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Experimental Section

General Information

'H and!3C NMR spectra were recorded on a Bruker-880 instrument (300/400 MHz and
75/100 MHz, respectively) and internally referenced to Tetramethylsilane signal or residual
protonated solvent signals. Data fof NMR are reported as follows: chemical shiftgpm),
multiplicity (s- singlet; d doublet; t triplet; ¢+ quartet; ra multiplet), integration, coupling
constant (Hz). Data fo*C NMR are reported in terms of chemical shif 9pm). Perkin

Elmer FTIR Spectrometer was used to record infrared specttasareported in frequency

of absorption. MSTOF mass spectrometer and ESI mass spectrometer were used to record
low resolution and high resolution mass spectra. Column chromatographic separations were
carried out on silica gel (28800 mesh). High perforamce liquid chromatography (HPLC)
analysis was performed on an Agilent 1220 Infinityib&rumenequipped with a quaternary
pump, using a Chiralpak HH, AS-H Column (250x4.6mm). UV absorption was monitored

at 254 nm.

Preparation of the catalysts: Catalystl-VIl was prepared according to known literature

proceduregFigureS1).t
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Figure S1The structure of catalystused



Preparation of the substrates:

Synthesisof 3-alkylidene oxindole. 3-alkylidene oxindole were prepared by following the
reported literature procedure (Sche§®.?
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1a; R' = H; R2 = Ph- 1f, R" = 6-Cl-; R? = Ph- 1h; R? = 5-Cl-; R? = Ph-
1b; R" = 5-F-; R? = Ph- 1g; R' = 5-Br-; R? = Ph- 1i; R? = 5-Br-; R? = Ph-
1¢; R" = 5-Cl-; R? = Ph- 1j; R? = 5-Me-; R? = Ph-
1d; R' = 5-Me-; R? = Ph- 1k: R2 = 5-Me-: R? = Ph-

1e; R' = 5-OMe-; R? = Ph-
SchemeS1 Synthesis o8-alkylidene oxindole

A mixture of 2oxindole (10 mmol)acetophenone (12 mmol), and pyridine (20 mmol) in dry
THF (20 ml) was stirred for 10 min followed by addition of titanium isopropoxide (30 mmol).
The resulting mixture was stirred at room temperature for 15h. The reaction mixture was
diluted with ethyl aceate and wash with 1N HCI, NaHG(and brine. The organic layer was
dried over NaSQu, concentrated, and purified by chromatography to provide intermetliate
Subsequently, the intermediaen 50 ml of DCM was treated witBoc-anhydride (12 mmol),

and DMAP (2 mmol) at 0 C. The solution was then allowed to room temperature, and was
stirred for 4h. After quenching with water, the reaction mixture was extracted with ethyl
acetate. Organic phase was washed with water and brine, dried ¢M@®@ solvent was

evaporated in vacuum. The residue was purified by flash chromatography on silica gel.

Sy nt h e sketsphosphonatés: a-ketophosphonates were prepared by following the

reported literature procedu(chemes?).3

In an oven dried rountdottom flask fitted with a magnetic staar, aryl chloride (1.1 equiv)
was taken and cooled to 0 °C. Trialkyl phosphite (1.0 equiv) was added dropwise and the
resulting reaction mixture was brought to 25 °C and stirred for 12 h. Reaction mixture was

concentrated undevacuoand crude product was purified by vacuum distillation.
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SchemeS2 Synthesis ofi-ketophosphonates
Preparation of racemic aldol adducts

In an oven and vacuudried reaction tube, catalydt ( 0. 0 2 mmo | , 0. 2
ketophosphonat2 (0.1 mmol, 1.0 equiv) and-8kylidene oxindolel (0.2 mmol, 2.0 equiv)

were taken in 1 mL of dried toluene under positive argon pressure. In the resulting homogenous
mixture, KkKHPQs (0.2 mmol, 2.0 equiv) was added-20 C and it was kept a0 C for 96

hrs. The reaction mixture was directly pro@ssgor the purification by silica gel column
chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without wq&cizeme S3)
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SchemeS3 Preparation of racemic aldol adducts



General procedure forasymmetric vinylogous aldol products

In an oven and vacuwdried reaction tube, catalyst ( 0. 0 2 mmo | 0. 2 e
ketophosphonate&(0.1 mmol, 1.0 equiv) and-a&kylidene oxindolel (0.2 mmol, 2.0 equiv)

were taken in 1 mL of dried toluene under pesitiargon pressure. In the resulting
homogenous mixture, KIPQs (0.2 mmol, 2.0 equiv) was added-20 C and it was kept at

-20 C for 96 hrs. The reaction mixture was directly processed for the purification by silica

gel column chromatography (eluent(&c/Petroleum ether = 4/6, v/v) without any workup
(Scheme S}y
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SchemeS4. General procedure for asymmetric vinylogous aldol products

tert-butyl (S, B)-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3-diphenylpropylidene)-2-

oxoindoline-1-carboxylate (3a): In an oven and vacuuwried
ngg%ta reaction tube, catalysV (11.9 mg, 0.02 mmol, 0.2 equiv)J
Ph ‘(\) ketophosphonat®a (24.2mg, 0.1 mmol, 1.0 equiv) andakylidene
/ oxindole 1a (67.2mg, 0.2 mmol, 2.0 equiv) were taken in 1 mL of
N © freshly distilled toluene under positive argon pressure. In the resulting
, Boc homogenous mixtureKoHPQy (34.6 mg, 0.2 mmol, 2.0 equiv) was
a

added at20 C and it was kept a0 C for 96 h The reaction mixture
was directly processed for the purification by silica gel column chromatography (eluent:
EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow Sali@7.2 mg,
82% yield). R = 0.33 (ethyl acetate/petroleum atle4/6); Theeeof the3a was determined
tobe® [ determined by HPLC, Chiralpak 1C, hex.
254 nm, t (major) = 8.74 min, t (minor) = 8.13 mifiJ|*% (3a) = -166.66° (c 0.13, CHE);
'H NMR (400 MHz, CDC$) U 7.77 (d,J = 7.88 Hz, 1H), 7.4%7.25 (m, 3H), 7.19.08 (m,
2H), 7.08i 6.87 (m, 4H), 6.86.68 (m, 1H), 6.63 () = 7.27 Hz, 1H), 6.26 (d] = 6.19 Hz,
1H), 6.01 (d,J = 7.45 Hz, 1H), 5.51 (s, 1H), 4.90 (dik 12.4, 9.3 Hz, 1H), 4.44.22 (m, 2H),
3.951 3.73 (m, 1H), 3.648.37 (m, 2H), 1.66 (s, 9H), 1.46 Jt= 6.86 Hz, 3H), 0.98 (1 =6.79

S



Hz, 3H);13C NMR (101 MHz, CDC}) Ui 168.85, 155.82 (d] = 16.85 Hz), 1426, 141.89,
138.41, 137.00, 129.02 , 128.42, 128.26, 128.09, 128.01, 127.56 @I9 Hz), 127.05 (dJ

= 3.1 Hz), 126.51 (d] = 4.6 Hz), 125.52, 123.76, 122.96 Jd; 2.0 Hz), 114.48, 84.62, 79.41,
64.19 (d,J = 7.32 Hz), 63.32 (d] = 8.16 Hz), 43.21d,J = 9.06 Hz), 28.30 (d] = 11.11 Hz),
16.62 (d,J = 6.00 Hz), 16.26 (d] = 5.42 Hz)3!P NMR (162 MHz, CDC}) Ui 21.69;HRMS
ESI: [M+Na]*, Calcd for GaHssNNaO/P 600.2127; found 600.2120.

tert-butyl (S, B)-3-(3-(4-chlorophenyl)-3-(diethoxyphosphoryl)}-3-hydroxy-1-
Cl phenylpropylidene)-2-oxoindoline-1-carboxylate @b): In an
oven and vacuurdried reaction tube, cataly$t (11.9mg, 0.02
Et mmo |l , 0. Xetoplpsphowadh (276G mg, 0.1 mmol, 1.0

HO... -OFEt equiv) and 3alkylidene oxindolela (67.2 mg, 0.2 mmol, 2.0

0o=Y-0

/ equiv) were taken in 1 mL of freshly distilled toluene under
postive argon pressure. In the resulting homogenous mixture,
N KoHPQy (34.6mg, 0.2 mmol, 2.0 equiv) was added2® C and

3b soc it was kept at20 C for 96 h The reaction mixture was directly
processed for the purification by silica gel column chromatographgr(e EtOAc/Petroleum
ether = 4/6, v/v) without any workup to give light yellow sdal(41.5 mg, 68% yield). R=
0.33 (ethyl acetate/petroleum ether = 4/6); Beeof the 3b was determined to be 99%
[ determined by HPLC, Chiralpak | C, hexane:
(major) = 8.58 min, t (minor) = 16.22 mif]J%% (3b) =-243.10° (c 0.12, CHE); *H NMR
(300 MHz, CDC#%) G 7.77 (d,J = 8.20 Hz, 1H), 7.49 7.28 (m, 3H), 7.25 7.08 (m, 2H), 7.03
(d,J = 7.46 Hz, 1H), 6.97 6.77 (m, 3H), 6.65 () = 7.70 Hz, 1H), 6.30 (dl = 7.67 Hz, 1H),
6.09 (d,J=7.78 Hz, 1H), 5.58 (s, 1H), 4.89 (dtk 12.74, 8.72 Hz, 1H), 4.444.22 (m, 2H)
4.007 3.77 (m, 1H), 3.69 3.56 (m, 1H), 3.48 (dd}= 12.67, 2.41 Hz, 1H), 1.66 (s, 9H), 1.46
(t, J=7.02 Hz, 3H), 1.03 (] = 7.03 Hz, 3H):*C NMR (75 MHz, CDC#§) Ui 168.93, 155.20
(d, J = 16.64 Hz), 149.18, 141.77, 138.45, 136.01, 133.08 &383 Hz), 129.19, 128.46,
128.24,128.17, 128.07, 128.05, 127.99, 127.21, 125.63, 123.86, 122.8%(d Hz), 114.55,
84.74, 79.41, 64.27 (d,= 7.33 Hz), 63.50 (dJ = 8.30 Hz), 43.52 (d) = 8.69 Hz), 28.25,
16.63 (d,J = 5.84 Hz), 16.35 (d] = 5.38Hz). *'P NMR (121 MHz, CDGJ) 11 21.17;HRMS
ESI: [M+Na]*, Calcd for G2H3sCINNaO;P 634.1737; found 634.1732.



tert-butyl (S, B)-3-(3-(4-bromophenyl)-3-(diethoxyphosphoryl)}-3-hydroxy-1-
Br phenylpropylidene)-2-oxoindoline-1-carboxylate (3c): In an oven
and vacuundried reaction tube, catalyst(11.9mg, 0.02 mmol, 0.2
OEt  equiv), U-ketophosphonat2c (31.9mg, 0.1 mmol, 1.0 equiv) and 3

HO... -OEt
Ph \C\) alkylidene oxindolela (67.2mg, 0.2 mmol, 2.0 equiv) were taken in
/ 1 mL of freshly distilled toluene under positive argon pressure. In the
N © resulting homogenous mixture,-MHPQy (34.6 mg, 0.2 mmol, 2.0
Boc equiv) was added a0 C and it was kept a0 C for 96 h The

reaction mixture was directly processed for the purification by silica
gel column chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup
to give light yellow solid3c (45.8 mg, 70% vyield). R= 0.34 (ethyl acetate/petroleum ether =
4/6); Theeeof the3cwas determined to be 98% [determined by HPLC, Chiralpak IC, hexane:
i sopropanol = 60: 40, 1 mL/ mi n, > = 254 nm,
[U?% (3¢) =-184.02° (c 0.14, CHE); *H NMR (300 MHz, CDC¥) i 7.77 (d,J = 8.20 Hz,
1H), 7.44i 7.31 (m, 2H), 7.24 (] = 7.23 Hz, 2H), 7.17 7.11 (m, 1H), 7.09 6.99 (m, 3H),
6.85 (t,J = 7.55 Hz, 1H), 6.65 (f] = 7.72 Hz, 1H), 6.29 (d = 7.58 Hz, 1H), 6.10 (dl = 7.89
Hz, 1H), 5.58 (s, 1H), 4.89 (dd= 12.65, 8.36 Hz, 1H), 4.424.24 (m, 2H), 3.97 3.81 (m,
1H), 3.74i 3.57 (m, 1H), 3.54 3.41 (m, 1H), 1.66 (s, 9H), 1.46 {§t= 7.03 Hz, 3H), 1.04 (t,
J = 7.03 Hz, 3H)1*C NMR (75 MHz, CDCk) U 168.93, 155.16 (dJ = 16.61 Hz), 149.16,
141.72, 138.43, 136.56, 130.49, 129.19, 128.40, 128.34, 128.32, 127.21, 125.63, 123.86,
122.86 (d,J = 7.36 Hz), 121.41, 114.54, 84.74, 79.45, 64.30 £d7.39 Hz), 63.53 (d] = 8.02
Hz), 43.50 (dJ = 8.77 Hz), 28.24, 27.55, 16.48 (dis 21.4, 5.5 Hz), 16.63 (d,= 5.77 Hz),
16.34 (d,J = 5.23 Hz)3'P NMR (121 MHz, CDC}$) 1 21.01.;HRMS ESI: [M+Na]*, Calcd
for Cz2H3sBrNNaOP 678.1232; found 678.1234.

tert-butyl (S, B-3-(3-(diethoxyphosphoryl)3-hydroxy-1-phenyl-3-(p-tolyl)propylidene)-
2-oxoindoline-1-carboxylate @d): In an oven and vacuuwgaried

reaction tube, catalyst (11.9 mg, 0.02 mmol, 0.2 equiv)+

PhHO/" \c'\)o—%Et ketophosphonat2d (25.6mg, 0.1 mmol, 1.0 equiv) anea&kylidene
] oxindole 1la (67.2mg, 0.2 mmol, 2.0 equiv) were taken in 1 mL of
0 freshly distilled toluene under positive argon pressure. In the resulting
Néoc homogenous mixture, KIPQs (34.6mg, 0.2 mmol, 2.0 equiv) was

3d _ _
added at20 C and it was kept a0 C for 96 h The reaction mixture

was directly processed for the purification by silica gel column chromatography (eluent:

S7



EtOAc/Petroleum ether = 4/6, v/v) without any workamive light yellow solid3d (47.3 mg,

80% vyield). R = 0.33 (ethyl acetate/petroleum ether = 4/6); &bef the 3d was determined

to be 99% [determined by HPLC, Chiralpdk|l hex ane: Il sopropanol =
254 nm, t (major) = 6.04 min,(minor) = 7.90 min].[J?% (3d) =-240.51° (c 0.12, CH@)

'H NMR (400 MHz, CDC$) i1 7.70 (d,J = 8.03 Hz, 1H), 7.23 (d] = 6.89 Hz, 1H), 7.15 (d]

= 6.58 Hz, 2H), 7.11 7.00 (m, 2H), 6.93 (d] = 6.25 Hz, 1H), 6.79 6.59 (m, 3H), 6.56 (1]

= 7.19 Hz, 1H), 6.18 (dl = 6.50 Hz, 1H), 5.95 (d] = 7.67 Hz, 1H), 5.35 (s, 1H), 4.914.63

(m, 1H), 4.39 4.14 (m, 2H), 3.91 3.69 (m, 1H), 3.54 3.38 (m, 2H), 2.12 (s, 3H), 1.59 (s,
9H), 1.38 (tJ=6.48 Hz, 3H), 0.94 (= 6.58 Hz, 3H)*C NMR (101 MHz, CDC}) 11168.80,
156.06 (d,J = 17.01 Hz), 149.29, 141.98, 138.41, 136.51, 134.00, 128.97, 128.36, 128.15,
127.81 (dJ = 13.79 Hz), 126.98, 126.40 (@= 4.59 Hz), 125.59, 123.73, 122.98 Jd; 6.67

Hz), 114.47, 84.58, 79.37, 77.78, 64.19)¢, 7.26 Hz), 63.25 (d] = 8.07 Hz), 43.52 (d] =

9.51 Hz), 28.25, 21.04, 16.62 (= 6.00 Hz), 16.32 (d) = 5.34 Hz)3P NMR (162 MHz,
CDCls) i 21.80;HRMS ESI: [M+Na]*, Calcd for GsHzsNNaO;P 614.2284; found 614.2283.

tert-butyl (S, B)-3-(3-(diethoxyphosphoryl)-3-hydroxy-3-(4-methoxyphenyl) 1-

MeO phenylpropylidene)-2-oxoindoline-1-carboxylate (3e): In an
oven andvacuumdried reaction tube, cataly$t (11.9 mg, 0.02
O, Q%Et mmol , 0.2 equi v)2e(72md 6.1 mmpoh bE phona
Ph o equiv) and 3alkylidene oxindolda (67.2mg, 0.2 mmol, 2.0 equiv)
/ o were taken in 1 mL of freshly distilled toluene under positive argon
N pressure. In the resulting homogenous mixturgHlRQs (34.6mg,
3e Boe 0.2 mmol, 2.0 equiv) was added-20 C and it was kept a0 C

for 96 h The reaction mixture was directly processed for the purification by silica gel column
chromatography (eluent: EtOAc/P@eum ether = 4/6, v/v) without any workup to give light
yellow solid3e (45.5 mg, 75% yield). R= 0.33 (ethyl acetate/petroleum ether = 4/6); &ae
of the3ewas determined to be 99% [determined by HPLC, Chiralpakéxane: isopropanol
= 60: 40, 1 236mm/ trimajor) = &4 man, t (minor) =9.79mi n ] P25 Ge)&]
+21.23° (c 2.01, CH@GJ; *H NMR (400 MHz, CDC#$) 11 7.98 (d,J = 7.18 Hz, 1H), 7.70 (d]

= 7.34 Hz, 1H), 7.2Z.14 (m, 2H), 7.10 7.04 (m, 1H), 7.0%6.82 (m, 2H), 6.75 (s, 1H), 6.56
(s, 1H), 6.42 (dJ = 5.60 Hz, 2H), 6.23 (dl = 5.49 Hz, 1H), 5.96 (dl = 7.04 Hz, 1H), 5.41 (s,
1H), 4.78 (s, 1H), 4.38.17 (m, 2H, 3.843.76 (m, 2H), 3.63 (s, 3H), 3.49 (@= 9.91 Hz,
1H), 1.59 (s, 9H), 1.41.33 (m, 3H), 1.00.88 (m, 3H):13C NMR (101 MHz, CDC}) U
170.41, 168.81, 163.90, 158.72, 155.99J¢ 16.71 Hz), 149.26, 142.05, 138.37, 132.35,

53]



129.01 (d,J = 2.28 Hz),128.40, 127.97, 127.70 (d,= 3.94 Hz), 126.97, 125.58, 123.75,
122.94 (dJ=4.60 Hz), 114.47, 113.79, 112.97, 84.62, 79.35, 64.2BH6,71 Hz), 63.34 (d,
J=8.02 Hz), 55.59, 55.34, 43.41, 28.23, 16.61J)(d,5.48 Hz), 16.35 (d] = 5.03 Hz)3P
NMR (162 MHz, CDCH$) 1121.86;HRMS ESI: [M+Na]*, Calcd for GsHasNNaGsP 630.2233;
found 630.2227.

tert-butyl (S, B)-3-(3-(diethoxyphosphoryl)-3-(3-fluorophenyl)-3-hydroxy-1-
E phenylpropylidene)-2-oxoindoline-1-carboxylate (3f): In an oven
OEt and vacuurrdried reaction tube, catalygt(11.9mg, 0.02 mmol, 0.2
PhHO"' Iflé’OEt e g u i -keJophosphonatgf (26.0mg, 0.1 mmol, 1.0 equiv) and 3
] alkylidene oxindolela (67.2mg, 0.2 mmol, 2.0 equiv) were taken in
o 1 mL of freshly distilled toluene under positive argon pressure. Inthe
N\BOC resulting homogenous mixture 2MPQy (34.6 mg, 0.2 mmol, 2.0
3f equiv) was added a0 C and it was kept a0 C for 96 h The

reaction mixture was directly processed for the purification by silica gel column
chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give ligh
yellow solid3f (32.7 mg, 55% vyield). R= 0.34 (ethyl acetate/petroleum ether = 4/6); €gae

of the3f was determined to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol
= 60:40, 1 mL/min, o = 254 nmmn)t[0%c®BBFf-or)
123.33° (¢ 0.21, CH®); 'H NMR (400 MHz, CDC}) t17.78 (d,J = 7.25 Hz, 1H), 7.36 (s, 1H),
7.2471 7.08 (m, 4H), 7.06 (s, 1H), 6.966.77 (m, 2H), 6.66 (d] = 7.33 Hz, 2H), 6.38 (s, 1H),
6.08 (d,J=7.00 Hz, 1H), 5.59 (s, 1H), 5.064.77 (m, 1H), 4.32 (d] = 2.81 Hz, 2H), 3.89 (d,
J=6.65 Hz, 1H), 3.63 (d] = 4.55 Hz, 1H), 3.48 (d] = 12.5 Hz, 1H), 1.67 (s, 9H), 1.46 (s,
3H), 1.03 (s, 3H)'3C NMR (101 MHz, CDC}) 11168.80, 163.62, 161.19, 155.05 Jd; 16.56

Hz), 149.06, 141.56, 140.03 (@= 7.29 Hz), 138.33, 129.05, 128.75 J& 5.09 Hz), 128.25,
127.92, 127.09, 125.55, 123.71, 122.75Jd; 5.74 Hz), 122.22, 114.42, 113.84, 113.79,
113.64, 113.60, 113.55, 84.58, 78.98, 64.13 &7.41 Hz), 63.37 (d] = 8.10 Hz), 43.16 (d,
J=8.39Hz), 28.11, 16.50 (dl = 5.86 Hz), 16.18 (dl = 5.39 Hz)*'P NMR (121 MHz, CDG))
i21.06;HRMS ESI: [M+Na]*, Calcd for GoH3sFNNaGO/P 618.2033; found 618.2030.



tert-butyl (S, B)-3-(3-(3-bromophenyl)-3-(diethoxyphosphoryl)}-3-hydroxy-1-

Br phenylpropylidene)-2-oxoindoline-1-carboxylate 3g): In an oven
OEt and vacuurddried reaction tube, catalygt(11.9mg, 0.02 mmol, 0.2
HO/I,

oh 'f\)’OEt equiv), U kZ2gi(36.9ngo0sl pnina, .8 ¢qeiv) and 3
/ alkylidene oxindolela (67.2mg, 0.2 mmol, 2.0 equiv) were taken in
\ O 1 mL of freshly distilled toluene under positive argon pressure. Inthe
Boc resulting homogenous mixture oIPQs (34.6 mg, 0.2 mmol, 2.0
3¢9 equiv) was added a0 C and it was kept a20 C for 96 hrs. The

reaction mixture was directly processed for the purification by silica gel column
chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light
yellow solid3g (45.8 mg, 70% yield). R= 0.34 (ethyl acetate/peleum ether = 4/6); Thee

of the3g was determined to be 99% [determined by HPLC, Chiralpakéxane: isopropanol

= 60:40, 1 mL/min, & = 254 nm, t[0®%BaFor) =
146.42° (c 0.08, CHE); *H NMR (300 MHz,CDCls) i 7.78 (d,J = 8.16 Hz, 1H), 7.54 (s, 1H),
7.38 (t,J=7.41 Hz, 1H), 7.30 (s, 1H), 7.237.03 (m, 4H), 6.97 6.75 (m, 2H), 6.65 (1) =

7.57 Hz, 1H), 6.39 (d] = 7.75 Hz, 1H), 6.11 (dl = 7.91 Hz, 1H), 5.61 (s, 1H), 4.89 (db:
12.73, 8.94 |, 1H), 4.44 4.27 (m, 2H), 3.99 3.85 (m, 1H), 3.7% 3.60 (m, 1H), 3.46 (dd,
J=12.67, 2.11 Hz, 1H), 1.67 (s, 9H), 1.46)(& 7.05 Hz, 3H), 1.05 (] = 7.05 Hz, 3H).*C

NMR (75 MHz, CDC#) U 168.98, 155.16 (d] = 16.6 Hz), 149.16, 141.50, 139.69, 138.43,
130.16 (dJ = 2.94 Hz), 129.72 (d] = 4.15 Hz), 129.01, 128.60, 128.22 {d5= 29.04 Hz),
127.20, 125.67, 125.23 (d= 4.4 Hz), 123.84, 122.88, 122.83, 122.00, 114.57, 84.75, 79.29,
64.35 (dJ=7.40 Hz), 8.58 (d,J=8.10 Hz), 43.21 (d] = 8.50 Hz), 28.24, 16.63 (d~= 5.72

Hz), 16.32 (dJ = 5.37 Hz)3P NMR (121 MHz, CDC#$) U 20.98;HRMS ESI: [M+Na]",

Calcd for GoH3sBrNNaOyP 678.1232; found 678.1227.

tert-butyl (E)-3-(3-(dimethoxyphosphoryl}3-hydroxy-1,3-diphenylpropylidene)-2-
Q oxoindoline-1-carboxylate (3i): In an oven and vacuuwgaried
OM - .
oL |:\§\/O?\/Ie reaction tube, catalys¥ (11.9 mg, 0.02 mmol, .02 equi v) ,

Ph 0 ketophosphonatgi (31.9 mg, 0.1 mmol, 1.0 equiv) aneatkylidene
@lo oxindole 1a (67.2 mg, 0.2 mmol, 2.0 equiv) were taken in 1 mL of
N freshly distilled toluene under positive argon pressure. In the resulting
Boc

3i homogenous mixture, #KIPQ; (34.6 mg,0.2 mmol, 2.0 equiv) was

added at-20 C and it was kept a20 C for 96 hrs. The reaction

mixture was directly processed for the purification by silica gel column chromatography
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(eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow Solid

(18.5 mg, 35 % yield). R= 0.3 (ethyl acetate/pm®leum ether = 4/6); Thee of the 3i was
determined to be 99% [determined by HPLC, Chiralpak ID, hexane: isopropanol = 60:40, 1
mL/ min, o = 2 %8 mmmminor)=878min].eu5p (3i=-154.42° (c 0.08,
CHCL); *H NMR (500 MHz, Chloroforred) U 7J1=8.2 HZ 1H), 7.43 7.31 (m, 3H),

7.217 7.10 (m, 2H), 7.08 6.95 (m, 4H), 6.78 (tJ = 7.6 Hz, 1H), 6.66 (td) = 7.7, 1.1 Hz,

1H), 6.27 (dJ = 7.7 Hz, 1H), 6.04 (dd] = 8.1, 1.3 Hz, 1H), 5.54 (s, 1H), 4.91 (dd; 12.8,

9.0 Hz, 1H), 3.97 (dJ = 10.1 Hz, 3H), 3.59 (dd] = 12.8, 2.9 Hz, 1H), 3.39 (d,= 10.0 Hz,

3H), 1.70 (s, 9h; 3C NMR (126 MHz, Chloroforrrd) U 148 . 93, 141. 77,
128.96, 128.18, 128.05, 128.00, 127.51, 127.49, 127.09, 127.06, 126.39, 126.35, 125.46,
123.71, 122.93, 122.83, 114.39, 84.76, 79.43, 54.81, 53.87, 43.19, 43.11, ¥B.NMR

(162 MHz, CDC}) 1i21.79;HRMS ESI: [M+Na]*, Calcd for GoHs2NNaOP 572.1814found
572.1817.

tert-butyl (S, B)-3-(3-(diethoxyphosphoryl}3-hydroxy-1,3-diphenylpropylidene)-5-
fluoro-2-oxoindoline-1-carboxylate @3k): In an oven and
vacuumdried reaction tube, catalyst (11.9mg, 0.02 mmol, 0.2

e g u i -kejophosphonatga (24.2mg, 0.1 mmol, 1.0 equiv) and
3-alkylidene oxindolelb (70.6 mg, 0.2 mmol, 2.0 equiv) were
taken in 1 mL of freshly distilled toluene under positive argon

pressure. In the resulting homogenous mixtuselRrQ; (34.6mg,

0.2 mmol, 2.0 equiv) was added-280 C and it was kept a0 C for 96h. The reaction
mixture was directly processed for the purification by silica gel column chromatography
(eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light yellow 3bklid
(41.6 mg, 70% yield). R= 0.33 (ethyl acetate/petroleum ether = 4/6); €bef the 3k was
determined to be 99% [determined by HPLC, Chiralgakhexane: isopropanol = 60:40, 1
mL/min, & = 254 nm, t (maj oif0 3k) 5-228.27°(mi n,
0.33, CHC#); H NMR (300 MHz, CDC$) 11 7.70 (dd,J = 9.98, 4.84 Hz, 1H), 7.27 3= 7.61

Hz, 3H), 7.08 (tJ = 7.49 Hz, 1H), 7.01 6.83 (m, 4H), 6.81 6.63 (m, 2H), 6.16 (d] = 7.78

Hz, 1H), 5.60 (ddJ =9.73, 2.63 Hz, 1H), 5.35 (s, 1H), 4.83 (dd; 12.52, 920 Hz, 1H), 4.44

i 4.12 (m, 2H), 3.92 3.67 (m, 1H), 3.61 3.27 (m, 2H), 1.58 (s, 9H), 1.39 &= 7.04 Hz,

3H), 0.89 (t,J = 7.05 Hz, 3H)XC NMR (75 MHz, CDC}) U1 168.47, 160.67, 157.81, 157.58,
157.48, 149.19, 141.26, 136.81, 134.44Jd& 2.08 Hz), 129.19, 128.41, 128.41, 128.24,
127.93, 127.53, 127.90, 126.64, 125.32, 124.28) (d,9.44 Hz), 115.66, 115.61, 115.55,
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115.30, 110.28, 109.93, 84.74, 79.63, 64.18 &7.3 Hz), 63.26 (d) = 8.14 Hz), 43.30 (dJ
= 9.11 Hz), 28.20 (s), 167 (d,J = 6.04 Hz), 16.22 (d) = 5.36 Hz);3*'P NMR (162 MHz,
CDCl) U 21.54; HRMS ESI: [M+Na]*, Calcd for GoHssFNNaOP 618.2033; found
618.2030.

tert-butyl (S, B)-5-chloro-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3
diphenylpropylidene)-2-oxoindoline-1-carboxylate (3): In an
oven and vacuurdried reaction tube, catalyst (11.9mg, 0.02
mmol, 0.2 equiv)I}ketophosphonat@a (24.2mg, 0.1 mmol, 1.0
equiv) and 3alkylidene oxindolelc (74.0 mg, 0.2 mmol, 2.0
equiv) were taken in 1 mL of freshly distilled toluene under

positive argon pressure. In the resulting homogenous mixture,
KoHPQ: (34.6mg, 0.2 mmol, 2.0 equiv) was added2 C and it was kept a0 C for 96
h. The reaction mixture was directly processed for the purification by silica gel column
chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give ligh
yellow solid3l (31.8 mg, 52% yield). R= 0.33 (ethyl acetate/petroleum ether = 4/6); €ae
of the3l was determined to be 86% [determined by HPLC, Chiralpak ID, hexane: isopropanol
= 60:40, 1 mL/min, & = 254 nmlmn.[Ufs@)=er ) = 1
243.80° (c 0.27, CH@); *H NMR (400 MHz, Chloroforred) U 1 8.06Xmd, 1H), 7.74 (d]
= 8.7 Hz, 1H), 7.47 () = 7.8 Hz, 1H), 7.36 (d] = 7.3 Hz, 3H), 7.15.18 (m, 1H), 7.09 (dd,
J=8.7, 2.2 Hz, 1H), 7.01 6.95 (m, 3H), 6.79 (t) = 7.7 Hz, 1H), 6.24 (d] = 7.7 Hz, 1H),
5.91 (s, 1H), 4.89 (ddl = 12.6, 9.2 Hz, 1H), 4.41 4.24 (m, 2H), 3.89 3.76 (m, 1H), 3.59
(dd,J=12.6, 2.7 Hz, 1H), 3.49 (m, 1H), 1.66 (s, 9H), 1.48 &,7.1 Hz, 3H), 0.98 (1) =7.1
Hz, 3H); 1°3C NMR (101 MHz, CDC$) i 167.02, 156.75 (d] = 16.82 Hz), 147.95, 140.13,
135.66, 128.09 (d) = 3.19 Hz), 127.54, 127.29, 127.07, 126.77, 126.38 &1,2.54 Hz),
126.00 (dJ=3.01 Hz), 125.34, 125.29, 125.11, 124.18, 123.21, 121.86, 114.47, 83.76, 78.24,
76.64 (s), 63.04 (d}= 7.3 Hz), 62.12 (d) = 8.15 Hz), 42.15 (d] = 9.17 Hz), 27.06, 15.42 (d,
J = 6.03 Hz), 15.08 (dJ = 5.38 Hz).3P NMR (162 MHz, CDC}) U 21.52; HRMS ESI:
[M+Na]*, Calcd for GoH3sCINNaO;P 634.1737; found 634.1730.
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tert-butyl (S, B)-3-(3-(diethoxyphosphoryl}3-hydroxy-1,3-diphenylpropylidene)-5-

Ph, OH methyl-2-oxoindoline-1-carboxylate (3m): In an oven and
A.__OEt
& okt vacuumdried reaction tube, catalyst (11.9 mg, 0.02 mmol, 0.2

e g u i -keJophosphonat@a (24.2mg, 0.1 mmol, 1.0 equiv) and
3-alkylidene oxindoleld (70.0mg, 0.2 mmol, 2.0 equiv) were taken

in 1 mL of freshly distilled toluene under positive argon pressure.

In the resulting homogenous mixtukeHPQ4 (34.6mg, 0.2 mmol,

2.0 equiv) was added &0 C and it was kept a0 C for 96 h The reaction mixture was
directly processed for the purification by silica gel column chromatography (eluent:
EtOAc/Petroleum ether = 4/6, v/v) without any workamive light yellow solid3m (46.1 mg,

78% yield). R = 0.33 (ethyl acetate/petroleum ether = 4/6); &bef the3m was determined

to be 99% [determined by HPLC, Chiralpak ASH, hexane: isopropanol = 95:05, 0.5ml mL/min,

= 254 nm, t (major) = 13% 632)=riB227° (ct0.24, mi nor
CHCl); 'H NMR (400 MHz, CDC#) Ui 7.64 (d,J = 7.81 Hz, 1H), 7.46.35 (m, 2H), 7.29

7.22 (m, 1H), 7.14 (s, 1H), 7.8%89 (m, 5H), 6.75 (s, 1H), 6.22 (s, 1H), 5.74 (s, 1H), 5.50 (s,
1H), 4.98i 4.82 (m, 1H), 4.4%4.22 (m, 2H), 3.82 (d] = 6.69 Hz, 1H), 3.55 (dl = 12.63 Hz,

2H), 1.88 (s, 3H), 16 (s, 9H), 1.46 (s, 3H), 0.97 (s, 3H}C NMR (101 MHz, CDC}) U

169.05, 155.49, 149.34, 142.04, 137.17, 136.25, 133.07, 129.58, 129.01, 128.35, 127.92,
127.51,127.31,127.04, 126.61, 125.51, 123.71, 122.97, 114.27, 84.45, 79.46, 77.87, 64.15 (d,
J=7.4Hz), 63.34, 28.28, 21.14, 16.65 (ks 5.72), 16.28 (dJ = 5.31).3%P NMR (162 MHz,

CDCl) 11 21.75;HRMS ESI: [M+Na]*, Calcd for GsHasNNaO;P 614.2284; found 614.2280.

tert-butyl (S, B)-3-(3-(diethoxyphosphoryl)}3-hydroxy-1,3-diphenylpropylidene)-5-

on OH methoxy-2-oxoindoline-1-carboxylate (3n): In an oven and

p-OEt  vacuumdried reaction tube, catalygt(11.9mg, 0.02 mmol, 0.2
77\
O’ OEt

e g u i -keJophosphonatga (24.2 mg, 0.1 mmol, 1.0 equiv)
and 3alkylidene oxindolele (73.0 mg, 0.2 mmol, 2.0 equiv)
Boc were taken in 1 mL of freshly distilled toluene under positive
o argon pressure. In the resulting homogenous mixkute¢P Oy
(34.6mg, 0.2 mmol, 2.0 equiv) was added-20 C and it was kept a0 C for 96 h The
reaction mixture was directly processed for the purification by silica gel column
chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any wadokgipe light
yellow solid3n (55.8 mg, 92% yield). R= 0.33 (ethyl acetate/petroleum ether = 4/6); &be

of the 3n was determined to be 99% [determined by HPLC, Chiralpak ASH, hexane:
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i sopropanol = 95:05, 0 . 516.@elminnt (mminpr) =43.46mi 5 4
[U?% (3n) =-213.83° (¢ 0.41, CHE), 'H NMR (400 MHz, Chloroforrd) o 7J=08 ( d
Hz, 1H), 7.45 7.30 (m, 3H), 7.04.13 (m, 1H), 7.08 6.84 (m, 4H), 6.78 () = 7.6 Hz, 1H),
6.67 (ddJ = 9.0, 2.7 Hz, 1H), 6.25 (d,= 7.8 Hz, 1H), 5.55 (d] = 2.7 Hz, 1H), 5.51 (s, 1H),
4.90 (ddJ=12.7, 9.1 Hz, 1H), 4.444.20 (m, 2H), 30-3.86 (M, 1H), 3.63 3.40 (M, 2H),
3.24 (s, 3H), 1.65 (s, 9H), 1.46 &= 7.0 Hz, 3H), 0.97 (t) = 7.0 Hz, 3H);3*C NMR (101
MHz, CDChk) U 168.87, 155.76 (tJ = 8.43 Hz), 149.21, 141.71, 136.98, 132.15, 129.07,
128.27, 127.93, 127.43 (d= 2.72 Hz), 127.35, 127.04 (d,= 3.15 Hz), 126.49 (d] = 4.59
Hz), 125.50, 123.69, 115.42 (@~ 7.42 Hz), 107.70, 84.33, 79.30, 64.14 Jd; 7.34 Hz),
63.29 (dJ=8.18 Hz), 54.92, 43.09 (d= 9.05 Hz), 28.18, 16.54 (d= 5.91 Hz), 16.19 (d]

= 5.42 Hz).*'P NMR (162 MHz, CDG) U 21.65; HRMS ESI: [M+Na]*, Calcd for
CasHzsNNaGsP 630.2233; found 630.2230.

tert-butyl (S, B)-6-chloro-3-(3-(diethoxyphosphoryl)-3-hydroxy-1,3
diphenylpropylidene)-2-oxoindoline-1-carboxylate (3): In an
oven and vacuurdried reaction tube, cataly$t (11.9mg, 0.02
mmol, 0.2 equiv)a-ketophosphonata (24.2mg, 0.1 mmol, 1.0
equiv) and dalkylidene oxindolelf (74.0 mg, 0.2 mmol, 2.0

equiv) were taken in 1 mL of freshly distilled toluene under
positive argon pressure. In the resulting homogenous mixture,
KoHPQ: (34.6mg, 0.2 mmol, 2.0 equiv) was added2d C and it was kept a0 C for 96

h. The reaction mixture was directly processed for the purification by silica gel column
chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give light
yellow solid3o0 (33.6 mg, 55% vyield). R= 0.33 (ethyl acetate/petrolewgther = 4/6); Thee

of the3o was determined to be 98% [determined by HPLC, Chiralpak ID, hexane: isopropanol
= 60:40, 1 mL/min, & = 254 nm, t{UoBadFor)
299.80° (c 0.50, CHE); *H NMR (400 MHz,Chloroformd) 0 7J=&.6 Hz 1H), 7.40

i 7.29 (m, 3H), 7.20 7.09 (m, 1H), 7.05 6.88 (m, 4H), 6.75 (t) = 7.6 Hz, 1H), 6.62 (dd]

= 8.6, 2.1 Hz, 1H), 6.23 (d,= 7.7 Hz, 1H), 5.90 (d] = 8.5 Hz, 1H), 5.32 (s, 1H), 4.88 (dH,
=12.7, 9.1 HzlH), 4.31 (gJ = 7.1 Hz, 2H), 3.81 (dt] = 10.1, 7.0 Hz, 1H), 3.6 3.40 (m,

2H), 1.66 (s, 9H), 1.46 (§ = 7.0 Hz, 3H), 1.00 0.92 (m, 3H)3C NMR (101 MHz, CDC})

0 168.24, 156.40 (d] = 16.75 Hz), 148.90, 141.49, 138.98, 136.74, 134.59, 129.00, 128.08,

nm,

128.05, 127.94, 127.40, 127.00, 126.34, 126.32, 126.15, 125.33, 123.77, 123.56, 121.30,

114.99, 84.93, 79.25, 77.65, 64.05]d; 7.19 Hz), 63.13 (d] = 8.07 Hz), 43.12 (d] = 9.09
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Hz), 28.07, 16.46 (dJ = 5.90 Hz), 16.11 (dJ = 5.26 Hz);3'P NMR (162 MHz, CDC}) i
21.56;HRMS ESI: [M+Na]*, Calcd for G:HssCINNaO;P 634.1737; found 634.1730.

tert-butyl (S, B)-6-bromo-3-(3-(diethoxyphosphoryl}3-hydroxy-1,3
diphenylpropylidene)-2-oxoindoline-1-carboxylate 3p): In an
oven and vacuurdried reaction tube, catalyst (11.9mg, 0.02
mmol, 0.2 equiv)|>ketophosphonatga (24.2mg, 0.1 mmol, 1.0
equiv) and Zalkylidene oxindolelg (82.0 mg, 0.2 mmol, 2.0

equiv) were taken in 1 mL of freshly distilled toluene under
3p positive argon pressure. In the resulting homogenous mixture,

KoHPQ; (34.6mg, 0.2 mmol, 2.0 equiv) was added2d C and it was kept a0 C for 96

h. The reaction mixture was directly processed for the purification by silica gel column

chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v) without any workup to give ligh

yellow solid3p (40.6 mg, 62% vyield). R= 0.33 (ethyl acetate/petroleum ether = 4/6); &be

of the3p was determined to be 98% [determined by HPLC, Chiralpakéxane: isopropanol

= 60:40, 1 mL/min, & = 254 nmmnitU°c@BaFor)

222.36° (c 0.15, CH@); *H NMR (300 MHz, CDC$) 118.02 (d,J = 1.60 Hz, 1H), 7.35 (d =

5.73 Hz, 3H), 7.14 ({1 = 7.44 Hz, 1H), 6.98 (] = 9.32 Hz, 4H), 6.8% 6.67 (m, 2H), 6.22 (d,

J=7.47 Hz, 1H), 5.84 (d] = 8.47 Hz, 1H), 5.31 (s, 1H), 4.87 (dtz= 12.51, 9.21 Hz, 1H),

4.467 4.24 (m, 2H), 3.93 3.74 (m, 1H), 3.62 3.39 (m, 2H), 1.66 (s, 9H), 1.46 &~ 7.04

Hz, 3H), 0.97 (tJ = 7.04 Hz, 3H):C NMR (75 MHz, CDC}) 11168.26, 156.81 (d] = 16.77

Hz), 149.04, 141.65, 139.19, 136.87, 129.15, 128.25, 128.20, 128.03, 127.54(86 Hz),

127.15, 126.86, 126.51, 126.45, 126.37, 125.43, 123.95, 122.81, 121.88, 117.93, 8811, 79.6

64.20 (dJ=7.28 Hz), 63.28 (d] = 8.16 Hz), 43.31 (d] = 9.00 Hz), 28.21, 16.60 (d= 6.06

Hz), 16.25 (dJ = 5.43 Hz));3P NMR (162 MHz, CDC}) 1 21.53;HRMS ESI: [M+Na]*,

Calcd for GoH3sBrNNaOyP 678.1232; found 678.1230.

tert-butyl (S, B-3-(1-(4-chlorophenyl)-3-(diethoxyphosphoryl)-
3-hydroxy-3-phenylpropylidene)-2-oxoindoline-1-carboxylate
(3g): In an oven and vacuwaried reaction tube, cataly$t(11.9mg,
0.02 mmol , -kétopRospkogat@a (24.2,mg, 0.1 mmol,
1.0 equiv) and -&lkylidene oxindolelh (74.0 mg, 0.2 mmol, 2.0

equiv) were taken in 1 mL of freshly distilled toluene under positive
argon pressure. In the resulting homogenousurexkKeHPQ (34.6mg, 0.2 mmol, 2.0 equiv)

was added at20 C and it was kept a0 C for 96 h The reaction mixture was directly
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processed for the purification by silica gel column chromatography (eluent: EtOAc/Petroleum
ether = 4/6, v/v) without anyworkup to give light yellow soli®q (38.5 mg, 63% vyield). R=

0.33 (ethyl acetate/petroleum ether = 4/6); Beeof the 3q was determined to be 99%

[ determined by HPLC, Chiralpak | C, hexane: [
(major) = 5.87 mint (minor) = 7.13 min][U?% (3q) = -218.40° (¢ 0.20, CHE); 'H NMR

(400 MHz, CDC$) 017.79 (d,J=8.05 Hz, 1H), 7.42 7.29 (m, 3H), 7.16 (1) = 7.35 Hz, 1H),

7.06 (d,J=5.88 Hz, 1H), 7.00 (dl = 7.23 Hz, 3H), 6.78 6.62 (m, 2H), 6.29 6.04 (m, 2H),

5.39 (s, 1H), 5.014.78 (m, 1H), 4.45 4.21 (m, 2H), 3.83 (df] = 9.90, 7.00 Hz, 1H), 3.49 (t,
J=13.37 Hz, 2H), 1.66 (s, 9H), 1.46 Jt= 6.90 Hz, 3H), 0.97 (] = 6.82 Hz, 3H){*C NMR
(101MHz, CDCk) i 168.62, 153.95 (d} = 16.82 Hz), 149.15, 140.22, 138.52, 136.99, 134.08,
129.89, 129.30 (d) = 5.86 Hz), 128.31, 127.59 (d,= 2.75 Hz), 127.61, 127.58, 127.35,
127.79, 127.12, 126.50 (d= 4.62 Hz), 123.86, 122.84, 122.63, 114.64, 847B.25, 77.85,
64.22 (dJ=7.30 Hz), 63.31 (d] = 8.14 Hz), 43.27 (d] = 9.17 Hz), 28.22, 16.59 (d= 6.95

Hz), 16.23 (dJ = 5.39 Hz);*'P NMR (162 MHz, CDC}$) U 21.51;HRMS ESI: [M+Na]*,

Calcd for GoHzscNNaO/P 634.1737; found 634.1725.

tert-butyl (S, B)-3-(1-(4-bromophenyl)-3-(diethoxyphosphoryl)-3-hydroxy-3-

phenylpropylidene)-2-oxoindoline-1-carboxylate 3r): In an oven
andvacuumdried reaction tube, catalygt(11.9mg, 0.02 mmol, 0.2
equiv), Uketophosphonata (24.2mg, 0.1 mmol, 1.0 equiv) and 3

alkylidene oxindoleli (82.0mg, 0.2 mmol, 2.0 equiv) were taken in

1 mL of freshly distilled toluene under positive argorsgtee. In the

3r

resulting homogenous mixture 2MPQy (34.6 mg, 0.2 mmol, 2.0
equiv) was added a0 C and it was kept a0 C for 96 hrs. The reaction mixture was
directly processed for the purification by silica gel column chromatography (eluent:
EtOAdPetroleum ether = 4/6, v/v) without any workup to give light yellow sti(#2.6 mg,

65% yield). R = 0.33 (ethyl acetate/petroleum ether = 4/6); €hef the 3r was determined
tobe®3% [ determined by HPLC, Chiralpak 1C, hex.
254 nm, t (major) $.67min, t (minor) =7.023min]. [J%% (3r) =-56.81° (c 0.04, CHG); *H

NMR (400 MHz, CDC$) G 7.79 (d,J = 7.99 Hz, 1H), 7.46 (d] = 6.39 Hz, 1H), 7.39 7.30

(m, 2H), 7.16 (tJ) = 7.32 Hz, 1H), 7.07 (dl = 5.71 Hz, 1H), 7.04 6.95 (m, 2H), 6.94 6.80

(m, 2H), 6.69 (tJ = 7.31 Hz, 1H), 6.12 (dl = 7.21 Hz, 2H), 5.36 (s, 1H), 4.984.80 (m, 1H),
4.457 4.23 (m, 2H), 3.91 3.75 (m, 1H), 3.59 3.38 (m, 2H), 1.66 (s, 9H), 1.45 (@= 6.85
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Hz, 3H), 0.96 (dJ = 6.71 Hz, 3H)33C NMR (101 MHz, CDC#) (1168.64, 153.92 (d} = 16.83

Hz), 149.18, 140.72, 138.57, 137.01, 132.23, 131.29, 130.16, 129.37, 127.66, 127.63, 127.50,
127.32, 127.14, 126.54 (@= 4.58 Hz), 123.91, 122.89, 122.64, 122.34, 114.68, 84.76, 79.27,
77.68, 64.24 (d) = 7.32 Hz), 63.34 (d] = 8.10 Hz), 43.3 (d,J = 9.31 Hz), 28.25 (s), 16.62

(d,J = 6.00 Hz), 16.26 (dJ = 5.42 Hz)*'P NMR (162 MHz, CDC}) i 21.49;:HRMS ESI:
[M+Na]*, Calcd for G:HasBrNNaO;P 678.1232; found 678.1223.

tert-butyl (S, E)-3-(3-(diethoxyphosphoryl)3-hydroxy-3-phenyl-

_OEt 1-(p-tolyl)propylidene)-2-oxoindoline-1-carboxylate @3s): In an

& OBt gyen and vacuurdried reaction tube, catalygt(11.9mg, 0.02 mmol,
0.2 equiv),U ketophosphonatga (24.2mg, 0.1 mmol, 1.0 equiv) and

I 3-alkylidene oxindoldj (70.0mg, 0.2 mmol, 2.0 equiv) were taken in

3s 1 mL of freshly distilled toluene under positive argon pressure. In the
resulting homogenous mixture,MPQ; (34.6mg, 0.2 mmol2.0 equiv) was added 20 C
and it was kept at20 C for 96 h The reaction mixture was directly processed for the
purification by silica gel column chromatography (eluent: EtOAc/Petroleum ether = 4/6, v/v)
without any workup to give light yellow soli@s (41.4 mg, 70% yield). R= 0.33 (ethyl
acetate/petroleum ether = 4/6); Téeof the 3s was determined to be 99% [determined by
HPLC, Chiralpak Id, hexane: isopropanol 535, 1 mL/ min, & =6@454 nm,
min, t (minor) = 790 min]. [U?% (3s) = -227.89° (¢ 0.15, CHE); *H NMR (400 MHz,
Chloroformd) G 7J1=82 H4, 1H), 7.32 (t)= 7.6 Hz, 1H), 7.22 (dd] = 8.0, 2.5 Hz,
2H), 7.19i 7.09 (m, 2H), 7.00 (d] = 7.7 Hz, 1H), 6.74 (ddl = 7.9, 4.7 Hz, 3H), 6.63 (td,=
7.8, 1.1 Hz, 1H), 6.24 (d,= 7.7 Hz, 1H), 6.02 (ddl = 8.0, 1.3 Hz, 1H), 5.43 (s, 1H), 4.87 (dd,
J=12.7,8.7 Hz, 1H), 4.404.21 (m, 2H) 3.85 (dtJ = 10.2, 7.0 Hz, 1H), 3.54 (ddd= 9.8,
7.9, 5.0 Hz, 2H), 2.19 (d,= 2.1 Hz, 3H), 1.66 (s, 9H), 1.45 {Jtz 7.1 Hz, 3H), 1.01 (11=7.1
Hz, 3H); 13C NMR (101 MHz, CDC}) 11168.91, 156.39 (d] = 16.80 Hz), 149.29, 138.91,
138.30, 137.99137.07, 129.56, 128.83 (d,= 6.62 Hz), 128.31, 127.39 (d,= 2.77 Hz),
126.79, 126.76, 126.65, 126.52, 125.56, 123.71, 123.14, 122.89, 114.43, 84.56, 79.48, 77.89,
64.15 (dJ=7.32 Hz), 63.30 (d] = 8.16 Hz), 43.27 (d] = 8.92 Hz), 28.24, 21.36, 16.61 (,
= 5.90 Hz), 16.25 (dJ = 5.40 Hz);3P NMR (162 MHz, CDC#) Ui 21.76; HRMS ESI:
[M+Na]*, Calcd for GoHzsNNaOP 614.2284; found 614.2290.
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tert-butyl (S, 2-3-(4-(diethoxyphosphoryl}-4-hydroxy-4-phenylbutan-2-ylidene)-2-
oh, OH oxoindoline-1-carboxylate (3t): In an oven and vacuuwgaried

y //P\/OEt reaction tube, catalys¥ (11.9 mg, 0.02 mmol, 0.2 equiv)l*

O OEt etophosphonata (24.2mg, 0.1 mmol, 1.0 equiv) argtalkylidene

oxindole 1k (67.2mg, 0.2 mmol, 2.0 equiv) were taken in 1 mL of

freshly distilled toluene under positive argon pressure. In the resulting
3t homogenous mixture, #KIPQy (34.6 mg, 0.2 mmol, 2.0 equiv) was
added at20 C and it was kept a0 C for 96 h The reaction mixture was directly processed
for the purification by silica gel column chromatography (eluent: EtOAc/Petroleum ether =
4/6, viIv) without any workup to give ligtyellow solid 3t (31.0 mg, 60% yield). R= 0.33
(ethyl acetate/petroleum ether = 4/6); Heof the3t was determined to be 99% [determined
by HPLC, Chiralpak 1 C, hexane: isopropanol
min, t (minor) = 7.25nin]. [J%% (3t) =-116.03° (¢ 0.26, CHE); H NMR (400 MHz, CDC})
07.80 (d,J=7.09 Hz, 1H), 7.76.68 (m, 2H), 7.3F.25 (m, 3H), 7.2&5.20 (m, 2H), 7.02 (s,
1H), 5.07 (s, 1H), 4.55 (8= 9.68 Hz, 1H), 4.25 (d] = 6.06 Hz, 2H), 3.88 (s, 1H), 3.64 @,
=6.99 Hz, 1H), 3.15 (dl = 10.72 Hz, 1H), 1.67 (s, 3H), 1.57 (s, 9H), 11391 (m, 3H), 1.05
0.90 (m, 3H):C NMR (101 MHz, CDC$) 1168.51, 154.92 (d} = 15.40 Hz), 149.32, 138.68
(d,J=1.94 Hz), 138.24, 130.16, 128.45, 128.26, 128.24, 127.00=(4,74 Hz), 126.33 (d]
= 4.72 Hz), 124.13 (d] = 16.39 Hz), 123.79, 114.71, 84.54, 78.89, 64.23 (,7.46 Hz),
63.48 (dJ=8.00 Hz), 44.95 (d] = 8.04 Hz), 28.24, 26.59, 16.61 (5 5.87 Hz), 16.32 (d]
= 5.35 Hz);3> NMR (162 MHz, CDC}) U 21.72; HRMS ESI: [M+Na]*, Calcd for
Co7H3aNNaO;P 538.1971; found 538.1970.

diethyl (S,E)}(1-hydroxy-3-(2-oxoindolin-3-ylidene)-1,3-diphenylpropyl)phosphonate
(4): In an oven and vacuudried reaction tube3a (115.4mg, 0.2
OEt mmol, 1.0 equiv) was taken in 2 mL of freshly distilled DCM under

HO:. F4’OEt .. . .

Ph \(\) positive argon pressure aPO. In theresulting solution, TFA (76.5
/ pl, 5 equiv) was added dropwise for 5 min ahd reactionwas
N O stirred fat room temperature for 1 hou@nce he reaction was
H

completed, it was quenched with saturated NaklCihe organic

4 layer was separated and the aqueous layer was washed with
methylene chloride (3 x 3 mL). The combined organic layer was dried oy&QNdiltered
and concentrated. The crudextaore was purified by flash chromatography (silica gel,

hexane/ethyl acetate = 20/80) to give the product as a yellow solid. (82.1 mg, 86% yield),
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diastereomeric ratio (E/Z=19,1Rf = 0.2 (ethyl acetate/petroleum etherlsl); Theeeof the

4 was determined to b&% [determined by HPLC, Chiralpak) hexane: isopropanol = 60:40,

, & = 26%94mim tnfminot) =2{.1d aij] o'td NMR=(400 MHz,
Chloroformd) G 8. 23 1(729 (m,BH)7,14 (= A5} 1.3 Hz, 1H)7.067.11(m,

2H), 7.03i 6.89 (m, 3H), 6.84 6.68 (m, 2H), 6.55 (td] = 7.7, 1.1 Hz, 1H), 6.25 (d,= 7.7

Hz, 1H), 6.18 (dJ = 7.3 Hz, 1H), 6.01 (d) = 7.9 Hz, 1H), 4.88 (dd] = 12.6, 8.7 Hz, 1H),

4.31 fm, 2H), 3.85 M, 1H), 3.55 n, 2H), 1.43 (tJ = 7.0 Hz, 3H), 0.98 (tJ = 7.0 Hz, 3H)

13C NMR (101 MHz, Chloroforrd) a 171. 68, 141. 89, 137. 11, 12
126.91, 126.44, 125.47, 123.35, 122.04, 109.77, 79.27, 77.67, 64.02, 63.95, 63.28, 63.20,
42.87,42.78, 343, 22.34, 16.66, 16.60, 16.21, 16.16

1 mL/ mi n
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'H NMR spectra of Ketophosphonate 2a and the CaW¥ (0.02 mmol in tolueneds) upon

the addition of increasing amounts ofi- keto-phosphonate.

oumagr g M

Cat:06eavkP fy_ > %MJ/A-M

Cat.: 0.4 eqv K.P i ) I R | W1
.‘ ) A A \ JV J,
2 e N W N ‘[u , OO O . ¢ N LN el AR

l Il
——Cat.: 0'2 eg' L_K'P J\u/\,—/i lﬁj\g o JJLJ’L/\_)'LLN}’\J \\J”\J"\g_/ \

A

| 1 A Lo, : AW
Cat.: 0.0 éqv K.P |7 DAVAVA . VLA WA WA\ N 4L N

Ket?phosphonate L A Lif L

............................................................

Figure S2.Time-elapsed*P NMR spectra for the synthesis of aldol product

NMR Spectroscopic StudiesTime-elapsed®!P NMR spectra for the synthesis of aldol
product.

To further investigate the mechanism, the formatioBaofvas monitored by'P NMR
spectroscopy as shown in FigB2 The starting reaction mixture in toluedgeshowed
signal in the’' NMR s p e ¢ t122Appm (ketophdsphenated nd peak at

~

6.68 ppm (diethylphosphite he emer gence of peak at u
0



of catalyst possibly corresponds tebdnded ketophosphona#tss time progressed, the

3P NMR signals of the starting material disappeared gradually and the reaction was
almost complete after 96 hours according to ¥ NMR spectraAdditionally, a
comparative evaluatiotP NMR of aldol producBaandCat. V with ketophosphonate
andCat. V clearly shows no significant shift of peafisgure S2).

H-bonded ketophosphonate

7
Ketophosphonate + Cat. V /

3

3a+Cat.V |

After column

’ ®
H—P—OEt
4
At time 96.0 hr CI)Et \1 lL

At time 72.0 hr 1

+2

At time 24.0 hr

OEt
,P\ T +1
At time 0.0 hr ; amtEL

e T R
313029282726252423222!201918171615“(14)131211109876543210-1-2-3
ppm

Figure S3. Time-elapsed*P NMR spectra for the synthesis of aldol product
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HPLC, Chiralpa#tl KSElFySY A&2LINRLI y2f I cnYnnx
VWD1 A, Wavelength=254 nm (MKJSS\phme-rac,id,60;40,254nm.D)
mAU 2
] @ ﬁgp
4000 2 .
] s
3000 “
E ““I 7o}
2000 I 0
] [ ©
] I ay
10004 f \ [\
] . ]\ \\
0 — e e —— — —
2 4 6 8 10 miny
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
pEt
F+()/I. F)’—C)Ezt
Signal 1: VWD1 A, Wavelength=254 nm Ph \\
Peak RetTime Type Width Area Height Area /
#  [min] [min] [mAU*s] [mAU] %
R R O |+mmmmnees |=esemnees |-emnees | 0
1 5.239 FM  ©.2221 4.41259e4 3311.52808 51.7243
2 6.655 BB 0.4239 4.1183%e4 1409.59558 48.2757 PJ
\
3a Boc
VWD1 A, Wavelength=254 nm (MKJSS\phme-dcm,id,60;40,254nm_D)
mAU oF
4000 T 2
E ™ N
35003 T
3000 I
25003 " ‘I
2000- | ‘I
1500 (1
1000 I -
500 N b 2
O: S S "le ~ — |£ ‘
: . : T . S — : — ‘ . . - : 7 . —

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s] [mAU] %

R —— [ E— [ [ |- |

1 5.255 MM 0.2222 4.45394e4 3341.03857 99.5103

2 6.637 BV 0.2426 219.16377  13.06983  0.4897

0

M

Y[ KY



't [/ 2 /T KANYELI 1T L/Z KSEIFYSY Aa2LINRLI y2¢ cnYnn?z
VWD1 A, Wavelength=250 nm (manish_ketophos\MJ530 P-CL ketophos RTU IC 60 40 1ML 2018-12-23 23-08-54.D)
AU 3
m i <§’%%
>0 s o
300 | ¥ IR
250 ‘ \ 2
\ O
200 [ ~
150 | \ [\
100 [ [
50 I / \
0 o e N : AN :
-—YFFF 7T
25 75 10 125 15 175 20 min
Area Percent Report
S — Cl
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000 OEt
Do not use Multiplier & Dilution Factor with ISTDs !
P HO... |:\>\/OEt
Ph 0
Signal 1: VWD1 A, Wavelength=250 nm /
Peak RetTime Type Width Area Height Area 0
#  [min] [min] [mAU*s] [mAU] %
R R P |--mmmeeees |+emmmneees |+smenes | N
1 8.500 MM 2.5396 1.28860e4 397.99619 49.0855 3b BOC
2 15.985 MM 1.0845 1.33662e4 205.41435 50.9145
VWD1 A, Wavelength=250 nm (manish_ket...os\MJ529 P-CL ketophos QDTU IC 60 40 1ML 2018-12-23 23-35-51.D)
m
mAU ﬁ q’,\b(
\ )
600 [ v
| &
500 : *’
400 |
300 J \
200 J | Qb‘&b
| \ o o
100 | \ & ®®9
0 ”‘*‘4‘4”"“\~‘~4/P\WL" \‘—747 L5
e e . . i A —..BHH-Ph.o
25 5 7.5 10 12.5 15 17.5 20 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=250 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S P |-mmmnees |=emenees |-oemees |
1 8.583 MM ©.5550 2.35274e4 706.55676 99.6103
2 16.232 MM 1.0325 92.04428 1.48578 0.3897

$1



lt[/ % /KANYELI] L/ 32X KSEFIYySY A&2LINRLI y2f T
VWD1 A, Wavelength=250 nm (manish_ketophos\MJ533 P-BR ketophos RTU IC 60 40 1ML 2018-12-23 20-08-05.D)
mAU 7 %
3004 g
] il
250 [ ©
] [ <+
2003 [ ©
E [ N
150 R A\
] \ [\
100 ‘l ! \
] | \
i \ \
50 A | \
0 J¥/—'\—/\/V¥.~,.\f\/\—._u’ 7‘&‘_—‘——"_/7*7 =
E T T T T T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 min|
Br
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000 OEt
Do not use Multiplier & Dilution Factor with ISTDs HO., F;,OEt
' \
Ph 5
Signal 1: VWDl A, Wavelength=256 nm /
Peak RetTime Type Width Area Height Area e
#  [min] [min] [mAU*s] [mAU] %
N
! R R P |mmmmeeees | +mmmeeeaes [EER | \
1 9.182 BB ©.5069 1.11111e4  323.38364 49.5274 3¢ Boc
2 18.146 BB 1.0957 1.13231e4 157.14209 50.4726
VWD1 A, Wavelength=250 nm (manish_ket...os\MJ532 P-BR ketophos QDTU IC 60 40 1ML 2018-12-23 20-39-50.D)
MAU_, § Q{gbcj
1200 ﬁ o
] @
1000 R4
1 1
800 - “ |
600 | “
] |
400 [\
b [ =
2007 [ I
il / \ 0
ol R N — - ,
- T T T T T T T T T T T T
5 10 15 20 25 mi

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=25@ nm

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
S [ [ [ [— |
1 9.136 MM 0.5993 4.93350e4 1372.02771 99.1442
2 18.217 BB 0.9852 425.86655 6.07995 0.8558
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HPLC, Chiralpak ID, hexane: isopropan@:358 ™

YIKYAYS <

e

VWD1 A, Wavelength=254 nm (MJSSREVISION\p-me keto, rac, id, 65_35, 254, Tml.D)
mAU 4
] o
400 o
4 w
] i
300 i
] f' 2
200 M R
b [ A
100 I i
] |
] AN /
04 — L J - _|_j e N ——————
T : T T : T T . T T : T : T T . T T : T T :
2 4 6 8 10 m
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000 OEt
c 014 I ; /
Do not use Multiplier & Dilution Factor with ISTDs HO..) |\D\fOEt
Ph 0
Signal 1: VWD1 A, Wavelength=254 nm /
Peak RetTime Type Width Area Height Area 'e)
# [min] [min] [mAU*s] [mAU] %
N E— [ E— [ [ [ | N
1 6.022 BV 0.2110 4916.67041 343.43179 51.6152 3d BOC
2 7.490 VB 0.3865 4608.94678 174.30978 48.3848
VWD1 A, Wavelength=254 nm (MJSSREVISION p-me keto, CH, id, 65_35, 254, 1mLD)
mAU ] 2
] 3
400 ‘“.
] | |
300 |‘
1 R
4 1
200 I‘ ‘|
] m
100 i o
] ‘I [Es]
0 — BDEAN | " —
= T T T T T T T T T T T T T T T T T T T T T T
2 4 [i] 10 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s | [mAU] %
cenfenees e R R |- |
1 6.038 VB R 0.2106 7734.45703 507.80411 99.1671
2 7.892 BV 0.4274 64.96202 2.11476 0.8329
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VWD1 A, Wavelength=230 nm (MJSSREVISION\ OMe keto, alk, rac, ID,60;40,235nm, 1ml.D)
mAU ] A
350 @ _h,g\""
300—% 'jy@
250 I
E A A
200 [ i éﬁﬁ
150 {1\ © &
100 [ X
50 | ‘--\ N
0: ) VLV B Ve v, — o _
T N T T T ’ T T T
2 4 6 8 10 12 min
Area Percent Report
MeQ
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=23@ nm
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
i R R | mmmeeeees |-nmmeeeeee |-mmmeee- |
1 7.128 FM ©.3165 5373.16650 282.,93958 50,5954
2 9.765 MM 0.9772 5246.70508 89.48128 49.4046
VWD1 A, Wavelength=230 nm (MJSSREVISION'E OMe kelo, alk, ch, 1D,60;40,235nm, Tml.D)
mAU J -
E [ i
17503 SI ,&“9‘
3 o
15003 i
12503 Il {
1000 5 | \
E I
7503 i
E | |II ’E\QP'
5003 | o
E Ill\/\ | o {'\'
250 2
o Y V) - o
= T T T T T T T T T T T T T T T T T T T T T T T T
2 4 [ 8 10 12 mir|
Area Percent Report
Sorted By . Signal
Multiplier : 1.0002
Dilution : 1.80882

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=238 nm

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAaU*s] [mau] %
e R R |--mmmeee R |- |
1 7.147 MF ©.3132 2.90855e4 1547.99897 89.9365

2 9.792 MM 8.1161  18.48642 2.65184 ©.8635
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VWD1 A, Wavelength=250 nm (manish_ketophos\MJ539 m F ketophos RTU ID 60 40 1ML 2018-12-23 19-11-07.D)

mAU < bl
] =] S
1 & &
4000 . 2
1 D@ g
1 ud e
] ¥ Q _%q
3000 | gy
1 | v
2000 | [
1000 [ i \
1 \ [ b
o I - L _ B — ! -~ - T _
T T T T T
2 4 6 8 10 min|

Sorted By H Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=250@ nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Sl R e e |--nemeee |--mmeeee |-=neeee |
1 5.616 MM @.3555 7.97113e4 3737.41699 47.1346
2 7.942 MM 9.5991 8.94029%e4 2487.01001 52.8654

VWD1 A, Wavelength=250 nm (manish_ketophos\MJ538 m F ketophes QDTU ID 60 40 1ML 2018-12-23 19-28-08.D)
o
mAU 3 a o
] e
] f'n [
3000 | &
1 |
2500 [
2000 |
1500 J \
1 | %l
1000 [ O
E [\ w AW
500 E ‘I\ \ g @qy
] —— J - el
0] — - —— e
T T T . . T . . T . T T
2 4 6 8 10 min|
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=250 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 5.632 MM 0.2852 6.30002e4 3681.93652 99.4912
2 8.355 MM 0.4045 322.21329 13.27578 0.5088

5
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VWD1 A, Wavelength=250 nm (manish_ketophos\MJ535 M-BR ketophos RTU ID 60 40 1ML 2018-12-23 22-16-04.D)

mAU N
800

700 &
500 f &
500

400 I
300 f
200 ‘
100 |

1 2 3 4 5 6 7 8 9 miry

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=250 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
P N - |-mmmeees |=mmmees |=mmeee |
1 5.634 MF  ©.2238 9000.10352 670.23096 50.3644
2 7.172 FM  ©.4259 8869.87793 347.10147 49.6356

VWD1 A, Wavelength=250 nm (manish_ket._.os\MJ534 M-BR ketophos QDTU ID 60 40 1ML 2018-12-23 22-28-22.D)

mAU ] Q ©
] ﬁ iév
J [ b
2000 g
] ¥
1500 |
] I
] |
1000 j ‘
] [ Qéﬂ
4 I}
500 /- o AV
] | \ NS
] - J\ \; . N?@
0 _ —_ J S S _
— : —————— ——— —— | ;
1 2 3 4 6 7 8 9 min

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=256 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 5.643 MM 0.2273 3.29926e4 2419.12891 99.9013
2 7.226 MM 0.2198  32.59469 2.63012 0.0987
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VWD1 A, Wavelength=254 nm (MK.JSS\dimephos tol -20, id 60;40,1ml, 254, rac.D)
mAU ?'JQ
p 0 ép
400 2 L
] 0, <@
] ne
3004 | \
] |
] I a
200 [ @qu
] ‘ | [=] 3
] [ A g
100 [ L;?@
4 { A
] | ///’\\\\x
I
0 NN —— — — —
. . T : . T T T T T T T T T T T T T T T . .
2 4 6 g 10 mir

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
S R e |- |- | 3i B
. . . . 1 ocC
1 6.896 FM 9.2453 4863.99316 330.42349 51.6712
2 8.738 MM 0.9640 4549.36523 78.65718 48.3288
TWDT A, Wavelengh=254 nm (MKJSS\dimephos tol, 20, 1d,60,20,1ml, 254, ch.0)
mAU ]
1000 5
] ']
800 i
] I
600 || ||
] |
400 | o
] |\ o:"@
200 _j\/ﬁ [ g
] | | = gf
3 e T \' -
-
2 4 [} 8 10 mir
Area Percent Report
Sorted By Signal
Multiplier 1.8880
Dilution 1.8088

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAaU*s] [mau] %

1 5.911 BB 8.2014 1.99532e4  822,23517 99.7667
2 B.738 MM 8.2428  25.68891 1.76374 9.2333

7
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VWD1 A, Wavelength=250 nm (manish_ketophos\mj 550 5-f- alk rtu id 60 40 1ml 2019-01-14 16-54-13.D)
mAU 2 A &
] . 5
] A TG
1000 fla T &
1 R
800 ] ‘w \
600 | | |
400 “I
1 ‘ \
200 / \
0] O - % e ———
-———¥——F 7777
1 2 3 4 5 6 7 8 9 min|
Sorted By : Signal
Multiplier : 1.0000 OEt
Dilution : 1.0000 h
Do not use Multiplier & Dilution Factor with ISTDs HO//, P’OEt
Ph B
Signal 1: VWDl A, Wavelength=250 nm F /
Peak RetTime Type Width Area Height Area @)
#  [min] [min] [mAU*s] [mAU] % N
R R P |=mmmneees |-oseneee- |--mene | \
1 5.645 MF 0.2123 1.54087e4 1209.73059 49.9407 3k BOC
2 6.256 FM 0.2673 1.54453e4 963.21143 50.0593
VWD1 A, Wavelength=250 nm (manish_ketophos\mj 549 5-f- alk qdtu id 60 40 1ml 2019-01-14 16-35-48.D)
mAU ] ) =
3 X Al
] E &
3000 " %h@@
2500 I
2000 “ |
15003 I
E | | N
1000 [ ;?3\
E | \ o W©
500 AN
04 - - .
: : . : T —— T T — !
1 2 3 4 5 6 7 8 9 min|

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=250 nm

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
S R O P |=mmmnees |=emenees |-oemees |
1 5.629 MM 0.2690 5.91740e4 3665.86987 99.3221

2 6.460 MM 0.2196 403.87192 30.64550 ©.6779
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VWD1 A, Wavelength=250 nm (manish_ketophos\mj 475 5-cl alk rac id 60 40 1ml 2018-12-05 21-14-21.D)

12677

N
[=]
o
T
—
i

21.023

T
25 mi

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=256 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Rl R P P | -mmmeeee | omeeeeee | --meeeee |
1 12.677 BB ©.8752 3.51169e4 613.15472 50.5340
2 21.023 BBA 1.3520 3.43748e4 367.93561 49.4660

VYWD1 A, Wavelength=250 nm (manish_ketophos'mj 475 5-cl alk qd id 60 40 1m[ 2018-12-05 21-41-45.D)

|21.214

mAU
300 | ;
] f
600 ‘|| 2
] ©
] l o
400
1 (| ) /\\
] I [
200 I /A
0—_ /—J . I\\ _1' K,_J—\, — 1A \
: : T T . T T T : T : T T
5 10 15
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=250 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

S P |-=mmemeeee | -mmmemeee |---mmee !
1 12.663 BB ©.8904 2.37148e4 406.63763 92.9252
2 21.214 BBA 1.4280 1865.49512 18.87534 7.8748

Totals : 2.55203e4 425.51297
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Lt [/ T / KANIE LI
VWD1 A, Wavelength=254 nm (manish_ketophos'mj579 5-me rtu ash 9505 .5ml 254.D)
mAU 9
] «
4 (=]
200 *: ’/\\ Fo:
] [\ ©
150 o\ =
] / \ //\\
100 \ /N
E / \ / \\
] / \ /
NN
O{ . e~ e T T~—
— . — . . —
25 5 7.5 10 12.5 15 17.5 20  min
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs OEt
HO:,) ﬁ’()Et
Ph B
Signal 1: VWDl A, Wavelength=254 nm /
Peak RetTime Type Width Area Height Area (@)
#  [min] [min]  [mAU*s] [mAU] % N
S [ [ [ [ | 3m Boc
1 10.825 BV 1.2288 1.58901e4  196.42509 48.9779
2 13.770 VB 1.7165 1.65533e4 146.02483 51.0221
VWD1 A, Wavelength=254 nm (manish_ketophos\mj578 5-me qdtu ash 9505 .5ml 254.D)
mAU o 2 %
350 /8 o
E| [ = w0
300 /&
250 /
I \
200 / \
150 / \
E | \
100 T / A
E 3 /
507 o / \‘\
0 | S | B ‘r" — S — —_—
— — — . . — — . —
25 5 7.5 10 12.5 15 17.5 20 min

Sorted By : Signal
Multiplier : 1.0000
: 1.0000

Dilution
Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

R R |--e o mmeees |-mmmneees |--emenee- |--enee- |

1 10.944 BB 0.5947 91.97793 2.13026 0.2125

2 13.623 MM 1.8789 4.32005e4 383.19907 99.7875

%0
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It [/ |/ KANIELIF]
VWD A, Wavelength=230 nm (MJSSREVISION S ome alk rae B0_10,A=-H,230nm,0.5m_min 0]
mAL
Lol
] .
120 P i
100 f\ =
0 / /N
[ [
80 | \ / \
| A f |
40 / ! f
! !
20 fﬂ\ﬂx; !
o — / \"‘-—_r-—'— —'—L-"/ — - —_— |
———— T T T T T T T[T
25 5 75 10 125 15 175 20 295 mi
Area Percent Report
Sorted By Signal
Multiplier 1.eeee
Dilution 1.0008

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=23@ nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mau] %
e e B |=mmmmees |=mmmees |=mmeee |
1 13.363 BV 1.2291 8386.93348 1e0.65562 49.3483
2 16.915 VB 1.4820 8448.51563 87.141e1 5e.1552
VWD A, Wavelength=230 nm (MJSSREVISIONS ome alk ch 55_05 As-H,230nm. 0. 5mi_min D)
mAU]
2004
1504
100
50
0 — — -
———r 77— T T T T [ T
25 5 75 10 125 15 17.5 20 25 i
Area Percent Report
Sorted By Signal
Multiplier 1.0860
Dilutien 1.8080
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=238 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mau] %
B B e s RTSTENEE PR
1 13.465 MM 8.8642 61.97488 1.19523 8.2794
2 16.769 MM 1.5621 2.21188e4 235.99668 ©99.7286
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VWD1 A, Wavelength=250 nm (manish_ketophosimj 474 6-cl aky rac id 60 40 1ml 2018-12-04 22-55-00.D)
mAU ]
800 f
] il
4 [ 1
600+ ‘u |‘
1 ||
400 [ i3
] I & 3
4 | o«
200 I N <
] [\ /A A
0 o NN
S —
- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 mil
Area Percent Report
Sorted By : Signal
Multiplier : 1.00080
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=250 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 5.957 BB 09.2101 3720.50781 264.49811 50.9713
2 6.893 BB 09.2991 3578.70801 178.33482 49.0287

VWD1 A, Wavelength=250 nm (manish_ketophos\mj 472 &-c| aky qd id 60 40 1m| 2018-12-04 23-13-56.D)

mAU A
1750 &

1500
1250 \
1000
750 [
500 [ S
250 [\

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=250 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
O R R R s |---m--- |
1 5.922 MM ©.2158 1.77047e4 1367.38428 99.1959
2 6.943 MM ©.3120 143.51630 7.66682 0.8041
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VWD1 A, Wavelength=250 nm (manish;ketophos;mj 488 6-br aky rac id 60 40 1ml 2018-12-05 13-59-45.D)
AU ] 2 A
" 8 &
1000 RN
] I &
800 ¥
4 |
] |
600 |
] [ |
400 f [
] f |\
200 | i \
] a — Fu“l AN _u“ _ \ .
0 . - - —_— — T B e — —
— — —— . — ——— —
1 2 3 4 S 6 7 8 9 min|
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs /C)Et
H O 1 P - O Et
\\
. Ph 0
Signal 1: VWD1 A, Wavelength=2506 nm
Peak RetTime Type Width Area Height Area /
# [min] [min] [mAU*s] [mAU] % )
S R Y |+=emmmnnee |-mmmmmmeee |--mmmeee | N
1 6.289 MM 0.2377 1.59947e4 1121.26318 49.2263 Br \
2 7.373 MM 0.3604 1.64974e4  762.89465 50.7737 3p Boc
VWD1 A, Wavelength=250 nm (manish_ketophos'mj 487 6-br aky qd id 60 40 1ml 2018-12-05 14-14-28.D)
mAU J ﬁ o
3 N
17505 B
| @
1500 | %
1250 3 [
1000 [
750 3
El hq:\b‘(b | ‘\\
500 3 + & f \\
250 I & | "
0 E T v J [
= —— —_‘#‘—V_L’ - _—
- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 min|

Area

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=250 nm

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.244 MM 0.3256 525.54333  26.90079  1.1499
2 7.200 MM ©.3574 4.51761e4 2106.44116 98.8501

63
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VWD1 A, Wavelength=254 nm (manish_ketophos\mj p-cl- alk rtu id 60 40 1ml 2019-01-16 14-55-08.D)

=
rnAU_E g b‘é\%
3000 S
] I o
| L@
2500 [y
] |
2000 : .\
1500 “ \
E [ |
1000 ] I‘ “I \\
500 | |
] / A\ / ANy
LE o R S W) —— / T —— —
T T i I i i i T
2 4 6 8 min|
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000 Cl
Do not use Multiplier & Dilution Factor with ISTDs OEt
/
O/, s - O Et
Signal 1: VWD1 A, Wavelength=254 nm %)
Peak RetTime Type Width Area Height Area /
#  [min] [min] [mAU*s] [mAU] %
] R B |+mmemnees | omeee |- menes | O
1 5.724 MF 0.2746 5.74078e4 3483.69775 49.4633 N
2 7.351 MF 0.3851 5.86535e4 2538.58179 50.5367 N
3q Boc
VWD1 A, Wavelength=254 nm (manish_ketophos'mj p-cl- alk gqdtu id 60 40 1ml 2019-01-16 15-07-06.D)
| [Ip}
mAUi @ «@?
| fn\ &
3000 [ @
| ‘\@7’
2500 Ry
B [
2000 [
1500 3 ‘
3 o
1000 3 | &
q | ‘L > P\/\‘o
500 | \ Z o
| | BN
04 — . > ]
———— ¥
1 2 3 4 5 6 7 8 9 min

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e [ |+2emnnnees |-mmmemeees |--mmmeee |
1 5.875 MM 0.2738 5.86764e4 3571.20288 99.6998
2 7.139 MM 0.3264 176.66528 9.82099 0.3002
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VWD1 A, Wavelength=220 nm (MJSSREVISION\p-Br alk, rac, ic, 60_40, 254, 1m.D)
mAU
] (o2}
2000 i
4 L
15003 I ©
] | il
1000 i I
] I I
] I \
500-] n B
] I\ [
] | \ /
2 4 6 8 10 12 m
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Do not use Multiplier & Dilution Factor with ISTDs Br.
pEt
O FD"C)EEt
Signal 1: VWD1 A, Wavelength=220 nm g)
Peak RetTime Type Width Area Height Area /
#  [min] [min] [mAU*s ] [mAU] %
cee] oo R |- |- |- | o)
1 5.569 VB R 0.2084 2,48437e4 1725.12891 51.0500 N
2 6.937 BV R 0.2660 2.38217e4 1293.24817 48.9500 \
3r Boc
VWD1 A, Wavelength=220 nm (MJSSREVISION\p-Br alk, ch, ic, 60_40, 254, 1m.D)
mAU )
1 @ &
2500 5 @r@
f D@
2000 i
] |
1500 “
E |
1000 [ o
1 | &
500 [ 8 50
] /AN v
0 S ~ —
: : : T : . : : : . : T : : T T : : : T : : :
2 4 6 8 10 12 min

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm

Width Area
[mAU*s]

Peak RetTime Type
#  [min]

1 5.679 FM
2 7.023 MM

©.2292 3.05850e4 2223.82349 96.6671
0.2627 1054.49841 66.90570 3.3329
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VWD1 A, Wavelength=254 nm (manish_ketophos\mj 410 2thio alk rtu id 60 40 1ml 2018-04-04 11-03-53.D)

mAU 7 9 ;ﬂ
] o &
500 N @ >
] [lo® q‘?
400 I 8 &
B [ 3 &
3003 [ ';V‘
1 [ i Y
200 [ [\
1004 Y N
o =
; ; . : . . . ‘ . : : : : : . : : : . ‘
2 4 6 8 10 min|
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000 OEt
Do not use Multiplier & Dilution Factor with ISTDs /
O FD”C)EEt
\\
Signal 1: VWD1 A, Wavelength=254 nm / O
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % O
R E—— [ E— |+weees |=emeeee s |=-meeee- | N
1 6.238 FM 0.2691 8094.22363 501.23218 50.6720 33 ‘B
2 7.935 MM 0.4630 7879.54297 283.64966 49.3280 oc
VWD1 A, Wavelength=254 nm (manish_ketophos\mj 409 2thio alk rtu id 60 40 1ml 2018-04-04 11-18-04.D)
mAU J e
E % o
3] N Q%
500 [ |2
] | ?5
400 “ ‘
3 |
300 | I‘
zoo—; .“ ‘\‘I‘ @Q
100+ Fo\ 2
o E s B s o
b T T T T T T T T T T T T
2 4 6 8 10 min|
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

#  [min]

[min] [mAU*s] [mAU] %

1 6.338 MM 0.2709 9964.18750 612.93939 99.7867
2 8.148 MM 0.3e81 21.29416 1.151%0 0.2133
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VWD1 A, Wavelength=254 nm (manish_ketophos\mj 412 meme alk rtu id 80 40 1ml 2018-04-06 20-08-38.D)

mAU ] ,\Tx
g A
3000 o
2500
2000
1500
1000 R
1 |- | \
500 U \
] oY N\
04 L Y~
: : : : : : : : : : : : : : : : : : : : .
2 4 6 8 10 min|
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000 0
Do not use Multiplier & Dilution Factor with ISTDs h Et
HO... P’OEt
\\
Signal 1: VWD1 A, Wavelength=254 nm / O
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] % O
S P RN [N |oeeeeeees |-eemen- | N
1 6.579 MF 0.2520 4.78776e4 3166.49658 49.3914 3t \
2 7.299 FM 0.3218 4.90574e4 2541.13110 50.6086 E3()C
VWD1 A, Wavelength=254 nm (manish_ketophos\mj 411 meme alk qdtu id 60 40 1ml 2018-04-06 20-23-50.D)
AU £
m. § Cb'\ﬁ\‘()
350 noe
RS
300 ‘\ “?g@
250 | '\‘
200 i
[
150 [
&
100 A [ A
50 | N g e
— / \\47 R N 4/"‘ . :2?56
0 - — N e o S
: : : : : : : : : : : : : : : : : : : : :
2 4 6 8 10 min|
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width
#  [min] [min]

Area Height Area

[mAU*s] [mAU] %

1 6.606 MM
2 7.391 MM 0.2415

0.2497 6181.14551 412.60873 99.7468
15.68868 1.03731 ©.2532
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VWD1 A, Wavelength=254 nm (MKJSS\boc-dep,rac,254nm.D)
mAU 7 I%
1400 I
1200 I
10007; ‘ I‘
800 | 3
] { [¢]
600 ‘ “l &
E /
4003 I\ \ / \\
200 \ /
1 | /
34— \_g\_‘ — S L ~— ,
————— ————
5 10 15 20 25 min|
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Do not use Multiplier & Dilution Factor with ISTDs OEt
/
O/, A R)\’ O Et
Signal 1: VWDl A, Wavelength=254 nm 9]
Peak RetTime Type Width Area Height Area /
# [min] [min] [mAU*s] [mAU] % 0
] R e |-mmmmneee |-emee | -ee |
1 7.044 VB R 0.3424 3,90704e4 1692.07239 50.1096 N
2 21.644 BB 1.1925 3.88995e4 496.23624 49.8904 4- Iﬁ
VWD1 A, Wavelength¥254 nm (MKJSS—\boc dep,k-etophos qd ,id,254nm.D)
| Q
mAU ] g
1600 E! &
14007; ‘\
1200 | “
10007; |
800 | |
] |
600 4 | O
E | o5
= |1 ©
400 [ o
200 [ <
E RN i
0 L T =
R T e e e T e e
5 10 15 20 25 min|
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e ) P | +memmmneee |=-mmmmeee |=-mmmeee |
1 6.940 BB 0.3219 3.83197e4 1782.12158 99.4089
2 21.175 MM 0.6286 227.83940 6.04072 0.5911
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Single crystal XRD data for Compound

Structure Determinatioof 3p by X-ray analysis:CCDC Number2024642

Bond precision: C-C =0.0084 A
Cell: a=6.5171(3) b=9.8455(6)

alpha=90 beta=90
Temperature302 K

Calculated

Volume 3109.1(3)
Space group P212121
Hall group P 2ac 2ab
Moiety formula C3s2H3sBrN O7 P
Sumformula Cs2H3sBr N O P
Mr 656.48
Dx,g cm3 1.403
Z 4
Mu (mm-1) 1.421
FO00 1360.0
FOOO' 1359.86
h,k,Imax 8,13,64
Nref 7717[ 4435]
Tmin, Tmax 0.761,0.843
Tmin' 0.672

Wavelength=0.71073
c=48.456(3)
gamma=90

Reported
3109.2(3)
P212121

P 2ac 2ab
Cs2H3sBr N O, P
Cs2H3sBrN O P
656.48

1.403

4

1.421

1360.0

8,13,64
7717
0.761,0.843

Correction method= # Reported T Limits: Tmin=0.761 Tmax=0.84:
AbsCorr = MULTFSCAN



