(J BEILSTEIN JOURNAL OF ORGANIC CHEMISTRY

Supporting Information
for

Allylic cross-coupling using aromatic aldehydes as
a-alkoxyalkyl anions

Akihiro Yuasa, Kazunori Nagao and Hirohisa Ohmiya

Beilstein J. Org. Chem. 2020, 16, 185-189. doi:10.3762/bjoc.16.21

Experimental procedures, spectroscopic and analytical data,
and copies of NMR spectra for newly synthesized compounds

License and Terms: This is a supporting information file under the terms of the Creative Commons Attribution License (https://creativecommons.org/
licenses/by/4.0). Please note that the reuse, redistribution and reproduction in particular requires that the authors and source are credited.
The license is subject to the Beilstein Journal of Organic Chemistry terms and conditions: (https://www.beilstein-journals.org/bjoc)



https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://www.beilstein-journals.org/bjoc
https://doi.org/10.3762%2Fbjoc.16.21

Table of Contents

Instrumentation and chemicals
Characterization data for homoallylalcohols
Procedure for stoichiometric experiment
References

NMR spectra

S2
S3
S6
S6
S7

S1



m Instrumentation and chemicals m

NMR spectra were recorded on a JNM-ECS400, operating at 400 MHz for *H NMR and
100.5 MHz for *C NMR, and INM-ECA600, operating at 600 MHz for *H NMR and 150.9 MHz for
13C NMR. Chemical shift values for *H and *C are referenced to MesSi and the residual solvent
resonances, respectively. Chemical shifts are reported in & ppm. Mass spectra were obtained with a
JMS-T100TD (DART). TLC analyses were performed on commercial glass plates with a 0.25-mm
layer of Merck silica gel 60F2s4. Silica gel (Kanto Chemical Co., Silica gel 60 N, spherical, neutral)
was used for column chromatography. IR spectra were measured with a Thermo Scientific iD7 ATR
Accessory for the Thermo Scientific Nicolet iS5 FT-IR Spectrometer. Melting points were measured
on a Yanaco MP-500D apparatus. Gel permeation chromatography (GPC) was performed by LC-908
(Japan Analytical Industry Ltd., two in-line JAIGEL-2H, EtOAc, 3.5 mL/min, UV and RI detectors).

All reactions were carried out under nitrogen or argon atmosphere. Materials were obtained from
commercial suppliers or prepared according to standard procedures unless otherwise noted. Toluene
was purchased from Wako Pure Chemical Industries, stored under nitrogen, and used as received.
CuCl was purchased from Aldrich Chemical Co., stored under nitrogen, and used as received.
PhMe>SiB(pin) was purchased from Wako Pure Chemical Industries, stored under nitrogen, and used
as received. KOt-Bu was purchased from Tokyo Chemical Industry Co., stored under nitrogen, and
used as received. Pd(TFA)2 was purchased from Tokyo Chemical Industry Co., stored under nitrogen,
and used as received. DPPF were purchased from Kanto Chemical Co., stored under nitrogen, and
used as received. (SIPr)CuCl was prepared according to the literature.! Allylic carbonates were
prepared by Boc protection of the corresponding allylic alcohols.
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m Characterization data for homoallylalcohols =
(E)-[(1,4-Diphenylbut-3-en-1-yl)oxy]dimethylphenylsilane (3aa)

OSiMe,Ph
. Ph

3aa

The product 3aa was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (with 2a in Scheme 2; 45.7 mg, 0.13 mmol, 64% isolated yield, with 2a’ in Scheme
3; 28.0 mg, 0.078 mmol, 39% isolated yield). The compound is contaminated with inseparable
impurities. Colorless Oil. IR (neat) 1068, 1116, 1251, 1427 cm™. 1H NMR (600 MHz, CDCls) §0.25
(s, 3H), 0.29 (s, 3H), 2.53 (m, 1H), 2,63 (m, 1H), 4.74 (dd, J = 7.8, 5.4 Hz, 1H), 6.12 (dt, J = 15.0,
7.2 Hz, 1H), 6.35 (d, J = 15.6 Hz, 1H), 7.18-7.37 (m, 13H), 7.50-7.52 (m, 2H). *C NMR (150 MHz,
CDCl3) 6-1.4, -0.9,44.2,75.4,125.9, 126.0, 126.9, 127.0, 127.1, 127.7, 128.1, 128.4, 129.5, 132.1,
133.6, 137.6, 137.9, 144.6. HRMS-DART (m/z): [M-H]" calcd for C24H250Si, 357.1675; found,
357.1675

(E)-Dimethylphenyl{[4-phenyl-1-(o-tolyl)but-3-en-1-yl]oxy}silane (3ba)

Me OSiMe,Ph
X Ph

3ba

The product 3ba was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (Scheme 3; 32.5 mg, 0.09 mmol, 44% isolated yield). Colorless Qil. The spectrum
data of product 3ba was consistent with the literature.?

(E)-{[1-(4-tert-Butylphenyl)-4-phenylbut-3-en-1-ylJoxy}dimethylphenylsilane (3ca)

OSiMe,Ph
~_Ph

3ca

The product 3ca was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (Table 1; 40.5 mg, 0.10 mmol, 49% isolated yield). Colorless Oil. IR (neat) 679,
786, 829, 1080, 1117, 2961 cm. 'H NMR (600 MHz, CDCls) §0.24 (s, 3H), 0.29 (s, 3H), 1.32 (s,
9H), 2.53 (m, 1H), 2,63 (m, 1H), 4.72 (dd, J = 7.8, 4.8 Hz, 1H), 6.14 (dt, J = 15.6, 7.2 Hz, 1H), 6.35
(d, J = 15.6 Hz, 1H), 7.18-7.22 (m, 3H), 7.26-7.32 (m, 8H), 7.35 (m, 1H), 7.49-7.51 (m, 2H). 3C
NMR (150.9 MHz, CDClz) 6-1.4, -0.9, 31.4, 34.5, 44.2, 75.3, 124.9, 125.6, 126.0, 126.9, 127.4,
127.7,128.4,129.4,132.0, 133.6, 137.7, 138.0, 141.5, 149.9. HRMS-DART (m/z): [M+NH.]" calcd
for CogH3sNOSI, 432.2723; found, 432.2727.
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(E)-{[1-(4-Fluorophenyl)-4-phenylbut-3-en-1-ylJoxy}dimethylphenylsilane (3da)

OSiMe,Ph
. Ph

3da

The product 3da was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (Scheme 3; 46.8 mg, 0.12 mmol, 62% isolated yield). Colorless Oil. IR (neat) 669,
742,787,829, 1081, 1117, 1227, 1222, 1508 cmX. *H NMR (600 MHz, CDCls3) 60.25 (s, 3H), 0.30
(s, 3H), 2.50 (m, 1H), 2,61 (m, 1H), 4.71 (t, J = 7.2 Hz, 1H), 6.08 (dt, J = 16.2, 7.2 Hz, 1H), 6.38 (d,
J=16.2 Hz, 1H), 6.98-6.99 (m, 2H), 7.20 (m, 1H), 7.23-7.31 (m, 8H), 7.37 (m, 1H), 7.49-7.50 (m,
2H). 3C NMR (150.9 MHz, CDCl3) 6-1.4,-1.0, 44.2, 74.8, 114.8, 115.0, 126.5, 127.0, 127.5 (d, J
=7.2Hz),127.7, 128.4, 129.6, 132.4, 133.5, 137.6 (d, J = 21.5 Hz), 140.3 (d, J = 2.9 Hz), 161.9 (d,
J=245.6 Hz). HRMS-DART (m/z): [M+NHa4]" calcd for C24H20FNOSi, 394.2002; found, 394.2004.

(E)-{[4-(2,6-Dimethylphenyl)-1-phenylbut-3-en-1-ylJoxy}dimethylphenylsilane (3ab)

PhMe,SO  M°

phMKJ

3ab Me
The product 3ab was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (Scheme 3; 37.8 mg, 0.10 mmol, 49% isolated yield). Colorless Oil. IR (neat) 669,
768, 785, 829, 1082, 1116, 1252 cm™*. 'H NMR (600 MHz, CDCl3) §0.25 (s, 3H), 0.29 (s, 3H), 2.14
(s, 6H) 2.63 (m, 1H), 2,71 (m, 1H), 4.79 (t, J = 6.0 Hz, 1H), 5.52 (dt, J = 16.2, 7.2 Hz, 1H), 6.22 (d,
J =16.2 Hz, 1H), 6.96-7.01 (m, 3H), 7.21 (m, 1H), 7.25-7.32 (m, 6H), 7.36 (m, 1H), 7.51-7.52 (m,
2H). 13C NMR (150.9 MHz, CDCls) 6-1.4,-0.9, 20.9, 44.4, 75.2, 126.1, 126.2, 127.1, 127.5, 127.7,
128.1,129.5,129.9,131.1, 133.5, 135.9, 137.4, 137.9, 144.2. HRMS-DART (m/z): [M+NH.]" calcd

for C26H34NOSI, 404.2410; found, 404.2407.

(E)-Dimethyl[(4-(naphthalen-1-yl)-1-phenylbut-3-en-1-yl)oxy]phenylsilane (3ac)
0SiMe,Ph
Ph N O
3ac
The product 3ac was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (Scheme 3; 46.2 mg, 0.11 mmol, 57% isolated yield). Colorless Oil. IR (neat) 669,
740, 786, 828, 1065, 1116, 1251 cm™. 'H NMR (600 MHz, CDCl3) 60.27 (s, 3H), 0.31 (s, 3H), 2.67
(m, 1H), 2,76 (m, 1H), 4.83 (t, J = 6.6 Hz, 1H), 6.11 (dt, J = 15.6, 6.6 Hz, 1H), 7.02 (d, J = 15.6 Hz,
1H), 7.26-7.47 (m, 13H), 7.53 (m, 1H), 7.02 (d, J = 7.8 Hz, 1H), 7.82 (m, 1H), 7.96 (d, J = 8.6 Hz,
1H). 13C NMR (150.9 MHz, CDCls) 5-1.4,-0.9, 44,5, 75.3, 123.6, 124.0, 125.6, 125.7, 126.1, 127.2,
127.3, 127.7, 128.1, 128.3 (x 2C), 129.5, 129.6, 130.0, 131.1, 133.5, 133.6, 135.5, 137.9,
144.5. HRMS-DART (m/z): [M+NHa]* calcd for C2sH32NOSi, 426.2253; found, 426.2254.
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(E)-[(4-(2-Fluorophenyl)-1-phenylbut-3-en-1-yl)oxy]dimethylphenylsilane (3ad)

OSiMe,Ph
Ph N

3ad

The product 3ad was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (Scheme 3; 36.2 mg, 0.10 mmol, 48% isolated yield). Colorless Oil. IR (neat) 669,
752, 785, 828, 1068, 1116, 1486 cm™*. 'H NMR (600 MHz, CDCl3) §0.24 (s, 3H), 0.29 (s, 3H), 2.55
(m, 1H), 2,65 (m, 1H), 4.75 (dd, J = 7.2, 5.4 Hz, 1H), 6.20 (dt, J = 16.2, 7.2 Hz, 1H), 6.51 (d, J = 16.2
Hz, 1H), 6.97-7.06 (m, 2H), 7.13-7.37 (m, 10H), 7.50-7.53 (m, 2H). 13C NMR (150.9 MHz, CDCls)
5-1.4,-0.9, 44.6, 75.3,115.6 (d, J = 30 Hz), 123.9 (d, J = 3.0 Hz), 124.5 (d, J = 3.0 Hz), 125.4 (d, J
=12 Hz), 125.9, 127.1 (x 2C), 127.2, 127.7, 128.1, 129.6 (d, J = 36 Hz), 129.8, 133.6, 137.9, 144.5,
160.0 (d, J = 246 Hz). HRMS-DART (m/z): [M+NHa4]" calcd for C2:sH29FNOSi, 394.2002; found,
394.2000.

(E)-{[4-(Benzo[d][1,3]dioxol-5-yl)-1-phenylbut-3-en-1-ylJoxy}dimethylphenylsilane (3ae)

OSiMe,Ph 0>

Ph N 0

3ae
The product 3ae was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (Scheme 3; 46.8 mg, 0.07 mmol, 36% isolated yield). Colorless Oil. IR (neat) 410,
700, 785, 829, 1040, 1250, 1489, 1503 cm. 'H NMR (600 MHz, CDCls) §0.24 (s, 3H), 0.28 (s,
3H), 2.49 (m, 1H), 2,59 (m, 1H), 4.71 (dd, J=7.8, 5.4 Hz, 1H), 5.93 (dt, J = 15.6, 7.2 Hz, 1H), 5.93
(s, 2H), 6.25 (d, J = 15.6 Hz, 1H), 6.67 (d, J = 1.2 Hz, 1H), 6.69 (d, J = 1.2 Hz, 1H), 6.72 (d,J=7.8
Hz, 1H), 6.79 (s, 1H), 7.22-7.32 (m, 7H), 7.36 (m, 1H), 7.52 (m, 1H). 13C NMR (150. 9 MHz, CDCl3)
0-1.4,-0.9,44.1, 755, 100.9, 105.4, 108.2, 120.4, 125.2, 125.9, 127.1, 127.7, 128.1, 129.5, 131.7,
132.2, 133.6, 137.9, 144.6, 146.7, 147.9. HRMS-DART (m/z): [M+NH]" calcd for C2sHzoNOsSi,
420.1995 ; found, 420.2008

(E)-Dimethylphenyl[(1,2,4-triphenylbut-3-en-1-yl)oxy]silane (3af)
OSiMe,Ph

Ph
Ph N

Ph
3af

The product 3af was purified by flash chromatography on silica gel (100:0-99:1, hexane/EtOAc)
and GPC (EtOAc) (Scheme 3; 43.2 mg, 0.10 mmol, 50% isolated yield). Diastereomeric ratio is 1:1.
Colorless Qil. IR (neat) 1067, 1252, 1452, 1494 cm™. 'H NMR (400 MHz, CDCl3) §0.07 (s, 0.5 x
3H), 0.09 (s, 0.5 x 3H), 0.11 (s, 0.5 x 3H), 0.16 (s, 0.5 x 3H), 3.66-3.72 (m, 0.5 x 1H + 0.5 x 1H),
4.89 (d, J=6.4 Hz, 0.5 x 1H), 4.90 (d, J=7.2 Hz, 0.5 x 1H), 6.14 (d, J = 15.6 Hz, 0.5 x 1H), 6.26—
6.32 (m, 0.5 x 1H + 0.5 x 1H), 6.64 (dd, J = 16.0, 8.8 Hz, 0.5 x 1H), 7. 07-7.41 (m, 0.5 x 20H + 0.5
x 20H). *C NMR (100 MHz, CDCl3) 6-1.5 (x 2C), -1.2, 1.1, 58.2, 58.3, 79.4, 79.5, 126.1, 126.2,
126.3 (x 2C),126.8,127.0 (x 2C), 127.2, 127.6 (x 3C), 127.7,128.0, 128.1, 128.3, 128.4, 128.7, 129.2,
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129.4 (x 2C), 129.9, 130.3, 131.6, 132.0, 133.5 (x 2C), 133.6 (x 2C), 137.5, 137.7 (x 3C), 141.4,
141.8,142.9, 143.0. HRMS-DART (m/z): [M—H]"* calcd for CaoH200Si, 433.1988; found, 433.1989.

m Procedure for stoichiometric experiment m

Scheme 4. (SIPr)CuCl (48.8 mg, 0.08 mmol) and KOt-Bu (11.2 mg, 0.08 mmol) were placed in a
vial containing a magnetic stirring bar. The vial was sealed with a Teflon®-coated silicon rubber
septum, and then evacuated and filled with nitrogen. Toluene (0.6 mL) was added to the vial, and the
mixture stirred at 25 °C for 10 min. Next, PhMe>SiB(pin) (21.0 mg, 0.08 mmol) and benzaldehyde
(1a, 8.5 mg, 0.08 mmol) were added, and the mixture (mixture A) stirred at 25 °C for 40 min.
Meanwhile, [(cinnamyl)PdCl]2 (20.7 mg, 0.04 mmol) and DPPF (44.4 mg, 0.08 mmol) were placed
in another vial. This vial was sealed with a Teflon®-coated silicon rubber septum and then evacuated
and filled with nitrogen. After toluene (1.2 mL) was added to the vial, the mixture (mixture B) was
stirred at 25 °C for 15 min. Finally, the palladium solution (mixture B) was transferred to the vial
containing the copper complex (mixture A). After 3 h of stirring at 60 °C, the reaction mixture was
diluted with diethyl ether (1 mL) and filtered through a short plug of aluminum oxide (1 g) with
diethyl ether as an eluent. After volatiles were removed under reduced pressure, flash chromatography
on silica gel (0-1% EtOAc/hexane) and GPC (CHCIz) produdt 3aa (9.2 mg, 0.026 mmol) was
obtained in 32% vyield.

m Referencesm

(1) Santoro, O.; Collado, A.; Slawin, A. M. Z.; Nolan, S. P.; Cazin, C. S. J. Chem. Commun. 2013,
49, 10483—10485.

(2) Yabushita, K.; Yuasa, A.; Nagao, K.; Ohmiya, H. J. Am. Chem. Soc. 2019, 141, 113-117.

S6



LSYT0 —n

€060 —

9805C
681GC
60€5C
¥evse
12662
%6092
08197
90€9C
SIv9C
1v89°¢

692LY
GGELY
S6ELY
18VLY

2€609
25019
68119
GlIEL'9
9evl'9
—

09€€'9
€29€9
ov8l'L
vL8L'L
6v61°L
LL6LV'L
€00C'L
860Z'L
2602°L
862C'L
L2€TL
10vZ'L
9LVT'L
066¢'L
¥8G2'L
€692°L
L89T°L
208Z'L
6€6¢'L
200€°L
LLOE'L
€8YE'L
¥09€'L
0€LE'L
L80S'L
¥01G'L
€1es’L

Ph

OSiMe,Ph
3aa

BLYL T

|

0 = —

001 S =
960 “T— ———

P

M

\II|[|III|IIIIIIIII||I||I\I|||||I||I||I||IIIIIIII|II|II||I||I|IIIII\|||I|IIIIII|I|I|I|II||II\IIII|I|I|IIIIII

0.0

1.0

20

3.0

40

5.0

6.0

70

8.0

9.0

'"H NMR spectrum of 3aa

S7



g

OSiMe,Ph
. Ph

3aa

75.4106
442351
-0.8716
-1.4269

e
—_—

MWMWMM

140.0 130.0 120.0

PPM
LN L LN RN R R LR L L N R N R L L L L L L A L LAY

100.0 90.0

70.0 60.0 50.0 40.0 30.0 200 10.0 0.0

3C NMR spectrum of 3aa



81€L

¢106C
G€0SC
86062
9216¢
66167
21257c
Ly2ST
692GC
(43544
6GEGC
06€6°C
LyvSe
0LvST
6209C
8¥09'C
8919
£€8¢9C
00€9°C
€0v9°C
81697
1769

€0LLY
€81LY
GETLY
SLELY
12415
¥9¢1'9
¥8€1'9
LOY1'9
L2S19
8¥91'9
vEVE9
L69€'9
88LI'L
€e8l'L
9881°L
6061°L
2e61'L
CL6l’L
G661°L
ov0e'L
860¢'L
902Z'L
GETTL
296T'L
L89T'L
S0LZ'L
6LLTL
808¢'L
8¥8¢'L
88C'L
G062°L
LG6T'L
L66C'L
1€0€°L
S01EL
veLEL
YLIEL
L1EE°L
9veECL
69€€°L
cevEL
99vE'L
106€°L
69G€°L
C6GE°L
G19€°L
6v6Y'L
CL6Y'L
100S°L
180G°L
¥01G'L

e e ) N

e
T68
—_—
001 4
pOL T =
ey
o
K
5/
=
]
00t T -
3
Q
101 ===
10 T =
£v'6

PP

0.0

1.0

20

3.0

40

5.0

6.0

8.0

9.0

"H NMR spectrum of 3ca

S9



S THNEYVIEITICY NO SO o) [ 3 N
5 8382555883888 e 2 23 25
¢ TBE35UERNEELT RRER i 3s T
|
0SiMe,Ph
Xx_Ph
Bu
3ca
|
|
|
(1
|
|
|
|
|
el - i . A——— . W v o ;
PPM
T T T [T T T [T I [T T I [T I T [T T [T T I [T I
DO 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300 200 100 00

3BC NMR spectrum of 3ca

S10



00000

L6YC0 ——
09620 —

vSLe
69842
€861
08062
£0162
661G —— —
96157 —
91692
25092
16192
1129C

000L'v
¢60LY
cleLy

Y

LESO'9
L5909
LLLOY
02609
1v01L'9
9€1€9
00vE'9
€1969
19469
60669
vesl’L
ev61'L
860T°L
veTL
86¥e'L
6LST°L
€692°L
ELLTL
S¥62'L
LLOE'L
68VE€'L
609€°L
CLLEL
SELEL
¥26€'L
698%'L
100G°L

Y

OSiMe,Ph

Ph

3da

09'8

10

PPM

0.0

1.0

20

30

40

5.0

6.0

70

8.0

9(0

'"H NMR spectrum of 3da

S11



o NN~ ORONNONNT O D ©Oo T — © )
b SIRSIRRLELERIIN R 822 2 o
! MOOBVOMIINIOTONS DX NS~ M~ ~ o<
8o SIEEISIIRIIRREE ¥2 ERSE 3 T
|
I
! .
OSiMe,Ph
X _Ph
F
3da
|
|
|
I
H | " | L | |
PPM
LR LR L LR L LR LR LR LR L R R LN R L L L A L L R L R R
0.0 200.0 190.0 180.0 170.0 160.0 150.0 1400 1300 1200 1100 100.0 90.0 80.0 70.0 60.0 50.0 400 300 200 100 00

13C NMR spectrum of 3da
S12



8LYS'|
€6€1°C
09092
€809
€919C
08197
€029
6829
L6€9C
SIv9C
81697
GEG9T
8L89C
10692
£669C
2°01Le
8¢CLT
1EE€LT
vSeLT

9GLLY
6G8LY
296LY
¥€05'G
¥616'G
V128G
€0€G'G
€ere'a
E€v6e'a
8¥02'9
LIETY
06669
GE96'9
€EL6'9
65869
G¥66'9
8000'L
6600°'L
6861'L
6202°L
§L0C'L
celeL
9912°L
¥812'L
G€TL
SLeTL
e6ve’L
1282°L
€192'L
LY9Z'L
0LLT'L
SYLTL
€182'L
¥682'L
v68¢'L
1162°L
¥E62'L
Ge0€'L
1G1€°L
EYveL
99v€'L
62G€°L
v9G€e'L
¥09€°L
CLOEL
069€'L
CLLEL
0L0S'L
¢606°L
1025°L
¥ees’L

e

L1

Me

Me
™
3ab

PhMe,Si
Ph

0’|l —— — ———

00 T

00

PP

0.0

1.0

3.0

40

5.0

6.0

9.0

"H NMR spectrum of 3ab

S13



DD O RN ODNT ©®XO N oo - = -
NB82588288808° 2588 5 2 29
IEEETERRERNEEE RRer 3 & 3
|
I
. Me
PhMe,SiO
A
Ph
Me
3ab
|
|
|
|
|
PPM
L A L LD mmmmmmcuimcmmcmmmmcumcmmmmomcuimcuommbomnimcucmcmnimcuumcmommvmummuimuvinnmmuomocmonmmummuoponmmmmnnnmnnnn ||||||||||||||||||||||\||||r|—
0.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0

13C NMR spectrum of 3ab
S14



00000

LG970 ——
8600 —

0cys'L

£€8¥9C
G169
8689C
CLL9T
01897
£€€89C
¥269C
6G€LC
08vL'C
009LC
60LLC
GE8LT

08181
11T8Y N
-

98€8Y

62809
66609
SLOL'9
clel9
€ee1'9
veL0'L
16€0°L
L9GT°L
€692°L
€ELTL
6G82°L
090€°L
161€°L
90€€'L
€9€€°L
S6vE'L
vy8e’L
¥96€'L
960Y'L
9EIV'L
1Gey'L
61EV'L
TreEV'L
vevy'L
e9vy'L
G8vY'L
EVaYr'L
¥6S¥'L
€eov'L
LELY'L
¥ees'L
LyeS'L
9G€G'L
162L°L
€8EL°L
vr18'L
G9¢8'L
6628'L
06v6'L
€€96'L

A

86 ¢

J
9ce S L
4

A
3ac

OSiMe,Ph

Ph

=23
P

o
—J

./.
00} ™ =

001 S —

0og'y

PP

0.0

1.0

20

3.0

40

5.0

6.0

9.0

"H NMR spectrum of 3ac

S15



CEEAE IR CE IS R PP gexs 2 I8
SOONORANDITN =N — D F © NE=R354 < 3=
SRBBBOOOIN-NM—ONB S0 JA8RI 2 22
TRWODI—O DB OBISISIS OO0 TF M ~N~ O < o=
e e NINNINNNANAS RRER 3 T

|

OSiMe,Ph
Ph
3ac
|
| |
|
| ! |
|
|
I !
' — o . | " ’ e v . o e P
PPM
R L LA R UL N mmimumvmimcumcmimommmcumcumuimcmomuimmuomummcuuomniuoouooucmommomnomnmemmmomomommomomoomnmnnnn ||\||||||||||||||||||||||\||| ||||||||||||||||||||||\||||||
0.0 200.0 190.0 180.0 1700 160.0 150.0 140.0 130.0 1200 1100 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 200 10.0 0.0

BBC NMR spectrum of 3ac

S16



00000

98Y20 ——

12620 —

6816
L2€SC
01667
28967
6186

=
16197 ——=
18697 7
25597

¥eL9e
80692

GGELY
18vL'y
6vSLY
SL9LY
91919
66L19
€861°9
L1029
00¢¢'9
CLETY
8€6Y'9
6€€59
6vL6'9
CLL69
GG66'9
8L66'9
¢lo00°L
€6¢0°L
8Yv0'L
r90'L
eL'L
L8EL'L
LovI'L
¥esl'L
€L91°L
6LLIL
SoLI'L
LS81°L
2061°L
9912°L
6922°L
¥8€C'L
0162'L
0662°L
1892°L
91LT'L
888¢'L
200€'L
S01€'L
0cee’L
¥62e’L
LIEE'L
9vEE’L
26E€°L
CLYEL
62G€E°L
86G€°L
8L9€°L
CLLEL
0€05'L
¥906°L
¥ees’L
6G62G°L

9T T~

OSiMe,Ph

PPM

e

AN

Ph

3ad

olv

00t
101 ﬂ

001

o
660 “—

.'Ml

F{

0.0

1.0

20

30

40

5.0

6.0

70

8.0

9(0

"H NMR spectrum of 3ad

S17



o~ NNOOLOTONDO PN O MNI—F N© ©o <o © 0 —
S FRRORORPOR—DOOOF—NID©F D oo < S oL
~om TN OMALNOO~NDOMNO =T —MOD -0 0 — ~ — <
L BRI R OO I ThR O NO~N™ o o<
S o TNO S PBBOBINNNNISIO IS T F 0N ISIS ~ 1S Joi o -
— = NN N N O N N N N N N P=Pipsins < it
|
0SiMe,Ph
A
Ph
F
3ad
| !
|
|
|
|
|
Iy
PPM
I A L LN E L Nhmmmmmmcumcmcmmmimmcuimcuommimmuimcummmimmcuimcmmnimcuumuommomummuomuimoimmnmmovinmmuomucmonmnnonoomuommomnnnmunmnnn ||||||||||||\||||r|'
0.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0

13C NMR spectrum of 3ad

S18



00000

Yeveo —
08820 —

€0LY'T
118¥'C
°E6Y'C
905
ev167C
9€96¢ —7~—
89167
888GC
L666C
€¢19C

Y€0LY
0CILY
091LY
9veLy

€106'G
9L06'G
¥€16'G
v1¢6'G
£€826'G
L6E6'G
L1G6'G
¢5€C9
G19¢9
2€L99
GGL9'9
79899
L8899
0LLL9
eveL9
€¢6L9
¥eeeL
SLeTL
SLET'L
€LETL
G6€C°L
Wwye'L
6182°L
668C'L
2962'L
6862'L
620€'L
1G1E°L
10G€°L
129€°L
LyLEL
¥906°L
L80G°L
9616L

R
BE —
860 -
001 |.r|“
A\
o O
° ,
= ©
50 °
=
175)
o
e
o
101 — ——e—
- 50 J
660 —— =
e ———
o A —) \"h

PPM

\III[IIII|IIIIIIIII||I||I\I|||I|||\III|||II|IIIII|II|II||I||I||I||I\|||I|IIIIII|I|I|I|II||[|\I||I|I|I|IIIIII|_

0.0

1.0

20

3.0

40

5.0

6.0

70

8.0

9.0

"H NMR spectrum of 3ae

S19



SER SER2RERBERS g€ 8 8833 g 58
NVO© AN =N — NS - o O~ — Q<
$£3583nTRRREEE BE 8 AR ¥ 77
|
0SiMe,Ph O>
™
Ph 0
3ae
I
|
|
|
|
|
|
PPM
TTTTTTTIT T I T T I I T I e T IT I T T I I T I [ I e e T e I T T e eT e T T e e Ty Te T T e T e e e e e e T I e e e T e T I T Ie T I T e I T T T T e T I I T T e T T T T T T e IT T I T T T I T I T T I [T T T T T T TT T T T I T IT T I T TIT] ITTTT 11T
0.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 300 200 10.0 0.0

3BC NMR spectrum of 3ae
S20



0199°¢
0LL9'E
6€89°€
SY0L'E
8¢eLe
SLL8Y
L988'Y
GE68'Y
06061
§leL9
91919
66629
G€92'9
19L2°9
96629
G20€'9
291€9
6¥09'9
L9299
0699
89999
9LOL
L160°L
€960°L
8660°L
G601°L
9vII'L
¥0Zl'L
0S2l'L
§6¢C1'L
€6E1°L
86€1°L
€IG1'L
0LG1'L
2991°L
9691'L
orLl'L
Sv8l'L
2061°L
LEGL'L
900Z°L
0v0Z'L
L60T'L
cleeL
08¢¢'L
6vE€C'L
syl
8LST'L
9€97'L
v0LT'L
L2LTL
v8LTL
S¥6eC'L
S01E'L
1G1E°L
¥6ee'L
682€'L
€2ee’L
LSEE'L
LEYE'L
S6vE'L
1vGE'L
86G€°L
2€9¢e’L
L99€°L
068¢°L
¥88¢€'L
SYOv'L
6L0V'L

OSiMe,Ph

X Ph

Ph

Ph
3af

S9'0F

|

661\ =

veL L e —

PP

0.0

1.0

20

3.0

40

5.0

9.0

"H NMR spectrum of 3af

S21



79.5086
79.3841

— _— 712106

77.0000

76.7894
-1.0631
-1.2450
-1.5418

583101
— 52335

OSiMe,Ph
~_Ph

Ph

Ph
3af

¥

PPM
N i e R s e i I u I unnun i
DO 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 90.0 80.0 700 60.0 50.0 400 300 200 100 00

3BC NMR spectrum of 3af
S22



	Cover
	Main file



