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1. General Information

The reactions were carried out in 10-mL schlenk tubes under N, atmosphere. Reagents were used as
received unless otherwise noted, and solvents were purified according to standard operation procedure.
Column chromatography was performed using Silica Gel 60 (300—400 mesh). The reactions were monitored
by GC and GC-MS, GC-MS results were recorded on GC-MS QP2010, and GC analysis was performed on
GC 2014 plus. The 'H, *C NMR, *'P NMR and **F NMR spectra were recorded on a Brucker ADVANCE 11
spectrometer at 400 MHz, 100 MHz, 162 MHz and 376 MHz respectively, and chemical shifts were reported
in parts per million (ppm). The HRMS measurements were conducted at Liaocheng University, Shandong,
China. All solvents and reagents were purchased from Energy Chemical, Alfa Aesar, and Aladdin.

Fluorescence titrations of photocatalysts and Stern-Volmer luminescence quenching analyses were
conducted using a HITACHI F4600 fluorescence spectrophotometer with a 10 mm standard quartz cuvette at
room temperature. The following parameters were employed: EX Slit = 5 nm, EM Slit = 5.0 nm, PMT
Voltage = 700 V, Scan speed = 1200 nm/min, Response time = 2.0 s. Samples were prepared in quartz
cuvettes, and the solutions were irradiated at 410 nm and the luminescence was measured at 561 nm.

The fluorescence emission of products was conducted using a HITACHI F4600 fluorescence
spectrophotometer with a 10 mm standard quartz cuvette at room temperature. The following parameters
were employed: EX Slit = 10 nm, EM Slit = 20 nm, PMT Voltage = 500 V, Scan speed = 1200 nm/min,
Response time = 2.0 s. Samples were prepared in quartz cuvettes, and the solutions were irradiated at
325nm.

Quantum yield measurements and the UV-vis absorption of products were conducted using an Aglient
Cary100 UV-VIS spectrophotometer with a 10 mm standard quartz cuvette at room temperature.

2. Experimental Procedure
2.1 General experimental procedure for the synthesis of benzo[b]phosphole oxides

An oven-dried 10-mL Schlenk tube, equipped with a magnetic stir bar and charged with
diphenyl(phenylethynyl)phosphine oxides 1 (0.2 mmol), alkyl NHPI esters 2 (0.4 mmol, 2.0 equiv), and
Eosin B (0.004 mmol, 2 mol %) was evacuated and backfilled with N, three times. In the absence of light,
DMSO (2.0 mL), H,O (0.4 mmol, 2.0 equiv), and i-Pr,NEt (0.2 mmol, 1.0 equiv) were then added and the
tube was sealed. The mixture was then stirred under irradiation from Blue LED strips (2 m; 5.8#0.5 W/m,
120 LEDs per meter) at room temperature for 10 h and monitored by GC or GC-MS or TLC. Upon
completion, the reaction mixture was cooled to room temperature, diluted with EtOAc, and washed with
H,O. The organic layer was dried with anhydrous Na,SO,, subject to filtration, and concentrated in vacuo.
The residue was purified by column chromatography on silica gel and eluted with petroleum/ethyl acetate to
afford the desired product 3.

2.5 mmol gram-scale synthesis of 2-(pentan-3-yl)-1,3-diphenylphosphindole 1-oxide 3aa:

An oven-dried 100-mL Schlenk tube, equipped with a magnetic stir bar and charged with
diphenyl(phenylethynyl)phosphine oxides 1a (755 mg, 2.5 mmol), alkyl NHPI esters 2a (1.3 g, 5.0 mmol,
2.0 equiv), and Eosin B (32.5 mg, 0.05 mmol, 2 mol %) was evacuated and backfilled with N, three times. In
the absence of light, DMSO (25 mL), H,O (90 pL, 5.0 mmol, 2.0 equiv), and i-Pr,NEt (0.42 mL, 2.5 mmol,
1.0 equiv) were then added and the tube was sealed. The mixture was then stirred under irradiation from
Blue LED strips at room temperature for 12 h and monitored by GC or GC-MS or TLC. Upon completion,
the reaction mixture was cooled to room temperature, diluted with EtOAc, and washed with H,O. The
organic layer was dried with anhydrous Na,SO,, subject to filtration, and concentrated in vacuo. The residue
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was purified by column chromatography on silica gel and eluted with petroleum/ethyl acetate (2/1) to afford
the desired yellow wax product 3aa (650 mg, 70%).
1.0 mmol gram-scale synthesis of 2-(pentan-3-yl)-1,3-diphenylphosphindole 1-oxide 3aa via

one-pot:
o 1) DCC (1.0 equiv), DMAP (10 mol %) Q,Ph
OH Q CH,Cl;, (10.0 mL), rt, 30 min R
- +
H 2) filtration, evaporate, then 1a (1.0 mmol) 7
photocatalytic reaction conditions Ph
2.0 mmol 2.0 mmol 3aa

A round-bottom flask was charged with N-hydroxyphthalimide (325 mg, 2.0 mmol),
N,N~=dicyclohexylcarbodiimide (453 mg, 2.2 mmol, 1.1 equiv), and DMAP (0.1 equiv). Dry
dichloromethane was added (10 mL), and the mixture was stirred vigorously. 2-Ethylbutyric acid (255 pL)
was added via syringe and the mixture was allowed to stir for 30 min (determined by TLC). The mixture was
filtered over Celite and rinsed with additional CH,Cl,. The solvent was removed under reduced pressure to
afford crude alkyl NHPI esters 2a.

An oven-dried 25-mL Schlenk tube, equipped with a magnetic stir bar and charged with
diphenyl(phenylethynyl)phosphine oxides 1a (302 mg, 1.0 mmol), crude alkyl NHPI esters 2a, and Eosin B
(13 mg, 0.02 mmol, 2 mol %) was evacuated and backfilled with N, three times. In the absence of light,
DMSO (25 mL), H,O (36 pL, 2.0 mmol, 2.0 equiv), and i-Pr,NEt (167 uL, 1.0 mmol, 1.0 equiv) were then
added and the tube was sealed. The mixture was then stirred under irradiation from Blue LED strips at room
temperature for 10 h and monitored by GC or GC-MS or TLC. Upon completion, the reaction mixture was
cooled to room temperature, diluted with EtOAc, and washed with H,O. The organic layer was dried with
anhydrous Na,SO,, subject to filtration, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel and eluted with petroleum/ethyl acetate (2/1) to afford the desired yellow wax
product 3aa (270 mg, 73%).

2.2 General procedure for the synthesis of N-(Acyloxy)phthalimides

The redox-active esters N-(Acyloxy)phthalimides 2 were synthesized by a slightly modified procedure

based on Baran.
o

0 0
OH i DCC (1.1 equiv), DMAP (10 mol %) ,C?‘R
HO™ R CH,CI, (0.2 M), rt, 2-12 h
2

1.0 equiv

A round-bottom flask was charged with N-hydroxyphthalimide (1.0 equiv) carboxylic acid (1.0 equiv, if
solid), N,N™dicyclohexylcarbodiimide (1.1 equiv), and DMAP (0.1 equiv). Dry dichloromethane was added
(0.2 M), and the mixture was stirred vigorously. Carboxylic acid (1.0 equiv) was added via syringe (if liquid)
and the mixture was allowed to stir until the carboxylic acid was consumed (determined by TLC). Typical
reaction times were between 2 h and 12 h. The mixture was filtered over Celite and rinsed with additional
CH,CI,. The solvent was removed under reduced pressure, and purification by column chromatography
afforded corresponding activated esters 2 in 60-85% yields.

2.3 Optimization of Conditions

Table S1-12



Q Ph
o
G gl photocatalyst, base _ R
Ph—P—=—Ph + N-O P
Ph solvent Ny, rt, 10h

12W blue LED strips Ph

1a (0.2 mmol) 2a (0 2 mmol) 3aa

entry  photocatalyst (mol %) base (equiv) solvent yield (%)b

1 Ru(bpy)3Cl,*6H,0 (2.0) i-ProNEt (3.0) DMAc 26

2 Eosin Y (2.0) i-Pr,NEt (3.0) DMAc 53

3 Eosin B (2.0) i-Pr,NEt (3.0) DMAc 55

4 Rose Bengal (2.0) i-Pr,NEt (3.0) DMAc 50

5 Methylene Blue (2.0) i-Pr,NEt (3.0) DMAc none

6 Eosin B (2.0) DABCO (3.0) DMAc 52

7 Eosin B (2.0) EtsN (3.0) DMAc 51

8 Eosin B (2.0) DBU (3.0) DMAc 33

9 Eosin B (2.0) TMEDA (3.0) DMAc 47

10 Eosin B (2.0) 2,6-lutidine (3.0) DMAc 34

11 Eosin B (2.0) K,CO3 (3.0) DMAc 30

12 Eosin B (2.0) DMAc 18

13 Eosin B (2.0) i-Pr,NEt (3.0) DMF 50

14 Eosin B (2.0) i-PryNEt (3.0) DMSO 69

15 Eosin B (2.0) i-PryNEt (3.0) CH3;CN 7

16 Eosin B (2.0) i-PryNEt (3.0) THF 11

17 Eosin B (2.0) i-PryNEt (3.0) i-PrOH 20

18¢ Eosin B (2.0) i-PryNEt (3.0) DMSO 75

199 Eosin B (2.0) i-PryNEt (3.0) DMSO 84

209 Eosin B (1.0) i-PryNEt (3.0) DMSO 73

219 Eosin B (3.0) i-PryNEt (3.0) DMSO 83

22%¢  Eosin B (2.0) i-PryNEt (3.0) DMSO 88

23%°  Eosin B (2.0) i-PryNEt (1.0) DMSO 87(82)

249e i-ProNEt (1.0) DMSO none

25%¢9  Eosin B (2.0) i-ProNEt (1.0) DMSO none

Other activated esters

cl TP 7 N/Ofg N ,\?7g F I o}
Cl%o% [gvo% @[NN @NN F:?;
I

TCNHP! NHS HOBt HOALt
53%P e 0%%° 0%%° 0%%° 0%9¢

®Reaction conditions:1a (0.2 mmol), 2a (0.2 mmol, 1.0 equiv), photocatalyst, base, solvent (2.0 mL), N, rt,
12 W blue LED strips, 10 h. "'P NMR yield using tributyl phosphate as an internal standard. “2a (0.3 mmol,
1.5 equiv). “2a (0.4 mmol, 2.0 equiv). °H,0 (2.0 equiv) was added. ‘Isolated yield. ®No light.

We commenced our studies with the reaction of diphenyl(phenylethynyl)phosphine oxide 1a and alkyl
NHPI ester 2a in the presence of 2.0 mol % Ru(bpy)sCl,*6H,0, i-Pr,EtN (N,N-diisopropylethylamine) in 2.0
mL of DMAc (N,N-dimethylacetamide) at room temperature under visible-light irradiation for 10 h.
Gratifyingly, the desired decarboxylative Alkylation / Cyclization product 3aa was obtained in 26% yield
(Table 1, entry 1). Initially, screening of common photocatalysts found that organic dye Eosin B instead of
Ru-complex as a catalyst was more efficient candidate (Table 1, entries 1-5) to promote the reaction with the
desired 3aa obtained in 55% yield (Table 1, entry 3). Next, organic or inorganic bases, such as DABCO
(triethylenediamine), EtsN, DBU (1,8-diazabicyclo[5.4.0]undec-7-ene), TMEDA
(N,N,N',N'-tetramethylethylenediamine), 2,6-lutidine and K,CO; were examined as an additive (entries
6—11), and i-Pr,EtN gave the best yield (55%, entry 3). Furthermore, the result proved that a base could
facilitate the reaction (entry 12 vs entries 3 and 6—11). Further investigation of solvents (DMF, DMSO,
CH3CN, THF and i-PrOH) revealed that the reaction in DMSO led to the best yield (69%, entry 14).
Increasing the loading of alkyl NHP ester 2a could give the desired result (84% yield, entry 19). In addition,
changing the loading of Eosin B did not increase obviously the yield (Table 1, entries 20 and 21).
Satisfactorily, the loading of additional H,O could facilitate the reaction (88%, entry 22) due to the hydrogen



bonding can increase the electron-acceptor strength of alkyl NHPI ester.? Furthermore, the loading of base
i-Pr,EtN could reduce to 1.0 equivalent and give the desired result (87%, entry 23). Notably, no desired
product was observed in the absence of photocatalysts or the light (Table 1, entries 24 and 25). Finally, when
the other classic NHS, HOBt, HOAt, or pentafluorophenol esters associated with 2-ethylbutyric acid
coupling were employed and no product was observed by GC-MS. Replacing the NHPI ester 2a with the
more electron deficient tetrachloro derivative (TCNHPI) decrease the yield instead (53% vs 87%, entry 23)

3. Investigation on the reaction mechanism

3.1. The radical trapping experiments

>—<: q ,Ph

TEMPO (2.0 equiv R

Ph + (2.0 equiv) )
standard conditions /

Ph— P
Ph
1a, 0.2 mmol 2a, O 4 mmol 3aa, nd
it Ph
1a  + 2a . JL standard conditions 3aa + « @
Ph” “Ph Phi
0.2mmol 0.4 mmol 0.4 mmol nd 4b, detected by GC-MS
O\\ IPh
)k@/\ standard conditions P
Lo @
Ph
0.2 mmol 2za 0 4 mmol) 3aza (50%)

3.2 Kinetic profiles in response to light irradiation

The time course of product formation and raw material consumption during the reaction were
investigated in parallel. An oven-dried 10-mL Schlenk tube, equipped with a magnetic stir bar and charged
with diphenyl(phenylethynyl)phosphine oxide 1a (0.2 mmol), alkyl NHPI ester 2a (0.4 mmol, 2.0 equiv),
and Eosin B (0.004 mmol, 2 mol %), was evacuated and backfilled with N, three times. In the absence of
light, DMSO (2.0 mL), H,O (0.4 mmol, 2.0 equiv), and i-Pr,NEt (0.2 mmol, 1.0 equiv) were then added and
the tube was sealed. The mixture was then stirred under irradiation from Blue LED strips (2 m; 5.840.5 W/m,
120 LEDs per meter) at room temperature for specified time intervals. Upon completion, the *'P NMR yield
was determined every hour by Brucker ADVANCE IlI spectrometer using tributyl phosphate as internal

standard.
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Figure S1. Kinetic profiles for the decarboxylative alkylation/cyclization of la in response to light
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irradiation.

3.3 Fluorescence titration of photocatalysts

7x105 B Eosin B (A)
] ——+310 uLDIPEA
6x10° - ——+ 410 nLDIPEA
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Figure S2. Fluorescence quenching of Eosin B (A, 1.0<10"° M in DMSO, 1.5 mL) upon titration with
DIPEA (i-Pr,NEt)(0.1 M in DMSO).

3.4 Quantum yield measurements

The quantum vyield of the reaction was measured by chemical actinometry using a set of 12W LEDs (A=
400-410 nm) using potassium ferrioxalate following the procedure of Melchiorre® and Glorius™

The solutions were prepared and stored in the dark:

(1) Potassium ferrioxalate solution: 176 mg of potassium ferrioxalate trihydrate (commercially available
from Alfa Aesar) and 84 uL of H,SO, (95-98%) were dissolved in 20 mL of distilled water.

(2) Phenantroline solution: 50 mg of 1,10-phenanthroline was dissolved in 25 mL of distilled water.

(3) Buffer solution: 1.25 g of sodium acetate and 250 pL of H,SO, (95-98%) were dissolved in 25 mL of

distilled water.
The actinometry measurements were done as follows:

(1) 2.0 mL of the actinometer solution was added to a 10-mL Schlenk tube containing a stirring bar. Then,
the solution was irradiated with 12W LEDs (A= 400-410 nm) for specified time intervals (60, 90, 120,
150) s.

(2) After irradiation, a 30 pL aliquot was immediately taken and added to a 10 mL volumetric flask
containing 0.2 mL of 1,10-phenanthroline solution and 3.0 mL of buffer solution, and the solution was
then allowed to rest for 1 h in dark place to allow the ferrous ions to completely coordinate to the
phenanthroline.

(3) The UV/Vis spectra of actinometry samples were recorded for each time interval. The absorbance of the
actinometry solution was monitored at 510 nm. In a similar manner, this procedure is repeated with the
actinometer solution stored in the dark.

(4) The moles of Fe?* formed for each sample is determined according to the Beers’ Law (eq 3):

V| V3AA(510 nm)

7 3
10°V,1g(510 nm) )

N
moles Fe*" =



()

(6)

Where:

V, = Irradiated volume (2.0 mL).

V, = The aliquot of the irradiated solution taken for the estimation of Fe* ions (0.030 mL).

V3 = Final volume of the solution after complexation with 1,10-phenanthroline (3.23 mL).

€(510 nm) = Molar extinction coefficient of [Fe(Phen);]** complex (11100 L mol™cm™).

| = Optical path-length of the cuvette (1 cm)

AA(510 nm) = absorbance difference between the irradiated solution and the solution stored in dark.

The moles of Fe?* formed (dx) are plotted as a function of time (dt) (Figure S3). The slope of this line
was correlated to the moles of incident photons per unit time (F = photon flux) by the use of the

following equation (4):
dx
oW = @
Where:
®(1) = The quantum yield for Fe?* formation at 400 nm is 1.13%
A(\) = ferrioxalate actinometer absorbance at 400 nm, which was measured placing 3.0 mL of the

solution in a cuvette of path length 1 cm by UV/Vis spectrophotometry. We obtained an absorbance

value of 2.818. The determined incident photons per unit time (F) is 5.08x10°® einsteins/s.

1.0x10°*

y = 5.7324E-8x
i R?=0.99783

6.0x10°

4.0x10°

Moles of Fe(II) formed
L}

2.0x10°

0'0 T T T T T T T T
0 20 40 60 80 100 120 140 160

Irradiation time (s)

Figure S3. Plot of moles of Fe(ll) formed as a function of time.

To obtain the quantum yield (®) of the oxidative alkylation/cyclization reaction the number of moles of
the product 3aa were determined by GC analysis using tributyl phosphate as internal standard. As such, a
photocatalytic reaction was performed under the set of optimized reaction conditions (Table SI-1, entry
22) under visible light irradiation of 12W LED (A= 400—410 nm). After 30 minutes of light irradiation,
1.48>10"° moles of 3aa (yield = 7.4%).were obtained. The quantum yield of this reaction was calculated
using the following equation (5):

_ moles of product

ON)=———gr——
() F(]_lO»A(400nm))t

)

Where:

A(400 nm) = is the absorbance at 400 nm of the photocatalytic reaction which was measured placing 3.0
mL of the solution (30 pL reaction aliquot was taken and added to a 3.0 mL DMSOQ) in a cuvette of path
length 1 cm by UV/Vis spectrophotometry.

t = is the reaction time (1800s)

The quantum yield (®) of the reaction is 1.43 (see calculation below).



moles of 3aa

1.48%107 moles of 3aa

(400 nm) = A = — =143
F(1-1070)t 5 g SSIEINS (1100521 800s),
4. The photophysical data of the products
4.1 The optical representative test sample
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Figure S4. The UV-vis absorption spectra of the products in various solvents (CH;CN, DCM, DMF, EtOH, and

H,0) at 2x10° mol/L at 25 °C.
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Figure S5. The fluorescence emission spectra of the products in various solvents (CH;CN, DCM, DMF, EtOH,
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Figure S6. The solvent effect of the products on fluorescence emission at 210~ mol/L solvents(CHsCN, DCM,
DMF, EtOH, and H,0) at 25 °C.

Conclusion:

1)

2)

3)

4)

5)

The maximum UV-vis absorption wavelengths of product are concentrated at 320-325nm, and the absorbance
are weak(Figure S4);

The fluorescence emission of product are concentrated at 400-420nm, and the emission intensity is obviously
related to the electronegativity of the group and solvent (Figure S5 and S6);

The product substituted with strong electron-withdrawing group have the much stronger emission intensity
(3ha, 3ai) than electron-donating group (3da) and the intensity of the order is CF;>CN>H>Br>OMe in
various solvents (CH;CN, DCM, DMF, EtOH and H,0) (Figure S5 (a), (c)-(f);

When the product substituted with OMe (3da), red-shifted fluorescence bands was observed (Figure S5 a),
c)-H);

The solvent effect of the product is noteworthy. As the polarity of the solvent increases, red-shifted
fluorescence bands was more or less observed (Figure S6), especially, the product 3da is most obvious (Figure

S6 (h)).
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4.2 The UV-vis absorption and fluorescence emission data of the products

Table SI-2 Photophysical data of the representative products®

Compound Aabs/NM Absorbance &M ‘cm™) dem/NM
3aa 321 0.01594 797 406
3ba 321 0.03122 1561 410
3da 321 0.03833 1916 421
3ea 321 0.01317 658 405
3fa 321 0.0211 1055 406
3ga 321 0.04033 2016 406
3ha 321 0.04392 2196 403
3ia 323 0.02262 1131 406
3ja 321 0.02291 1145 411
3ka 324 0.00371 185 415
3oa 320 0.07807 3903 406
3am 324 0.01665 832 407
3an 321 0.02964 1482 406
3ar 321 0.02638 1319 406
3at 321 0.03933 1966 406
3au 321 0.03003 1501 407

2Emission maximum in CH,CN at 2>10~° mol/L.
5. 'H, *C and *'P NMR spectra data of the products

2-(Pentan-3-yl)-1,3-diphenylphosphindole 1-oxide(3aa)
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Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 61.0 mg, 82%. 'H NMR (400 MHz,
CDCly): 6 7.83-7.72 (m, 2H), 7.60-7.48 (m, 4H), 7.44-7.23 (m, 7H), 6.91 (d, J = 7.2 Hz, 1H), 2.39-2.33 (m,
1H), 1.98-1.91 (m, 1H), 1.57-1.54 (m, 1H), 1.26-1.19 (m, 1H), 1.09-1.02 (m, 1H), 0.88 (t, J = 5.8 Hz, 3H),
0.43 (t, J = 5.9 Hz, 3H). *C NMR (100 MHz, CDCl5): 6 151.6 (d, Jc.p = 22.6 Hz), 144.3 (d, Jcp = 27.7 H2),
139.9 (d, Jep = 89.1 Hz), 134.4 (d, Jcp = 15.9 Hz), 133.9, 132.7 (d, Jep = 1.6 Hz), 131.9 (d, Jc.p = 82.0 Hz),
131.8 (d, Jep = 2.8 Hz), 131.1 (d, Jp = 10.7 Hz), 130.9 (d, Je.p = 73.5 Hz), 128.7 (d, Jc.p = 6.8 Hz), 128.5 (d,
Jcp = 5.3 Hz), 128.4 (d, Jcp = 3.9 HZz), 128.2 (d, Jcp = 32.0 Hz), 123.2, 123.0 (d, Jcp = 10.8 Hz), 44.1 (d,
Jep =9.1 Hz), 27.4 (dd, Jep = 74.1, 1.6 Hz), 12.53 (d, Je.p = 53.6 Hz). **P NMR (162 MHz, CDCl5): & 39.47.
HRMS (EI) m/z: [M+H]" calcd. for C,sH,sOPH 373.1716; found 373.1740.

2-Butyl-1,3-diphenylphosphindole 1-oxide (3ab)*

Q Ph
P

/

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow gum; yield: 43.0 mg, 60%. *H NMR (400
MHz, CDCly): 6 7.78-7.73 (m, 2H), 7.63-7.59 (m, 1H), 7.54-7.48 (m, 3H), 7.44-7.44 (m, 3H), 7.39-7.37
(m, 1H), 7.33-7.28 (m, 3H), 6.94 (d, J = 7.6 Hz, 1H), 2.50-2.38 (m, 1H), 2.26-2.17 (m, 1H), 1.39-1.29 (m,
2H), 1.16-1.05 (m, 2H), 0.56 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCl): § 150.2 (d, Jc.r = 22.3 Hz),
144.2 (d, Je.p = 27.9 Hz), 136.7 (d, Je.p = 93.7 Hz), 133.8 (d, Jc.p = 15.9 Hz), 132.7 (d, Jc.r = 1.8 Hz), 132.0
(d, Jer = 2.8 Hz), 131.7 (d, Jcp = 104.8 Hz), 130.8 (d, Jc.p = 10.7 Hz), 130.0 (d, Jcp = 97.4 Hz), 128.7,
128.6 (2C, overlap), 128.45, 128.4 (d, Jc.p = 3.4 Hz), 128.3, 123.1 (d, Jcp = 11.0 Hz), 30.7, 26.3 (d, Jc.p =
10.0 Hz), 22.5, 13.4. *P NMR (162 MHz, CDCl5): 6 39.93.

1,3-Diphenyl-2-(3-phenylpropyl)phosphindole 1-oxide (3ac)

Q ph

b
Co

Ph Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 28.3 mg, 34%. 'H NMR (400 MHz,
CDCly): 0 7.76-7.71 (m, 2H), 7.62 (t, J = 8.4 Hz, 1H), 7.54-7.37 (m, 7H), 7.28-7.25 (m, 3H), 7.15-7.06 (m,
3H), 7.03 (d, J = 7.6 Hz, 1H), 6.88 (d, J = 7.2 Hz, 2H), 2.52-2.34 (m, 3H), 2.30-2.18 (m, 1H), 1.80-1.63 (m,
2H). BC NMR (100 MHz, CDCly): 6 150.6 (d, Jc.p = 22.2 Hz), 144.1 (d, Jc.p = 28.0 Hz), 141.4,136.3 (d, Jcp
=93.7 Hz), 133.7 (d, Jcp = 15.8 Hz), 132.8 (d, Jc.p = 1.7 HZ), 132.1 (d, Jcp = 2.9 HZz), 131.0, 130.9 (d, Jcp =
10.7 Hz), 129.8 (d, Jcp = 98.1 Hz), 128.9, 128.8, 128.78, 128.73, 128.5, 128.4, 128.4 (d, Jcp = 5.8 Hz),
128.1 (d, Jc.p = 15.1 Hz), 125.5, 123.2 (d, Jcp = 11.0 Hz), 35.4, 29.9, 26.0 (d, Jcp = 10.1 Hz). ¥p NMR (162
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MHz, CDCls): 6 40.01. HRMS (EI) m/z: [M+H]" calcd. for CyqH,sOPH™ 421.1716; found 421.1710.
2-(7-Bromoheptyl)-1,3-diphenylphosphindole 1-oxide (3ad)

Q ph

P
War

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow viscous liquid; yield: 36.3 mg, 38%. ‘H NMR
(400 MHz, CDCly): 6 7.78-7.73 (m, 2H), 7.63-7.59 (m, 1H), 7.55-7.49 (m, 3H), 7.47-7.37 (m, 4H), 7.32—
7.28 (m, 3H), 7.02 (d, J = 7.2 Hz, 1H), 3.31 (t, J = 6.8 Hz, 2H), 2.49-2.38 (m, 1H), 2.26-2.15 (m, 1H), 1.73—-
1.66 (m, 2H), 1.36-1.34 (m, 2H), 1.22-1.18 (m, 2H), 1.15-1.01 (m, 4H). *C NMR (100 MHz, CDCly): 6
150.3 (d, Jc.p = 22.3 Hz), 144.1 (d, Jcp = 28.0 Hz), 136.5 (d, Jc.p = 93.8 Hz), 133.8 (d, Jc.p = 15.9 Hz), 132.7
(d, Jep = 1.6 Hz), 132.0 (d, Jc.p = 2.8 Hz), 131.7 (d, Jcp = 105.1 Hz), 130.8 (d, Jc.p = 10.6 Hz), 129.9 (d, Jcp
=97.4 Hz), 128.8, 128.7, 128.6, 128.5, 128.42, 128.40, 123.1 (d, Jc» = 11.0 Hz), 33.8, 32.5, 29.1, 28.4, 27.9,
27.7, 26.4 (d, Jcp = 10.1 Hz). ¥P NMR (162 MHz, CDCly): § 39.89. HRMS (El) m/z: [M]" calcd. for
C,7H,sBrOPH" 479.1134; found 479.1089.

Methyl 5-(1-oxido-1,3-diphenylphosphindol-2-yl)pentanoate (3ae)

Q ph
P o—
/
C ;§ 0
Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 44.1 mg, 53%. "H NMR (400 MHz,
CDCly): 6 7.78-7.73 (m, 2H), 7.62 (t, J = 8.4 Hz, 1H), 7.55-7.49 (m, 3H), 7.47-7.38 (m, 4H), 7.32-7.30 (m,
3H), 7.03 (d, J = 7.2 Hz, 1H), 3.57 (5, 3H), 2.49-2.42 (m, 1H), 2.27-2.18 (m, 1H), 2.04-1.98 (m, 2H), 1.42—
1.40 (m, 4H). BC NMR (100 MHz, CDCly): 6 173.6, 150.6 (d, Jcp = 22.1 Hz), 144.0 (d, Jcp = 27.7 Hz),
135.9 (d, Jc.p = 93.7 Hz), 133.5 (d, Jcp = 15.8 HZ), 132.7 (d, Jc.p = 1.6 Hz), 132.0 (d, Jcp = 2.8 HZz), 131.5 (d,
Jcp = 105.0 Hz), 130.8 (d, Jcp = 10.6 Hz), 129.7 (d, Jcp = 97.6 Hz), 128.8, 128.7, 128.6, 128.5 (d, Jcp =
10.7 Hz), 128.4, 128.3, 123.1 (d, Je.p = 11.0 Hz), 51.2, 33.2, 27.9 (d, Jc.p = 1.3 Hz), 26.12 (d, Jcp = 10.2 Hz),
24.5. *'P NMR (162 MHz, CDCl5): 6 39.82. HRMS (EI) m/z: [M+H]" calcd. for C,sH,sOPH* 417.1614;
found 416.1608.

tert-Butyl (5-(1-oxido-1,3-diphenylphosphindol-2-yl)pentyl)carbamate (3af)

Q ph
i: :P /—/ HN—-Boc
/
Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (1:1) to afford a yellow gum; yield: 38.9 mg, 40%. 'H NMR (400 MHz,
CDCly): 6 7.77-7.72 (m, 2H), 7.61-7.54 (m, 1H), 7.56-7.39 (m, 7H), 7.31-7.28 (m, 3H), 7.03 (d, J = 7.6 Hz,
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1H), 4.65 (s, 1H), 2.93-2.92 (m, 2H), 2.49-2.38 (m, 1H), 2.26-2.15 (m, 1H), 1.14 (s, 9H), 1.25-1.16 (m,
2H), 1.10-1.09 (m, 4H). *C NMR (100 MHz, CDCl,): 6 155.8, 150.6 (d, Jc.p = 22.3 Hz), 144.1 (d, Jcp =
28.1 Hz), 135.8, 133.7 (d, Jep = 15.8 Hz), 132.8 (d, Jcp = 1.7 Hz), 132.14, 132.11, 131.0, 130.8 (d, Jcp =
10.7 Hz), 129.8 (d, Jc.p = 98.2 Hz), 128.8, 128.7, 128.6 (d, Jc.p = 11.6 Hz), 128.4, 128.3, 123.2 (d, Jc.» = 10.9
Hz), 41.6 (d, Jcp = 5.8 Hz), 40.4 (d, Jc.p = 4.6 Hz), 29.2, 28.3, 28.0 (d, Jop = 1.6 Hz), 26.4 (d, Jc.p = 10.2
Hz), 23.4. *'P NMR (162 MHz, CDCly): 6 39.99. HRMS (El) m/z: [M+H]" calcd. for CzHa,NOPH"
488.2349; found 488.2360.

2-(Non-8-en-1-yl)-1,3-diphenylphosphindole 1-oxide (3ag)

Q ph
P

/
Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow viscous liquid; yield: 46.0 mg, 54%. ‘H NMR
(400 MHz, CDCly): 6 7.85-7.70 (m, 3H), 7.64-7.60 (m, 1H), 7.53-7.49 (m, 3H), 7.46-7.41 (m, 3H), 7.39—
7.31 (m, 3H), 7.03 (d, J = 7.2 Hz, 1H), 5.80-5.70 (m, 1H), 4.97-4.88 (m, 2H), 2.50-2.39 (m, 1H), 2.27-2.15
(m, 1H), 1.95-1.92 (m, 2H), 1.35-1.30 (m, 2H), 1.24-1.21 (m, 2H), 1.06-0.99 (m, 6H). *C NMR (100 MHz,
CDCl,): 6 151.3 (d, Jc.p = 22.4 Hz), 145.1 (d, Jc.p = 28.0 Hz), 140.0, 137.5 (d, Jc.p = 93.9 Hz), 134.7 (d, Jcp
=15.7 Hz), 134.3 (d, Jcp = 96.5 Hz), 133.7 (d, Jcp = 1.3 Hz), 133.0 (d, Jcp = 2.6 Hz), 132.5 (d, Jcp = 104.8
Hz), 131.8 (d, Jc.p = 10.7 Hz), 130.8 (d, Jc.p = 97.7 Hz), 129.7, 129.6, 129.5 (d, Jcp = 23.6 Hz), 129.3, 124.1,
124.0, 114.9, 34.5, 30.2, 29.67, 29.65, 29.63, 29.5 (d, Jcp = 0.8 Hz), 27.4 (d, Jcp = 10.0 Hz). *'P NMR (162
MHz, CDCls): § 40.23. HRMS (E1) m/z: [M+H]" calcd. for C,sH3, OPH" 427.2185; found 427.2189.

2-(Dec-9-yn-1-yl)-1,3-diphenylphosphindole 1-oxide (3ah)

w_Ph

-

070
[l

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow viscous liquid; yield: 43.8 mg, 50%. ‘H NMR
(400 MHz, CDCly): 6 7.78-7.73 (m, 2H), 7.63-7.59 (m, 1H), 7.53-7.37 (m, 7H), 7.33-7.28 (m, 3H), 7.02 (d,
J=7.2 Hz, 1H), 2.49-2.38 (m, 1H), 2.26-2.16 (M, 1H), 2.12 (t, J = 7.2 Hz, 2H), 1.91 (5, 1H), 1.42 (t, J = 7.2
Hz, 2H), 1.35-1.21 (m, 5H), 1.06-0.99 (m, 5H). **C NMR (100 MHz, CDCl,): 6 150.2 (d, Jc.p = 22.2 Hz),
144.2 (d, Jc.p = 27.9 Hz), 136.7 (d, Jcp = 93.6 Hz), 133.8 (d, Jcp = 16.0 Hz), 132.7 (d, Jcp = 1.7 HZz), 132.0
(d, Jep = 2.8 Hz), 131.7 (d, Jcp = 104.9 Hz), 130.9 (d, Jc.p = 10.6 Hz), 130.0 (d, Jop = 97.4 Hz), 128.7,
128.69, 128.67, 128.4, 128.39, 128.36, 123.1 (d, Jcp = 10.9 Hz), 84.6, 67.9, 29.3, 28.6 (d, Jcp = 3.6 Hz),
28.55, 28.54, 28.4, 28.2, 26.5 (d, Jop = 10.1 Hz), 18.2. *'P NMR (162 MHz, CDCl): ¢ 39.85. HRMS (EI)
m/z: [M+H]" calcd. for C3H3;,OPH™ 439.2185; found 439.2187.

2-1sopropyl-1,3-diphenylphosphindole 1-oxide (3ai)
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Q ph

P
<

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow viscous liquid; yield: 49.6 mg, 72%. ‘H NMR
(400 MHz, CDCIly): 6 7.82-7.77 (m, 2H), 7.57-7.44 (m, 7TH), 7.38-7.26 (m, 4H), 6.92 (d, J = 7.6 Hz, 1H),
2.92-2.80 (m, 1H), 1.28 (d, J = 6.8 Hz, 3H), 0.79 (d, J = 6.8 Hz, 3H). *C NMR (100 MHz, CDCl,): § 149.5
(d, Jep = 22.4 Hz), 143.9 (d, Jcp = 27.6 Hz), 141.8 (d, Jcp = 90.8 Hz), 134.2 (d, Jc.r = 15.8 Hz), 132.6 (d,
Jep = 1.7 Hz), 131.7 (d, Jcp = 2.7 Hz), 131.5, 130.9 (d, Jc» = 96.8 Hz), 130.8 (d, Jc» = 10.7 Hz), 128.7,
128.8, 128.5, 128.4 (d, Jc.p = 11.1 Hz), 128.3 (d, Jc.p = 16.1 Hz), 128.2, 123.0 (d, Jc.» = 10.8 Hz), 28.9 (d,
Jop = 9.4 Hz), 22.4 (dd, Jcp = 24.2, 2.4 Hz). *'P NMR (162 MHz, CDCly): § 39.24. HRMS (El) m/z:
[M+H]" calcd. for C,3H,,0PH" 345.1403; found 345.1406.

2-(Pentan-2-yl)-1,3-diphenylphosphindole 1-oxide (3aj)

Q ph
P

—
Ph

One diastereoisomer 3aj’: following general procedure, the crude product was purified by column
chromatography on silica gel and eluted with petroleum/ethyl acetate (3:1) to afford a pale yellow solid,;
yield: 29.8 mg, 40%; mp 159-162 €. *H NMR (400 MHz, CDCl,): 6 7.80-7.74 (m, 2H), 7.58-7.43 (m, 7H),
7.39-7.27 (m, 4H), 6.93 (d, J = 7.2 Hz, 1H), 2.76-2.65 (m, 1H), 1.88-1.79 (m, 1H), 1.49-1.41 (m, 1H),
1.33-1.26 (m, 1H), 1.20-1.11 (m, 1H), 0.76-0.71 (m, 6H). *C NMR (100 MHz, CDCl,): 6 150.0 (d, Jc.p =
22.3 Hz), 144.0 (d, Jcp = 27.8 Hz), 141.4 (d, Jc.r = 90.2 Hz), 134.3 (d, Jc.r = 16.1 Hz), 134.0, 132.6 (d, Jc.p
= 1.7 Hz), 131.7 (d, Jc.p = 2.8 Hz), 131.6 (d, Jcr = 3.1 Hz), 130.9 (d, Jc.r = 10.7 Hz), 128.7, 128.5, 128.4,
128.3, 128.2, 123.3, 123.1 (d, Jc.p = 10.8 Hz), 38.0 (d, Jer = 1.9 Hz), 34.1 (d, Jc.r = 9.2 Hz), 20.9, 20.8 (d,
Jep = 2.4 Hz), 13.7. *'P NMR (162 MHz, CDCly): ¢ 38.85. HRMS (EI) m/z: [M+H]" calcd. for CpsH,sOPH*
373.1716; found 373.1725.

Another diastereoisomer 3aj”’: following general procedure, the crude product was purified by column
chromatography on silica gel and eluted with petroleum/ethyl acetate (3:1) to afford a pale yellow solid;
yield: 25.3 mg, 34%; mp 116-118 €. *H NMR (400 MHz, CDCly): 6 7.78-7.73 (m, 2H), 7.58-7.47 (m, 4H),
7.44-7.35 (m, 4H), 7.31-7.27 (m, 3H), 6.91 (d, J = 6.8 Hz, 1H), 2.74-2.59 (m, 1H), 1.30 (d, J = 6.8 Hz, 3H),
1.11-1.06 (m, 2H), 0.96-0.87 (m, 1H), 0.80-0.71 (m, 1H), 0.33 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,
CDCl,): 6 150.1 (d, Jc.p = 22.4 Hz), 144.3 (d, Jc.p = 27.5 Hz), 141.6 (d, Jc.p = 90.0 Hz), 134.4 (d, Jc.» = 15.8
Hz), 133.2 (d, Jcp = 136.2 Hz), 132.7 (d, Jc.r = 1.9 Hz), 131.8 (d, Jc.r = 2.8 Hz), 131.5 (d, Jep = 6.7 Hz),
131.1 (d, Je.p = 10.7 Hz), 129.7 (d, Jcp = 183.0 Hz), 128.58, 128.51, 128.46, 128.41, 128.2, 123.0 (d, Jcp =
10.8 Hz), 38.4 (d, Jcp = 2.2 Hz), 345 (d, Jer = 9.4 Hz), 20.9, 20.5 (d, Jep = 2.0 Hz), 13.3. P NMR (162
MHz, CDCls): 6 39.54. HRMS (EI) m/z: [M+H]" calcd. for C,sH,sOPH' 373.1716; found 373.1730.

2-Cyclobutyl-1,3-diphenylphosphindole 1-oxide (3ak)
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Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow viscous liquid; yield: 28.5 mg, 40%. ‘H NMR
(400 MHz, CDCly): & 7.73-7.71 (m, 2H), 7.49-7.37 (m, 7H), 7.27-7.20 (m, 4H), 6.92-6.91 (m, 1H), 3.24—
3.18 (m, 1H), 2.44-2.37 (m, 1H), 1.91-1.89 (m, 2H), 1.59-1.53 (m, 3H). *C NMR (100 MHz, CDCl,): ¢
149.4 (d, Jep = 22.4 Hz), 1435 (d, Je.p = 27.5 Hz), 138.6 (d, Jc.p = 93.7 Hz), 134.0 (d, Jcp = 15.9 Hz), 132.6,
132.1 (d, Je.p = 105.0 Hz), 131.9 (d, Jo.p = 2.5 Hz), 130.7 (d, Jc.p = 10.8 Hz), 130.5 (d, Jcp = 97.3 Hz), 128.8,
128.6, 128.5 (2C, overlap), 128.4 (2C, overlap), 123.0 (d, Jc.p = 10.7 Hz), 34.6 (d, Jc.p = 10.7 Hz), 28.8 (dd,
Jop = 68.9, 3.8 Hz), 19.3%'P NMR (162 MHz, CDCl): ¢ 39.19. HRMS (El) m/z: [M+H]" calcd. for
C,4H» OPH" 357.1403; found 357.1413.

2-Cyclopentyl-1,3-diphenylphosphindole 1-oxide (3al)®

Q Ph

R
-0

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow solid; yield: 47.4 mg, 64%. *H NMR (400
MHz, CDCly): § 7.82-7.77 (m, 2H), 7.56-7.43 (m, 7H), 7.34-7.24 (m, 4H), 6.93 (d, J = 6.8 Hz, 1H), 2.78—
2.71 (m, 1H), 2.13-2.03 (m, 1H), 1.82-1.81 (m, 1H), 1.64-1.63 (m, 1H), 1.45-1.26 (m, 5H). **C NMR (100
MHz, CDCl,): 6 150.4 (d, Jc.p = 22.5 Hz), 143.7 (d, Jcp = 27.3 Hz), 139.3 (d, Je.r = 92.1 Hz), 134.3 (d, Jcp
=15.9 Hz), 1325 (d, Jc.p = 1.4 Hz), 132.2 (d, J = 105.3 Hz), 131.7 (d, Jc.r = 2.7 Hz), 130.9 (d, Jc.r = 96.8
Hz), 130.6 (d, Jc.p = 10.7 Hz), 128.62 (d, Jc.p = 12.2 Hz), 128.61 (d, Jc.p = 21.9 Hz), 128.3 (d, Jc.p = 5.5 Hz),
128.28, 128.23, 128.1, 122.9 (d, Jc.p = 10.7 Hz), 40.1 (d, Jcp = 9.7 Hz), 32.5 (dd, Jcp = 24.5, 2.2 Hz), 24.8
(d, J.r = 54.2). **P NMR (162 MHz, CDCLy): 6 39.97.

2-Cyclohexyl-1,3-diphenylphosphindole 1-oxide (3am)°

Q Pn

P
C-O
Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow solid; yield: 54.5 mg, 71%. ‘H NMR (400
MHz, CDCl): 6 7.81-7.76 (m, 2H), 7.55-7.43 (m, 7H), 7.36-7.24 (m, 4H), 6.91 (d, J = 7.2 Hz, 1H), 2.55—
2.40 (m, 1H), 1.91-1.77 (m, 2H), 1.65-1.25 (m, 4H), 1.11-0.85 (m, 4H). *C NMR (100 MHz, CDCl,): ¢
149.7 (d, Jcp = 22.3 HZz), 143.9 (d, Jcp = 27.6 Hz), 141.0 (d, Jcp = 90.7 Hz), 134.3 (d, Jcp = 15.9 Hz), 132.5
(d, Jep = 1.5 Hz), 132.2 (d, Jc.p = 105.1 Hz), 131.7 (d, Jc.p = 2.8 Hz), 130.9 (d, Jc.p = 96.7 Hz), 130.8 (d, Jcp
= 10.7 Hz), 128.7, 128.59 (d, Jc.r = 12.1 Hz), 128.56, 128.4 (d, Jc» = 10.6 Hz), 128.25 (d, Jcp = 9.5 H2),
128.24,123.0 (d, Jc.p = 10.8 Hz), 39.3 (d, Jcp = 9.2 Hz), 32.4 (dd, Jcr = 42.1, 2.2 Hz), 26.1, 25.2. *P NMR
(162 MHz, CDCls): 6 39.28.
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2-(4,4-Difluorocyclohexyl)-1,3-diphenylphosphindole 1-oxide (3an)

Q ph

R F
OO

Ph
Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow solid; yield: 58.8 mg, 70%; mp 176-178 <.
'H NMR (400 MHz, CDCly): ¢ 7.79-7.75 (m, 2H), 7.57-7.53 (m, 4H), 7.49-7.44 (m, 3H), 7.39-7.29 (m,
4H), 6.93 (d, J = 7.6 Hz, 1H), 2.56-2.54 (m, 1H), 2.20 (dd, J = 26.4, 13.2 Hz, 1H), 2.03 (m, 1H), 1.89-1.80
(m, 2H), 1.52-1.27 (m, 4H). *C NMR (100 MHz, CDCl5): 6 150.9 (d, J = 21.8 Hz), 143.6 (d, J = 27.0 Hz),
138.7 (d, J=91.3 Hz), 133.8 (d, J = 15.4 Hz), 132.7 (d, J = 1.3 Hz), 132.2 (d, J = 94.3 Hz), 132.0 (d, J = 2.7
Hz), 131.7 (d, J = 106.0 Hz), 130.7 (d, J = 10.8 Hz), 128.84 (d, J = 22.4 Hz), 128.83, 128.6 (d, J = 16.5 Hz),
128.3 (d, J = 9.9 Hz), 127.9 (d, J = 10.4 Hz), 123.8 (d, J = 162.0 Hz), 123.3 (d, J = 10.8 Hz), 121.0 (d, J =
241.8 Hz), 37.2 (d, J = 9.4 Hz), 33.7-33.2 (m), 28.6-27.9 (m). **F NMR (376 MHz, CDCl5): 6 -91.05 (d, J =
235.5 Hz), -102.28 (d, J = 235.6 Hz). *'P NMR (162 MHz, CDCl5): 8 39.94. HRMS (EI) m/z: [M+H]" calcd.
for CysH,3F,OPH" 421.1527; found 421.1535.

2-Cycloheptyl-1,3-diphenylphosphindole 1-oxide (3a0)®

Q ph

b
O

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow solid; yield: 46.2 mg, 58%. ‘H NMR (400
MHz, CDCly): 6 7.79-7.75 (m, 2H), 7.54-7.43 (m, 7H), 7.35-7.28 (m, 4H), 6.92 (d, J = 7.2 Hz, 1H), 2.66—
2.60 (m, 1H), 2.01-1.95 (m, 1H), 1.66-1.65 (m, 1H), 1.40-1.20 (m, 8H), 1.18-1.10 (m, 2H). **C NMR (100
MHz, CDCl5): 6 148.3 (d, Je.p = 22.5 Hz), 144.1 (d, Jop = 27.6 Hz), 142.3 (d, Jc.r = 90.1 Hz), 134.3 (d, Jcp
= 15.8 Hz), 132.5 (d, Jcp = 1.2 Hz), 132.0 (d, Jep = 105.7 Hz), 131.7 (d, Jep = 2.7 Hz), 130.89 (d, Jcp =
10.7 Hz), 130.88 (d, Jcp = 96.9 Hz), 128.7, 128.6, 128.5, 128.4, 128.3 (d, Jc.p = 4.7 Hz), 128.2 (d, Jcp = 7.4
Hz), 123.1 (d, Jc.p = 10.8 Hz), 41.0 (d, Jc.p = 8.8 HZ), 34.2 (dd, Jcp = 51.4, 1.9 Hz), 27.3 (d, Jcp = 20.9 Hz),
26.9 (d, Jop = 3.9 Hz). *'P NMR (162 MHz, CDCls): 6 39.36.

(4-(2-Oxido-1,3-diphenylphosphindol-2-yl)piperidin-1-yl)(phenyl)methanone (3ap)

Q Ph

P
©/\/2—<:N—Boc

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow viscous liquid; yield: 26.5 mg, 29%. ‘H NMR
(400 MHz, CDCly): 6 7.80-7.75 (m, 2H), 7.65-7.61 (m, 1H), 7.58-7.41 (m, 7H), 7.37-7.28 (m, 3H), 7.07 (d,
J = 7.6 Hz, 1H), 4.39-4.01 (m, 1H), 3.90 (m, 1H), 3.72-3.57 (m, 3H), 1.36 (s, 9H). *C NMR (100 MHz,
CDCly): 6 155.7, 143.2 (d, Jc.p = 26.2 Hz), 134.7 (d, Jcp = 94.7 Hz), 133.2 (d, Jc.p = 14.9 Hz), 132.9 (d, Jcp
= 1.0 Hz), 132.4 (d, Jc.p = 1.9 Hz), 130.7 (d, Jcp = 10.9 Hz), 130.0, 129.1, 129.1, 129.06, 129.01, 128.9,
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128.8, 128.7, 128.1, 123.5 (d, Jc.p = 10.6 Hz), 79.2, 53.7, 28.2, 28.0 (d, Jc.» = 10.9 Hz). *'P NMR (162 MHz,
CDCl5): § 38.29. HRMS (EI) m/z: [M+H]" calcd. for C,gH,gNO;PH" 458.1880; found 458.1872.

1,3-Diphenyl-2-(tetrahydrofuran-3-yl)phosphindole 1-oxide (3aq)

Q ph

b
Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow viscous liquid; yield: 45.4 mg, 61%. ‘H NMR
(400 MHz, CDCly): 6 7.83-7.73 (m, 2H), 7.59-7.45 (m, 7H), 7.41-7.29 (m, 4H), 6.98-6.95 (m, 1H), 4.17—
3.80 (m, 2H), 3.68-3.44 (m, 2H), 3.25-3.14 (m, 1H), 2.59-2.50 (m, 0.5H), 2.09-2.04 (m, 0.5H), 1.72-1.66
(m, 1H). *C NMR (100 MHz, CDCly): 6 152.5 (d, Je.p = 21.6 Hz) [152.2 (d, Jc.p = 21.7 HZ)], 143.4 (d, Jc.p
= 5.4 Hz) [143.2 (d, Jcp = 5.2 Hz)], 135.0 (d, Jcp = 92.6 Hz) [134.9 (d, Jc.p = 92.8 HZ)], 133.8 (d, Jcp = 1.3
Hz) [133.6 (d, Jcp = 1.4 Hz)], 132.76 (132.78), 132.6 (132.4), 132.1 (d, Jcp = 2.8 Hz) [132.0 (d, Jcp = 2.9
Hz)], 131.2 (d, Jcp = 52.3 Hz) [131.1 (d, Jcp = 49.9 HZ)], 130.7 (d, Jcp = 10.8 Hz) [130.6 (d, Jcp = 10.7
Hz)], 130.0 (d, Jc.p = 97.6 Hz) [129.4 (d, Jcp = 79.2 Hz)], 128.9, 128.8 (d, Jc.p = 7.5 Hz) [128.7 (d, Jcp = 2.5
Hz)], 128.6, 128.5(128.4), 128.1 123.3 (d, Jcp = 1.6 Hz) [123.25 (d, Jcp = 1.7 Hz)], 71.1 (d, Jc.p = 2.3 H2)
[71.0 (d, Jc.p = 2.2 Hz)], 68.0 (67.8), 39.5 (d, Jc.p = 9.2 Hz) [39.2 (d, Jcp = 9.3 HZ)], 31.8 (d, Jc.p = 2.5 H2)
[31.2 (d, Jep = 2.1 HZ)]. *'P NMR (162 MHz, CDCl,): 6 38.44, 38.42. HRMS (El) m/z: [M+H]" calcd. for
C,4H0,PH" 373.1352; found 373.1355.

1,3-Diphenyl-2-(tetrahydro-2H-pyran-4-yl)phosphindole 1-oxide (3ar)

Q ph

P

/ O
Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow wax; yield: 49.5 mg, 64%. ‘H NMR (400
MHz, CDCl,): 6 7.81-7.76 (m, 2H), 7.53-7.45 (m, 7H), 7.37-7.29 (m, 4H), 6.93 (d, J = 6.8 Hz, 1H), 3.88 (d,
J=11.2 Hz, 1H), 3.67 (d, J = 11.2 Hz, 1H), 3.17 (t, J = 12.0 Hz, 1H), 3.08 (t, J = 12.0 Hz, 1H), 2.80-2.70
(m, 1H), 2.23 (q, J = 12.4 Hz, 1H), 1.66 (d, J = 13.2 Hz, 1H), 1.41 (q, J = 12.4 Hz, 1H), 1.12 (d, J = 13.2 Hz,
1H). BC NMR (100 MHz, CDCly): 6 150.6 (d, Jc.p = 22.0 Hz), 143.6 (d, Jc.p = 27.1 Hz), 138.7 (d, Jcp = 91.7
Hz), 133.7 (d, Jcp = 15.5 Hz), 132.6 (d, Jc.p = 1.2 Hz), 131.9 (d, Jcp = 2.6 Hz), 131.7 (d, Jcp = 106.0 Hz),
130.7 (d, Jc.p = 10.8 Hz), 130.1 (d, Jcp = 97.5 Hz), 128.8 (d, Jcp = 13.2 Hz), 128.7, 128.6, 128.4, 128.3 (d,
Jcp =10.0 Hz), 128.0 (d, Jcp = 7.9 Hz), 123.2 (d, Jc.p = 10.8 Hz), 67.5 (d, Jcp = 21.8 HZ), 36.3 (d, Jc.p = 9.5
Hz), 31.7 (dd, Jc.p = 69.4, 2.0 Hz). *P NMR (162 MHz, CDCL): 6 39.10. HRMS (EI) m/z: [M+H]" calcd.
for CysH,30,PH" 387.1508; found 387.1523.

tert-Butyl 4-(1-oxido-1,3-diphenylphosphindol-2-yl)piperidine-1-carboxylate (3as)
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Q Pn

-

P

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow solid; yield: 58.2 mg, 60%; mp 150-152 <.
'H NMR (400 MHz, CDCly): & 7.82-7.74 (m, 2H), 7.53-7.37 (m, 7H), 7.35-7.29 (m, 4H), 6.93 (d, J = 6.8
Hz, 1H), 4.05-3.83 (m, 2H), 2.66-2.56 (m, 1H), 2.45-2.32 (m, 2H), 2.04-1.69 (m, 2H), 1.49-1.45 (m, 2H),
1.40 (s, 9H). *C NMR (100 MHz, CDCly): & 154.4, 150.8 (d, Jcp = 22.2 Hz), 143.6 (d, Jcp = 27.0 Hz),
139.0 (d, Jep = 91.2 Hz), 133.8 (d, Je.p = 15.1 Hz), 132.7, 132.0 (d, Jc.p = 1.2 Hz), 131.9 (d, Jcp = 105.6 Hz),
130.7 (d, Jc.p = 10.8 Hz), 128.89 (d, Jc.p = 13.3 Hz), 128.87, 128.7 (2C, overlap), 128.5, 128.3 (d, Jc.» = 10.0
Hz), 128.1 (d, Jcr = 6.5 Hz), 123.3 (d, Jcp = 10.9 Hz), 79.2, 37.5, 31.3, 30.9, 28.2. *'P NMR (162 MHz,
CDCls): § 39.11. HRMS (EI) m/z: [M+H]" calcd. for C4,H5,NOsPH" 486.2193; found 486.2195.

Benzyl 4-(1-oxido-1,3-diphenylphosphindol-2-yl)piperidine-1-carboxylate (3at)

Q ph

P

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow solid; yield: 61.3 mg, 59%; mp 141-143 €. 'H
NMR (400 MHz, CDCly): 6 7.77-7.73 (m, 2H), 7.56-7.43 (m, 7H), 7.38-7.27 (m, 9H), 6.92 (d, J = 7.2 Hz,
1H), 5.05 (s, 2H), 4.15-3.98 (m, 2H), 2.66-2.42 (m, 3H), 2.08-2.03 (m, 1H), 1.73-1.70 (m, 1H), 1.34-1.20
(s, 2H). *C NMR (100 MHz, CDCl,): § 154.8, 150.9 (d, Jc.p = 22.1 Hz), 143.6 (d, Jc.r = 26.9 Hz), 138.8 (d,
Jep =91.8 Hz), 136.6, 133.8 (d, Jc.p = 15.2 Hz), 132.7 (d, Jc.p = 1.5 Hz), 132.03, 132.02 (d, Jc» = 106.1 Hz),
130.7 (d, Jc.p = 10.7 Hz), 128.9, 128.8, 128.7, 128.5, 128.38 (d, Jc.p = 10.1 Hz), 128.30, 128.1, 128.0, 127.77,
127.70, 123.3 (d, Jc.p = 10.8 Hz), 66.8, 43.7 (d, Jc.p = 14.6 Hz), 31.2, 30.9 (d, Jc.r = 1.5 Hz). P NMR (162
MHz, CDCls): 6 39.08. HRMS (EI) m/z: [M+H]" calcd. for CssH3NO;PH" 520.2036; found 520.2034.

1,3-Diphenyl-2-(1-tosylpiperidin-4-yl)phosphindole 1-oxide (3au)

Q ph

P

/ N—Ts
Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a white solid; yield: 53.9 mg, 50%; mp 100-103 €. 'H
NMR (400 MHz, CDCly): 6 7.76-7.71 (m, 2H), 7.56-7.43 (m, 9H), 7.38-7.34 (m, 1H), 7.28-7.21 (m, 5H),
6.87 (d, J = 7.2 Hz, 1H), 3.74 (d, J = 11.2 Hz, 1H), 3.54 (d, J = 11.2 Hz, 1H), 2.39 (s, 3H), 2.31-2.17 (m,
2H), 2.00-1.77 (m, 3H), 1.44-1.35 (m, 1H), 1.29-1.25 (m, 1H). **C NMR (100 MHz, CDCl,): § 151.1 (d,
Jep = 21.7 Hz), 143.6 (d, Jer = 27.0 Hz), 143.2, 138.3 (d, Jc.p = 91.8 Hz), 133.8 (d, Jc.r = 15.5 Hz), 132.80
(d, Jep = 4.6 Hz), 132.80, 132.1 (d, Jcp = 2.7 Hz), 131.8 (d, Jc.r = 105.9 Hz), 130.8 (d, Jc.r = 10.8 Hz),
130.06, 130.02 (d, Jc.p = 97.3 Hz), 129.4, 128.9 (d, Jcp = 12.2 HZ), 128.8 (d, Jcp = 22.0 Hz), 128.4 (d, Jcp =
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9.9 Hz), 128.0 (d, Jc.p = 7.3 Hz), 127.5, 123.9, 123.3 (d, Jc.r = 10.9 Hz), 46.1 (d, Jcp = 12.9 Hz), 36.6 (d,
Jer = 9.5 Hz), 30.5 (dd, Jep = 79.0, 2.0 Hz), 21.3. *'P NMR (162 MHz, CDCls): ¢ 38.92. HRMS (EI) m/z:
[M+H]" calcd. for C5,H3oNOsPSH" 540.1757; found 540.1754.

2-(tert-Butyl)-1,3-diphenylphosphindole 1-oxide (3av)

Q Ph

R
CI=

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow gum; yield: 28.7 mg, 40%. ‘H NMR (400
MHz, CDCly): § 7.83-7.79 (m, 2H), 7.49-7.43 (m, 7H), 7.29-7.22 (m, 4H), 6.59 (d, J = 7.2 Hz, 1H), 1.07 (s,
9H). *C NMR (100 MHz, CDCl,): 6 150.2 (d, Jo.p = 22.5 Hz), 145.2 (d, Jo.p = 28.5 Hz), 143.8 (d, Jc.p = 87.6
Hz), 136.4 (d, Jc.p = 17.2 Hz), 132.5 (d, Jcp = 1.7 HZz), 131.9, 131.6 (d, Jcp = 2.8 Hz), 130.9 (d, Jc» = 10.8
Hz), 130.7 (d, Jc.p = 10.6 Hz), 128.65 (d, Jcp = 12.1 Hz), 128.62 (d, Jc.p = 11.9 Hz), 128.48 (d, Jcp = 10.4
Hz), 128.46, 128.0 (d, Jc.p = 40.3 Hz), 127.7 (d, Jc.p = 11.4 Hz), 123.0 (d, Jc.p = 11.2 Hz), 35.6 (d, Jcp = 9.6
Hz), 31.4 (d, Jop = 4.5 Hz). *P NMR (162 MHz, CDCly): 6 41.22. HRMS (El) m/z: [M+H]" calcd. for
Ca4H,30P 359.1559; found 359.1554.

2-Heptadecyl-1,3-diphenylphosphindole 1-oxide (3ax)

%
p’— Ph
P

Ph
Following general procedure, the crude product was purified by column chromatography on silica gel and

eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 62.7 mg, 58%. "H NMR (400 MHz,
CDCly): 6 7.79-7.74 (m, 2H), 7.64—7.59 (m, 1H), 7.54-7.48 (m, 3H), 7.45-7.36 (m, 4H), 7.33-7.29 (m, 3H),
7.02 (d, J = 7.2 Hz, 1H), 2.50-2.39 (m, 1H), 2.27-2.15 (m, 1H), 1.42-0.93 (m, 30H), 0.87 (t, J = 6.2 Hz, 3H).
3C NMR (100 MHz, CDCly): 6 150.2 (d, Je.p = 22.2 Hz), 144.2 (d, Jcp = 28.1 Hz), 136.7 (d, Jc.p = 93.5 Hz),
133.8, 133.7, 132.6 (d, Jcp = 1.5 Hz), 131.9 (d, Jcp = 2.7 Hz), 131.6 (d, Jcp = 105.0 Hz), 130.8 (d, Jcp =
10.7 Hz), 129.9(d, Jc.p = 97.6 Hz), 128.7, 128.6, 128.5 (d, Jcp = 24.6 Hz), 128.3, 123.1 (d, Jcp = 2.1 Hz),
123.0, 31.7, 29.55 (2C, overlap), 29.51, 29.46, 29.40, 29.3, 29.2, 28.8, 28.5 (2C, overlap), 26.4 (d, Jcp =
10.0 Hz), 22.5, 13.9. P NMR (162 MHz, CDClI,): 6 40.06. HRMS (EI) m/z: [M+H]" calcd. for C5;H,OPH"
541.3594; found 541.3592.

tert-Butyl ((1R)-2-methyl-1-(1-oxido-1,3-diphenylphosphindol-2-yl)propyl)carbamate (3ay)

Q ph
P

Y
HN—Boc

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a colorless viscous liquid; yield: 30.3 mg, 32%. 'H NMR
(400 MHz, CDCly): § 7.77-7.72 (m, 2H), 7.69 (br, 1H, -NH), 7.54-7.49 (m, 4H), 7.47-7.37 (m, 5H), 7.31-
7.27 (m, 2H), 7.04 (d, J = 7.6 Hz, 1H), 4.83 (d, J = 9.4 Hz, 1H), 4.57 (dt, J = 17.4, 8.6 Hz, 1H), 1.15 (s, 9H),
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0.88 (d, J = 6.4 Hz, 3H), 0.74 (d, J = 6.4 Hz, 3H), *C NMR (100 MHz, CDCl,): 6 154.7, 151.2 (d, Je.p =
21.0 Hz), 143.2 (d, Jcp = 27.6 Hz), 137.5, 136.6, 133.3 (d, Jc.p = 15.5 Hz), 132.7 (d, Jc.p = 1.2 Hz), 132.2 (d,
Jep = 105.6 Hz), 131.7 (d, Jep = 2.7 Hz), 130.7 (d, Je.p = 99.9 Hz), 130.5 (d, Jcp = 10.8 Hz), 128.9, 128.8,
128.7,128.6, 128.4 (d, Jc.p = 9.9 Hz), 123.6 (d, Jc.p = 11.0 Hz), 78.6, 55.4 (d, Jc» = 6.0 Hz), 32.4, 28.0, 19.0
(d, Jer = 162.0 Hz). *P NMR (162 MHz, CDCly): 6 39.29. HRMS (El) m/z: [M+H]" calcd. for
CaoHyoNO;PH" 474.2193; found 474.2180.

2-(5-(2,5-Dimethylphenoxy)-2-methylpentan-2-yl)-1,3-diphenylphosphindole 1-oxide (3az)

Q ph
P
/
Ph o

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a colorless viscous liquid; yield: 40.5 mg, 40%. 'H NMR
(400 MHz, CDCl,): 6 7.82-7.77 (m, 2H), 7.52-7.44 (m, 7H), 7.32-7.25 (m, 4H), 6.97 (d, J = 7.6 Hz, 1H),
6.63 (d, J = 7.2 Hz, 1H), 6.58 (d, J = 7.6 Hz, 1H), 6.53 (s, 1H), 3.72-3.63 (m, 2H), 2.28 (s, 3H), 2.11 (s, 3H),
1.81-1.70 (m, 1H), 1.66-1.58 (m, 1H), 1.50-1.46 (m, 2H), 1.17 (s, 3H), 1.05 (s, 3H). *C NMR (100 MHz,
CDCl,): 6 156.9, 150.6 (d, Jcp = 22.8 Hz), 145.3 (d, Jc.p = 28.4 Hz), 143.0 (d, Jcp = 87.2 Hz), 136.4, 136.3,
132.7,131.9 (d, Jcp = 5.8 Hz), 131.7 (d, Jc.p = 2.6 HZz), 131.0, 130.5 (d, Jc.p = 80.4 Hz), 128.7, 128.6 (d, Jcp
= 3.0 Hz), 128.59, 128.56, 128.2, 128.0, 127.9 (d, Jcp = 9.8 Hz), 123.4, 123.1 (d, Jcp = 11.1 Hz), 120.4,
111.9, 68.0, 39.5 (d, Jcp = 3.5 Hz), 39.0 (d, Je.p = 9.3 Hz), 29.4 (dd, Jcp = 22.6, 4.9 Hz), 25.1, 21.3, 15.7. °'P
NMR (162 MHz, CDClLy): § 41.27. HRMS (El) m/z: [M+H]" calcd. for CyH3s0,P 507.2447; found
507.2449.

2-(Pentan-3-yl)-1-phenyl-3-(p-tolyl)phosphindole 1-oxide (3ba)

Q Ph

L
O

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow solid; yield: 54.8 mg, 71%; mp 151-154 €. 'H
NMR (400 MHz, CDCl,):  7.76-7.71 (m, 2H), 7.58-7.48 (m, 2H), 7.42-7.36 (m, 3H), 7.28 (m, 3H), 7.20—
7.12 (m, 2H), 6.93 (d, J = 7.6 Hz, 1H), 2.42 (s, 3H), 2.36-2.34 (m, 1H), 1.99-1.88 (m, 1H), 1.58-1.52 (m,
1H), 1.26-1.17 (m, 1H), 1.11-1.00 (m, 1H), 0.88 (t, J = 7.2 Hz, 3H), 0.44 (t, J = 6.8 Hz, 3H). *C NMR (100
MHz, CDCL,): 6 151.6 (d, Je.p = 22.4 Hz), 144.4 (d, Jcp = 27.6 Hz), 139.7 (d, Jcp = 89.4 Hz), 137.8, 132.6
(d, Jep = 1.6 Hz), 132.1 (d, Jop = 73.5 Hz), 131.7 (d, Jc.p = 2.8 Hz), 131.4, 131.0 (d, Jc.p = 48.6 Hz), 131.0
(d, Jep = 10.7 Hz), 129.2 (d, Jc» = 20.6 Hz), 128.5 (d, Jc.r = 17.2 Hz), 128.4, 128.36, 128.33, 123.0 (d, Jc.p
= 10.7 Hz), 44.1 (d, Jc.p = 9.2 Hz), 27.4 (dd, Jep = 72.5, 1.8 Hz), 21.2, 12.5 (d, Jcp = 52.5 Hz). *P NMR
(162 MHz, CDCls): 6 39.12. HRMS (EI) m/z: [M+H]" calcd. for C,sH,,OPH" 387.1872; found 387.1856.
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3-(4-(tert-Butyl)phenyl)-2-(pentan-3-yl)-1-phenylphosphindole 1-oxide (3ca)

Q ph
P
Ly

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow solid; yield: 63.4 mg, 74%; mp 153-155 €. 'H
NMR (400 MHz, CDCly): § 7.67-7.62 (m, 2H), 7.48-7.37 (m, 4H), 7.32-7.26 (m, 3H), 7.19-7.13 (m, 2H),
7.08-7.06 (m, 1H), 6.86 (d, J = 7.6 Hz, 1H), 2.34-2.28 (m, 1H), 1.93-1.80 (m, 1H), 1.47-1.44 (m, 1H), 1.28
(s, 9H), 1.16-1.08 (m, 1H), 1.00-0.92 (m, 1H), 0.79 (t, J = 7.2 Hz, 3H), 0.34 (t, J = 6.8 Hz, 3H). *C NMR
(100 MHz, CDCl,): 6 151.6 (d, Jc.p = 22.4 Hz), 150.9, 144.4 (d, Jc.p = 27.7 Hz), 139.6 (d, Jc.p = 89.5 H2),
133.7, 132.6 (d, Jc.p = 1.4 Hz), 132.1 (d, Jcp = 69.2 Hz), 131.7 (d, Jcp = 2.7 Hz), 131.3 (d, Jcp = 9.1 Hz),
131.04 (d, Jc.p = 10.7 Hz), 131.01 (d, Jc.p = 35.7 Hz), 128.4 (d, Jcp = 7.0 Hz), 128.3 (Jc.p = 9.3 Hz), 128.2 (d,
Jep = 7.2 Hz), 125.3 (d, Jcp = 23.3 Hz), 123.0 (d, Jcp = 10.7 Hz), 44.0 (d, Jcp = 9.3 Hz), 34.5, 31.2, 27.4
(dd, Jep = 70.9, 1.3 Hz), 12.4 (d, Jc.p = 54.1 Hz). **P NMR (162 MHz, CDCl,): 6 39.21. HRMS (El) m/z:
[M+H]" calcd. for CoqHa30PH" 429.2342; found 429.2348.

3-(4-Methoxyphenyl)-2-(pentan-3-yl)-1-phenylphosphindole 1-oxide (3da)

Q Ph
P
Iy

/O

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 53.9 mg, 67%; mp 145-148 €. 'H
NMR (400 MHz, CDCly): 6 7.76-7.71 (m, 2H), 7.57-7.47 (m, 2H), 7.42-7.39 (m, 3H), 7.30-7.16 (m, 3H),
7.04-7.02 (m, 2H), 6.96 (d, J = 7.6 Hz, 1H), 3.86 (s, 3H), 2.43-2.37 (m, 1H), 2.00-1.89 (m, 1H), 1.59-1.52
(m, 1H), 1.25-1.18 (m, 1H), 1.10-1.02 (m, 1H), 0.87 (t, J = 6.8Hz, 3H), 0.44 (t, J = 6.8 Hz, 3H). °C NMR
(100 MHz, CDCl,): 0159.2, 151.2 (d, Jcp = 22.6 Hz), 144.4 (d, Jcp = 27.6 Hz), 139.7 (d, Jcp = 89.4 Hz),
132.6 (d, Jcp = 1.2 Hz), 132.1 (d, Jcp = 72.9 Hz), 131.7 (d, Jc.p = 2.8 Hz), 131.1 (d, Jcp = 64.5 Hz), 130.9 (d,
Jop =10.6 Hz), 129.9, 129.7, 128.37 (d, Jcp = 11.7 Hz), 128.31 (d, Jcp = 9.7 Hz), 126.4 (d, Jcpr = 16.0 Hz),
122.9 (d, Jc.p = 11.0 Hz), 113.9, 55.1, 44.0 (d, J Jcp = 9.3 Hz), 27.3 (dd, Jcp = 71.4, 1.4 Hz), 12.4 (d, Jcp =
51.2 Hz). *P NMR (162 MHz, CDCls): 6 38.96. HRMS (El) m/z: [M+H]" calcd. for C,sH,,0,PH" 403.1821;
found 403.1823.

3-(4-Fluorophenyl)-2-(pentan-3-yl)-1-phenylphosphindole 1-oxide (3ea)

22



F

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a white solid; yield: 56.2 mg, 72%; mp 154-157 €. 'H
NMR (400 MHz, CDCl,): 6 7.76-7.71 (m, 2H), 7.60-7.56 (m, 1H), 7.53-7.49 (m, 1H), 7.43-7.40 (m, 3H),
7.30-7.18 (m, 5H), 6.90 (d, J = 7.2 Hz, 1H), 2.36-2.29 (m, 1H), 2.00-2.89 (m, 1H), 1.60-1.51 (m, 1H),
1.26-1.19 (m, 1H), 1.11-1.00 (m, 1H), 0.87 (t, J = 7.2 Hz, 3H), 0.43 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,
CDCL,): 6 162.4 (d, Jrp = 247.9 Hz), 150.4 (d, Je.p = 22.9 Hz), 144.1 (d, Jcp = 27.4 Hz), 140.6 (d, Jc.» = 88.8
Hz), 133.0 (d, Jc.r = 138.8 Hz), 132.8 (d, Jcp = 1.6 Hz), 131.9 (d, Jc.p = 2.8 Hz), 131.4 (d, Jcp = 15.3 Hz),
131.0 (d, Jcp = 10.7 Hz), 130.5, 130.5 (d, Jcp = 21.1 Hz), 130.2 (dd, Jcpcr = 12.8, 3.1 Hz), 128.6 (dd,
Jepicr = 10.0, 7.8 Hz), 128.4 (Jep = 12.1 Hz), 122.8 (d, Jcr = 10.8 Hz), 115.7 (t, Jo.r = 22.6 Hz), 44.2 (d,
Jep = 9.1 Hz), 27.3 (d, Jep = 72.4, 1.6 Hz), 12.5 (d, Jcp = 53.7 Hz). “F NMR (376 MHz, CDCl,): § -113.05.
P NMR (162 MHz, CDClI,): ¢ 38.99. HRMS (El) m/z: [M+H]" calcd. for CysH,,FOPH™ 391.1622; found
391.1629.

3-(4-Chlorophenyl)-2-(pentan-3-yl)-1-phenylphosphindole 1-oxide (3fa)

Q Ph
P
Iy

Cl

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a pale yellow solid; yield: 61.7 mg, 76%; mp 156-158 <.
'H NMR (400 MHz, CDCly): § 7.75-7.71 (m, 2H), 7.76-7.57 (m, 1H), 7.50-7.42 (m, 6H), 7.31-7.25 (m,
2H), 7.19 (d, J = 7.6 Hz, 1H), 6.89 (d, J = 7.2 Hz, 1H), 2.36-2.27 (m, 1H), 1.99-1.88 (m, 1H), 1.60-1.53 (m,
1H), 1.28-1.19 (m, 1H), 1.10-1.01 (m, 1H), 0.87 (t, J = 6.4 Hz, 3H), 0.43 (t, J = 6.8 Hz, 3H). *C NMR (100
MHz, CDCl,): 6 150.2 (d, Jc.p = 22.8 Hz), 143.9 (d, Jc.p = 27.4 Hz), 140.8 (d, Jc.r = 88.9 Hz), 134.0 (d, Jc.r
=22.9 Hz), 132.8 (d, Jcp = 1.8 Hz), 132.6 (d, Jc.p = 66.7 Hz), 131.9 (d, Jc.p = 2.8 Hz), 131.0 (d, Jc.p = 10.8
Hz), 130.9 (d, Jc.p = 97.2 Hz), 130.1 (d, Jc.p = 20.6 Hz), 128.9 (d, Jc.p = 22.7 Hz), 128.7 (d, Jc.p = 10.7 Hz),
128.6 (d, Jc.p = 10.9 Hz), 128.5 (d, Jc.p = 12.3 Hz), 123.2, 122.8 (d, Jc.p = 10.9 Hz), 44.3 (d, Jc.p = 9.0 Hz),
27.4 (dd, Jep = 72.5, 1.5 Hz), 125 (d, Jep = 54.0 Hz). *'P NMR (162 MHz, CDCl,): 6 39.16. HRMS (EI)
m/z: [M+H]" calcd. for Cy5H,,CIOPH™ 407.1326; found 407.1324.

3-(4-Bromophenyl)-2-(pentan-3-yl)-1-phenylphosphindole 1-oxide (3ga)
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Br

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 63.0 mg, 70%. *H NMR (400 MHz,
CDCly): 6 7.65-7.60 (m, 2H), 7.56-7.39 (m, 4H), 7.31-7.29 (m, 3H), 7.21 (m, 1H), 7.10 (d, J = 7.6 Hz, 1H),
7.04 (d, J = 7.6 Hz, 1H), 6.79 (d, J = 7.6 Hz, 1H), 2.26-2.21 (m, 1H), 1.90-1.79 (m, 1H), 1.51-1.41 (m, 1H),
1.16-1.09 (m, 1H), 1.01-0.90 (m, 1H), 0.77 (t, J = 7.2 Hz, 3H), 0.33 (t, J = 7.2 Hz, 3H). *C NMR (100
MHz, CDCl,): 6 150.0 (d, Jc.p = 22.8 Hz), 143.7 (d, Jcp = 27.3 Hz), 140.7 (d, Jc.p = 88.6 Hz), 133.3 (d, Jcp
=16.0 Hz), 132.7 (d, Jcp = 1.6 Hz), 132.3, 131.8, 131.7 (d, Jc.p = 15.1 Hz), 131.3 (d, Jc» = 8.0 Hz), 130.9 (d,
Jep = 10.7 Hz), 130.3 (d, Je.p = 15.9 Hz), 128.6, 128.48, 128.47 (d, Jcp = 21.0 Hz), 122.7 (d, Jc.p = 10.7 Hz),
122.2, 44.2 (d, Jep = 9.1 Hz), 27.3 (dd, Jop = 73.2, 1.6 Hz), 12.4 (d, Jep = 54.4 Hz). *P NMR (162 MHz,
CDCl5): § 38.86. HRMS (EI) m/z: [M+H]" calcd. for C,5H,,BrOPH" 451.0821; found 451.0810.

2-(Pentan-3-yl)-1-phenyl-3-(4-(trifluoromethyl)phenyl)phosphindole 1-oxide (3ha)

Q Ph

L
O

CF;

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow solid; yield: 60.7 mg, 69%; mp 167-169 €. 'H
NMR (400 MHz, CDCl,): 6 7.80-7.72 (m, 4H), 7.62—7.57 (m, 1H), 7.54-7.38 (m, 6H), 7.35-7.29 (m, 1H),
6.85 (d, J = 7.2 Hz, 1H), 2.36-2.22 (m, 1H), 2.03-1.91 (m, 1H), 1.63-1.53 (m, 1H), 1.27-1.20 (m, 1H),
1.12-1.00 (m, 1H), 0.89 (t, J = 7.2Hz, 3H), 0.44 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCl,): 5 149.9 (d,
Jer = 23.0 Hz), 143.6 (d, Je.p = 27.2 Hz), 141.3 (d, Jc.p = 88.4 Hz), 138.4 (d, Jcp = 16.1 Hz), 132.9 (d, Jc.p =
1.8 Hz), 132.40, 132.0 (d, Jcp = 2.8 Hz), 131.3, 131.0 (d, Jcr = 10.8 Hz), 130.5-130.2 (m, 1C), 129.2 (d,
Jep = 19.6 Hz), 128.79 (d, Je.p = 20.4 Hz), 128.79, 128.5 (d, Jc.p = 12.2 Hz), 125.8-125.6 (m, 1C), 125.5 (d,
Jep = 3.6 Hz), 122.7 (d, Jcp = 10.8 Hz), 44.4 (d, Jc.p = 9.0 Hz), 27.4 (dd, Jcp = 72.5, 1.7 Hz), 12.5 (d, Je.p =
56.6 Hz). “F NMR (376 MHz, CDCl,): 6 -62.61.*'P NMR (162 MHz, CDCL): § 38.90. HRMS (EI) m/z:
[M+H]" calcd. for C,gH,,FsOPH™ 441.1590; found 441.1584.

4-(1-Oxido-2-(pentan-3-yl)-1-phenylphosphindol-3-yl)benzonitrile (3ia)
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Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 51.6 mg, 65%; mp 158-160 €. 'H
NMR (400 MHz, CDCls): 6 7.85-7.80 (m, 2H), 7.76-7.71 (m, 2H), 7.65-7.52 (m, 3H), 7.45-7.35 (m, 5H),
6.84 (d, J = 7.6 Hz, 1H), 2.28-2.21 (m, 1H), 2.01-1.90 (m, 1H), 1.63-1.54 (m, 1H), 1.25-1.20 (m, 1H),
1.11-1.00 (m, 1H), 0.87 (t, J = 7.2Hz, 3H), 0.43 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCl,): 6 149.3 (d,
Jep = 23.1 Hz), 143.2 (d, Jep = 27.1 Hz), 141.7 (d, Jcp = 87.9 Hz), 139.5 (d, Jcp = 16.1 Hz), 132.9 (d, Jcp =
1.7 Hz), 132.4 (d, Jep = 16.0 Hz), 132.0 (d, Jep = 2.7 Hz), 131.7 (d, Jep = 9.4 Hz), 130.9 (d, Jc.p = 10.7 Hz),
130.6 (d, Jc.p = 114.0 Hz), 129.6 (d, Jc.r = 16.4 Hz), 128.9 (d, Jcp = 10.4 Hz), 128.8 (d, Jcp = 10.0 Hz),
128.5 (d, Jep = 12.4 Hz), 122.5 (d, Jep = 10.7 Hz), 118.2, 112.1, 4450 (d, Jc.p = 8.9 Hz), 27.3 (dd, Jcp =
73.5, 1.5 Hz), 12.50 (d, Jc.r = 57.0 Hz). *P NMR (162 MHz, CDCL): & 38.89. HRMS (El) m/z: [M+H]"
calcd. for CysH,,NOPH™ 398.1668; found 398.1647.

2-(Pentan-3-yl)-1-phenyl-3-(pyridin-2-yl)phosphindole 1-oxide (3ja)

Q Pnh

\/

N

P
/
4 \

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 47.7 mg, 64%. 'H NMR (400 MHz,
CDCly): 6 8.79 (d, J = 4.8 Hz, 1H), 7.83-7.73 (m, 3H), 7.57-7.53 (m, 1H), 7.50-7.46 (m, 1H), 7.40-7.32 (m,
5H), 7.28-7.27 (m, 1H), 6.97 (d, J = 7.2 Hz, 1H), 2.43-2.30 (m, 1H), 1.99-1.87 (m, 1H), 1.61-1.51 (m, 1H),
1.23-1.14 (m, 1H), 1.07-0.99 (m, 1H), 0.89 (t, J = 7.2Hz, 3H), 0.41 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,
CDCl,): 6 154.0 (d, Jc.p = 17.9 Hz), 149.9, 149.5 (d, Jcr = 22.1 Hz), 143.3 (d, Jcp = 27.4 Hz), 141.5 (d, Jcp
= 88.0 Hz), 136.5, 132.7 (d, Jc» = 1.8 Hz), 132.4, 131.8 (d, Jc.r = 2.8 Hz), 131.3, 131.1 (d, Jc.r = 10.8 H2),
130.3, 128.5 (d, Jcp = 10.2 Hz), 128.4 (d, Jc.p = 12.3 Hz), 124.3, 123.0 (d, Jc» = 10.8 Hz), 122.8, 44.2 (d,
Jer = 8.9 Hz), 27.2 (dd, Jer = 86.1, 1.9 Hz), 12.5 (d, Jc.r = 66.0 Hz). *P NMR (162 MHz, CDCls): & 39.61.
HRMS (EI) m/z: [M+H]" calcd. for C,4H,,NOPH" 374.1668; found 374.1665.
2-(Pentan-3-yl)-1-phenyl-3-(thiophen-2-yl)phosphindole 1-oxide (3ka)
Q Ph
R
/
/S

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 30.2 mg, 40%. 'H NMR (400 MHz,
CDCly): 6 7.47-7.69 (m, 2H), 7.58-7.54 (m, 1H), 7.52-7.48 (m, 2H), 7.44-7.39 (m, 3H), 7.32-7.27 (m, 2H),
7.07-7.04 (m, 2H), 2.52-2.39 (m, 1H), 1.99-1.88 (m, 1H), 1.62-1.52 (m, 1H), 1.27-1.20 (m, 1H), 1.09-1.01
(m, 1H), 0.87 (t, J = 7.2Hz, 3H), 0.45 (t, J = 6.8 Hz, 3H). *C NMR (100 MHz, CDCl,): 5 146.8 (d, Jc.p =
23.7 Hz), 144.1 (d, Jc.p = 27.2 Hz), 141.0 (d, Jc.p = 89.6 Hz), 134.3 (d, Jcp = 16.7 Hz), 132.8 (d, Jc.r = 1.8
Hz), 132.0 (d, Je» = 80.2 Hz), 131.8 (d, Jc.r = 2.8 Hz), 131.1 (d, Jep = 10.7 Hz), 131.0 (d, Jcp = 72.1 Hz),
128.5 (d, Jop = 18.4 Hz), 128.5 (2C, overlap), 128.2 (d, Jcp = 27.8 Hz), 126.1, 124.2, 122.8 (d, Jc.p = 10.8
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Hz), 44.4 (d, Jcp = 9.0 Hz), 27.4 (dd, Jcp = 70.6, 1.8 Hz), 12.5 (d, Jcp = 53.5 Hz). *'P NMR (162 MHz,
CDCl,): 6 38.74. HRMS (EI) m/z: [M+H]" calcd. for C,sH,;OPSH 379.1280; found 379.1251.

5-Methyl-2-(pentan-3-yl)-3-phenyl-1-(p-tolyl)phosphindole 1-oxide (3na)

S%

Ph

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (2:1) to afford a yellow gum; yield: 39.2 mg, 49%. 'H NMR (400 MHz,
CDCl,): 6 7.63-7.58 (m, 2H), 7.49-7.39 (m, 4H), 7.29-7.28 (m, 1H), 7.21-7.19 (m, 3H), 7.08-7.07 (m, 1H),
6.66 (m, 1H), 2.42-2.21 [m, 7H, including 2.36 (s, 3H) and 2.27 (s, 3H)], 1.94-1.87 (m, 1H), 1.55-1.49 (m,
1H), 1.20-1.15 (m, 1H), 1.06-1.01 (m, 1H), 0.85 (t, J = 7.2Hz, 3H), 0.42 (t, J = 6.8 Hz, 3H). **C NMR (100
MHz, CDCls): § 151.3 (d, Jcp = 22.6 Hz), 144.7 (d, Jc.p = 27.9 Hz), 143.3 (d, Jc.p = 2.0 HZz), 142.2 (d, Jcp =
2.8 Hz), 140.4 (d, Jc.p = 89.0 Hz), 134.7 (d, Jc.p = 15.8 Hz), 131.1 (d, Jcp = 11.1 Hz), 129.2 (d, Jcp = 12.6
Hz), 129.09 (d, Jc.p = 71.2 Hz), 129.07 (d, Jc.» = 10.9 Hz), 128.8, 128.6, 128.45 (d, Jc.p = 10.2 Hz), 128.45,
128.0, 123.9 (d, Jc.p = 11.2 Hz), 44.2 (d, Jc.p = 9.2 HZ), 27.4 (d, Jcp = 74.1, 1.6 Hz), 21.8, 21.5, 12.6 (d, Jcp
= 50.5 Hz). P NMR (162 MHz, CDCly): 6 39.38. HRMS (El) m/z: [M+H]" calcd. for CpHyOPH'
401.2029; found 401.2033.

3,3'-(1,4-Phenylene)bis(2-(pentan-3-yl)-1-phenylphosphindole 1-oxide) (30a)

Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (1:1) to afford a yellow solid; yield: 66.3 mg, 50%; mp 133-136 €. 'H
NMR (400 MHz, CDCl): 6 7.74-7.70 (m, 4H), 7.57-7.55 (m, 2H), 7.49-7.31 (m, 14H), 7.02-6.92 (m, 2H),
2.45-2.30 (m, 2H), 2.00-1.95 (m, 2H), 1.66-1.57 (m, 2H), 1.22-1.07 (m, 4H), 0.90-0.85 (m, 6H), 0.45-0.40
(m, 6H). *C NMR (100 MHz, CDCl5): 6 150.7 (d, Jc.p = 22.2 Hz), 144.0 (d, Jc.p = 27.8 Hz), 134.5 (d, Jcp =
16.6 Hz), 132.8, 132.0 (d, Jcp = 104.8 Hz), 131.9, 131.0 (d, Jcp = 10.7 Hz), 130.5, 129.2-128.9 (m, 1C),
128.76 (d, Jcp = 7.9 Hz), 128.70, 128.6, 128.4, 122.8 (d, Jc.r = 11.3 Hz), 44.4 (d, Jc.» = 9.0 Hz), 27.5 (d, Jcp
= 68.3 Hz), 12.6 (d, Jo.p = 55.7 Hz). **P NMR (162 MHz, CDCls): 6 39.13. HRMS (El) m/z: [M+H]" calcd.
for Cy4H,,0.P,H" 666.2889; found 666.2834.

2-(Cyclopentylmethyl)-1,3-diphenylphosphindole 1-oxide (3aza)
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Q ph

-

P
YV

Ph
Following general procedure, the crude product was purified by column chromatography on silica gel and
eluted with petroleum/ethyl acetate (1:1) to afford a yellow gum; yield: 38.4 mg, 50%. "H NMR (400 MHz,
CDCls): 6 7.85-7.73 (m, 2H), 7.63-7.59 (m, 1H), 7.54-7.48 (m, 3H), 7.45-7.36 (m, 4H), 7.30-7.28 (m, 3H),
6.98 (d, J = 7.6 Hz, 1H), 2.50-2.41 (m, 1H), 2.27-2.18 (m, 1H), 2.06-1.98 (m, 1H), 1.65-1.64 (m, 1H),
1.33-1.23 (m, 5H), 0.95-0.85 (m, 2H). *C NMR (100 MHz, CDCl5): 6 150.4 (d, Jc.p = 22.2 Hz), 144.3 (d,
Jep = 28.0 Hz), 136.5 (d, Jcp = 92.9 Hz), 133.9 (d, Jcp = 15.8 Hz), 132.7 (d, Jcp = 1.5 Hz), 131.9 (d, Jcp =
2.8 Hz), 131.6 (d, Jc.p = 105.0 Hz), 130.9 (d, Jc.p = 10.6 Hz), 130.0 (d, Jc.p = 97.4 Hz), 128.7, 128.6, 128.59,
128.54,128.3 (d, Jc.p = 10.5 Hz), 128.2, 123.1 (d, Jcp = 10.8 Hz), 38.6 (d, Jc.p = 1.3 Hz), 32.4, 32.3, 24.5 (d,
Jer = 5.8 Hz). *P NMR (162 MHz, CDCIl5): 6 40.00. HRMS (El) m/z: [M]" calcd. for CygH,sOP 385.1716;
found 385.1724.
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7. Copies of H, *'P and **C NMR charts of the products
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