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1. General Information

'H, 13C and 3'P NMR spectra were recorded on a Bruker DPX-400 spectrometer with
CDCl; as the solvent and TMS as an internal standard. Melting points were measured
using a WC-1 microscopic apparatus and are uncorrected. Mass spectra were
measured on an LC-MSD-Trap-XCT instrument. High resolution mass spectra were
ensured on a MALDI-FTMS. All solvents were used directly without further
purification. Dichloromethane, ethyl acetate, and hexane were used for column
chromatography. The commercials were obtained from commercial sources and used
as-received without further purification unless otherwise noted.

2. Preparation of Substrates

(a) Amides 3a-30 were prepared from the corresponding acids and 8-aminoquinoline
according to the reported procedure.!
(b) The substrate 3p was prepared from benzyl alcohol and 8-aminoquinoline
according to the reported procedure.?

3. Optimization of Reaction Conditions

A 25 mL schlenk tube was equipped with a magnetic stir bar and charged with N-
(quinolin-8-yl)benzamide 1a (24.8 mg, 0.1 mmol), diisopropyl H-phosphonate 2a
(33.2 mg, 0.2 mmol, 2 equiv), AgX (0.25 mmol, 2.5 equiv), oxidant (0.2 mmol, 2
equiv), base (0.2 mmol, 2 equiv), and solvent (1.0 mL). The resulting mixture was
heated at 120 °C under a nitrogen atmosphere for 24 h, and cooled to room
temperature. Upon completion, CH,Cl, (20 mL) was added to the reaction system,
and the resulting mixture was filtered through a pad of Celite. The filtrate was
extracted with H;O (20 mL), and the aqueous layer was extracted with CH,Cl, (2 %
10 mL). The combined organic layer was dried over anhydrous Na,SO, and filtered.
After evaporation of the solvent under vacuum, the residue was purified by column
chromatography on silica gel (100-200 mesh) using CH,Cl,/EtOAc as an eluent (10:1,
V/V) to afford the pure product 3aa.

Table S1 Screening of Reaction Conditions®

. 0]
i
Ag(1)X F’rO\ll:l>

O 0 oxidant Pro” 0
N Ph + HFI’I—inr —»base N)J\ph
| N H O'Pr solvent, T, time | _N H
1a 2a 3aa
entry AgX oxidant base solvent yield (%)?
1 Ag,CO; K,S,04 K,CO; toluene 41
2 AgNO; K,S,04 K,CO; toluene 24
3 Ag,O K,S,04 K,CO; toluene 18
4 Ag,SOy K,S,04 K,CO; toluene <5
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5 AgOAc K5S,04 K,CO; toluene <5

6 Agl K,S,04 K,CO; toluene nr

7 AgSO;CF; K,S,04 K,CO; toluene nr

8 - K,S,04 K,CO; toluene <5

9 Ag,CO; NMO K,CO; toluene <5
10 Ag,CO; BQ K,CO; toluene nr
11 Ag,CO; PhI(OAc), K,CO; toluene 12
12 Ag,CO; TBHP K,CO3 toluene nr
13 Ag,CO; Cu(OAc), K,CO; toluene nr
14 Ag,CO; - K,CO;3 toluene 25
15 Ag,CO; K,S,04 KOH toluene 37
16 Ag,COs K5S,04 NaOH toluene 46
17 Ag,CO; K,S,04 ‘BuOLi toluene 36
18 Ag,CO; K,S,04 - toluene <5
19 Ag,CO; K,S,04 Na,CO; toluene 22
20 Ag,CO; K,S,04 ‘BuOK toluene <5
21 Ag,CO; K,S,04 pyridine toluene 38
22 Ag,CO; K5S,04 NaOH dioxane 51
23 Ag,CO; K5S,04 NaOH ‘AmOH 48
24 Ag,CO; K,S,04 NaOH PhCl 46
25 Ag,CO; K,S,04 NaOH DCE <5
26 Ag,CO; K,S,04 NaOH CH;COCH; <5
27 Ag,CO; K5S,04 NaOH THF <5
284 Ag,CO; K,S,054 NaOH dioxane 68
29¢ Ag,CO; K5S,04 NaOH dioxane 60
30/ Ag,CO; K,S,05 NaOH dioxane 39
318 Ag,CO; K,S,04 NaOH dioxane 53
32k Ag,CO; K,S,04 NaOH dioxane 60
33! Ag,CO3 K5S,04 NaOH dioxane 46
34 Ag,CO3 K5S,04 NaOH dioxane 53

@Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), AgX (0.2 mmol), oxidant (0.2
mmol), base (0.2 mmol), solvent (1 mL) at 120 °C under N, for 24 h. ’Isolated yield.
“Silver salt (0.25 mmol). “Silver salt (0.3 mmol). ¢Silver salt (0.25 mmol) in air.
fSilver salt (0.25 mmol) at 130 °C. £Silver salt (0.25 mmol) at 110 °C. *Silver salt
(0.25 mmol) for 12h. ‘Silver salt (0.25 mmol) for 48h. DCE (1,2-dichloroethane).
THF (tetrahydrofuran). BQ (p-benzoquinone). TBHP (‘Butyl hydroperoxide). NMO
(4-methylmorpholine N-oxide).

4. Typical Procedure for the Products

A 25 mL schlenk tube was equipped with a magnetic stir bar and charged with 1 (0.1
mmol), 2 (0.2 mmol, 2 equiv), Ag,CO; (69 mg, 0.25 mmol, 2.5 equiv), K,S,05 (54
mg, 0.2 mmol, 2 equiv), NaOH (8 mg, 0.2 mmol, 2 equiv), and dioxane (1.0 mL). The
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resulting mixture was heated at 120 °C under a nitrogen atmosphere for 24 h, and
cooled to room temperature. Upon completion, CH,Cl, (20 mL) was added to the
reaction system, and the resulting mixture was filtered through a pad of Celite. The
filtrate was extracted with H,O (20 mL), and the aqueous layer was extracted with
CH,Cl; (2 x 10 mL). The combined organic layer was dried over anhydrous Na,SO,
and filtered. After evaporation of the solvent under vacuum, the residue was purified
by column chromatography on silica gel (100200 mesh) using CH,CIl,/EtOAc as an
eluent to afford the pure products 3.

5. Characterization Data of the Products
Diisopropyl(8-benzamidoquinolin-5-yl)phosphonate (3aa):

’Pr0\9
'Pro” 0

| N
_N

3aa

Light yellow solid (68%); mp 140—142 °C; 'H NMR (400 MHz, CDCl;) ¢ 10.97 (s,
1H), 8.97-8.93 (m, 2H), 8.89—8.88 (m, 1H), 8.30 (dd, Jy.p = 15.8 Hz, /= 8.0 Hz, 1H),
8.08—8.06 (m, 2H), 7.59—7.53 (m, 4H), 4.77-4.69 (m, 2H), 1.39 (d, J = 6.2 Hz, 6H),
1.16 (d, J= 6.2 Hz, 6H); 3C NMR (100 MHz, CDCl;) 6 165.6, 148.4, 138.6 (d, Jcp =
13.4 Hz), 138.5 (d, Jcp = 3.7 Hz), 136.0 (d, Jcp = 14.3 Hz), 135.9, 134.7, 132.2,
128.9,128.0 (d, Jcp=11.4 Hz), 127.3, 122.5, 119.8 (d, Jcp = 189.2 Hz), 114.7 (d, Jc.
p=16.6 Hz), 71.1 (d, Jcp = 5.5 Hz), 24.1 (d, Jcp = 3.8 Hz), 23.8 (d, Jcp = 4.7 Hz);
3IP NMR (163 MHz, CDCls) 6 15.2; HRMS (ESI+): caled for C,,H,sN,O4P [M+H]™:
413.1625, Found: 413.1629.
Diisopropyl[8-(2-methylbenzamido)quinolin-5-yl]phosphonate (3ba) :

’PrO\('?
Pro” o)
| N
_N
3ba

Light yellow solid (56%); mp 101-103 °C; '"H NMR (400 MHz, CDCls) 6 10.45 (s,
1H), 8.98-8.93 (m, 2H), 8.81 (dd, J = 4.2 Hz, J = 1.5 Hz, 1H), 8.31 (dd, Jizp = 15.9
Hz, J = 8.0 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.57 (dd, J = 8.6 Hz, J = 4.2 Hz, 1H),
7.45-7.41 (m, 1H), 7.34 (t, J = 7.5 Hz, 2H), 4.79-4.71 (m, 2H), 2.61 (s, 3H), 1.41 (d,
J=6.1Hz, 6H), 1.17 (d, J = 6.2 Hz, 6H); *C NMR (100 MHz, CDCl;) § 168.3, 148.4,
138.7 (d, Je.p = 3.6 Hz), 138.4 (d, Jep = 13.4 Hz), 136.9, 136.1, 136.0 (d, Jep = 9.2
Hz), 135.9 (d, Jep = 3.6 Hz), 131.5, 130.7, 128.0 (d, Jop = 11.4 Hz), 127.3, 126.1,
122.5, 119.9 (d, Jep = 189.3 Hz), 114.6 (d, Jep = 16.7 Hz), 71.1 (d, Jop = 5.4 Hz),
24.2 (d, Jep = 3.7 Hz), 23.8 (d, Jep = 4.8 Hz), 20.2; 3'P NMR (163 MHz, CDCl;) 6
15.2; HRMS (ESI+): caled for Co3HayN,O4P [M+H]*: 427.1781, Found: 427.1781.
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Diisopropyl[8-(3-methylbenzamido)quinolin-5-yl|phosphonate (3ca) :

’PrO\('?
Pro” o)

| N
_N

3ca

Light yellow solid (52%); mp 109—111 °C; '"H NMR (400 MHz, CDCl;) 6 10.94 (s,
1H), 8.98—8.94 (m, 2H), 8.91-8.90 (m, 1H), 8.32 (dd, Jy.p = 15.8 Hz, /= 8.0 Hz, 1H),
7.89-7.86 (m, 2H), 7.59 (dd, J = 8.6 Hz, J = 4.2 Hz, 1H), 7.47-7.42 (m, 2H),
4.79—-4.71 (m, 2H), 2.49 (s, 3H), 1.41 (d, J = 6.1 Hz, 6H), 1.17 (d, J = 6.1 Hz, 6H);
3C NMR (100 MHz, CDCls) 6 165.9, 148.4, 138.8, 138.7, 138.6 (d, Jcp = 9.6 Hz),
136.0 (d, Jcp = 9.0 Hz), 135.9 (d, Jcp = 3.6 Hz), 134.7, 132.9, 128.7, 128.1, 128.0,
124.3, 122.5, 119.7 (d, Jcp = 189.3 Hz), 114.4 (d, Jc.p = 16.6 Hz), 71.1 (d, Jcp = 5.5
Hz), 24.1 (d, Jcp = 4.0 Hz), 23.8 (d, Jc.p = 4.9 Hz), 21.5; 3'P NMR (163 MHz, CDCls)
0 15.2; HRMS (ESI+): calcd for Cp3H,7N,O4P [M+H]*: 427.1781, Found: 427.1782.

Diisopropyl[8-(4-methylbenzamido)quinolin-5-yl]phosphonate (3da):

"PrO\(')I
iPro” 0

| N
_N

3da

Light yellow solid (61%); mp 97-99 °C; '"H NMR (400 MHz, CDCl3) 6 10.86 (s, 1H),
8.89-8.84 (m, 2H), 8.80 (d, J = 3.0 Hz, 1H), 8.22 (dd, Jup = 15.8 Hz, J = 8.0 Hz, 1H),
7.89 (d, J = 8.0 Hz, 2H), 7.50 (dd, J = 8.5 Hz, J = 4.2 Hz, 1H), 7.26-7.24 (m, 2H),
4.68-4.62 (m, 2H), 2.35 (s, 3H), 1.31 (d, J = 6.0 Hz, 6H), 1.08 (d, J = 6.2 Hz, 6H);
13C NMR (100 MHz, CDCLy) 6 165.6, 148.4, 142.8, 138.7 (d, Jc.p = 3.6 Hz), 138.5 (d,
Jep = 13.4 Hz), 136.0 (d, Jep = 9.1 Hz), 135.8 (d, Jep = 3.5 Hz), 131.8, 129.5, 128.0
(d, Jop = 11.2 Hz), 127.3, 122.5, 119.5 (d, Jop = 189.4 Hz), 114.6 (d, Je.p = 16.6 Hz),
71.1 (d, Jep = 5.4 Hz), 24.1 (d, Jop = 3.8 Hz), 23.8 (d, Je.p = 4.8 Hz), 21.5; 3'P NMR
(163 MHz, CDCl3) § 15.3; HRMS (ESI+): caled for Co3HayN,O4P [M+H]': 427.1781,
Found: 427.1785.

Diisopropyl[8-(3,5-dimethoxybenzamido)quinolin-5-yl|phosphonate (3ea):

’PrO\(I?
Pro” 0

| N
_N

OMe

3ea OMe
Light yellow solid (59%); mp 68—70 °C; I'H NMR (400 MHz, CDCl;) 6 10.91 (s, 1H),
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8.95-8.88 (m, 3H), 8.31 (dd, Jip = 15.8 Hz, J = 8.0 Hz, 1H), 7.59 (dd, J= 8.6 Hz, J =
4.2 Hz, 1H), 7.21 (d, J = 2.1 Hz, 2H), 6.69 (s, 1H), 4.78-4.70 (m, 2H), 3.90 (s, 6H),
1.40 (d, J = 6.2 Hz, 6H), 1.17 (d, J = 6.2 Hz, 6H); 3C NMR (100 MHz, CDCl;) &
165.5, 161.1, 148.4, 138.6 (d, Jep = 10.7 Hz), 138.5, 136.9, 136.0 (d, Jop = 17.2 Hz),
135.9 (d, Je.p = 4.7 Hz), 128.0 (d, Jop = 11.4 Hz), 122.5, 119.8 (d, Jep = 189.4 Hz),
114.7 (d, Jop = 16.5 Hz), 105.4, 104.1, 71.2 (d, Jep = 5.4 Hz), 55.7, 24.1 (d, Jop =
3.9 Hz), 23.8 (d, Jep = 4.9 Hz); 3'P NMR (163 MHz, CDCl;) 6 15.2; HRMS (ESI+):
caled for CoqHaoN,OgP [M+H]*: 473.1836, Found: 473.1841.

Diisopropyl(8-[4-fluorobenzamido)quinolin-5-yl|phosphonate (3fa):

’Pr0\9
Pro” o

| N
N E

3fa

Light yellow solid (58%); mp 125—127 °C; 'H NMR (400 MHz, CDCl;) ¢ 10.93 (s,
1H), 8.97-8.90 (m, 3H), 8.32 (dd, Jyp = 15.8 Hz, /= 8.0 Hz, 1H), 8.12—8.09 (m, 2H),
7.60 (dd, J= 8.6 Hz, J=4.2 Hz, 1H), 7.26—7.22 (m, 2H), 4.80—4.72 (m, 2H), 1.41 (d,
J=6.2 Hz, 6H), 1.18 (d, J = 6.2 Hz, 6H); *C NMR (100 MHz, CDCl3) ¢ 165.1 (d, Jc.
r=253.0 Hz), 164.5, 148.4, 138.5 (d, Jc.p = 13.3 Hz), 138.4 (d, Jcp = 3.6 Hz), 136.0,
135.9 (d, Jcp =5.3 Hz), 130.8 (d, Jcp = 3.0 Hz), 129.7 (d, Jcr = 9.0 Hz), 128.0 (d, Jc.
p=11.2 Hz), 122.5, 119.9 (d, Jc.p = 189.3 Hz), 116.0 (d, Jcr = 22.0 Hz), 114.7 (d, Jc.
p=16.6 Hz), 71.2 (d, Jcp = 5.3 Hz), 24.1 (d, Jcp = 3.9 Hz), 23.8 (d, Jc.p = 4.9 Hz);
3IPNMR (163 MHz, CDCl3) 6 15.1; HRMS (ESI+): caled for CpH,4FN,O4P [M+H]":
431.1531, Found: 431.1535.

Diisopropyl[8-(4-bromobenzamido)quinolin-5-yl|phosphonate (3ga):

’PrO\'c')
Pro” @

| HKQ
=N Br

3ga

Saffron yellow solid (53%); mp 117-119 °C; 1H NMR (400 MHz, CDCl;) 6 10.95 (s,
1H), 8.97-8.90 (m, 3H), 8.31 (dd, Jup = 15.9 Hz, J= 8.0 Hz, 1H), 7.96—7.94 (m, 2H),
7.71-7.69 (m, 2H), 7.61 (dd, J = 8.6 Hz, J=4.2 Hz, 1H), 4.80—4.72 (m, 2H), 1.41 (d,
J=6.2Hz, 6H), 1.18 (d, /= 6.2 Hz, 6H); '*C NMR (100 MHz, CDCl;) J 164.6, 148.5,
138.5 (d, Jc.p = 13.5 Hz), 138.3 (d, Jcp = 3.7 Hz), 136.0, 135.9 (d, Jcp = 13.4 Hz),
133.5,132.2, 129.0, 128.0 (d, Jc.p = 11.5 Hz), 127.0, 122.6, 120.1 (d, Jc.p = 189.4 Hz),
114.8 (d, Jop = 16.7 Hz), 71.2 (d, Jc.p = 5.5 Hz), 24.2 (d, Jcp = 4.0 Hz), 23.8 (d, Jcp
= 4.7 Hz); 3P NMR (163 MHz, CDCl;) ¢ 15.1; HRMS (ESI+): caled for
CyH,4BrN,O4P [M+H]*: 491.0730, Found: 491.0733.
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Diisopropyl(8-pivalamidoquinolin-5-yl)phosphonate (3ia):

’PrO\E
iPro” 0

| NJKK
N

3ia

Light yellow oil (76%); '"H NMR (400 MHz, CDCls) 6 10.52 (s, 1H), 8.91 (dd, /= 8.6
Hz, J=1.5 Hz, 1H), 8.88 (dd, /=4.2 Hz, J= 1.5 Hz, 1H), 8.83 (dd, /= 8.0 Hz, J =
3.7 Hz, 1H), 8.28 (dd, Jyp = 15.9 Hz, J = 8.0 Hz, 1H), 7.59 (dd, J = 8.6 Hz, J = 4.2
Hz, 1H), 4.79-4.67 (m, 2H), 1.44 (s, 9H), 1.40 (d, /= 6.2 Hz, 6H), 1.15 (d, /= 6.2 Hz,
6H); 3C NMR (100 MHz, CDCls) 6 177.6, 148.3, 138.7 (d, Jc.p = 3.6 Hz), 138.5 (d,
Jep=13.3 Hz), 136.1 (d, Jc.p =9.2 Hz), 135.7 (d, Jcp = 3.6 Hz), 1279 (d, Jcp=11.3
Hz), 122.4, 119.1 (d, Jcp = 189.3 Hz), 114.3 (d, Jcp = 16.5 Hz), 71.0 (d, Jcp = 5.6
Hz), 40.5, 27.6, 24.1 (d, Jcp = 3.8 Hz), 23.7 (d, Jcp = 4.9 Hz); 3'P NMR (163 MHz,
CDCl;) 6 15.4; HRMS (ESI+): caled for C,yHpoN,O4P [M+H]": 393.1938, Found:
393.1942.

Diisopropyl[8-(cyclohexanecarboxamido)quinolin-5-yl]phosphonate (3ja):

’Pr0\9
Pro” o)

| N
N

3ja

Light yellow solid (55%); mp 99—101 °C; 'H NMR (400 MHz, CDCl;) ¢ 10.14 (s,
1H), 8.92 (d, J = 8.5 Hz, 1H), 8.86 (d, J = 3.0 Hz, 1H), 8.83 (dd, /=8.0 Hz, J=3.6
Hz, 1H), 8.26 (dd, Jyp = 15.8 Hz, J = 8.0 Hz, 1H), 7.58 (dd, J = 8.6 Hz, J = 4.2 Hz,
1H), 4.77-4.69 (m, 2H), 2.54—2.47 (m, 1H), 2.09 (d, /= 11.9 Hz, 2H), 1.90—1.86 (m,
2H), 1.74 (d, J = 11.6 Hz, 1H), 1.68—1.59 (m, 2H), 1.40 (d, J = 6.1 Hz, 8H), 1.35 (s,
1H), 1.15 (d, J = 6.2 Hz, 6H); *C NMR (100 MHz, CDCl;) ¢ 175.2, 148.2, 138.6 (d,
Jcp=3.6 Hz), 138.2 (d, Jc.p = 13.3 Hz), 136.1 (d, Jcp = 8.9 Hz), 135.8 (d, Jcp = 3.6
Hz), 128.0 (d, Jcp = 11.2 Hz), 122.4, 119.2 (d, Jcp = 189.4 Hz), 114.5 (d, Jcp = 16.6
Hz), 71.0 (d, Jcp = 5.3 Hz), 46.8, 29.6, 25.7, 25.6, 24.1 (d, Jcp = 3.8 Hz), 23.7 (d, Jc.p
= 4.9 Hz); 3P NMR (163 MHz, CDCl;) ¢ 15.4; HRMS (ESI+): cacld for
CyH3N,O4P [M+H]": 419.2094, found: 419.2097.

Diisopropyl{8-[(3r,5r,7r)-adamantane-1-carboxamido]quinolin-5-yl}phosphonate
(3ka):
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’Pr0\9

o o)
L
| H

_N
3ka

Light yellow solid (64%); mp 39—41 °C; '"H NMR (400 MHz, CDCl3) 6 10.47 (s, 1H),
8.93-8.88 (m, 2H), 8.85 (dd, J=8.0 Hz, J= 3.6 Hz, 1H), 8.27 (dd, Jyp= 15.8 Hz, J =
8.0 Hz, 1H), 7.57 (dd, J = 8.6 Hz, J = 4.2 Hz, 1H), 4.76-4.68 (m, 2H), 2.15 (s, 3H),
2.11 (s, 5H), 1.81 (s, 6H), 1.40 (d, J = 6.2 Hz, 6H), 1.15 (d, J = 6.2 Hz, 6H); 3C NMR
(100 MHz, CDCl3) 6 177.1, 148.3, 138.7, 138.6 (d, Jop = 9.3 Hz), 136.1 (d, Jep = 6.1
Hz), 135.7 (d, Jop = 3.6 Hz), 128.0 (d, Jep = 11.5 Hz), 122.3, 119.1 (d, Jep = 189.3
Hz), 114.4 (d, Jep = 16.7 Hz), 71.0 (d, Je.p = 5.3 Hz), 42.3, 39.2, 36.4, 28.1, 24.1 (d,
Jop = 3.8 Hz), 23.7 (d, Jep = 4.9 Hz); 3'P NMR (163 MHz, CDCL3) § 15.4; HRMS
(ESI+): cacld for CogH3sN>O4P [M+H]*: 471.2407, Found: 471.2413,

Diisopropyl{8-(5-fluorobenzo[b]thiophene-2-carboxamido)quinolin-5-
yl}phosphonate (3la):

’PrO\('?
iPro” o)

_N

3la E

Light yellow solid (31%); mp 163-165 °C; 'H NMR (400 MHz, CDCls) 6 10.96 (s,
1H), 8.98-8.94 (m, 2H), 8.89 (dd, J = 7.9 Hz, J = 3.4 Hz, 1H), 8.31 (dd, Jip = 15.8
Hz,J= 8.0 Hz, 1H), 8.03 (s, 1H), 7.85 (dd, J = 8.8 Hz, J = 4.6 Hz, 1H), 7.64-7.59 (m,
2H), 7.26-7.21 (m, 1H), 4.81-4.72 (m, 2H), 1.42 (d, J = 6.1 Hz, 6H), 1.18 (d, J= 6.2
Hz, 6H); 3C NMR (100 MHz, CDCls) § 161.1 (d, Jer = 243.3 Hz), 160.2, 148.6,
141.6, 140.0 (d, Joy = 9.6 Hz), 138.3 (d, Jep = 13.3 Hz), 137.9 (d, Jor = 3.6 Hz),
137.0, 136.0 (d, Jop = 3.6 Hz), 135.9 (d, Jep = 9.1 Hz), 128.0 (d, Jep = 11.6 Hz),
125.2 (d, Jer = 4.5 Hz), 124.1 (d, Joy = 9.3 Hz), 122.7, 120.2 (d, Jep = 189.3 Hz),
116.0 (d, Jo = 25.5 Hz), 114.9 (d, Jop = 16.5 Hz), 110.5 (d, Jor = 23.0 Hz), 71.2 (d,
Jop = 5.4 Hz), 24.2 (d, Jop = 3.8 Hz), 23.8 (d, Jep = 4.8 Hz); 3'P NMR (163 MHz,
CDCly) 6 15.0; HRMS (ESI+): cacld for CosH>FN,O,PS [M+H]*: 487.1251, Found:
487.1254.

Diisopropyl[8-(thiophene-2-carboxamido)quinolin-5-yl]phosphonate (3ma):

’PrO\('?
Pro” o)
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Light yellow solid (33%); mp 6870 °C; 'H NMR (400 MHz, CDCls) § 10.74 (s, 1H),
8.87-8.77 (m, 3H), 8.21 (dd, Jip = 15.8 Hz, J = 8.0 Hz, 1H), 7.77 (d, J = 3.3 Hz, 1H),
7.53-7.50 (m, 2H), 7.12-7.09 (m, 1H), 4.70-4.62 (m, 2H), 1.32 (d, J = 6.2 Hz, 6H),
1.08 (d, J= 6.2 Hz, 6H); 13C NMR (100 MHz, CDCls) ¢ 159.1, 147.4, 138.5, 137.3 (d,
Jop = 3.6 Hz), 137.2 (d, Jop = 13.3 Hz), 135.0, 134.9, 130.5, 127.9, 127.1, 127.0,
121.5, 118.6 (d, Jep = 189.9 Hz), 113.6 (d, Jep = 16.7 Hz), 70.2 (d, Jop = 5.5 Hz),
23.1 (d, Jep = 3.8 Hz), 22.8 (d, Jep = 4.7 Hz); 3'P NMR (163 MHz, CDCls) 6 15.2;
HRMS (ESI+): cacld for CoH,3N,04PS [M+H]*: 419.1189, Found: 419.1192.

Diisopropyl(8-benzamido-2-methylquinolin-5-yl)phosphonate (3na):

"PrOﬁ')
Pro” 0

| N
_N

3na

Saffron yellow solid (56%); mp 114—115 °C; 'H NMR (400 MHz, CDCl3) ¢ 10.97 (s,
1H), 8.84 (dd, J = 8.0 Hz, J = 3.7 Hz, 1H), 8.73 (d, J = 8.7 Hz, 1H), 8.15 (dd, Jy.p =
15.8 Hz, J = 8.0 Hz, 1H), 8.00—7.98 (m, 2H), 7.52—7.46 (m, 3H), 7.37 (d, J = 8.7 Hz,
1H), 4.69-4.60 (m, 2H), 2.71 (s, 3H), 1.31 (d, J = 6.2 Hz, 6H), 1.08 (d, J = 6.2 Hz,
6H); 13C NMR (100 MHz, CDCl;) ¢ 164.5, 156.5, 137.0, 136.9 (d, Jcp = 3.0 Hz),
1349 (d, Jcp =3.5 Hz), 133.9 (d, Jcp = 9.1 Hz), 133.8, 131.1, 127.9, 126.3, 125.1 (d,
Jep =112 Hz), 122.3, 118.4 (d, Jcp = 188.7 Hz), 113.6 (d, Jcp = 16.7 Hz), 70.0 (d,
Jep = 5.3 Hz), 24.2, 23.1 (d, Jcp = 3.9 Hz), 22.7 (d, Jcp = 4.9 Hz); 3'P NMR (163
MHz, CDCl;) ¢ 15.5; HRMS (ESI+): caled for C,3HpsN,O4P [M+H]™: 427.1781,
Found: 427.1785.

Diisopropyl(8-benzamido-6-methoxyquinolin-5-yl)phosphonate (30a):

prol Ve

Pro” o)

| N
N

3o0a

Light yellow solid (61%); mp 143—145 °C; '"H NMR (400 MHz, CDCl3) 6 11.13 (s,
1H), 9.90 (d, J = 8.5 Hz, 1H), 892 (d, J = 5.9 Hz, 1H), 8.70 (d, J = 2.8 Hz, 1H),
8.10—8.08 (m, 2H), 7.62—7.55 (m, 3H), 7.52 (dd, J = 8.8 Hz, J = 4.1 Hz, 1H),
4.74—4.66 (m, 2H), 4.11 (s, 3H), 1.40 (d, J = 6.2 Hz, 6H), 1.19 (d, J = 6.2 Hz, 6H);
3C NMR (100 MHz, CDCl3) 6 165.9, 163.1, 145.8, 140.2 (d, Jc.p = 3.0 Hz), 135.8,
134.5, 134.1 (d, Jcp = 14.0 Hz), 132.3, 131.1 (d, Jcp = 11.6 Hz), 128.9, 127.3, 123.2,
103.3 (d, Jcp = 10.2 Hz), 102.9 (d, Jcp = 185.8 Hz), 70.4 (d, Jcp = 5.2 Hz), 56.5,
24.1 (d, Jep = 4.1 Hz), 23.7 (d, Jcp = 4.8 Hz); 3'P NMR (163 MHz, CDCl3) ¢ 14.2;
HRMS (ESI+): caled for C,3H,7N,OsP [M+H]": 443.1731, Found: 443.1730.
Diisopropyl[8-(benzylamino)quinolin-5-yl|phosphonate (3ra):
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’PrO\('?
iPro”

| N
_N

3ra

Light yellow solid (41%); mp 117119 °C; 'H NMR (400 MHz, CDCl;) ¢ 8.76—8.71
(m, 2H), 8.08 (dd, Jyp = 15.6 Hz, J = 8.0 Hz, 1H), 7.46 (dd, J = 8.6 Hz, J = 4.2 Hz,
1H), 7.43—7.41 (m, 2H), 7.38—7.34 (m, 2H), 7.31-7.28 (m, 1H), 7.12 (s, 1H), 6.63 (dd,
J=8.0 Hz, J=3.6 Hz, 1H), 4.69—4.61 (m, 2H), 4.58 (d, /= 5.7 Hz, 2H), 1.38 (d, J =
6.2 Hz, 6H), 1.12 (d, J = 6.2 Hz, 6H); '*C NMR (100 MHz, CDCl;) ¢ 148.2 (d, Jc.p =
2.8 Hz), 146.9, 138.2, 138.0 (d, Jcp = 13.6 Hz), 137.2 (d, Jcp = 10.0 Hz), 135.4 (d,
Jop =3.6 Hz), 128.8, 128.7, 128.6, 127.4, 122.3, 109.6 (d, Jcp = 195.2 Hz), 103.0 (d,
Jep =17.6 Hz), 70.4 (d, Jcp = 5.1 Hz), 47.2, 24.2 (d, Jcp = 3.8 Hz), 23.8 (d, Jcp =
5.0 Hz); 3'P NMR (163 MHz, CDCl;) ¢ 18.2; HRMS (ESI+): cacld for Cy,H,7N,O5P
[M+H]": 399.1832, Found: 399.1832.

Dimethyl(8-pivalamidoquinolin-5-yl)phosphonate (3ib):

MeO\(.?
_P
MeO O

| HJ\K
N

3ib
Saffron yellow solid (30%); mp 83—85 °C; 'H NMR (400 MHz, CDCls) ¢ 10.51 (s,
1H), 8.88—8.82 (m, 3H), 8.21 (dd, Jyp = 15.8 Hz, J = 8.0 Hz, 1H), 7.58 (dd, J = 8.5
Hz, J = 4.3 Hz, 1H), 3.80 (s, 3H), 3.77 (s, 3H), 1.44 (s, 9H); 13C NMR (100 MHz,
CDCly) 0 177.7, 148.5, 139.2 (d, Jcp = 3.7 Hz), 138.5 (d, Jcp = 13.5 Hz), 136.6 (d,
Jep =89 Hz), 1354 (d, Jcp = 3.7 Hz), 128.1 (d, Jcp = 11.7 Hz), 122.8, 116.1 (d, Jcp
=190.1 Hz), 114.3 (d, Jc.p = 16.7 Hz), 52.8 (d, Jcp = 5.5 Hz), 40.6, 27.6; 3'P NMR
(163 MHz, CDCls) 6 20.9; HRMS (ESI+): cacld for C;sH;N,O4P [M+H]*: 337.1312,
Found: 337.1315.

Diethyl(8-pivalamidoquinolin-5-yl)phosphonate (3ic):

Et0.Q

U

P
EtO O

| NKK
N

3ic
Light yellow oil (36%); '"H NMR (400 MHz, CDCls) 6 10.51(s, 1H), 8.91 (dd, J = 8.6
Hz, J=1.5 Hz, 1H), 8.87 (dd, J=4.2 Hz, J= 1.5 Hz, 1H), 8.82 (dd, /= 8.0 Hz, J =
3.7 Hz, 1H), 8.23 (dd, Jyp = 15.8 Hz, J = 8.0 Hz, 1H), 7.58 (dd, J = 8.6 Hz, J = 4.2
Hz, 1H), 4.22—4.16 (m, 2H), 4.12—4.05 (m, 2H), 1.44 (s, 9H), 1.30 (t, /= 7.1 Hz, 6H);
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13C NMR (100 MHz, CDCLy) 6 177.6, 148.4, 138.9 (d, Jop = 3.6 Hz), 138.5 (d, Jep =
13.4 Hz), 136.3 (d, Jep = 8.9 Hz), 135.6 (d, Jep = 3.7 Hz), 128.0 (d, Jop =11.4 Hz),
122.6, 117.6 (d, Jep = 189.0 Hz), 114.3 (d, Jep = 16.6 Hz), 62.3 (d, Jop = 5.2 Hz),
40.5,27.6, 16.3 (d, Jep = 6.5 Hz); 3'P NMR (163 MHz, CDCl;) & 17.8; HRMS (ESI+):
cacld for C1sH,sN,O4P [M+H]": 365.1625, Found: 365.1628.

Dibutyl(8-pivalamidoquinolin-5-yl)phosphonate (3id):

”BuO\Q
_P.
"BuO 0]

| H)KK
_N

3id
Saffron yellow oil (37%); '"H MNR (400 MHz, CDCl5) § 10.51 (s, 1H), 8.90 (dd, J =
8.6 Hz, J= 1.4 Hz, 1H), 8.87 (dd, J=4.2 Hz, J= 1.5 Hz, 1H), 8.83 (dd, J= 8.0 Hz, J
=3.7 Hz, 1H), 8.22 (dd, Jyp = 15.7 Hz, J= 8.0 Hz, 1H), 7.57 (dd, J= 8.5 Hz, J= 4.2
Hz, 1H), 4.16-4.08 (m, 2H), 4.04-3.96 (m, 2H), 1.67-1.59 (m, 4H), 1.44 (s, 9H),
1.38-1.32 (m, 4H), 0.87 (t, J = 7.4 Hz, 6H); 3C NMR (100 MHz, CDCl3) 6 177.6,
148.4, 138.9 (d, Jop = 3.6 Hz), 138.6 (d, Jep = 13.4 Hz), 136,2 (d, Jop = 8.9 Hz),
135.6 (d, Je.p = 3.6 Hz), 128.0 (d, Jop = 11.4 Hz), 122.5, 117.5 (d, Jep = 189.2 Hz),
1143 (d, Jep = 16.5 Hz), 65.9 (d, Jep = 5.4 Hz), 40.5, 32.4 (d, Jep = 6.6 Hz), 27.6,
18.7, 13.5; 3P NMR (163 MHz, CDCly) 6 17.9; HRMS (ESI+): cacld for
CyoHi33N,04P [M+H]*: 421.2251, Found: 421.2253.

Diisobutyl(8-pivalamidoquinolin-5-yl)phosphonate (3ie):

iBuO.Q

N

. _P
'‘BuO 0]

| HJ\K
N

3ie
Light yellow oil (41%); '"H MNR (400 MHz, CDCls) ¢ 10.52 (s, 1H), 8.91 (dd, /= 8.6
Hz, J=1.5 Hz, 1H), 8.87 (dd, J=4.2 Hz, J= 1.5 Hz, 1H), 8.84 (dd, J = 8.0 Hz, J =
3.7 Hz, 1H), 8.23 (dd, Jy.p = 15.8 Hz, J = 8.0 Hz, 1H), 7.58 (dd, /= 8.6 Hz, J = 4.3
Hz, 1H), 3.93-3.87 (m, 2H), 3.79-3.73 (m, 2H), 1.98—1.88 (m, 2H), 1.44 (s, 9H), 0.90
(dd, J=6.7 Hz, J= 1.7 Hz, 12H); 13C NMR (100 MHz, CDCl3) ¢ 177.6, 148.4, 138.9
(d, Jcp = 3.6 Hz), 138.5 (d, Jcp = 13.4 Hz), 136.3 (d, Jcp = 8.8 Hz), 135.6 (d, Jcp =
3.6 Hz), 128.0 (d, Jcp = 11.5 Hz), 122.5, 117.5 (d, Jc.p = 189.9 Hz), 114.3 (d, Jcp =
16.6 Hz), 72.1 (d, Jc.p = 5.8 Hz), 40.5, 29.1 (d, Jcp = 7.1 Hz), 27.6, 18.8; 3'P NMR
(163 MHz, CDCls) 6 17.9; HRMS (ESI+): cacld for C,,H33N,04P [M+H]*: 421.2251,
Found: 421.2254.
Dibenzyl(8-pivalamidoquinolin-5-yl)phosphonate (3if):
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Bn0\9
_P.
BnO (0]

| HKK
N

3if

Light yellow oil (47%); 'H MNR (400 MHz, CDCl;) 6 10.49 (s, 1H), 8.86-8.78 (m,
3H), 8.23 (dd, Jup = 16.0 Hz, J = 8.1 Hz, 1H), 7.47 (dd, J = 8.6 Hz, J = 4.3 Hz, 1H),
7.27 (s, 10H), 5.17-5.12 (m, 2H), 5.06-5.02 (m, 2H), 1.43 (s, 9H); 3C NMR (100
MHz, CDCls) § 177.7, 148.4, 139.1 (d, Jep = 3.7 Hz), 138.5 (d, Jep = 13.8 Hz), 136.4
(d, Jep = 9.1 Hz), 135.9 (d, Jep = 6.8 Hz), 135.5 (d, Jop = 3.9 Hz), 128.5, 128.4,
128.1, 128.0 (d, Jep = 11.7 Hz), 122.6, 117.0 (d, Jep = 190.8 Hz), 1142 (d, Jop =
16.8 Hz), 67.8 (d, Jop = 5.2 Hz), 40.6, 27.7; 3'P NMR (163 MHz, CDCL;) 6 18.7;
HRMS (ESI+): cacld for CosHaoN,0,P [M+H]*: 489.1938, Found: 489.1941.

Diisopropyl(5-aminoquinolin-8-yl)phosphonate (7a):

’PrO\('?
iPro”
| NH>
_N
7a

Light yellow solid (68%); mp 97-99 °C; 'H MNR (400 MHz, CDCls) & 8.77-8.75 (m,
2H), 8.07 (dd, Jep = 15.4 Hz, J = 7.8 Hz, 1H), 7.46 (dd, J = 8.3 Hz, J = 4.4 Hz, 1H),
6.88 (dd, J= 7.8 Hz, J = 3.6 Hz, 1H), 5.57 (s, 2H), 4.71-4.63 (m, 2H), 1.39 (d, J = 6.2
Hz, 6H), 1.12 (d, J = 6.2 Hz, 6H); '3C NMR (100 MHz, CDCls) & 148.5 (d, Je.p = 2.9
Hz), 147.3, 138.0 (d, Jop = 13.6 Hz), 136.7 (d, Jep = 9.9 Hz), 135.3 (d, Jep = 3.8 Hz),
129.0 (d, Jep = 11.6 Hz), 122.3, 111.6 (d, Jop = 193.8 Hz), 107.5 (d, Jep = 17.7 Hz),
70.5 (d, Jop = 5.1 Hz), 24.2 (d, Jep = 3.8 Hz), 23.8 (d, Jep = 4.9 Hz); 3'P NMR (163
MHz, CDCl;) § 17.7; HRMS (ESI+): cacld for CysHyN,OsP [M+H]*: 309.1363,
Found: 309.1368.
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7. The Single Crystal X-ray Diffraction Study of 3aa
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CCDC 1474469 (3aa) contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via www. ccdc.cam.ac.uk/data request/cif.

Table S3 Crystal Data and Structure Refinement for 3aa

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

o/
pr°

v/°

Volume/A3

Z

Pealcg/cm’

wmm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]

CpHysN,O4P

412.41

291.15

triclinic

P-1

8.9115(7)

11.1099(7)

11.8272(9)

83.858(6)

86.228(6)

67.922(6)

1078.45(14)

2

1.270

0.157

436.0

0.21 x0.18 x 0.16

MoKa (A =0.71073)
6.932 to 52.744
-11<h<10,-13<k<13,-14<1<14
8712

4383 [Riy = 0.0373, Ryigma = 0.0592]
4383/33/293

1.054

R;=0.0776, wR, = 0.2075
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0.1204, wR, = 0.2482

0.62/-0.43

R,

Final R indexes [all data]

Largest diff. peak/hole / e A~

8. Copies of 'H, 13C and 3'P NMR Spectra for the Products
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