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1. General information

Reactions and manipulations involving organometallic or moisture sensitive
compounds were carried out under dry nitrogen and glassware heated under oven for
two hours prior to use. *H NMR spectrum was recorded on 500 MHz, *C NMR
spectrum was recorded on 125 MHz, and *'P NMR spectrum was recorded on 243
MHz. Anhydrous THF, 1,4-Dioxane and toluene were freshly distilled over Na and
benzophenone, DCE was freshly distilled over CaH,. Melting points were measured
with a microscopic apparatus and uncorrected. Commercial reagents were used as
received without further purification unless otherwise noticed. And dry-box operation
was not necessary. The reaction was conducted in a sealed Schlenk tube, which was
evacuated and purged with nitrogen for three times prior to use. HRMS were recorded
on a TOF LC/MS mass spectrometer. Column chromatography was carried out using

silica gel (200-300 mesh).

2. Substrate Synthesis

Substrates 1 were prepared according to the known method.*

3. Procedure for the Pd-Catalyzed Dearomative Arylphosphoylation of Indoles

Pd(OAc), (5 mol%)
R? PCysHBF, (12 mol%)
Z N R3 Na,COj; (2.0 equiv) R'—¢

||
~/~ + _RP—OR* >
)\ﬁ‘) H\ogée  Toluene, 100°C
o
1 2 3 O

Br

To a Schlenk tube was added Pd(OAc), (5 mol%), PCys HBF4 (12 mol%), 1 (0.2
mmol), Na,CO3 (0.4 mmol), and 2 (0.4 mmol) under N, after which 2.0 mL toluene
was added into the reaction mixture by a syringe. The mixture was stirred at 100 °C
for 24-60 hours. When the reaction was completed, the solvent was removed under
vacuum and the residue was purified by chromatography on silica gel, eluting with

EtOAc/petroleum ether = 1:2 (v/v) to afford the products 3.
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Diethyl(10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)
phosphon-ate (3a)

PO(OEY), White solid; Mp 75-77 <T; 81% vyield; ‘H NMR (500 MHz,
O Me CDCly): 6 7.86 (d, J = 7.5 Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.68

N O (d, J = 7.5 Hz, 1H), 7.63 (td, J = 7.5, 1.0 Hz, 1H), 7.52-7.45 (m,

o 2H), 7.39 (t, J = 7.5 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H), 3.70-3.64
(m, 2H), 3.64-3.60 (M, 1H), 3.49-3.41 (m, 2H), 1.68 (d, J = 1.5 Hz, 3H), 0.99 (t, J =
7.0 Hz, 3H), 0.94 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCls): § 167.5, 147.5 (d,
Jp.c = 5.6 Hz), 139.0, 133.4, 131.7, 131.3 (d, Jp.c = 8.2 Hz), 129.1 (d, Jp.c = 3.4 H2),
128.8, 127.7 (d, Jp.c = 4.3 Hz), 125.4, 124.5 (d, Jp.c = 3.2 Hz), 124.0, 117.3 (d, Jpc =
3.0 Hz), 72.9 (d, Jp.c = 3.3 Hz), 62.3 (dd, Jp.c = 120.2, 7.1 Hz), 49.5 (d, Jp.c = 139.8
Hz), 29.33 (d, Je.c = 15.0 Hz), 16.0 (dd, Jp.c = 12.6, 5.7 Hz). 5P NMR (243 MHz,
CDCls): 6 20.24. HRMS m/z (ESI+): calculated for C,oH2NOsPNa ([M+Na]®):
394.1179, found 394.1174.
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Diethyl(8-methoxy-10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)

phosphonate (3b)
PO(OE!), White solid; Mp 128-130 <C; 83% vield; ‘H NMR (500
O © MHz, CDCly): 6 7.70 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.5
N

O ocn. Hz 1H), 7.48-7.45 (m, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.31
Hs
@]
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(d, J = 2.5 Hz, 1H), 7.18-7.13 (m, 2H), 3.87 (s, 3H), 3.70-3.62 (m, 2H), 3.57 (d, J =
19.0 Hz, 1H), 3.53-3.41 (m, 2H), 1.64 (d, J = 2.0 Hz, 3H), 0.98 (m, J = 10.5, 7.1 Hz,
6H). *C NMR (125 MHz, CDCl,): § 167.4, 160.4, 139.8 (d, J.c = 5.3 Hz), 139.0 (d,
Jp.c = 5.8 Hz), 134.7, 131.4 (d, Jp.c = 8.2 Hz), 129.0 (d, Jp.c = 3.4 Hz), 127.6 (d, Jpc
= 4.4 Hz), 126.2, 124.4 (d, Jp.c = 3.3 Hz), 119.9, 117.2 (d, Jp.c = 3.2 Hz), 106.5, 72.5
(d, Jp.c = 3.4 Hz), 62.2 (dd, Jp.c = 104.5, 7.4 Hz), 55.7, 49.4 (d, Jpc = 139.9 Hz), 29.3
(d, Jp.c = 14.8 Hz), 16.0 (t, Jp.c = 6.3 Hz). *'P NMR (243 MHz, CDCls): 6 20.38.
HRMS m/z (ESI+): calculated for CyH,sNOsPNa ([M+Na]"): 424.1284, found
424.1276.

Diethyl(8,10b-dimethyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)phos-p
honate (3c)
PO(OE), White solid; Mp 106-108 <C; 80% vyield; *H NMR (500 MHz,
O ° CDCly): 6 7.69 (d, J = 8.0 Hz, 1H), 7.64 (s, 1H), 7.54 (d, J =
N

19.0 Hz, 1H), 3.50 — 3.41 (m, 2H), 2.45 (s, 3H), 1.64 (d, J = 2.0 Hz, 3H), 0.99 (t, J =

e 80 Hz, 1H), 7.47 — 7.41 (m, 2H), 7.36 (t, J = 7.5 Hz, 1H),

© 7.14 (t, J = 7.5 Hz, 1H), 3.70 — 3.63 (m, 2H), 3.58 (d, J =

7.0 Hz, 3H), 0.94 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCl5): 6 167.7, 144.8 (d,
J=5.7 Hz), 139.1 (d, J = 5.7 Hz), 138.9, 133.4, 132.8, 131.3 (d, Jp.c = 8.8 Hz), 129.0
(d, Jp.c = 3.4 Hz), 127.6 (d, Jpc = 3.8 Hz), 125.1, 124.3 (d, Jp.c = 3.3 Hz), 124.0,
117.2 (d, Jp-c = 2.6 Hz), 72.6 (d, Jp-c = 3.4 Hz), 62.2 (dd, Jp.c = 103.2, 7.3 Hz), 49.4 (d,
Jp.c = 139.3 Hz), 29.3 (d, Jp.c = 15.0 Hz), 21.3, 16.0 (dd, Jp.c = 13.2, 5.6 Hz). 3P
NMR (243 MHz, CDCl): § 20.28. HRMS m/z (ESI+): calculated for Ca;HasNOgPNa
(IM+Na]"): 408.1335, found 408.1331.

Diethyl(8-fluoro-10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)
phosphonate (3d)
PO(OE), White solid; Mp 99-101 <TC; 63% yield; *H NMR (500 MHz,
O Me CDCls): 6 7.70 (d, J = 8.0 Hz, 1H), 7.64 (m, J = 8.5, 4.4 Hz,
N O = 1H), 7.49 (m, 2H), 7.38 (t, 3 = 7.5 Hz, 1H), 7.31 (m, J = 85,
2.4 Hz, 1H), 7.17 (t, J = 7.5 Hz, 1H), 3.70 (m, J = 14.5, 5.0 Hz,

S4

0]



2H), 3.60 (d, J = 18.5 Hz, 1H), 3.55-3.45 (m, 2H), 1.66 (d, J = 1.5 Hz, 3H), 0.98 (m, J
=18.5, 7.1 Hz, 6H). **C NMR (125 MHz, CDCl5): § 166.3 (d, J = 3.3 Hz), 163.2 (d, J
= 248.6 Hz) , 143.0 (dd, J = 5.6, 2.4 Hz), 138.8 (d, J = 5.5 Hz), 135.5 (d, J = 8.2 Hz),
131.3 (d, J = 8.1 Hz), 129.2 (d, J = 3.5 Hz), 127.7 (d, J = 4.0 Hz), 127.0 (d, J = 8.2
Hz), 124.73 (d, J = 3.3 Hz), 119.2 (d, J = 23.4 Hz), 117.3 (d, J = 2.4 Hz), 110.4 (d, J =
23.2 Hz), 72.6 (d, J = 3.5 Hz), 62.4 (dd, J = 124.8, 7.1 Hz), 49.4 (d, J = 139.7 Hz),
29.3 (d, J = 14.9 Hz), 16.0 (dd, J = 12.1, 5.6 Hz). P NMR (243 MHz, CDCls): §
20.11. HRMS m/z (ESI+): calculated for C,oH,;FNOgPNa ([M+Na]®): 412.1084,
found 412.1080.

Diethyl(10b-methyl-6-ox0-8-(trifluoromethyl)-10b,11-dihydro-6H-isoindolo[2,1-a]
indol-11-yl)phosphonate (3e)
PO(OEt), White solid; Mp 65-68 <C: 53% yield; *H NMR (500 MHz,

O y CDCly): 6 8.14 (s, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.82 (d, J
N
O cr, =80 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.50 (m, J = 75,

© 2.3 Hz, 1H), 7.42 (t, J = 7.5 Hz, 1H), 7.21 (t, J = 7.5 Hz,
1H), 3.76-3.68 (m, 2H), 3.67-3.63 (m, 1H), 3.53 (m, 2H), 1.71 (d, J = 1.5 Hz, 3H),
1.00 (t, J = 7.0 Hz, 3H), 0.94 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCl): 6
166.2, 150.9 (d, J = 5.8 Hz), 138.6 (d, J = 5.7 Hz), 134.5, 131.3, 131.8, 129.4 (d, J =
3.4 Hz), 128.5, 127.8 (d, J = 4.2 Hz), 126.4, 125.0 (d, J = 3.3 Hz),122.7, 121.3 (d, J =
3.6 Hz), 117.4 (d, J = 2.5 Hz), 73.0 (d, J = 3.5 Hz), 62.6 (dd, J = 138.8, 7.2 Hz), 49.5
(d, J = 139.1 Hz), 29.2 (d, J = 14.5 Hz), 16.0 (dd, J = 21.6, 5.9 Hz). 3P NMR (243
MHz, CDCl3): ¢ 19.88. HRMS m/z (ESI+): calculated for Cj1H»1FsNOsPNa

([M+Na]*): 462.1053, found 462.1064

Diethyl(8,9-dimethoxy-10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-1
1-yl)phosphonate (3f)

i id: . H .1
PO(OEt), White solid; Mp 138-140 <C; 91% vyield; "H NMR (500

O € ocH, MHz, CDCly): 67.67 (d, J=8.0 Hz, 1H), 7.43 (m, J = 7.5,
N O 2.1 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.28 (s, 1H), 7.16 (5,
OCH,4

O 1H), 7.12 (t, J = 7.5 Hz, 1H), 4.02 (s, 3H), 3.95 (s, 3H),

S5



3.76 (m, J = 7.0 Hz, 2H), 3.59 (d, J = 19.0 Hz, 1H), 3.47-3.39 (m, 2H), 1.65 (d, J =
1.5 Hz, 3H), 1.06 (t, J = 7.0 Hz, 3H), 0.89 (d, J = 7.0 Hz, 3H). *C NMR (125 MHz,
CDCl,): § 167.8, 152.8, 150.2, 141.6 (d, Jp.c = 6.2 Hz), 139.2 (d, Jp.c = 5.7 Hz), 131.1
(d, Jp-c = 8.2 Hz), 129.1 (d, Jp.c = 3.3 Hz), 127.6 (d, Jp.c = 4.3 Hz), 125.4, 124.1 (d,
Jp-c = 3.3 Hz), 117.0 (d, Jp.c = 2.5 Hz), 107.7, 105.1, 72.4 (d, Jp.c = 2.6 Hz), 68.1,
62.3 (dd, Jp.c = 74.1, 7.1 Hz), 56.3 (d, Jp.c = 18.1 Hz), 49.4 (d, Jp-c = 139.0 Hz), 29.6
(d, Jpc = 15.0 Hz), 16.1 (dd, Jp.c = 19.6, 5.8 Hz). *P NMR (243 MHz, CDCls): ¢
20.34. HRMS m/z (ESI+): calculated for Co;H2sNOgPNa ([M+Na]*): 454.1390, found
454.1429.

Diethyl(9,10b-dimethyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)phos-p
honate (39)

PO(OEN), White solid; Mp 135-137 <C; 71% vield; *H NMR (500 MHz,
O Me Me CDCla):d7.73 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H),

N 7.48 (m, J = 9.5, 4.0 Hz, 2H), 7.37 (t, J = 7.5 Hz, 1H), 7.30

0 (d, J = 7.5 Hz, 1H), 7.15 (t, J = 7.5 Hz, 1H), 3.67-3.62 (m,
2H), 3.62-3.58 (m, 1H), 3.52-3.42 (m, 2H), 2.51 (s, 3H), 1.65 (d, J = 1.5 Hz, 3H),
0.96 (M, J = 7.0 Hz, 6H). *C NMR (125 MHz, CDCl,): 6 167.6, 147.8 (d, Jp.c = 5.1
Hz), 142.4, 139.1 (d, Jp.c = 5.7 Hz), 131.2 (d, Jp.c = 8.3 Hz), 130.8, 129.8, 129.1 (d,
Jp.c = 3.4 Hz), 127.7 (d, Jp.c = 4.4 HZ), 125.9, 124.3 (d, Jp.c = 3.3 Hz), 123.7, 117.1 (d,
Jp.c = 3.0 Hz), 72.6 (d, Jpc = 3.5 Hz), 62.2 (dd, Jp.c = 127.1, 7.1 Hz), 49.4 (d, Jp.c =
139.7 Hz), 29.3 (d, Jp.c = 15.1 Hz), 22.1, 16.0 (dd, Jp.c = 16.9, 5.7 Hz). 3P NMR (243
MHz, CDCls): § 20.32. HRMS m/z (ESI+): calculated for C;Hy6NO4PNa ([M+Na]"):
408.1335, found 408.1341.

Diethyl(10,10b-dimethyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a] indol-11-yl)phos-

phonate (3h)

PO(OEM% White solid; Mp 90-92 <T; 26% yield; ‘H NMR (500 MHz,

O Me CDCls): 6 7.74-7.69 (m, 2H), 7.49 (m, J = 7.5, 2.4 Hz, 1H), 7.40
N (m, J = 9.0, 7.3 Hz, 3H), 7.17 (t, J = 7.5 Hz, 1H), 3.70-3.66 (m,

o 1H), 3.65-3.54 (m, 2H), 3.46-3.33 (m, 2H), 2.59 (s, 3H), 1.71 (d,
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J=2.0 Hz, 3H), 1.00 (m, J = 8.5, 5.5 Hz, 3H), 0.89 (t, J = 7.0 Hz, 3H). *C NMR (125
MHz, CDCls): § 167.0, 145.1, 138.6, 135.3, 134.3, 134.1, 132.0 (d, Jpc = 9.1 Hz),
129.1,127.9 (d, Jp.c = 4.5 Hz), 124.4 (d, Jp.c = 3.4 Hz), 121.7, 117.4 (d, Jp.c = 3.2 Hz),
73.4, 62.4 (dd, Jp.c = 123.8, 7.4 Hz), 49.2 (d, Jp.c = 138.7 Hz), 26.0 (d, Jp.c = 15.9
Hz), 20.1, 16.0 (dd, Jp.c = 37.7 Hz, 5.0 Hz). *PNMR (243 MHz, CDCls): ¢ 20.11.
HRMS m/z (ESI+): calculated for CyH,sNOgPNa ([M+Na]"): 408.1335, found
408.1325.

Diethyl(2,10b-dimethyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a] indol-11-yl)phos-p
honate (3i)

Po(oEY, White solid; Mp 90-91 <T; 78% yield; 'H NMR (500 MHz,
Me O Me CDCly): 6 7.83 (d, J = 7.5 Hz, 1H), 7.65 (d, J = 7.5 Hz, 1H),

N O 7.62-7.57 (m, 2H), 7.48 (m, J = 7.5, 1.0 Hz, 1H), 7.28 (s,

o 1H), 7.17 (d, J = 8.0 Hz, 1H), 3.67-3.61 (m, 2H), 3.57 (d, J
=19.0 Hz, 1H), 3.48-3.41 (m, 2H), 2.36 (s, 3H), 1.64 (d, J = 2.0 Hz, 3H), 0.95 (m, J =
14.0, 7.1 Hz, 6H). *C NMR (125 MHz, CDCly): § 167.4, 147.4 (d, J = 5.6 Hz), 136.5
(d, Jp-c = 5.8 Hz), 134.1 (d, Jp.c = 3.5 Hz), 133.5, 131.5, 131.3 (d, Jp.c = 8.3 Hz),
129.6 (d, Jp.c = 3.5 Hz), 128.7, 128.3 (d, Jp.c = 3.8 Hz), 125.3, 123.8, 116.8 (d, Jpc =
2.8 Hz), 72.9 (d, Jp.c = 3.4 Hz), 62.2 (dd, Jp.c = 119.7, 7.4 Hz), 49.3 (d, Jp.c = 139.8
Hz), 29.2 (d, Jpc = 15.0 Hz), 21.2, 15.9 (t, Jp.c = 6.3 Hz). *'P NMR (243 MHz,
CDCls): 6 20.39. HRMS m/z (ESI+): calculated for C,HxsNOsPNa ([M+Na]®):
408.1335, found 408.1326.

Diethyl(2-chloro-10b-methyl-6-ox0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)
phosphonate (3j)
PO(OEt), White solid; Mp 42-45 <C; 60% vyield, 'H NMR (500 MHz,

Cl M
O ® «_ CDCly): 57.85 (d, J = 7.5 Hz, 1H), 7.68 (d, J = 7.5 Hz, 1H),
1)

7.66-7.62 (m, 2H), 7.52 (m, J = 7.5, 1.0 Hz, 1H), 7.43 (t, J =
© 2.0 Hz, 1H), 7.36 (m, J = 8.5, 2.1 Hz, 1H), 3.79-3.71 (m, 2H),
3.59 (d, J = 19.5 Hz, 1H), 3.47-3.38 (m, 2H), 1.67 (d, J = 1.5 Hz, 3H), 1.06 (t, J = 7.0

Hz, 3H), 0.92 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCls): 6 167.5, 147.3 (d, Jp.c
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= 5.5 Hz), 137.7 (d, Jp.c = 5.8 Hz), 133.3 (d, Jp.c = 8.2 Hz), 129.7 (d, Jp.c = 4.4 Hz),
132.0, 129.2 (d, Jp.c = 3.5 Hz), 128.9, 127.8 (d, Jp.c = 4.4 Hz), 125.4, 118.0 (d, Jpc =
2.4 Hz), 124.0, 118.0, 73.1 (d, Jp.c = 3.3 Hz), 62.4 (dd, Jp.c = 86.1, 7.1 Hz), 49.5 (d,
Jp.c = 139.8 Hz), 29.4 (d, Jp.c = 14.9 Hz), 16.0 (dd, Jp.c = 21.6, 5.9 Hz). 3P NMR
(243 MHz, CDCls): ¢ 19.31. HRMS m/z (ESI+): calculated for CyH,;CINO4sPNa
(IM+Na]*): 428.0789, found 428.0778.

Diethyl(2-fluoro-10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)
phosphonate (3K)

PO(OEt), White solid; Mp 92-94 <C; 62% yield; 'H NMR (500 MHz,
" O Me CDCls): ¢ 7.85 (d, J = 7.5 Hz, 1H), 7.65 (m, 3H), 7.53-7.50

N (m, 1H), 7.19 (m, J = 8.0, 2.4 Hz, 1H), 7.08 (m, 1H), 3.73 (m,

© 2H), 3.61-3.57 (m, 1H), 3.46-3.40 (m, 2H), 1.68 (d, J = 1.5 Hz,
3H), 1.04 (t, J = 7.0 Hz, 3H), 0.94 (d, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCly):
6 167.9, 163.7, 147.3 (d, J = 5.4 Hz), 142.3, 135.2, 133.3, 131.9, 128.9, 125.7, 124.3,
117.9 (dd, J = 8.7, 2.7 Hz), 115.8 (dd, J = 23.5, 3.6 Hz), 115.2 (dd, J = 25.2, 4.4 Hz),
73.3,62.4 (dd, J = 96.7, 7.2 Hz), 49.7 (d, J = 146.3 Hz), 29.3 (d, J = 14.9 Hz), 16.0
(dd, J = 19.6, 5.8 Hz). P NMR (243 MHz, CDCl,): 5 19.44. HRMS m/z (ESI+):

calculated for CooH2FNO4PNa ([M+Na]*): 412.1084, found 412.1077.

Diethyl(3,10b-dimethyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a] indol-11-yl)phos-
phonate (3I)
PO(OEt), White solid; Mp 91-93 <T; 73% yield; ‘H NMR (500 MHz,

M
O ® « CDCly): §7.84 (d, J = 7.5 Hz, 1H), 7.66 (d, J = 7.5 Hz, 1H),
N
Me O 7.61(m, J = 7.5, 1.1 Hz, 1H), 7.54 (s, 1H), 7.49 (m, J = 7.5,

° 1.0 Hz, 1H), 7.33 (m, J = 7.5, 2.7 Hz, 1H), 6.96 (d, J = 7.5
Hz, 1H), 3.67 (m, 2H), 3.56 (d, J = 18.5 Hz, 1H), 3.47-3.40 (m, 2H), 2.42 (d, J = 2.0
Hz, 3H), 1.65 (d, J = 2.0 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H), 0.92 (t, J = 7.0 Hz, 3H).
13C NMR (125 MHz, CDCly): 6 167.4, 147.5 (d, Jo.c = 5.7 Hz), 139.3 (d, Jp.c = 3.5
Hz), 138.9 (d, Jr.c = 5.6 Hz), 133.4, 131.6, 128.7, 128.2 (d, Jp.c = 8.4 Hz), 127.2 (d,

Joc = 4.1 Hz), 125. 5, 125.1 (d, Jp.c = 3.4 Hz), 123.9, 117.8 (d, Jpc = 3.2 Hz), 73.1 (d,
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Joc = 3.4 Hz), 62.2 (dd, Joc = 109.7, 7.4 Hz), 49.1 (d, Jpc = 140.3 Hz), 29.3 (d, Jp.c =
15.0 Hz), 21.6, 16.0 (dd, Jrc = 16.1, 5.8 Hz). 3P NMR (243 MHz, CDCls): 6 20.41.
HRMS m/z (ESI+): calculated for CyH,sNO4PNa ([M+Na]*): 408.1335, found
408.1328.

Diethyl(3-fluoro-10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)
phosphonate (3m)

PO(OE),, White solid; Mp 100-101 C; 64% yield; 'H NMR (500 MHz,

O Me CDCls): 6 7.83 (d, J = 7.5 Hz, 1H), 7.63 (m, J = 11.0, 8.6, 4.3

2 N O Hz, 2H), 7.49 (m, J = 7.5, 1.1 Hz, 1H), 7.40 (m, J = 8.0, 6.7,

© 2.5 Hz, 2H), 6.83 (m, J = 9.0, 2.4 Hz, 1H), 3.69-3.63 (m, 2H),
3.56 (d, J = 18.5 Hz, 1H), 3.48-3.42 (m, 2H), 1.66 (d, J = 1.5 Hz, 3H), 0.97 (t, J = 7.0
Hz, 3H), 0.93 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCls): 6 167.4, 163.2 (dd, J
= 246.3, 3.6 Hz), 147.4 (d, J = 5.3 Hz), 140.3 (dd, J = 12.5, 5.6 Hz), 132.9, 132.0,
128.9, 128.4 (dd, J = 9.9, 4.1 Hz), 126.7 (dd, J = 8.5, 2.8 Hz), 125.4, 124.1, 111.2 (dd,
J = 23.0, 3.3 Hz), 105.3 (dd, J = 26.7, 2.4 Hz), 73.5 (d, J = 3.6 Hz), 62.3 (dd, J =
108.7, 7.1 Hz), 48.9 (d, J = 140.2 Hz), 29.3 (d, J = 14.8 Hz), 16.0 (dd, J = 12.6, 5.8
Hz). P NMR (243 MHz, CDCls): 6 19.98. HRMS m/z (ESI+): calculated for
CooH2:FNOsPNa ([M+Na]*): 412.1084, found 412.1076.

Diethyl(10b-cyclopropyl-6-oxo0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)phos-
phonate (3n)

PO(OEY), Light yellow solid; Mp 39-40 <C; 66% yield; *H NMR (500
O Cyelopropyl - 17 CDCly): 6 7.83 (d, J = 7.5 Hz, 1H), 7.74 (d, J = 7.5 Hz,

N O 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.62 (m, J = 11.5, 3.8 Hz, 1H),

o 7.49 (t, 3= 7.5 Hz, 1H), 7.46 (m, J = 7.5, 2.3 Hz, 1H), 7.35 (t,
J=75Hz, 1H), 7.13 (t, J = 7.5 Hz, 1H), 3.86 (d, J = 19.0 Hz, 1H), 3.72 (m, J = 14.5,
7.5 Hz, 2H), 3.47-3.41 (m, 2H), 1.49 (m, 1H), 1.01 (t, J = 7.0 Hz, 3H), 0.92 (t, J = 7.0
Hz, 3H), 0.42 (m, 1H), 0.29-0.24 (m, 1H), 0.18 (m, J = 10.0, 5.1 Hz, 1H), 0.09 (m, J =
10.0, 5.3 Hz, 1H). 3C NMR (125 MHz, CDCls): & 168.6, 147.2 (d, Jp.c = 5.6 Hz),
140.3 (d, Jp.c = 6.1 Hz), 133.1, 131.6, 128.9 (d, Jp.c = 3.4 Hz), 128.6, 127.2 (d, Jp.c =
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4.2 Hz), 125.7, 124.4 (d, Jp.c = 3.2 Hz), 123.8, 116.3, 74.6, 62.2 (dd, Jp.c = 105.6, 7.3
Hz), 48.8 (d, Jo.c = 139.1 Hz), 29.7, 22.54 (d, Jp.c = 16.5 Hz), 16.0 (dd, Jp.c = 17.9, 5.7
Hz). *'P NMR (243 MHz, CDCls): 6 20.21. HRMS m/z (ESI+): calculated for
C22H24sNO4PNa ([M+Na]*): 420.1335, found 420.1327.

Diethyl(6-0x0-10b-phenyl-10b,11-dihydro-6H-isoindolo[2,1-a] indol-11-yl)phosphon-
ate (30)

PO(OEt), White solid; Mp 127-129 <C; 52% yield; 'H NMR (500 MHz,
O Ph  CDCL): 5 7.85 (t, J = 8.0 Hz, 2H), 7.78 (d, J = 8.0 Hz, 1H),

N O 7.66-7.63 (m, 2H), 7.56-7.50 (m, 1H), 7.44 (m, J = 7.5, 0.6 Hz,

© 1H), 7.39 (m, J = 11.0, 4.6 Hz, 2H), 7.31 (m, J = 10.5, 4.9 Hz,
2H), 7.23 (t, J = 7.5 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 4.26 (d, J = 19.5 Hz, 1H),
3.79-3.72 (m, 2H), 3.59-3.51 (m, 2H), 1.05 (t, J = 7.0 Hz, 3H), 1.01 (t, J = 7.0 Hz,
3H).3C NMR (125 MHz, CDCls): & 168.3, 146.8 (d, Jp.c = 5.5 Hz), 143.7 (d, Jp-c =
14.2 Hz), 139.5 (d, Jp.c = 5.7 Hz), 132.5, 131.9, 131.1 (d, Jp.c = 8.1 Hz), 129.1 (d, Jpc
= 3.4 Hz), 128.9, 128.7, 128.0, 127.4 (d, Jp.c = 4.2 Hz), 126.6, 124.8 (d, Jp.c = 3.3 Hz),
124.4,123.9, 117.1 (d, Jp.c = 2.5 Hz), 78.1 (d, Jp.c = 2.9 Hz), 62.5 (dd, Jp.c = 115.3,
7.3 Hz). 51.4 (d, Jp.c = 2.5 Hz), 16.1 (dd, Jsc = 10.0, 6.0 Hz). **P NMR (243 MHz,
CDCls): 6 20.19. HRMS m/z (ESI+): calculated for C,sHxsNOsPNa ([M+Na]®):
456.1335, found 456.1324.

Diethyl(6-0x0-10b-(thiophen-2-yl)-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)
phosphonate (3p)

: . ] . Ea0s viald. 1
PO(OEH), White solid; Mp 117-119 <C; 53% yield; "H NMR (500 MHz,

CDCl3): 6 7.87 (d, J = 7.5 Hz, 1H), 7.77 (t, J = 8.5 Hz, 2H), 7.61
(m, J=7.5, 1.0 Hz, 1H), 7.51 (m, J = 11.0, 4.0 Hz, 1H), 7.46 (m,

© J=175,22Hz, 1H), 7.40 (t, J = 7.5 Hz, 1H), 7.19-7.10 (m, 3H),
6.88 (M, J = 5.0, 3.7 Hz, 1H), 4.29 (d, J = 19.0 Hz, 1H), 3.74-3.66 (m, 2H), 3.56 (m,
2H), 1.01 (t, J = 7.0 Hz, 6H).**C NMR (125 MHz, CDCl;): § 167.9, 148.1, 148.0,
146.2 (d, Jp.c = 4.7 Hz), 139.4 (d, Jp.c = 5.6 Hz), 132.7, 131.9, 131.3 (d, Jp.c = 8.1
Hz), 129.3 (d, Jp.c = 3.4 Hz), 129.2, 127.5 (d, Jp.c = 4.4 Hz), 127.0 (d, Jp.c = 4.5 Hz),
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124.9 (d, Jp.c = 3.3 Hz), 124.8, 124.0 (d, Jp.c = 4.8 Hz), 117.5 (d, Jp.c = 2.9 Hz), 76.1,
62.6 (dd, Jp.c = 119.3, 7.2 Hz), 51.6 (d, Jp.c = 137.9 Hz), 16.1 (t, Jp-c = 5.8 Hz). 3P
NMR (243 MHz, CDCls): 5 19.33. HRMS m/z (ESI+): calculatedfor C3H2,NO4PSNa
([M+Na]"): 462.0899, found 462.0888.

Ethyl-11-(diethoxyphosphoryl)-6-oxo-6H-isoindolo[2,1-a]indole-10b(11H)-carboxyl-
ate (3q)
PO(OEt),  Light yellow oil; 30% yield; *H NMR (500 MHz, CDCls): J 7.88
O \ N (d, J = 7.5 Hz, 1H), 7.76 (t, J = 8.5 Hz, 2H), 7.61 (m, 1H),
7.58-7.54 (m, 1H), 7.48-7.45 (m, 1H), 7.38 (t, J = 7.5 Hz, 1H),
7.16 (t, J = 7.5 Hz, 1H), 4.52 (d, J = 19.5 Hz, 1H), 4.11 (t, J = 7.0
Hz, 2H), 3.70-3.57 (m, 4H), 1.11 (t, J = 7.0 Hz, 3H), 1.02 (t, J = 7.0 Hz, 3H), 0.94 (t,
J = 4.0 Hz, 3H). ®°C NMR (125 MHz, CDCls): § 170.6 (d, Jp.c = 19.5 Hz), 167.4,
140.8 (d, Jp.c = 5.8 Hz), 139.3 (d, Jp.c = 5.8 Hz), 134.4, 131.9, 130.3 (d, Jp.c = 8.2
Hz), 129.9, 129.2 (d, Jp.c = 3.4 Hz), 127.3 (d, Jp.c = 4.4 Hz), 126.1, 124.8 (d, Jpc =
3.3 Hz), 124.1, 116.6 (d, Jp.c = 3.1 Hz), 77.8 (d, Jp.c = 3.1 Hz), 63.0 (dd, Jp.c = 107.6,
7.0 Hz), 46.0 (d, Jpc = 141.2 Hz), 16.0 (t, Jp.c = 6.3 Hz), 13.8.%'P NMR (243 MHz,

)

CDCl3): 6 19.77. HRMS m/z (ESI+): calculated for CyoHzsNO4PNa ([M+Na]h):
452.1233, found 452.12109.

Diethyl(10b-methyl-6-ox0-7,8,9,10,10b,11-hexahydro-6H-isoindolo[2,1-a] indol-11-yl)

phosphonate (3r)
- = . . . .1
PO(OEN, White solid; Mp 111-113 <C; 70% yield; ‘H NMR (500 MHz,
Me CDCl3): 6 7.52 (d, J = 8.0 Hz, 1H), 7.34 (m, 2H), 7.08 (t, J=7.5
N | Hz, 1H), 3.94-3.70 (m, 4H), 3.34 (d, J = 17.5 Hz, 1H), 2.99-2.87
o (m, 1H), 2.35-2.17 (m, 3H), 1.80 (m, J = 11.5, 5.8 Hz, 3H),

1.71-1.65 (m, 1H), 1.45 (d, J = 2.0 Hz, 3H), 1.18 (t, J = 7.0 Hz, 3H), 1.11 (t, J = 7.0
Hz, 3H). *C NMR (125 MHz, CDCl): 6 171.0, 158.3 (d, Jp.c = 5.8 Hz), 139.3 (d, Jp.c
= 5.3 Hz), 131.4 (d, Jp.c = 8.4 Hz), 128.9 (d, Jp.c = 3.4 Hz), 127.3 (d, Jp.c = 4.5 Hz),
123.9 (d, Jp.c = 3.2 Hz), 117.0 (d, Jp.c = 3.2 Hz), 74.7 (d, Jpc = 2.3 Hz), 62.4 (dd, Jp.c
= 39.8, 7.4 Hz), 49.1 (d, Jp.c = 139.6 Hz), 26.0 (d, Jp.c = 15.6 Hz), 23.7, 22.2, 21.6,
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20.6, 16.3 (dd, Jp.c = 18.0, 5.8 Hz). *'P NMR (243 MHz, CDCls): § 20.90. HRMS m/z
(ESI+): calculated for CyoH26NO4PNa ([M+Na]"): 398.1492, found 398.1489.

Dibutyl(10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)phosphon-
ate (3s)

PO(O"Bu), White solid; Mp 54-56 C; 76% yield; '"H NMR (500 MHz,
O Me CDCly): ¢ 7.83 (d, J = 7.5 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H),

N O 7.66 (d, J = 7.5 Hz, 1H), 7.60 (m, J = 7.5, 1.1 Hz, 1H), 7.47 (m,

2H), 7.36 (t, J = 7.5 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 3.64-3.59
(m, 2H), 3.57-3.50 (m, 1H), 3.40-3.34 (m, 2H), 1.66 (d, J = 1.5 Hz, 3H), 1.27 (m, 4H),
1.14-1.02 (m, 4H), 0.77 (m, J = 12.0, 7.4 Hz, 6H). *C NMR (125 MHz, CDCly): &
167.4, 1475 (d, Jp.c = 5.2 Hz), 138.9 (d, Jp.c = 5.7 Hz), 133.2, 131.7, 131.3 (d, Jpc =
8.3 Hz), 129.0 (d, Jp.c = 3.4 Hz), 128.6, 127.6 (d, Jp.c = 4.0 Hz), 125.3, 124.3 (d, Jp.c
= 3.2 Hz), 123.9, 117.1 (d, Jp-c = 2.9 Hz), 72.7 (d, Jp.c = 3.4 Hz), 65.91 (dd, Jp.c =
97.5, 7.3 Hz), 49.3 (d, Jp.c = 139.7 Hz), 32.1 (dd, Jp.c = 17.2, 5.7 Hz), 29.4 (d, Jp.c =
15.0 Hz), 18.3 (d, Jp.c = 2.5 Hz), 13.4. *'P NMR (243 MHz, CDCls): 6 20.27. HRMS
m/z (ESI+): calculated for C,4H3oNO4PNa ([M+Na]"): 450.1805, found 450.1797.

Dibenzyl(10b-methyl-6-ox0-10b,11-dihydro-6H-isoindolo[2,1-a] indol-11-yl)phos-pho
nate (3t)

PO(OBn), White solid; Mp 73-75 <T; 70% yield; 'H NMR (500 MHz,
O Me CDCls): 6 7.80 (d, J = 7.5 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.58

N O (d, J = 7.5 Hz, 1H), 7.51-7.39 (m, 4H), 7.28-7.24 (m, 6H), 7.13 (t,

© J=7.5Hz, 1H), 7.01 (m, 4H), 4.43 (d, J = 9.0 Hz, 2H), 4.31 (t, J
= 11.5 Hz, 1H), 4.20 (m, J = 11.5, 7.9 Hz, 1H), 3.67 (d, J = 19.0 Hz, 1H), 1.66 (d, J =
1.5 Hz, 3H). **C NMR (125 MHz, CDCl,): § 167.4, 147.3 (d, Jp-c = 5.8 Hz), 139.1 (d,
Jp-c = 5.7 Hz), 135.7 (dd, Jp.c = 25.5, 5.6 Hz), 133.3, 131.8, 131.0 (d, Jp.c = 8.2 H2),
129.2 (d, Jp.c = 3.5 Hz), 128.8, 128.3 (dd, Jp.c = 11.3, 3.2 Hz), 128.0, 127.8 (d, Jp-c =
4.4 Hz), 125.3,124.5 (d, Jp.c = 3.2 Hz), 124.1, 117.3 (d, Jp.c = 3.0 Hz), 72.8 (d, Jp.c =
3.3 Hz), 67.65 (dd, Jp.c = 39.1, 7.5 Hz), 49.6 (d, Jp.c = 139.5 Hz), 29.4 (d, Jp.c = 15.2
Hz). P NMR (243 MHz, CDCls): 6 21.11. HRMS m/z (ESI+): calculated for
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C2H26NO4PNa ([M+Na]*): 518.1492, found 518.1476.

Diisopropyl(10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)phos-p
honate (3u)
POOPT), Orange yellow solid; Mp 82-84 <C; 78% vyield; *H NMR (500
O Me MHz, CDCls): § 7.82 (d, J = 7.5 Hz, 1H), 7.69 (d, J = 8.0 Hz,
N 1H), 7.66 (d, J = 7.5 Hz, 1H), 7.59 (m, J = 7.5, 1.0 Hz, 1H),
o 7.50-7.45 (m, 2H), 7.35 (t, J = 7.5 Hz, 1H), 7.13 (t, J = 7.5 Hz,
1H), 4.31 (m, J= 12.5, 6.2 Hz, 1H), 4.17 (m, J = 12.5, 6.2 Hz, 1H), 3.51 (d, J = 18.5
Hz, 1H), 1.65 (d, J = 1.5 Hz, 3H), 1.00 (d, J = 6.0 Hz, 3H), 0.93 (d, J = 6.0 Hz, 3H),
0.85 (m, J = 9.5, 6.2 Hz, 6H). *C NMR (125 MHz, CDCls): ¢ 167.5, 147. 6 (d, Jp.c =
5.6 Hz), 139.0 (d, Jp.c = 5.7 Hz), 133.5, 131.5 (t, Jp.c = 3.9 Hz), 128.8 (d, Jp.c = 3.3
Hz), 128.5, 127.7 (d, Jp.c = 4.3 Hz), 125.7, 124.2 (d, Jp.c = 3.2 Hz), 123.7, 117.0 (d,
Jp.c = 2.3 Hz), 72.8 (d, Jp.c = 3.8 Hz), 71.4 (d, Jp.c = 7.2 HZ), 70.5 (d, Jp.c = 7.6 H2),
50.1 (d, Jp.c = 141.0 Hz), 29.5 (d, Jp-c = 15.1 Hz), 23.2 (ddd, Jpc = 33.5, 25.3, 5.0
Hz). P NMR (243 MHz, CDCls): 6 18.40. HRMS m/z (ESI+): calculated for
C2Ha6NOsPNa ([M+Na]*): 422.1492, found 422.1484.

Diethyl (6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)phosphonate (3v)

PO(OEt), White solid; Mp 116-117 <C; 15% yield; '"H NMR (500 MHz,
O e CDCls): 6 7.88 (d, J = 7.5 Hz, 1H), 7.72 (dd, J = 7.5, 3.7 Hz, 2H),

" O 7.62 (td, J = 7.5, 1.0 Hz, 1H), 7.54-7.48 (m, 2H), 7.37 (1, J = 7.5

° Hz, 1H), 7.15 (t, J = 7.5 Hz, 1H), 5.81 (dd, J = 31.5, 9.1 Hz, 1H),
3.98 (dd, J = 18.0, 9.1 Hz, 1H), 3.70-3.61 (m, 2H), 3.60-3.47 (m, 2H), 0.97 (m, 6H).
13C NMR (125 MHz, CDCls): 6 167.6, 142.2 (d, Jp.c = 6.8 Hz), 140.3 (d, Jp.c = 5.5
Hz), 134.9, 131.6 (d, Jp.c = 9.4 Hz), 129.1 (d, Jp.c = 3.4 Hz), 128.9, 127.5 (d, Jp.c = 3.8
Hz), 126.1, 124.5 (d, Jpc = 3.3 Hz), 124.0, 116.4 (d, Jpc = 3.2 Hz), 66.0 (d, Jo.c = 5.5
Hz), 62.3 (dd, Jp.c = 136.8, 7.3 Hz), 42.7 (d, Jpc = 139.3 Hz), 16.0 (d, Jp.c = 5.8 Hz).
' NMR (243 MHz, CDCls): 6 20.67. HRMS m/z (ESI+): calculated for
C24H30NO4PNa ([M+Na]"): 380.1022, found 380.1017.
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4. Synthetic transformations of 3a

(E)-11-benzylidene-10b-methyl-10b,11-dihydro-6H-isoindolo[2,1-a] indol-6-one (4)
Ph y To a solution of 3a (1.2 equiv) in THF was added NaH (60%, 2.0

/ Me equiv) at 0 °C in portions. After stirring at the same temperature
O N O for 30 min, benzaldehyde (0.5 mmol) in THF was added slowly.

o The reaction mixture was then allowed to stir at 0 °C for
additional 4 h. After that, the resulting mixture was quenched with water and
extracted with Et,O. The combined organic phases were concentrated under vacuum.
The residue was purified by flash column chromatography on silica gel, eluting with
ethyl acetate/petroleum ether 1:5 (v/v) to give compound 4 (116.3 mg, 72%) as a
white solid. Mp 181-183 <C; *H NMR (500 MHz, CDCls): 6 7.92 (d, J = 7.5 Hz, 1H),
7.75 (dd, J = 10.5, 7.7 Hz, 2H), 7.70 (m, J = 7.5, 3.8 Hz, 1H), 7.54 (m, J = 7.5, 1.0 Hz,
1H), 7.40-7.37 (m, 4H), 7.35-7.31 (m, 2H), 7.21 (d, J = 8.0 Hz, 1H), 6.92-6.89 (m,
2H), 1.87 (s, 3H). *C NMR (125 MHz, CDCl5): ¢ 169.1, 150.3, 142.1, 141.1, 136.3,
133.4, 132.4, 131.5, 130.1, 128.9, 128.6, 128.4, 127.7, 125.3, 124.9, 124.2, 123.2,
122.1, 117.8, 74.4, 30.4. HRMS m/z (ESI+): calculated for Cy3H1sNO4 ([M+H]):
324.1383, found 324.1375.
NOE spectrum:
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(10b-Methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)phosphonic  acid
(%)

PO(OH), 10 asolution of 3a (0.5 mmol) in concentrated HCI (2.0 mL) was
O Ve stirred at 100 °C for 12 h. After that, the solid precipitated when

N O the solution was cooled to room temperature. The product was

© then obtained by filtration without further purification. White
solid; Mp 185-187 <TC; 65% yield; *H NMR (500 MHz, DMSO-d6): § 7.66 (m, J =
15.0, 7.8 Hz, 3H), 7.50 (m, J = 12.5, 5.2 Hz, 2H), 7.41 (d, J = 7.5 Hz, 1H), 7.32 (t, J =
7.5 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 3.54 (d, J = 20.0 Hz, 1H), 2.50 (m, J = 3.5, 1.8
Hz, 3H), 1.54 (s, 3H). *C NMR (125 MHz, DMSO): § 166.9, 148.4, 138.6 (d, Jp.c =
5.0 Hz), 133.9, 132.8, 131.9, 128.3, 127.9 (d, Jpc = 19.1 Hz), 125.7, 124.0, 123.2,
116.2, 72.7 (d, Jp.c = 2.2 Hz), 50.0 (d, Jp.c = 134.9 Hz), 29.5 (d, Jp.c = 13.8 Hz). 3P
NMR (243 MHz, DMSO-d6): ¢ 21.12. HRMS m/z (ESI+): calculated for C16H15NO4P
(IM+H]+): 316.0733, found 316.0733.

Diethyl(10b,11-dimethyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a] indol-11-yl)phos-
phonate (6)
T— To a solution of 3a (0.5 mmol) in THF (2.0 mL) in ice bath was
O Me added NaH (60%, 2.0 equiv) in portions. After stirring at the
N same temperature for 30 min, CHsl (1.2 equiv) was added into
O the system slowly. The mixture was then allowed to stir at room
temperature for 12 h. After that, the resulting mixture was then quenched with H,O
and extracted with Et,0. The combined organic phases were concentrated under
vacuum. The residue was purified by flash column chromatography on silica gel,
eluting with ethyl acetate/petroleum ether 1:2 (v/v) to give compound 4 (173.2 mg,
90%) as a white solid. Mp 135-138 <C; *H NMR (500 MHz, CDCl,): 6 7.82 (d, J =
7.5 Hz, 1H), 7.78 (d, J = 7.5 Hz, 1H), 7.61 (d, J = 8.0 Hz, 1H), 7.53 (m, J =75, 1.1
Hz, 1H), 7.47 (d, J = 7.5 Hz, 1H), 7.41 (m, J = 7.5, 0.8 Hz, 1H), 7.25 (m, J = 12.5, 4.8
Hz, 1H), 7.05 (m, J = 7.5, 1.0 Hz, 1H), 4.33-4.25 (m, 1H), 4.24-4.12 (m, 3H), 1.68 (s,
3H), 1.31 (m, J = 9.0, 7.1 Hz, 6H), 0.78 (d, J = 15.5 Hz, 3H).**C NMR (125 MHz,
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CDCls): 6 166.9, 147.8, 138.9, 137.0 (d, Jp.c = 10.6 Hz), 133.0, 132.5, 128.7, 128.4,
124.9,124.6, 124.1, 123.8, 117.0, 76.7, 62.5 (dd, Jp.c = 191.0, 7.4 Hz), 50.6 (d, Jp.c =
156.6 Hz), 25.1, 23.0, 16.4 (dd, Jp.c = 24.0, 5.6 Hz). 3P NMR (243 MHz, CDCly): ¢
27.96. HRMS m/z (ESI+): calculated for C;HxsNO4P ([M+H]"): 386.1516, found
386.1555.

Diethyl(11-allyl-10b-methyl-6-0x0-10b,11-dihydro-6H-isoindolo[2,1-a]indol-11-yl)
phosphonate (7)

To a solution of 3a (0.5 mmol) in THF in ice bath was added
NaH (60%, 2.0 equiv) in protions. After stirring at the same
temperature for 30 min, then allyl bromide (2.0 equiv) was added

into the system slowly. The reaction mixture was allowed to stir

at room temperature for 8 h. After that, the resulting mixture was
then quenched with H,O and extracted with Et,O. The combined organic phase was
concentrated under vacuum. The residue was purified by flash column
chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:2 (v/v) to
give compound 7 (176.7 mg, 86%) as a white solid. Mp 74-76 <C; *H NMR (500
MHz, CDCly): 6 7.82 (d, J = 7.5 Hz, 1H), 7.75 (d, J = 7.5 Hz, 1H), 7.65 (d, J = 7.5 Hz,
1H), 7.58-7.51 (m, 2H), 7.44 (t, J =75 Hz, 1H), 7.32 (t, J=7.5Hz, 1H), 7.11 (t, J =
7.5 Hz, 1H), 4.81-4.71 (m, 1H), 4.40 (d, J = 10.0 Hz, 1H), 4.34-4.13 (m, 4H), 3.91 (d,
J =17.0 Hz, 1H), 2.45 (m, 1H), 2.08-1.99 (m, 1H), 1.71 (s, 3H), 1.39 (t, J = 7.0 Hz,
3H), 1.32 (t, J = 7.0 Hz, 3H). 3C NMR (125 MHz, CDCl5): 6 166.0, 147.5, 138.0 (d,
Jp.c = 10.9 Hz), 135.1, 134.1, 132.0, 131.0 (d, Jp.c = 10.3 Hz), 128.5, 125.7, 124.1,
123.9, 1235, 117. 8, 116.2, 76.5 (d, Jp.c = 4.3 Hz), 62.4 (dd, Jp.c = 198.8 Hz, 7.5 Hz),
54.3 (d, Jp.c = 153.8 Hz), 39.5, 27.0 (d, Jp.c = 1.6 Hz), 16.2 (dd, Jpc = 12.6, 5.7 Hz).
%'p NMR (243 MHz, CDCls): 6 27.17. HRMS m/z (ESI+): calculated for CasHy7NO4P
(IM+H]"): 412.1672, found 412.1673.
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1P NMR (CDCl3, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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1P NMR (CDCl3, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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1P NMR (CDCl3, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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1P NMR (CDCl3, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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1P NMR (CDCl3, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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1P NMR (CDCl3, 243 MHz)

el —

PO(OEt),
Me

64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10
f1 (ppm)

66

3l

'H NMR (CDCls, 500 MHz)

ESFE
65F E
SOF'E
SPEE
REE
919°E
OEY'E
9E9E
woE
0s9'E
ESOE
9ETE
PO9E
L99°E
0L9e
1L9E
8LUE
189°¢
9RY'E
069'E
Z69'E
SEUE
ooL'e
90L'E

ps69
il
il /
a8l
20s'L
bOS'L
tvs L4
0oL
6090
i
VoL
5oL
0oL
pERL
RL

PO(OEt),

Me

Me

J

=00'€
=80¢

=t0E

=10t

ik
=001
=107

0.3 0.

1.0

20

23

30

40

£l (ppm)

6.0

8.0

S34



3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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1P NMR (CDCl3, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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1P NMR (CDCl3, 243 MHz)
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3C NMR (CDCls, 125 MHz)

© Gweeme =wgmeos
3 axgess sxIesy x moae mn cen
~ B OSSR — OO < o i~ < e =< =< =< <
3 S3IIico oodaacs g ggge da S22
N YN NN N
| |
| I
I
| | ! ‘ |
I I
| L] MI“ | 1 [ .
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
31
P NMR (CDCl3, 243 MHz)
o
]
B
PO(OEt),
75 70 6. 60 55 50 45 40 35 30 25 20 15 10 5
f1 (ppm)

S$41



3q

'H NMR (CDCls, 500 MHz)
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%P NMR (CDCls, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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%P NMR (CDCls, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)

3u

9¢8°0
6780
9$8°0
898°0

1260
£€6°0
966°0
800°1

6¥9°1
[43A v

Tor'e~C
6TS'E "
3384
LYy
091t
SLTY
L81'Y
661'Y
LLTY
68T'Y
ey
9IEY
8TEY
wey

SirL
0E1'L
opI'L
€6€°L
SYE'L
Yos'L
Lst'L |
8St'L
€Lv'L
1877, 1
881°L |
s6v'L o
s |
wUS'LA
$85°L
L8SL AW
009°L
0oL

wWYL-F
899°L
989°L
woLL

018°L
ST8L

0.0

0.5

3.0 2.5 2.0

35

5.5 5.0 45 4.0
f1 (ppm)

6.0

6.5

7.0

PO(O'Pr),
Me

7.5

8.0

3C NMR (CDCl3, 125 MHz)

PIeT
8I'€C
8E€'€T
1¥'eT
6¥'€T
€5°€T
$9°€T
69°€T

w6t
P$6T v

€576 ~
§9°0s

SYoL
16°0L /
9EIL

wiL
SLTL \w
8LTL

wer

00°6€1
SO6€L

£€S°LYT
8S°LY1

£5°L91 —

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
S48

Me

170

PO(O'Pr),

180

190




1P NMR (CDCl3, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)

IL8'T—

988°9
8889
2069
9169

45 4.0 35
f1 (ppm)

5.0

5.5

3C NMR (CDCl3, 125 MHz)

woe —

6€PL —

08°L1T
60°TTI
Lrett
81'vC1
16Tl
0g'sTl

89°LT1
1¥°8T1
85'8TI
98'8T1

800ET ~
el —
reel \
seeel /.
9z9€1

PP~
erTrl —

1€0ST —

90691 —

110

120

130

140

150

160

170

1 (ppm)

S51



5

'H NMR (DMSO-d6, 500 MHz)
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%P NMR (DMSO-d6, 243 MHz)
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3C NMR (CDCls, 125 MHz)
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'H NMR (CDCls, 500 MHz)
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1P NMR (CDCl3, 243 MHz)
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