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Instrumentation and chemicals

NMR spectra were recorded on a JEOL ECX-400, operating at 400 MHz for '"H NMR, 100.5 MHz
for ?C NMR. Chemical shift values for 'H and "°C are referenced to MesSi. Chemical shifts are
reported in & ppm. Mass spectra were obtained with Thermo Fisher Scientific Exactive, JEOL
JMS-T100LP or JEOL JMS-700TZ at the Instrumental Analysis Division, Equipment Management
Center, Creative Research Institution, Hokkaido University. Elemental analysis was performed at
the Instrumental Analysis Division, Equipment Management Center, Creative Research Institution,
Hokkaido University. TLC analyses were performed on commercial glass plates bearing 0.25-mm
layer of Merck Silica gel 60F,s4. Silica gel (Kanto Chemical Co., Silica gel 60 N, spherical, neutral)
was used for column chromatography. Melting points were measured on a Yanaco MP-500D
apparatus.

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.

9-Borabicyclo[3,3,1]nonane dimer (9-BBN-H), was purchased from Kanto Chemical Co., stored

S1


mailto:ohmiya@sci.hokudai.ac.jp
mailto:sawamura@sci.hokudai.ac.jp

under nitrogen, and used as is. 1,4-Dioxane was purchased from Kanto Chemical Co. and stored
under argon.

Alkenes 1a—c and 1e were purchased from TCI Chemical Co., stored under nitrogen, and used as it
is. Alkenes 1d and 1k are known compounds.’ Alkynoates 3a, 3h and 3i were purchased from
Aldrich Chemical Co., distilled and stored under nitrogen. Alkynoates 3b', 3¢', 3f', 3g' and 3j* are
known compounds. Alkynoates 3d® and 3e* were prepared by Sonogashira coupling between the
corresponding aryl iodides and ethyl propiolate.’> Alkynoate 3g was prepared by the reaction

between the corresponding lithium acetylide and ethyl chloroformate”.
Procedures for copper-catalyzed conjugate addition

Typical procedure for copper-catalyzed stereoselective conjugate addition of alkylboranes to
alkynoates. The reaction in Scheme 1 was conducted in a similar manner as described before ref. 1.
Styrene (1a) (33 pL, 0.289 mmol) and (9-BBN-H), (33.6 mg, 0.138 mmol) were placed in a vial
containing a magnetic stirring bar. The vial was sealed with a Teflon®-coated silicon rubber septum,
and the vial was evacuated and filled with argon. 1,4-Dioxane (0.4 mL) was added to the vial, and
the mixture was stirred at 60 °C for 1 h to prepare an alkylborane 2a. Meanwhile, CuOAc (1.5 mg,
0.0125 mmol), P(OPh); (6.9 pL, 0.025 mmol) and #~BuOK (1.4 mg, 0.0125 mmol) were placed in
another vial. The vial was sealed with a Teflon®-coated silicon rubber septum, evacuated, and then
filled with argon. After 1,4-Dioxane (0.6 mL) was added to the vial, the mixture was stirred at
25 °C for 1 h. Next, the alkylborane solution was transferred to the vial containing the Cu(I)
complex. Next, alkynoate 3a (41.3 pL, 0.25 mmol) and ~BuOH (24 pL, 0.25 mmol) were added.
After 12 h stirring at 40 °C, diethyl ether was added to the mixture. The mixture was filtered
through a short plug of silica gel, which was then washed with diethyl ether. After the solvent was
removed under reduced pressure, flash chromatography on silica gel (0—5% EtOAc/hexane)
provided 4aa (69.4 mg, 0.248 mmol) in 99% yield with >99:1 syn/anti selectivity.

Procedure for the synthesis of 4k (Scheme 2). 1k (50 mg, 0.25 mmol) and (9-BBN-H)2(30.5 mg,
0.125 mmol) were placed in a vial containing a magnetic stirring bar. The vial was sealed with a
Teflon®-coated silicon rubber septum and the vial was evacuated and filled with argon. 1,4-Dioxane
(0.4 mL) was added to the vial, and then the mixture was stirred at 60 °C for 1 h to prepare the
alkylborane. On the other hand, CuOAc (1.5 mg, 0.0125 mmol), P(OPh); (6.9 uL, 0.025 mmol) and
t-BuOK (1.4 mg, 0.0125 mmol) were placed in another vial. The vial was sealed with a
Teflone-coated silicon rubber septum and the vial was evacuated and filled with argon. After
1,4-dioxane (0.6 mL) was added to the vial, the mixture was stirred at 25 °C for 1 h. Next, the
alkylborane solution was transferred to the vial containing a Cu(l) complex. Then, ~-BuOH (24 pL,
0.25 mmol) was added. After 12 h stirring at 40 °C, diethyl ether was added to the mixture. The
mixture was filtered through a short plug of silica gel, which was then washed with diethyl ether.
After the solvent was removed under reduced pressure, flash chromatography on silica gel (0—-5%
EtOAc/hexane) provided 4k (47.5 mg, 0.238 mmol) in 94% yield with >99:1 syn/anti selectivity.
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Characterization data for B-disubstituted acrylates

(Z)-Ethyl 3,5-diphenyl-2-pentenoate (4aa)
Ph  CO,Et

H
Ph 4aa

The product 4aa was purified by flash chromatography on silica gel (0-5% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCls) §1.06 (t, J = 7.2 Hz, 3H), 2.71-2.76 (m, 4H), 3.98 (9,J
=7.2 Hz, 2H), 5.90 (d, J = 1.2 Hz, 1H), 7.12-7.15 (m, 2H), 7.18-7.20 (m, 3H). 7.25-7.30 (m, 2H),
7.31-7.37 (m, 3H). *C NMR (100.5 MHz, CDCls) §13.88, 33.72, 42.01, 59.77, 117.65, 126.06,
127.15, 127.69, 127.88, 128.24, 128.38, 139.78, 140.81, 158.44, 165.92. HRMS-ESI (m/z):
[M+Na]® calcd for CigHy0O,Na, 303.13555; found, 303.13560. The stereochemistry was
determined by NOESY experiments.

(Z£)-Ethyl 6-(3,4-dimethoxyphenyl)-3-phenyl-2-hexenoate (4ba)
Ph  CO,Et

H
MeO

4ba
MeO

The product 4ba was purified by flash chromatography on silica gel (0-20% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCl3) §1.06 (t, J = 7.2 Hz, 3H), 1.70 (quin, J = 7.6 Hz, 2H),
2.47 (td, J = 7.6, 0.8 Hz, 2H), 2.56 (t, J = 7.6 Hz, 2H), 3.84 (s, 3H), 3.85 (s, 3H), 3.98 (q, J = 7.2
Hz, 2H), 5.89 (t, J = 0.8 Hz, 1H), 6.62-6.67 (m, 2H), 6.77 (m, 1H), 7.14-7.17 (m, 2H). 7.28-7.37
(m, 3H). *C NMR (100.5 MHz, CDCls) 513.83, 28.99, 34.60, 39.59, 55.65, 55.79, 59.68, 111.04,
111.51, 117.48, 120.07, 127.00, 127.51, 127.76, 134.16, 139.90, 147.06, 148.65, 159.11, 165.89.
HRMS-ESI (m/z): [M+Na]® caled for CjH260sNa, 377.17233; found, 377.17247. The

stereochemistry was assigned by consideration of the reaction pathway.

(Z2)-1-Ethyl 8-methyl 6,6-dimethyl-3-phenyl-2-octenedioate (4ca)
Ph  CO,Et
H

MeO
o 4ca

The product 4ca was purified by flash chromatography on silica gel (0-8% EtOAc/hexane).
Colorless Oil. *"H NMR (400 MHz, CDCl3) §0.97 (s, 6H), 1.07 (t, J = 7.6 Hz, 3H), 1.40-1.44 (m,
2H), 2.18 (s, 2H), 2.41-2.45 (m, 2H), 3.59 (s, 3H), 3.98 (q, J = 7.6 Hz, 2H), 5.89 (s, 1H), 7.14-7.17
(m, 2H), 7.28-7.35 (m, 3H). *C NMR (100.5 MHz, CDCls) §13.87, 27.17, 33.03, 35.10, 39.69,
45.42, 51.09, 59.68, 117.04, 126.98, 127.53, 127.77, 140.16, 159.72, 165.96, 172.28. HRMS-ESI
(m/z): [M+Na]" calcd for Ci9Hs04Na, 341.17233; found, 341.17238. The stereochemistry was

assigned by consideration of the reaction pathway.
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(Z2)-Ethyl 8-(1,3-dioxoisoindolin-2-yl)-3-phenyl-2-octenoate (4da)

Ph  CO,Et

ﬁH
N 3
4da

(6]
The product 4da was purified by flash chromatography on silica gel (0-20% EtOAc/hexane). White
Solid. M.p. 63—65 °C. 'H NMR (400 MHz, CDCls) & 1.07 (t, J = 7.2 Hz, 3H), 1.30-1.50 (m, 4H),
1.62 (quin, J = 7.6 Hz, 2H), 2.43 (td, J = 7.6, 1.2 Hz, 2H), 3.65 (t, J = 7.6 Hz, 2H), 3.97 (9, J = 7.2
Hz, 2H), 5.86 (s, 1H), 7.12-7.14 (m, 2H), 7.24-7.35 (m, 3H), 7.68-7.73 (m, 2H), 7.81-7.85 (m,
2H). *C NMR (100.5 MHz, CDCls) §13.82, 26.20, 26.77, 28.15, 37.66, 40.04, 59.62, 117.69,
123.03, 126.91, 127.44, 127.71, 131.95, 133.77, 139.91, 159.23, 165.86, 168.26. HRMS-ESI (m/z):
[M+Na]" calcd for C4H2504NNa, 414.16758; found, 414.16776. The stereochemistry was assigned

by consideration of the reaction pathway.

(Z2)-Ethyl 3,5-diphenyl-2-hexenoate (4ea)
Ph  CO,Et

H
Ph 4ea

The product 4ea was purified by flash chromatography on silica gel (0-5% EtOAc/hexane). White
Solid. M.p. 61-62 °C. *H NMR (400 MHz, CDCl3) & 1.04 (t, J = 7.2 Hz, 3H), 1.23 (d, J = 6.4 Hz,
3H), 2.61-2.75 (m, 2H), 2.82 (m, 1H), 3.95 (q, J = 7.2 Hz, 2H), 5.81 (s, 1H), 7.09-7.21 (m, 5H),
7.26-7.38 (m, 5H). **C NMR (100.5 MHz, CDCl;) 513.86, 21.53, 37.26, 49.03, 59.73, 118.93,
126.17, 126.83, 127.31, 127.72, 127.81, 128.38, 139.46, 146.13, 157.45, 165.78. HRMS-ESI (m/z):
[M+Na]* calcd for CyoH20,Na, 317.15120; found, 317.15142. The stereochemistry was assigned
by consideration of the reaction pathway.

(Z2)-Ethyl 3-(4-fluorophenyl)-5-phenyl-2-pentenoate (4ab)

=

CO,Et
H
Ph 4ab
The product 4ab was purified by flash chromatography on silica gel (0-5% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCls) §1.10 (t, J = 7.2 Hz, 3H), 2.67-2.76 (m, 4H), 4.00 (q, J
= 7.2 Hz, 2H), 5.90 (s, 1H), 7.03-7.09 (m, 2H), 7.10-7.21 (m, 5H), 7.25-7.31 (m, 2H). **C NMR
(100.5 MHz, CDClI3) 613.93, 33.71, 42.03, 59.86, 114.89 (d, Jc_r = 21 Hz), 118.04, 126.12, 128.22,
128.42, 129.04 (d, Jc_r = 8.6 Hz), 135.47 (d, Jc_r = 3.8 Hz), 140.60, 157.39, 162.33 (d, Jc_r = 246
Hz), 165.75. HRMS-ESI (m/z): [M+Na]" calcd for C19H190,FNa, 321.12613; found, 321.12632.

The stereochemistry was assigned by consideration of the reaction pathway.
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(Z)-Ethyl 3-(4-methoxyphenyl)-5-phenyl-2-pentenoate (4ac)

MeO

CO,Et
H
Ph 4ac
The product 4ac was purified by flash chromatography on silica gel (0-5% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCl3) §1.12 (t, J = 7.2 Hz, 3H), 2.68-2.76 (m, 4H), 3.83 (s,
3H), 4.01 (g, J = 7.2 Hz, 2H), 5.85 (s, 1H), 6.89-6.92 (m, 2H), 7.11-7.25 (m, 4H), 7.25-7.27 (m,
3H). *C NMR (100.5 MHz, CDCl;) §14.00, 33.94, 42.06, 55.11, 59.70, 113.25, 117.06, 126.00,
128.23, 128.34, 128.75, 131.49, 140.89, 158.12, 159.29, 166.07. HRMS-ESI (m/z): [M+Na]" calcd
for CyoH2203Na, 333.14612; found, 333.14600. The stercochemistry was assigned by consideration

of the reaction pathway.

(Z2)-Ethyl 3-(4-cyanophenyl)-5-phenyl-2-pentenoate (4ad)

NC

CO,Et
H
Ph 4ad
The product 4ad was purified by flash chromatography on silica gel (0-10% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCl3) 61.10 (t, J = 7.6 Hz, 3H), 2.68-2.77 (m, 4H), 3.99 (q, J
= 7.6 Hz, 2H), 5.96 (s, 1H), 7.10-7.13 (m, 2H), 7.21 (m, 1H), 7.23-7.30 (m, 4H), 7.64-7.67 (m,
2H). °C NMR (100.5 MHz, CDCl;) 513.89, 33.48, 41.46, 60.11, 111.38, 118.70, 118.93, 126.30,
128.00, 128.17, 128.50, 131.74, 140.06, 145.03, 156.62, 165.19. HRMS-ESI (m/z): [M+Na]" calcd
for CyH190,NNa, 328.13080; found, 328.13101. The stereochemistry was assigned by

consideration of the reaction pathway.

(Z2)-Ethyl 3-(3-formylphenyl)-5-phenyl-2-pentenoate (4ae)
OHC
CO,Et

H
Ph 4ae

The product 4ad was purified by flash chromatography on silica gel (0-15% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCls) §1.08 (t, J = 7.2 Hz, 3H), 2.72-2.80 (m, 4H), 3.98 (q, J
=7.2 Hz, 2H), 5.97 (d, J = 1.6 Hz, 1H), 7.11-7.13 (m, 2H), 7.19 (m, 1H), 7.25-7.29 (m, 2H), 7.43
(m, 1H), 7.54 (m, 1H), 7.69 (m, 1H), 7.85 (m, 1H), 10.02 (s, 1H). *C NMR (100.5 MHz, CDCls)
013.88, 33.59, 41.73, 59.94, 118.59, 126.20, 128.19, 128.25, 128.44, 128.56, 129.13, 133.45,
136.06, 140.29, 140.85, 157.10, 165.40, 192.03. HRMS-ESI (m/z): [M+Na]" calcd for C,oH2003Na,
331.13047; found, 331.13046. The stereochemistry was assigned by consideration of the reaction
pathway.
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(£)-Ethyl 3-(5-methylthiophen-2-yl)-5-phenyl-2-pentenoate (4af)

~ g

CO,Et

H
Ph Aaf

The product 4af was purified by flash chromatography on silica gel (0-5% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCls) §1.23 (t, J = 7.2 Hz, 3H), 2.50 (d, J = 0.8 Hz, 3H),
2.72-2.83 (m, 4H), 4.13 (g, J = 7.2 Hz, 2H), 5.76 (s, 1H), 6.72 (m, 1H), 7.16-7.22 (m, 4H),
7.26-7.32 (m, 2H). *C NMR (100.5 MHz, CDCls) §14.08, 15.28, 35.17, 42.85, 59.95, 116.17,
125.26, 126.07, 128.28, 128.37, 129.22, 136.88, 140.85, 142.16, 148.52, 166.08. HRMS-ESI (m/z):
[M+Na]" calcd for CigH200,NaS, 323.10762; found, 323.10757. The stereochemistry was assigned

by consideration of the reaction pathway.

(2Z,AE)-Ethyl 5-(4-methoxyphenyl)-3-phenethyl-2,4-pentadienoate (4ag)

MeO

— CO,Et

H
Ph 4ag

The product 4ag was purified by flash chromatography on silica gel (0-5% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCls) §1.32 (t, J = 7.2 Hz, 3H), 2.74-2.78 (m, 2H), 2.87-2.91
(m, 2H), 3.83 (s, 3H), 4.21 (q, J = 7.2 Hz, 2H), 5.70 (s, 1H), 6.87-6.91 (m, 2H), 6.94 (d, J = 16.4
Hz, 1H), 7.19-7.27 (m, 3H), 7.27-7.34 (m, 2H), 7.47-7.53 (m, 2H), 8.27 (d, J = 16.4 Hz, 1H). °C
NMR (100.5 MHz, CDCl3) 614.31, 35.63, 35.93, 55.25, 59.70, 114.10, 116.11, 122.80, 126.13,
128.27, 128.45, 128.74, 129.42, 134.38, 141.32, 154.41, 160.09, 166.64. HRMS-ESI (m/z):
[M+Na]" calcd for CyH2403Na, 359.16177; found, 359.16168. The stereochemistry was assigned
by consideration of the reaction pathway.

(E)-Ethyl 3-methyl-5-phenyl-2-pentenoate (4ah)
Me  CO,Et

H
Ph 4ah

The product 4ah was purified by flash chromatography on silica gel (0-3% EtOAc/hexane). 4ah
was consistent with the the literature data.’

(E)-Ethyl 3-ethyl-5-phenyl-2-pentenoate (4ai)
Et.  CO,Et

H
Ph 4a
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The product 4ai was purified by flash chromatography on silica gel (0-5% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCls) §1.10 (t, J = 7.6 Hz, 3H), 1.28 (t, J = 6.8 Hz, 3H),
2.43-2.48 (m, 2H), 2.68 (g, J = 6.8 Hz, 2H), 2.76-2.80 (m, 2H), 4.15 (q, J = 7.6 Hz, 2H), 5.66 (s,
1H), 7.12-7.32 (m, 5H). **C NMR (100.5 MHz, CDCls) §12.95, 14.25, 25.39, 34.08, 39.69, 59.49,
115.10, 126.05, 128.22, 128.42, 141.18, 164.76, 166.37. HRMS-ESI (m/z): [M+H]" calcd for
Ci15H210,, 233.15361; found, 233.15363. The stereochemistry was assigned by consideration of the

reaction pathway.
(Z)-Ethyl 3-cyclohexyl-5-phenyl-2-pentenoate (4aj)

CO,Et

H
Ph 43j

The product 4aj was purified by flash chromatography on silica gel (0-5% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCl3) §1.15 (t, J = 7.2Hz, 3H), 1.30-1.45 (m, 4H), 1.60-1.80
(m, 5H), 2.39-2.45 (m, 2H), 2.74-2.78 (m, 2H), 3.69 (m, 1H), 4.16 (q, J = 7.2 Hz, 2H), 5.66 (s,
1H), 7.19-7.32 (m, 5H). *C NMR (100.5 MHz, CDCl3) & 14.30, 26.10, 26.33, 30.96, 34.65, 34.95,
40.55, 59.50, 114.34, 126.05, 128.24, 128.45, 141.52, 166.54, 167.68. HRMS—ESI (m/z): [M+Na]"
calcd for CigH260,Na, 309.18250; found, 309.18271. The stereochemistry was assigned by

consideration of the reaction pathway.

(Z2)-Ethyl 2-(2,3-dihydro-1H-inden-1-ylidene)acetate (4Kk)

%:{:oza
H

4k
The product 4k was purified by flash chromatography on silica gel (0-5% EtOAc/hexane).
Colorless Oil. *H NMR (400 MHz, CDCls) §1.32 (t, J = 7.2 Hz, 3H), 2.90-2.94 (m, 2H), 2.98-3.01
(m, 2H), 4.22 (g, J = 7.2 Hz, 2H), 5.97 (t, J = 2.0 Hz, 1H), 7.26-7.35 (m, 3H), 8.82 (d, J = 7.6 Hz,
1H). 3C NMR (100.5 MHz, CDCls) §14.33, 29.54, 35.61, 59.78, 110.81, 124.97, 126.53, 128.68,
130.70, 137.52, 150.90, 160.49, 166.28. HRMS-ESI (m/z): [M+Na]" calcd for Ci3H140,Na,
225.08860; found, 225.08881. The stereochemistry was assigned by consideration of the reaction

pathway.

References

1. Wakamatsu,T.; Nagao, K.; Ohmiya, H.; Sawamura, M. Angew. Chem. Int. Ed. 2013, 52,
11620.

2. Kwong, C. K-W.; Fu, M. Y.; Law, H. C-H.; Toy, P. H. Synlett 2010, 2617.

3. Cai, S.; Yang, K.; Wang, D. Z. Org. Lett. 2014, 16, 2606.

4. Rao, H.; Fu, H.; Jiang, Y. Zhao, Y. Adv. Synth. Catal. 2010, 352, 458.

5. Nagao, K.; Ohmiya, H., Sawamura, M. J. Am. Chem. Soc. 2014, 136, 10605.

6. Miura, K.; Ebine, M.; Ootsuka, K.; Ichikawa, J.; Hosomi, A. Chem. Lett. 2009, 38, 832.

S7



CO,Et

Ph

LEE

£0T

m I

6T

96T

4aa

Ph

09 s or

0T

-1.9

6.0

2000
0000
8000

SFO'L

=]
7 = wao.ﬁ

TN080T

— 55l

S68'C
8686

X : parts per Million : Proton

S8



CO,Et

Ph

4aa

Ph

T T T T T T T T T T T T T T
170.0 1600 150.0 140.0 130.0 1200 110.0 1000 90.0 80.0 70.0 60.0 50.0 400 30.0 20.0 10.0

180.0

80

Lo

o

10

0
sollEptmye

— 188¢l

— £TLEE

00Tk

— 1LL'68

$89°9L
= 0002t
e

woLI1
SSO9ZT
fzstizt
kw 989°4T1
W, Li8iT
& 6ETBTI

CREBLI

-

__-9Ll6gl
——S080F1

— SEF8S1

—— 616S91

X : parts per Million : Carbonl 3

S9



project X

J

|

S10

Ph CO,Et
Ph 4aa

6.0 5.0 40 30 20 1.0

8.0

X : parts per Million : Proton

uojorg : uol[] Jed sired @ §



67T A
B B
(61
e
z09 b
- i
B
001
e =)
v6'l
F
661 I
-
iy YO'E
o]
O
N
g 3
S
(@]
(4]
(@] =
(4]
=
— - - U - - ,
ot 001 06 08 ot 09 0s o o€ 0z 01 0

sollEptmye

o — 1000

POl

o
[~ =" 1901

TN6L0T

L0991

— 891
= g0l
j:i
LELT

91T

20

8T

< osrT
/%_\N
J 98T
W\ 8bz
//_wm.m
0957

08T

30

ors'E
LS
¥S6'E
£L6€
ﬁam.m

/ L66€

8001

DN

50

9.0

X : parts per Million : Proton

S11



L e

ket

"

WA Lt

e has Al 4

hak i

CO,Et

Ph

MeO

4ba

MeO

Ry

o
ke

T
40.0

50.0

60.0

100.0

110.0

2000

Lo

90 €0 o

£0

10.0

200

700

80.0

120.0

180.0 170.0

1900

— Bt

— £66'8C

009t

—— 9866t

79SS
e8LsS

—9L9'65

999

Koooﬁt
=~ 00T'LL
NSIELL

- BEOLII
9087111

—PFLIT
——8900C1

A 6669T1

= ¥iscT1
oLzl

“~

—091FEL

—0066E1

_090°LF1
— 598k 1

—Clresl

— 168€91

X : parts per Million : Carbonl 3

S12



-1.49

<
96'1 ol

E

A
£6'1 [? 90F'T
[ Mmow.m

[ wese

. it |\mnmm
e 16€

—=—= |2 =T emt¢
woov

50

peR'S
- — = [ ~isss
Fg

WwiL

[ priL

[ &1L

| 09IL

. I Le SoTL
@ g 1= 19T,
=/ o0E L

CO,Et
4ca

Ph

MeO

W\ LZEL
6ZEL
EEL
EPEL
oL

P LIEL
m.' N-.J el

9.0

ov ot 0T ol ]
sollEptmye

S13

X : parts per Million : Proton




-

CO,Et

4ca

Ph

MeO

40.0

50.0

60.0

100.0

1200

130.0

150.0

160.0

170.0

T
180.0

190.0

60 80 Lo 20 0 ¥o €0 o o

10.0

200

700

80.0

110.0

1400

— Bl

—

— (20'ee
—oorse
—T89°6¢

— LIFSP

—060°1¢

——9L9'68

9L99L

= 0002t
ThsIgLL

—9E0LIl

086921
=" sz
~TLLLel

—tokl

——TTL6S
796991

——6LTTLL

X : parts per Million : Carbonl 3

S14



6000~
Lo 0000

8000

PrOL

\ 1901

86T

1.0

=601
L IsET
=/ %91
=_8lrl
TNeErT

NV
w///v%._
ol
199°1

Piis:
/ST
ez
P
5T

ol

3.0

1 0 (zo€
F =Tt

N99E
She€

[ = =L o6

- j 186
[ &66'€

g 8

ﬂt
L

5.0

8e8'G
gy ~. 198°¢

\
A

ILJL'
L.
e
28

£6C

CO,Et

4da

Ph

61 [ Jo00L
BT —_——— | |t

X : parts per Million : Proton

[0 4 0t 0T 01 0
sollEptmye

S15




o
Fo
<
[&
l
-
¥ f[o
o
—3 [ M
3 fe
3 [
._m
1 I
Fe
ws
<
2 g
3
<
4 Fo
e
Y o
E Fo
HUO
z
=
e
wg
.O
L Lo
=
HO,
Lo
|w
[=
F&
[
o
2
=
E
=
£
m [ =
=
LS
L V"
i =
J, L
o =
o T i
M b
£ N S
e £
™ [
O~ 20 =
| oo
=]
E [~
[<
I @
| &
T T T T T T T UL e T T T T T T e
€1 1 1 a1 &0 80 L0 90 <0 o €0 0 1o 0

sollEptmye

— kT8l

0029
= TLL9Z
TNPEIST

099°LE
— FPOOF

—— B19'6S

299,
g
00T'LL
“SIELL

A

— 83141

_ €0zl

Jataial
_ L seriT
= coriz

——8p6'1E1
—69LtE]

—6066E1

—9TT6s 1

—798$51
— 857891

X : parts per Million : Carbonl 3

S16



6'€

wZ6'6S

10T

|

I }]-

Ph CO,Et
dea

Ph

{4

09

0's

o

o€

0T

0l

souEpUnqe

LA

7.0

e
A

30

5.0

6.0

8.0

9.0

129
1697
897
397
V697

F e

= 008z
08T
visT
L1872
2687
ce8T

V6
_Luwes

=~096¢
I/ 8L6'E

—Cl8¢

v60'L
e
SiIL
9L
€1
WL
0ST'L
=81t
ENS 34
siTL
€6T'L
el
9EE'L
6vEL
VSE'L

X : parts per Million : Proton

S17



CO,Et

Ph

dea

Ph

190.0

60

—— 798¢l

—8TE'IC

—09Z'LE

—— 9206k

—€EL'6S

S89°9L
HIR 000°LL

\TELL

L €€6'811
— oLr9zt
828971

\\ PlELel
A
= o181z
= egesel

—

—2lovl

—ESPLST

——9LLS91

X : parts per Million : Carbonl 3

S18



sollEptmye

-1.49

o

66T <
8T'1
£
= =
(=]
Kl
9%0Y
—
LS
(]
. 3
wo'T
| Salbwenm—— (=
J <
o
i
gl ]
3 Le
[
wT
ore ——
Iz
i
N
O
O
Q
©
<
L =
o
LS
(=23
—— —— — , T T
09 [ oy 0e [1r4 01 0

8000~

nA 1000
600°0

€901
ot
=011

6111

— 95571

9T
8.9T
\ 169°T
969°C
80LT
STLT
SELT
6ELT
LT
FLT
€SLT

1L6°€
_/us6e

= Lov
Nszow

X : parts per Million : Proton

S19



My

gy

e

ey

|

P Bt

CO,Et

4ab

Ph

AR

o

WA

ol

170.0

180.0

85007

—636tl

€ILEE

—— LTOT

—— LSB'6S

SB99L

oLl
= o0z'LL
NSIELL

__98LFIL
TN SE6 VLT
—— LEOBIT

@lotl
ozese
—orsc
—— C66'8T1

8L0%6T1

LhSel
- SBFSET

——9650F1

—98€°L61

—SorIst
—SECE91
— 8L 991

X : parts per Million : Carbonl 3

S20



. | L
-
6T L
f 4 |
i
Lot I
F]f’ ‘lhﬁ. L
Jm
—
0 ]
< 4 [
107
660 I
00T .
T
10 C
J I
-
i B
o
(@]
O T |
Q L
3
<
c
2 £ |
= L
- MR it N - S— S— S -
ol 001 06 08 oL 09 0's 0¥ o€ 0T 01 0

-1.49

<

20

3.0

50

7.0

8.0

9.0

8000~

nA 0000~
8000

8L0°L
wrt
\o:a
LET'L
9Tl
06T'1

= 80’1
TSTET
— 1 |

— bS8S
— 509

6889
9069
1169
QIrL
eel'L
TL8ElL
e
8S1L
/ohﬁ.h
/mn:.
98I'L
€5TL
65T'L
Tl

X : parts per Million : Proton

S21



MeO

CO,Et

4ac

Ph

150.0

ol

60

80

L0

90

0

1400

170.0

180.0

=
=
]

160.0

190.0

—9%6¢tl

— TPE'EE

—950°T

— 60168

— POL'6S

$39°9L
= 000w
TRELL

—0sTELL
0Ll
s 866571
—/west

T PEL8TI
—06F'1ET

1680kl

__0Zrsst
——— €676 1

— 0991

X : parts per Million : Carbonl 3

S22



E

NC

60

$80

60T

ore

J

CO,Et

4ad

Ph

0L

09

0's or 0t

0T 01

sollEptmye

-1.49

1.0

20

o

<

50

oe

9.0

8000~

[ o = o000
T [° e00

60l
\33
/9801

e

PR
JFAR

L
=881

889°C
W0LT
fotiz
&\ IZLe
cere
2T

8rL'T
1sLT
SSLT
$OLT
0LLT

£96'¢

_/ 6%

= J//@m.m‘m

LI0F

[0 — 656§
B

vore
L

\ STIL
\ 0TL
65TL
k VTl
8LTL
86T'L
9L
9L
=
£99°L
//%ﬁ
1L9°L

X : parts per Million : Proton

S23



NC

CO,Et

4ad

Ph

T
40.0

500

L ©

<0

vo

€0

70

souEpunqe

— le8'¢l

— p8P'Ee

—SSH'Iv

—PIT09

Y 9901
000'LL
=Zoozw

NSIELL

—— 811

POL'8II

e

T £e6811

/

€0£'9C1

/0008zl
sl
=osrset
_SELIET

—T900p1

—620°SK1

— €29°961

— 881691

X : parts per Million : Carbonl 3

S24



&

£E°E

S

00'1

OHC

CO,Et

4ae

Ph

X

—

JL,ULM&L

A

L6000
L= 0000
L 2000

60T
(= oot
L= =Zgi01
Nseol

or1
=Zspt
—ZLST

—PLIT

S1LT
I l\a:‘m
o=l wLT
F “VLLT

= %wﬁr.w
[ 9BLT

/,mmﬁ,u
W6LT

SE6'E

kmnm.m

=~ 166¢
/ 800F

- 0L6'
LS —piss

€11°L
liere
\ pETL
o lesre
= LW\ €1TL
-
=_1ze
veT'L
oL
6L

,.
\bzes
st
J&,/a%.ﬁ
,/m%.n
/aﬁ
fmwf.
€93,

<
o

[o
LS ——vzo01

s

or

[R3

ol

sollEptmye

X : parts per Million : Proton

S25



Ay

L) W Lo

ket ke

ot

o

W

OHC

et e

o

L 'y

&

CO,Et

4ae

Ph

Ll

.
et

300 200 10.0

50.0 40.0

60.0

700

T
180.0 170.0 160.0 150.0 140.0 1300 1200 110.0 100.0 80.0

190.0

— 188¢l

— 68C'EE

JR—5 Y |

— EF6 65

SRO9L

000°LL
No_m.k
NPZELL

_06S8I1
~,8619T1
161821
/8T8l
66P8T1
& £95°821
— 91621

—PSPEET
— LSO9ET

__16T0pT
T €£8 0P

—001°281

——S6£'991

—ST0T6

X : parts per Million : Carbonl 3

S26




zL0 E
Al .
.
(20
L
] I
SLO .
A 7
—
) w
r|l|'
E
870 IS
¥Z'0
L —
=
mog's 11
] ]
sto |
T
001 & -
— M
10240 E— —
-
i B
N
o]
O,
—
) g
N
o
- —r , i A — — L
'8 oL 09 0s or 0t 0T o1 0

sollEptmye

H \ﬂﬁ
o Noﬂ 1

7.0

8000~

= umooo.o.
I 8000

[£3 1
6611

~ et
w1
=L e0el
. 8TET

S

20

3.0
=
8
=
Lo}

WY

Letry
sty
o1y

/em_..v
KTV

4.0

5.0

— LS

6.0

—orl9

)
)
» IcLe
€209
LESTL
LiTL

HNS:.F
u/mm:
N enTe

8T'L

°LTL
06T'L
80t'L

8.0

2.0

X : parts per Million : Proton

S27



Uy

4af

Ph

$0

80.0

180.0 170.0

190.0

18071
L O1EWT
—— €871

£09s1

__9ETEE
—Tuse
—0T0'%

8T
= $60°€r

PIL6S
= zs66¢

9199t
= 000'tL
TsIete

et
891911
~ /vsrozt
sszsa
[zisst1
/ \\ $909T1
Il 1zvozt
/e ot
RIS
= Lzt

/N\rm‘m&_
1zZz'6T1
LLB9EL

\ €S80P1

N\Ew::
/. 910Tk1
=" es1THl

e Lok Tr 1

——6158k1
—66L1S1

780991
. §zT99l

X : parts per Million : Carbonl 3

S28




LTE

9T

£0T

- ——

MeO

€51

CO,Et

8lT

4ag

Ph

A
1 J

£0'1

\ 1621
I 26T
Jsoe
L SIET
| TgggT

0951

1.0

20

LELT
i \mmh,w
JpoLeT

=< LT
= [L8T
. fne287

L S68T

L V6T

T
3.0

_108€
—.ZE8E

4.0

eLLY

16t

I 00T
[ 60TV
[z

50

I —00LS

T
6.0

pL8
I 6.89
I 1689
I 9689
L Vvoso

2169
TN5569

oL
b =L
%%ﬁ

/mOmF
e
[ /mww.ﬁ

S0S°L

€57'8

Komﬂm

NL6T'8

7.0

8.0

2.0

X : parts per Million : Proton

S29



i

MeO

CO,Et

4ag

Ph

£

180.0 170.0

T
1900

2000

g0

90

S0

o

£0

70

sollEptmye

—01€FrL

L 6T9%E
= st6'5e

—TETSS

— POL'GS

$89°9L
= 0002t
ThsteLL

—660FIL1
— 1119101

FORTTI
= eL9tt

JF v
w, 197'8T1

— 11FPST

— 60051

—

X : parts per Million : Carbonl 3

S30



CO,Et

Me

48

4ah

Ph

00t
e

0T

80T

-1.4

5.0

06

08

oL

09

(9

or

0t 0cT 01 0

sollEptmye

- |e nmooo.o.
8000
(=]

[= LT
I 6871

_ 1 l= k—mc.m

30

4.0

6.0

I

8.0

9.0

8000~

65T'1

6’1
S 90ET
/.&2
vt
89¢'[
6861

pZOT
L0TT
ez
e
= corz
8907
T
=g8T
88T

L89S

689°
69's
$69'S

8L
98I'L
68l'L
w6lL

//,81T°L
0ZTL
S--09T¢L
SLTL
8LTL
6L
86T'L
LOE'L
ClEL

X : parts per Million : Proton

S31



vl

Aok
WV

"y
Y

CO,Et

Me

4ah

Ph

90

S0

vo

€0

o

<

<

souEpunqe

130.0

140.0

— 8Tl

— 968781

—PO6'EE

— 89T

— p0S'6S

NSIELL

—0T6S11

=2
‘Aomv.wmﬁ

—€90'IF1

—— lg6'8S 1

e 65L991

X : parts per Million : Carbonl 3

S32



]
— |
867 [ o
h —
LTE
e [
|0
B
W0z .
.
207 .
S
= —
o
o
0T 2
- —
[=
a
00'1
b _
< [
Lo
=]
3 4 le
£5°€ — IELML [
= [
4,
<
9 2
O T
'
<
—
o I
- [
Dl |
Lo
N
s , — S — ]
0'L 09 0's o 0t 0T 01 0

6000~

-A 0000~
8000

YLy
Ly
~6S1h
8L

)

— 199%

081
881'L
161¢
961
0TL
0TL
[t
=STTL
wTL
\08T'L
€8TL
//wam.p
£06'L

QIEL

X : parts per Million : Proton

S33



i

Y ndniia

s L,

CO,Et

Et

4ai

Ph

190.0

2000

£0 " zo ro 0

10.0

50.0

__-LveTl
——E5TFI

— 68€'ST

—SL0PE

— l69'6¢

—— S8F'68

9199,
=" 000°2t
ThsIgLL

——oorsrt

__-9v09zt

0zzsel
—~ozrsel

—LLTTRL

—55L¥91
— B9E991

X : parts per Million : Carbonl 3

S34



1t 6000~

~8000

5T ﬂﬂ [
£0°C

€671

LOEL

601 =} fata

_/ I= _jeet

1 A
=2

T
20

00CT L

roc SELT

4.0
L
2o 3

$0T

5.0

e [ —859%

CO,Et

4a]

Ph

8.0

X : parts per Million : Proton

o€ oz 01
souepunqe

S35




0.6

0.5

0.4

03

02

CO,Et

Ph 4aj

PR R e ———— MW, I LR [FEISPTNIIN, IR —— MWWNMWWW

B — AmE e RmmE e T .‘ T e T R e T T T ISR e AmEn e T T T
2000 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 700 60.0 50.0 40.0 300 200 10.0
|

I\ A\ | /AN | N A |

el - oo o [ T own < = nGE n =

o0 i ToT ] ISE=%"1 =] < NS S

o i w TN O ] " O 0 ) ) DO QY @

G 8 = BES = NS 3 g FIR K& bt

X : parts per Million : Carbonl 3

S36



-1.9

8000~

[ nmooo.o.
I 8000

POE'T

Jigt
et
+ 99<
] I ~ 6951

£le

"

T
2.0

€06'T

[ \ €16T
816T
6T

(484 ! /. 826C

(RS h L _1€6T

SE6°T

N 6E6T

b 6L6T

686'C
I 866'T
oloe

30

4.0

0wz V61
\ Sazy

!/:/Ommé
LFTF

5.0

00'1 596
- : S :Ao&.m
| ° SL6'S

8.0

0188
7 ) — 1£88

9.0

X : parts per Million : Proton

T
o1t oot 06 08 0L 09 oS or 0t 0T o1 0

S37




CO,Et

4k

$0

vo €0

zo

souEpunqe

1100

120.0

100.0

140.0 130.0

50.0

—6cerl

— LES'6T

—019'6¢

— 18L6S

$89°0,
= 000°LL

NPTELL

— 018011

- 896%T1
—TESOTIL
— LL9'8TT
—— 6690¢E1

—9IS'LElL

—— £€06°0ST

—— S8P°091

- T8T991

X : parts per Million : Carbonl 3

S38



