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1. Experimental Section

1.1. General Information

All reagents, ligands, and metal catalysts were purchased from commercial suppliers
without further purification, and commercially available solvents were purified before
use. All nuclear magnetic resonance (NMR) spectra were recorded on Bruker
ADVANCE 400 spectrometer. ("HNMR at 400 MHz and '*C NMR at 100 MHz). NMR
spectra are reported in parts per million (ppm) from internal tetramethylsilane on the 6
scale. Thin layer chromatography plates were visualized by exposure to ultraviolet light
with 254 nm and 365 nm of wavelength. HPTLC Silica gel 60 GF254 were used for
thin layer chromatography (TLC) and column chromatography was performed in 300-

400 mesh silica gels.

1.2. General procedure for the synthesis of 1

X
N DCM/H,0 X
R+ +  CSCly =, i
] _ R4 _
NH, NCS
5 1
X=Cl, Br, |

Add 5 (1.0 equiv.) and CSCI, (1.5 equiv.) in DCM/H,0 (30mL, 3:7) for 3h, at room
temperature. After completion of reaction as indicated by TLC, the mixture was washed
by DCM, then the liquid was separated, and the organic layer was combined. Then
the organic layer was dried by anhydrous Na,SO,4 and concentrated in vacuo. The crude
product was purified by column chromatography on 300-400 mesh silica gels (ethyl

acetate/petroleum ether, 1:20) to get desired product 1.!
1.3. General procedure for the synthesis of 1n

<Oj©\ NaHCOs3, DCM/H,0 <Oji:[' CSCl, <oj©E|
0 NH l, Ny, 12h 0 NH,  DCM/H,0 0 N

2

4 5n 1n
In a 150 mL round bottom flask equipped with a magnetic stirring bar, 4(685mg,

5.0mmol) and NaHCOj; (1.26g, 15.0mmol) was added. Then, DCM/H,0 (33mL, 2:1)
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was added into the reaction. Nitrogen was bubbled through the mixture for 15 min while
stirring. Then, lodine (1.27g, Smmol) was transferred to the reaction vessel and the
mixture was stirred under nitrogen gas for a night. When the reaction completed
(indicated by TLC), the mixture was separated and the aqueous phase was extracted
with DCM (50 mL). The combined organic layers were washed with Na,S,05 (25 mL,
aq./H,0, 1:3), and dried over anhydrous Na,SO,, filtered and concentrated. The mixture
was purified by flash column chromatography (EtOAc/petroleum ether, 1:3) to obtain
a brown solid 5n (986mg, 75%yield).?

A mixture of Sn (788mg, 3.0mmol), and CSCl,(517mg, 4.5mmol), DCM/H,0 (30mL,
3:7) was stirred at room temperature for 3h. Then, the crude was extracted with DCM,
and dried over anhydrous Na,SO,4 and concentrated in vacuo. The crude product was
purified by column chromatography on 300-400 mesh silica gels (ethyl

acetate/petroleum ether, 1:20) to get 1n.!

1.4 General procedure for the synthesis of 3

Cu(OTf), (20 mol%)

o} . x-S, @
X I Cs,CO5 (3 . _n AR
R—L +  H-P-OR! 52005 (3 equiv. R _J_)—P-oR
s OR' 1,10-phen (20 mol%)
DCM, 60°C, 12h

In a schlenk sealed tube equipped with a stirrer, 1 (0.20 mmol, 1.0 equiv.) and 2
(0.4mmol, 2.0 equiv.), Cu(OTf), (20 mol%), 1,10-phen (20 mol%), CsCO; (0.6 mmol,
3 equiv.) and DCM (2mL) were added. Place the sealed tube in an oil bath which is
preheated to 60 °C. The mixture was stirred for 12h. Then, the mixture was concentrated
in vacuo, and purified by column chromatography on silica gels (ethyl acetate/

petroleum ether, 4:5) to get 3.
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2. 'H and BC data of the compound In

.9

O NCS

5-iodo-6-isothiocyanatobenzo|[d][1,3]dioxole (1n)

'H NMR (400 MHz, CDCI13) 6 7.15 (s, 1H), 6.76 (s, 1H), 6.02 (s, 2H). 3C NMR (100

MHz, CDCl;) 6 148.8, 147.5, 128.4, 117.8, 107.3, 102.6, 83.3. HRMS calcd for
CgH4INO,S*™ (M + H"): 305.9080, Found: 305.9082.

3. H, BC and 3'P data of the compounds 3

diethyl benzo[d]|thiazol-2-ylphosphonate (3aa)?

Yield: 85%; light yellow oil; "H NMR (400 MHz, CDCls) 6 8.25 (d, J= 7.9 Hz, 1H),
8.02 (d, J=8.1 Hz, 1H), 7.56 (dt,J=14.9, 7.1 Hz, 2H), 4.42 - 426 (m, 4H), 1.40 (t, J
=7.1 Hz, 6H). 13C NMR (100 MHz, CDCls) 8 160.1 (d, Jc.p =237.0 Hz), 154.6 (d, J =
29.0 Hz), 136.4, 127.0, 126.9, 124.9, 122.0, 64.1 (d, Jc.p=5.9 Hz), 16.3 (d, Jc.p = 6.3
Hz). 3'P NMR (162 MHz, CDCls) § 3.96.

diethyl (6-fluorobenzo|d]thiazol-2-yl)phosphonate (3ba)

Yield: 42%; yellow oil; '"H NMR (400 MHz, CDCls) 6 8.20 (dd, /= 9.0, 4.8 Hz, 1H),
7.68 (dd, J=18.0, 2.4 Hz, 1H), 7.33 (td, J = 8.9, 2.5 Hz, 1H), 4.42 - 4.25 (m, 4H), 1.41
(t,J=7.1 Hz, 6H). 3C NMR (100 MHz, CDCl3) 8 161.5 (d, 'Jr=247.0 Hz), 159.9 (d,
Jc.p=238.0 Hz), 151.3 (d, 2Jr=29.0 Hz), 137.6 (d, 3*Jr= 12.0 Hz), 126.1 (d, *J-=10.0
Hz), 116.1 (d, 2Jr=25.0 Hz), 107.9 (d, 2Jr = 26.0 Hz), 64.2 (d, Jc.p = 5.9 Hz), 16.2 (d,
Jc.p = 6.2 Hz). 3'P NMR (162 MHz, CDCls) 8 3.39. '9F NMR (376 MHz, CDCl3) 6 -

112.66. HRMS calcd for C;{H;3FNO;PS™ (M + H"): 290.0411, Found: 290.0412.
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diethyl (6-chlorobenzo[d]thiazol-2-yl)phosphonate (3ca)?

Yield: 54%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.15 (d, J = 8.8 Hz, 1H), 7.99
(d, J=1.7Hz, 1H), 7.54 (dd, J= 8.8, 1.9 Hz, 1H), 4.42 - 421 (m, 4H), 1.41 (t,J=7.1
Hz, 6H). 3C NMR (100 MHz, CDCl3) 8 160.7 (d, Jc.,=237.0 Hz), 153.0 (d, J=29.0
Hz), 137.5, 133.3, 127.8, 125.6, 121.5, 64.2 (d, Jc.p = 5.9 Hz), 16.3 (d, Jc.p = 6.2 Hz).
3IP NMR (162 MHz, CDCls) 6 3.31.

diethyl (6-bromobenzo[d]thiazol-2-yl)phosphonate (3da)?

Yield: 57%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.07 (d, J= 1.5 Hz, 1H), 8.00
(d, J=8.8 Hz, 1H), 7.59 (dd, J=8.8, 1.7 Hz, 1H), 4.32 - 4.19 (m, 4H), 1.32 (t,/=7.1
Hz, 6H). 3C NMR (100 MHz, CDCls) 8 160.8 (d, Jc.p = 237.0 Hz), 153.4 (d, J=28.0
Hz), 138.0, 130.5, 125.9, 124.5, 121.1, 64.2 (d, Jc.p = 6.0 Hz), 16.3 (d, Jc.p= 6.2 Hz).
3IP NMR (162 MHz, CDCls) 6 3.25.

diethyl (6-iodobenzo|d]thiazol-2-yl)phosphonate (3ea)

Yield: 42%; yellow oil; 'H NMR (400 MHz, CDCl;) 6 8.36 (s, 1H), 7.96 (d, J= 8.7 Hz,
1H), 7.85 (d, /= 8.7 Hz, 1H), 4.41 - 4.25 (m, 4H), 1.40 (t, J = 7.1 Hz, 6H). *C NMR
(100 MHz, CDCls) 6 160.8 (d, Jo.p =237.0 Hz), 153.9 (d, J=28.0 Hz), 138.4, 136.1,
130.5,126.2,92.2, 64.3 (d, Jc.p= 6.0 Hz), 16.3 (d, Jc.p = 6.2 Hz). *'P NMR (162 MHz,
CDCl;) 6 3.23. HRMS calcd for C;;H3INOsPS*™ (M + H*): 397.9471, Found: 397.9470.
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diethyl (7-chlorobenzo|d]thiazol-2-yl)phosphonate (3fa)

Yield: 17%; orange oil; '"H NMR (400 MHz, CDCl) 6 8.14 (dd, J = 6.6, 2.5 Hz, 1H),
7.57 -7.51 (m, 2H), 4.41 - 4.29 (m, 4H), 1.42 (t,J = 7.1 Hz, 6H). 3*C NMR (100 MHz,
CDCly) 6 161.2 (d, Jc.p = 236.0 Hz), 155.1 (d, J=28.0 Hz), 136.8, 127.9, 127.3, 126.6,
123.2, 64.4 (d, Jc.p = 5.9 Hz), 16.3 (d, Jc.p = 6.2 Hz). 3'P NMR (162 MHz, CDCI;) &
3.23. HRMS calcd for C1H3CINO;PS™ (M + H*): 306.0115, Found: 306.0113.

s_ @
/@ g

Cl N ro
diethyl (5-chlorobenzo[d]thiazol-2-yl)phosphonate (3ga)*
Yield: 63%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.22 (d, J= 1.6 Hz, 1H), 7.93
(d, J=8.6 Hz, 1H), 7.50 (d, J = 8.6 Hz, 1H), 4.42 - 4.26 (m, 4H), 1.41 (t, J= 7.1 Hz,
6H). 13C NMR (100 MHz, CDCl) 8 162.3 (d, Jc.p=236.0 Hz), 155.3 (d, J=28.0 Hz),
134.6, 133.0, 127.6, 124.5, 122.7, 64.3 (d, Jc.p = 6.0 Hz), 16.3 (d, Jc.p = 6.2 Hz). 3'P
NMR (162 MHz, CDCl;) 6 3.16.

[;S ?
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diethyl (4-chlorobenzo|d]thiazol-2-yl)phosphonate (3ha)

Yield: 55%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.23 (d, J= 1.8 Hz, 1H), 7.93
(d, J=8.6 Hz, 1H), 7.51 (dd, J=8.6, 1.1 Hz, 1H), 4.42 - 4.25 (m, 4H), 1.41 (t,J=7.1
Hz, 6H). 3C NMR (100 MHz, CDCls) & 162.2 (d, Jc.p= 236.0 Hz), 155.3 (d, J = 28.0
Hz), 134.6, 133.0, 127.7, 124.5, 122.7, 64.3 (d, Jc.p = 6.0 Hz), 16.3 (d, Jc.p = 6.3 Hz).
3IP NMR (162 MHz, CDCl;) 8 3.19. HRMS caled for C;;H;;CINO;PS* (M + H):
306.0115, Found: 306.0117.
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diethyl (6-(trifluoromethyl)benzo|[d]thiazol-2-yl)phosphonate (3ia)

Yield: 51%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.35 (d, J= 9.9 Hz, 2H), 7.82
(dd, J=8.7, 1.2 Hz, 1H), 4.44 - 4.28 (m, 4H), 1.42 (t, J= 7.1 Hz, 6H). *C NMR (100
MHz, CDCl;) 8 163.9 (d, Jc.p = 235 Hz), 156.3 (d, 2Jcr = 27 Hz), 136.4 (d, *Jcr =2
Hz), 129.1 (dd, 4Jcr= 3.3 Hz), 125.5, 123.8 (d, *Jcr =3 Hz), 122.5, 119.8 (d, *Jcr=5
Hz), 64.4 (d, Jc.p = 6.0 Hz), 16.3 (d, Jc.p = 6.2 Hz). 3'P NMR (162 MHz, CDCl;) §
2.86. HRMS calcd for C;,H3F;NOsPS™ (M + H*): 340.0379, Found: 340.0378.

s @
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diethyl (7-methylbenzo[d]thiazol-2-yl)phosphonate (3ja)

Yield: 85%; yellow oil; 'H NMR (400 MHz, CDCls) & 8.08 (d, J = 8.3 Hz, 1H), 7.49
(t,J=7.8 Hz, 1H), 7.31 (d, J= 7.2 Hz, 1H), 4.42 - 4.26 (m, 4H), 2.62 (s, 3H), 1.41 (t,
J="1.1 Hz, 6H). 3C NMR (100 MHz, CDCl3)  159.4 (d, Jc.r=237.0 Hz), 154.5 (d,
J=28.0 Hz), 137.1, 132.1, 127.1, 126.9, 122.3, 64.0 (d, Jc.p = 5.9 Hz), 21.4, 16.3 (d,
Jcp = 6.2 Hz). 3'P NMR (162 MHz, CDCl;) 6 4.13. HRMS calcd for C,H;,NO;PS*
(M + H¥): 286.0661, Found: 286.0662.

s @
\©:N/>Fg_o\—
diethyl (6-methylbenzo[d]thiazol-2-yl)phosphonate (3ka)3
Yield: 88%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.08 (d, J = 8.4 Hz, 1H), 7.75
(s, 1H), 7.35 (d, J= 8.4 Hz, 1H), 4.37 - 4.21 (m, 4H), 2.49 (s, 3H), 1.36 (t, J=7.1 Hz,
6H). 3C NMR (100 MHz, CDCl3) 8 158.7 (d, Jc.p= 236.0 Hz), 152.8 (d, J/=29.0 Hz),
137.5,136.7, 128.6, 124.3, 121.4, 64.0 (d, Jc.p = 5.9 Hz), 21.6, 16.2 (d, Jc.p = 6.2 Hz).

3IP NMR (162 MHz, CDCls) & 4.26.
3



diethyl (5-methylbenzo[d]thiazol-2-yl)phosphonate (31a)*

Yield: 70%; yellow oil; '"H NMR (400 MHz, CDCl;) 6 8.04 (s, 1H), 7.87 (d, /= 8.2 Hz,
1H), 7.35 (d,J=8.2 Hz, 1H), 4.42 - 4.24 (m, 4H), 2.53 (s, 3H), 1.40 (t,J= 7.1 Hz, 6H).
BCNMR (100 MHz, CDCl3) 6 159.9 (d, Jc.p=238.0 Hz), 155.1 (d,/=28.0 Hz), 137.1,
133.5, 128.9, 124.6, 121.4, 64.0 (d, Jc.p = 5.9 Hz), 21.4, 16.3 (d, Jcp = 6.3 Hz). 3'P
NMR (162 MHz, CDCl;) 6 4.19.

s, 9
\O/©: N/>_Z_O\_

diethyl (5-methoxybenzo[d]thiazol-2-yl)phosphonate (3ma)3

Yield: 73%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 7.85 (d, J = 8.9 Hz, 1H), 7.68
(d,J=2.0 Hz, 1H), 7.18 (d, J = 8.9 Hz, 1H), 4.42 - 4.25 (m, 4H), 3.90 (s, 3H), 1.41 (t,
J=17.1 Hz, 6H). 3C NMR (100 MHz, CDCls) $ 160.7 (d, Jc.p= 237.0 Hz), 156.0 (d,
J=28.0 Hz), 128.5, 122.1, 118.2, 106.0, 64.0 (d, Jc.p = 5.9 Hz), 55.6, 16.3 (d, Jc.p = 6.3
Hz). 3'P NMR (162 MHz, CDCls) 6 4.02.

o) s. 9
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diethyl [1,3]dioxolo[4',5':4,5]benzo[1,2-d]|thiazol-6-ylphosphonate(3na)

Yield: 64%; yellow oil; 'TH NMR (400 MHz, CDCls) 6 7.56 (s, 1H), 7.30 (s, 1H), 6.11
(s, 2H), 4.39 - 4.22 (m, 4H), 1.39 (t, J= 7.1 Hz, 6H). 1*C NMR (100 MHz, CDCl;) &
157.2 (d, Jc.p=241.0 Hz), 150.2 (d, J=28.0 Hz), 148.8, 130.8, 103.3, 102.3, 99.7, 63.9
(d, Jep=5.9Hz), 16.2 (d, Jc.p = 6.3 Hz). 3'P NMR (162 MHz, CDCI;) 4 4.21. HRMS
calcd for C1,H4NOsPS™ (M + H¥): 316.0403, Found: 316.0400.
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diethyl thiazolo[4,5-b]pyridin-2-ylphosphonate (30a)

Yield: 58%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.89 (d, J = 4.4 Hz, 1H), 8.45
(dd, J=8.1, 1.5 Hz, 1H), 7.50 (dd, J= 8.1, 4.5 Hz, 1H), 4.47 - 431 (m, 4H), 1.42 (t, J
= 7.1 Hz, 6H). 3C NMR (100 MHz, CDCl;) 8 164.6 (d, Jc.p = 31.0 Hz), 164.1 (d,
J=235.0 Hz), 149.5,131.5,129.9, 121.4,64.7 (d, Jc.p=6.3 Hz), 16.2 (d, Jc.p = 6.4 Hz).
3IP NMR (162 MHz, CDCl3) 8 2.26. HRMS calced for CjoH3N,O3;PS* (M + HY):
273.0457, Found: 273.0456.

dimethyl benzo[d]thiazol-2-ylphosphonate (3ab)%

Yield: 49%; yellow oil; 'TH NMR (400 MHz, CDCls) 6 8.17 (d, J = 8.2 Hz, 1H), 7.94
(d,J=7.8 Hz, 1H), 7.49 (dt, J=15.0, 7.2 Hz, 2H), 3.88 (d, J= 11.3 Hz, 6H). 3C NMR
(100 MHz, CDCls) & 158.6 (d, Jc.p=239.0 Hz), 154.5 (d, J = 29.0 Hz), 136.4, 127.2,
127.0, 124.9, 122.0, 54.2 (d, Jc.p = 6.0 Hz). 3'P NMR (162 MHz, CDCl3) 8 6.67.

s. 9 >
it
g

diisopropyl benzo[d]thiazol-2-ylphosphonate (3ac)?

Yield: 51%; white solid; 'H NMR (400 MHz, CDCls) 6 8.24 (d, /= 8.1 Hz, 1H), 8.00
(d,J=7.9 Hz, 1H), 7.54 (dt,J=14.9, 7.2 Hz, 2H), 4.98 - 4.88 (m, 2H), 1.43 (d,/J=6.2
Hz, 6H), 1.35 (d, J= 6.2 Hz, 6H). 3C NMR (100 MHz, CDCl3) 8 161.5 (d, Jc.p=240.0
Hz), 154.6 (d, J=29.0 Hz), 136.4, 126.8, 126.7, 124.9, 121.9, 73.2 (d, Jc.p = 6.0 Hz),
24.0 (d, Je.p=4.1 Hz), 23.8 (d, Jc.p = 4.9 Hz). 3'P NMR (162 MHz, CDCl;) 8 1.92.
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dibutyl benzo[d]thiazol-2-ylphosphonate (3ad)’

Yield: 90%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.25 (d, J= 8.1 Hz, 1H), 8.01
(d, /=79 Hz, 1H), 7.54 (dt, /= 15.0, 7.2 Hz, 2H), 4.35 - 4.19 (m, 4H), 1.78 - 1.67 (m,
4H), 1.49 - 1.37 (m, 4H), 0.92 (t, J= 7.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) 8 160.0
(d, Jc.p=237.0 Hz), 154.6 (d, J = 28.0 Hz), 136.3, 126.8, 124.9, 121.9, 67.7 (d, Jc.p =
6.2 Hz), 32.3 (d, Jc.p = 6.3 Hz), 18.6, 13.4. 3'P NMR (162 MHz, CDCl3) & 4.12.

Cro-Ed
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diisobutyl benzo|[d]thiazol-2-ylphosphonate (3ae)

Yield: 84%; yellow oil; 'TH NMR (400 MHz, CDCl;) 6 8.16 (d, J= 7.9 Hz, 1H), 7.91
(d,J=8.1 Hz, 1H), 7.51 - 7.39 (m, 2H), 4.01 - 3.87 (m, 4H), 1.94 (dp, /= 13.4, 6.7 Hz,
2H), 0.87 (dd, J = 6.7, 1.7 Hz, 12H). 3C NMR (100 MHz, CDCl3) 8 159.8 (d, Jc.p=
239.0 Hz), 154.5 (d, /=29.0 Hz), 136.3, 127.0, 126.8, 124.9, 121.9, 73.7 (d, Jc.p = 6.6
Hz), 29.1 (d, Jc.p = 6.5 Hz), 18.6. 3'P NMR (162 MHz, CDCl;) 8 3.95. HRMS calcd
for C;sH»,,NO;PS* (M + HY): 328.1131, Found: 328.1133.

S9



4. References

1 S. Degorce, F. H. Jung, C. S. Harris, P. Koza, J. Lecoq and A. Stevenin,
Tetrahedron Lett., 2011, 52, 6719
2 J.Ying, J.-S. Wang, L. Yao, W. Lu and X.-F. Wu, Chem. Eur. J., 2020, 26, 14565.

(O8]

X.-L. Chen, X. Li, L.-B. Qu, Y.-C. Tang, W.-P. Mai, D.-H. Wei, W.-Z. Bi, L.-K.
Duan, K. Sun, J.-Y. Chen, D.-D. Ke and Y.-F. Zhao, J. Org. Chem., 2014, 79, 8407.
4 C.Hou, Y. Ren, R. Lang, X. Hu, C. Xia and F. Li, Chem. Comm., 2012, 48, 5181.

(9]

J. Gong, L. Huang, Q. Deng, K. Jie, Y. Wang, S. Guo and H. Cai, Org. Chem.
Front., 2017, 4, 1781.

(o)

S. Hore, A. Srivastava and R. P. Singh, J. Org. Chem., 2019, 84, 6868.

|

W. Lin, F. Su, H.-J. Zhang and T.-B. Wen, Eur. J. Org. Chem., 2017, 2017, 1757.

S10



5. Copies of 'H, 3C, and 3'P NMR Spectra
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3ha 3'P NMR

3.19
A
B
[=]

140 110 80 60 40 20 0 -30 -90 -130 -170 -210

-60
f1 (ppm)

3ia '"H NMR

3

7

02
1.4385
1.4208
1.4032

L4 3472
L4.3428

18000

/

i
Lan]

8.3619

8.337
7.8331
3
81
7.8084

/
{
%
|
{

17000

14,4397
44219
L4.4145
L4.4015
1.3967
-4.3839
-4.3787
-4.3766
.36
-4.3587
14,3294
14,3255
L4.3117
t4.3042
L4.2864

\ 16000

15000

( | 14000
13000
L12000
FSC\CES%E'O 11000
NS

[ 10000
9000
L8000
L7000
L6000
5000
4000
13000

2000

| 1000
] Azl_ L, LL~_AJ\_ Jlo
5

0.97=
6.00=

F-1000

0 105 100 95 90 85 80 75 70 65 6.0

S24



3ia BCNM

1300
1200
1100
1000
900
800
700

600

F400
1300
200

100

100

--200

13600
13400
13200
13000
12800
12600
12400
12200
12000
11800
11600
L1400
L1200
1000
1800

1600

1400

1200

-200

DOV D 0 Oy b U 00U D
e o e M T e s = e R e R Loy 0 5]
SR s IRV BV SRVS T~ N N B R Vo B R P o Y~ NI N e £ e
Lo onE S Noa s BN ig s ©
A e TS e——— el St

FaC S 9
P-Q
\[:::I:Np_lﬁ s w
1
11 1 1 | |
iLJ“l _[4" Lo A E . .
T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 50 50 40 30 20 10
f1 (ppm})
3ia 3'P NMR
o
o
]
|
]
FiC s 9
P-Q
\CEN’)_C\} \
T T T L e o I T T T T T T T T T T
140 110 80 60 40 20 0 -60 -90 -170 -210
f1 (ppm)

S25



3ja 'H NMR

Sy o — o <P =p <H O on o WO <P f U o0 Oy — O v—“:f!: F38000
— = [~ 00 0 I~ [ B el IRt R L s = - ] o o
S~ O 00— Lo N e T B T T L I o B o e B (e o] o~ O O
S S wn S En A R R R R R R R R R e ) o T L6000
90 o0 I~ I~ I~ I~ I~ b - - LS U U - A A - Loy ] s e B e B e |
—_—— = e e e (et | —)
| 134000
: ‘ 132000
(
J [ | 130000
, | ‘ | 128000
| fil |
! I 4 ! ! 126000
124000
122000
i
R 120000
118000
116000
L14000
112000
10000
18000
16000
14000
‘ il k 12000
LK Lo
SR 2 ¥ il
o N Q9 o1 o o]
D Q< < o < F-2000
o O~ =+ (o] 0o
e S e T S T e S T S A S e BT
115 105 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm})
3ja BC NMR
" oo — nenwo o .
i — O o Qo — O NN [Ea =) O 00 ™)
S o ~ of 8 o S o A Ao F2300
o wnownn N NN s N — \O O
A e e ] O C o= 2200
N NRCEESng 7 R 5 e s
L2000
L1900
L1800
F1700
L1600
L1500
F1400
5 O
©f/>_lg_o L1300
N & — F1200
r 100
| L1000
Fa00
Le00
F700
Ls00
Ls00
L100
L300
X |
. 200
I [ 100
. " [
L-100
F-200

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

S26



3ja 3'P NMR

22000
21000
20000
19000
18000
F17000
16000
F15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
12000
1000

F-1000

--2000

13000

12000

11000

10000

9000

8000

F7000

6000

5000

4000

3000

2000

1000

F-1000

o
!
s 9
£-Q
N%é e o
T T T T T T T T T T T T T T T L e s s e B
140 110 80 60 40 20 0 -30 -60 -90 -130 -170 -210
f1 (ppm}
3ka '"H NMR
W s o0 I~ I~ NI~ 00O O 0000 o
D QO O O IR o s s = Y ST s R s o Bl — 0w
oo DO U D o) SO OO0 s U)o —ON o0 O =
S} e ) SRatar b MRS W s i FE o S Bl 12 e ]
oo S0 I~ I~ I = =¥ =k =H =¥ =t =t =H < < =3 — = -
— / — R s o L | \#/»
r |
[
|
| ]
| |
5 e | | |
| | / I |
s 2
P-Q
\Q:N’)_O' e e
|
I | S N
o T i
D~ @ L =3 o)
P < = <
oo = o 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
115 10.5 85 90 B85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05 -15

£l (ppm)

S27



3k

1)

13CN

/
.96
=
B g

152.9
152:6
7
136.69
121.40
121.38

136.67
64.00
3.9
1.5
16.27
16.21

B
s
{

/'15.9.85
~157 .47
~128.6

—~124.31

e
{

0 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm}

3ka 3'P NMR

21000

—4.26

120000
19000
18000
17000
16000
115000
14000
s 9 113000
\\[:::I:N>_1;_O\—— 12000
r 11000
110000
9000
18000
17000
6000
15000
14000
13000
12000
11000

0
F-1000

140 110 80 60 40 20 0 -30 -60 -90 -130 -170 -210

S28



3la '"H NMR

8.0354
7.8828
\7.8622
43863
L4 3806
14,3620

42956

]
L
|

42770
42711

3

/

3358

0.97=
0.995
1.01=

H
o
=]
-+

00=
6.104

3

e X

14000

13000

12000

11000

10000

19000

8000

7000

6000

5000

4000

F3000

F2000

1000

F-1000

60 55
f1 (ppm)

T T
80 75 70 65

o> o
)
Ly

~137.08

33.46
—128.85
—124.58
12136

—1

AL

64.05

50 45 40 35

63.99

T
30 25

20

i)

1.0

T
05 0

2143

16.30
16.23

.0

F2300
2200
2100
2000
1900
1800
F1700
1600
1500
1400
1300
F1200
F1100
1000
900
800
700
600
F500
1400
F300
200
F100
FO

100
F-200

T T T T T T T T T T

0 160 150 140 130 120 110 100 90 80
£l (ppm)

S29

70

-10



3la 3'P NMR
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3ad 3'P NMR
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