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1. Instrumentation and chemicals

Unless otherwise noted, all reactants or reagents including dry solvents were
obtained from commercial suppliers and used as received. Unless otherwise noted, all
reactions were performed with dry solvents under an atmosphere of argon in dried
glassware using standard vacuum-line techniques. All work-up and purification
procedures were carried out with reagent-grade solvents in air.

Analytical thin-layer chromatography (TLC) was performed using E. Merck silica
gel 60 F254 precoated plates (0.25 mm); detection with UV light or by dipping into a
solution of KMnQg4 (1.5 g in 400 mL H20, 5 g NaHCO3), followed by heating. Flash
column chromatography was performed with E. Merck silica gel 60 (230—400 mesh).
The developed chromatogram was analyzed by UV lamp (254 nm). Medium Pressure
liquid chromatography (MPLC) was performed using Yamazen W-prep 2XY.
Preparative thin-layer chromatography (PTLC) was performed using Wakogel B5-F
silica coated plates (0.75 mm) prepared in our laboratory. Preparative gel permeation
chromatography (GPC) was performed with a JAI LC-9204 instrument equipped with
JAIGEL-1H/JAIGEL-2H columns wusing chloroform as an eluent. Gas
chromatography (GC) analysis was conducted on a Shimadzu GC-2010 instrument
equipped with a HP-5 column (30 m - 0.25 mm, Hewlett-Packard) with dodecane as
an internal standard.

The high-resolution mass spectra (HRMS) were conducted on Thermo Fisher
Scientific Exactive. Infrared spectra were recorded on a JASCO FTIR-6100
spectrometer. Nuclear magnetic resonance (NMR) spectra were recorded on a
JEOLINM-ECA-600 (*H 600 MHz, 3C 150 MHz) spectrometer and a JEOL
IJNM-ECA-400 (*H 400 MHz, *C 100 MHz) spectrometer. Chemical shifts for *H
NMR are expressed in parts per million (ppm) relative to tetramethylsilane (6 0.00
ppm) or residual peak of acetone-ds (8 2.05 ppm). Chemical shifts for **C NMR are
expressed in ppm relative to CDCls (6 77.16 ppm) or acetone-de (6 29.84 ppm). Data
are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, dd =
doublet of doublets, ddd = doublet of doublets of doublets, t = triplet, dt = doublet of
triplets, td = triplet of doublets, q = quartet, p = quintet, m = multiplet, brs = broad

singlet, brd = broad doublet), coupling constant (Hz), and integration.
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2. Preparation of the diacetaldehyde compounds 1

General procedure 1 (GP1):
The synthesis of benzenediacetaldehyde 1

Et,Si0

o OH 0.2 mol% B(CgFs)3 OSiEts acidic workup H
/U\/m + EtSiH ————————— — > o
HO rt Et;SiO ) H
1.0 equiv. 4.2 equiv. OSiEty
S1a 1a’' 1a

A dry Schlenk tube equipped with a magnetic stir bar and a septum was charged
with 1,4-phenylenediacetic acid (1.94 g, 10.0 mmol) and B(CsFs)s (10.2 mg, 20.0
umol) in a glovebox. CeHs (10 mL) was then added under argon atmosphere. After
that, EtsSiH (4.88 g/6.71 mL, 42.0 mmol) was added dropwise at 23 <C. The resulting
mixture was monitored by *H NMR spectroscopy. When the reaction was completed
(about 6 hours), all volatiles (solvent and excess of Et3SiH) were removed under
vacuum to give the crude product of 1a’. Subsequently, 40 mL of THF was added,
followed by 40 mL of 1 M HCI (aq) with vigorous stirring. The reaction mixture was
further stirred for 3 h at room temperature and was extracted with ethyl acetate (3>30
mL). The combined organic layers were dried over anhydrous MgSQOg, filtered and
concentrated under vacuum. The residue was then purified by silica gel column

chromatography.

1,4-Benzenediacetaldehyde (1a)

WH 1a was prepared according to GP1 with 1,4-phenylenediacetic acid
H (1.94 g, 10.0 mmol, purchased from Aldrich, white powder) and

EtsSiH (4.88 ¢/6.71 mL, 42.0 mmol). Purification by silica gel column
chromatography (ethyl acetate/hexane =1/1) gave la (840 mg, 5.7 mmol, 57%) as a
white solid. Ry (ethyl acetate/hexane = 1/3): 0.4; *H NMR (600 MHz, CDCls3) § 9.76 (t,
J =23 Hz, 2H), 7.23 (s, 4H), 3.71 (d, J = 2.3 Hz, 4H). 3C NMR (75 MHz, CDCl3) &
199.3, 131.2, 130.4, 50.3. HRMS (ESI): Exact mass calculated for CioH10NaO-
([IM+Na]*): 185.0573, mass found: 185.0576. The product can be stored at —-30 <C for

at least three months without decomposition.
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1,3-Benzenediacetaldehyde (1b)

W 1b was prepared according to GP1 with 1,3-phenylenediacetic acid
H " (0.97 g, 5.0 mmol) and EtsSiH (2.4 g/3.4 mL, 21 mmol). The

reaction time was about 12 hours. Purification by silica gel column chromatography
(ethyl acetate/hexane =1/2) gave 1b (150 mg, 1.0 mmol, 20%) as a colorless liquid. R¢
(ethyl acetate/hexane = 1/2): 0.4; *H NMR (392 MHz, CDCls3) § 9.76 (t, J = 2.3 Hz,
2H), 7.38 (t, J = 7.6 Hz, 1H), 7.17 (dd, J = 7.6, 1.7 Hz, 2H), 7.08 (s, 1H), 3.71 (d, J =
2.2 Hz, 4H). C NMR (151 MHz, CDCls) § 199.1, 132.8, 131.0, 129.8, 128.9, 50.5.
HRMS (ESI): Exact mass calculated for CioH10NaO2 ([M+Na]*): 185.0573, mass
found: 185.0571. The product can be stored at —30 <C for at least three months
without decomposition.

The synthesis of benzenediacetaldehyde disilyl acetal 1¢’

HO OH Et,SiO OSiEt,
0.2 mol% B(CqFs)s
o)_d_«o +  EtsSiH > Et3SiO>_t§_<OSiEt3
rt
1.0 equiv. 4.2 equiv.
stc 1c

A dry Schlenk tube equipped with a magnetic stir bar and a septum was charged
with 1,2-phenylenediacetic acid (0.97 g, 5.0 mmol) and B(CsFs)3 (5.1 mg, 10.0 umol)
in a glovebox. CeéHs (5 mL) was then added under argon atmosphere. After that,
Et:SiH (2.4 9/3.4 mL, 21.0 mmol) was added dropwise at 23 <C. The resulting
mixture was monitored by *H NMR spectroscopy. When the reaction was completed
(about 12 hours), all volatiles (solvent and excess of EtsSiH) were removed under
vacuum to give the crude product of 1c¢’. Purification by silica gel column
chromatography (DCM/hexane =1/3) gave 1c¢’ (2.0 g, 3.0 mmol, 60%) as a colorless
liquid. Rf (DCM/hexane = 1/3): 0.4; *H NMR (600 MHz, CDCls) & 7.16-6.99 (m, 4H),
5.24 (t, J =5.5 Hz, 2H), 2.97 (d, J = 5.5 Hz, 4H), 0.89 (t, J = 8.0 Hz, 36H), 0.54 (qd, J
= 7.9, 2.3 Hz, 24H). *C NMR (151 MHz, CDCls) & 136.8, 130.9, 126.2, 94.3, 44.5,
6.9, 5.3. HRMS (ESI): Exact mass calculated for CssH7oNaOsSis ([M+Na]®):
677.4243, mass found: 677.4179. The product can be stored at —30 <C for at least

three months without decomposition.
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3. The self-polymerization of the diacetaldehyde compound 1a

For example, based on the crude 'H NMR data, the reaction of
1,4-benzenediacetaldehyde (1.0 equiv.) with 4-bromophenylacetylene (2.5 equiv.)
gave the corresponding product in 44% NMR vyield and 1.3 equiv. of
4-bromophenylacetylene was recovered. 1,4-benzenediacetaldehyde was consumed
completely. The crude 1H NMR spectra was very clear, we could only see the peaks
derived from the product and the 4-bromophenylacetylene in the aromatic region.
However, when we removed the solvent of the reaction mixture after the reaction was
finished; the residual of the reaction could not dissolve totally in CHCIs, acetone or
water. We presume the insoluble residual is derived from the self-polymerization of
1,4-benzenediacetaldehyde. To prove the hypothesis, when the reaction was run
without alkynes, 1,4-benzenediacetaldehyde was consumed, and the insoluble solid

was formed.

4. Reaction of diacetaldehyde compounds with alkynes

General procedure 2 (GP2):

Reaction of diacetaldehyde compounds with terminal alkynes

H = G
w . /©/ 20 mol% B(CqFs)g/dh . O Et
0
H Et DCM, 1t, 15h O

1a 2b 3b

A dry Schlenk tube equipped with a magnetic stir bar and a septum was charged with
activated molecular sieve (100 mg, 4A, 1/16 in., pellets), diacetaldehyde compound
la (16 mg, 0.1 mmol) and B(CsFs)3 (10 mg, 20 umol) in a glovebox. DCM (2.5 mL)
was then added under argon atmosphere. After that, alkyne 2b (33 mg, 0.25 mmol)
was added at room temperature. After stirring at room temperature for 15 h, the
reaction mixture was quenched by water. And then the resulting mixture was
extracted with DCM three times. The organic extracts were washed with water, brine,
dried over MgSQs, and concentrated. The residue was then purified by silica gel

column chromatography directly.
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General procedure 3 (GP3):

Reaction of diacetaldehyde compounds with internal alkynes

CF3Ph:HFIP = 10:1

-30°C, 15 h O

1a 2x 3x

(]
: g ~
m . _ 150 mol % CF5SO4H ‘ O
[e]
" @ g

A dry Schlenk tube equipped with a magnetic stir bar and a septum was charged
with diacetaldehyde compound 1a (16 mg, 0.10 mmol) and internal alkyne 2x (45 mg,
2.5 mmol) under air. CFzPh (2.5 mL) and hexafluoroisopropanol (HFIP) (0.25 mL)
were then added under argon atmosphere. Subsequently, the reaction mixture was
cooled to —30 <TC. After 15 minutes, the freshly prepared solution of CF3SO3zH (0.5 M
in HFIP, 300 pL, 0.15 mmol) was added dropwise. After stirring at —30 <C for 15 h,
the resulting mixture was warmed to room temperature and 1.0 M Na2CO3 solution
(10 mL) was added. The result solution was extracted with DCM (3x10 mL). The
combined organic layers were dried over anhydrous MgSQOyg, filtered and concentrated
under vacuum. The residue was then purified by silica gel column chromatography.

4,5-Diphenylphenanthrene (3a)

7

\ 3a was prepared according to GP2 with 1la (16 mg, 0.10 mmol) and
G O phenylacetylene (2a) (31 mg, 0.25 mmol). Purification by silica gel
O chromatography (DCM/hexane = 1/10) gave 3a (16 mg, 0.048 mmol,
48%). Rt (DCM/hexane = 1/10): 0.4; *H NMR (600 MHz, CDCl3) 5 7.76 (dd, J = 7.8,
1.4 Hz, 2H), 7.70 (s, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.13 (dd, J = 7.2, 1.3 Hz, 2H), 7.07 (tt,
J=7.3,1.2 Hz, 2H), 6.99 (t, J = 6.7 Hz, 2H), 6.94 (t, J = 7.0 Hz, 2H), 6.60 (d, J = 7.4 Hz,
2H), 6.52 (d, J = 7.2 Hz, 2H). 13C NMR (151 MHz, CDCls) & 143.6, 142.1, 134.8,
129.7, 129.6, 128.3, 128.0, 127.17, 127.15, 126.9, 126.8, 126.7, 125.6. The

spectroscopic data is in agreement with this previously reported in the literature.*
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4,5-Bis(4-ethylphenyl)phenanthrene (3b)

@ 3b was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
O O Et 1-ethyl-4-ethynylbenzene (2b) (33 mg, 0.25 mmol) as yellow liquid.
O Purification by silica gel chromatography (DCM/hexane = 1/10)

gave 3b (25 mg, 0.065 mmol, 65%). Rs (DCM/hexane = 1/5): 0.5; 'H NMR (600
MHz, CDCl3) § 7.75 (dd, J = 7.8, 1.4 Hz, 2H), 7.69 (s, 2H), 7.51 (dd, J = 7.3, 7.6 Hz,
2H), 7.15 (dd, J = 7.2, 1.4 Hz, 2H), 6.84 (d, J = 7.0 Hz, 2H), 6.80 (d, J = 7.2 Hz, 2H),
6.55 (d, J = 7.1 Hz, 2H), 6.46 (d, J = 6.9 Hz, 2H), 2.66-2.56 (m, 4H), 1.32 (t, J = 7.6
Hz, 6H). 3C NMR (151 MHz, CDCls) & 142.0, 141.6, 141.1, 134.7, 129.4, 129.2,
128.1, 127.9, 127.1, 126.73, 126.69, 126.62, 126.57, 28.8, 16.3. It should be noted
that broad peaks appeared for the bay region aryl protons in the *H NMR spectra of
3b. This is due to the restricted free rotation of the bay region aryl substituents at
room temperature. HRMS (APCI): Exact mass calculated for CaoHz7 ([M+H]):
387.2107, mass found: 387.2102.

4,5-Bis(4-(tert-butyl)phenyl)phenanthrene (3c)

z

\ , 3c was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
% O o 1-tert-butyl-4-ethynylbenzene (2¢) (33 mg, 0.25 mmol).
Purification by silica gel chromatography (DCM/hexane = 1/10)
gave 3¢ (25 mg, 0.056 mmol, 56%) as a white solid. Rt (DCM/hexane = 1/10): 0.3; H
NMR (600 MHz, CDCl3) 5 7.75 (dd, J = 7.7, 1.3 Hz, 2H), 7.69 (s, 2H), 7.50 (t, J = 7.5
Hz, 2H), 7.16 (dd, J = 7.2, 1.3 Hz, 2H), 7.03-6.95 (m, 4H), 6.58 (d, J = 7.0 Hz, 2H),
6.42 (d, J = 7.1 Hz, 2H), 1.37 (s, 18H). 3C NMR (151 MHz, CDCl3) 5 148.1, 141.8,
140.8, 134.8, 129.5, 128.1, 127.4, 127.2, 126.7, 126.7, 126.6, 126.3, 124.0, 34.5, 31.6.
HRMS (APCI): Exact mass calculated for CzsHss ([M+H]"): 443.2733, mass found:
443.2736.
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4,5-Bis(4-methoxyphenyl)phenanthrene (3d)

‘ 3d was prepared according to GP2 with 1a (16 mg, 0.10 mmol)
O O -OMe and 1-methoxyl-4-ethynylbenzene (2d) (33 mg, 0.25 mmol) as a

O white solid. Purification by silica gel chromatography (ethyl
acetate/hexane = 1/10) gave 3d (26 mg, 0.067 mmol, 67%). R¢ (ethyl acetate/hexane =
1/10): 0.3; *H NMR (600 MHz, CDCl3) & 7.72 (dd, J = 7.8, 1.4 Hz, 2H), 7.66 (s, 2H),
7.51-7.45 (m, 2H), 7.11 (dd, J = 7.2, 1.4 Hz, 2H), 6.66-6.48 (m, 8H), 3.81 (s, 6H). 13C
NMR (151 MHz, CDCl3) 6 158.1, 141.5, 136.7, 134.7, 129.2, 128.9, 128.1, 127.7,
127.1, 126.6, 126.4, 115.0, 112.9, 55.5. HRMS (APCI): Exact mass calculated for
Ca8H2302 ([M+H]*): 391.1693, mass found: 391.1686.

4,5-Bis(4-(phenylethynyl)phenyl)phenanthrene (3e)

@ O 3e was prepared according to GP2 with 1a (16 mg, 0.10
O O = mmol) and 1-ethynyl-4-(phenylethynyl)benzene (2e) (51 mg,

O 0.25 mmol). Purification by silica gel chromatography
(DCM/hexane = 1/10) gave 3e (30 mg, 0.056 mmol, 56%) as a white solid. R¢
(DCM/hexane = 1/5): 0.4; 'H NMR (600 MHz, CDCl3) & 7.80 (dd, J = 7.8, 1.3 Hz,
2H), 7.72 (s, 2H), 7.59 (dd, J = 8.0, 1.4 Hz, 4H), 7.54 (t, J = 7.5 Hz, 2H), 7.41-7.33
(m, 6H), 7.31 (brd, J = 7.9 Hz, 2H), 7.18 (dd, J = 7.2, 1.3 Hz, 2H), 7.16 (brd, J = 7.9
Hz, 2H), 6.67 (brd, J = 7.9 Hz, 2H), 6.62 (brd, J = 7.9 Hz, 2H). 3C NMR (151 MHz,
CDCIs) 6 143.4, 141.2, 134.8, 133.1, 131.8, 130.6, 129.4, 128.5, 128.4, 128.3, 127.7,
127.4, 127.3, 126.9, 126.9, 123.6, 120.6, 90.1, 89.6. HRMS (APCI): Exact mass
calculated for Ca2Hz7 ([M+H]"): 531.2107, mass found: 531.2104.
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N,N*-(phenanthrene-4,5-diylbis(4,1-phenylene))diacetamide (3g)

73 OY 3g was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
O O i 4-ethynyl acetanilide (2g) (40 mg, 0.25 mmol) in the mixture of

J

(hexane/ethyl acetate = 1/1, and then DCM/hexane = 1/5) with short column gave 3g

DCM/HFIP (10:1 v/v). Purification by silica gel chromatography

(12 mg, 0.027 mmol, 27%) as a yellow solid. R (hexane/ethyl acetate = 1/1): 0.1; *H
NMR (600 MHz, CDCls) § 7.74-7.69 (m, 4H), 7.66 (s, 2H), 7.45 (t, J = 7.5 Hz, 2H),
7.14 (d, 3 = 7.9 Hz, 2H), 7.11 (d, J = 7.6 Hz, 2H), 7.06 (dd, J = 7.3, 1.2 Hz, 2H), 6.53
(d, J = 8.8 Hz, 4H), 2.16 (s, 6H). 3C NMR (151 MHz, CDCls) 5 168.6, 141.2, 139.9,
135.9, 134.8, 129.4, 128.5, 127.8, 127.3, 127.2, 126.9, 126.7, 121.4, 118.8, 24.8.
HRMS (ESI): Exact mass calculated for CzoH2aN2NaO2 ([M+H]"): 467.1730, mass
found: 467.1718.

4,5-Bis(4-fluorophenyl)phenanthrene (3h)

73 3h was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
O O F 4-fluorophenylacetylene (2h) (30 mg, 0.25 mmol) in the mixture of

J

(DCM/hexane = 1/10) gave 3h (16 mg, 0.044 mmol, 44%) as a white solid. R¢

DCM/HFIP (10:1 v/v). Purification by silica gel chromatography

(DCM/hexane = 1/5): 0.4; *H NMR (600 MHz, CDCls) § 7.77 (dd, J = 7.8, 1.4 Hz,
2H), 7.69 (s, 2H), 7.51 (dd, J = 7.7, 7.3 Hz, 2H), 7.11 (dd, J = 7.3, 1.4 Hz, 2H), 6.79
(t, J = 8.5 Hz, 2H), 6.68 (t, J = 8.3 Hz, 2H), 6.63-6.55 (m, 4H). 3C NMR (151 MHz,
CDCl3) 6 161.7 (d, J = 245.2 Hz), 140.6, 139.7 (d, J = 3.2 Hz), 134.9, 129.53, 129.48
(d, J = 7.8 Hz), 128.2 (d, J = 8.6 Hz), 127.7, 127.3, 127.2, 126.8, 116.4 (d, J = 21.4
Hz), 114.3 (d, J = 20.9 Hz). %F NMR (564 MHz, CDCls) & -117.3. HRMS (El):
Exact mass calculated for CasHi6F2 ([M]*): 366.1220, mass found: 366.1227.
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4,5-Bis(4-bromophenyl)phenanthrene (3i)

‘ ] 3i was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
% O r 4-bromophenylacetylene (2i) (45 mg, 0.25 mmol) in the mixture of

DCM/HFIP (10:1 v/v). Purification by silica gel chromatography
(DCM/hexane = 1/10) gave 3i (18 mg, 0.037 mmol, 37%) as a white solid. R¢
(DCM/hexane = 1/5): 0.4; *H NMR (600 MHz, CDCls) § 7.79 (dd, J = 7.8, 1.4 Hz,
2H), 7.70 (s, 2H), 7.55-7.50 (m, 2H), 7.23 (d, J = 8.3 Hz, 2H), 7.12 (dd, J = 7.3, 1.4
Hz, 2H), 7.08 (d, J = 9.4 Hz, 2H), 6.51 (d, J = 8.3 Hz, 2H), 6.48 (d, J = 8.2 Hz, 2H).
13C NMR (151 MHz, CDCls) & 142.4, 140.4, 134.9, 132.7, 130.4, 129.8, 129.5, 128.6,
127.6, 127.44, 127.37, 127.0, 120.1. HRMS (EIl): Exact mass calculated for

Co6H16Br2 ([M]7): 485.9619, mass found: 485.9609.
4,5-Bis(4-iodophenyl)phenanthrene (3j)

2 3] was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
O O I 4-iodophenylacetylene (2j) (57 mg, 0.25 mmol) in the mixture of

O DCM/HFIP (10:1 v/v). Purification by silica gel chromatography
(DCM/hexane = 1/10) gave 3j (20 mg, 0.034 mmol, 34%) as a white solid. R¢
(DCM/hexane = 1/10): 0.4; *H NMR (600 MHz, CDCls) & 7.79 (d, J = 7.7 Hz, 2H),
7.70 (s, 2H), 7.52 (t, J = 7.2 Hz, 2H), 7.44 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 8.1 Hz, 2H),
7.12(d, J=7.5Hz, 2H), 6.37 (t, J = 7.7 Hz, 4H). 3C NMR (151 MHz, CDCls3) § 143.0,
140.5, 138.8, 136.4, 135.0, 130.2, 129.5, 129.1, 127.6, 127.39, 127.38, 127.0, 91.5.
HRMS (EI): Exact mass calculated for CasHislo ([M]*): 581.9341, mass found:

581.9340.
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4,5-Bis(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)phenanthrene (3I)

‘ . 3l was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
% O il 4-ethynylbenzeneboronic acid pinacol ester (21) (57 mg, 0.25 mmol)

in the mixture of DCM/HFIP (10:1 v/v). Purification by silica gel
chromatography (ethyl acetate/hexane = 1/10) gave 3l (12 mg, 0.021 mmol, 21%) as a
white solid. R (ethyl acetate/hexane = 1/10): 0.4; *H NMR (600 MHz, CDCls) § 7.76
(d, J = 7.7 Hz, 2H), 7.69 (s, 2H), 7.49 (t, J = 7.5 Hz, 2H), 7.39 (d, J = 7.8 Hz, 2H),
7.37 (d, J = 7.6 Hz, 2H), 7.12 (d, J = 7.2 Hz, 2H), 6.57 (d, J = 7.9 Hz, 2H), 6.53 (d, J
= 7.8 Hz, 2H), 1.38 (s, 24H). 3C NMR (151 MHz, CDCl3) & 146.4, 142.0, 136.2,
134.7, 133.6, 129.7, 127.9, 127.14, 127.10, 126.7, 126.4, 83.8, 25.1, 24.9. HRMS
(APCI): Exact mass calculated for CssH41B204 ([M+H]"): 583.3185, mass found:

583.3192.
4,5-Di-m-tolylphenanthrene (3m)

3m was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
O‘ 3-ethynyltoluene (2m) (29 mg, 0.25 mmol). Purification by silica gel

O Me chromatography (DCM/hexane = 1/10) gave 3m (21 mg, 0.058 mmol,
58%) as a liquid. R (DCM/hexane = 1/5): 0.5; *H NMR (600 MHz, CDCls, multiple
rotamers) & 7.76 (d, J = 7.7 Hz, 2H), 7.69 (s, 2H), 7.51 (t, J = 7.4 Hz, 2H), 7.15 (d, J =
7.3 Hz, 2H), 7.00-6.80 (m, 4H), 6.51-6.21 (m, 4H), 2.20 (s, 4.2H), 2.07 (s, 1.8H). 3C
NMR (151 MHz, CDClz) 6 143.2, 142.23, 142.23, 138.8, 138.4, 136.6, 134.7, 129.5,
129.2, 128.9, 128.1, 127.9, 127.2, 127.1, 126.85, 126.76, 126.6, 126.3, 125.5, 124.2,
21.6, 21.4. *H NMR (600 MHz, tetrachloroethane-d, at 110 <C) § 7.83-7.73 (m, 2H),
7.74-7.68 (m, 2H), 7.58-7.49 (m, 2H), 7.25-7.14 (m, 2H), 7.01-6.84 (m, 4H),
6.50-6.33 (m, 4H), 2.20 (s, 3H). 13C NMR (151 MHz, tetrachloroethane-d, at 110 <C)
6 142.9, 142.0, 134.5, 129.0, 128.0, 126.7, 126.4, 126.2, 126.0, 124.9, 21.1 (Three
carbons was unsolved). HRMS (APCI): Exact mass calculated for CasHzs ([M+H]"):

359.1794, mass found: 359.1795.

[12]



4,5-Bis(3,5-di-tert-butylphenyl)phenanthrene (3n)

t 3n was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
\ u 1,3-di-tert-butyl-5-ethynylbenzene (2n) (54 mg, 0.25 mmol) in the
O Bu mixture of DCM/HFIP (10:1 v/v). Purification by silica gel
chromatography (DCM/hexane = 1/10) gave 3n (19 mg, 0.035 mmol, 35%) as a white
solid. Rf (DCM/hexane = 1/10): 0.5; *H NMR (600 MHz, CDClz) § 7.74 (dd, J = 7.7,
1.2 Hz, 2H), 7.69 (s, 2H), 7.51 (t, J = 7.5 Hz, 2H), 7.26 (dd, J = 7.3, 1.2 Hz, 2H), 7.05 (t,
J=1.7 Hz, 2H), 6.75 (s, 4H), 1.24 (s, 18H), 1.06 (s, 18H). 13C NMR (151 MHz, CDCls)
0 150.3, 148.4, 142.4, 142.1, 134.8, 130.0, 128.2, 127.2, 126.7, 126.5, 122.7, 121.5,
119.7, 34.9, 34.5, 31.8, 31.4. HRMS (EI): Exact mass calculated for Ca2Hso ([M]):

554.3907, mass found: 554.3907.

4,5-Di([1,1":3",1""-terphenyl]-5'-yl)phenanthrene (30)

30 was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
O 5'-ethynyl-1,1"3",1"-terphenyl (20) (64 mg, 0.25 mmol) in the mixture

O P of DCM/HFIP (10:1 v/v). Purification by silica gel chromatography
(DCM/hexane = 1/5) gave 30 (16 mg, 0.025 mmol, 25%) as a white solid. Ry
(DCM/hexane = 1/5): 0.3; *H NMR (600 MHz, CDCls) 5 7.90 — 7.86 (m, 2H), 7.77 (s,
2H), 7.63 (t, J = 7.5 Hz, 2H), 7.46 (t, J = 1.6 Hz, 2H), 7.41 (dd, J = 7.2, 1.0 Hz, 2H),
7.32(t,J=7.3 Hz, 4H), 7.30 — 7.21 (m, 16H), 7.03 (s, 2H), 7.01 (s, 2H). 1*C NMR (151
MHz, CDCl3) 6 143.8, 141.8, 141.5, 141.3, 140.4, 140.1, 135.0, 129.6, 128.7, 128.4,
128.2,127.7,127.4,127.2,126.9, 126.9, 126.7, 124.2, 123.4. HRMS (EI): Exact mass
calculated for CsoHzs ([M]"): 634.2655, mass found: 634.2666.

[13]



4,5-Bis(3,5-dimethoxyphenyl)phenanthrene (3p)

7 ome 3p was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
% O 1-ethynyl-3,5-dimethoxybenzene (2p) (41 mg, 0.25 mmol) in the

oe mixture of DCM/HFIP (10:1 v/v). Purification by silica gel
chromatography (ethyl acetate/hexane = 1/10) gave 3p (8.0 mg, 0.018 mmol, 18%) as
a liquid. Rr (ethyl acetate/hexane = 1/5): 0.4; *H NMR (600 MHz, CDCls) § 7.75 (dd,
J=7.8, 1.4 Hz, 2H), 7.68 (s, 2H), 7.52-7.46 (m, 2H), 7.24 (dd, J = 7.3, 1.4 Hz, 2H),
6.26 (t, J = 2.3 Hz, 2H), 5.92-5.87 (m, 2H), 5.79-5.77 (m, 2H), 3.77 (s, 6H), 3.34 (s,
6H). 13C NMR (151 MHz, CDClz) § 161.5, 159.8, 145.0, 142.2, 134.7, 128.6, 128.1,
127.2, 127.1, 126.7, 106.5, 105.3, 99.2, 55.2, 55.0. HRMS (APCI): Exact mass

calculated for CzoH2704 ([M+H]™): 451.1904, mass found: 451.1895.

4,5-Di-o-tolylphenanthrene (3q)
3 3q was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and

Q O 2-ethynyltoluene (2q) (29 mg, 0.25 mmol). Purification by silica gel

O Me chromatography (DCM/hexane = 1/10) gave 3g (21 mg, 0.058 mmol,
58%) as a liquid. Rf (DCM/hexane = 1/5): 0.4; 'H NMR (600 MHz,
tetrachloroethane-d at 25 <C, multiple rotamers) 6 7.86-7.76 (m, 2H), 7.75-7.66 (m,
2H), 7.59-7.44 (m, 2H), 7.26-6.99 (m, 4H), 6.98-6.73 (m, 4H), 6.46-6.28 (m, 2H),
1.85-0.8 (m, 6H). *C NMR (151 MHz, tetrachloroethane-d, at 25 <C, multiple
rotamers) 6 143.85, 143.80, 142.7, 141.6, 140.3, 139.4, 135.8, 134.6, 134.1, 133.2,
133.0, 132.9, 131.9, 131.4, 131.2, 130.4, 130.2, 129.9, 129.8, 129.6, 129.4, 128.9,
128.5, 127.5, 127.1, 127.0, 126.8, 126.6, 126.54, 126.52, 126.4, 126.25, 126.21,
125.8, 125.6, 125.5, 124.7, 21.4, 20.1, 19.7, 19.5. HRMS (APCI): Exact mass
calculated for CasH2z ([M+H]"): 359.1794, mass found: 359.1789

[14]



4,5-Dimesitylphenanthrene (3r)

3r was prepared according to GP2 with 1a (32 mg, 0.20 mmol) and
e O Me  2-ethynyl-1,3,5-trimethylbenzene (2r) (72 mg, 0.50 mmol) in the
O Me mixture of DCM/HFIP (10:1 v/v). Purification by silica gel
chromatography (DCM/hexane = 1/10) and then GPC to give 3r (6 mg, 0.015 mmol,
7%) as a white solid. *H NMR (600 MHz, CDCls) § 7.71 (dd, J = 7.7, 1.4 Hz, 2H),
7.61 (s, 2H), 7.42 (d, J = 7.5 Hz, 2H), 6.98 (dd, J = 7.3, 1.4 Hz, 2H), 6.78 (brs, 2H),
6.49 (brs, 2H), 2.25 (s, 6H), 1.56 (brs, 6H), 0.79 (brs, 6H). 3C NMR (151 MHz,
CDCIs) 6 140.4, 139.2, 138.0, 136.0, 134.0, 132.3, 131.5, 129.8, 128.5 127.3, 126.3,
125.8, 21.2, 21.0, 20.8. HRMS (EI): Exact mass calculated for CsHszo ([M]Y):
414.2342, mass found: 414.2355.

4,5-Di(thiophen-2-yl)phenanthrene (3s)

@ 3s was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and

O A 2-ethynylthiophene (2s) (27 mg, 0.25 mmol). Purification by silica gel

) chromatography (DCM/hexane = 1/5) gave 3s (16 mg, 0.047 mmol,
47%) as a white solid. Rt (DCM/hexane = 1/5): 0.4; 'H NMR (600 MHz, CDCls) §
7.73 (dd, J = 7.8, 1.3 Hz, 2H), 7.65 (s, 2H), 7.53-7.43 (m, 2H), 7.28 (dd, J = 7.3, 1.3
Hz, 2H), 7.09 (dd, J = 5.1, 1.2 Hz, 2H), 6.76 (dd, J = 5.0, 3.6 Hz, 2H), 6.43 (dd, J =
3.6, 1.2 Hz, 2H). 3C NMR (151 MHz, CDClz) § 145.9, 135.1, 134.8, 129.2, 128.0,
127.11, 127.09, 127.07, 126.9, 125.2, 123.9. HRMS (APCI): Exact mass calculated

for C22H1sS2 ([M+H]): 343.0610, mass found: 343.0611.

[15]



4,5-Di(thiophen-3-yl)phenanthrene (3t)

2 3t was prepared according to GP2 with 1a (16 mg, 0.10 mmol) and
O =N\ 3-ethynylthiophene (2t) (27 mg, 0.25 mmol). Purification by silica gel

O chromatography (DCM/hexane = 1/5) gave 3t (21 mg, 0.061 mmol,
61%) as a white solid. Rt (DCM/hexane = 1/5): 0.5; 'H NMR (600 MHz, CDCls) §
7.73 (dd, J = 7.8, 1.3 Hz, 2H), 7.66 (s, 2H), 7.53-7.45 (m, 2H), 7.24 (d, J = 7.2 Hz,
2H), 7.01-6.93 (m, 2H), 6.57 (s, 2H), 6.42 (s, 2H). 3C NMR (151 MHz, CDCls) &
144.5, 136.7, 134.6, 128.5, 128.4, 127.2, 127.0, 126.7, 126.6, 124.1, 119.6. HRMS
(APCI): Exact mass calculated for C22HisSz ([M+H]"): 343.0610, mass found:

343.0610.

[16]



4,5-Diethoxyphenanthrene (3w)

B(CqFs)s, 4A (100m ‘] ‘
wH . //OEt (C6Fs5)3 ( 9) O OEt . O OFt
H o Z DCM:HFIP = 2.5:0.25 O OEt
CHO

(40 Wt.%)

3w, 2% 3w', 8.4%

3w was prepared according to GP2 with la (16 mg, 0.10 mmol) and
3-ethynylthiophene (2w) (~40 wt. % in hexanes, 60 pL, 0.25 mmol). Purification by
silica gel chromatography (DCM/hexane = 1/3) gave 3w (0.5 mg, 0.0019 mmol,
isolated yield 2%, 'H NMR yield 2%). R (DCM/hexane = 1/5): 0.3; 'H NMR (600
MHz, CDCls) 6 7.55 (s, 2H), 7.47 (t, J = 7.8 Hz, 2H), 7.39 (dd, J = 7.8, 1.1 Hz, 2H),
7.05 (dd, J = 7.9, 1.1 Hz, 2H), 4.16 (q, J = 7.0 Hz, 4H), 1.44 (t, J = 7.0 Hz, 6H). 13C
NMR (151 MHz, CDCls) 6 157.5, 134.7, 126.9, 126.7, 119.5, 119.3, 108.8, 63.7, 15.2.
HRMS (ESI): Exact mass calculated for CigHisNaO2 ([M+Na]®): 289.1199, mass
found: 289.1196.

Purification by silica gel chromatography (ethyl acetate/hexane = 1/10) gave 3w’
(1.8 mg, 0.0084 mmol, isolated yield 8.4%, *H NMR vyield 11%). Rs (DCM/hexane =
1/5): 0.1; Rf (DCM/hexane = 1/5): 0.1; *H NMR (600 MHz, CDCl3) 6 9.82 (t, J= 2.5
Hz, 1H), 8.20-8.11 (m, 1H), 7.80 (d, J = 8.3 Hz, 1H), 7.41 (d, J = 8.2 Hz, 1H), 7.37
(dd, J=8.2, 7.5 Hz, 1H), 7.32 (dd, J = 8.4, 1.8 Hz, 1H), 6.82 (dd, J = 7.4, 1.0 Hz, 1H),
4.22 (g, J = 7.0 Hz, 2H), 3.86 (d, J = 2.5 Hz, 2H), 1.56 (t, J = 7.0 Hz, 3H). 3C NMR
(151 MHz, CDCI3) 6 199.8, 154.7, 133.8, 128.7, 128.5, 128.0, 126.3, 126.1, 123.1,
120.0, 105.3, 63.9, 51.1, 15.0. HRMS (ESI): Exact mass calculated for C14H14NaO-
([M+Na]*): 237.0886, mass found: 237.0887.

[17]



3,4,5,6-Tetraphenylphenanthrene (3x)

3x was prepared according to GP3 with 1la (16 mg, 0.10 mmol) and

73 diphenylacetylene (2x) (45 mg, 0.25 mmol). Purification by silica gel
% O chromatography (DCM/hexane = 1/5) gave 3x (20 mg, 0.041 mmol,
O 41%) as a white solid. Rf (DCM/hexane = 1/5): 0.2; *H NMR (600

MHz, CDCI3) § 7.79 (d, J = 8.0 Hz, 2H), 7.66 (s, 2H), 7.43 (d, J = 8.0

Hz, 2H), 7.07 (t, J = 7.4 Hz, 2H), 6.84 (t, J = 7.3 Hz, 2H), 7.65-5.50 (broad peak,
16H). 'H NMR (600 MHz, CDCls at 55 <T) & 7.78 (d, J = 8.0 Hz, 2H), 7.65 (s, 2H),
7.42 (d, J = 8.0 Hz, 2H), 7.07 (t, J = 6.6 Hz, 7H), 6.84 (t, J = 7.9 Hz, 3H), 6.63 (brs,
6H), 6.04 (brs, 4H). 3C NMR (151 MHz, CDCls) & 143.4, 139.8, 139.6, 134.3, 132.3,
130.2, 130.1, 129.7, 127.6, 126.85, 126.84, 126.2, 125.8, 125.5 (three carbons
unresolved). HRMS (APCI): Exact mass calculated for CsgHz7 ([M+H]"): 483.2107,

mass found: 483.2112.

(18]



3,6-Dibromo-4,5-bis(4-ethylphenyl)phenanthrene (3y)
4-Bromo-3,5-bis(4-ethylphenyl)-6-methylphenanthrene (3y?)

3y and 3y’ were prepared according to GP3 with
7
O ) O ) & 1a (16 mg, 0.10 mmol) and
O % O = 1-(bromoethynyl)-4-ethylbenzene (2y) (52 mg,
Br
B

‘ 0.25 mmol). Purification by silica gel
N N chromatography (DCM/hexane = 1/5) gave 3y (11
mg, 2.020 mmol, 20%) as a yellow liquid. R (DCM/hexane = 1/5): 0.4; *H NMR (600
MHz, CDCls) 6 7.76 (d, J = 8.4 Hz, 2H), 7.57 (s, 2H), 7.55 (d, J = 8.4 Hz, 2H), 6.91
(brs, 2H), 6.82 (brs, 2H), 6.61 (brs, 2H), 6.16 (brs, 2H), 2.70-2.60 (m, 4H), 1.32 (t, J =
7.6 Hz, 6H). °C NMR (151 MHz, CDCls) § 143.2, 140.9, 136.9, 134.4, 133.2, 132.9,
131.8, 131.0, 127.6, 127.1, 126.9, 126.5, 123.5, 28.8, 15.9. HRMS (ESI): Exact mass
calculated for CsoH24Br2Na ([M+Na]*): 567.0117, mass found: 567.0115.
Purification by silica gel chromatography (DCM/hexane = 1/5) gave 3y’ (10 mg,
0.019 mmol, 19%) as a yellow liquid. Rf (DCM/hexane = 1/5): 0.5; *H NMR (600
MHz, CDCls) 6 7.91 (d, J = 8.4 Hz, 1H), 7.70 (d, J = 8.5 Hz, 1H), 7.57 (d, J = 9.2 Hz,
1H), 7.42 (d, J = 9.2 Hz, 1H), 7.40 (d, J = 7.9 Hz, 2H), 7.38 (d, J = 9.5 Hz, 1H), 7.35
(d, J = 7.8 Hz, 2H), 7.30 (d, J = 9.4 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 8.0
Hz, 2H), 2.83 (g, J = 7.6 Hz, 2H), 2.79 (g, J = 7.6 Hz, 2H), 1.39 (t, J = 7.6 Hz, 8H),
1.35 (t, J = 7.6 Hz, 3H). 3C NMR (151 MHz, CDClz) § 144.3, 143.9, 141.1, 140.2,
140.1, 137.6, 134.5, 132.2, 131.3, 130.8, 130.2, 129.7, 129.6, 129.1, 129.0, 128.8,
128.0, 127.8, 126.4, 126.1, 122.8, 28.9, 28.8, 15.8, 15.5 (one carbon unresolved).
HRMS (ESI): Exact mass calculated for CagH2s5Br2 ([M+H]*): 545.0297, mass found:
545.0299.

[19]



1,5-Bis(4-ethylphenyl)phenanthrene (5a)

5a was prepared according to GP2 with 1b (16 mg, 0.10 mmol)

O‘ O and 1-ethyl-4-ethynylbenzene (2b) (33 mg, 0.25 mmol) in the

O O ; mixture of DCM/HFIP (10:1 v/v). Purification by silica gel

Et chromatography (DCM/hexane = 1/5) gave 5a(16 mg, 0.042

mmol, 42%) as a liquid which was dried by high vacuum at 60 <C for 2 h. R
(DCM/hexane = 1/5): 0.5; *H NMR (392 MHz, CDCls) 5 7.89-7.80 (m, 3H), 7.67 (d,
J=9.1Hz, 1H), 7.59 (t, J = 7.5 Hz, 1H), 7.49 (dd, J = 7.3, 1.5 Hz, 1H), 7.44-7.38 (m,
3H), 7.40-7.27 (m, 6H), 7.13 (dd, J = 8.6, 7.2 Hz, 1H), 2.79 (g, J = 7.5 Hz, 2H), 2.78
(9, J = 7.6 Hz, 1H), 1.36 (t, J = 7.6 Hz, 3H). 1.35 (t, J = 7.6 Hz, 1H). 3C NMR (151
MHz, CDCls) 6 143.25, 143.16, 142.9, 140.9, 140.6, 138.9, 133.5, 131.5, 131.1, 131.0,
130.4, 129.04, 128.99, 128.6, 128.2, 128.0, 127.9, 127.3, 127.3, 125.9, 125.4, 124.1,
28.8, 28.8, 15.8, 15.7. HRMS (APCI): Exact mass calculated for CzoHz27 ([M+H]"):
387.2107, mass found: 387.2104.

1,5-Bis(4-methoxyphenyl)phenanthrene (5b)

‘I 5b was prepared according to GP2 with 1b (16 mg, 0.10

O O . mmol) and 1-methoxyl-4-ethynylbenzene (2d) (33 mg, 0.25

O O mmol) in the mixture of DCM/HFIP (10:1 v/v). Purification

MeO by silica gel chromatography (ethyl acetate/hexane = 1/15)

gave 5b (8.0 mg, 0.021 mmol, 21%) as a solid. Rt (ethyl acetate/hexane = 1/10): 0.3;

IH NMR (600 MHz, CDCl3) & 7.86 (dt, J = 8.7, 0.9 Hz, 1H), 7.84-7.81 (m, 3H), 7.67

(d, J = 9.1 Hz, 1H), 7.60-7.55 (m, 1H), 7.47 (dd, J = 7.2, 1.4 Hz, 1H), 7.43-7.40 (m,

2H), 7.39-7.35 (m, 3H), 7.15 (dd, J = 8.7, 7.1 Hz, 1H), 7.08-6.99 (m, 4H), 3.92 (s,

3H), 3.91 (s, 3H). C NMR (151 MHz, CDCls) & 159.0, 158.9, 140.5, 140.2, 138.0,

134.0, 133.5, 131.6, 131.5, 131.2, 131.1, 130.2, 129.1, 128.1, 127.8, 127.4, 127.2,

125.9, 125.3, 124.1, 114.6, 113.8, 55.5. HRMS (APCI): Exact mass calculated for
C2sH2302 ([M+H]"): 391.1693, mass found: 391.1715.

[20]



1,2,5,6-Tetraphenylphenanthrene (5c)

O 5c¢ was prepared according to GP3 with 1b (16 mg, 0.10 mmol) and

‘ diphenylacetylene (2x) (45 mg, 0.25 mmol). Purification by silica
% gel chromatography (DCM/hexane = 1/20) gave 5c (11 mg, 0.023
O mmol, 23%) as a white solid. If the isolated compound is not pure

J

(DCM/hexane = 1/5): 0.3; *H NMR (600 MHz, CDCls) § 7.91 (d, J = 8.0 Hz, 1H),
7.67 (d, J = 9.1 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.62-7.59 (m, 2H), 7.34-7.26 (m,
4H), 7.26-7.21 (m, 2H), 7.23-7.15 (m, 7H), 7.16-7.08 (m, 4H), 7.12-7.02 (m, 4H). 13C

enough, it can be washed by hexane to give the pure compound. Rt

NMR (151 MHz, CDClz) 6 142.83, 142.81, 141.8, 141.5, 139.9, 138.5, 138.4, 138.0,
132.9, 1325, 131.9, 131.2, 130.5, 130.2, 130.1, 129.1, 129.0, 128.7, 128.1, 128.0,
127.6, 127.5, 127.3, 126.8, 126.5, 126.23, 126.15, 126.1. HRMS (APCI): Exact mass
calculated for CagHz7 ([M+H]"): 483.2107, mass found: 483.2106.

2,6-Dibromo-1,5-bis(4-ethylphenyl)phenanthrene (5d)

‘ Br 5d was prepared according to GP3 with 1b (16 mg, 0.10

O O y mmol) and 1-(bromoethynyl)-4-ethylbenzene (2y) (52 mg,

O 0.25 mmol). Purification by silica gel chromatography

= (DCM/hexane = 1/20) gave 5d (25 mg, 0.046 mmol, 46%) as
a yellow liquid. Rf (DCM/hexane = 1/10): 0.3; *H NMR (600 MHz, CDCl3) § 7.91 (d,
J=8.4Hz, 1H), 7.69 (d, J = 8.5 Hz, 1H), 7.57 (d, J = 9.2 Hz, 1H), 7.43 (dd, J = 9.1,
0.7 Hz, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.39 (dd, J = 9.4, 0.8 Hz, 1H), 7.35 (d, J = 7.8
Hz, 2H), 7.30 (d, J = 9.4 Hz, 1H), 7.24 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.2 Hz, 2H),
2.83 (g, J = 7.6 Hz, 2H), 2.79 (g, J = 7.6 Hz, 2H), 1.39 (t, J = 7.6 Hz, 3H), 1.36 (t, J =
7.6 Hz, 3H). 3C NMR (151 MHz, CDCl3) § 144.3, 143.8, 141.1, 140.3, 140.1, 137.6,
134.5, 132.2, 131.3, 130.8, 130.2, 129.71, 129.67, 129.6, 129.1, 129.0, 128.8, 128.0,
127.8, 126.4, 126.1, 122.8, 29.0, 28.8, 15.7, 15.5. HRMS (EI): Exact mass calculated

for CaoH24Br2 ([M]"): 542.0245, mass found: 542.0245.

[21]



1,8-Bis(4-methoxyphenyl)phenanthrene (6b)

MeO. ome 6b was prepared according to GP2 with 1¢’ (66 mg, 0.10
O Q mmol) and 1-methoxyl-4-ethynylbenzene (2d) (33 mg, 0.25
QQQ mmol) in the mixture of DCM/HFIP (10:1 v/v). Purification
by silica gel chromatography (ethyl acetate/hexane = 1/15) gave 6b (4.5 mg, 0.012
mmol, 12%) as a white solid. R (ethyl acetate/hexane = 1/10): 0.3; *H NMR (600
MHz, CDCls) & 8.78 (d, J = 8.5 Hz, 2H), 7.77 (s, 2H), 7.70 (dd, J = 8.4, 7.2 Hz, 2H),
7.54 (dd, J = 7.2, 1.1 Hz, 2H), 7.45-7.41 (m, 4H), 7.05-6.99 (m, 4H), 3.89 (s, 6H). 3C
NMR (151 MHz, CDCl3) 6 159.1, 140.7, 133.5, 131.4, 131.0, 129.9, 128.1, 126.2,
124.7, 122.3, 113.8, 55.5. HRMS (APCI): Exact mass calculated for CagH230-
([M+H]"): 391.1693, mass found: 391.1692.

1,2,7,8-Tetraphenylphenanthrene (6c)

O 6c was prepared according to GP3 with 1¢’ (66 mg, 0.10 mmol) and

O diphenylacetylene (2x) (45 mg, 0.25 mmol). Purification by silica gel

O‘ chromatography (DCM/hexane = 1/15) gave 6¢ (4.6 mg, 0.0095 mmol,

() 10 %) as a solid. Ry (DCM/hexane = 1/5): 0.4; *H NMR (600 MHz, CDCly)

O O § 8.88 (d, J = 8.7 Hz, 2H), 7.78 (d, J = 8.6 Hz, 2H), 7.31-7.23 (m, 4H),

7.22-7.14 (m, 16H). *C NMR (151 MHz, CDCls) § 142.0, 139.5, 139.3,

138.6, 131.6, 130.6, 130.3, 129.7, 128.8, 127.9, 127.8, 126.9, 126.4, 125.6, 122.5.

HRMS (APCI): Exact mass calculated for CzsHz7 ([M+H]"): 483.2107, mass found:
483.2107.

[22]



2,7-Dibromo-1,8-bis(4-ethylphenyl)phenanthrene (6d)

Et 6d was prepared according to GP3 with 1¢’ (66 mg, 0.10 mmol) and
O ‘ 1-(bromoethynyl)-4-ethylbenzene (2y) (52 mg, 0.25 mmol).
O Purification by silica gel chromatography (DCM/hexane = 1/20) gave
O 6d (12 mg, 0.022 mmol, 22 %) as a solid. Rf (DCM/hexane = 1/10):

Et
0.4; 'H NMR (392 MHz, CDCl3) § 8.57 (d, J = 9.0 Hz, 2H), 7.92 (d, J =
8.9 Hz, 2H), 7.31 (d, J = 8.2 Hz, 4H), 7.28 (s, 2H), 7.18 (d, J = 8.1 Hz, 4H), 2.74 (g, J =
7.6 Hz, 4H), 1.31 (t, J = 7.6 Hz, 6H). 3C NMR (151 MHz, CDCls) & 144.0, 140.9,
136.9, 132.2, 130.8, 130.1, 129.2, 127.9, 126.2, 123.7, 123.0, 28.8, 15.6. HRMS (EI):

Exact mass calculated for CaoH24Br2 ([M]"): 542.0245, mass found: 542.0242.

5. The optimization of scale-up reaction

7

o H =z additives \\
oY e g
O rt
| : 0

1a, 1.0 eq. 2b, 2.5 eq. 3b
. 1c
la . 4A Time Solvent la 2b .
Additive nmr yield
(mmol) (pellet) ~ (hr) (mL) (recovered)  (recovered) . .
(isolated yield)
20 mol% 100
0.10 ° 15 DCM (2.5) n.d. 0.4 eq. 67% (65%)
B(CGFs)s mg
20 mol% 55% (55%,
2.0 ° 20g 15 DCM (50) n.d, 0.9 eq. b (55%
B(CeFs)s 425 mg)
2.0 eq. 200
0.20 2 DCM (5.0 trace n.d. 46%
BF: £,0  mg (50) °
2.0 eq. 200 DCM/HFIP
0.20 d trace nd. 7%

2
BFs E,O0  mg (5.0/0.5)

(23]



la
(mmol)

0.10

0.80

1.5

la
(mmol)

0.10

0.20

2.0

o H =z additives X
LY —— (L oy
’ & g

1a, 1.0 eq. 2i,2.5€q. 3i
3i
» 4A T Solvent la 1b _
Additive nmr yield
(pellet)  (hr) (mL) (recovered) (recovered) .
(isolated yield)
20 mol% DCM/HFIP
100 m 12 n.d. 1.3 eq. 44% (37%
B(CoFs)s J (2.5/0.25) a b (37%)
20 mol% DCM/HFIP
100 m 12 trace 1.6 eq. 21%
B(CoFe): . (2012.0) | °
2.0 eq. DCM/HFIP 41% (41%
9 15¢ 3 n.d. n.d. b (41%,
BF3 Et,0 (25/2.5) 300 mg)
H = additives O
jL/@/\Ig . — > ‘ O Bpin
H Bpin t O
1a, 1.0 eq. 2],25e€q. 3l
3i
. T Solvent la 2l .
Additive nmr yield
(pellet)  (hr) (mL) (recovered)  (recovered) ) .
(isolated yield)
20 mol% 100 DCM/HFIP
d. 1.5e 25% (21%
B(CeFs):  mg (2.5/0.25) q 0 (21%)
2.0 eq. 200
q 2 DCM (5.0 trace 1.1eq 15%
BF; £t,0 mg
2.0 eq. DCM/HFIP
2.0 2 trace n.d. 25%
BF; £t,0 g (50/5.0) °
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General procedure (when BFs Et,0 was used as an additive):

o H 7 20eq.BFy EtO A
oY -y e
r
H Br O

1a,1.0 eq. 2i,2.5eq. 3i

A dry Schlenk tube equipped with a magnetic stir bar and a septum was charged
with activated molecular sieve, diacetaldehyde compound l1a and 2i under argon
atmosphere. DCM and HFIP were then added. After that, BF; £,0 was added
dropwise at room temperature. After stirring at room temperature for 2 h, the reaction
mixture was quenched by water. And then the resulting mixture was extracted with
DCM three times. The organic extracts were washed with water, brine, dried over

MgSOs, and concentrated. The residue was then purified by silica gel column

chromatography directly.

[25]



6. The optimization of asymmetric bisannulation

5 Ph

H
o Ph
+ Z
/
HJL»/[::j/A1§ Ph////

CF3Ph/HFIP = 2.5 ml/0.25 mL

1a (0.1 mmol) 2x (0.25 mmol) 3x
°C
Entry Additives la 2X
(hours)
50 mol% DL-10-Camphorsulfonic 55% 2.4 equiv.
1 . rt (15)
acid recovered recovered
rt (12) 58% 2.2 equiv
2 1.5 equiv. BINOL-phosphoric acid  to 90 °C ° - BquIv.
recovered recovered
3)
rt(12) 30% 2.5 equiv
. 0 . .
3 1.5 equiv. HsPO4 t0 90 °C q
recovered recovered
3)
H = 4A (pellet) @ Et
0 . elle’ _
HJLVJ[:j/Azy MevJ::j/// r, 15 h ‘ii Eiu
DCM/HFIP = 2.5 ml/0.25 mL O
1a (0.1 mmol) 2b (0.25 mmol) 3b
Entry Additives la 2b
L 20 mol% 5% recovered 1.6 equiv.
DL-10-Camphorsulfonic acid ° recovered
1.5 equiv. BINOL-phosphoric 1.9 equiv.
2 q . phosp 75% recovered a
acid recovered
. 1.3 equiv.
3 1.5 equiv. HzPO4 77% recovered q
recovered

3x

n.d.

n.d.

n.d.

3b

n.d.

n.d.

n.d.

[26]



7. The formation of regioisomers (3y and 3y’)

Due to the «-phenyl-beta-halovinyl cation is more stable than
S-phenyl-alfa-halovinyl cation (by 17.5 kcal/mol, reference J. Org. Chem. 2006, 71,
9643-9650, figure 1A). The first annulation of 1,4-benzenediacetaldehyde and
bromide-substituted phenylacetylene gave the intermediate naphthalene with high
regioselectivity, which was corresponding with the reaction of phenylacetaldehyde
with bromide-substituted phenylacetylene to give 2-bromo-1-phenylnaphthalene with
excellent regioselectivity (figure 1B). However, due to the steric encumbrance of the
phenyl substituent in intermediate naphthalene under the second annulation, and the
bromide is smaller than phenyl group, so the regioisomers (3y and 3y’) was formed
(figure 1C). Hence, without the steric encumbrance of the phenyl substituent,
1,3-benzenediacetaldehyde (1b) and 1,2-benzenediacetaldehyde disilyl acetal (1c¢’)
reacted with bromide-substituted phenylacetylene can give the corresponding

products with excellent regioselectivity (figure 1D).
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Figure 1:
A) Gibbs free energies of halovinyl cation

e o
Br Ph

Br

AG =-199.7 kcal/mol*
alfa-phenyl-beta-halovinyl cation

AG = -182.2 kcal/mol*
beta-phenyl-alfa-halovinyl cation

*Gibbs free energies relative to those of the corresponding 1-phenyl-haloacetylene
J. Org. Chem. 2006, 71, 9643-9650.

B) The reaction of phenylacetaldehyde with bromide-substituted phenylacetylene

Br . e
O/\CHO Z 20 mol% B(CqFs)z/4A (100mg) Br
+ >
DCM:HFIP = 2.5:0.25 O

Et
Et
0.1 mmol 0.125 mmol 78% nmr yield
C) The reaction of 1,4-benzenediacetaldehyde and bromide-substituted phenylacetylene
B Br I Br
: o Ph Ph
; CHO (CoFs)3BO Br
: B(CeFe) L Ph Ph
 CHO  + — + — ¢
: CHO Ph _
' Br—=——~Ph ‘ O B
: Br r
: S} Pheh O Ph
' (CeF5)3BO ® Ph
i i Br Br

First annulation with high regioselectivity

D) The reaction of 1,3-benzenediacetaldehyde (1b) and 1,2-benzenediacetaldehyde disilyl acetal (1c') reacted

with bromide-substituted phenylacetylene

w10
R? /
cHo * & @ — |2 6 YcHo
OHC R’ =/ 5@

1b 2 Intermediate B

=
Et;Si0 OSiEt; 4 177

Et3SiO OSiEt;

Intermediate C

Second annulation with
low regioselectivity
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8. The detailed mechanism

. o\@

®ii"‘D B(CeFs)
e L%

(C6Fs5)3B< Ph

O Ph

[

(Cst)ag\o /6 Ph
)
r(%\(‘;?(cst)s
Ph—=
(CeFs)sB 7 Ph A CHO Ph
® H,0
Second annulation First annulation
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9. The synthesis of diphosphine ligand?

O HPPh,/KOAC O
cat. Pd(OAc),
(Lo - (L o™
Dimethylacetamide
130°C

3] 3z, 44%

A dry and argon-flushed Schlenk tube, equipped with a magnetic stir bar and a
septum, was charged with potassium acetate (150 umol, 14.7 mg, 3.0 equiv).
Subsequently, the Schlenk tube was dried over a heatgun (around 300 <C) for 5 min
under high vacuum. After that, the Schlenk tube was purged with argon at ambient
temperature. Then 3j (50 umol, 29 mg, 1.0 equiv), N,N-dimethylacetamide (0.5 mL),
and diphenylphosphine (150 umol, 28 mg, 26 uL, 3.0 equiv) were added under argon
atmosphere. Subsequently, a solution of N,N-dimethylacetamide (0.5 mL) containing
palladium acetate (0.56 mg, 5 mol%) was added. The solution turned red and was
immediately placed in an oil bath at 130 <C for 4h. The reaction mixture was allowed
to cool down to room temperature. Water (10 mL) was added and the aqueous phase
was extracted with dichloromethane (3*20 mL). The combined organic layers were
dried over sodium sulfate. Evaporation of the solvent followed by column
chromatography on silica gel with hexane/DCM (2:1) afforded the corresponding
product 3z (15 mg, 0.022 mmol, 44 %) as a white solid. Rs (DCM/hexane = 1/2): 0.3;
IH NMR (600 MHz, CDCls) § 7.74 (dd, J = 7.8, 1.3 Hz, 2H), 7.67 (s, 2H), 7.53-7.44
(m, 2H), 7.37-7.31 (m, 14H), 7.30-7.27 (m, 6H), 7.09 (dd, J = 7.3, 1.3 Hz, 2H), 6.96
(t, J = 8.2 Hz, 2H), 6.86 (t, J = 7.5 Hz, 2H), 6.56 (d, J = 7.8 Hz, 2H), 6.47 (d, J = 8.2
Hz, 2H). 3P NMR (243 MHz, CDCls) 5 —4.92. 3.C NMR (151 MHz, CDCls) 5 144.0,
141.4,137.7 (d, J c-» = 10.8 Hz), 137.5 (d, J c» = 10.6 Hz), 135.1 (d, J c.p = 18.8 Hz),
134.7, 1345 (d, J cp = 10.5 Hz), 133.7 (d, J c-p = 19.4 Hz), 133.6 (d, J = 19.4 Hz),
133.1 (d, J cp = 23.2 Hz), 129.5, 128.9-128.7 (m), 128.6-128.5 (m), 127.7, 127.2,
126.8. HRMS (APCI): Exact mass calculated for CsoHz7P2 ([M+H]"): 699.2365,
mass found: 699.2361.

[30]



The synthesis of binuclear Pd complex®

7 Ph
) _(:7ﬂ c
‘ pph, PAC2(CHCN); PhH{—p ——/—Pf—"P
—_— P~
O DCM P \ PdQ
" Ph / R
d e
3z 7a, 90%

aHydrogen atoms, phenyl groups, and solvent
moleculars are omitted for clarity.

To a Schlenk tube were added [PdCI>2(CH3CN):] (3.7 mg, 14 umol), 3z (10 mg, 14
umol) and CH2Cl> (4 mL) under a stream of argon. The yellow solution was stirred
for 12 h. Evaporation of the solvent followed by washed with hexane three times
afforded the corresponding product 3x (11 mg, 6.3 umol, 90 %) as a yellow solid.
Suitable crystals for diffraction study were grown from the solution of 7a with mixed
solvents of CHCIz and methanol at room temperature. *H NMR (600 MHz, CDCls) §
7.99-7.92 (m, 4H), 7.90-7.82 (m, 4H), 7.78-7.72 (m, 2H), 7.67 (dd, J = 7.8, 1.2 Hz,
2H), 7.63 (s, 2H), 7.52 (t, J = 7.3 Hz, 4H), 7.48-7.42 (m, 2H), 7.40-7.35 (m, 4H), 7.22
(t, J = 8.6 Hz, 4H), 7.18-7.13 (m, 2H), 6.97 (dd, J = 7.3, 1.2 Hz, 2H), 6.69 (d, J = 9.2
Hz, 2H), 6.58 (d, J = 9.7 Hz, 2H). 3P NMR (243 MHz, CDCls) & 24.04. 1°C NMR
(151 MHz, CDCls) § 145.3, 140.8, 137.0 (t, J cp = 9.5 Hz), 135.6 (t, J c.p = 7.0 H2),
1345, 134.3 (t, J c» = 6.5 Hz), 134.1-134.0 (m), 132.3-132.0 (m), 130.9-130.2 (m),
129.9, 128.8 (t, J cp = 5.5 Hz), 128.1 (t, J cp = 5.7 Hz), 127.8-127.6 (m), 127.5,
127.3, 127.2 (t, J cp = 14.0 Hz), 127.0-126.8 (m). HRMS (ESI): Exact mass
calculated for C100H72Cl3P4Pd; ([M—CI]*): 1713.1714, mass found: 1713.1723.
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10. Variable temperature 'H NMR spectrum (3m and 3q) and 1D NOE spectrum
(30)

a) High temperature *H NMR spectrum of 3m in 1,1,2,2-tetrachloroethane-d
3m was studied by variable temperature *H NMR spectroscopy between 25 and 110 <T.
The broad peaks resulting from the bay region aryl and methyl groups gradually

sharpen as a function of increasing temperature.

Ferroeen e T T ool Sataryaamine 1 17T Tt Y alter soBnE 5 &
single_pulze 4
ki
IkJ A o .’L)L_A . e |- 25 °C (after cooling) U
rfpeople/i Lomi/Files/data/suafning L1/l m-25tp-aal KC1-110 & O z \ " ]|
gle_pil=e & ~ e § \ | Me
. Lo g
\ A |{I |~Irl |ﬁ ' O v O :\ I | d
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gL £/Tyn-254p-2nf &
Fl
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b) High temperature *H NMR spectrum of 3q in 1,1,2,2-tetrachloroethane-d
3q was studied by variable temperature *H NMR spectroscopy between 25 and 145 <C.
The broad peaks resulting from the bay region aryl and methyl groups gradually

sharpen as a function of increasing temperature.
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c) 1D DPFGSE NOE experiment of 3q in 1,1,2,2-tetrachloroethane-d:

Furthermore, irradiation of the peak of 3qg using a 1D DPFGSE NOE experiment

resulted in a spectrum which shows negative peaks, implying chemical exchange and

thus the existence of rotamers in 3q.*
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11. Reaction of a-aryl-substituted diacetaldehyde and diketones with alkynes

R? 2 2
. - P B (CoFs)s R O R
LY P pat
R? Ph Ph
1 2a 8
1 8 yield®

m " 8a (n.d.)
2" 8b (n.d.)
JSOR!

K 8c (n.d.)

Ph Ph

aReaction conditions: 1 (0.10 mmol), and 2a (0.25 mmol) in DCM (2.5 mL). °NMR
Yield. n.d. = not detected.
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12. Mulliken charges for the intermediate A

ays 992

Ot ot
-ow‘w?w%

o o Mﬁd
" A

2.492

The intermediate A was subjected to geometry optimization using B3LYP and the
6-31G+d basis set using Gaussian 16. M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E.
Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, G. A. Petersson, H.
Nakatsuji, X. Li, M. Caricato, A. V. Marenich, J. Bloino, B. G. Janesko, R. Gomperts,
B. Mennucci, H. P. Hratchian, J. V. Ortiz, A. F. Izmaylov, J. L. Sonnenberg, D
Williams-Young, F. Ding, F. Lipparini, F. Egidi, J. Goings, B. Peng, A. Petrone, T.
Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao, N. Rega, G. Zheng, W. Liang,
M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y.
Honda, O. Kitao, H. Nakai, T. Vreven, K. Throssell, J. A. Montgomery, Jr., J. E.
Peralta, F. Ogliaro, M. J. Bearpark, J. J. Heyd, E. N. Brothers, K. N. Kudin, V. N.
Staroverov, T. A. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A. P. Rendell, J.
C. Burant, S. S. lyengar, J. Tomasi, M. Cossi, J. M. Millam, M. Klene, C. Adamo, R.
Cammi, J. W. Ochterski, R. L. Martin, K. Morokuma, O. Farkas, J. B. Foresman, and
D. J. Fox, Gaussian, Inc., Wallingford CT, 2016.
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13. X-ray data

Details of the crystal data and a summary of the intensity data collection parameters
for 3c, 3x and 7a are listed in Table S1. In each case, a suitable crystal was mounted
with mineral oil on a glass fiber and transferred to the goniometer of a Rigaku
PILATUS diffractometer. Graphite-monochromated Mo Ka radiation (4 = 0.71075
A) was used. The structures were solved by direct methods with (SIR-97)° or
SHELXT and refined by full-matrix least-squares techniques against F?
(SHELXL-2013/4)® with Yadokari-XG program.” The intensities were corrected for
Lorentz and polarization effects. The non-hydrogen atoms were refined

anisotropically. Hydrogen atoms were placed using AFIX instructions.
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Table S1. Crystallographic data and structure refinement details for 3c, 3x, 7a.

3c 3X 7aCHCIs
CCDC deposition No. 1865671 1865672 1865673
formula CaaHa4 CssHzs C101H73Cl7P4Pd;
fw 442.61 482.59 1871.42
T (K) 123(2) 123(2) 123(2)
A(A) 0.71075 0.71073 0.71073
cryst syst Monoclinic Monoclinic Triclinic
space group C2/c P21/n P-1
a(A) 14.0303(19) 8.9305(2) 14.5697(2)
b (A) 23.979(4) 16.0425(3) 14.7169(2)
c(A) 7.3735(11) 18.2272(3) 23.7580(4)
o (deg) 90 90 92.5220(10)
S (deg) 94.442(4) 101.3021(19) 105.129(2)
7 (deg) 90 90 116.309(2)
V (A3 2473.2(6) 2560.73(9) 4332.56(14)
Z 4 4 2
Dealc (g/cm?) 1.189 1.252 1.435
1 (mmt) 0.067 0.071 0.753
F(000) 952 1016 1900

cryst size (mm)

0.15 x0.10 x0.10

0.15 x0.10 x0.10

0.10 x<0.10 x0.10

@range (deg)

3.146 to 24.999

2.279 10 24.998 2.604 to 24.999
reflns collected 13626 22958 47820
indep reflns/Rint 2188/0.0268 4498/0.0266 15188/0.0341
params 157 343 1027
GOF on F? 1.027 1.041 1.044

R1, WRz [1>25(1)]

0.0337, 0.0872

0.0318, 0.0814

0.0437, 0.1188

R1, WR: (all data)

0.0413, 0.0913

0.0371, 0.0847

0.0561, 0.1260
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14. The resolution of 3b and 3x

Chiral resolution of 3b and 3x were performed on a Shimadzu HPLC Prominence
chromatograph equipped with a CHIRALPAK® ID-3 column (eluent:
n-hexane/dichloromethane = 95:5, 1.0 mL s*, Detector: PDA Ch2 315nm 4nm).

The resolution of 3b at 25 °C
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The resolution of 3x at 25 °C
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15. Free energy of activation for racemization of 3n

The activation barrier for racemization of 3n was determined according to the
literature methods® (AG* = 126 kJ mol™ at 100 <T (373.15 K) in toluene). HPLC
analysis was conducted on a Shimadzu Prominence 2000 instrument equipped with
equipped with a CHIRALPAK® IE column (eluent: n-hexane/dichloromethane =
95:5, 1.0 mL s, 25 T, Detector: PDA Ch2 315nm 4nm).

Table: Erosion in e.r. of 3n over time at 100 <C (373.15 K) in toluene

3n (P) 3n (M)
Time/h Time/s % major ent. % minorent. In A+ [mi.n]/[maj.])
(1 — [min]/[maj])
0 0 96.7 3.3 0.0683
1 3600 91.0 9.0 0.198
6 21600 71.2 28.8 0.858
24 86400 52.3 47.7 3.079
33 118800 51.7 49.3 3.740
Figure: ln(lﬂL]/[maj_D vs. time

(1—[min]/[maj])

(1 + [min]/[maj]
(1= [min]/[maj]

Therefore, kent = %2 slope = 1.59x10° s1

)) = 2kentt +C
40{ y=3.18x10°%+0.125

= 35/ R?=0.993

g krac = 2kent = 318 XlO_S 571

é

= t12% = In(2)/Krac = 6.05 h

g

% Employing the Eyring equation:

= AGH= -RT InX2%" = 196 kJ mol ™
kBxT

0 20000 40000 60000 80000 100000 L
t/s

[41]



enodds sisATeue O TdH YL

mAU

s the racemic mixture of 3n
S ‘ Bay
Z A
| CLUIG
1
o] O 5, 'Bu
3n
> & P & P & Py & P ES P & P P
k= o - - ~ ~ - o - - w w © ©
) g
0 hin toluene at 100 °C -
§_
§_
.
P 3 P P P P P Y & P P P P
3 2 2 S & 2 2 $ 2 2 3 3 S.
s
24 1 hin toluene at 100 °C
§_
s.
§
~
EARRE T T T T T T T T T A
3
9 6 h in toluene at 100 °C
8.
& 3
™
]
TR T R T TR Y Y TR TR YR
r 3
- :
24 h in toluene at 100 °C 3
2 ~
-3
s
S.
wl
=3
b3
s 3 2 & 3§ @ @® 3§ & § @ @ 38 2
£ L
33 hin toluene at 100 °C 4
o S
=l
S-
:_
=3
S
% P 3 P S P 5 P 3 P % P Py
=3 - - -~ ~ =3 0 - - 3 - < 3

Time

[42]



16. Erosion in e.r. of 3n at 70 <C in hexane and 85 <T in 1,2-dichloroethane

HPLC analysis was conducted on a Shimadzu Prominence 2000 instrument
equipped with equipped with a CHIRALPAK® IE column (eluent: n-hexane/DCM =
95:5, 1.0 mL s, 25 T, Detector: PDA Ch2 315nm 4nm).

Table: Erosion in e.r. of 3n

3n (P) 3n (M)
Enantiomer 2 at 70 <C Oh 5h 28 h
in hexane 72.3:271.7 71.4:28.6 69.3:30.7
Enantiomer 1 at 85 <C Oh 1h 3h
in DCE 96.8:3.2 95.8:4.2 94.0:6.0

[43]
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17. The optical rotation and CD spectrum of 3n.

25

“IThe HPLC spectra of racemic 3|ri ¢

20 First fraction I
First fraction=—— | || = Second fraction

PN N ﬁ (i
: I\l

[V \

A8 (M -em™)
(4]

\ Second fraction
-20

-25
250 300 350 400 450 500 550 600

Wavelength (nm)

Figure 2: CD spectra of enantiopure-3nl (blue line, the first fraction) and

enantiopure-3n2 (red line, the second fraction) (CHIRALPAK® IE column, eluent:

n-hexane/DCM = 95:5, 1.0 mL s, 25 <, Detector: PDA Ch2 315nm 4nm).

Second fraction (ee: 97.6:2.4): [a]ZDO =-2026 (c = 0.000533 in CH.CL,).

[45]



18. References

1 J. Carreras, G. Gopakumar, L. Gu, A. Gimeno, P. Linowski, J. Petuskova, W. Thiel and
M. Alcarazo, J. Am. Chem. Soc., 2013, 135, 18815-18823.

N

L. Bonnafoux, R. Gramage-Doria, F. Colobert and F. R. Leroux, Chem. Eur. J., 2011, 17,
11008-11016.

3 X.Wang, P. Guo, Z. Han, X. Wang, Z. Wang and K. Ding, J. Am. Chem. Soc., 2014, 136,
405-411.

4 D. X.Hu,P.Griceand S. V. Ley, J. Org. Chem., 2012, 77, 5198-5202.

5 A. Altomare, M. C. Burla, M. Camalli, G. L. Cascarano, C. Giacovazzo, A. Guagliardi, A.
G. G. Moliterni, G. Polidori and R. Spagna, J. Appl. Crystallogr., 1999, 32, 115-119.

6 G. Sheldrick, Acta Crystallogr. A, 2008, 64, 112-122.

~

(d) Yadokari-XG, Software for Crystal Structure Analyses, K. Wakita 2001; (b) K.
Chizuko, A. Shigehisa and K. Eunsang, J. Cryst. Soc. Jpn., 2009, 51, 218-224.

8 J. D.Jolliffe, R. J. Armstrong and M. D. Smith, Nat. Chem., 2017, 9, 558-562.

19. NMR spectra of all unknown compounds

[46]



7.0

1.5
1.0

6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5
2.0
0.5
0.0

00°0-—

GG 1 —

0L°¢€
1L .mv

9.6
9,%
—L136

1

1ym—128-
single p

1a

==clV L

=07

=061 T

0.5 [47]

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0



Administrator
放置图像

Administrator
打字机
1a


1ym—340p

single pulse dgcoupled gated NOE

o~
[N}

_~131.19
=~-130.38

77.37
77. 16
76. 95
50. 28

<

12

11

10

la
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)


Administrator
放置图像

Administrator
打字机
1a


C:\Documpigese and Settings\delta/My Documends/f ides/daga/ITAMI/Li Yuanming/LYM-158P = L9, 0
1H-single gwl se O e S S o33
S\ 1% .
8.0
7.5
7.0
6.0
5.5
O O
5.0
H H
1b 4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
| | —0.5
|
| L
A “ \ allan A . i ~0.0
T AT f L
3 8BE £ 0.5
— — i ~
e L B N E— — T T T 1 — T T T 1 — T T T 1 — T T T T T T L E—
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 [49]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
1b


/usr/people/Itami/files/data/yuanming Li/lym-339p-C

—0.5

E8EL & © 10 o

single pulse dgcoupled gated NOE g Log o

— — b~ O~ 0= o

| SA N
@) O
H
|
I
|

T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

[50]


Administrator
放置图像

Administrator
打字机
1b


/usr/people/Itami/files/data/yuanming Li¢dym—268p<2ads w DD @ 2RO T T RRN S
single pulse N N N N 616153 i SossSSssSssSS
N Y N7 Neg=——="
—11
-10
9
/ s J "
Et,Si0 OSiEt;
Et,SiO OSiEt; -
6
1c’
=5
4
3
2
!
| | I
£ A l
m\ A . _O
T T T T T
3 2 5 =
- = = — 1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
)5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 [51]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
1c'


/usr/people/Itami/files/data/yuanming Li/LYM-268P-2nd-C | = g = o L oo -
single pulse decoupled gated NOE S g < = os = 8% 6.5
— = = > b= = 0= < O 15
I N V!
6.0
5.5
5.0
4.5
_ : 4.0
Et,SiO OSiEt;
Et,SiC OSiEts 3.5
3.0
1c’
2.5
2.0
~1.5
~1.0
| | | ~0.5
|
~0.0
——0.5
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T !
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [52]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
1c'


¥e) o) e o < < o3 %) [N N — — S = T
| | | | | | | | | | | | | | 1
10°0— o —
—
PG 1 — |.||||nu
. M
—
\ A&__wv ”
co © <t N (e} oo
S R L .
| | | | | |
o
289~ <
€69~
09°9 ©
199\ <
€69
2 =
9
‘L «©
g <
L
g o
N 3o
L
369 w o
€69 - o~ .
099 P HM Hloo ¥
19°9 .M —
169 H 7 Fogt
969 L ~ & - 96T
&6 "9 L L s od 1
B0 V1L B =L -— -
MM.N 9L _— = - 661
5L = 9671
—
%.m D — - —— 16T |
L -
. ‘) D~
B |
5 I - I
. — — 661 o=
oo 5L
)L | ©
mH ‘L [
1L
5 0LL I ~
M.T 9T — Fosf -
4] o N%. IM MI ’
06 L1 LL7L o
.@.NL o~
&1 [
L
&
o
!
/

L

single: pufse

(53]

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

0.5


Administrator
放置图像

Administrator
打字机
3a


/usr/people/Itami/files/data/LI Yuanming/lym-170p-C g = O RRP= BN L ow
single pulse decoupled gated NOE cal Soideiild s 2:2
i IS IS BN B S FER

S 0 0 D [l Ko} © Ay — —
ST N & —~|— o~ ©
o3 o3 [oe) ~ ~~  ©© I L3
58 = S SR a.

o /N [0-40

~0. 35

~0. 30

C @B

~0. 10 Sa

~0. 05

A Ak Al

T T T T T T T T T T T T T T T T T T T
130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0 125.5
f1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)


Administrator
放置图像

Administrator
打字机
3a


6.5

6.0

5.5
5.0
4.5
4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5
~0.0

——0.5

/usr/people/Itami/files/datagld Nuanming/ Q<

single pulse

f

R S e e e ]

A

Egg9 |

EF90 v

=707
1072

=00¢C

6.5

[55]

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

5.5

6.0

8.0 7.5 7.0

8.5

9.0

9.5

10.0


Administrator
放置图像

Administrator
打字机
3b


/usr/people/Itami/files/data/LI Yuanming/LYM-238P—-C

~0.0

1.0

N O
S~ o~ © O — Lo
single pulse decoupled gated NOE S5 FdLSEEidSSS Lo » =
S0 OL O LN L L N ey o3 =
N N =" N
g = o8 2T RIBEE
g B8 g€ & 5y £8KS
— — — — — — _2.0
b bl Vo NH
-1.5
0
CL o
| O
~0.5
| | NI 3
- o Wt o
T T T T T T T T T T T
129.5 129.0 128.5 128.0 127.5 127.0 126. 5
f1 (ppm)
|
|
Iy |
T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

[56]


Administrator
放置图像

Administrator
打字机
3b


— o —
— — (@)} (o 0] [ Lo <t ap) — (e} |
| | | L | | L | | | L | |
J i
o -
181 = vz '8l
=
mM
“‘m_ O
o™
Lo () Lo (e
= = S S
| | | |
=<t
179~ _ T
a9~ f uw 00°f ©
| Lo
(o)
8G "9~ - + o
65°9—" f ?y 0% =
o~
79 IR
29> — L |M F ooz
8G9~ — - = F ooz
6597 S
869 o
669 -
AT T T B
mww 66°9— ,/_/ = wcow_(.\m/ = 507G
s\ 5 -
MHM 5171 — -H.( — =907
el — M :
M&& Ss\ f” HlmoVZf - W%m
L 91°L -
Bl 9" L— -
‘s N Qd.
MHN o=
9L L Ly
e T
=
kS AN 1 o
3 161 N - = Foof o
y | ©
= 69°L =
- i
N PLIA - F et
= €Ll |~
s 9L°L ~ E oo -
= 9 .Nu\. =
N s
9
)
(<]
o
~~
o
1]
=]
~

single pulse

[57]

5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.0

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0


Administrator
打字机
3c

Administrator
放置图像


4.5

4.0

3.5

3.0

2.5

2.0

1.5

~1.0

0.5

——0.5

LS TE—
LV ve—

G6 9L
91 "LL
LE°LL

86 '€Cl
62 921
GG 921
0L 921
GL 9l
8T "Lg1
0V "Lgl
11821 —
167621
16621
LL Vel —

G8 OVT~
78 IVI—"

IT°8V1—

single pulse decoupled gated NOE

LYM=153P-C

2.0

~1.5

1.0

o

3C

.
O

! WWMMIMMMMMMMMMIWMyﬂmﬁ“mnﬂmmmmm\“‘mm 0.0

0.5

86 '€¢l—

62 90T ~_
GG 92T~

0L-921

zL .@ﬁw.
8T 121"
ov L1

11801 —

167651
15 .mmﬁvu

LLvel—

Ww-—o.o

L

i m——

134 133 132 131 130 129 128 127 126 | 125 124

135

£1 (ppm)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 (58]
f1 (ppm)

210


Administrator
打字机
3c

Administrator
放置图像


(o)) o o~ © Lo sl [ap] [a\] — (] —
— — — — — — — — — — @)} [e's) [ © — o |
| | | | | | | | | | | L | | | | L | |
—
Q
=
O
m o
() ”
18°¢— =66 [
Lo <t [ap] [aN] — S
| | L | | L |
| Lo
GG "9~ L | °
96 9— = 76l
199~ — -
299~ i
o~
RS
= o
3o
. | (o))
B i =
1997 5 = 6L
29°9 e -
01°L 3
nwﬁ MW- w% M ./f,[ M H_”|mo .NI 1 \W _—— 07
ME.\ el | & — L
L z1°L &
,MWMW —_ F -= =207
0L 97 "L — P — _— 007G
8.5\  — | o — E06°1 L
mw L
W.N 2 | T
TLL 3 o~
— AN _ -
S| 61 L= S —=——== g
8 052 iy
3
P L ©
D~
0 992 L
m 2L LA™ — Feog
zL'L —
W 6L L ~ IL Foe1| =
i gL L o
+ —
= ~
()
9
(o
o
()
o
~~
o
1]
=
~

single pulse

7.5

0.5 [59]

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

9.5 9.0 8.5 8.0

10.0


Administrator
放置图像

Administrator
打字机
3d


/usr/people/Itami/files/data/LI Yuanming/L¥§-241P-C 5z oxSu-92me N L oo -
single pulse decoupled gated NOE @ J $¥SLLEESS bai z:z E
| I N1 N
SE-83ES 8 8
[/ AN SN
~1.5
O OMe
-1.0 O
0.5
l !
~0.0
| | ' | |
130 125 120 115
1 (ppm)
|
|
[
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

10



Administrator
放置图像

Administrator
打字机
3d


/usr/pgopled e M Elp of det @B ke amnming /4 s 2 p2CHEI3 2 . [0

i Y BN IR LS EP .,

1.55
0.02

9
&
1\
&

3€

ik M L -—o. 2
\ L_L I\ 0. 0

1.95
2.08

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 [61]
f1 (ppm)


Administrator
放置图像

Administrator
打字机
3e


< e} o ~ o~ — — = = T

| | | | | | | | | |
29 68~ _
L0706~

D
m
167021 —
6S €71
8921 \Y
88 '971
0€ 'L21
0% "L21
897221 =
62 '821
0V ‘82T
0C 'STT~§LO S o S
V621 —od N — -
wo‘Omﬂl\:_ | | L | m
6L Il oy s
18 eI
€2 TV —
ereri—
6C €31 —
n_.u Lo
RN

[al —
& 68921
D 88 971
= 0€ L2 -7
= ow.NNML\n
5 89171
£ 62 '8TT =
= 0% '821 et
= 05821
S T
Y% 79
= )
— =
=T s
< + 18
T ©
~. o0
w0
o T
— ®
- —
o
~ 3
= O
g o
< O
oS
o €z
O »n
— —
&2
D ob
o O
~. —
[
n o
=g
< @

.mmﬁl\
.of.\
161
€el

Ver—

vl =

el

| |
140 135
f1 (ppm)
|
NWWM«WWWMMWWM

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [62]

210

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3e


——0.5

/usr/people/Itami/files/data/fymd¥geagLeuSsS588ER © =
single pulse e 1 e e e e 1 e o 1 < 6 o s
—_———V
The ™H NMR of 3g in different concentration in CHCI3
SISEAE: 229 | muagsseg N
e e e e e e e S -
1 r S | S A
N
Ly 0.5
=0.0
\ o]
= &
B e e e e e e B e e e e e e B O NH
7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5
f1 (ppm) !!'7
o RE T L8 g| wasess B
N P IS SR S 39
Mg S TS 5
0.5
Ly
0.0
e T T S
S88 8 R 2
L B L L B B B B L B B L BECCA B
7.7 7.6 75 7.4 7.3 7.2 7.1 7.0-6.9 6.8 6.7 6.6 6.5
f1 (ppm)
|
| I l
1o ﬁ
i
SN A
AN T T
g8g&=T &3 S R
EStENEN 3 o3 S
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

[63]


YUANMING
放置图像

YUANMING
箭头

YUANMING
箭头

YUANMING
打字机
NH

YUANMING
打字机
NH

YUANMING
打字机
The 1H NMR of 3g in different concentration in CHCl3

YUANMING
打字机
（1）

YUANMING
打字机
（2）

YUANMING
打字机
3g


— o =) = ) =) = ) o ) =)
| | | | | | | | | | | |
—
H —
18 Yg— =
)
o
Y
.
(] Lo [e] Lo (]
N — — o o
=) = o o o
| | | | | -
28 '811— R
(=)
N
—
25-al— 66121 — s —
6€ 121 — ——
69 921
L8931 R
L1°221 e
0¢ 221 o)
. [aN]
¥8°L21 =
26 "821 ) 3 R
9¢ "621 69 92T~ 2
18 .mmﬂ.\ L] .NNH“ _ T3
18 68T 0€ "L21
91 "TH1 ¥8°Lcl - 2
26 '8zl
956217 ; S8
— 1
—
1 G~
8¢ ‘891 — I
GLFel— P oy
—
187681 — O —
4
18661 — -— S
3 —
9 "T¥1— —

1ym—427p-2

single pulse decoupled gated NOE

[64]

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

210

f1 (ppm)


YUANMING
打字机
3g

YUANMING
放置图像


6.5
6.0
5.5
5.0
4.0

[65]

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

Kol

/usr/people/Itami/files/data/Yegming hid &y

single pulse

=SS TSN Nrg———

e i e A S S S S S S S S e R R R o R R R R

52} e} o~ o~ — — ) =
| | | | | L | | | |
—————
= =201 2
— e
= =161
— ]
—96 T ®
| O
| (op)
3o}
| o
~
—
Hlﬁoi ~
\m
)
o~
—
Gy
[ap]
S
<t
o~
Lo
o~
e
7.
D~
~
0
b~
- 20 ¥
- 16771 |
- o061
1
; 10°2 i
g B-007
- €0°C
= 07T

4.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)

10.0



Administrator
放置图像

Administrator
打字机
3h


e} e 0] 1) e o~ N o~ N o~ — — — — — =) =) =) =) S [ I
| | | | | | | | | | | | | | | | | | | L | L | |
6 9L L w
91 .EW.
LE°LL _
e
‘ 0 ;
127911 O
YeIVI
L2911
s .@:/.
¥8 1921 -
91 7221 o s o o
927221
€L 7121 T . T T . T
V17821 P ~
02 821 12 711 - o =
816217 ¥ PII =
€57601 L2°9TT~ =
L8 VET— zy 911"
1L76€T
€1 66T
297071
S

=
C —
a
©
©
D
=
%%TI x4
Bp 291 — B
3 e %uﬁ/ -
w0 91 231 2
= 92"L21~~ a
= €L °1e1— — ~
=R v1 81/ T
53 02 "821 o
= E 87 .@S\. - &
© €5 621
+~ O
© +
T ©
~ o0
w0
o T
— D
e o
<5 18 VeI — L
— O —
I=IS]
< O
+ T
=
~ O
O n
a5 1L 6E1
g = €L 6E1 =
2o 29 0% T~ =
o e
|2 =)
==
< v

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [66]

210

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3h


/usr/people/Itami/files/datpdymanming Hid hym2Fpauseagae 1 S
single pulse N = S I
5.0
4.5
4.0
3.5
g
O O Br 3.0
. 2.5
3i
2.0
~1.5
~1.0
|

~0.5

i b
A 0.0

R 7 2 T

838 &8 &
aiadod — i o3 --0.5

T T T T T T T T T T T T T T T T T T T T T T T 1

10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 [67]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3i


/usr/people/Itami/files/data/yuanming Li/lym-2{#eressaass e [ ow
single pulse decoupled gated NOE N YNgagLn NS g
AR R o s o e
SSESS—sS N
= @ 25 2 SEELBIS =
| | | AR
0.5
CL e
|
| Il O
0.0 .
3i
T T T T T T T T T T L
142 140 138 136 134 132 130 128 126 124 122 120
f1 (ppm)
|
.
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3i


singleipulse L= = D= 0= D= D9 D= D= D= D= D= 0=

~SSN= N

/usr/people/Itami/files/data/yuannpng iydym=ddlps o« ®=10
HoRtoRte}

1.53
0.01

——0.1

A
_/3:
99-x
924
81—+
01~
4,01

0.2

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
).5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 [69]
f1 (ppm)


Administrator
放置图像

Administrator
打字机
3j


/usr/people/Itami/files/data/yuanming Li/lym-370p-C goggnw
single pulse decoupled gated NOE === (cddSFfSIIES

91. 47
7737
77.16
76. 95
T
[\l
—

%
<

—0.1

——=0. 2

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [70]
1 (ppm)


Administrator
放置图像

Administrator
打字机
3j


3.8

3.6

3.4

3.2

3.0

2.8

2.6

2.4

2.2

2.0

1.8
1.6
1.4

1.2

~1.0

~0.8

~0.6

0. 4
~0. 2
0.0

——=0. 2

8¢

1ym—378p

e

T N

R e e e N S S S le R le o)

single pulse

/|

il

Bpin
Bp}i)n

e

M

Er16°€3

Fooae

E 061

I o16¢
1T
o V6°1

E 11751

7.5

[71]

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0
f1 (ppm)

6.5 6.0 5.5

7.0

9.5 9.0 8.5 8.0

10.0


Administrator
放置图像

Administrator
放置图像

Administrator
打字机
3l


lym=378p T Sqgsgnmagy . <en 2.5
single pulse decoupled gated NOE ¢ HIPIEKEESS NS =
il Rclaciaia A aa for 8 oTue 8
ISy \%
—2.0
Bpin
I O Bpin
~1.5
~1.0
~0.5
|
1|l
Ll
1|l
j [mi L " ™ " o o " " "
’ ~0.0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [72]

1 (ppm)


Administrator
放置图像

Administrator
打字机
3l


/usr/people/Itami/files/data/LIlogming/ba2oipo s e n ooy S e
single pulse I e N e N S S S S S S S B S S S S S oi o - -4, 5
=== N |1
4.0
3.5
3.0
2.5
¢
L2
Sha”
~1.5
'H NMR spectrum of 3m in CDCl3z at 25 °C
~1.0
|
0.5
{ | I |
NI -
H
I A JM A " 0.0
T A A R T
888 = 3 S 2
N S < <
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
).5  10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 (73]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
 1H NMR spectrum of 3m in CDCl3 at 25 oC


(] ()] o [ © o <A [ap] [aN] — (] M
— =) = = =) = () =) = = = = T
| | | | | | ‘.( | | | | | |
(@]
- =
16712 C T =
66 10— D
c =
o —
= & ‘
O Im
&
N\ -
e E
w I
G6°9L mw
16700 R
(90]
—
s s 3 3 3 5 S
82 921 T T T T T T
29921
9L 921
9891 08 721 — - -
% MM €6 7l
06 221 mm WM/ - ©
21831 ) / -
167821\ mw MMV = ==
Al . —
2 6e1 Mw MM\ - | ©
PLVEING 06°L31 \ a E
% .N%N 218zl = =
S>> a.wﬁ\ o
8181 57 621 “
€2 Zh1 .
€z .NSN egeel
91 €T o~
i - &
= =
o
¢ + 2
= s
. —
= VLT — = =
Q0
(] © —
R ke
g 19961 — -
(o8]
=3
- - B %
- S 11861~ - = =
N 8L "8e1— -
(s s
+ O =
© o .
T © —
~. o0
w0
O T
o <
o= Al =
=2 o2 o1
=S 91 'ep1— -
< O <t
+- <
— — =
~ O
O »n
— —
Q3
o o
()
o O
~. —
S Top
n o
5
S

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [74]

210

f1 (ppm)


Administrator
放置图像

Administrator
打字机
 13C NMR spectrum of 3m in CDCl3 at 25 oC


/usr/people/itami/files/data/yuanming 1§/ me2pdpelad4Ctd i) diz o

single pulse

SNV NN

I

—6.00

Me

40

2.20

'H NMR spectrum of 3m in 1,1,2,2-tetrachloroethane-d2 at 110 °C

T
3
<

12.00
2.11

WA
{212
2.10

I A
3

;0.90
;0.85
;0.80
;0.75
;0.70
;0.65
;0.60
;0.55
;0.50
;0.45
;0.40
~0. 35
;0.30
;0.25
;0.20
;0.15
;0.10

~0. 05

~0. 00

——0. 05

9.5 9.0 8.5 8.0 7.5 7.0 6.5

6.0

T T T T T T T
5.5 5.0 4.5 4.0
f1 (ppm)

3.5

1.0

0.5 [75]


Administrator
放置图像

Administrator
打字机
 1H NMR spectrum of 3m in 1,1,2,2-tetrachloroethane-d2 at 110 oC


/usr/people/itami/files/data/yuanming 1i/lym-254p-C-2nk4Clegar gz od o o 0. 85
single pulse decoupled gated NOE oo e R R zc i f :
VTS o
—0. 75
0. 70
[ae) [ag) Lo e N OOt O

o S < L R N = 0.4 0. 65
[ IS [ s

0.3
0. 55
~0. 50

~0. 2
0. 45

/
—0. 1 \ 0. 40
| |
| L
| 0. 35
|

~0.0

0. 30
Me
T T T T T T T T T T T T T T T
144 142 140 138 136 134 132 130 128 126 124 0. 25
f1 (ppm) I
13C NMR spectrum of 3m inp 1,1,2,2-tetrachloroethane-d2 at 110 9G »
0. 15
0. 10
I|
| \ ~0. 05
|
~0. 00
——0. 05
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [76]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
 13C NMR spectrum of 3m in 1,1,2,2-tetrachloroethane-d2 at 110 oC


2.3

2.2

2.1

2.0

1.9

1.8

-1.7
1.6
~1.5
1.4
1.3

1.2
~1.1
~1.0

~0.9

~0.8

0.7

~0.6

~0.5

~0. 4

~0.3

~0.2

~0. 1
~0.0

90
¥e

1ym—468p

1=
—

9—

A

S S S S S S S S

single pulse

LumL

Foe81

EFr1e81t

|.|.|
g
=

G6'1

¢0'¢

L

6V el

L07CF

0.5 771

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0


YUANMING
放置图像

YUANMING
打字机
3n


12

11

10

9616
IRIES
Gh PE—
R

G6 9L
91 "LL
L& LL

€L
6V

99°

¥S
12

LT

02
10
LL

L0
ov

8%
1€

1ym—468p

611
AE/
44!
.@NA./.

921
L2l =
.mma..“..
0el
Ver—

I~
Wi

8V —
0ST—

single pulse decoupled gated NOE

qL

(78]

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

210

f1 (ppm)


YUANMING
放置图像

YUANMING
打字机
3n


2.6

2.4

2.0

1.8

1.6

~1.0

~0.8

~0.6

0.4
0.2
~0.0

—0.2

GG 1T —

)
o
[ S e e e e i e o o o o o e el el S S S S e S e e S Sal Sl SN Sa o

lym—474p
single pulse

A

0.3
~0. 2
~0. 1
0.0

10 7L
€0 .NN
1¢7L
1272
€C 1L

29 1L~
€91, —
y97L-"

LLIL—

L1871
187L
88 7L
88 1L

e

—

10

00 1

=

e

co—i=o
SSoo—~
T

8.0

10-°¢
002

€L LT L

9L ¥

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 [79]
f1 (ppm)

7.0

7.5

9.5 9.0 8.5

10.0

).5


YUANMING
放置图像

YUANMING
打字机
3o


> Lo o Lo (] Lo (] [le)] (] Lo o Lo (]
o o) o) < < e ™ N o~ —_ —_ S o
| | | | | | | L | | | | | |
——
ey
o
W
o
o
O
669 O 3
91 °"LL E—
L& LL 3
S Lo [« Lo ()
~ — — o o
1 1 1 1 . 1 ~ =
N
—
¢b "¢zl ot |—
oo ev .mﬁ <
99 °97T 12 Vel — T —
187921
16 '9¢1 89 '971 ©
81 .21 .8 .@ﬁ/ =
17 °Lgl 16 921 —
0L°Lc1 81°L21—F
81 I A ——— |8%
82— 0L°221 =
€L .wﬂ\ 81 .wmﬂ\
€962l €¥ '8g1 L o
86 VeT— €L 831 \ ) ® —_
80 01 €9 6271 ]
eF 0PI~ —
¥ TH1 e ,
€8 " TH1 . —
78 °€V1 -
[ac RN e
—
86 FET— — o T
oo
—
00
[ap]
—
= 80 071 ~_ <
= e v — —
= 3ETHINC _
2 ¥S TR — T= o~
S [Nt =
3
= e <
= 78 eI =
o
3
= =
) —
wn
—
]
QO
N
~ o
<+ —
| o0
g o
>
— w0

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

210

f1 (ppm)


YUANMING
放置图像

YUANMING
打字机
3o


/usr/people/Itami/files/data/yuarmine £ ha26¥«l< < N0 RPOO® = =
single pulse N N I © <SS 1518 16 16153 15 13 o o
=N =" NN =
SEE 223 eepe [4°
NI N N
-1.5
e S S
-1, 0
I
=0.5
I I ||I L
(ﬂ 45 OMe
o il il 0.0
f T — T T T T T T T T T T T T T T I‘ T T T T 4 T
6.30 6.25 6.20 6.15 6.10 6.05 6.00 5.95 5.90 5.85 5.80 5.75
f1 (ppm)
OMe
I
! ‘
LLLJ H o B L B .
RS f f i T
g8 3 R 8 & =
[ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3p


/usr/people/Itami/files/data/yuanming Ligl¥M-269P-C

95

[op] [ o=
— ASalanl o r~ @ Lo O —
single pulse decoupled gated NOE 2 I FEBEES 89 ; :' z u‘\;i
— — — o — — — — > o~ ~ o o
i I N YA \%
OMe
OMe
|
| |
I
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)


Administrator
放置图像

Administrator
打字机
3p


ST T T > T N S B S - o o © o o © o o o o T [
| | | | | | | | | | | | | | | | | | | | | | | | |
J—
68°0— /1|||||||1//||1||1J \lg .
86°0— .Hu 56°¢
69 T~ Mb IM 1570
VLT~ — 4
08°'1—" T 5 m\(.hm.ﬂ
AN 3
Q]
d
U2 B
m w
-
> 5
6€ "9 r—
9¢ "9 S
8¢ "9 MAW
6€ 9
P19 L —
G "9 ;
0891 T D
18791 : ;ﬂ;
€891
R 1~ &N
989 007" -
1879 - N
69 L -
IWm.w © 1
Eth o e
w0 g
9
=i L~
D & | o—
L
e |MM o
) ok o™
9 88l o
L T Y=
i . - O
NS ’ ~=2 m
%mxx\ H —& 5
M.MV . e
m.h . | o G d
0S°L . o
Tt .
86 "L : L
b : -
m.h 0571 -
gl 0571 -
BLL 16, ~
) €57L e
m.h 95 .h% // oL M
Mw.h 0L°L F
L 1L°L Lo Z
520 €171 - o~
— 8L°L ~
S 6L7L f//fJ =01 g o mmn
> 08 L 1 L
= 781 o
S IR //J 00
— 1 L
~
()
°
Q,
(©]
()
o
~o
o
1]
=
~

single pulse

(83]

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

). 5


Administrator
放置图像

Administrator
打字机
 1H NMR spectrum of 3q in 1,1,2,2-tetrachloroethane-d2 at 25 oC


(84]

0

10

20

30

40

50

60

70

80

90

| | | | | | | | | | | | | | | | | |
(e} LO S Lo (e Lo o
o) [N [aN] — — (e} o
S o = = = S =
| | | | | | L | L
z |-
661 1S 61— o
1961 1961 — = -
L0707
8¢ °1¢ o
10°06— <
°2
Ss
—
o G
—
NG
8¢ '1¢— Lo o
= Lo
09 €L oy
[0} 19 AJ
96 €L O
Ll . o
04 %219 . 1 1 1 . . < .a
o] 0L V21 T
oF gl 8 "¢zl @)
2821
16 931 6% .mﬁ/ —
4 .@NL 68 95l V © @)
Ty 921 1o el - 1= _
26 921 s¢ 9cl—m <
76921 7 Ww mm mm
86 921 )
. V6 921 | ®
% i 86 971 = ~
0% 121 60221 —
@ ‘21 1 °L31 o 1
921 06 421 IR (Q\|
621 26 "8l -
‘621 68 821 Nl
& ‘621 Vi 621 o -
621 96 "621 L _
081 08 621 — -
08T 76 62T —
WN el Gz '0¢l =
. 9¢ "0€1 oy
ESE 128].S
7eT p T1eT
2 el mm % z O
% e 00 €81 -3 ™
%P T 81 °€E1 Y—
68 ot 01 TET @)
Iiu 681 LG TEl1
e 68 cel = m
JDCTRT =
B orl ]
I Th 681 — S
WWWWA f L2 -
080V T— — mw
19 THT— N mw
- <t
—
0L g1 — ad
08 '€VT~. <
68 eV~ - M
(40
—

/usr/people/Itami/files/data/
single pulse decoupled gated

100

f1 (ppm)

110

120

180 170 160 150 140 130

190

200

210



Administrator
放置图像

Administrator
打字机
 13C NMR spectrum of 3q in 1,1,2,2-tetrachloroethane-d2 at 25 oC


/usr/people/Itami/files/data/yuanminglg A¥¥-278pstesrachdoroehhane—145

single pulse

[N N N =~ O O

e

e /

'H NMR spectrum of 3q in 1,1,2,2-tetrachloroethane-d2 at 145 °C

—1.43
—1.15

~0. 70

~0. 65

~0. 60

~0. 55

~0. 50

~0. 45

~0. 40

~0. 35

~0. 30

~0. 25

~0. 20

~0. 15

~0. 10

~0. 05

~0. 00

——0. 05

.5 10.0

9.5

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)

0.0

[85]


Administrator
放置图像

Administrator
打字机
 1H NMR spectrum of 3q in 1,1,2,2-tetrachloroethane-d2 at 145 oC


-
i —

L

[

— — — — — — — — — o = o = o ) = I o = T
| | | | | | | | | | | | | | | | | | | |
68°0— _— = E10°¢
86°0— — M Egg]
1 b
VLT
ow.ﬁV ~~ —— 61
O E
o ]
LO
e O
@
= ®
<2 B
- O
< -
L (@p
i o™
=
%oo o s r_m
Lo
-0 m
© -
-2 U
R
R
7679 L M wl
6e 9
1 ;| |
£1-9-7 B M = Twcz
NN@ 21 .wl o
199~ - 2
mm@N _ &
€89 |~ a .
s = 218
bt - -
%.@ | & ~
%.h I Koz
3072 L 002
=) B~ 961
. ;N‘
m.h B 4
gL K> -
M.M —20 2 2
£LL N
8771
LNy -
L - |
VL L] -
..mmm.ml 002 =
m.ﬁ 4+ I t~
L —96I| o
EE LA 1 e
il
89 "L 1 o
b
=
/

Sint

7.0

0.5 [86]

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0
f1 (ppm)

5.5

6.0

6.5

9.5 9.0 8.5 8.0 7.5

10.0


Administrator
放置图像

Administrator
打字机
 1H NMR spectrum of 3q in CDCl3 at 25 oC


2.4
2.2
2.0
1.8

1.6
1.4
1.2
~1.0
~0.8
0.6
~0. 4
~0. 2
0.0

——=0. 2

6L°0—

96 1T —

G 'c—

67 9—
8L°9
869\
869
669
66 "9
92 "L~_
L
RN
19°L~_
L

1L

1L°L
L’
Ll

lym—473-1-1-gpc
single pulse

1

wow g |
WNO 6

669

7.0

0.5 [87]

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

6.5

9.5 9.0 8.5 8.0 7.5

10.0

). 5


YUANMING
放置图像

YUANMING
打字机
3r


lym=473-1-1-gpc latod Dol elool: Bbmlnds. it ot 3.6
single pulse decoupled gated NOE Sgrdigddidg Lo i ’
SSeaa e N L3y
= = 3 8 3 S 2 S5 F g 3.2
S S 5 S > g F g &q S

| [ | | 3.0

0.4
-2.8
0.3 2.6
2.4
Lo 2 -2.2
2.0
0.1 L1 8
W qum _1 °

I W M‘J -
Mw W 0.0 F
1.4
T r—rr T T 1 17 7171171 17T 1 17T 717 71 71
141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125
f1 (ppm) -1.2
-1.0
~0. 8
~0.6
| 0.4
‘Jk‘ _0'2
b ! -
\J 0.0
0.2
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [88]

f1 (ppm)


YUANMING
打字机
3r

YUANMING
放置图像


o o (] [le)] (e} Lo o Lo (] Lo (] o o [Ie) o Lo o M
o0 = = 3o e} Te) 3 < < ) ) [N o~ — — S S [
| | | | | | | | | | | | | | | | | |
10°0—
-
S \u
PeT— L -
v)
A-mnwv ”
<t [a\] — [«
| | L |
<t
£ 9 - =
i .WW\!] =]
P79 -
m o
= ©
3o)
| o~
GL9 - ©
979 =007
9197 o
119 - B
| (o3}
e
| o
~
€r 9 8071 T B
A F=—io| =
9 L s S ———
79 662 b
L9
E@W — ~ —_— EFpo7f
9.9 . e
1479 SN 2
02 NS L i .
b grs— Moi - Il e |
DL 8¢ m.\ - 96T
i 37°L o~ 0072
& — i
L E 5 Feot |
.WW.N =
4 . i
. 8% L _
¥ B .k
e .
oy 0% L o
Sh,
&L ©
gl <
) {0 IE &~
WL 59°L — =30 7
(<]
. 2Ll |-
Ll L o
~ ~
= iy — 01
8 bL L
+ (o]
— - .
N o~
[¢]
°
Q,
(©]
<]
o
~~
o
1]
=
~

single pulse

7.5

(89]

0.0

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

6.5

7.0

9.5 9.0 8.5 8.0

10.0

). 5


Administrator
放置图像

Administrator
打字机
3s


/usr/people/Ttami/files/data/LT Yuanming/LYM-245P-C Sl et —
. T N N —
single pulse decoupled gated NOE te Begi I Sid el Log
= COONNNNNAN ol
— (- VLD — D == b= =
(=] (= N AHOOWw  — [o’e}
3 e S T T e Lo 0
= B ARRHNS § & : z

1.5 0 [\

=1..0
0.5

0.0

T T T T T T T T T u T T T T T T T T T T T T T L T T T T T
148 146 144 142 140 138 136 134 132 130 128 126 | 124 122 120
£1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)


Administrator
放置图像

Administrator
打字机
3s


/usr/people/Itami/files/data/Ll Yuanpige/ Handdfne 555 5 o = N
single pulse S e S e et Rt Rt Y] — IS
S I 20 =il
¢
I
3t
|
| |
|
|
Il |
1S '
I8 8 B g8
T T = S =
T T T T T T T T T T T T T T T T T T T T T T T
). 5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1 (ppm)


Administrator
放置图像

Administrator
打字机
3t


/usr/people/Itami/files/data/LI Yuanming/LYM-248P-C-8nd oxesqeeggs ds
single pulse decoupled gated NOE s e~ INppe s Z' z
— o o~ off = L0. 80
=

~0. 75

CEI8TS 3 3
VANYZ 070
L0 0. 65

"]
I i 0. 60
| _0.5 O \ S _O, 55
' | 0. 50
J ! I 3t
A A M, " .J\.. _00
0. 45
B o I L A L B -
130 128 126 124 122 120 118 116 0. 40
f1 (ppm)
0. 35
0. 30
0. 25
~0. 20
0. 15
0. 10
0. 05
. m i -0. 00
~—0.05
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [92]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3t


Lo o Lo (e} [le) (] o o
e} o o~ o~ — — = )
| | | | | | | |
ev 1
ﬁlW = =99
av 1
-
_% _.m_uL
91 ¥ )
. B ——
I ww 0V |
81 ¥
[« 0'e] © <t N S
— = = = = =
| | | | | |
¥0°L =
V0L ¥0°L 7.
: v0°L - y
%,M %01 . = Feog
Jm.N.h co°L e — — —— =G0 ¢
%s/ e i
g )
) | — =107
WWMW. — =007
—_— N B .
QL o 861
g 2
By L . J =
@N JO 3/@
k= o
fmi —
o G
=} 8€ 'L i
3 mwm\ = m—=Fn7=
£ ~
8 or L
V I L~ JJJ _ HI L
LV L— - — 00 'q
= 67 L= J 1o
o o~
gy
2 61— '/ lewi.
(o] ©
+ .
— ~
~ O
O »n
— —
o3
o O,
) 1
o O
~. —
[
n o
=R
< w

0.5 [93]

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0


Administrator
放置图像

Administrator
打字机
3w


/L}sr/people/ltami/files/data/yuanming Li/ly@-369—1p—C 3 %g ;g g i % - 1 0. 60
single pulse decoupled gated NOE e by SS as < RN o = =
— — —— — — [ o~ Ne) — (e}
| [ VAR V4 |
0. 55
0. 50
O OEt 0. 45
o
=0. 40
3w
~0. 35
0. 30
0. 25
0. 20
0. 15
| 0. 10
, -0. 05
| | | | 0. 00
~—0. 05
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [94]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3w


/usr/pegysiey Ttami/files/data/puameng -1 oA wps 3698

AN NO MM
o0 M N N 00 O O

00 00 00 G0 00 I~ b= b= I~ b= b= I~ b= b~ I~ b= b~ = O O ©

single putse
N =~V ) NV
i OEt
HO
3w
I I
!
| l ) I .
1 1 a5 1 Lo 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3w'


/usr/people/Igami/files/data/yuanming Li/lym-g69-2p—C oo oenE 5 A -« - -
single pulse decoupled gated NOE 5 HHXLLSSHS 8 :'z z - E 3
—_ —_ AL B T el S et o= of = © i — S F0.70
| | | N+ |
0. 65
2 988 88 g 2 .30
\ V/ It 0. 60
0. 25 ‘ i
I OEt ~0. 55
0. 20
| 0. 50
-0. 15 HO
-0. 10 3w' 0. 45
L 0.05 0. 40
|
0. 00 L0, 35
-0. 05
! ' ! ; ! ~0. 30
130 125 120
£1 (ppm)
=0. 25
=0. 20
~0. 15
~0. 10
' L F0.05
i 0. 00
~—0. 05
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T !
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [96]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3w'


10

/usr/people/itami/files/data/yuanming &i¢ kymr8e8=2p2ndr s = = N
single pulse O N S R Y R < — =
NN AN A
/
)
o ok ak I 0 O
s s 5 B8 = 0.1
T T N ™ T T
8.0 7.5 7.0 6.5 6.0 5.5
f1 (ppm) 1 .
H NMR spectrum of 3x in CDClz at 25 °C
! |
| | | |
1N R A
N N 1|
| 10I.0' 9.I5 | 9.I0 | 8.I5 | 8.I0 | 7.I5 7I0 6.I5 6.I0 5.I5 | 5.I0 | 4.I5 | 4.I0 | 3.I5 | 3.I0 | 2.I5 | 2.I0 | 1.I5 | l.IO | 0.I5 O.IO

f1 (ppm)

[97]


Administrator
放置图像

Administrator
打字机
 1H NMR spectrum of 3x in CDCl3 at 25 oC


/usr/people/itami/files/data/yuanming iy kymr803=2p2nd=h5

single pulse

D= b= b= D= b= b= D= b= b= O O ©O O

6. 04
1.46

NN AN e

Il /ff

0.03

'H NMR spectrum of 3x in CDCl3 at 55 °C
I A JL_/\ A l
L R A [
| ld.O | 9)5 9]0 8j5 8j0 7I5 | 7I0 | 6I5 6]0 | 5j5 | 5j0 | 4]5 | 4]0 | 3]5 | 3j0 | 2j5 | 2]0 | 1j5 | 1j0 0f5 OjO

f1 (ppm)

~0.8

~0.6

~0. 4

~0. 2



Administrator
放置图像

Administrator
打字机
 1H NMR spectrum of 3x in CDCl3 at 55 oC


/usr/people/itami/files/data/yuanming 11/LYM-303-2P- (g s n=o9R ey lTow 1.7
single pulse decoupled gated NOE dggydgdangggsy Log
VN SSre=——"" N 1.6
ey 8 5| =88 28INSD Lo
2F « “ CEY WINPT g6
\ | | NN w14
0.5
—1.3
0. 4
a 1.2
0.3 “
-1.1
—1.0
! -0. 1 !
L ~0.9
MO A e -0. 0 L
L —0.8
— T T T T T T T T T L
140 138 136 134 132 130 128 | 126 1 1
st 1 3C NMR gpectrum of 3x in CDClz at 25°Co-r
~0.6
0.5
0.4
0.3
0.2
0.1
i L)mmwmmwmwmwwwwmw _
MM A M N I ATV 0.
0.1
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [99]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
 13C NMR spectrum of 3x in CDCl3 at 25 oC


1.8
1.6
1.4
1.2
1.0

3.2
3.0
2.8
2.6
2.4
2.2
2.0
0.8
~0.6
0.4
~0. 2
0.0

Vel
GE'T
LET
LE°T
1
!
!

p=——————— Hk WMNA € |

L6 ¢

6€°
ov°
96 °

—
(oo}
ANANANANANANANAN
I

€0c
—= 5o s

8T L
0Z°L
€z L
V2L
9z "L
62 "L
1872
veL _
9¢ "L = —
9¢ 7L R — —
1871
6 "L
oF "L T
WL
avL 00"
S
96 "L
86 "L
69 °L
0L°L
06°L
16°L

53 L
=&
— S YAl

1ym—325-1p
single pulse

~0-57100]

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0



Administrator
放置图像

Administrator
打字机
3y’


90 "0¥1
Ve ot
G0 "TV1
G8 "€Vl
€€ TVl

single pulse decoupled gated NOE

lym=325=1p

60 50 40 30 20 10 0 [0]

70

100 90 80

f1 (ppm)

110

120

130

e} e} o~ o~ o~ o~ o~ — — — — — ) ) = = = T T
| ' | | ' | | | | | | | | | | | | | | | |
05 "G~
GLe1~"
i
V882
1680 O
LS
o
o~ © Lo sl [ap) [N}
= S S S S S
1 1 1 1 1 1
N
N
—
78221 —
<
[aN]
287221 —
80 921
g€ "9zl ; ©
187221 80921~ ‘ x
66221 g 971 =" =
18821 ) W
. 18221
6 gl 66 171X = & 25
90 '621 18 | = 1€
65 621 881 250 e
po T B Y—— 10k
89 '6¢1 wory ST . e
. 90 621 180 o
GG 0€T1 . — B oo - 00
. 65 621 €e I
9L "0€1 . _ SN
. 89 mﬁ\. _ 00°T
9z "1€1 . i
. s oﬁ\.
02 "2€1 .
. 9L 01 3 o
9% eI ) &
96 261 ge 1€l T3 —
0z "2l
_

96 LET—

90 0FT —
aliaedi
G0 TPT—

g8 eVl —
g€ Tl —

il ==k
T T

140

134
£1 (ppm)
150

136
160

138
170

142 140
180

190

144

200

210



Administrator
放置图像

Administrator
打字机
3y’


5.5

5.0

4.5
4.0
3.5
3.0
2.5

2.0

1.5

1.0

0.5

0.0

==0.5

91"

/usr/people/itami/files/data/yuanming

single pulse

Fez9 |

Forv

18°¢

T

861
90 ¢

F=00°C T

0TV

[102]

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

).5


Administrator
放置图像

Administrator
打字机
3y


ST TR S-S S S S S S L i . - - - - T = T = T = T = T~ T
| | | | | | | | | | | | | | | | | | | | | | | | | |
6 61— R
€8 '8— ——
5679
971 .EW.
1801,
b1}
W
o m
mm.mmﬂ./. o < lae) | — o
@ﬁ@Nﬁ . . . . . .
ww@SW T T T T . T . 7 S
50 °L21 _
19°221-" 25651 — - <
86 061~ ol 1—=
L 181 i
6 281 w© R
Gr eel 9 921 ~_ J -
€V el 88 97T ~ I - S—
76 @mﬂl\ AR i) . —
76 oi.\ 1971~ - N
AN —
(=]
- o
*
86081~ 1 ~
51181 BRI
6 381 ~ _ =)
G ¢e1~" <~
€F FET~_ ==
O
= s
= 76 961 — -—
e} (0 0]
(<] = ™M
+ —
o8]
o
S
E i
= ¥6 01— —
=) [aN]
] = <t
(@] —
[}
o LT eV — |i
[«)]
n
o —
[\ Q=)
=
Lo
[a\RI <]
o —
| | oo
1=
>
— 0

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [103]
f1 (ppm)

210


Administrator
放置图像

Administrator
打字机
3y


C:\Documents and Settings\geltaiMychoemented & deg/alrta A TAMI /L1 Yuanming/1ym-260p-4th
single pulse | oo oo e e e e e e

O e Ll Sl e S e e e e S e e S S e e e

| r——— B el

T
<
—
~

10.0 9.5

5.5

T
5.0
f1 (ppm)

4.5

4.0

3.5

3.0

2.5

2.0

1.5

6. 20—

1.0


Administrator
放置图像

Administrator
打字机
5a


T e L e L T T S St S T
| | | | | | | | | | | | | | | | |
gL et
08 1>
8L87
28 8" =
Ll
40
i

6 19.
E.EW.
18700
60 V2l
8¢ "azl
68621
6z 121
ve L2l
187121
66 °L21
61821
09 '821
66 821 < T <
10 '621 n S S _
0% "0€1 -
wfm/ 50521~ - =
6 Te1—" CRA RN
. €z L2l —
NS A _
0T~ 187081~ K
. 66°L21 -7 —
vl Let-r
id 61 wﬁ\
ﬁ.mi 09 ‘821 R
Al 66821 =
3 3.@2\
N 0¥ "0€1 N
= 00 '1€1 =

1l -
—
< 61 1619/ S E
i Gy 'eeT —&
ol) —
= &
m —
g

[ee}

3 987861 —
K =
2 GG 0V~ —~
@ 18 °0V1—T
- &
s 68 TVT~\_ —
>~ o1 VT —=
= Gz "€Vl 3
e —
=
~
()
<
o
o
()
(o))
~o
o
1]
=
/

single pulse decoupled gated NOE

—=0.3

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [105]

210

f1 (ppm)


Administrator
放置图像

Administrator
打字机
5a


L

L

P

(] Lo o Lo (e} [le) (] [le] o
< 3 o ~ ~ = = S S
| | | | | | | | |
10°0— =
4
161 — ° ||h
=
o)
Sa Ty
Lo
o)
Q
=
16°¢ j 67 .
~
266" wmwa 'z
A v M S
0L 9 T T T T
Ao 202
R s o
ST L1 Pl [ — [~
91 "L o1 - 20°F
9z "L : =
0. 617, =
9 "L o M/ - =
X 9¢ ~ = Hlmo.ﬁ
ol .
ke 9 "L e
L 982
1 2671
b €71
W.N 86 L
T L 8¢ 'L ¥
. — =30
e 8t Hm% T i) . 86
3 :\.m% s = W@o.
L — = - =
vl . — 1 = —= =
e 9L 00
B L - | . 66
S L . — == .
) mw.w\ /:/. 86
WM 18 .m\
51 )
. 662
%.M %91/ ™~
oy 891
B 8L
2 B ) -
2 _—_
S S T = W@f. =
MHMU 18°Lf ™~ = 8670 o
S 98", -
=] 1871
Be
%&
5]
(o))
~
o
1]
=
~

single

SO NN~
T T

~0-57106]

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

9.5 9.0 8.5 8.0 7.5

10.0


Administrator
放置图像

Administrator
打字机
5b


o3 ) | N ] N o~ — — — — — = = o S S I T
| | | | | | | | | | | | | | | | | | |
(]
=
O
0
< °
e - .
0
[}]
=
56 9L
9112
16701
o Lo
— =
1 1
68 €Il 3
To 11— 01 Vo1 — = =
01-¥51 e —]
ze Hmﬁ/ ép "gel ©
16521\ 16521 — =
Gz LI~ — A=
9¢ "Lo1 .
: 52181~
18221 o1 —=
. 9€ "3l
V1831 Jo1— | ®
. 18121 &
107651 51821~ =
17061
@w.@ 20°621—
161 o
% 161 61 08T~ - o
161 %.5/
@.@2 06161\
€€ 1 06 161~ ~
F 8et 197161~ L N5
%.OE — 2
.OE\. ]
6 861
./_Mw 661 6 €61 — <+
96 €61 — - o
Qo
<
o
=
© O
2 s
~_
©
+
& %
P 0 81— !
)
2
o
Gy
U o
g 12071 ~ =
L 8F0F 1=
i
~~
]
3
Q,
o
{45}
(@)
~
[
0
jan}
~

single pulse decoupled gated NOE

60 50 40 30 20 10 0 [[o7]

70

200 190 180 170 160 150 140 130 120 110 100 90 80

210

f1 (ppm)


Administrator
放置图像

Administrator
打字机
5b


SN FNO
T T

— (=) —
— — o)) [e’e) o~ © <H — o
| | | | L | | | | L |
10°0— S EE—
J
6 T— x\;
O 5
(@] Lo (e Lo (@]
o o~ o~ — —
| | | | |
(e}
R
90 L~ / =l
20°L=—
80°L~" ~
L= ////// v0H
E1RVANY
812
61 L — 2679
12°L—" o
w1 .
601 9% "L~ AN oLy
10T Lg L= - -
80 4 i = HOI
1L
9171
81°L
61°L =
1270 e
e L = 1A
L _ - ¥0
. B e —— Q
m n/ Q = WS
g E—— o= - =
.NV. = ﬁm
m.h =
T Lk 65 'L —_ = £66
U‘w.m 6¢ 'L © L6
W@M mm M./. / —_ ;—yme v ~ —— =00'T
w ‘) 29 mw-
W) 29 .m.\. — I
i) 9 s\ N\ 69 -
L 9917 .
L 8971 =
L
o
5
= <
— o~
o
el
N~
o
g o
= 0
= 6L~ - o
S e b — \ m—
— — -
o3
g8
A o.
S oo ®©
n o
=R
< »n

[108]

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0


Administrator
放置图像

Administrator
打字机
5c


Lo (e} Lo o Lo (e} Lo (] o (e}
<t sl [ap] [ap] [aN] [a\] — — [ (e}
o ) ) = = =) ) ) ) =
| | | | | | | | | |
3
-
-
3
%
3
Aw
2
SO s |
atauk |
E
G692 B
26710 E
€0 9211 H
ST 9211
€2 9211
269211
£€8°9211
121211
Gh 1211
19121
L6 Lol 0 © S5 ™~ o (9] © < ™~ o
60 wmﬁq — — — — — [«) o o () (@)
MUN\mwNﬁ . . . . . . . .
20621 A W W S i M W
20621 :

. 60921 © £
o0 et ol .@W H“\w i 3
9% 0T ge el :
Zz 1€ Nm.@ﬁ\ MIL
%.5/ mmww\ — & =
€6 781~ oo 1ot 3 - —
98ze17" . E
oo 19121
2 861 L6 Lg} =

- 60821 = aE ——
R g gl —3 —
oo 20621 E

. 10621 2 o
9L T¥T ) S

. 60061 *
18°ZHT : =
g 0 08T - ;

9% "0€T = j
7z el o=
98 '1€1 =g
€5 Z€1 = 3
98 Z€1 = ;
8
— E
70 "SET~_ _ =2 :
7 88T~ - c 1
26861
€6 65T — - g
S ThT ~
9L TH1— m
18 ZF1 _
68 2r1 =~

1ym—335-2p

single pulse decoupled gated NOE

A

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [109]

210

f1 (ppm)


Administrator
放置图像

Administrator
打字机
5c


Lo (e} Lo [e) Lo (e} Lo [e) Lo (e} Lo [e) Lo (] o o M
= = © < Te) te} < < e} e} o~ o~ — — = =) T
| | | | | | | | | | | | | | | | |
.
el )
@mg/. I
1671 _ _ 70 ¢
881 ooz
661
oj\
¢l
o
8L
08 @
182 _ | o) —— €07 t
7877 T - Lo = o1
€877 m
&
€87
i}
[ap] — [}
| ' |
61 .NV/ L
0zL” v
)
ve L~
9z L=
0 "L~ o
1€ "L~ -
) H, =
981
8¢ .NW/ ,
61°L 8¢ 4]
. i) <
o 0bL m
V2L 07 L7 \
o8 T 1h°L
08 L [
. Bl
161 S
MHM N R M
S R
‘) —_— T ~
) ——8¢ L — m I £
By L e SRR Foo e
o — " | ©
0y L ~
o —
7
=4
L 69 °L— .
W.N 0L'L— \ M Fso E o
=
6L
L
w L
3 L
ﬂ ~
Gy
N~
o
g
fev}
S 06°L <
~ O | - - .
Loz 16°,— f — ng v
Q3
loNNeN
) |
o O
~. —
S Top
n o
=
< n

So——da—aa
T T

~0.57110]

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5 5.0 4.5
f1 (ppm)

6.0

6.5

9.5 9.0 8.5 8.0 7.5 7.0

10.0


Administrator
放置图像

Administrator
打字机
5d


/usr/people/Ttami/files/data/yuanming Li/lym

single pulse decoupled gated NOE

Teee—————e—

77.37
77.16
76. 95

<

28.95
28.85

<

1574

™-15.49

T T T T T T
210 200 190 180 170 160

T
150

T
140

T
130

T
120

T
110
f1 (ppm)

T
100

90

80

70

60

50

40

30

20

10


Administrator
放置图像

Administrator
打字机
5d


00°0—

96 T—

68 '€—

BRI

00 00 b= = b= b= = I DN b= 0= b= D= 0= 0= DS 0= 0= 0= 0= =) 0 b= b=

V TTe——s

/usr/people/Itami/filesfdate/ywammns mrals Ayme Sldnr2nd

single pulse

OMe

MeO

2.0
1.5
1.0

0.5
~0.0

7.0

7.1

7.2

7.3

1 (ﬁpm)

7.5

7.6

7.7

7.8

7.9

=66'C

FL16°C

F16°¢
807
= 10°C

F=00C [

66T [

[112]

T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0



Administrator
放置图像

Administrator
打字机
6b


/usr/people/Itami/files/data/yuanming Li/lgn-311p—2nd-Cg pmuxmooss 9 Lo -

single pulse decoupled gated NOE N S didggdga 2:2 z

£ T CeSNINAN o mEe ]

| | SN/l N
MeO OMe
|
| | |
|

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)


Administrator
放置图像

Administrator
打字机
6b


/usr/people/Itami/filegfdata/yuanming di7/dynepids2ps o~

L= D= I~ D= D= = b= D= b= b= D~

single pulse

v

v

[ ]

2,00 I

O 0O
avaleae

6C

1.55

0..00

10.0

T T T T T T T
5.5 5.0 4.5 4.0
f1 (ppm)

3.5

3.0

2.5

2.0

1.5

1.0


Administrator
放置图像

Administrator
打字机
6c


/usr/people/Itami/files/data/yuanming Li/lym-334-2p-C;
single pulse decoupled gated NOE

~ — < — — <F O LD O QN O 00 A 00
o Y © OO N O 00 O =00 <L
—_ ok orgee} — S SO0 = SO
< PO N MOMOHANNNNN NN
— — P g g s e 0.6

T T T T T T T T T T T T T T T r T T
142 140 138 136 134 132 130 128 | 126
f1 (ppm)

77.37
77. 16
76. 95

<

o O
avata¥e

6C

T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130

T
120

T
110
1 (ppm)

T
100

90

80

70

60 50 40 30 20 10 0



Administrator
放置图像

Administrator
打字机
6c


C:\Documents and Settings\dekta/My Dpetmentsfddenfdata/ITAMI/Li Yuanming/lym-358p R o P
1H-single pulse o0 o6 e S S aaiadod e
\% VoSN N Y

4.0

3.5

2.5

T
(=}
o

N
T T A T T
g g 833 bN =
[N [N < = < <
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 [116]

f1 (ppm)


Administrator
放置图像

Administrator
打字机
6d


1ym—358p

96
88
93
20
78
09
19
94
17

0~ © Lo < <O
single pulse decoupled gated NOE BgggdIFne RS e - =
S e e e e b= b= 0= N —
/NS OA N
Et O Br
Et O Br
|
T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)


Administrator
放置图像

Administrator
打字机
6d


—0.2

/usr/pequier i A klesydataysuemmngd A me iy s o e g = 3 e
sjngle;'pﬁl&igfél\'l\L'l\L'le'flflflf&&&&&&&&&&&&@@@@@@'@ 5 S O — =
N
7 \
S
PPh,
3z
|
[ I ‘ l
i | B S sl
29883338 ss
T T T T T T T T T T T 'NNIN‘_‘L'ON‘_I”_"NN T T T T T L | | T T T T T T T T
.5 10,0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0

f1 (ppm)

[118]


Administrator
放置图像

Administrator
打字机
3z


/usr/people/Itami/files/data/yuanming Li/LYM-371P-31P
single pulse

-4.92

72

3z

PPh,

——0.5

T T T T T T T
250 200 150 100

50

T
0
f1 (ppm)

-50

T
-100

-150

T
-200


Administrator
放置图像

Administrator
打字机
3z


3 3 < 1 o3 o3 o o~ — — =) =) T ,
| | | | | | | | | | | | 1 |
. _
L
o
o p
N
o™
—
6 9L 3
91 .RW. —
LE7LL 3
o Lo o
— o =)
| | |
. O
€8 921 €8 .mﬁ/ =
ﬁm.mmﬂ Hm.mmﬁ./.
VL .N‘Nﬁ 7L°1071
16°8¢1 16821 S
56 "8g1 qc .wﬁW =
69 821 65 '821 -
m MM L8zl
i 1L 821 - E =)
VS 621 ¥e .@S\ -
86 21
91 €61 . :
79 "e€l 86 'GE1 ~
69 €T 91 "¢€1 L
LL€El 19 °¢¢l -
28 "eel 69 "€l =
67 TCT LL7EET <« —
9G PET g8 eel L5 _
2L el 6V meﬂv = a2
80 'GET 96 eI J— 2
02 °SET GLvel o=
6V "LET 80 661 -
9G "L€1 02 'Gel — &
99 "L€1 6V L1
€L )eT 96" LET~ =
GeTPT 99 .mmﬁ.\ L &R
96 "CFT gL LeT —
(w)
- <
= —
=
g8 TV — —_— ~
= L
) —
]
o
E . T
< 96 "€FT— — —
w -
o
(@]
5] ©
o - <
—
[«)]
n
—
]
o
[¢]
—
oo
)
o
9]

1lym—375p

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

210

f1 (ppm)


Administrator
放置图像

Administrator
打字机
3z


~0. 40

~0. 35
~0. 30
~0. 25
~0. 20

~0. 10
~0. 05
~0. 00

Fe6
= 507

[
/ / -—0. 15
[l

(o235
[Teliie]
© o

o]
©

J///// /

\/7%?“/
I | !
Ty

LO <00 00 b= b= 00 02 &Y
M~ OO 0oL Bn
e e e S o

/
|
SP'

1871
88°L
€6°L
V6L

Il
|
T

96 "L

o N

L

L

L S e S S S e e e T R =R t=RY= It
N Y T T S N _—

glecp

[

/wsx/people A tam iy £id esda trptvienmmg s id a3 6iks S Il

St

0. 15
0. 10
0. 05

[121]

0.0

1.5 1.0 0.5

2.0

3.0 2.5

7.5 7.0
£1 (ppm)
5.0 4.5 4.0 3.5
f1 (ppm)

6.0 5.5

6.5

8.0

7.0

7.5

SE PPN Y

OCHO=MIDOIODL FN

SHOD—=X =P =SHS O»

SR N AT A S A=
T T T

8.0

/a
9.5 9.0 85

10.0

).5


Administrator
打字机
7a

Administrator
放置图像


/usr/people/Itami/files/data/yuanming Li/1ym=383p—31P
single pulse

24. 04

20
;19
;18
;17
;16
;15
;14
13
;12
;11

10

T T T T T T T
250 200 150 100

50

T
0
f1 (ppm)

-50

T
-100

-150

T
-200


Administrator
打字机
7a

Administrator
放置图像


o3 o o o - - S S T
| | L | | | | | | |
=
o o
DI =
(a o
e - ]
o
_ __©_0f N
o—_ 4% o
56-9. © /m @©
) h ~5 ¢
16720 o
68901 o
86 901 -
0T "2eTH
ST 1211 o—0
G .01
g8 La1 %
9% .51 \—
19°2311 o
9201 §
19201 7
70 '8311
80 82T J
1851
11831
18 "8%1 1
8861
98 6511
61061
9€ "0ST1 « mn ~ <
LV 06T s s 3 S
25°0¢1 )
GG 081 68 921 ©
$9 08T 86 9¢l BN
08 '0€1 01 Lot .
60261 Izl —= —
€1 zel 56 Lol - = | ®
L1281 66 Lol =
2 28l 9 "Lel -
60 e 19°/21 o
82 el V9 Lel o)
e pel 19 °Lal ——— —
9¢ '¥el V0 81
€C el 80 821 - =
726 °GeT ¢l 8cl - =
16 ceT L1851
19 "ceT 18821 - N
€691 v8°8¢l _ - e, e
66 91 W 98 "6¢1
G0 °LET WW W% —-—
801 - oz
78 "Gy — LV 0€T = m ——
g 0et _ N>
66 01
79 °0€T ==
08 01 —
60 €1
€1 °2¢1 =
LTZET =
GG gl
60 FET
= 82 PE1 L <
2 e Tl -
o 98 Vel
2 €6 TET L=
S 26 sl =
o 16661
T9 "GET =
= £6°9€1 -2
5 66 9¢T -
9 60 "L€T
@ Z8-0¥1 Q
~ ze avl =
[«)]
n
—
]
o
[¢]
—
o0
)
o
9]

1ym—383p

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 [123]
f1 (ppm)

200


Administrator
打字机
7a

Administrator
放置图像




