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1. General Information
Unless mentioned otherwise, all reactions were carried out under nitrogen atmosphere in

flame-dried glassware. All reactions were monitored by TLC, visualization was effected with
UV and/or by developing in iodine. The NMR Chemical shifts are reported in & (ppm)
relative to TMS as the internal standard for 'H and 3C{H}, TFA as the internal standard for
YF{H} and phosphoric acid as the external standard for 3'P{H}. To describe spin
multiplicity, standard abbreviations such as s, d, t, g, m, dd referring to singlet, doublet,
triplet, quartet, multiplet and doublet of doublet respectively, are used.

The aryldiazoacetates (1a-1q)! as well as other diazo substrates (1r-1u) >* were synthesized
following reported literature protocols. All the trialkyl phosphites (2a-2d) were commercially
available. All other chemicals and catalysts were purchased from commercial sources and
used as received. The structure of substrates 1a-1u and 2a-2d have been provided in Table S1
and S2, respectively.

Table S1. Substitutions in diazo substrates 1

N2
EWG,/Ar ) EWG,

Compound Ar’/EWG, EWG, Compound Ar/EWG, EWG,
la Ph CO,Me 11 2-NO,-Ph COMe
1b 2-OMe-Ph -do- 1m 1-naphthyl -do-
1c 4-OMe-Ph -do- 1n 3,4-(OCH,0)-Ph CO,Et
1d 4-OCF;-Ph -do- 1o 3-thienyl -do-
le 4-Ph-Ph -do- 1p Ph COaallyl
1f 4-Cl-Ph -do- 1q Ph COypropargyl
1g 4-Br-Ph -do- 1r Ph COPh
1h 4-F-Ph -do- 1s Ph CF;
1i 3-CF;-Ph -do- 1t CO,Et CO,Et
1j 4-CF;-Ph -do- 1u COPh COPh
1k 2-NO,-Ph -do-

Table S2. Substitutions in alkyl phosphites 2

QR
RO OR
2
Compound R Compound R
2a Me 2c propyl
2b Et 2d allyl




2. Instrumentation Details
Melting points were recorded on a Precision melting point apparatus and are uncorrected.

NMR spectra were recorded on a Bruker Avance spectrometer at 400/500 MHz ('H), 100/125
MHz (*C{H}), 162 MHz (*'P{H}) and 376 MHz ("°F{H}). The ESI-HRMS spectra were
recorded on Agilent 6520-Q-Tof LC/MS system. The reactions were irradiated using high
power blue LEDs (make: Original Opulant America, power = 3 W, Ayax = 455 nm, luminous
flux/radiant flux = 687 mW at 700 mA) fitted in an aluminum block. The block contains 6
holes to hold vials and water inlet-outlet nozzles. The vials placed in holes on the block were
irradiated from bottom at a distance of = 2 cm. The reaction temperature can be maintained

by circulating water through the aluminum block via inlet-outlet nozzles (Figure S1).
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Figure S1. (A) Picture of the visible light photoreactor; (B) Experimental set-up

3. General Procedures

3.1.  General procedure for thermal phosphonylation
In an oven dried 5 mL snap vial equipped with a magnetic stir bar, diazo compound 1 (0.2

mmol) and trialkyl phosphite 2 (0.6 mmol) were dissolved in anhydrous acetonitrile (2.0 mL).
The solution was purged with nitrogen and stirred at room temperature (25-30 °C) for 12 h.
Upon completion of the reaction (TLC monitoring), the reaction mixture was concentrated
under reduced pressure. The crude product was purified by column chromatography on silica
gel (100-200 mesh) with hexane/ethyl acetate as eluent, furnishing the pure product 3.

3.2.  General procedure for photocatalytic phosphonylation
In an oven dried 5 mL snap vial equipped with a magnetic stir bar, diazo compound 1 (0.4

mmol) and trialkyl phosphite (0.2 mmol) were dissolved in dichloromethane (2.0 mL). The
resulting reaction mixture was degassed by three “pump-freeze-thaw” cycles via a syringe
needle and stirred at room temperature (25-30 °C) under the irradiation of 455 nm, 3W blue
LEDs for 6 h. Upon completion of the reaction (TLC monitoring), the reaction mixture was
concentrated under reduced pressure. The crude product was purified by column
chromatography on silica gel (100-200 mesh) with hexane/ethyl acetate as eluent, furnishing

the pure product 4.



4. Details of X-ray Analysis of 3k

A good quality single crystal of size 0.39 x 0.15 x 0.15 mm, was selected under a polarizing
microscope and mounted on a glass fiber for data collection. Single crystal X-ray data for
compound 3k were collected on the Rigaku XtaLAB Synergy-S single crystal X-ray
diffractometer equipped with a HyPix-6000HE Hybrid Photon Counting (HPC) detector, dual
Mo and Cu microfocus sealed X-ray source with kappa goiniometer at 294 (2) K. Data
collection cell determination, and data reduction was performed using the CrysAlisPro’
software. Structure solution and refinement were performed by using SHELX-97.6
Refinement of coordinates and anisotropic thermal parameters of non-hydrogen atoms were
carried out by the full-matrix least-squares method. The hydrogen atoms attached to carbons
were generated with idealized geometries and isotropically refined using a riding model.
Crystallization: Crystals of compound 3k were grown from the solvent chloroform by slow

evaporation method (Figure S2, Table S3).

L 3k

Figure S2. ORTEP diagram drawn with 30% ellipsoid probability for non-H atoms of the
crystal structure of compound 3k determined at 294K.

Table S3. Crystal data and structure refinement details for compound 3k

Compound 3k
Empirical formula C;i HisN; O, P
Formula weight 331.22
Crystal System Monoclinic
Space group P2,/c
a(A) 9.6313(2)
b (A) 8.3277(2)
c(A) 18.8433(3)




o (°) 90.00
B(°) 95.670(2)
7 (°) 90.00
V (A3) 1503.96(5)
Z 4
D, (g/cm?) 1.463
Fooo 688
u(mm-) 2.001
Onax (°) 77.58
Total reflections 10723
Unique reflections 3050
Reflections [/ > 20(/)] 2716
Parameters 203
Rint 0.0372
Goodness-of-fit 1.065
R [F? > 20(F?)] 0.0649
wR (F?, all data) 0.1805
CCDC No. 2342436
5. Characterization Data
Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-phenylacetate (3a)’
PO(OMe),
HN. N

|
©)\002Me

White solid; isolated yield 78% (45 mg). R, 0.50 (50% EtOAc/hexane); Mp 93-95 °C; 'H
NMR (400 MHz, CDCls) 6 7.49-7.54 (m, 3H), 7.26 (d, J = 7.8 Hz, 2H merged with solvent
peak), 7.08 (d, 2Jyp = 30.5 Hz, 1H), 3.87 (d, *Jip = 12.2 Hz, 6H merged with s at 3.84), 3.84
(s, 3H merged with d at 3.87); BC{H} NMR (100 MHz, CDCl;) & 163.95, 143.66 (d, *Jcp =
16.9 Hz), 130.39, 129.70, 128.40, 128.29, 54.42 (d, 2Jcp = 5.9 Hz), 52.77; 3'P{H} NMR (162
MHz, CDCl;) 6 1.62; HRMS for C1H;sN,OsP*: calcd. [M+H]*: 287.0791, found: 287.0792
Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(2-methoxyphenyl)acetate
(3b)
PO(OMe),

HN.
N

I
d\cozl\ﬂe
OMe
White solid; isolated yield 76% (51 mg). R;0.50 (60% EtOAc/hexane); Mp 144-145 °C; 'H
NMR (400 MHz, CDCl;) ¢ 7.44-7.48 (m, 1H), 7.13 (dd, /= 7.4 Hz, 1.5 Hz, 1H), 7.07 (t, J =

7.3 Hz, 1H), 7.01 (d, J = 8.4 Hz, 1H), 6.91 (d, 2/iyp = 30.5 Hz, 1H), 3.85 (d, 3Jyp = 11.4 Hz,
6H), 3.82 (s, 3H), 3.80 (s, 3H); *C{H} NMR (100 MHz, CDCl;) & 164.06, 156.70, 141.61



(d, 3Jcp = 17.4 Hz), 132.08, 129.84, 121.46, 117.08, 111.78, 55.64, 54.28 (d, 2Jc.p = 5.8 Hz),
52.63; 3'P{H} NMR (162 MHz, CDCl;) & 1.81; HRMS for C;;H;7;N,O¢PNa': calcd.
[M+Na]*: 339.0722, found: 339.0718
Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(4-methoxyphenyl)acetate
3¢y’
PO(OMe),
HN\N

|
/©)\C02Me
MeO

White solid; isolated yield 70% (47 mg). R, 0.50 (60% EtOAc/hexane); Mp 158-160 °C; 'H
NMR (400 MHz, CDCls) 6 7.18-7.22 (m, 2H), 7.13 (d, 2Jup = 30.4 Hz, 1H), 7.01-7.04 (m,
2H), 3.86 (s, 3H), 3.85 (d, *Jup = 11.4 Hz, 6H), 3.83 (s, 3H); *C{H} NMR (100 MHz,
CDCl3) 8 164.21, 160.95, 143.57 (d, *Jcp = 17.2 Hz), 129.88, 120.11, 115.15, 55.43, 54.39
(d, ZJcp = 59 Hz), 52.74; 3'P{H} NMR (162 MHz, CDCl;) & 1.82; HRMS for
C,H17N,O¢PNa™: calcd. [M+Na]*: 339.0722, found: 339.0719

Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(4-
(trifluoromethoxy)phenyl)acetate (3d)

PO(OMe),
HN\N

|
/©)\C02Me
F4CO

White solid; isolated yield 69% (51 mg). R, 0.50 (40% EtOAc/hexane); Mp 135-137 °C; 'H
NMR (400 MHz, CDCl3) 6 7.38 (d, J = 8.2 Hz, 2H), 7.31-7.33 (m, 2H), 7.05 (d, 2Jip = 30.1
Hz, 1H), 3.86 (d, 3Jy.p = 11.5 Hz, 6H), 3.85 (s, 3H); ¥C{H} NMR (100 MHz, CDCls) 8
163.71, 150.43, 142.03 (d, 3Jc.p = 16.8 Hz), 130.38, 126.81, 122.00, 120.34 (q, 'Jer = 257.2
Hz), 54.51 (d, 2Jcp = 5.9 Hz), 52.87; 3'P{H} NMR (162 MHz, CDCl;)  1.27; ’F{H} NMR
(376 MHz, CDCl;) 6 -57.70; HRMS for Ci,H;5F;N,O¢P*: calcd. [M+H]*: 371.0614, found:
371.0619

Methyl (E)-2-(|1,1'-biphenyl]-4-yl)-2-(2-
(dimethoxyphosphoryl)hydrazineylidene)acetate (3e)
PO(OMe),
HN\N

|
/©)\COZMe
Ph

White solid; isolated yield 65% (47 mg). R;0.50 (50% EtOAc/hexane); Mp 133-134 °C; 'H
NMR (400 MHz, CDCls) 6 7.72 (d, J = 8.2 Hz, 2H), 7.60 (d, /= 7.2 Hz, 2H), 7.48 (t, J= 7.5
Hz, 2H), 7.41 (t,J = 7.3 Hz, 1H), 7.34 (d, J = 8.2 Hz, 2H), 7.16 (d, 2Ji.p = 30.4 Hz, 1H), 3.87
(d, 3Jup = 11.4 Hz, 6H), 3.86 (s, 3H); 1*C{H} NMR (100 MHz, CDCl3) & 164.02, 143.44,
143.43 (d, 3Jcp = 16.9 Hz), 140.03, 128.98, 128.79, 128.46, 128.04, 127.26, 127.03, 54.46 (d,



2Jcp = 5.9 Hz), 52.83; 3'P{H} NMR (162 MHz, CDCl;) 8 1.64; HRMS for C;;H,(N,OsP":
calcd. [M+H] *: 363.1104, found: 363.1109
Methyl (E)-2-(4-chlorophenyl)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)acetate
(31’
PO(OMe),
HN.

L
ﬁcogvm
Cl

White solid; isolated yield 75% (51 mg). R, 0.50 (50% EtOAc/hexane); Mp 160-161 °C; 'H
NMR (400 MHz, CDCl;) 6 7.50-7.52 (m, 2H), 7.20-7.22 (m, 2H), 7.03 (d, 2/y.p = 30.1 Hz,
1H), 3.86 (d, *Jy.p = 11.4 Hz, 6H), 3.84 (s, 3H); 3C{H} NMR (100 MHz, CDCl;) & 163.70,
142.31 (d, 3Jcp = 16.9 Hz), 136.67, 130.04, 129.89, 126.66, 54.49 (d, 2Jc.p = 6.0 Hz), 52.85;
SIP{H} NMR (162 MHz, CDCl3) 6 1.33; HRMS for C;;H4CIN,OsPNa*: calcd. [M+Na]":
343.0227, found: 343.0217

Methyl (E)-2-(4-bromophenyl)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)acetate

(3g)’
PO(OMe),
HN.,

|
/O)\COZMe
Br

White solid; isolated yield 70% (54 mg). R, 0.50 (50% EtOAc/hexane); Mp 150-152 °C; 'H
NMR (400 MHz, CDCl5) 6 7.64-7.66 (m, 2H), 7.12-7.14 (m, 2H), 7.08 (d, 2/i.p = 31.2 Hz,
1H), 3.84 (d, *Ju.p = 11.4 Hz, 6H merged with s at 3.82), 3.82 (s, 3H); '*C{H} NMR (100
MHz, CDCl) 8 163.62, 142.33 (d, 3Jcp = 16.6 Hz), 133.00, 130.06, 127.14, 124.92, 54.50 (d,
2Jep = 59 Hz), 52.85; 3P{H} NMR (162 MHz, CDCl;) & 1.30; HRMS for
C1H4BrN,OsPNa*: calcd. [M+Na]*: 386.9721, found: 386.9711

Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(4-fluorophenyl)acetate
(3h)’

PO(OMe),
HN\N

|
/©)\COZMe
F

White solid; isolated yield 85% (55 mg). R, 0.50 (60% EtOAc/hexane); Mp 144-146 °C; 'H
NMR (400 MHz, CDCl;) 8 7.20-7.29 (m, 4H), 7.06 (d, 2Jyp = 30.2 Hz, 1H), 3.86 (d, 3Jyp =
11.4 Hz, 6H), 3.84 (s, 3H); BC{H} NMR (100 MHz, CDCl3) 6 163.86, 163.58 (d, 'Jcr =
250.0 Hz), 142.50, (d, 3Jcp = 16.8 Hz), 130.65 (d, 3Jc.r = 8.5 Hz), 124.24 (d, *Jcr = 3.5 Hz),
116.98 (d, 2Jcr = 21.8 Hz), 54.46 (d, 2Jcp = 5.9 Hz), 52.81; 3'P{H} NMR (162 MHz, CDCl;)
d 1.41; YF{H} NMR (376 MHz, CDCl;) 6 -108.96; HRMS for C;;H4,FN,OsPNa*: calcd.
[M+Na]*: 327.0522, found: 327.0528



Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(3-
(trifluoromethyl)phenyl)acetate (3i)
PO(OMe),

HN.
N

|
F
3C\©)\002Me

White solid; isolated yield 62% (44 mg). R, 0.50 (40% EtOAc/hexane); Mp 159-160 °C; 'H
NMR (400 MHz, CDCls) 6 7.74 (d, J = 7.9 Hz, 1H), 7.65 (t, J = 7.7 Hz, 1H), 7.51 (s, 1H),
7.44 (d, J=17.6 Hz, 1H), 7.12 (d, 2Ji.p = 29.9 Hz, 1H), 3.83 (d, 3Ji.p = 11.4 Hz, 6H), 3.82 (s,
3H); BC{H} NMR (100 MHz, CDCl;) 8 163.56, 141.67 (d, Jcp = 17.0 Hz), 132.15 (q, 2Jcr
= 32.8 Hz), 131.90, 130.19, 129.52, 127.12 (q, Jcr = 3.6 Hz), 125.55 (q, Jcr = 3.6 Hz),
123.49 (q, 'Jer = 271.0 Hz), 54.47 (d, *Jcp = 5.9 Hz), 52.86; 3'P{H} NMR (162 MHz,
CDCl3) 6 1.09; PF{H} NMR (376 MHz, CDCl;) & -62.84; HRMS for C,,H4F;N,0OsPNa":
calcd. [M+Na]*: 377.0490, found: 377.0487

Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(4-
(trifluoromethyl)phenyl)acetate (3j)

PO(OMe),
HN.

L
/©)\COZMe
F4C

White solid; isolated yield 76% (54 mg). R, 0.50 (40% EtOAc/hexane); Mp 156-157 °C; 'H
NMR (400 MHz, CDCls) 6 7.80 (d, J= 8.1 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.01 (d, 2Ji.p =
29.9 Hz, 1H), 3.86 (d, 3Jyp = 11.4 Hz, 6H), 3.85 (s, 3H); BC{H} NMR (100 MHz, CDCl;)
163.49, 141.86 (d, 3Jcp = 16.9 Hz), 132.41 (q, Jcr = 32.5 Hz), 132.23, 129.11, 126.65 (q, Jc.
r= 3.6 Hz), 123.52 (q, 'Jc.r = 271.1 Hz), 54.52 (d, 2Jcp = 6.0 Hz), 52.90; 3'P{H} NMR (162
MHz, CDCl;) & 1.09; F{H} NMR (376 MHz, CDCl;) 6 -63.18; HRMS for
C,H4F3N,05sPNa*: caled. [M+Na]*: 377.0490, found: 377.0498

Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(2-nitrophenyl)acetate (3k)

PO(OMe),
HN\N

|
©\)\C02Me
NO,

White solid; isolated yield 33% (22 mg). R;0.50 (40% EtOAc/hexane); Mp 186-188 °C; 'H
NMR (400 MHz, CDCl3) 6 8.33 (dd, J = 8.2 Hz, 1.2 Hz, 1H), 7.78-7.82 (m, 1H), 7.70-7.74
(m, 1H), 7.34 (dd, J = 7.5 Hz, 1.4 Hz, 1H), 7.03 (d, 2Jyp = 29.1 Hz, 1H), 3.86 (d, *Jyp =
11.3 Hz, 3H), 3.81 (s, 3H), 3.78 (d, 3Ji.p = 11.6 Hz, 3H); *C{H} NMR (100 MHz, CDCl;)
162.92, 147.66, 140.34 (d, 3Jcp = 17.4 Hz), 134.85, 131.48, 130.56, 125.75, 125.26, 54.57 (d,
2Jcp = 6.0 Hz), 54.21 (d, 2Jcp = 5.7 Hz), 52.93; 3'P{H} NMR (162 MHz, CDCl;) 6 1.10;
HRMS for C;1H14N3;0,PNa*: calcd. [M+Na]*: 354.0467, found: 354.0467

Selected X-ray crystallographic data for 3k, C;;H;4;N;O,P, M = 331.22, Monoclinic, P
2i/c,a=9.6313 (2) A, b=8.3277 (2) A, c=18.8433 (3) A, '=1503.96 (5) A3, a = 90.00°, S

8



=95.670° (2), y=90.00°, Z=4, D.= 1.463 g cm>, un (Mo-Ka) = 2.001 mm-!, F(000) = 688,

Reflections collected/unique 10723/3050, [R(int) = 0.0372]. Final R indices [/ > 2o (/)], R1 =

0.0649, wR = 0.1805

Methyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(4-nitrophenyl)acetate (31)
PO(OMe),

HN.
N

|
/©)\COZMe
O,N

Yellow solid; isolated yield 55% (36 mg). R, 0.50 (40% EtOAc/hexane); Mp 82-83 °C; 'H
NMR (400 MHz, CDCl;) 6 8.39 (d, J = 8.7 Hz, 2H), 7.49 (d, J = 8.7 Hz, 2H), 6.96 (d, 2Jy.p =
29.6 Hz, 1H), 3.87 (d, 3Ju.p = 11.1 Hz, 6H merged with s at 3.86), 3.86 (s, 3H); *C{H} NMR
(100 MHz, CDCl3) 6 158.49, 144.06, 136.19, 130.29, 125.26, 119.95, 49.87 (d, %Jcp = 6.1
Hz), 48.26; 3'P{H} NMR (162 MHz, CDCl;) & 0.76; HRMS for C;;H4N30,PK": calcd.
[M+K]*: 370.0206, found: 370.0197

Methyl  (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(naphthalen-1-yl)acetate
(3m)

PO(OMe),
HN\IN

O CO,Me

White solid; isolated yield 63% (45 mg). R;0.50 (50% EtOAc/hexane); Mp 176-178 °C; 'H
NMR (400 MHz, CDCls) 6 8.00 (d, J= 8.2 Hz, 1H), 7.95 (d, J = 7.8 Hz, 1H), 7.51-7.61 (m,
4H), 7.38 (dd, J= 7.0 Hz, 1.1 Hz, 1H), 6.75 (d, 2Jiyp = 30.7 Hz, 1H), 3.86 (d, 3*Jyp = 11.4 Hz,
3H), 3.83 (s, 3H), 3.82 (d, 3Jyp = 11.4 Hz, 3H); C{H} NMR (100 MHz, CDCl;) & 164.11,
143.23 (d, 3Jcp = 17.2 Hz), 133.89, 130.86, 129.71, 129.14, 127.65, 127.27, 126.96, 126.23,
125.72, 123.74, 54.47 (d, 2Jcp = 6.0 Hz), 54.26 (d, >Jcp = 5.8 Hz), 52.83; 3'P{H} NMR (162
MHz, CDCl;) 6 1.45; HRMS for C;sH;7N,OsPNa™: caled. [M+Na]*: 359.0773, found:
359.0780

Ethyl (E)-2-(benzo[d][1,3]dioxol-5-yl)-2-(2-
(dimethoxyphosphoryl)hydrazineylidene)acetate (3n)
PO(OMe),

HN.
)
Xy
O

White solid; isolated yield 70% (48 mg). R, 0.50 (40% EtOAc/hexane); Mp 104-106 °C; 'H
NMR (400 MHz, CDCl3) & 7.13 (d, 2Jyp = 30.4 Hz, 1H), 6.92 (d, J = 7.8 Hz, 1H), 6.73 (d
appearing as s, 1H, merged with s at 6.70), 6.70 (s, 1H), 6.03 (s, 2H), 4.29 (q, J = 7.0 Hz, 2
H), 3.85 (d, 3Jup = 11.3 Hz, 6H), 1.31 (t, /= 7.1 Hz, 3H); 3C{H} NMR (100 MHz, CDCI;) &
163.51, 149.15, 148.76, 143.33 (d, *Jcp = 16.9 Hz), 122.34, 121.54, 109.40, 108.68, 101.69,



61.83, 54.47 (d, 2Jcp = 6.0 Hz), 14.17; 3'P{H} NMR (162 MHz, CDCl3) & 1.53; HRMS for
C3HgN,O7P": caled. [M+H]": 345.0846, found: 345.0854
Ethyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-(thiophen-3-yl)acetate (30)
PO(OMe),
HN\IN
74 ] CO,Et
S
Yellow liquid; isolated yield 55% (34 mg). R, 0.50 (40% EtOAc/hexane); 'H NMR (400
MHz, CDCl) & 7.51-7.53 (m, 2H), 7.34 (d, 2Jyp = 30.2 Hz, 1H), 7.12 (dd, J = 4.4 Hz, 1.8
Hz, 1H), 4.31 (q, J = 7.1 Hz, 2 H), 3.87 (d, *Jyp = 11.3 Hz, 6H), 1.33 (t, J = 7.1 Hz, 3H);
BC{H} NMR (100 MHz, CDCl;) 6 163.39, 139.38 (d, 3Jcp = 17.1 Hz), 127.95, 127.65,
127.28, 126.91, 61.83, 54.53 (d, 2Jc.p = 6.1 Hz), 14.15; 3'P{H} NMR (162 MHz, CDCl;) 8
1.51; HRMS for C,oH;¢N,OsPS™: caled. [M+H]": 307.0512, found: 307.0504
Allyl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-phenylacetate (3p)
PO(OMe),
HN.

| 0]
c” ~ X
1]
O

White solid; isolated yield 63% (39 mg). R, 0.50 (40% EtOAc/hexane); Mp 44-46 °C; 'H
NMR (400 MHz, CDCl;) 6 7.48-7.54 (m, 3H), 7.25-7.27 (m, 2H), 7.10 (d, 2Jy.p = 30.5 Hz,
1H), 5.90-5.99 (m, 1H), 5.29-5.33 (m, 1H), 5.22-5.25 (m, 1H), 4.72-4.74 (m, 2H), 3.86 (d,
3Jup = 11.3 Hz, 6H); 3C{H} NMR (100 MHz, CDCl3) 6 163.10, 143.56 (d, 3Jcp = 16.9 Hz),
131.70, 130.35, 129.67, 128.40, 128.29, 118.44, 66.18, 54.50 (d, 2Jcp = 6.0 Hz); *'P{H}
NMR (162 MHz, CDCls) 6 1.33; HRMS for C,3H;3N,OsP*: caled. [M+H]": 313.0948, found:
313.0947

Prop-2-yn-1-yl (E)-2-(2-(dimethoxyphosphoryl)hydrazineylidene)-2-phenylacetate (3q)

PO(OMe),
HN.

N
| C/O/
6

White solid; isolated yield 60% (37 mg). R, 0.50 (40% EtOAc/hexane); Mp 54-56 °C; 'H
NMR (400 MHz, CDCls) 6 7.47-7.55 (m, 3H), 7.26-7.28 (m, 2H), 7.16 (d, 2/i.p = 30.5 Hz,
1H), 4.83 (d, J=2.32 Hz, 2H), 3.87 (d, *Jup = 11.3 Hz, 6H), 2.48 (s, 1H); 3C{H} NMR (100
MHz, CDCls) & 162.71, 142.82 (d, 3Jcp = 16.9 Hz), 130.48, 129.71, 128.36, 128.00, 77.30,
75.24, 54.56 (d, 2Jc.p = 6.0 Hz), 53.00; 3'P{H} NMR (162 MHz, CDCl;) 6 1.16; HRMS for
C3H15N,05PNa™: caled. [M+Na]*™: 333.0616, found: 333.0613
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Methyl (E)-2-(2-(diethoxyphosphoryl)hydrazineylidene)-2-phenylacetate (3r)’
PO(OE),
HN\N

|
©)\002Me

White solid; isolated yield 72% (45 mg). R, 0.50 (40% EtOAc/hexane); Mp 60-62 °C; 'H
NMR (400 MHz, CDCl;) 6 7.48-7.54 (m, 3H), 7.23-7.26 (m, 2H), 7.07 (d, 2Jy.p = 30.4 Hz,
1H), 4.13-4.28 (m, 4H), 3.83 (s, 3H), 1.39 (td, J = 7.1 Hz, 0.8 Hz, 6H); BC{H} NMR (100
MHz, CDCl3) 6 164.09, 143.05 (d, *Jcp = 17.0 Hz), 130.29, 129.67, 128.56, 128.34, 64.13 (d,
2Jcp = 5.8 Hz), 52.67, 16.11 (d, 3Jcp = 6.5 Hz); 3'P{H} NMR (162 MHz, CDCl;) & -0.93;
HRMS for C3HyoN,OsP*: caled. [M+H]": 315.1104, found: 315.1102

Methyl (E)-2-(2-(diisopropoxyphosphoryl)hydrazineylidene)-2-phenylacetate (3s)’

PO(O-Pr),
HN\N

|
©)\C02Me

White solid; isolated yield 65% (44 mg). R, 0.50 (40% EtOAc/hexane); Mp 70-72 °C; 'H
NMR (400 MHz, CDCl3) 6 7.47-7.53 (m, 3H), 7.23 (d, J = 6.6 Hz, 2H), 7.05 (d, 2Jyp = 30.4
Hz, 1H), 4.67-4.75 (m, 2H), 3.83 (s, 3H), 1.39 (d, J = 6.2 Hz, 6H), 1.36 (d, 6.2 Hz, 6H);
BC{H} NMR (125 MHz, CDCl;) 6 164.22, 142.37 (d, *Jcp = 17.0 Hz), 130.17, 129.64,
128.76, 128.36, 73.05 (d, 2Jc.p = 5.8 Hz), 52.53, 23.77 (d, *Jcp = 4.6 Hz), 23.54 (d, 3Jcp =
5.0 Hz); 3'P{H} NMR (162 MHz, CDCIl;) 6 -2.94; HRMS for C;sH»;N,OsPNa*: calcd.
[M+Na]*: 365.1237, found: 365.1239

Methyl (E)-2-(2-(bis(allyloxy)phosphoryl)hydrazineylidene)-2-phenylacetate (3t)

PO(OAI),
HN.

A
O)\Cone

White solid; isolated yield 68% (46 mg). R, 0.50 (40% EtOAc/hexane); Mp 100-102 °C;_'H
NMR (400 MHz, CDCls) 6 7.48-7.53 (m, 3H), 7.23 (d, J = 6.4 Hz, 2H), 7.09 (d, >Jup = 30.8
Hz, 1H), 5.94-6.03 (m, 2H), 5.40 (d, J = 17.0 Hz, 2H), 5.27 (d, J = 10.2 Hz, 2H), 4.62-4.67
(m, 4H), 3.83 (s, 3H); *C{H} NMR (125 MHz, CDCl;) 8 164.01, 143.29 (d, 3Jcp = 16.9 Hz),
132.33 (d, 3Jc.p = 5.6 Hz), 130.32, 129.65, 128.45, 128.32, 118.60, 68.49 (d, 2Jc.p = 5.7 Hz),
52.68; 3'P{H} NMR (162 MHz, CDCl;) 8 -0.77; HRMS for C;5H,)N,OsP": calcd. [M+H]":
339.1104, found: 339.1091

Dimethyl (E)-(2-(2-0xo0-1,2-diphenylethylidene)hydrazineyl)phosphonate (3u)

PO(OMe),

HN.
N

|
©)\COPh
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White solid; isolated yield 70% (46 mg). R, 0.50 (50% EtOAc/hexane); Mp 150-152 °C; 'H
NMR (400 MHz, CDCl3) 6 7.99 (d, J = 7.4 Hz, 2H), 7.37-7.50 (m, 6H), 7.25 (d, J = 6.8 Hz,
2H), 7.10 (d, 2Jyp = 30.5 Hz, 1H), 3.73 (d, *Ju.p = 11.2 Hz, 6H); *C{H} NMR (100 MHz,
CDCl3) 6 190.61, 150.25 (d, 3Jcp = 16.5 Hz), 136.62, 132.68, 130.63, 130.30, 129.69,
128.61, 128.43, 127.99, 54.44 (d, 2Jcp = 6.1 Hz); 3'P{H} NMR (162 MHz, CDCls) & 1.40;
HRMS for C¢HgsN,O4P": calcd. [M+H]": 333.0999, found: 333.0999

Dimethyl (E)-(2-(2,2,2-trifluoro-1-phenylethylidene)hydrazineyl)phosphonate (3v)

PO(OMe),
HN.

)
@ca

White solid; isolated yield 65% (51 mg). R, 0.50 (40% EtOAc/hexane); Mp 90-92 °C; 'H
NMR (400 MHz, CDCls) & 7.55 (brs, 3H), 7.32 (br s, 2H), 6.93 (d, 2/4.p = 29.4 Hz, 1H), 3.85
(d, 3Jyp = 11.3 Hz, 6H); *C{H} NMR (100 MHz, CDCls) § 140.78 (dd, %2Jc.r = 34.9 Hz, 3Jcp
=17.7 Hz), 131.26, 130.03, 128.40, 125.52, 120.38 (q, 'Jc.r = 272.4 Hz), 54.47 (d, %Jcp=5.9
Hz); 3'P{H} NMR (162 MHz, CDCls) & 1.36; YF{H} NMR (376 MHz, CDCl;) & -68.06;
HRMS for CoH3F3N,O;3P*: calcd. [M+H]": 297.0610, found: 297.0604
Diethyl 2-(2-(dimethoxyphosphoryl)hydrazineylidene)malonate (3w)
PO(OMe),

HN.
N

I
EtOzC)\COZEt

Colorless viscous liquid; isolated yield 56% (33 mg). R;0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCls) 8 10.87 (d, 2Jyp = 34.6 Hz, 1H), 4.31-4.37 (m, 4), 3.86 (d, *Jup = 11.4
Hz, 6H), 1.35 (t,J= 7.0 Hz, 3H), 1.34 (t, /= 7.0 Hz, 3H); 3*C{H} NMR (100 MHz, CDCl;) §
162.26, 160.43, 130.80 (d, 3Jcp = 14.8 Hz), 62.22, 61.93, 54.62 (d, 2Jcp = 5.9 Hz), 13.99,
13.88; 3'P{H} NMR (162 MHz, CDCls) & -0.13; HRMS for CoH;sN,O;P*: calcd. [M+H]":
297.0846, found: 297.0830

Dimethyl (2-(1,3-dioxo-1,3-diphenylpropan-2-ylidene)hydrazineyl)phosphonate (3x)

PO(OMe),

HN.
N

PhOCJ\COPh

White solid; isolated yield 80% (57 mg). R, 0.50 (40% EtOAc/hexane); Mp 102-104 °C; 'H
NMR (400 MHz, CDCls) & 10.03 (d, 2Jyp = 33.1 Hz, 1H), 8.10-8.12 (m, 2H), 7.72-7.74 (m,
2H), 7.62-7.65 (m, 1H), 7.55-7.59 (m, 1H), 7.51 (t, J= 7.7 Hz, 2H), 7.42 (t, J = 7.8 Hz, 2H),
3.83 (d, 3Jup = 11.4 Hz, 6H); BC{H} NMR (100 MHz, CDCl;) & 191.42, 190.06, 143.18 (d,
3Jcp = 13.8 Hz), 135.93, 135.12, 134.19, 133.65, 130.67, 128.88, 128.69, 128.45, 54.67 (d,
2Jcp = 5.9 Hz); 3'P{H} NMR (162 MHz, CDCl3) 6 0.26; HRMS for C;;H;3N,OsP": calcd.
[M+H]*: 361.0948, found: 361.0944
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Methyl 2-(dimethoxyphosphoryl)-2-phenylacetate (4a)®
PO(OMe),

CO,Me

Colorless viscous liquid; isolated yield 55% (40 mg). R,;0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCl;) 8 7.49-7.51 (m, 2H), 7.32-7.39 (m, 3H), 4.29 (d, 2Jy.p = 23.5 Hz, 1H),
3.77 (s, 3H), 3.73 (d, 3Jup = 11.0 Hz, 3H), 3.67 (d, 3Jup = 10.9 Hz, 3H); 3C{H} NMR (100
MHz, CDCl3) 6 168.01 (d, 2Jc.p = 3.0 Hz), 130.57 (d, Jcp = 8.6 Hz), 129.56 (d, Jcp = 6.2
Hz), 128.71 (d, Jcp = 2.3 Hz), 128.18 (d, Jcp = 2.9 Hz), 54.08 (d, 2Jc.p = 6.7 Hz), 53.70 (d,
2Jep =7.1 Hz), 52.95, 51.65 (d, 'Jcp = 135.2 Hz); 3'P{H} NMR (162 MHz, CDCl3) 6 21.11;
HRMS for C;1H60sP": calcd. [M+H]": 259.0730, found: 259.0730

Methyl 2-(dimethoxyphosphoryl)-2-(4-methoxyphenyl)acetate (4b)

PO(OMe),

CO,Me

MeO

Colorless viscous liquid; isolated yield 60% (35 mg). R,0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCl;) 8 7.40-7.43 (m, 2H), 6.89 (d, J = 8.5 Hz, 2H), 4.23 (d, 2Jyp = 23.5 Hz,
1H), 3.80 (s, 3H), 3.76 (s, 3H), 3.73 (d, *Jyp = 11.0 Hz, 3H), 3.67 (d, *Jyp = 10.8 Hz, 3H);
BC{H} NMR (100 MHz, CDCls) 8 168.23 (d, %2Jc.p = 2.5 Hz), 159.51 (d, Jcp = 2.7 Hz),
130.68 (Jcp = 6.2 Hz), 122.38 (Jc.p = 8.7 Hz), 114.16 (Jcp = 2.2 Hz), 55.26, 54.08 (d, 2Jcp =
6.6 Hz), 53.69 (d, 2Jcp = 7.2 Hz), 52.91, 50.69 (d, Jcp = 136.3 Hz); 3'P{H} NMR (162
MHz, CDCI3) 6 21.43; HRMS for C;,H gO¢P*: calcd. [M+H]": 289.0836, found: 289.0814
Methyl 2-([1,1'-biphenyl]-4-yl)-2-(dimethoxyphosphoryl)acetate (4c)

PO(OMe),

COy,Me
Ph

Colorless viscous liquid; isolated yield 52% (35 mg). R;0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCl;) & 7.55-7.61 (m, 6H), 7.42-7.46 (m, 2H), 7.33-7.37 (m, 1H), 4.34 (d, 2Ji.p
= 23.5 Hz, 1H), 3.79 (s, 3H), 3.76 (d, 3Jyp = 11.0 Hz, 3H), 3.72 (d, *Ji.p = 10.9 Hz, 3H);
BC{H} NMR (100 MHz, CDCls) 8 168.01 (d, 2Jcp = 3.3 Hz), 141.07 (d, Jcp = 2.9 Hz),
140.40, 129.94 (d, Jc.p = 6.4 Hz), 129.53 (d, Jc.p = 8.7 Hz), 128.81, 127.51, 127.41 (d, Jcp =
2.2 Hz), 127.08, 54.13 (d, 2Jcp = 6.6 Hz), 53.78 (d, 2Jc.p = 7.0 Hz), 53.02, 51.32 (d, 'Jcp =
135.2 Hz); 3'P{H} NMR (162 MHz, CDCls) § 21.08; HRMS for C;;H,,OsP": calcd. [M+H]":
335.1043, found: 335.1029
Methyl 2-(dimethoxyphosphoryl)-2-(4-fluorophenyl)acetate (4d)

PO(OMe),

COQMG

F
Colorless viscous liquid; isolated yield 48% (26 mg). R;0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCl;) 6 7.47-7.51 (m, 2H), 7.05 (t, J = 8.5 Hz, 2H), 4.27 (d, 2Jy.p = 23.8 Hz,
1H), 3.77 (s, 3H), 3.74 (d, 3Jup = 11.0 Hz, 3H), 3.68 (d, 3Jip = 10.9 Hz, 3H); BC{H} NMR
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(100 MHz, CDCl3) 6 167.89 (d, 2Jc.p = 4.0 Hz), 162.64 (d, 'Jer = 249.2 Hz), 131.30 (dd, *Jcr
= 7.9 Hz, Jcp = 6.7 Hz), 126.39 (dd, *Jcr = 3.0 Hz, Jcp = 8.5 Hz), 115.66 (dd, 2Jcr = 21.3
Hz, Jcp = 2.2 Hz), 54.06 (d, 2Jcp = 6.6 Hz), 53.74 (d, 2Jcp = 7.0 Hz), 53.02, 50.75 (d, Jcp =
135.4 Hz); 3'P{H} NMR (162 MHz, CDCls) & 20.84 (d, Jp.r = 5.0 Hz); ’F{H} NMR (376
MHz, CDCl;) & -113.96 (d, Jrp = 4.4 Hz); HRMS for C,;HsFOsP*: calcd. [M+H]":
277.0636, found: 277.0627

Methyl 2-(dimethoxyphosphoryl)-2-(4-nitrophenyl)acetate (4¢)?

PO(OMe),

CO,Me

O,N
Colorless viscous liquid; isolated yield 45% (27 mg). R, 0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCl;) 6 8.22 (d, J = 8.6 Hz, 2H), 7.70 (dd, J = 8.9 Hz, 2.2 Hz, 2H), 4.41 (d, >Ju.p
= 24.1 Hz, 1H), 3.81 (s, 3H), 3.77 (d, 3Jy.p = 11.1 Hz, 3H), 3.73 (d, 3Jup = 11.0 Hz, 3H);
BC{H} NMR (100 MHz, CDCls) 8 166.98 (d, 2Jc.p = 4.4 Hz), 147.73 (d, Jcp = 3.2 Hz),
138.04 (Jcp = 8.5 Hz), 130.62 (Jc.p = 6.3 Hz), 123.72 (Jcp = 2.2 Hz), 54.19 (d, 2Jcp = 6.6
Hz), 53.99 (d, 2Jcp = 6.9 Hz), 53.33, 51.44 (d, 'Jcp = 133.4 Hz); 3'P{H} NMR (162 MHz,
CDCls) 6 19.43; HRMS for C;H;sNO,P*: calcd. [M+H]*: 304.0581, found: 304.0576
Methyl 2-(dimethoxyphosphoryl)-2-(naphthalen-1-yl)acetate (4f)

PO(OMe),

O CO,Me

Colorless viscous liquid; isolated yield 50% (31 mg). R;0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCl;) 6 8.06 (d, J = 8.5 Hz, 1H), 8.00 (dd, /= 7.1 Hz, 2.5 Hz, 1H), 7.87 (d, J =
8.0 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.57 (t, J = 7.2 Hz, 1H), 7.49-7.53 (m, 2H), 5.17 (d,
2Jup = 24.1 Hz, 1H), 3.74 (s, 3H), 3.73 (d, *Jy.p = 11.0 Hz, 3H), 3.58 (d, 3Ju.p = 10.8, Hz,
3H); BC{H} NMR (100 MHz, CDCl;) 8 168.44 (d, 2Jc.p = 2.4 Hz), 134.03, 131.51 (Jc.p = 6.8
Hz), 129.10, 128.89 (d, Jcp = 2.9 Hz), 127.95 (Jcp = 6.3 Hz), 126.81, 126.68 (d, Jop = 7.9
Hz), 125.81, 125.40 (d, Jcp = 3.0 Hz), 122.77, 54.01 (d, 2Jc.p = 6.6 Hz), 53.69 (d, 2Jcp = 7.0
Hz), 53.04, 46.25 (d, 'Jc.p = 139.3 Hz); 3'P{H} NMR (162 MHz, CDCl;) 6 21.67; HRMS for
CsH;30sP™: caled. [M+H]": 309.0886, found: 309.0889

Ethyl 2-(3-chlorophenyl)-2-(dimethoxyphosphoryl)acetate (4g)

PO(OMe),

|
¢ CO,Et

Colorless viscous liquid; isolated yield 45% (28 mg). R;0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCl;) 6 7.43 (s, 1H), 7.31-7.34 (m, 1H), 7.20-7.21 (m, 2H), 4.08-4.20 (m, 3H),
3.66 (d, *Jy.p = 11.0 Hz, 3H), 3.63 (d, *Jyp = 11.0 Hz, 3H), 1.19 (t, 3H); *C{H} NMR (100
MHz, CDCl3) & 166.70 (d, 2Jc.p = 3.6 Hz), 134.09 (d, Jcp = 2.7 Hz), 132.45 (d, Jcp = 8.5
Hz), 129.55 (Jcp = 2.3 Hz), 129.34 (Jcp = 6.4 Hz), 128.03 (Jcp = 2.8 Hz), 127.59 (Jcp = 6.3
Hz), 61.90, 53.79 (d, 2Jcp = 6.6 Hz), 53.51 (d, 2Jcp = 7.1 Hz), 51.05 (d, 'Jcp = 134.4 Hz),
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13.71; 3'P{H} NMR (162 MHz, CDCls) 6 20.59; HRMS for C;,H;;ClOsP": calcd. [M+H]":
307.0497, found: 307.0491
Allyl 2-(dimethoxyphosphoryl)-2-phenylacetate (4h)3
PO(OMe),
O\/\

0]
Colorless viscous liquid; isolated yield 66% (38 mg). R;0.50 (50% EtOAc/hexane); 'H NMR
(400 MHz, CDCls) & 7.42-7.44 (m, 2H), 7.23-7.30 (m, 3H), 5.77-5.87 (m, 1H), 5.24 (dd, J =
17.2 Hz, 1.4 Hz, 1H), 5.15 (dd, /= 10.4 Hz, 1.1 Hz, 1H), 4.53-4.63 (m, 2H), 4.24 (d, 2Jyp =
23.5 Hz, 1H), 3.64 (d, *Jy.p = 11.0 Hz, 3H), 3.59 (d, *Ju.p = 10.9 Hz, 3H); *C{H} NMR (100
MHz, CDCl;) 8 167.18 (d, 2Jcp = 3.1 Hz), 131.41, 130.55 (Jc.p = 8.6 Hz), 129.58 (Jcp = 6.5
Hz), 128.68 (Jcp = 2.2 Hz), 128.15 (Jcp = 3.0 Hz), 118.76, 66.38, 54.03 (d, 2Jcp = 6.6 Hz),
53.69 (d, 2Jcp = 6.8 Hz), 51.75 (d, 'Jcp = 134.9 Hz); 3'P{H} NMR (162 MHz, CDCl;) 3
21.14; HRMS for C;3H;30sP*: calcd. [M+H]*: 285.0886 found: 285.0882
Methyl 2-(diethoxyphosphoryl)-2-phenylacetate (4i)®

PO(OEt),

COzMe

Colorless viscous liquid; isolated yield 60% (35 mg). R;0.50 (40% EtOAc/hexane); 'H NMR
(400 MHz, CDCl3) 6 7.43-7.46 (m, 2H), 7.24-7.30 (m, 3H), 4.19 (d, 2/up = 23.6 Hz, 1H),
3.87-4.06 (m, 4H), 3.69 (s, 3H), 1.19 (t, J = 7.1 Hz, 3H), 1.12 (t, J = 7.1 Hz, 3H); BC{H}
NMR (100 MHz, CDCls) 8 168.16 (d, 2Jc.p = 3.4 Hz), 130.86 (d, Jcp = 8.3 Hz), 129.64 (Jcp
= 6.5 Hz), 128.56 (Jc.p = 2.3 Hz), 128.02 (Jcp = 2.9 Hz), 63.49 (d, 2Jcp = 6.8 Hz), 63.16 (d,
2Jcp = 7.0 Hz), 52.80, 52.13 (d, 'Jcp = 133.6 Hz), 16.29 (d, 3Jcp = 6.4 Hz), 16.23 (d, *Jcp =
6.4 Hz); 3'P{H} NMR (162 MHz, CDCl;) & 18.54; HRMS for C;3H,00sP*: calcd. [M+H]":
287.1043 found: 287.1043
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Figure S27: 3'P{H} NMR spectrum of 3h
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Figure S28: Y'F{H} NMR spectrum of 3h
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Figure S29: '"H NMR spectrum of 3i
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Figure S30: 3C{H} NMR spectrum of 3i
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Curment Diata Parameters

NAME 24-MAR-AN-2023
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Figure S31: 3'P{H} NMR spectrum of 3i
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Figure S32: YF{H} NMR spectrum of 3i
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Figure S33: 'H NMR spectrum of 3j
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Figure S36: YF{H} NMR spectrum of 3j
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Curent Data Parameters
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EXFND 350
PROCNO 1
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Figure S35: 3'P{H} NMR spectrum of 3j
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Figure S37: '"H NMR spectrum of 3k
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Figure S38: 3C{H} NMR spectrum of 3k
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Figure S40: "TH NMR spectrum of 31
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EXPNO 320
PROCND 1
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Current Dats Parameters
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Figure S41: BC{H} NMR spectrum of 31
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Figure S42: 3'P{H} NMR spectrum of 31
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Figure S44: 3C{H} NMR spectrum of 3m
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Curment Data Parameters
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Figure S46: '"H NMR spectrum of 3n
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Figure S45: 3'P{H} NMR spectrum of 3m
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Dl 100000000 s2c
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NAME D6 JUN-AN-2023
EXPND 330
PROCNO 1

F2 - Acguisition Parameders
Dhater 20030607
Time oIz
INSTRUM spect

PROBHD 5 mm PABBO BB/
PULPFROG zgpe 3

m 65534
SOLVENT COC13
NE 2048

5 a

SWH 24038461 He
FIDRES (LIGETOE He

AQ L3G3 1488 mec
RG 200148

oW LADD usec
DE .50 mmec
TE 3000 K

D1 L ONHMONNHI) s
D1l DLOF00MI00 s
T I

= CHANNEL fl =——=
IO 304995 MHz
13C

5.900 usec
53, DO000000 W
== CHANNEL 1 ——
SRO2 A0 1621006 MHz
NUCZ 1H
CFDPRG[2 wale 6
PCPDZ 00 e

PLW1 13 DODOO000 W
PLWI2 0. TT963999 W
PLWI3 0. 650000 W

F2 - Processing parameters
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WIW EM
LT
LB 100 He
]
T T T T T T T T T T T T T T T T T 1 x i

T T
190 180 170 160 150 140 130 120 110 100 90 B0 70 &0 50 40 30 20 ppm

Figure S47: BC{H} NMR spectrum of 3n
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Curnent Dain Parameters
NAME D7-TUN-AN-2073
340

EXPNO
PROCRO 1
F2 - Acquisition Parameers
Date_ 200607
Time 2204
INSTRUM spoct
PROBHD 5mm PABBO BES
PULPROG pg 30
D
SOLVENT D3
16
4
54102563 He
(LGTRIZT He
05111808 e
20148
7.800 wmmec
6. 50 umec
00 K
200000000 sec
(0L OS00MN) sec
1
=====—= CHANNEL fl =——=
5FO1 161 9798407 MHz
NUCI 3P
P1 15,00 usec

PLWI1 1 200000000 W

=== CHANNEL {2 ———=
02 A00. 1621006 MH:

NUC2 1H
CPDPRG2 walkz b
PCPD2 G000 e

PLWZ 1 500000000 W
PLWI2 0. I7963009 W
PLWI3 QLIZ651000 W

F2 - Proce ssing parameters
5 I768

51 R
SF 1619879400 MHz
RO, L, 1 R e W EM

558 0
lIl_']é . 11040 Hiz:
T T T T T T T T T T 3
T T T T T T T I T 1 e 140
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Figure S48: 3'P{H} NMR spectrum of 3n

38



NREJIF 395

o= 3 - =]

HefohUdanEaE TEEEED HEEY =

r".m——r-u:r'r{_im——z oy o= Sh o 0o v -—I-Ir-l: =

i md === RS 2 =

i 3 [ == == [ = [~ [ = [ [ = = « o T o —_——— = o

POOMel: TEEE ] 2E N2 W
HN. '

M

I
as ‘l
: |

T.55 7.50
1 . Lk_

Curment Data Parameters
NAME 11-Apr-AN-2023
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PROCNO 1

F2 - Acquisition Parameters
Diate_ 20230411
Time 1rx
INSTRUM spect

PROBHD 5 mm PABBO BE/

PULPROG g0
1 653,

1Y) 65336
SOLVENT ceCi3
NE g

03 0
SWH 0615.385 He

FIDRES 0.14571% Hz
AQ 34078720 sac
RG 159.12

W 51000 wsec
DE .50 usaz

Tt 3000 K

] 10000000 sec
DD 1

=——==—CHANNEL [l =—
SEON 2001629712 MHz
NLUCI H

M 13.20 umc

PLW 1 13. 00000000 W

F2 - Processing parameters

S 6533

SE 400, 1603089 MHz
WDW M

SSB 0

LB 0.30 Hz

GB

PC 1.00

1.09
L
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Figure S49: '"H NMR spectrum of 30
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Figure S50: 3C{H} NMR spectrum of 30

39

Cument Diata Parametars
NAME [3-Apr-AN-2023
EXPNO 430
PROCNO l

F1 - Acquisition Parzmeers
Date_ 23014

Time Ll

INSTRUM spect
PROBHD 3 mm PABED BB/
PULPROG zgpgal

™ &

63536
SOLVENT cDCE
N5 vl
s o
SWH 240GR 4461 He
FIDRES 03566758 He
A 1 3631488 sec
RG 10148
oW 2{LE0] umec
DE 5 usec
TE INOK
1 10000 s
ol QDGO =c
TIH 1
== CHANNEL fl ——=
SEOI IO 6304993 MHz
NLUCI 13C
Pl 9.90 useo

PLWI 53. 00000000 W

= == CHANNEL 2 =———
SF02 40N 12| D06 MHz
NUC2 IH

CPDOPROHZ walte [
PCPI2 L0 usec
PLWZ2 | DNNMODN0 W

PLWI2 LITHEI99 W
PLWI3 12651000 W

F2 - Prooessing pammeders
51 31768

SF 1006204380 MH:
WD EM

588 0

LB 1.00 Hzx

GB D

P L0
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Curn=nt Data Parameters
NAME  [2-Apr-FN.J23
EXFMNO 330
PROCKNO 1

F1 - Accuisition Parzmeters
o 20230412
Time 1837
INSTRUM spact
PROBHD 3 mm PABBD BB

PULFROG rgpe30
m ﬁS}BS‘m

SOLVENT CDCI13
N5 &
DS
SWH 6102 563 He
FIDRES LOTR127 He
AQ 05| [IB0E sec
RO 0148
W T.B0K) usec
DE 50 s
TE I K
o1 20000000 sec
D1l D.O300H000 o
jiE ]
======= CHANNEL f] ===
SEO1 1619798402 MHz
NLUCI 3P
Pl 15.00 nmc
FLwW 1 12 OO0 W
=== CHANNEL 2 =—=
SEO2 AN 1621 006 MHz:
NUCZ IH
CPDFPRG|2 waltz 16
PCPIZ S0.00 uec
W2 13. DM W
PLW 2 27063999 W
PLWI3 I 2265 1000 W
F2 - Processing pamameters
51 32768
.._LJI SF 161 9879400 MHz
P - [— e WIIW EM
5B 0
LB 1.00 Hz
I T T T T T T T T T 1 ECB g 140
8 f 4 2 0 2 4 6 -8 ppm
Figure S51: 3'P{H} NMR spectrum of 30
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! NAME  24-AprAN-2023
HH . EXPNO 420
L o PROCNO 1
- o F2 - Acquisition Parameters
! | Date_ 20230424
Time 2278
INSTRUM

speit
PROBHD 5 mm PAEBO BB/
PULPROG 7230

™ 65338
S%].\-'E’.NT - CDCI3

| f| ‘ H DS 0
i (I O ARVAR W .
|t| i U LY v \ B o
' it e
1\ ||n VAR LLLY PAUAVALE %o Sk
VAL DI 10000000 sec
— v 7.25 6.0 5.9 53 474 =4gou,rﬁ§5|][1 g;:
I
L B B e ¥ 1!‘1‘!()1&9-:
73 70 s F2 - Processing parameters
sl 65336
5F 4001605065 MHz
I l L o
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2 1
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Figure S52: '"H NMR spectrum of 3p
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Figure S53: BC{H} NMR spectrum of 3p
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Figure S54: 3'P{H} NMR spectrum of 3p
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Curment Data Parameters
NAME 24-Apr-AN-3123
EXPNO 430
PROCND I

F1 . Acquisition Parameders
Diate_ 02I0

Time 305
INSTELUM ot
PROBHD 3 mmmE]iD BB
PULPEOG rEpg

™ 65536
SOLVENT CDCE
N3 HHE

D3 o

SWH 24038 461 He
FIDRES 0.366798 He
AQ 13631488 mec
RG 0148

[ 0800 usc
DE .50 mec
TE 30000 K

ol

== CHANNEL fl =
5 100 6304993 MHx
NUCI 13C
Fl 5.90 usec

FLW1 5300000000 W

CHANNEL f2
SFO2 400, 1621006 MHz
NUCZ 1H
CPDPRGI2 walzx 16
PCPD2 ML wmoe

PLWI12 L ITHRE090 W
PLWI13 0. T2651000 W

F2 - Processing gimw: bers
sl 30
SF T0L6I043E0 MHz

WIW EM
28R 0

LE 1.00 Ha
CE 0

PC 140

Curment Diata Parameters
NAME  20-Mar-AN-2023
EXPNO 470
PEDCNO 1

F2 - Acguisition Parame bers
D 230321

Time 1M

INSTRUM spect
PROBHD 5 mm PABBO BES
PULPROG zgpp i

TD 65536
SOLVENT CI{13
NS L]

5 4
SWH 64102 563 Hx
FIDRES 0978127 He
A 05111808 soc
RO 201.48
o 7800 usec
DE 6.50 usec
TE LI K
Dl Z00000MN =c
Dl 003000000 sec
TN ]
=———= CHANNEL fl ==
SFO1 1619798402 MHz
NUC] e
Fl 15.00 usc
FLW1 1)

— CHANNEL 2 —
SFO2 A00.1 621006 MHz
NUC2 1H
CPDPRG[2 walte 16
PCPD2 Gl 0] use
PLW2 1300000000 W
PLWIZ O.I7963999 W
FLW13 022651000 W

F1 - Procossing parameers

51 Er]

SF 1619679400 MEE:
(I EM

LB L0HF Ha
GR
PC 140
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f i | Dae_ 20230316
|| 0 ||J| Time 025
INSTRUM spect
| o | | PROBHD 5 mm PABEO BE/
|1| | | M PULPROG 2030
v | D 65536
SOLVENT CDC13
NS i
D5 0
U ¥ k SWH 9615385 Hz
FIDRES  0.146719 Hz
AQ 3A0TET0 sec
RG 129.57
T T T T T T B Fr R W S2.000 usec
755 750 7 730 7.25 720 115 710 485 4.80 DE .50 usec
TE 3000 K
1 100000000 sec
T |
=—=—o CHANNEL fl ===
SFO1 4001629712 MHz
NUCIL IH
Pl 13.20 usec
PLWI 1300000000 W
F2 - Processing parame ters
UU i g: Amﬁ??ﬁgﬁn MHz
— — —-I'J | ﬁ-.—-"L-—._n_-.‘__,l WIW EM
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Figure S55: 'H NMR spectrum of 3q
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NAME |3 Mar AN 2023
EXPNO 340
PROCND 1
F2 - Acguisition Parameders
Dtz 20230204
Time 108
INSTRUM spect
PROBHD 5 mm PABRO BES
PULPROG  zgpe30
™D 65535
SOLVENT CICI3
NS 048
D 0
SWH 24038461 Hr
FIDRES 0364708 Hz
AQ L363 1488 nec
RO 01 48
Dw 20LBD0 ussc
DE 650 uec
TE 3000 K
Dl L :
Dil 03000000 e
— CHANNEL f1 =————
100LE304993 MHz
13C
900 msec
53, D000 W
—————— CHANNEL 2 =———=
00 4001621006 MHz
NUC2 1H
CFDPRO[  waliel6
PCPI2 Q000 uwec
PLW2  13.00000000%
PIWI?  [27963990W
PIWI3  DI26S1000W
F2. h'memnnp.umm
sl 37768
SF I00LEIMIE0 MHz
B e
S50 0
LE 1.00 Hz
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Figure S56: 3C{H} NMR spectrum of 3q
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Figure S57: 3'P{H} NMR spectrum of 3q
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Figure S58: '"H NMR spectrum of 3r
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Cumeznl Dala Parameers

NAME

EXFND

22-Mar-A N-1023
310

PROCNO 1

F2-
Diate,
Time

INSTRLM

0230322
1a.03
spect

ACquisition PErameers

FROBHD 5 mm PABED BB/

PULPROG  zgpgdD
™ 65536
SOLVENT CDCE

NS &

DS 4

SWH 54102563 HE
FIDRES 0978177 HE
AQ 0.51 11808 sec

RO 0148

oW 7800 wsec

DE .50 usec

TE 300.1 K

ol 2 (OO0 5
Dl (03000000 seC
DO I

=== CHANNEL [l ===
5F01 1619708402 MEzZ
NUCI P

Pl 15.00 usec
PLWI1 1200000000 W
————— CHANNEL P ==—
5F02 4001621006 MEz
NUC2 1H
CPDPRO[2  wallzle
PCPD2 0000} e C
PLW2 1300000000 W
PLWIZ  0.27063090 W
PLWI3 022651000 W
F2 - Processing parame iers

51 31768

5F 161 5879400 MHE
WDW EM

558

LE 100 Hz

CB

PC 140

Curment Data Parameters
NAME 03-May-AN-20023

EXPNO r. )
PROCNO 1

F2 - Acquisition Parameters
Date_ 20230504
Time 132
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG g3
TD 65536
SOLVENT CDC13

NS 8

Ds o

SWH 9615385 He
FIDRES 0.1467 19 He
AQ 34078720 ==
RG 145.20

W 52000 u=ec

6.50 wec

TE 300.0 K

D1 1 OOO00000 sac
TN 1
==—==— CHANNEL fl ==
SEM 4001626712 MHz
NUC1T 1H

Pl 1320 usec
PLW1 13 DODKO000

F2 - Processing parameters
sl 63536

SF
WDW
558
LB

400 1605087 MHz
EM

(.30 He
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Figure S60: 3'P{H} NMR spectrum of 3r
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Current Dain Parameters

NAME 20-FER-AN-2023
EXPND 430
PROCNO 1

F2 - Acquisition ParameteTs
Dake_ 20230221

Time 434
INSTEUM spect
PROBHD 5 mm PABEQ BB
PULFROG g0
T 3
SOLVENT CDCI3
NS 3

ns a

SWH 038461 He
FIDRES

0. 366798 He

———= CHANNEL i —
400.1621006 M

L 1H
CPDPRGL2 wale 16
PCPD2 G000 wseo
PLWZI 1300000000 W
PLW 12 0.I7963999 W
PLW 13 12651000 W
F2 - Procossing parameters
51 31768
5F 106204 380 MHx
W E
558 0
LE 1 14} He
GR
PC 1.40

Curent Datn Parameders
NAME R-hwiTal-]Dl‘-

EXPND
PROCND I
F2 - Acquisition Parame ters
Dt 0230424
Time N
INSTRUM sp=ct
PROBHIY 5 mm PABBO BES
PULFROG rgpg3d
m
SOLVENT T3
NS 16
ns 4
SWH 64102 563 He
FIDRES 0578127 He
A 05111808 s=c
RG 2048
[ T80 e
.50 usec
01 K
200000000 wc
(1. 0RDO00MN) g2
1
= CHANNEL f] =—=—==—==
161 9798402 ME:
3P
15.00 usec
1200000000 W
= CHANNEL £2

400,162 1006 M

JC2 IH
CPDPRO[2 waltzlf
PCPD2 900 e
PLW2 12 3
PLW |2 OLIT963999 W
FLW13 02651000 W
F2 - Processing parameters
| ]5\53
5F 16L9STHO0 Mz
W EM
558 0
LB .00 He
OB 0
PC 140
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Figure S62: 3C{H} NMR spectrum of 3s
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Cument Data Parameters
NAME 27-Apr-FN-2023
L]

PROCNO |

F2 - A cquisition Paramefers
Daie 2023427

Time 12.50

INSTRUM spect
PROBHD 5 mm PABBO BB

PULPROG 30

TD 65536
SOLYENT CDCI3

NE

D& ]

SWH 0615.385 He
FIDRES 0146719 He
A 34078720 sec

RG 11426

W 52000 usec

DE 6.50 nsec

TE 3000 K

D1 100000000 sec
DO 1
=—==——==CHANNEL fl ==
SFO1 4001629712 MHz
NUC1

M 1320 msac
PLW1 1 300000000 W

F2 - ]‘m:\eumn pars.met'n

SF .-mu mc-so".-t MHz

WIW

S5B 0

LB 0.30 Hz
GB 0

PC 1.00

Curment Dtz Parameie s

NAME 27-Apr-FN-2023
EXPRO 510
PROCNO 1

F2 - Acquisition ParameseTs
Date_ 23T

Time 1108
INSTRUM spect
PROBHIY 5 mm PATXI IHA
PULPRDG TEpgsl
™ 5536
SOLVENT CoCE

N3 Juilth]

03 4

EWH 20761904 He
FIDRES k454131 He
AQ L 1DI00E pec
RG 10738

Y 16800 usec
DE .50 wsec

TE 3030 K

Dl 1.OCOO00) 5o
nil [ 03O0 sec
TN 1
=———=CHANNEL fl —=
SEO1 125 9077 573 MHz
NUC1 13C

LF‘ITIF‘R(;I" wahrlb

PCPD2 B0 umc
PLW 2 13, 60000038 W
PLW 12 (0L CER0 S0 W
PLW 13 0L 05657 SN W

F1 - Processing parameters
5[ 27

SF 125.8951680 MH:=
WIW EM

358

LE 200 He
GE 0

PC L&
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Figure S63: 31P{H} NMR spectrum of 3s
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Figure S64: '"H NMR spectrum of 3t
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Current Data Parameders
NAME  21-Mar-AN-2023

EXPNO 430
FROCNO ]

F2 - Acquisition Parameders
Date_ 0130321
Time 2111
INSTRLM spect
PROBHI} 5 mm PABED BRS
PULPROG F

G553 -

SOLVENT T3
NS 16

0s 4

SWH B102563 He
FIDRES 0.OTEIZT He
AQ 05111808 sec
RO 0148

(0 T.B0D wec
DE .50 wmec
TE 3001 K

Dl 2 D000 sec
D1 00000000 o
TN |

== CHANNEL 1 =—
SF01 161.97 98407 M
NUCI 3P

F1 15.00 usec

PLWI 1200000000 W

===—=== CHANNEL I —=
EF02 SO0 1621006 MH:

NUCZ 1H
CPOPRG[2 walizli
PCPD2 L0 e
FLWZ 1500000000 W

PLWI12 O 2THER59 W
PLWI13 Q. 22651000W

F"" l'mc::slr%gmulr:kn

51" 161 9BT0 MH=
W EM

558 0

LE 1.00 He

GE 0

PC 1.40
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Curment [kl Farameiers
NAME [9-DEC-AN-2013
EXPNO 30
PROCND 1

FZ - ACQuUISItON PErameters
DaE_ 01219

Time 17.11
INSTRUM spect
PROBHD 5 mm PABEC BB
PULPROG 7830

™ 65536

SOLV ENT CDo

NS

Ds
SWH
FIDRES
AQ

RG
DW
DE

TE

ol

OO

CHANNEL [l =—=
EF01 4001629712 MHz
NLUC1 IH

Fl 1320 wsec

PLW1 1300000000 W

FZ - Processing pars.mer:n

5l G553

iF A 1[1010&5 MHz
WA EM

ESB O

LB 030 He

GBE O

PC Lol
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Figure S65: BC{H} NMR spectrum of 3t
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Figure S66: 3'P{H} NMR spectrum of 3t
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Curent Deia Parameders
NAME [9DEC-AN-2023
EXPNO 310
PROCNO I

FZ - Acquizition Parameters
Dae_ 231219

Time 1336
INSTRUM spect
PROBHD 5mmPATX] IH/
PFULPROG 2gpg 0

ey 65536
SOLVENT CDC
NS s

D& ]

SWH 259761904 He

FIDRES 0453131 He
AL LIDIHKE s
] 107.78
ow 16 B usec
DE .50 umec
TE DIDK
Dl 1.OCOO0000 o
ol (L O3DO000D sec
TR 1
CHANNEL fl
1259077 573 MHz
13C
915 uec
244 OO0 W
= CHANNEL 2 =—

SLETEISYT Mz
IH
CPINFRGM2 waltzl&
FCPO2 BILO0 e
PLWZ 1360000038 W
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Figure S76: 3'P{H} NMR spectrum of 3w
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Figure S78: 3C{H} NMR spectrum of 3x
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Figure S81: 3C{H} NMR spectrum of 4a
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Figure S85: 3'P{H} NMR spectrum of 4b
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POIOMe): Cument Data Parameters
: NAME  18-Dec-AN-1023
EXPND 350
CO:Me PROCNG 1
F2 - ACQUEHION PRIEMEETS
Ph Date_ 0231218
Tme 21.45
INSTRUM ect
PROBHD 5 mm PABED B
PULPROG T
l ™ 65536
SOLVENT CoeE
NS &
DS 0
SWH 9615385 He
FIDRES (146719 Hz
| AQ 3407 B7 20 5ec
RG 145.29
oW 52000 uee
| DE £ .50 usec
TE 3000 K
| II ] 1. O000000 528
| | | | Hl TIN] 1
| N --
u' B
| LA, L I‘“"“L_ ;
IJ | IH
I ||I||| | 13,20 usec
f v‘l\— — JU‘IUL’ 13, COCHO000 W
" 745 740 735 F2 - progessing parameers
5] 5
FoI L R Raaaziany oo 5F -u:u:u 1605097 MHz
WDW EM
5 760 7.55 38 37 SSH
LE 0.3 Hz
I GB
A & 1 T | PC 1040
9 8 7 6 5 4 3 2 1 ppm
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Figure S88: 3'P{H} NMR spectrum of 4¢
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Curent Data Parametens

NAME  19-May-AN-2023
EXFND 430
PROCND 1
F2 - Acquisiticn Parame ters
Dt 230520
Time 14.04
INSTRUM ol
PROBHE} 5 mm PABBD BE
PULFROG zgpadl
D 65536
SOLVENT I3
NS AME
ns o
SWH 438 461 Hx
FIDRES 0366798 He
AD 13631458 mc
RG 20148
o 20BN umac
DE .50 umec
TE 0K
]| 1.OODD00] wc
Dl (1. OB e
oD l

= CHANNEL fl
SFOI1 1006304993 MH:
NUCI 13
Pl 9,50 usec
FLW | 5300000000 W

== CHANNEL 2 ===

SFO2  400L162 1006 MHz
NUC2 IH
CPDPRG[2 waltzlf
ACPD2 90,00 usec
PLW2 13 0000000 W
FLW 12 027063000 W
FLW13 022651000 W
F2 - Processing parzmeleTs
5l )
F 1006204380 M
W EM
558 0
LB 100 He
G i
PAC 140

Curment Drata Parnmeers

NAME 23May-AN-2023
EXPNC 380
PROCNO 1
F2 - Acquisition Parnmeers
Dabe_ 2023052
Time 1335
INSTRUM spect
PROBHD 5 mm PABBO BRS
PULPROG g 30
™D 6353
SOLVENT CDO
N3
D3 4
SWH 64102563 He
FIDRES L9TEIT Hx
AQ 05111808 mec
RO 0148
e 7800 umc
DE .50 usec
TE 3001 K
Dl 100000000 sec
DIl LO3000000 sec
T 1
== CHANNEL f] ===
1615798402 ML
3P
15.00 wec
PLW 1 1 LO000000 W
CHANNEL 2

2 4001621006 M
NUC2 1H
CPDFRG[2 waltzlb
PCPD2 G0N usec
PLW2 1 300000000 W
PLW 12 0LI7963590 W
PLW 13 LX2651000 W
F2 - Processing parameters
3l TR
SF 161 9879400 MHz
WDW EM
5B 0
LE 1.00 He
GE 0
PC L&D
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Current Diata Paramekers
NAME  06-TUL-AN-2023
EXPNO 400
PROCKO 1

F2 - Acquisition Parameters
Dhaie_ e

Time 1251
INSTRUM ect
PROBHD 5 mm PABBOD BRY
PULPROG 30

T 65534
SOLVENT ) ]
NS B

Ds 0

SWH 9615385 Hz
FIDRES 0146719 He
A 3 ADTET 20 sec
RG 129.57

oW 52000 usec
DE a.50 usec
TE 0K

1] 1. 000000 58
DO 1

=== CHANNEL fl ==—
SFO1 4001620712 MHz
NUCH 1H

P 1320 usac

PLW1 1300000000 W

F2- hﬂoessél}gsg“armbﬁ

3l ;
iF 400 1605047 MHz
WY EM

2B 0
l LB 030 Hz

GB O
PC 10D

Figure S89: '"H NMR spectrum of 4d
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Cizment Dats Parameters
NAME 04 JUL-AN-II23
EXPNO 410
PROCNG 1

FZ - Acquisition Parame ters
Die_ HI2MTT04

Time 2234

INSTRLUM spect
FEOBHD 5mm PABBD BB/
PULPROMG zgpp ¥l

1 536

T

SOLVENT CII3
NS 2048

Ds 4

SWH 24038 461 Hz
FIDRES 0366798 Hz

A 13631488 sec

RO Z0LAR

oW 20500 usec

DE 6.50 usec

TE 000 K

o1 100000000 =c

ol 03000000 sec

T 1

=—————— CHANNEL fl —=
SFO1 1006304533 MHz
NLIC] 13C

Fl 000 umec

w1 5300000000 W
======= CHANNEL 1 =—=

SFO2 4001621006 MHzx
NUC2 1H
CPDPRGZ waltz 16
PCPD2 SO0 usec
PLW2 1 3OO W
PLWI1X 027963990 W
FLWI13 022651000 W

FI - Proccssing parameiTs
3 12768

sl Z

SF 1006204380 ME:
WO EM

S8B

LB 100 Hx

L ] L s L L b b o s o BT

190 180 170 160 150 140 130 120 110

Figure S90: BC{H} NMR spectrum of 4d
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Figure S91: 3'P{H} NMR spectrum of 4d

-113,9543
-113.9659

L

-6

=70 -B0 -90 -100 =110 -120 -130 -140 ppm

Figure S92: YF{H} NMR spectrum of 4d
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Curnznt Data Parameters
NAME  23-May-AN-2023
EXPRO 4
PROCNO 1

F2 - Acquisition ParameteTs
Date_ 20230523
a7

Time 19
INSTRUM spECt
PROBHD} 5 mm PABEOQ BR

SWH 64102563 He
FIDEES LETEITT He

A (L5111B0% sec

RO 201458

o TR0 umc

DE . 50 umec

TE 300.1 K

Dl 2000000 sec

DIl Q03000000 sec

T 1
CHANNEL fl =——=—=

SFO1 1615798402 MEL

NUC1 3P

Fl 15,00 usec

————==CHANNEL 2
SFO A0 162 1006 ME:
NLUIC2 IH
CPOPRGL2 waltz]f
PCPD2 LD usec

PLW2 13 DO000000 W
PLW 12 0275593 W
PLW 13 0. T2651 000'W

F2 - Processing parameters

sl 31768

SF 1619870400 M Hex
WIW EM

S8R 0

LE 100 Hz

CE 0

PC L40

Currendt Dain Pareme e
NAME 19.May-AN.2021
EXPNO 430

PROCNG |

F2 . Aoquisition Parameters
Diate_ 22519
Time 1215

INSTRUM

PROBHD 5 mm PAREQ BE
FULFROG  zgihipgn 2

T 131072
SOLVENT o3

NS s

0s 4
SWH E9285.711 He
FIDRES .68 I 196 He

AQ 07340032 s
RO 0148
f 5600 usec
.50 waec
LK
LOODO00H) sac
0. O O000D sac
(. OO0 sec
1
—————— CHANNEL fl =——
SFO1 TTEARMI 2T MH:
NUCI 19F
Pl 1500 ueec
FLW1 210000000 W
——————— CHANNEL 2 =———=

SFOZ 4001621006 MH:
NUC2 IH
CPOPRG[Z waltld
PCPIZ 50 (N e
FLW2 1300000000 W
PLWII  QI7T963009 W

F2 . Processing parameiers
| 65536

3F IT6SIT0GS0 MEz:
WO EM

55E O

LB 30 He

GE 0

PC 100
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Figure S93: 'H NMR spectrum of 4e
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Figure S94: 3C{H} NMR spectrum of 4e
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Cument Data Parameers
NAME 16-MAY-AN-2023
EXPNO 46l
PROCND 1

F2 - Acquisition Parameters
Date_ WIE1H
Tim 2344
INSTRUM spect
PROBHDY 5 mm PABBO BR
PULPROG g0

™ 65330
SOLVENT [an s ]
NS 8

D&

i

SWH 15,385 HE
FIDRES 0146719 Hz
AQ 3407570 sec
RO 120.57

DW 52000 usec

DE .50 msec

TE 00K

ol 1LODHCO0 sec
TDO 1
==————== CHANNEL [ ===
SFO1 4001629712 MHz
NLCI IH

Pl 13.20 usac
PLWI 1300000000 W

F2 - Processing parameters

sI 65336

SF S0 1605066 MEZ
W EM

SSB ©

LB 030 He

GH

PC 100

Curment Datz Parameiers

NAME 18 May-AN-2023
EXPNCY 400
PROCHNO 1
F2 - Acquisition Paramelers
Date_ 20230519
Time L.
INSTRUM spoct
PROBHD 5 mm PARBD BB/
PULPROG zEpg 0
™D 65536
OLVENT CDO3
NE
DS ]
SWH 24038461 He
FIDRES 0366798 He
AQ 1.3631488 wec
RG W48
[ 20800 usec
DE .50 umc
TE 3000 K
Dl 1 DOCHON sec
DIl 03000000 sec
TDD 1
—— CHANNEL f] =——
10063049593 MH:
13C
9,90 usec
5100000000 W
——————— CHANNEL 2 ———
SFOL 400 1621006 MHz
NLC2 IH
CPDPRG2 walzlb
PCPD2 Q0N umc
PLW 2 1 3. DO00000] W
FLw 2 027963090 W
PLW 13 L E2651000 W
F2 - Processing parameters
S 37708
3F THLED043E0 M Hz
W EM
ESB O
LB 1.00 He
i ]
PC L&l
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Figure S95: 3'P{H} NMR spectrum of 4e
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Figure S96: '"H NMR spectrum of 4f
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Current Dats Pammeiers

NAME 23 May-AN-2023
EXPNO S&0
PROCND 1

F2 - Acquisition Parameiers
Duate_ 20230513

Time 1315
INSTRUM spect

PROBHD 5mm PABBOD BB/

FULFROG 30
D GSS]Igpu
SOLVENT a0 mk
N5 16
DS 4
EWH 64102 563 Hx
FIDRES 0L97E1 T He
AQ (L5111 1808 sec
RG 201458
D T80 umc
DE .50 usec
TE 301K
m L D0000000 s
o1 CL03000000 sec
T 1

—— CHANNEL fl —

1615798402 MHz
3P

15.00 sec

12 DONDOHRONOD WY
——————=CHANNEL 2—
BFOT 400 1621006 MHz
NLC2 IH
CPDPRG[2 walzlt
PCPD2 S0U00 s
PLW 2 13 DENDCHDONMD W
PLW 12 217563090 W
PLW 13 L I2651 000 W
F2 - Processing parametens
sl 31768
3F 161 9875400 MH=
WIW EM
358
LB 1.00 Hx
GB 0
PC L4D

B%R

Cament Daia Parameters
NAME 16-MAY-AN-2023
EXPNO 450
PROCNO i

FI - Acquisition Parameiers
Date_ N5

Time 1.3
INSTRUM spect
PROBHD 5 mm PABRO BB

PULPROG g3
TD 65534
SOLVENT CcDCi3
NS &

DS L]

SWH 9615385 Hr
FIDRES (L1467 19 He
A 3 AO7ET 20 sec
RG 054

W 52000 usec
DE 650 wsec

TE 3000 K

D1 10000000 =
TDO i
=—==—==CHANNEL fl =—
SFO1 400.1629712 MHz
NUC1 1H

P 1320 usec
PLW1 1300000000 W
F2 - Proce ssing parameters
3l 65534

SF 400 1605002 MHz
WDOWw EM

538

LB 0.30 He

GBE O

PC 10D
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Current Diata Paramese:
NAME 19-May-AN- '-‘07‘3

<

e N

<
¢
\

EX PR 350
PROCNO I
F2 - Acquisition Parameders
Date_ 20230520
Time 1318
INSTEUM spect
PROBHLD}Y 5 mm PABEO BRS
PULPRDG
T 65536
SOLVENT D
N3 IME
03 0
SWH 24038461 He
(0. 3667 98 He
13631458 e
20148
2. B00 umec
650 e
30000 K
1. D000 sec
L0300 sec
1
===——===={HANNEL fl ===
SR 100, 6304993 MH:
NUCI 13C
Fl 500 usmec

PLW 1 5300000000 W

H
CPOPRG[2 waltrlf
PCPO2 LD usec
PLWZ 1300000000 W
PLW 11 0.7 W
PLWI13 0.I2651000 W

F2 - Processing parzmeters

sI 31768
5F 100.6304380 MHz
- o WDW EM
S eSS ricto! et bl L
LE 1.00 Hz

Ly Ly Ly Ea L) LRy LRy L a L LR R e Ly ULy L L L L) L e Ll e LR LR LR L ey LD R LAt LA L s LELLL L CB

o
PC 1.40
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Figure S97: 3C{H} NMR spectrum of 4f

NRJP 421
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Curment Datz Parnmeters
NAME  23-May-FN-2023
EX PN 570
PROCND 1

216658

INSTRUM spect
PROBHD 5 mm PABEO B
PULPROG  zgpg30

T a3536
SOLVENT e
NS 18

DS i

EWH 64101563 He
FIDRES 09781 X7 Hz
AQ 511 1B0E s

RO 0148

o 7B e

DE 650 e

TE 3001 K

Dl 2 OO0 sec
Dl DL D30000M) sec
TDG 1
=====—=CHANNEL fl =—=
R0 1619708402 MHz
NUCI 3P

Pl E5.00 usec

PLW 1 1 2 D000 W
———————CHANNEL 2 ——
SRO2 400, 1621006 MH:
NUCE 1H
CPDPRG[2 walzlf
PCPD2 L0 usec

PLW2 1 3. DHIO0000 W
PLW 12 0. IT06I000 W
PL¥13 0. Z2651000W

J F2 - Processing parame bers
sl 32768
aF 1619879400 MHx
W EN
556 0
T T T T I T T T T ] lG]]; b 100 He
45 40 35 30 25 20 15 10 5 PPm  pC L40

Figure S98: 3'P{H} NMR spectrum of 4f
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Figure S99: 'H NMR spectrum of 4g
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Figure S100: 3C{H} NMR spectrum of 4g
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Curent Data Parameters

NAME 25-OCT-AN-N23
EXPNO 420
PROCNOD 1

F2 - Acquisition Paramelers
Date_ 231025

Time B

INSTRUM spect
PROBHD 5 mm FABBO BRS
PULPROG zg30

] 65536
SOLVENT CDCi3
NS g

ns 1]

SWH 9615385 He
FIDRES 0146719 He
A} L4078720 =c
RG 19.45

oW 52000 usec
DE £.50 nsac
TE 3000 K

m 10000000 s
TG 1

==——==CHANNEL [l —
5PN 4001629712 MHz
NUC1 1H

™M 13.20 usec

PLW1 1300000000 W

F2 - Processing parame ters
Ell

35B

LE 030 Hx
GE 0

PC LOO

Cuorent Datn Parameders

NAME  27-OCT-AN-2023
EXPNO 340
FROCND I

F2 - Acquisition Parame ters
Dot WI2ING2E
Time L1l
INSTRUM spect
FROBHD 5 mm PABBD BR
FULPROG zgpg il
D 63536
SOLVENT 13
NS Fei ]

0s 4

SWH TNIE 461 He
FIDRES 0366798 He
AL 13631488 mc
RO 20148

) 20BN wmec
DE £ 50 wmac

TE WNN0K

m 1000000 se=c

ol (L CCHOMCNN) s
oD 1

=—=————CHANNEL f| =
1006304593 MH:

SFOI

NUICL 13C

Fl 9.50 usac

PLW1 5300000000 W
= CHANNEL 2 =———
sF02 400,162 100 M
NUC2 IH
CPDPRG[2 waltzls
PCPD2 QO e
PLW2 1300000000 W
FLWI12 027963050 W
PLW13 022451000 W

FZ - Processing parame eTs
sl IITeR

SF 100.E204579 Mz
WOW EM

5B 0

LB L0 H
GBE @

PC LAD
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Curment Dot Parameiers

NAME  260CT-AN-1013
EXPMO I
PROCNO 1

F2 - Acquisition ParameseTs
Diate 2302

Time 16.59
INSTRLUM :.P:;L
PROBHD 5 mm PABBO BB
PULPROG wEpE 3l
i 65536
SOLVENT Do
N3 16
0s 4
SWH 64102563 He
FIDRES 0LOTRIT H
AQ 05111808 sec
RG 20148
o .50 usec
DE £ 50 wsec
TE 3001 K
Dl L O00000M) sec
D11 [ 03000000 sec
TG 1
=—————=CHANNEL fl ——=
SFO 161.9798402 MEL
NUC1 P
Fl 15,00 1zmec
PLW1 U2 D000 W
—————=CHANNEL 2——
SF0O2 400 1621006 Mz
NUC2 H
CPDPRG2 waltzl B

D2 U usee
PLW2 1 3. DO00000M W
PLW 12 02796359 W
PLW 13 0. I2651000 W
F2 - Processing paramebers
sl 31708
SF 161 9879400 MHz
WD ]
SSB 0
LE 100 He
GE 0
PC L4k

Curent Data Parame ters
NAME  25-0CT-AN-2023
EXPNO 410
PROCND 1

F2 - Acquisition Parameters
Date_ 20231025

Time 2305
INSTRUM spect
PROBHD 5 mm PARBO BRY

PULPROG  zg30
i TD 65536
SOLVENT CDCn

|||I “ NS 8
'\I"I |' | F ! SWH 9615385 He
Iull ||” r I i |||| FIDRES  0.i4719 Hz
U i UL U G
: lu'LIIUI ! | i ‘ ow 52000 wsec
JW SN UV W T BB
"= - - Il I\ Il | | DI 100000000 sec

T oL PP i) T | _jlull“llll.)ll - ;

74 73 72 55 25 M S et
T T T PLWI 1300000000 W
£ E L el F2 - Processin ters

1 i
SF 4001605356 MHz
Ju WOw EM
LB 0.30 Hz
y! N il o b & o )
B B 1 e R e e B T s L B
10 9 8 7 3] 2 1 m

TaRTTh

Figure S102: "H NMR spectrum of 4h
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Figure S103: BC{H} NMR spectrum of 4h

Current Datx Parame ters
NAME 21.DEC.AN.M
EXP! 380
PROCND l
F2 - Acgmisition Parametes
Date_ 20251222
Time ES56
INSTRUM spect
PROBHD 5 mm PABBO BRS
PULPROG =gpgi0
™ 63534
SOLVENT D13
NS 148
DS 4
EWH 2438461 He
FIDRES 0364758 Hae
AQ L33 1488 sec
RO 0148
oW J0.B00 usec
DE 50 usec
TE 3000 K
Dl L OO0 mec
ol 03000000 =
TG ]

= CHAMNNEL

]| 006304565 M Hz

NUCI 13C
Fl 9.90 mec
PLW I 53 OO0 W
===——==CHANNEL {1 —=

2

400 142 1006 MHz

NUC2 IH
CPDPRG[2 walee |6

PCPDZ SO0 usec
PLW2 13. DOO00O00 W
PLW 2 027963999 W
FLW I3 022650000 W
F2 - Processing parameters
31 31768

SF | DLE204380 MHz
WO EM

S58

LB L Hz

GE

PC L4a

NRJP-4589 Z
=
=
T T T T T T T T T
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Figure S104: 3'P{H} NMR spectrum of 4h
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Ppm

Croment Data Parsmetens

MA 26-0CT-AN-2123
EXI 3
PROCND 1

F2- uisition Parameiers
IIIa‘I.‘|I\MI 023 1026

Time 1649
INSTRUM specl
FEOEHIY 5 mm PABBOD BE

PLILPROG rgpadl

m E3535
SOLVENT CDOG

N5 16

al.3 4

SWH 64102 563 Hr
FIDEES 978127 He
A 051 VIE0E sc
R 20148

W T_BDD msec

DE (250 usec

TE 3001 K

o1 rl =c
o1l QLD o
T [}
e CHANNEL [l e
SFOH 1657 502 MH
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Figure S105: "TH NMR spectrum of 4i
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Figure S106: 3C{H} NMR spectrum of 4i
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Figure S107: 3'P{H} NMR spectrum of 4i

Current Data Parameters
NAME 13-0T
EXPRO 3
PROCHN

F2 - Acquisition Parameters
Drate, 31016

INSTRUM  spect
PROBHD 5 mm PABED BR/
PULPROG 30

i &5

NUCZ

CPOPRO[2
PCPD2
PLWI
PLW12
PLWI13

Openhynx Report SAIF, CSIR-CDRI, LUCKNOW Page 1
Sample: 1268 Vial:1:0.4 ID:ESMSZ31240AM40
File:ESMS221240AMN40 Diate:24-Jan-2022 Time:11:45:32
Description:nejp352p
Printed: Tue Jan 24 13:52:56 2023
Peak ID  Time
1 D.00 1:MM5 BS+
1: (Time: 0.00) Combine (1:20-1:-1) 2. 6=+006
100 = [ Ph__com
. t Wle
POICMe), “‘lI’ B
P
a0 Ph™ “CO,Me Ph7” TCOMe
[M+H]*: 259.0730 [M+H]*: 297.1121
B0 L.
70
325.4
3764
o 347.4
# 50
a0
3o 228.3 P 516.4
476.4
1592 298.3
20 377.4 479 4
pHn 394.5 430.4 SR
163.3
L 441.5 |lag1_ 4 25 8 647.8
167.2 540.8 5819 618.8 §85.6_ .4 g
o m =
200.0 300.0 a00.0 500.0 600.0 700.0

Figure S108: ESMS of crude 4a
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