~
05~
891

mmfmuw

0s03—

SL07~
5897l

L
:mguw
18621,
2858

a0 24~

58251—

3093~
15831—

CO,Et

OAc

3y 3C-NMR
(100 MHz, CDClj)

10

0

bl

110100 a0

20

200 190 180 170 160 150 140 130 1

10

(ppm)

f1

S-138



iy TOorErS N 5
(@)
/
CO,Et
OAc
3z '"H-NMR
(400 MHz, CDCl5) '
4 & £ o
II‘:: I IOI.5 I an Q.ID 8‘5 8‘0 7 (i.IO 5.|5 5.IO 3.|5 S.ID 2.I5 3|0 I.I5 I.IO Olo O.IO
Il (ppm}
pel-ch-ci=o = Hox oo o=y 8 =
R B HzZSEs =] g =
— 7 1= (W Dol [
(0]
/
CO,Et
OAc
3z '8C-NMR
(100 MHz, CDCl5)
[ |
| | |
| | |
| | !
' ‘ ] l I] '\‘l ‘. L I
Ell)O IQBO IE;O I%O If%O |’C_I)O I-;O Ii‘SO I’IJO 1 IID ItIJO QIO BIO TIO EIO 5|0 1IO SIO 3I0 IIO
f1 (ppm)

S-139



SERZS TR 2 7 5
I\I/Ie
N
Me”
OAc
H CO,Et
3ac '"H-NMR
(400 MHz, CDCl3)
!
| N 1
5 £ ’ r 1 I !
]IS ]UI.S UIS 'J.IU HIJ RIU T.IS FIU 6.‘5 G.IU 5.|5 5.‘0 '].IS ].IU S.IU 5 1.‘5 ].IU .IS U.‘U .5
Il (ppm}
3355 2 8 @ oo = =2 . &
B@ 55 85 = = = = = = =
P S T I ]
I\I/Ie
N
Me”
OAc
| 1
H CO,Et
1 |
3ac "3C-NMR
(100 MHz, CDCl3)
|
260 ]éU ]F‘iU IFIU 1(;‘0 ].-ISU l'llU ]EBU ]’IJU ]iUr] ](I)U 'JIU Bb Gb 'l‘U SIU BIU ]IU
(ppm)

S-140



171
Y
i

wei—

iy
Bl

14

09—
a0t
80t
i
B0~
i
I
,_.1_.
551
551
mm:
I
151
851
851
851
09t

»

OAc
CO,Et

H

3ad '"H-NMR
(400 MHz, CDCl5)

=0Ig

=008

=50d

= 0l

=407

=507

3.0

3.5

1.0

Il (ppm}

yeH—
S01E—

G 08—

Iram
a9

Ui,
729

0z%3-4
5159
589

OAc

CO,Et

H

3ad "3C-NMR
(100 MHz, CDCl5)

40

a0

110

T
20

T T T T T
190 180 170 160 150 140 130 1

T
00

bl

1 (ppm)

S-141



o380-—

OAc

CO,Et
3ad "9F-NMR
376 MHz, CDCl5)

H

10

9

190

170

150

130

110

70 80 90

60

10

20

1 {(ppm)

Ei—

L
Gl
ney
14

59—
1A
it
B2t
144
1L
1L
ELL
LA
LA
SLL
A
A

OAc
H™ ~CO,Et
3af "TH-NMR
(400 MHz, CDCl5)

=808

=08

=0z

111}

=502

=Hh0e

3.0

3.5

4.0

10.5

5

f1 (ppm)

S-142



S-143

[ . 00 _
=] 2o = = = = =
535 85683 5 = = = = =
7N N | [
|
OAc
H” CO,Et
3af 3C-NMR
(100 MHz, CDCl3) .
]
1
200 190 180 170 160 150 140 130 110 100 90 80 60 50 40 30 20 10
Il (ppm}
=8EnH & S 8a= = 8=3
e — e ~—
Fs;C
OAc
H” >CO,Et
3ag '"H-NMR
(400 MHz, CDCl3)
]
| \
) f T ! i
= = = = =
= = ~ o =
1.5 10.5 9.5 9.0 B5 BO 7.5 T. .6 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 s 0.5 0.0
1 (ppm)



587 EZNgsRsacE sfz & =8 =
sl s =T o T 7T T
F5;C
OAc
H” ~CO,Et
3ag "*C-NMR
(100 MHz, CDCly)
]
]
I| |
I nmmmmml-w
200 200 190 180 170 160 150 140 130 120 HU 100 9% 8 7 60 5 40 30 2 10 0
(ppm}
Fs;C
OAc
H CO,Et
3ag "°F-NMR
(376 MHz, CDCl5)
0 10 0 10 20 -30 -0 -50 -60 -70 -80 60”' 0 -130 150 70 -190  -210
(ppm)

S-144



121
mm._w
g1
38
21
il

w/i—

iy
Bl
nzy
14

ey
REY
1o

|
04

[
13Lq
213
212
BRI
L
L
a0e
a0e
03
503
903
903

EtO,C

OAc

CO,Et

H
3ah '"H-NMR
(400 MHz, CDCl5)

308
R

=008

=10
=801

= 00l

=504

=47

3.0

3.5

4.0

Il (ppm}

524
(4]
ki

9509~
519"

anan—

L352—
3662

05z8-"
griEl—

¥845—
LR

il mm_V
I083—

OAc
CO,Et

H
3ah 3C-NMR
(100 MHz, CDCl5)

EtO,C

40

80

a0

110

T T
160 150 140 130 1

170

T
190

T
00

9

1 (ppm)

S-145



S-146

B==sEZB838858 3 SEme 3 Bsg
e e = | b g )
N
X
OAc
H CO,Et
3ai "H-NMR
(400 MHz, CDCl3)
]
I
" ! o 4 5
= = = = =
11.5 10.5 9.5 9.0 85 8O 7.5 7.0 65 6.0 5.5 50 4 3.5 .5 .5 L. 0.5
Il (ppm}
=E e =53 - i 5
S5 B &8, == 5 = = =
[ AN AV (.
N
X
OAc
H CO,Et |
3ai 3C-NMR
(100 MHz, CDCl5)
1 ]
I
|
1
200 190 180 170 160 150 140 130 120 110 100 a0 80 60 20
1 (ppm)



OAc

CO,Et

H

3al "H-NMR
(400 MHz, CDCl5)

=10
=802

i
L

= 401
=00

~ili

=02

Il (ppm}

gy
iz~
w9

B00E--

nzo3—

Irid—

8e0—

B~
LI

8552~
99La-"

FILEl—

51851~
F51E—
95781
PR e

OAc

CO,Et

H

3al "3C-NMR
(100 MHz, CDCl3)

1 (ppm)

S-147



oau
150

i680
8z
kA
9z1
581
LE1
381

ikl

A
mm.mv
g

B0

I
Bl
LK)

355—

OAc

Me

CO,Et

H

3am 'H-NMR
(400 MHz, CDCl5)

= |IE

JuE
>z
20

662
Aq:m

=002

=0

Il (ppm}

a8l
54l
W0IzF
872
8517
858~

-

IELa—

2989~
gva”
g~

OAc

Me

CO,Et

H

3am "3C-NMR
(100 MHz, CDCl3)

T
100 a0
1 (ppm)

110

T
9

T T T T T
180 180 170 160 150 140 130 1

00

9

S-148



g2l
mm;/
461
mm;ww
861
g7/
ISZ-1
g5z

0%
80

I
m_q%
S

|
iy

GER
7691
%69
460
460
563
551
551
351
15t

851"

/ OAc

CO,Et

NC

3an 'H-NMR
(400MHz, CDCl3)

Loos
003

002
507

=003

=002

10.5

Il (ppm}

Bt~
ara~.
ooe—
85—
LBLE

wn—
2899

inya—
18750~

SE6N
m_‘..m__v

18—

ees—

6429~
089~
1889

Me

/ OAc

CO,Et

NC

3an '3C-NMR
(100MHz, CDCls)

150 140

T
160

170

T
200 190

210

1 (ppm)

S-149



CO,Et

OAc

Me

14
=
<
I
o
©
™

(400MHz, CDCl,)

o
=

Me

LS
™olgg
LT

L85
= oS
e
G609

NS

Ll

il

0.0

3.0

6.0

8.0

9.0

10.0

(ppm}

Il

3203~
ia-

0L 68—

12 85—

1099~
2383
L

CO,Et

WWWW

Me OAc

3ap 13C-NMR
(100MHz, CDCl5)

Me

()
=

=]

T
110 100 a0
1 (ppm)

T
20

T
140 130 1

150

T
160

T
180 170

T
200 190

10

a

S-150



OAc

CO,Et

3aq 'H-NMR
(400MHz, CDCl5)

o [ ¥
= = =
T T T T T T T T T T T T T T T T 7I T T T T
12.0 1.0 10.0 9.0 8.0 7.0 6.0 5.0 1.0 3.0 0.0

Il (ppm}

5 @A B &5 = DERE DRCSSABEoFeear

=] = = & ERE FYFFTEBLEFE 0T

N/ | | NY ) m—mm——— |

OAc

CO,Et

3aq '3C-NMR
(100MHz, CDCl3)

T T T T T T T T T T T T T T T T T T T T T T
2100 200 190 180 170 160 150 140 130 120 1 ]fD] . 100 90 80 70 60 50 40 30 20 10 0 10
(ppm}

S-151



890
0501
Bl
9111
e
817
Il
I
IR
£71-]
971
521
511
171
iz
(i
£
2
2
ge
781
o]
7
b
Bl
1
o
g
51
191
161
28
95
86
7
9
Ie
827
07
577
171
81
621
057
iy
Y
oIy
oI
a0's
a0
a0
a0
a0
B'S

—

rs

OAc

CO,Et

Me

3ar '"H-NMR
(400MHz, CDClg)

FUE
¥ Bl
S5
122
=08
Vs
»ﬁm
008
L5z

= L

= 001

[t

£

8841
Ll
§3L
mgk
b1

1508

(ppm}

Il

2512
06wzl
718~

88 151—

e 99~
5389

=
OAc
CO,Et
3ar '3C-NMR

(100MHz, CDCl3)

Me

Fo

0

9

90

T
100

{ppm)

110

f1

T
20

T
140 130 1

150

T
160

T
180 170

T
200 190

10

a

S-152



79—
821

5oL
08¢
08¢
o9t
o9t
1914
291
391
751
5L
9614
11
g3
3]
Nmm%
78

L)

—_—

OAc

Me

3as 'H-NMR
(400 MHz, CDCl5)

Me

oz
158
i

~00%

= Hh

=502

= 001

./_E.N
=ini
=507
HD_H_.N

Il (ppm}

57~
BeY—
5012,
Wi

ans—

1509

30—

817l

NMmu/
1512,
LN
el
hqmaaw

19'5h~"
WZ8,

[N
1524,

#l qm_k

EIIEEIAN

OAc

Me

Me

3as'3C-NMR
(100 MHz, CDCl5)

T T T T T T T
180 180 170 160 150 140 130 12 110 100 90
1 (ppm)

T
00

bl

S-153



4
86T
YEE
95%
3y
m_.%
0z4]
iy

0za—
80

0L
S0
301

a0t
(ot
.M_.t_.
gr¢
871
05
7514
1511
55,
95,
151
151

=y

L LE!

=148

1 Ut

e

<008

OAc
CO,Et

H

[
Sin

Me

Me

3at "H-NMR
(400 MHz, CDCl3)

507

HU = i)
=507

= 0l

002

- =07
) o0z

oz

(ppm}

Il

LR
RN
I~

156

aE0E—

a5
ol Sir

20—

2890—

WOZZA,
052l
L
L8217
B01E)
sote”
o

ores
sg1g
12991~
(881~
062U,

OAc
CO,Et

H

(]
Sin

Me

Me

3at '3C-NMR
(100 MHz, CDCl5)

0 10

9

30

80

90

110

T
20

T T T T T
1890 180 170 160 150 140 130 1

T
00

9

(ppm)

f1

S-154



kA
m_q/,,..

14

09—
5.9

aﬁ/
0t
Ngﬁ\ﬂ
g0t

501
50t
80L ]
0t
i
st |
g
Bl
Byl
151
851
851
B
8t
BLL
08t
191
181
281

OAc
CO,Et

Me

3au 'H-NMR
(400 MHz, CDCl5)

=5

I
I

=002

=00l

= 00
00E
iz
Rl
Ly
=003

10.5

[

(ppm}

Il

ot~

101z
mq._mc./\.

90—

390~
s

i
mam=um
Wil -

——

88737

L
#5531
2952
gaLay
5837
19524
5562
mmmg%
]
5104}
BE S
gy
Lo
5/5H
9554
B
0595
5689
5089

—

—

e ——

Me

OAc

CO,Et

3au’3C-NMR
(100 MHz, CDCl5)

=]

0

9

T
100 90
(ppm)

110

f1

T
20

T T T T T
200 190 IBO 170 160 150 140 130 1

10

a

S-155



OAc
CO,Et

Fs;C

3au "9F-NMR
376 MHz, CDClj)

o5iF—

210

190

170

150

130

110

70 80 90

60

20 30 40

10

10

20

1 (ppm)

3zl
i1 _W
121

BT~
e

gl

Uy
ar
[IER:
1A

il
899

_;W
1waL

s394
059
20l
701
I
L]
il
oL
i
i
#l
B
151
151
81
811
19t
1911
291
BaL

Cl

OAc

MeO

.l

3av 'H-NMR
(400 MHz, CDClIj3)

=65

BB
0

-2
g
4073

5.5
f1 (ppm)

6.0

S-156



8355
8509

0E'gal
o508l

LZ3s!
Dzisl
llkel

183l
PRRED
96891

|
W

N

AN

\

AY
/

Cl

OAc

MeO

3av'3C-NMR
(100 MHz, CDCl5)

T
100 90

1 {(ppm)

110

T
9

T
130 1

140

T T T T
200 190 180 170 160

10

'
__”:W
a1

97
1 m“rv
¥ii

R

g
gm%
SZ
e’

03¢
66
i
507
fife
508
s
%0

185
285
585
235

39
28 mw
LEE!
5339
BZL
mm.h%
Bzl

i

e AT IS

Et0,C

OAc

MeO

(E)-82 "H-NMR
(400 MHz, CDCls)

=08

S8
L
a0z

=i0E
=007

a0l
"

=l

=102

=4a0e

£l (ppm)

S-157



¥8 55—
3L03—

e~
251"

BEBEI~
A08al~.
ILBII-

BLLEI—

38 25—

09—

IR
£r3al

EtO,C

OAc

MeO

(E)-82 "3C-NMR
(100 MHz, CDClj)

30

B0

T
100 90

110

T
12

T
130

140

T T T
180 180 170 160

00

9

(ppm}

Il

wi—

a0
60}

ef
L
LA
88}

L=

852

552
952
152
692

e

Lé

L6E
66E

ik

521l
08
0t
IEL
181
SE L]
SE1
¥EL
ity L]
grid
L
05
051
154
5L

—

CO,Et

SiMe,Ph

TH-NMR
(400 MHz,CDCl3)

4

Tons

oo

Fanz

Tz
F el

Fmz

=i0%

=0z

[}

[}

0.5 10.0

1.0

f1 (ppm

S-158



61—

L=

I580—

9L5E—
LE0F—

¥008—

1927

SL8I
99 mm_\

f39g1-"
i Sl

00ss—

99—

CO,Et

SiMe,Ph

4 '3C-NMR
(100 MHz, CDCl5)

T T T T T T T T T T
180 180 170 160 150 140 130 120 110 100 S0
f1 (ppm

T
200

T
210

Lo

0% iy
0%l
IEL
81
I8 LA
FEL
FEL
[IEFS
154
154

I8 L

i 4
A=A

2949
3L
59L4

CO,Et

ESr1"E3l13
7 'TH-NMR
(400 MHz,CDCl3)

006

03
Wmﬁ_m

09

107
7 001
Fg60

f1 (ppm

S-159



5

£ S
094"

(Ve

S8 6T

LB0F—

0908—

89 b
CLITE
6

£
1599—

O’ CO,Et

Sn"Bu3

7 13C-NMR
(100 MHz, CDCls)

=}
I}

al—
0a
mm;
£91
581
L8l
e
L4
iy
152
£51
¥5
5527

Blt—

[EAA
FEL
FEL
SEL
S8L
gEL
Gt L.
G L
[IEYA
[IEYE
05t
IS¢

5L

OH

SiMe,Ph
8 "H-NMR
(400 MHz,CDCl5)

=509

iy

=002

FS0E
602

1 (ppm)

S-160



g

LE—

1£98~
Gae—

9%9—

08z~
LI
arssi—
889g1—
a6

45—

OH

SiMe,Ph

8 13C-NMR
(100 MHz, CDCl5)

Mmmmmm

T T T T T T T T
170 160 150 140 130 120 110 100 20

T
180

T
190

£l (ppm)

ghl—

960
mmmw
oo

06—

8ty
Bt
el
6t
15t
5t
gL
G L
151
0S¢
5t
5

SiMe,Ph

Me

CO,Et

9 '"H-NMR
(400 MHz,CDCl3)

L

i3

il

SRS

e e
- nz

10.0

10.5

0

1L

1 (ppm)

S-161



60—

68—

SE0i—

2058—

1508—

26—

SiMe,Ph

Me

CO,Et

9 13C-NMR
(100 MHz, CDCls)

20

100

10

120

130

140

150

160

17

180

190

£l (ppm)

ghl—

960
mmgw
660

(e

63—

0L
oL
Bl
gL
gL
IEL
8L
SEL
[IEFA
1LY
158
IS¢
5L

5L

Me__SiMe,Ph

tBu

CO,Et

10 "H-NMR
(400 MHz,CDCl3)

Ll L

Nl

=il

=008

=506

=50g

oo%

0.0

10.5

1]

11.

1 (ppm)

S-162



60—

96 81—

E0—

LN
i~
3e5e"

G809

2E63—

Me__SiMe,Ph

tBu

CO,Et

10 "3C-NMR
(100 MHz, CDCl5)

L

17 160 150 140 130 120 110 100 an &0

180

190

£l (ppm)

wi—

960
mmgW
ool

691—

9L
L
IEL
IEL
g8l
gyl
LA
LA
05
I5L
158
£51L

Me.__SiMe,Ph

Fs;C

CO,Et

11 '"H-NMR
(400 MHz,CDCl3)

=109

=a0s

- =03

002
”J Iz

[t}

o.0

[}

0 10,5 10.0

1L

1.5

1 (ppm)

S-163



0k—

i 8l—

5508—

IL5E—

09—

I
354

EERA
0 Gt

G9831—

Me SiMe,Ph

FsC

CO,Et

11 3C-NMR
(100 MHz, CDCl5)

|

T
140

=3
I}

T
20

T
100

T
110

T
120

T
120

T
150

T
160

170

T
180

T
190

£l (ppm)

tees

Me_ _SiMe,Ph

Fs;C

CO,Et

11 "9F-NMR
(376 MHz, CDCl5)

T T T T T T T T
-20 -3 -4 -0 -0 -70 -B0 -G0 -100 -110 ~-120 ~-130 -140 ~-160 ~-160 -170 ~-180 ~-190 ~-200 210 ~-Z
1 (ppm)

-10

10

0

S-164



i—

960

9610
H_E\

G2l—

69
8697
RGER
969
169

ot
[} L=

1544
L —
B i

[
B
5L
frid
LS

SiMe,Ph

Me

CO,Et

12 "H-NMR
(400 MHz,CDCl3)

=09

508

=08

0¥

17
=07
=80t
602

[t}

s}

8.0

=)

[t}

10.5 10.0

1.0

£l (ppm)

nl—

9 81—

BI0E—

B0GE—

L509—

EISI-
SEaN

0L

mz“_w
62}
BLEL

mmmm_.\
I6YEl
56 3:\
_“_mmm_\
127281

Ll ?T\

92091~
1979

HIE9—

SiMe,Ph

Me

CO,Et

12 SC-NMR
(100 MHz, CDCl5)

an

100

110

120

130

140

150

160

170

180

190

1 (ppm)

S-165



Gy Li-—

SiMe,Ph

Me

CO,Et

12 "9F-NMR
(376 MHz, CDCl5)

T T T T T T T T T T T
—20 -an -4n -a0 —60 i -an -110 -120 -130 -140 -150 ~-160 171 -180  -190 -2000 210 —Z

T
-10

1

0

-100

£l (ppm)

W=

660
oo

Me SiMe,Ph

Cl

CO,Et

13 "H-NMR
(400 MHz,CDCl3)

LI

=01

e

= =40

007

[}

9.0

[}

10.0

]

11

S-166



m—

HE—

R 0i—

92 58—

£908—

[IIN
1982k
L8z
Well—
187
sggs
(L8
A
8 Ik
0¥ gl—

wea—

Me SiMe,Ph

Cl

CO,Et

13 3C-NMR
(100 MHz, CDCl5)

T T T T T T T T
170 160 150 140 130 120 110 100 20

T
180

T
190

£l (ppm)

gHi—

,rmm/.

660
] f\.

69—

g0l
5049
HL

L
91

LHLAy
m:.u,w
[IENS

g
gL ﬁ.

L]
G L]
05 L
1584

SiMe,Ph

Me

CO,Et

Cl

14 "H-NMR
(400 MHz,CDCl3)

|

=09

it

a0

=007

=360
=0t
B00E
=807

[t}

0.0

10.5

]

11

1 (ppm)

S-167



E1—

6 81—

050i—

¥ 58—

£908—

989

alir

SiMe,Ph
CO,Et

Me

Cl

14 'SC-NMR
(100 MHz, CDCl5)

=}
I}

T
20

T
100

T
110

T
120

T
130

T
140

T
150

T
160

170

T
180

T
180

£l (ppm)

gFl—

mmg./.

960
oo

10—

159
6699
10¢q
104
0L
£0 5y
S0
50
0§
We-F
HYS
b o
£ L
5L

70 4
Gel

£ L
Gl
0544
059
5L

=

Me__SiMe,Ph

Br:

CO,Et

15 '"H-NMR
(400 MHz,CDCl3)

=09

e

=108

—

[IlIA
a0
et {114

.5 10.0

1.0

1 (ppm)

S-168



| Vo | e Y | | |
Br Me SiMe,Ph
CO,Et
F
15 13C-NMR

(100 MHz, CDCl3)

T T T T T T T T

T T T T T T T
150 180 170 160 150 140 130 120 110 100 an 80 70 60 a0 40 an a0 10 0
£1 (ppm
@
=
Br. Me SiMe,Ph
CO,Et
F
15 "9F-NMR
(376 MHz, CDClj3)
|
T T T T T T T T T T T T T T T T T T T T T T T T
10 il -10 =20 =30 -40 =50 —&0 =70 —80 =80 =100 -110 =120 -130 -140 -150 -160 -170 -180 =190 -200 -2lo0 -2

1 (ppm)

S-169



ghl—

mma./.
ol
MEW

63—

1697
(LR
0L
0L
92 j
184
8L
8L
£8L
L
L
g i
gl
Lk
LLES|
(L

—

e

o

Me SiMe,Ph

Cl

CO,Et

Cl

16 '"H-NMR
(400 MHz,CDCl3)

=09

I

Fa0e

pdiliE]

T a0k

oo
Nm_”:..

=50

£l (ppm)

—

B8

50E—

96—

09—

SLiIly
0842
5082
)
(oog
fE 08
05 2817
7988
SE 6l
L6e
20
o frl—

9L89—

SiMe,Ph
CO,Et

Me

Cl
Cl

16 "3C-NMR
(100 MHz, CDCl5)

=
[}

180 170 160 150 140 130 120 110 100 90 80 T 60

190

1 (ppm)

S-170



Fgfg/
i
n
LA
1
1)

-

987
_:.“W
e

IR
198
898
59¢

LEAA]
6244
Gl
(EYR
0o
(IS
12
151
ELIRN
Eidh

migﬁ
ey
oL
gL
i
bt
L]
05!

—

Me

/)—SiMePh

Me

CO,Et

17 '"H-NMR
(400 MHz,CDCl5)

i

=00

=t

=603

[t}

3.0

)

)

[t}

S01—

Lol
mm&._%
SE6I
29 H%

LA
Sh 6z
G562
9962

g 0g
S0

98—

£l (ppm)

S30I-7
fLpH)

1L e~
v
E?_M

ol—

Me

/)—SiMe,Ph

Me

CO,Et

17 '3C-NMR
(100 MHz, CDCl5)

10

20

30

40

I}

0 140 130 120 110 100 90
1 (ppm)

15

17 160

180

130

S-171



bliq
0EL
nEL
5L

gk __.M
L
gl
gl
gl

i

SiMe,Ph

Me

Me

CO,Et

M
€ Me Me

18 '"H-NMR
(400 MHz,CDCl3)

002

=008

=07

£l (ppm)

=

80 ¥~
ZE 6l
59 HW
[IL3:14
29 m“),

108

A

grdi—

8215—

803—

02-F
5582k

ICEE-"
N
18 ‘..«T/r

SEE3I—

SiMe,Ph

Me

Me

CO,Et

M
€ Me Me

18 3SC-NMR
(100 MHz, CDCl5)

T T T T T T T T
170 160 150 140 130 120 110 100 an

T
180

T
190

1 (ppm)

S-172



GE0—

1L9
HpmuY
¥
ki __.V
il
LA
58 L
TR
950
LEL
Bt
B i
059
5Ly
5L
5L

Me

—SiMePh

Cl

CO,Et

19 "H-NMR
(400 MHz,CDCl5)

L

=509

E60%

w607
07

003

=10
= 0%
=801

[t}

[t}

£l (ppm)

i

85—

La—

IrbE~

L2198

0508—

BI8Zk
_qmm_/
mmm“_v
1362k
_“_,_.ﬁ_\
998k

9 8EI
LLBEF
mmmm_\

69 24l

I069—

Me

/—=SiMe;Ph

Cl

CO,Et

19 'SC-NMR
(100 MHz, CDCly)

10

20

30

40

I}

180 17 160 180 140 130 120 110 100 a0
1 (ppm)

190

S-173



269
69
569

2L

878

0EL
[} __.W
gL
kL
Skl
ELIA
gh i
L
L

Me

/)—SiMePh

CO,Et
20 'H-NMR
(400 MHz,CDCl3)

b

s

=009

it

Ene

T+t

Fonz

=107
a
=808
=40

£l (ppm)

Wr—

60—
S8 6l—

086i—~
Lid

0508—

6902
5757

£8 EM
55871

1982}

Lee~”
(588,
DR T~
wer-
S

£9691—

Me
/ SiMe,Ph

STN

CO,Et

20 3C-NMR
(100 MHz, CDCl5)

T T T T T T T T
170 160 150 140 130 120 10 100 %0

T
180

T
190

1 (ppm)

S-174



BLEA
198
mmmW
HE
04~
I
o

HES

SiMe,Ph

Me

CO,Et

EtO,C

21 'H-NMR
(400 MHz,CDCl3)

' Lﬂtw

I

=09

b
50
Bggy

=002
it

407
507

=003

0T

=408
a0z

[}

=]

[}
[t=]

[}

10.5 10.0

1.0

£1 (ppm

=

0H~,
e

86 51—
42

I mmw
Blea—
e
DrE="

cens
0%03

£9LI-7
mmmﬂ\
L9gs"
Y36,

LG &kl
by ,iV

0669—
68 El—

SiMe,Ph

Me

| - _
N
(@] —
O e
O
£a i
z ©
N N
QT
<=
N8
¥ )
N
Q
L

10

20

40

2]

il

g0

S0

100

110

160

170

180

160

£l (ppm)

S-175



0E1iq

0 r%
184
8L
Gk L
LA
i
kL

SiMe,Ph

Me

NC

CO,Et
H-NMR

221
(400 MHz,CDCl3)

Wi

=001

a0

FE0T
=BT

B80T
a0z

00T

=508

e

It}

0.5 10.0

1.0

£l (ppm)

o

90"
R
W
EIhI—
[N

£L09—

L9GlI—

Ll %
SL82

&} mm_\
SE6E—
19
LN

BI69—

SiMe,Ph

Me

NC

CO,Et

22 3C-NMR
(100 MHz, CDCl5)

a0

100

110

120

140

160

170

180

1650

1 (ppm)

S-176



0EL
5L
8L
grL

gkl
kL
L
gl

SiMe,Ph

Me

CO,Et

23 "H-NMR
(400 MHz,CDCl3)

PivO

L

I

=601

¥ ilE
=106

07
By

0z

B0z

=002

=%

=502

[t}

9.0

[t}

0.5 10,0

1.0

£l (ppm)

s0—

60l
¥ El—

£99z
mm__.mW
S6L%

G 8E—

+508—
B6EI—

(9LI-F
b m“_\
59551~
EE
508~
8L SHA

69—

59°90—

SiMe,Ph

Me

CO,Et

23 3C-NMR
(100 MHz, CDCl5)

PivO

10

n

30

40

)

17 160 150 140 130 120 110 100 a0

180

190

1 (ppm)

S-177



-1
o"' N
A
/ e *I’ 1
L L,
[ ]
I'D.h/CH3 3
Me SkCH T
S——] (F4) : . v N PR
PivO O H
TH
(0] Me i
23 NOESY B
(400 MHz, CDCl3) B
‘ﬁ v
&
BrD ?'? :rD E‘Ii EID ?"’\ RID -1"\ -llD 3.‘5 E\ID ZI? Z‘D lli l‘]D D‘? D‘D —D‘i —l‘D
£2 (ppm)
EE85883 £3% Szmsze 3
IR
/\/f;[snvlezph
AcO CO,Et
24 "H-NMR
(400 MHz,CDCl3)
Iy i
lDI 5 lDr‘D SI]F 9.0 8‘*‘\ BID T.[R ?.‘D 6.5 ErD S.IS N‘ID 4‘5 40 Erﬁ B.ID
f1 (ppm)

S-178



o=

an—
BB

-
WS

LN
55—

S¢09—
Ihyi—

880017
ma
it
LGN

98551
€9 EV

SLBYI~~
08 1"

SiMe,Ph

Me

CO,Et

24 3C-NMR
(100 MHz, CDCl5)

AcO

Lo
I}

T T T T T T T T T T
180 171 160 150 140 130 120 110 100 90
£l (ppm)

T
190

i
a0
o
Bl

L5}

994
L9}
A

RS 2=

BEZ
1Ly

i

05—

BiL
0L
gL
8L
8L
SEL
98 __.Hm.
ELA
ELA
i
gL

SiMe,Ph
CO,Et

Me

Z

0
Ph/\OJ\

25 "H-NMR
(400 MHz,CDCl3)

L

/

|

|

=09

2
=40

Fur

Fa0e

Tz

Tz

il

Fuz

Fuz

[t}

10.0

]

11

[}

S-179



H—

04—

00—

LIEAN
EIESN
arag-

rhr—

0508—

Wig—

6 63I—

@)
Ph/\OJj\N Me SiMe,Ph

CO,Et

25 13C-NMR
(100 MHz, CDCl5)

Lo
0

T T T T T T T T
170 160 130 140 130 120 110 100 an

T
180

T
190

£l (ppm)

€0—
ol
0 @n
60}

581
L8 f%
i
mm%n
161
652
EMW
292

LI

LE
nge
88
Wi
RAE
I6E
151

133—
SiL
BIL
BiL
0EL
gL
L
gL
ELA
i
g i

Me

eO

M

L

/)= SiMe;Ph

CO,Et

26 "H-NMR
(400 MHz,CDCl3)

=E09
e

E0%
e0z

Fe0z

0%
HNﬁ__“_“

oIk

EHE
502

0

[T

[}
=]

[}

0.5 10.0

1.0

f1 (ppm

S-180



fh—

0t
56—

98~
[l

L8585
1509—

GHl~
B SI

S9LT-F
1582k

L
0968
430N
I i~

285,
F2es"

69—

Me

MeO

/)—SiMePh
CO,Et

26 13C-NMR
(100 MHz, CDCl5)

Lo
I}

T
S0

T
100

T
110

T
120

T
130

T
140

T
150

T
160

170

T
180

T
190

T
200

f1 (ppm)

|

Me
/ SiMe,Ph
CO,Et

27 "H-NMR
(400 MHz,CDCl3)

=009
e

one
ﬂm_“_m

oz

003
B0z

s 10.0

L0

£l (ppm

S-181



- . - o o ln e e .
= T =2 BwenisdiE ElR n ]
o O o W A 3 oA N 00 00 pe -

= frefivvgey el [y g = =2

7
.
g
Y
Y
Ve
/

CO,Et
27 3C-NMR 2

(100 MHz, CDCl3)

ea - -
£ = & = =]
o o

e e = =

RRRTRNSO—— L«mmmmnwww

T T T T T T

T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 ™ ]

80 40 30 20 10 o
£1 (ppm
)—SiMesPh
27 9F-NMR  CO2F
(376 MHz, CDCly)
2‘0 1‘0 Eli —iD —IZU —ISU —;U —:;'U —éD —ITD —éU —éU —IIUD —l‘lD —1‘20 —1‘50 —1‘40 —1‘50 —1|E|D —l‘.TD —1‘80 —IIQU —2IUU —ZIIU —ZIZ

£1 (ppm)

S-182



€0—

501
L
i
(1]
06}
1
ik

5%

192
€91

e
09
198
mmm&

G N

068
6¢
86

a3
903
_Em%
033

[IEAS

[IEA

GIL

0L
5L
kL
kL
L
LFL

Me

Cl

/)—SiMePh

CO,Et

28 "H-NMR
(400 MHz,CDCl3)

T

509

Eane

one
803

o0z

2002
il

10.0

0.5

0

1L

Soh—

90 +H—
56—

L9195~

G692~

£509—

$rL8—

E56E-T
Ekl—
195"

69181—

£963—

Me

Cl

)= SiMe;Ph

CO,Et

28 13C-NMR
(100 MHz, CDCl5)

10

30

=
=)

T T T T T T T T
17 180 150 140 130 120 110 100 a0

T
180

T
180

£1 (ppm)

S-183



80—

S04
i} VW

B
93
mm%
il

Wi,

657
_“_mmW
8

9Le
03e
98
i
G9E
168
Z6E

SiMe,Ph
CO,Et

Me

Me

Cl

29 "H-NMR
(400 MHz,CDCl3)

L

il

=09

=00e

0t
502

=HhlE
il

T 10l
=

= 01
it
=07

90+H—
55 6/
m«_“_ml./.r

0L9i~
[ 74T

¥509—

9619—

m

SFEl—
SHH—

0852
PR
387
9952/
mmmg.\\w
s0sl

eg g

v,
syu

19L51—

5963I—

SiMe,Ph

Me

Me

CO,Et

Cl

29 3C-NMR
(100 MHz, CDCl5)

17 160 150 140 130 120 110 100 90
£1 (ppm)

180

180

S-184



GE0—
901
i} W/MN

i
Al
ﬂ:%
0&+

0es

&Ly
&Ly
969
169
L
0L
5L
5L
Skl
G L
LFL
thi

SIS S S AT

SiMe,Ph
CO,Et

Me
30 '"H-NMR
(400 MHz,CDCl3)

Cl
Cl

=509
et

e
.Hnmmau

Tz

R
o0
S
W__.H_m

[}

10.0

10.5

0

11.

5

11.

90—
(56—

1998~
08z~

s

S9Hl~
98-

JBEL,
LERED
s
Log~
2628}
98l
I
1924~
R

#la5l—

2563—

SiMe,Ph

Me

Cl

CO,Et

Cl

30 '3C-NMR
(100 MHz, CDCl5)

T T T T T
0 140 120 120 110 100 90
£1 (ppm)

T
15

T
160

T
T

T
180 1

T
180

S-185



uzu

¥ 0
mm:uﬂ.

/0

20
mﬁ:‘\
Bl

€03
502
502
i

[I[¥A]
IHiq
I
s
5L
[ L
181

I8 1A
MM__.M_.
S8l
g5 _.
5L

#61
550
9L
95 ¢

L5l

—

Me

SiMe,Ph

EtO,C

31 "H-NMR
(400 MHz,CDClg)

Cl

M Fs

Trsie
903
602

47

Fanz

®00z

0z
605
007

10.5

]

11

115

050-—

Lok
96 m_v

B8 6I~
6818—

1A

La09—

89l
982

087"
8508,

m_mm_uw
EEE)
10 Fm_\
G BEI
& mﬁ\

06 Es—

15 89—

SiMe,Ph

EtO,C

Me

31 3C-NMR
(100 MHz, CDCl5)

Cl

A
e

10

n

an

40

)

17 160 150 140 130 120 110 100 an

180

190

1 (ppm)

S-186



L=

81
gL
8oL
g8l
e LA
SEL
£5L
5L
850
5L
LETA
#5L
LLYS
S5L

SiMe,Ph
Me
32 '"H-NMR
(400 MHz,CDCl3)

=609

E00E

Fanz

002

508
E00T

[t}

0.0

10.5

0

11.

£l (ppm)

61—

0583—
988E—

GE53—

4907~
sgez”
Ut~y
a3
06s—

2985—

Sro—

SiMe,Ph

o=

Me

32 13C-NMR
(100 MHz, CDCls)

-
[}

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

T
180

T
190

1 (ppm)

S-187



w—

=

552
mmmv

iy
¥EL
SEL
SEL
9L
9L
B L
B L
05
[IEFA
[IEX
5L
IS¢

=509

=-90%

=002
02

=60%
=802

[t}

=)

0

[t}

6.0

[t}

It}

f1 (ppm

£-—

63°91—

LFGE—

8519—
TFI9—

T8t—
s
85881
gozer

UIH—

16 LH—

Me
CDCl3)

SiMe,Ph
Hz, CDCly)

HO _
HO SiMebPh
—
HO Me
13331H-N|\/|R
33ﬁ08'|b||\-’|'§
(100

an

100

10

120

130

140

150

160

170

120

190

1 (ppm)

S-188



R4
9t
9t
(144

Cl

CO,Et

C

34 '"H-NMR
(400 MHz,CDCl3)

=%

Fii

Fm

'
W‘mﬁ:
ok

o

s}

a0

=)

0.5 10,0

1.0

gy
oy
9y
i

£l (ppm)

CO,Et

Sn“Bu3

35 "TH-NMR
(400 MHz,CDClg)

I

&

¥
r

F

£

LU
509
506
o0y

o0z

11
961

10.0

10. 5

0

11.

S-189



gl
58 M_W
05t

0¥
EETH

e
se51

B018—

9/92)
s
1082

w0e
B,
§768h~
sase

IT65—

e ae—

AL

CO,Et

Sn"Bus

35 13C-NMR
(100 MHz, CDCl5)

HJ
T
140

=3
I}

T T T
110 100 a0
f1 (pom

T
120

T
130

T T T
180 170 160 150

T
120

oo

iy
gl
1
£I)
SEh
LI}

Z8h
¥El
mmL_

i
mﬁ_mw
[i[4
g
mqmw
thi

e

CO,Et
Sn"Buy
36 '"H-NMR
(400 MHz,CDCl3)

i}

&0
pAIE]
I

oo

Il

T L0l
602
S0

f1 (ppm

S-190



He—

0852

9% QH_V
I ail-r
8 m“_.\
SE8E—~

65 0%
W

08 +9—
0g63I—

CO,Et
Sn"Bus

36 '3C-NMR
(100 MHz, CDCls)

B0

g0

120

T
190

T
200

f1 (pom

anuy
980
810
Qi
+017
50
a0}
i
-
T |
e
s
261
£t
5}
5t/
SF i
a4
9+
L
¥
Bl

2
Tt
o
gt

a7

CO,Et
Sn"Buz
37 "H-NMR
(400 MHz,CDCl3)

606
Foog
316

7208

Ei0z

Fraz

Tz
il
.M.me

0.0

[}

f1 (ppm

S-191



0t m_./

08 8=

St i.\

5L~

ST6I

0213—
9545—

2kl
L51—

W8Ik,

LE 45~
1295

98391—

il

CO,Et

Sn”Bu3

37 SC-NMR
(100 MHz, CDCl5)

=)
0

180 170 160 150 140 130 120 110 100 90
f1 (ppm)

190

200

CO,Et

SnnBU3
38 'H-NMR

(400 MHz,CDCly)

|

fro6
il
il

T3
Tz

Faov

il

f1 (ppm

S-192



S50~
FIEI~
154"

L5—
85—
SEET
55—

09—

£ 0—

YEEH—

1881~
L

CO,Et

Sn”Bu3
38 1SC-NMR
(100 MHz, CDCl5)

10

Lo
I}

T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm

T
180

T
190

T
00

aauy
890
890
80
BI04
050
8l
0eh
2

2t
?%.
Hl
il

857
55

A\
w
i j
89¢

Ie—

L

COzMe
Sn“Bu3
39 "H-NMR
(400 MHz,CDCl3)

A

Farw

609
Fan

0z

i
07

F oot

0

[}

[t}
=]

f1 (ppm

S-193



e0es—

08 #l—

2983k
500

CO2Me

SnnBU3
39 13C-NMR
100 MHz, CDCl3)

(

10

40

80

T
180

T
190

T
200

Uy
580
580
150
50
0
550
350

121

87

LWL

L

081

g1

88

981

981

4]

01

0t

11
M

——rin

45
L
¥l
it

f1 (ppm)

06
Hﬂm:m
i
(ilk:}

e (]

661

S s 3
[se]

m w )
= ORD
%) O 20
Z -

T N

— T T
HOW

¥ s

NS

0.5 10.0

1.0

f1 (ppm

S-194



Wi,
81y
g

05 L~

26—

¥308—

 Gl—

e

Sn"Bus

H”™ ~CO,Et
40 '3C-NMR
(100 MHz, CDCls)

Lo
I}

T T T T T
140 130 120 110 100 90
f1 (ppm)

a0

T
170 160 15

T
180

T
190

T
200

02t
iy
it
S

A
8
33
EE
LEES
+3

mmL
RS
3954

o

e
0L

704
0
A

£t
20t

L

—

wOL

Sn"Bu3

MeO

CO,Et

41 "H-NMR

H
(400 MHz,CDCl,)

Fi0e

Fmz

10.0

10.5

0

11.

f1 (ppm

S-195



Wik,
Wi
0o

05 Li~
LA T

Gh 55—
¥508—

69 EI—

16 L2~

£66I

788

S065—

S08s—
oEl—

3t
@ W =
c 2C
5 0%g
z©°
N
T S I
_—
o
< S — ]

MeO

Lo
I}

T T T T T T T T
170 160 150 140 130 120 110 100 20

T
180

T
190

oo

f1 (ppm

wuu
80
980
560
60
160
6610
£I)
521
LT}

BZ)

281
Il
£t
L)

96— -

Bl
45
iaZy
iy

#0q
529
ELER
[LER
1997
199+
999
L99
(33
199
£99
L9
ME%
50
L
500
504
90
90

o

106
309
T-906

H\«:m

Sn"Bu,

CO,Et

H

42 "H-NMR
(400 MHz,CDCl3)

W:_E

NIL W:_ﬁ

10.0

10.5

0

11.

f1 (ppm

S-196



92k
59E~
o

05Li~

Ll bé

G5 0F—

88—

S0a—

08zl
gz
I5EEI—

orosi—

18 891—
STEl—

Sn”Bu3
CO,Et

H

42 3C-NMR
(100 MHz, CDCl5)

"

ll

190 180 170 160 150 140 130 120 110 100 a0
f1 (ppm)

200

Wb U

e
S
L
=

Sn”Bu3

CO,Et

H

43 "H-NMR
(400 MHz,CDCl3)

|/

506
Wm_E

T 0§
T+03

Fooz

% i

IiliRg

f1 (ppm

S-197



AN OV Y T N7 N
F
I
Sn"Buj '
H™ ~CO,Et
43 13C-NMR
(100 MHz, CDCl3)
|
|
1
[ !
| N ]
I]IZI 1 ;D 1éD l?!D lllj[l I%D la‘lljl 1 Laljl 1‘20 1i 0 l[ll[l B‘D B‘D .Trljl E[D 5ID -llD S‘D Z‘D er é
f1 (ppm
o
F
SnnBU3
H™ ~CO,Et
43 "9F.NMR
(376 MHz, CDCl5)
2‘0 IID Ell -iEl -IQEI -‘ED -LID —%D —IriD -tTEl -éﬂ -!;El -lIElD -l‘lD —1‘20 —I‘ED -1‘40 -1‘50 -1‘50 -l‘.TD —IIBD —IIBEI —ZIDEI —2‘10 -2‘:
f1 (ppm)

S-198



U
+30
990
160
60
60
9610
960

1I-E
s f
5214
(S
-
8e)
11
121
2l
i

Sn”Bu3
H” ~CO,Et
44 "H-NMR
(400 MHz,CDClg)

Cl

0%
Beng

PG
Feg

607

= 00k

60T

=403

2,
085~
artl

L~

BIGZ-"

90—

f1 (ppm

E_,.m_./.
L8 8il—
AE-Z
g

Wi

rhl—

SL081—
ill—

Sn"Buy
CO,Et

44 '3C-NMR
(100 MHz, CDCl5)

H

Cl

IRV IRy

T T T T T T T T T
180 170 180 150 140 130 120 110 100 %
f1 (ppm

T
190

T
0o

S-199



Sn”Bu3

CO,Et
45 "H-NMR

H
(400 MHz,CDCl,)

L

g0
Bany

A6
Feng

603

ﬁma_

EE0T

00z

[t}

10.0

10.5

0

11.

Hilln,
198~
art

Irli~

[ TAe

awne—

NiE—

f1 (ppm

iy —

I5U—

Sn"Bug
H™ ~CO,Et
45 'SC_NMR
(100 MHz, CDCly)

Le
[}

T T T r r r .
170 160 150 140 130 120 110 100 90
f1 (ppm

T
180

T
190

T
200

S-200



Wy
290
580
260
60
¥G0
560
960

g

#7114
LR
11
28
)

581
381
L8}

LS
381
6EH
I

o

Y

569
5¢9
93—
953
959

Wi~
Biee

LLYRNE
35"

= 906
Bgng
- 016

609

HllL a0z

ﬁv_”__:

=907

=il

wot

a Y
c

c O gy ©
()] O s MW
= <
T\ Tz
H1M
Lo
¥ 3
N

F3;C

s}

f1 (ppm

Tl
B~
e

i~ —

eI

0608—

68 BF—

19L9—
& il—

Fs;C

Sn”Bu3

H” ~CO,Et
46 '3C-NMR
(100 MHz, CDCl5)

190 150 170 160 150 140 130 120 110 100 90
f1 (ppm

200

S-201



GE8—

F3C

SnnBU3

CO,Et

H

F-.NMR
(376 MHz, CDCls)

46

-80 -100 -110 -120 -130 -140 -1a00 -160 17 -180 -190 -200 2100 -E
f1 (pom

-80

-an =30 —-40

-1

10

0

wuuy
€40

580
160
#6104

¥G 0
56 DUW
960

£y
iy
9
SEh
B
BEY
Ikt
%9
mmm}.

LN
959

ik
Lot
0L
G0L
6L
6L
ons
ons

EtO,C

SnnBU3

CO,Et
47 'H-NMR

H
(400 MHz,CDCl,)

002

7

A1

HVHE

507

5.
f1 (pp:

S-202



W
135

ST
a1

L~

LI62

£a08
5013

ELON
6397~

9562~
seig

S605—

59891
P

86 U—

EtO,C

Sn"Buz

CO,Et

H
47 '3C-NMR
(100 MHz, CDCls)

40

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

T
180

T
120

oo

f1 (ppm

wdu
30
580
150
150
260
260
260
60
950
0z

YT

SnnBU3

NC

CO,Et

H
48 "H-NMR

(400 MHz,CDCl,)

506
409
(0%
a3

Fooz

-

Faaz

Fuz

[t}

10.0

10.5

0

11.

f1 (ppm

S-203



el

e

Iy Li~

HEZ~~

6608—

BION—

06—
SL9%—~

GRIE,
S0EE

Bl5—

Ok L9—
96 1L

Sn"Bus
H” ~CO,Et
3C-NMR
(100 MHz, CDCl3)

NC

48

T T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm

T
180

T
190

T
200

mm?_

¥E94
LN
958
L59
ELER
mmm.,_
mmm%
183

a9
S

#lL]
9L

(gL
88

6E __..__

ﬁrmﬁ_m

0y

TG
iy

VIL =90z

- = T;_

HJE
- F a0l
- " Fo
= —
[ —_
o S
C
n O x8
=0
- Z N
I I I
22
< o
N
O O

[}

80

[}

[t}

0.6 100

1.0

[t}

f1 (ppm

S-204



RN
BLS~
iy

i~

416l

0608—

15 L9—
60 I—

Sn"Bus
CO,Et

H
49 3C-.NMR
(100 MHz, CDCl5)

Cl
Cl

=}
=)

100 a0
f1 (pom

110

180 160 140 120

190

200

wuu
280
80
580
980
L80

60

éw
4610 w
560

9504
s
4714
5714
37!
i1
2
5}
AR
85
01
0tH

45
L
S
ih

289
mmmg
m«m.ﬁr
953
_,.mmw-
159
00i~,

L

A

Sn"Buj
CO,Et
50 "H-NMR

H
(400 MHz,CDCly)

Br

—G0%6
¥09
0§

g}

oz

%. ook

e

[t}
=]

6.0

[}

[}

g0

[}

f1 (ppm

S-205



EEE R 25 EesRamasg = S w2
HEDE 57 ooshe=ud 2 =5 ey
Z VNS N N [ W S
F 1
Sn”Bu3
Br
| .
H CO,Et
50 13C-NMR

(100 MHz, CDCl3)

T T T T T T T T T T T T T T T T T

oo 150 léljl 170 160 150 140 130 120 110 llljljl 90 80 i} B0 an an 30 20 10 o
f1 (ppm
F
Sn”Bu3
Br |
H™ T~CO,Et
50 "9F-NMR

(376 MHz, CDCl,)

L

T T T T T T T T T T T T T T T T T
-ul0 -1 -112.0 -1125 -113&0 -113.5 -1140 -114.5 -115.0 -115.5 ~-116.0 -1165 -117.0 ~-117.5 -1180 ~-1185 -119.0
f1 (ppm

S-206



o)

Sn”Bu3

CO,Et

H

51 "TH-NMR
(400 MHz,CDCl5)

it |

=906
by

P0G
F 03

T-60e
Feoz

603
602

f1 (pom

Y6
mmﬁ_m\.

2509—

1819—

BI I~
HL e

06 L3~
a6z

S0 LEN
Rk

55851—

9083—
9rel—

0]

Sn”Bu3

CO,Et

H

51 13C-NMR
(100 MHz, CDCl5)

10

20

40

=
[}

110 100 90 80 7 80
f1 (ppm

140 120

190 180 170 160

o0

S-207



Lk
9
iy
{15

Sn"Bu3

CO,Et

H

52 '"H-NMR
(400 MHz,CDCls)

Ful

I
]
209

a0z

W_E_

f1 (ppm

[IE4T%
9 M_W
il in\
Bt

£5di—

182~
L
mi—

Y0 —

9208—

PR

G083I—

e al—

S e S
@ w2
= oxg
0 CMC
z -
n_uz
T

(s2]

HM_M ]

0 3

-
)

60

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm

T
190

T
200

S-208



BT

e
Ik
0l

155
bk

Me._ ,Sn"Bus
CO,Et
53 '"H-NMR
(400 MHz,CDCl3)

M

11
ons

Eg0g
gy

Wam

Fane

=00E

o0z

one
0z

[t}

0.5 100

1.0

£l (ppm)

AN
Ea
sin

06z~
L3Ld~
GE—
P9EE~

9908—

SL5TR,
9
e

GBI LEl—
50—

L0s9—
0re9i—

SnnBU3

Me

CO,Et

53 13C-NMR
(100 MHz, CDCl3)

Le
[}

T T T T T T T T T
180 17 160 180 140 130 120 110 100 o0
1 (ppm)

T
190

S-209



BT

)

[I[&5
Ut
Lk

¥l __.V
gl
[IEX

Me . ,Sn"Bus

F3C

CO,Et

54 "TH-NMR
(400 MHz,CDCl3)

==

Mu_;
29
Foyng

Fooe

002
=002

00T

®o0z

i,
B 8l
i

9621
S9LI~
S¥GE—
9588~

a9—

[
L83

Me__,Sn"Bus

FsC

CO,Et

54 '3C-NMR
(100 MHz, CDClj)

0 140 130 120 110 100 90
1 (ppm)

15

17 160

180

190

S-210



0es—

T T T
-190 -Z00 210

T
-180

SnnBU3
CO,Et

Me
54 "9F.NMR
(376 MHz, CDClj)

FsC

-2z

-0 -110 -120 -130 -140 -130 ~-1600 -17

£l (ppm)

T
-an

T T T T
-an -4n -a0 —60

T
=20

T
-10

1

0

=
e
o
-

£69
%63
963
969
[IEXS
12 __.M‘
AR
(1LY

Me . ,Sn"Bus

Cl

CO,Et

55 "H-NMR
(400 MHz,CDCl3)

Cl

I

W05
108
=u
903
Rigg

Fane

=003

0037

=001

00
-

[}

10.6 10.0

11.0

S-211



| =
sy
Lo 880 s
580 o
050
N “ﬂ =03l | o
= 8} .
o : — it
’ & 0
5 2 u
- = I |=
ﬂ o
00— 8
8942~ _ - :
Ihei— 2
192E~ ) k )
-
[ es
[m I_.O.
o
= |D.
| ar ——a I ]
- o ot )
|~ ol
3 o
F&
F
=
&
w [
N @
159 B
I59
i : o
3 mmw | e
v X
g 43 -
s :
- 5573
i
— 8 L g
#Llh . - . 5
: ) £t
ILBEI~ [se) - ) ) :
9/08k > 0 ||| . ) ) a
- 5 ) i~ E m N O
1770 = @) ) ) s 3 g 3} : :
W 3 — S8 - %) © =20 s
E Tt LA ., £5 a
S ; I T e
[0 1 N ) it
=
= & = e g s :
" 8 ‘ 3 _m
o —— e ) :
95891~ e /
(583 - n
O O B 1
@
: -
ra

£1 (pom)
S-212



Wik,
B S
aro

iz
PN
mmm“W
1562
i

6L09—

oz~
6152~
2582~

SLgsl—
05 2—

0va—
L2E—

Sn"Bu3
CO,Et

Me
56 'SC-NMR
(100 MHz, CDCls)

T T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm

T
180

T
180

oo

a0t
AN
2L
H:M

Me

SnnBU3

Cl

CO,Et

57 "H-NMR
(400 MHz,CDCl5)

Fang

= 606
F g

- = Tus

—=x T

Hi =002

= = 101
- 8017

[}

0.5 10.0

1.0

1 (ppm)

S-213



00—

10N
0os—
69187

2888~
09° 0

9 va—
63—

Me

Sn"Bus

Cl

CO,Et

57 '3C-NMR
(100 MHz, CDCl3)

20

100

110

120

130

140

150

160

170

180

190

£l (ppm)

=
mSW
(14

0
£t
S

sz’

o
e e
R

LIS
a
LY
e
fa¢
bl
5l
9k
gl
gt

.

SnnBU3

Me

MeO

NN

I

|

CO,Et

58 "H-NMR
(400 MHz,CDCl3)

S

S

T U6
BRI

s
T-ane

F oz

E
Az

i

I wy

[t}

[I=]

[}
[t}

6.0

0

.5 10.0

1.0

f1 (ppm

S-214



81,
B B

s
e
8¢ «HM

WEZ
BE m“M-

5855—
6L09—

69 L9—

Gt~
350"

1988—

LN
298517

89—
LEB9—

—_—
—
o
=)
m
nn B
[/p] N
m I
0T NN -
= Rnlu
s 0 —
z©
o O T ]
. S
w3
@]
(0]
=

20

40

=
I}

T T T T T T
150 140 130 120 110 100 90
£l (ppm)

T
160

T
180 1

T
190

]

60—

L1
921
a2l
amf\\‘

Ll
S0E~

192
mmmwn
¥92
LBE
mmmWw
06E

LAaN

I
U
Bl

6L
6L
IR
LR
189
199
1919
€69
€69
569
168
168

Me

Sn"Bus

59 'H-NMR  CO2F!

(400 MHz,CDCl,)

Fe0s

T 06
T s09

107
F ooz

0z

0z
F il

T- 02
ooz

T

[}

9.0

=)

10.5 10.0

1L0

1 (ppm)

S-215



o
1

TRERLT T 2 T RN
/ Sn"Bug |
(100 MHz, CDCl5)
| ]
1
I
] 1
} ‘ | I|
I Al !
erIZI 1éD 1%[1 1FI:D IIEIZI 1:1D llalil léD 1 ilil 1I'ZID B‘D SID ?ID EID E:IZI =£D allil £D er il
£1 (ppm
/ SnnBU3
59 "9F.NMR COEt
(376 MHz, CDCl5)
l‘EI EI —iD —IZD —IBEI —:IEI —%D —I’iD —%D —éﬂ —éﬂ —IIEID —1‘1[1 —1‘20 —1‘30 —1"-10 —I‘SEI —I‘EEI —IITD —l‘SD —I‘EID —ZIDEI —2‘10 —2‘2
£l (ppm)

S-216



ELITR]

SnnBU3

/
60 '"H-NMR  CO,Et

Me
(400 MHz,CDCl3)

Cl

i

il

f1 (ppm

N

Eonsl

- E06
E g

a0z
It

E 661

Bl 4

-z

Foz

68l

W,
22>
(A
1912
s/

08—

L5L9—

085I—

L¥52—
0¥ 6l—

1588—

HLLG—

98—
0Z63—

Me

Cl

SnnBU3

/

CO,Et

60 '3C-NMR
(100 MHz, CDCl,)

=
[}

190 150 170 160 150 140 130 120 110 100 90 80 0 80
f1 (ppm

0o

S-217



Me
Sn”Bu3
CO,Et

61 "H-NMR
(400 MHz,CDCl5)

Cl
Cl

= 3 =
[ =
Fa Wi — =
06 2
RS | o i 3
- 1872 FR
- 206 m“ﬂM —
Fang [ PIPAN
- 38— nﬂ Lo
: 8
Al | o e/
Foaog [«
| g
L= N
Faz | ¥ 4
) F3
[
| o | o
o 3309— I 2
=07 | e . _
LS £519 | o
007 1 e
.
[ =
- &
=
[
] =
s
[ ed
k=
o
Lo =
pr i
" | o
Lo =
5 89 HI~ -
5 o sE9- -
(i L=
(i} -
¥ saEE— ™ o
| o >
[ m -
Log- = - - 1 =
L= saze n u
“ LN @) — =
LS
3 3
o
[ o [0) /
[f=] o - - 2
7es =05 | o
[ 4 -
grhg— O O N o
= HEg— e W — e
© O
o
L2 o ] -
-~ = 0
N— —
L < (@) 1
1 : -
; C g

21 (o)
S-218



adu
9810 = =
80 N
150
%J Ho Blin, =5 2
: B B
M@ Fus | = o
7 = Y81z
0 z = B
e 006 1z ﬂM - )
Foog L= LETEAN _
I - 19817
I ) sgaid e
i - I | o
Fug [e
Wz " N
gmw -u Bz |
592 ’
L= M
3 “
MMM i 19— S re
58E
b _ raz |2 o9 EE—
9y u“ 003 Le
It @
Bt |~
L s
(L= I %
M m.
| =% B
@ FIE0I— ——
@
[ < N m
o £E—
e ———— 10T | ©
. M= 65 EH— — 5
L s
) 1 5 i
LLYAN m Fo 2
D g - r— T-007 [ [an]
c i} = ] E
%) < - 90 El— w B
o) E T o
S I£BEI— ] —
e / [T=] C I M
= I 2
—_~ M
o Lo E
x O E 5 i
o~ 20 E Za g
2N o T 28— 'e) =05 - =
T+ T - b9l Pz B
= L2 (e~ Yy N
~ s = O N — FE
©o O 2 W i
S S
N— - 6 m i m
&) [= &) =
O -
[T=] N I m

1 (ppm)

S-219



9
L
Bt
B

58—

L
145
671
GIL
(1LY
5L
el
8L
gEL
gL
SEL
98 L

CO,Et

(400 MHz,CDCl,)

Esosl

0%
Qi
Fae

Fwe
Faz

ol I

F s

f1 (ppm

(31N
Bl

g

W8~
_“_m__.m/

Wi~
SHEg~
[14 [
£998~"

Lhtb—

1308—

L0L—

%Ll
mﬁ_m“_.«
15921
B0 L8N,

158"
85551

£5va—
16—

CO,Et

63 13C-NMR
(100 MHz, CDCl5)

L=
[}

60

T T T T T
0 140 130 120 110 100 90
f1 (ppm

T
15

T T T
190 180 170 160

T
200

S-220



SnnBU3
CO,Et

Me
64 "H-NMR

(400 MHz,CDCly)

EtO,C

=405

L0
Feon

Fong
202
Tl

602
a0

[t}

f1 (ppm)

1805~
5309~

9868—

L529—

S Ea—
56 8—

an

100
f1 (ppm

130 120 110
S-221

140

Sn”Bu3
CO,Et

150

Me
64 13C-NMR
(100 MHz, CDCls)
160

180 170

190

EtO,C

Rili]



e
-
—

Sn“Bu3

Me

CO,Et

65 "H-NMR
(400 MHz,CDCl3)

NC

Foos

"
N

mwsm

661

Hm\.ﬁ__“_“

Fo0z

f1 (ppm

pEfT
LE @#
o
99—
1572
3752~

asi—

50
51

onis—

13 6l—

LeLel—

059 —
L—

Sn"Buj

Me

CO,Et
65 13C-NMR
(100 MHz, CDCls)

NC

190 180 170 160 150 140 130 120 110 100 %
f1 (ppm

200

S-222



1
(] L

I}
Ll
w1

Sn"Bu3

Me

CO,Et

PivO

66 'H-NMR
(400 MHz,CDCl3)

m,r__be
- 006
6
Hrmﬁ_m
Fuwz

m_w_ﬁ_m

Fwz

It}

1.5 10.0

1.0

£l (ppm)

LN
Wil

gl
122y
oy

L9 m“%
LE6E

068E—

2908—
1 h9—

5988—

Me . ,Sn"Bus
CO,Et
66 13C-NMR
(100 MHz, CDCly)

0Ib3—
0rga—

PivO

0L 30—

L =
[}

&0

o

T T T T T T T T T
180 170 160 150 140 130 120 110 100 %0
1 (ppm)

T
160

S-223



Sn"Buj

Me

CO,Et

67 'H-NMR
(400 MHz,CDCl3)

AcO

Eansl

T 006
g
607

Frog

oz

¥ b0
B0z

[t}

[t}

8.0

[t}

[t}

1.0 10.5 10.0

11.5

£l (ppm)

SL03—
9543—

9E68—

FIES—

GE63I~
e

Sn"Buj

Me

CO,Et

AcO

67 '3C-NMR
(100 MHz, CDCls)

Lo
[}

0

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

170

T
180

T
190

1 (ppm)

S-224



Ik
0l
Il
Lk

163
969
669
663
SiL
1 __../.
BIL
BIL
(1LY
5L

Et0,C  Sn"Bu,
Me

Cl 68 "H-NMR

(400 MHz,CDCly)

ooz

Faiz
T 861

T

[t}

[T

[t}
[t}

[t}

B
05 g
i aw.
seh
B I~
L __.m./.
1262
srar
sl

L19e-"

#1—

f1 (ppm

HEHE
g~
8528~
0eg—
9581

9E89—
95 2L—

SnnBU3
Me
68 13C-NMR
(100 MHz, CDCl5)

Et0,C
cl

190 180 170 160 150 140 130 120 110 100 90
f1 (ppm

200

S-225



4086

Sn”Bu3

O

I

69 '"H-NMR
(400 MHz,CDCl3)

+09
903
W\_.m:m
W_Eﬂ
~ 107

= Foor

0.0

10.5

0

11.

2
83t
mmmm.\

58—
99—

f1 (ppm)

5897
ezl
mﬁ_m“_k\w
(08

96°9¢—

52891~
589

Sn"Buj

@)

T

69 '3C-NMR
(100 MHz, CDCl5)

10

n

70

170

f1 (ppm

S-226



Sn”Bu3

@)

Me

Me—N

70 "H-NMR
(400 MHz,CDCl5)

fo0s

003
Il
Feng

Tz

(I
=00e

Fooz

£l (ppm)

3 i~
He—
Lo
ILET~
[ETraN
Bl
08

49—

L5LE—

95 6l —

26—

Sn”Bu3

0

Me

Me—N

3C-NMR

70
(100 MHz,

CDCly)

0 140 130 120 110 100 90
1 (ppm)

15

17 160

180

190

S-227



Sn”Bu3

>

O

Me

@)

71 '"H-NMR
(400 MHz,CDCl3)

606

L9
809
Funs

Fins

Ea0z

=002

£l (ppm)

nh—
e

AN
TN
e Th o

3724

9¥59—

LYIEl—

ines—

Shal—

SnnBU3

)

Me

71 3C-NMR
(100 MHz, CDCl5)

T
100

=

T T T T T T T
180 170 160 150 140 130 120 110 90
1 (ppm)

T
190

S-228



LU
690
160
60
¥ 0
960

T4
1145
A
¥EI
kL

okl
68—

852
952
951
652

L

B9E
;w

#LE
mmmﬁw
11K

OH Sn"Buj

Me

HO,

72 "H-NMR
(400 MHz,CDCl3)

ol

605

= I09

F g

Eons

ook
wM__._“_m

B

=60

=401

10.0

10.5

]

11.

£l (ppm)

80—
£0El—

HE—

15Z—
08 62"
6958~

l5e—

IFli—

B hl—
16—

OH Sn"Buj
Me

=
72 3C-NMR
(100 MHz, CDCl5)

HO,

T
100

=
[}

T T T T T T T T
180 170 160 150 140 130 120 110 90 80 7 60
1 (ppm)

T
190

S-229



CO,Et

SiMe,Ph

()
=

L

|

73 "TH-NMR
(400 MHz,CDCl3)

£
LTH_M

509
Mmﬁ_m
o0z
91t

k4
309
609
E02
503
a0z

T
=002

i

0l

=I0E
307

[t}

10.0

10.5

0

11.

£l (ppm)

B
L0t
G
Gt 6l
65 6L

0Lez
96 ““/
96 mm.V

5042
Waz—
818~

2658~

ElliL o
92395

14 mmu/u.
G093~

004l—

_r:“_\.
892~
63821~
RN
95651

aL5el

B2 8~
(55—

L569—

I8 U—

T
100

ey
5 &
w o
o =
[© )]
o)
=

x

o 2

o O

®

™

N~

(100 MHz, CDCl3)

Me

o
=

=
I}

T T T T T T T T T T
180 170 160 150 140 130 120 110 %0 80 0 80
1 (ppm)

T
180

S-230



LLJL

¥5€
55¢
158
958
658
09e
98
09
98
e
98¢

(1Y
g __.%
5L
ki

gl
gl
GiL
05L

|

N
O
(@]

(400 MHz,CDCly)

w

’

=409

[UE]
m.«m_;

09
e0e
E05
605

Fann

002

01

F oz

a0

00

=508

=102

[t}

10.5 100

11.0

11.5

£l (ppm)

fr—
Hl-—
it
G041
05
Ll
[ 61

S5EZ
68 «m/
ﬁmm./.

ngoe
SLHE
SLSE
£058
£098
280+
;..m«ﬁm
ki HA

8545
8595
508"

0E—

mf“_\
i
wLEE
2B
El

FPAS

60 0L—

|

N
o]
(@]

74 "3C-NMR
(100 MHz, CDCl3)

I}

T
180

T T
17 160

T
180

T
190

S-231



Me

SiMe,Ph

CO,Et

Me

Me

75 "H-NMR
(400 MHz,CDCl3)

I

L

Fra0t
%mm

=601
03

A

=07

=07

00l

=50%

=07

It}

[

[t}
=)

£l (ppm)

Hl-—

S0°%l
r_:_._./

5 m_/
56 L=
BEEI~_ = Ml
1557
sz, _ = Lo
s3527 = .
20 -
s
B55E
EM\ rs
-
[
B 19— _ Lo
Les— W
Fe
Fs
s
E
B
e 2w
o - E
N L
] N
=) =
(%)) O
pr— L&
w— O _
iy = - - =
098z — M ]
EM_% x P_Lu
£aEEN =5 i
95551— o z - LS
5 St~ O N
35— O o W
~ [=1
© FE
~ 38
) Z L2
=
8589— FE
SE—
o / =
=
=

Me

S-232



(IR
9t

588

a0s
Em./.

WS

GIL
(1LY
8L
gL
thi
E..__.M
B L

SiMe,Ph

Me
CO,Et

(]
Sin

Me

76 "H-NMR
(400 MHz,CDCl3)

ML@

L,LJU

I

Fong

e
m\.m_; F

Fas

Fenz

iilIS

Foso

=40
Fe0z -

Hl-—

an i/

U r_/.

o8N
-
6952

mmmuuv
a9z
0928

29587
56 mm\

9808—

1052~

9 H_Luv

9582k
A

YT

Emm_\
9LBEI—
(58~
[1:4 5

F683—

SiMe,Ph

Me
CO,Et

]
Sin

Me

I

l

|

76 13C-NMR
(100 MHz, CDCls)

171 160 180 140 130 120 110 100 a0

180

190

1 (ppm)

S-233



Me

Sn"Bus

77 'TH-NMR CO:Et

(400 MHz,CDCl,)

Me

Eana
Y ons
& aus
B0t

A e
[rans

Fs02

a0

F

£l (ppm)

9908—

52—

LHE—

I Ofl—

S619l—

05631—

Me

Sn”Bu3

77 13c_NMR COzEt
(100 MHz, CDCl5)

Me

T
100

=
[}

T T T T T T T T T
180 170 180 150 140 130 120 110 90 80 0 60
1 (ppm)

T
190

S-234



raul
580

130+
520
150+
560

_,.mng
BE0—
521~
1)
szt
[E
g2
5e 1
it
o4
PHL

S

BE mJ___
629

15 mM
299~
s
m___.w
BIL
m___..\__ﬁ
1z
AL
6L

188~
e

Sn"Bus

78 "H-NMR
(400 MHz,CDCl3)

Me

60
Rogrg

T 06
T 109
E 60

0%

Eani

ﬁvﬁa_

502
903z

Ll {14

=0

£l (oo

LW
S
we-F

244l
S08E—
LN
A6~

05—

ILs—

59 6

158917
Lig—

5 Il

10

20

30

40

60

WMW.LWMWM

70

100 90 80
f1 (ppm
S-235

110

120

Sn”Bu3

140

78 13C-NMR
(100 MHz, CDCl5)

160

180

190

200

Me



(0]
=1t

Sn”Bu3

CO,Et

H

79 "H-NMR
(400 MHz,CDCl5)

Me

Me

ﬂgm
502
L a0g
Rogng
g

m\.m:_

Fw
E 002

f1 (pom

10.5 100

1.0

025+
?m«v

6308—

LHaI~
08 L2
i EV
EELHES
ame"

e LE—
96 0~
v er—

96 6l —

SnnBU3

CO,Et

H

Me

Me

79 'SC-NMR
100 MHz, CDCl3)

(

40

=
[}

100 90 80 7 60
f1 (ppm

110

140 120

150 180 7 160

200

S-236



w
]
il
—m

Me

Sn"Bus

CO,Et

F3C

80 '"H-NMR
(400 MHz,CDCl3)

=£0
Aang

106
W__.H_m

Fane

E002

W ook

E0l
ik
502
903

0T

H_;_“_“

10.0

1.3

]

11

f1 (pom

0908—

Sn"Buj

CO,Et

z

N

FsC

80 'SC-NMR
(100 MHz, CDCls)

10

20

40

I}

100 a0 80 7 60
f1 (ppm

110

140 120

190 180 170 160

0o

S-237



Ei—

Me

Sn"B Us

CO,Et

N Y

o)

FsC

80 "9F-NMR
(376 MHz, CDCl5)

-l200 -130 -140 -1a00 -160  -17 -180 -190 -200 2100 -E

-110

-an =30 —-40 —50 —60 'l -80 -0

-1

10

0

-100

f1 (ppm

Hu
280
580
160
60
960

47 P
8L
g
g
85
0¥l

Ll

«mmuf
068~
0t

it

ﬂ«%ﬁ
&
ELER |
539
1594
EEER
699
034
L8
689
163
00 LA
20LH
30 LA
904~

i e

i
g
LA

B9 L

Cl

}4

= - me
0z
- 002

TE

301
a1
| Freoe
N [se)
S 2 - o
nn - Loz
()]
AN
i
(©)
XA
°6. o020
= T N
= 3
AN -
® 3
X

MeO

[t}

4.0

[}

S-238



55—
0L03—

28I0—

H

'// CcoO 2 Et

MeO

81 13C-NMR
(100 MHz, CDCl5)

T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm

T
180

T
190

T
200

aauy
280
0670
560
660

gzl

Lo o o

N
8l
621
0!

g

10z
10z
602
602
£1E
i
9z
a1z
L1
BIE-

108y
L9
L3
273
9039

03
L]
Lk
L

£558-]
58]
59
559
559

OEt

H

55r1r'E3L13

Me

86 '"H-NMR
(400 MHz,CDCl3)

Fonz

ook

10.0

10.5

]

11.

f1 (ppm

S-239



L= aau
£90
0s10
- 150
NN [ ik
s 3610
ra
84 860
s ih
05!
2512 s
B_LW E] g
5967 7
2
4E I
L 4 é»
I . L
I Fane L=
L2 27
o7 -
g Fa
7 1g— L = L1
wn © LT | e
- £y
e b | =
oIy - T
ot |l.lL =iz
%= fiis
L =
=] .M
893
] =)
=N mva s
= ELH
w 93 =
s rmm% =5 Fw g
M= 103
_si,, Lo
= #09” w
=
hEI— Le —
o
L
—
. i Fs © —_ ke
m 3 nDu @ o .
m = - c x ©O
O o
c O S| c [a) L'
z = S o
O Qnu NN T wn O
_) Sz - I N s
© = : Iz E
[{=] (0]
T L o 2 © s © = w©
h— s o - = o Mo
— r= O © o
B9 I— = - - =
Ll N =
= =
=
L2 -
=
=

f1 (ppm

S-240



25

1

—I69.3
—1B4.58
B

o]

H
EtO |

Me”™ “Sn"Bus

86' 1SC-NMR
(100 MHz, CDCly)

5966

T

T T T T T
190 180 170 160 150 140 130

0O

H
Et,N |
Me”™ “Sn"Bus
88 "H-NMR

(400 MHz,CDCl3)

B.91
687
877

v
\gg3

T T T
100 90 80
£l (ppm)

347
34

340
330
338
337
336
335

S-241

153

2013

o1y
145
1380

~0.56




991k

0% H_M
96 &7
6 ﬁ\
Laliny

LLE

1351

001~
261"

298%—

SnnBU3

EtoN
Me

LIE:LTN
589

88 '3C-NMR
(100 MHz, CDCl3)

180 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

]

ml
3L
I

SnnBU3

Me

CO,t-Bu

92 "H-NMR
(400 MHz,CDCl5)

NC

f1 (ppm

S-242



9072k
it} M_W
1[I} ,_._./

T

1452
mmﬂ/
RS

[ Ef s
mmm“\

08—

06—

9088—

B49—
FlL9—

L

L

Me.__Sn"Bus
CO,t-Bu
92 '3C-NMR
(100 MHz, CDClj)

NC

10

20

40

=
I}

60

100 S0 80
f1 (ppm)

110

140 120

190 180 7 160

200

0ao
280
80
980
980
EEL
060
060
160
160+
160
Y60
560
9610
L60
260
660
2

7]

6]
s
0l
Ig)
2
g8l
£l
5El
5l
5
I
8
81
BEI
BEI
BEI
il
It
Ik

Sn”Bu3

(0]
b
b
Me H

Me<

98 "H-NMR
(400 MHz,CDCl3)

b .

962
L6Z

Lol
oz
G610
961

0.5 10.0

1.0

f1 (ppm

S-243



5T T 1P N N7
O SnnBU3
]
I
Me\,}j Z
Me H
98 3C-NMR

(100 MHz, CDCl3)

A b A BT R |1 i

200 1590 180 170 160 150 140 130 120 110 100 an B0 n B0 a0 40 3n 20 10 0
f1 (ppm
HdEama = ]
el 5859
5 i
H
Me
OH
HO
106 'H-NMR

(400 MHz,CDCl,)

Y pi b
it L3 A
- e S@s
SBER 55 SEE
T T T T T T T T T T T T T T T T T T T T T T T T
1.5 11.0 0.5 10.0 9.5 3.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 .

S-244



ahi—

LE¥E—

5619~
9683

225
rag-"
9 S~

Me

OH

HO

106 3C-NMR
(100 MHz, CDCl5)

S| N

T T T T T T T T
170 160 130 140 130 120 10 100 20

T
180

T
190

£l (ppm)

e—

952
mmmv
192

Le

=mm./
88

£
_mm\‘

Iiq

I
gL
gL
il
L
LA
(1Y
0EL
gL

Cl

Me

OH

HO

107 '"H-NMR
(400 MHz,CDCl3)

=00%

40T
Fanz

w002
07

=002
il

[t}

1 (ppm)

S-245



ni—

£05E—

19~
9988

88T~
05621~"
szef
0 mm_\\
50 L8}

]l

Cl

Me

OH

HO

107 '3C-NMR
(100 MHz, CDCls)

=3
I}

90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

170

T
180

T
190

£l (ppm)

gl

Y

Bl
Hi—

Lilkal

LIEa

ik

H” ~CO,Et
108 '"H-NMR
(400 MHz,CDCl3)

ane

e

=0z

o0l

=002

B 0w

Frz

[t}

[I=]

[}
[t}

6.0

0

.5 10.0

1.0

f1 (ppm

S-246



bll—

GL9i—

1508—

Ly gll—

¥E 8k
5682k
6l
i)

50 mm_v
£9981

m¢mm_.\
1Lkl

45—

19591—

LG

CO,Et

H

_—d
= _

xr O

S Q0 —
Zz O
O N
o I
o =
o o
- O

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 a0
f1 (ppm)

T
200

e
i J/
il
sk

Lok

fE

mmm_,_
ity
Al

mm__.V

I6L
16L
I6L
£6L

9001—

MeO i i CHO

H”™ ~CO,Et
109 '"H-NMR
(400 MHz,CDCl3)

00e

=it
iz

Fm

0

[t}

[}
[t}

6.0

f1 (ppm

S-247



bhe—

G 55—
¥209—

W~
£09I

SrBII
99 m“_v
0962k
1028k
bt mm_.\

01 94—

H026—

MeO i g CHO

CO,Et

109 '3C-NMR
(100 MHz, CDCl5)

H

Ll

I}

T T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm)

T
180

T
190

T
200

it

CO,Et

110 '"H-NMR
(400 MHz,CDCl3)

_

=00

02
Eoz

a0z

i

Fuz

]

[}

0.5 10.0

0

1L

f1 (ppm

S-248



I l—

9B~
982"

Ik
G0t~

EEEN
+35E—

GEES—

SLIE—

Wag—

ILSH—
(5 Brl—

IL59—

66 96—

CO,Et

110 '3C-NMR
(100 MHz, CDCl5)

—LJ-IA‘J-JL—“——- T TR TS P TN TP R——,

=
I}

110 100 90

120

180 180

200

f1 (pom

i

paz!

8ty

ik
ar
auy

51
mmmw.
¥59
R

963

SiL
LA
¥l

4L

CO,Et

111 '"H-NMR
(400 MHz,CDCl3)

=%

e

602
a0z
4

207
m:_“

402

Fu

Fuwz
=001

f1 (ppm

S-249



LE09—

e

e

£802—
DI T N
5982~
95 08—

L
55 24k

T
M_ﬁﬁ_ga

2L89—

05 L6l—

CO,Et

111 3C-NMR
(100 MHz, CDCl5)

Wimy v

190 180 170 160 150 140 130 120 110 100 20

200

f1 (ppm

)
A
3

%N

1

FEL
¥ __.W-
SEL

Me

MeO

CO,Et

112 '"H-NMR
(400 MHz,CDCl3)

|

g

T-one
higliIF4
Fmz

Fa

= |01

f1 (ppm

S-250



g
85 0E
B9z

L
gl
D9

L855—
50—

Grii—

8Lt~
855N

LhEs—
15581—

638~

55,
v355—
59951~

£389—

Ska0E—

Me

MeO

112 8Cc-NMR  CO,Et

(100 MHz, CDCl3)

I}

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 20

T
210

f1 (ppm

L9~

i
r
i

Ph

Me

CO,Et
113 'H-NMR
(400 MHz,CDClg)

NC

|

Feer

0.0

10. 5

]

11.

f1 (ppm

S-251



4,
-
e

I6h—
696I—

1608—

096I—
0L

0z mm_./
L m“_H“ﬂ
0882k

1962k _\_.
e MMT__\

A7 LE
90 EL\

LE9—

Ph

Me

CO,Et

113 3C-NMR
(100 MHz, CDCly)

NC

T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm

T
180

T
190

oo

80—

I

Bt
i
L

L

Cl

114 '"H-NMR
(400 MHz,CDCl3)

I

o0y

=%

T

a0l

T 901

=02
Foos
Bz

o

[}

1 (ppm)

S-252



|

0k 09—

1a—
10821
(5871)
1562~E
0508

168817
a g_%
36 51}
1288l

il _q_l\
it

BL 51—

6E53I—

Cl

v

114 3C-NMR
(100 MHz, CDCl5)

T T T T T T T T
170 160 150 140 130 120 10 100 an

T
180

T
190

£l (ppm)

80
680

Gl
MH,W
0el
9517
95

1927
8911
897
137~
8T
e

HER
sigd

Bt
i
U=y

Bl

Me

115 "H-NMR
(400 MHz,CDCl5)

=001

=0t
i=:liE

Fuz

Foo

Fnz
Fooe

T-e0z

Fel

f1 (ppm

S-253



h—
L%

80—
TLE—

9 —

S105—

Gr 03—

mmé\
gaz9/
e

854
mmmaw
2654
g~
509~

IES~
1959~

95—

Me

115 3C-NMR
(100 MHz, CDCl5)

10

20

40

=
I}

60

110 100 20 80

120

200 190 180

210

f1 (pom

116 '"H-NMR
(400 MHz,CDCl5)

|

=0

a3

Hﬁma_

&0l
mwﬁ__;

a0y

Fuz

602

Fa

r ¥l
MHE

101
mﬂ_“_g_

=
2901

E
-5z
A
01

il

1 (ppm)

S-254



1808—

Getl
9072k
052
65l
0vS2)
9952}
297l
09521
96,821
99471
59
9315l
Ll

8118~ Sn

085 7N

SL59—

116 3C-NMR
(100 MHz, CDCl5)

T T T T T T T T
180 170 160 150 140 130 120 110 100 a0
£l (ppm)

T
190

331
L9l
Lk
Rely
99y
L
631
0rey

i

(1A

£li~%

mmmv
09z

L2

(400 MHz,CDCl3)

iTe

a0F

it
=108

¥
- 01
g

= 001

w103
302

F 10
ME:
mz

[t}

1 (ppm)

S-255



1852
13 mmM
9608
98 mm.r./r
IGE~
I0LE
(11423

LIir—

0515—

109
2502
1057H
el
LEE
2852k
mmm“L
§892H
1697
LG |
0z
gLzl
wezhg
1797
15921
Wz
[z58k

2 mm_u.
# —

9 65l
5 miv

E

E0—

(90—

O CO,Me

O\\S//O

Med
N
O Ph

117 3C-NMR
(100 MHz, CDCls)

bt

a0

T
100

T
110

T
120

T
130

T
140

T
150

T
160

170

T
180

T
190

£l (ppm)

FsC

1508-—

117 "9F-NMR
(376 MHz, CDClj)

-0 -110 -120 -130 -140 -150 -160 -170 -180 -180 ~-200 ~-210
1 (ppm)

T
=50

=70

T T T
—40 -50 —60

T
=30

T
—20

-10

S-256



B
_i
7514
251
¥31
45
LI
LS
29
914
5914
5914
,rftﬂ
6
W
1871

)

=

S0
Li./

60 «W

-Me

o2

Me

0O

AcO

118 '"H-NMR
(400 MHz,CDCl3)

Fons

o
g0z

a0t
Lr

20T

=07

It}

[t}

[f=)

[t}

[t}

=)

0 E

f1 (ppm

i —

\
si-Me

Ya5H—

9r8s—

ELR3I~
eI

Me
118 3C-NMR
(100 MHz, CDCl5)

AcO

40

Lo
[}

60

T
a0

T
100

T
110

T
120

T
120

T
140

T
180

T
180

170

T
180

180

1 (ppm)

S-257



L9~
[
AN
BELF
i
i
gL
L%
05
15
15

Fane

ooe
s02

e AT

rIIA_ Fooz

Faz

a0z
nne
i

119 '"H-NMR
(400 MHz,CDCl3)

£l (ppm)

u5—

SEL9—

£250—

5952
mmmm_W
LTS
SE0SF
m,_.ﬁ_.\
el

6 SF—

£S5 45—
19L51—

LLG9—

Cl

119 3C-NMR
(100 MHz, CDCls)

Lo
[}

60

T T T T T T T T
170 160 150 140 130 120 110 100 90
1 (ppm)

T
180

T
190

S-258



