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1. General Information

'H, 13C, and *'P NMR spectra were recorded with JEOL JMN ECS400 FT NMR, JMN ECS600 FT NMR, or
Bruker AVANCE II ("H-NMR 400, 600 or 700 MHz, '*C-NMR 101, 151 or 175 MHz, 3'P-NMR 243 MHz.). 'H
NMR spectra are reported as follows: chemical shift in ppm relative to the chemical shift of tetramethylsilane (TMS)
at 0.0 ppm, integration, multiplets (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), and coupling
constants (Hz). '*C NMR spectra are reported in ppm relative to the central line of triplet for CDCl; at 77.0 ppm.
3P NMR spectra are reported in ppm relative to singlet for H;POj4 at 0.0 ppm.

ESI mass spectra of the newly synthesized compounds were obtained by using JMS-T100LC (JEOL).
Methyl- and ethyl propiolate (2a and 2b), tri(p-tolyl)-, tri(o-tolyl) phosphine (1a and 1k), methyl vinyl ketone (5)
were purchased from TOKYO CHEMICAL INDUSTRY CO., LTD. Triphenylphosphine (1b) and phosphorus
trichloride were purchased from KISHIDA CHEMICAL CO., LTD. Tri(p-methoxyphenyl)phosphine (1¢) and tri[p-
(trifluoromethyl)phenyl]phosphine (1f) were purchased from WAKO PURE CHEMICAL INDUSTRIES CO., LTD.
Tri(m-tolyl)phosphine (1g) was purchased from KANTO CHEMICAL CO., INC. Methyldiphenylphosphine (1n),
diphenylpropylphosphine (10) and ethyl buta-2,3-dienoate (4) were purchased from SIGMA-ALDRICH CO. LLC.
Other starting materials were synthesized according to reported procedures (1d', 1e?, 1h%, 1i4, 1j°, 11,° 1m’, 2¢8, 2d°,
2e'0, 2f! 2g'2 2h'3, 2i!*). The other simple chemicals and solvents were purchased from commercial suppliers and
used without further purification. Unless otherwise noted, all reactions were performed with dry solvents in flame-

burned flask under an atmosphere of N, gas using standard vacuum-line techniques. rt = 23-25 °C.
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2. Experimental procedure

2-1. General procedure for the synthesis of rearranged product 3
o 2.0 equiv '
PArg  + /L _(20equ) O\\P)\/U\R
Z R MeO+#-Bu Ar”\

1 10°C, 24 h Ar
2 (2.0 equiv) 3

Under a nitrogen atmosphere, to a mixture of triarylphosphine 1 (0.1 mmol) and water (0.2 mmol) in MeOz-Bu
(0.5 mL), alkyne 2 (0.1 mmol) was added at 10 °C and resulting mixture was stirred for 24 h. After the reaction,
crude mixture was filtrated through silica gel to remove remaining phosphine and concentrated under the reduced
pressure. The mixture was purified by silica gel chromatography (EtOAc:hexane = 1:4) or preparative thin-layer

chromatography (EtOAc:hexane = 3:7, 5 runs) to give the desired product 3.

Ethyl 3-(di-p-tolylphosphoryl)-3-(p-tolyl)propanoate (3aa):

White solid, m.p. 161-162 °C.

'H NMR (400 MHz, CDCl3) & 7.78 (dd, Jip = 10.5 Hz, Jiy = 7.8 Hz, 2H), 7.30-7.37 \Q o)
(m, 4H), 7.14 (dd, J = 8.2, 2.3 Hz, 2H), 7.07 (dd, J = 8.2, 2.3 Hz, 2H), 6.98 (d, Ju.u =

7.8 Hz, 2H), 4.00 (ddd, Jire = 8.3, Jin = 11.3, 3.0 Hz, 1H), 3.87-3.95 (m, 2H), 3.02

(ddd, Jup= 6.4 Hz, Juu = 16.5, 11.3 Hz, 1H), 2.86 (ddd, Jur=9.0 Hz, Ju.n = 16.5, 3.0

Hz, 1H), 2.41 (s, 3H), 2.28 (s, 3H), 2.25 (s, 3H), 1.04 (t, Jiru = 7.2 Hz, 3H).

13C NMR (101 MHz, CDCl5) § 171.5 (d, Jep = 17.3 Hz), 142.2 (d, Jep = 2.9 Hz), 3aa
141.7 (d, Jep = 2.9 Hz), 136.6 (d, Jep = 2.9 Hz), 131.63 (d, Jep = 97.8 Hz), 131.56 (d, Jep = 100.6 Hz), 131.3 (d,
Jer = 8.6 Hz), 131.1 (d, Jep = 8.6 Hz), 129.53, 129.48 (d, Jep = 14.4 Hz), 128.9, 128.8 (d, Jep = 12.5 Hz), 127.8,
60.6, 42.5 (d, Jc.p = 68.1 Hz), 35.0, 21.54, 21.45, 21.0, 13.9.

3P NMR (243 MHz, CDCI3) 6 33.3.

IR (KBr) v 3033, 2924, 2858, 1737, 1602, 1514, 1403, 1175, 654, 550 cm™..

HRMS (ESI) m/z caled for C6H2003PNa ([M+Na]"): 443.1747, found 443.1744.

U=

OEt

Ethyl 3-(diphenylphosphoryl)-3-phenylpropanoate (3ba):

White solid, m.p. 183-184 °C. 0
'H NMR (600 MHz, CDCl3) § 7.93-7.97 (m, 2H), 7.53 -7.59 (m, 3H), 7.44-7.47 (m, 2H), ©\§

7.35 (t, Ju-u = 7.2 Hz, 1H) 7.24-7.27 (m, 4H), 7.14-7.18 (m, 3H), 4.08 (ddd, Ju.p = 8.0, Ju-

n=11.2, 3.2 Hz, 1H), 3.91 (q, Ju-u = 7.2 Hz, 2H), 3.10 (ddd, Ju.p= 6.4 Hz, Jun = 16.5,

11.2 Hz, 1H), 2.89 (ddd, Jup= 9.6 Hz, Ju.n = 16.5, 3.2 Hz, 1H), 1.03 (t, Ju.u = 7.2 Hz,

3H).

I3C NMR (151 MHz, CDCl3) § 171.3 (d, Jc-p = 15.9 Hz), 135.0 (d, Jc-p = 5.9 Hz), 132.0, 131.5, 131.4 (d, Jc.p = 8.7
Hz), 131.2 (d, Jc.p = 101.2 Hz), 131.1 (d, Jcp = 95.4 Hz), 131.0 (d, Jc-p = 8.7 Hz), 129.7 (d, Jcp = 5.8 Hz), 128.8
(d, Jcr=11.6 Hz), 128.2, 128.1 (d, Jc-p = 11.6 Hz), 127.2, 60.8, 42.9 (d, Jc.p = 67.9 Hz), 34.9, 13.9.

3P NMR (243 MHz, CDCl;) 6 33.3.

IR (KBr) v 3052, 2978, 2923, 2852, 1735, 1438, 1179, 707, 537, 502 cm’".

OEt

3ba
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HRMS (ESI) m/z caled for C23H2303PNa ([M+Na]"): 401.1277, found 401.1276.

Ethyl 3-(bis(4-methoxyphenyl)phosphoryl)-3-(4-methoxyphenyl)propanoate (3ca):
Yellowish white solid, m.p. 128-129 °C.

'H NMR (400 MHz, CDCl3) 6 7.81 (dd, Jup = 10.5 Hz, Ju.u = 8.7 Hz, 2H), 7.34
(dd, Jisp = 10.5 Hz, Jiy = 8.7 Hz, 2H), 7.16 (dd, Jiys = 8.7, 2.3 Hz, 2H), 7.02 (dd, ™MeO o

Jun = 8.7, 2.3 Hz, 2H), 6.77 (dd, Ju.n = 8.7, 2.3 Hz, 2H), 6.73 (d, Jun = 8.7 Hz, \©\IE’I) OEt
2H), 3.90-3.96 (m, 3H), 3.86 (s, 3H), 3.75 (s, 3H), 3.74 (s, 3H), 2.99 (ddd, Jur=

6.4 Hz, Ju.u = 16.5, 11.2 Hz, 1H), 2.86 (ddd, Ju.p= 8.7 Hz, Juu = 16.5, 3.7 Hz,

1H), 1.05 (t, Jun = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 171.6 (d, Jep = 17.3 Hz), 162.4 (d, Jc-p = 2.9 Hz),
162.9 (d, Jcp =2.9 Hz), 158.6 (d, Jc.p = 1.9 Hz), 133.2 (d, Jcp = 9.6 Hz), 133.0 (d,
Jc.p = 9.6 Hz), 130.7 (d, Jc.p = 4.8 Hz), 127.3 (d, Jcp = 4.8 Hz), 123.0 (d, Jcp = 106.4 Hz), 122.5 (d, Jc.p = 101.6
Hz), 114.3 (d, Jc.p = 12.5 Hz), 113.7, 113.6 (d, Jc.p = 11.5 Hz), 60.6, 55.3, 55.2, 55.1, 42.5 (d, Jc.p = 70.0 Hz), 35.1,
14.0.

3P NMR (243 MHz, CDCl;3) 6 33.4.

IR (KBr) v 3044, 2930, 2837, 1735, 1600, 1509, 1255, 1035 cm’".

HRMS (ESI) m/z caled for C6H2006PNa ([M+Na]"): 491.1594, found 491.1591.

OMe

OMe
3ca

Ethyl 3-(bis(4-fluorophenyl)phosphoryl)-3-(4-fluorophenyl)propanoate (3da):
White solid, m.p. 138-139 °C.
'H NMR (600 MHz, CDCl3) 6 7.92-7.96 (m, 2H), 7.41-7.45 (m, 2H), 7.23-7.27 (m, F\©\ O

4H), 6.98 (dd, J = 8.3, 8.3 Hz, 2H), 6.90 (dd, J = 8.3, 8.3 Hz, 2H), 3.99-4.03 (m, 1H), ('P)' OEt
3.94 (q, Jin = 6.9 Hz, 2H), 3.03 (ddd, Jip= 6.0 Hz, Juy = 16.5, 11.0 Hz, 1H), 2.83

(ddd, Jup=9.3 Hz, Juu = 16.5, 3.4 Hz, 1H), 1.06 (t, Juu = 6.9 Hz, 3H).

13C NMR (151 MHz, CDCl3) 6 171.0 (d, Je» = 17.3 Hz), 165.2 (dd, Jor = 254.3 Hz, I

Jep=2.9 Hz), 164.8 (dd, Jor = 254.3 Hz, Jep= 2.9 Hz), 162.1 (d, Jer = 245.6 Hz), 3da

133.8 (dd, Jer = 8.7 Hz, Jep = 10.1 Hz), 133.3 (dd, Jer = 8.7 Hz, Jep = 10.1 Hz),

131.2 (dd, Jer = 8.7 Hz, Jep = 5.8 Hz), 130.5, 126.9 (d, Je.p = 106.9 Hz), 126.5 (d, Je-p = 98.3 Hz), 116.5 (dd, Jcr
=20.9 Hz, Jep = 13.0 Hz), 115.7 (dd, Jer = 20.2 Hz, Jep = 13.0 Hz), 115.4 (d, Jep = 20.2 Hz), 61.0, 42.3 (d, Je.p
=70.8 Hz), 34.9, 13.9.

31P NMR (243 MHz, CDCls) § 31.2.

IR (KBr) v 3073, 2979, 2923, 1729, 1592, 1510, 13107, 1161, 921, 834 cm’™".

HRMS (ESI) m/z caled for CasHaoF3sNaOsP ([M+Na]*): 455.1000, found 455.0994.
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Ethyl 3-(bis(4-chlorophenyl)phosphoryl)-3-(4-chlorophenyl)propanoate (3ea): Cl
White solid, m.p. 159-160 °C.
TH NMR (600 MHz, CDCls) 6 7.84 (dd, Jup = 10.1 Hz, Juu = 8.4 Hz, 2H), 7.54 (dd, C'\@\ o

Jiwp = 2.1 Hz, Jist = 8.2 Hz, 2H), 7.38 (dd, Jiep = 11.0 Hz, Jin = 8.9 Hz, 2H), 7.28 (.F?, oet
(dd, Jiep = 2.4 Hz, Jiun = 8.6 Hz, 2H), 7.17-7.23 (m, 4H), 4.00 (ddd, Jip = 10.8 Hz,

Jun = 7.7, 2.8 Hz, 1H), 3.94 (qd, Ju-r = 1.9 Hz, Jun = 7.1, Hz, 2H), 3.00 (ddd, Ju-p

= 16.7 Hz, Jin = 10.8, 6.2 Hz, 1H), 2.81 (ddd, Jip = 16.6 Hz, Juy = 9.5, 3.4 Hz,

1H), 1.06 (t, Jin = 7.2 Hz, 3H). 3;:

13C NMR (101 MHz, CDCls) 6 170.8 (d, Jep = 16.3 Hz), 139.1 (d, Jep = 2.9 Hz),

138.6 (d, Jep = 2.9 Hz), 133.6 (d, Je.p = 2.9 Hz), 133.2 (d, Jep = 5.8 Hz), 132.6 (d, Jep = 9.6 Hz), 132.2 (d, Jop =
9.6 Hz), 130.9 (d, Jop = 5.8 Hz), 129.4 (d, Jep = 12.5 Hz), 129.2 (d, Jep = 101.6 Hz), 129.0 (d, Jep = 95.9 Hz),
128.8 (d, Je.p = 15.3 Hz), 128.7, 61.1, 42.1 (d, Je-p = 69.0 Hz), 34.8, 13.9.

31p NMR (243 MHz, CDCls) § 31.8.

IR (KBr) v 3056, 2983, 2922, 1738, 1583, 1491, 1393, 1176, 1096 cm’".

HRMS (ESI) m/z calcd for Co3sHa0C1NaOsP ([M+Na]*): 503.0108, found 503.0106.

Ethyl 3-(bis(4-(trifluoromethyl)phenyl)phosphoryl)-3-(4-(trifluoromethyl)phenyl)propanoate (3fa):

White solid, m.p. 186-187 °C. CF3

"H NMR (400 MHz, CDCls) ¢ 8.10 (dd, Jip = 10.3 Hz, Ju.n = 8.2 Hz, 2H), 7.85

(dd, Jun = 8.2, 1.8 Hz, 2H), 7.62-7.67 (m, 2H), 7.58 (dd, Jiu = 8.2, 2.3 Hz, 2H), F3C o
7.44-7.49 (m, 4H), 4.22 (ddd, Jup= 7.1 Hz, Juu = 10.7, 3.7 Hz, 1H), 3.94 (q, Jun \@ﬁ Ot
= 7.3 Hz, 2H), 3.10 (ddd, Jip = 6.4 Hz, Jun = 16.9, 10.7 Hz, 1H), 2.86 (ddd, Jip

=10.1 Hz, Jun = 16.9, 3.7 Hz, 1H), 1.06 (t, Juu = 7.3 Hz, 3H).

3C NMR (151 MHz, CDCl3): 6 170.5 (d, Jep = 15.9 Hz), 138.6 (d, Jcp = 5.8 Hz),

134.64 (d, Jep = 98.3 Hz), 134.58 (d, Jep = 92.5 Hz), 134.4 (q, Jor = 31.8 Hz), 3;':3

133.9 (q, Jor = 34.7 Hz), 131.8 (d, Jor = 10.1 Hz), 131.3 (d, Je.p = 8.7 Hz), 130.01

(q, Jer = 30.3 Hz), 129.99 (d, Jep = 5.8 Hz), 126.0-126.1 (m), 125.5, 125.3-125.4 (m), 123.8 (q, Jor = 271.7 Hz),
123.3 (q, Jer = 271.7 Hz), 123.2 (q, Jor = 273.1 Hz), 61.3, 42.3 (d, Jep = 67.9 Hz), 34.7, 13.8.

31P NMR (243 MHz, CDCls) § 30.9.

IR (KBr) v 3067, 2990, 2914, 1734, 1401, 1325, 1072, 1019, 837, 713 cm’’.

HRMS (ESI) m/z caled for CagHaoFoNaOsP ([M+Na]"): 605.0899, found 605.0898.

Ethyl 3-(di-m-tolylphosphoryl)-3-(m-tolyl)propanoate (3ga):

White solid, m.p. 133-134 °C. /@\ 0
H NMR (400 MHz, CDCls) 6 7.76 (d, Jur = 11.5 Hz, 1H), 7.65-7.69 (m, 1H), 7.41 OFt

(ddd, 7.5, 7.5, 3.4 Hz, 1H), 7.36 (d, Jiwn = 7.3 Hz, 1H), 7.21-7.26 (m, 2H), 7.14-7.17
(m, 2H), 7.03-7.09 (m, 3H), 6.95-6.97 (m, 1H), 4.01 (ddd, Jirr = 11.4 Hz, Jun = 11.4,
3.4 Hz, 1H), 3.93 (q, Juw = 7.1 Hz, 2H), 3.07 (ddd, Jip = 6.1 Hz, Jun = 16.5, 11.4 Hz,
1H), 2.87 (ddd, Jirp = 9.1 Hz, Juu = 16.5, 3.4 Hz, 1H), 2.42 (s, 3H), 2.2 (s, 6H), 2.21

=0
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(s, 3H), 1.04 (t, Juu = 7.1 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 171.4 (d, Jep = 17.3 Hz), 138.7 (d, Jep = 11.5 Hz), 137.8 (d, Jep = 11.5 Hz), 137.6
(d, Jep = 1.9 Hz), 135.0 (d, Jep = 4.8 Hz), 132.7 (d, Jop = 1.9 Hz), 132.2, 132.1 (d, Jer = 7.7 Hz), 131.9 (d, Jep =
7.7 Hz), 131.1 (d, Jer = 102.6 Hz), 131.0 (d, Jep = 99.7 Hz), 130.5 (d, Jep = 5.8 Hz), 128.6 (d, Jep = 12.5 Hz),
128.2 (d, Je.p = 8.6 Hz), 127.98, 127.94 (d, Je.p = 12.5 Hz), 127.91, 127.78 (d, Je.p = 12.5 Hz), 126.8 (d, Jer = 5.8
Hz), 60.7, 42.9 (d, Jep = 67.1 Hz), 34.7,21.5,21.3,21.2, 13.9.

31p NMR (243 MHz, CDCl3) § 32.8.

IR (KBr) v 3051, 2981, 2918, 1739, 1211, 863, 788, 703 cm’".

HRMS (ESI) m/z caled for CoeHaoNaOsP ([M+Na]"): 443.1747, found 443.1747.

Ethyl 3-(bis(3-methoxyphenyl)phosphoryl)-3-(3-methoxyphenyl)propanoate (3ha):

White solid, m.p. 101-102 °C. MeO

'H NMR (600 MHz, CDCl3) § 7.50 (dd, Ju-p = 12.0 Hz, Ju.u = 2.4 Hz, 1H), 7.45-

7.48 (m, 2H), 7.19 (ddd, Jur =4.2 Hz, Jun= 7.9, 7.9 Hz, 1H), 7.09-7.12 (m, 2H), /@\9 i
7.02 (dd, Ju-p = 11.3 Hz, Ju.n = 7.6 Hz, 1H), 6.93-6.96 (m, 1H), 6.90 (dd, Ju.u = MeO P OFt
8.3,2.1 Hz, 1H), 6.87 (d, Ju-u = 6.9 Hz, 1H), 6.82 (d, Ju.u = 1.4 Hz, 1H), 6.72 (dd,

Jun = 8.3, 1.4 Hz, 1H), 4.01 (ddd, Jupr = 8.0 Hz, Jun = 11.2, 3.4 Hz, 1H), 3.94 OMe
(dq, Ju-u = 7.2, 1.4 Hz, 2H), 3.86 (s, 3H), 3.69 (s, 3H), 3.64 (s, 3H), 3.08 (ddd, Ju- 3ha

p= 0.2 Hz, Juu = 16.5, 11.2 Hz, 1H), 2.88 (ddd, Jur = 9.6 Hz, Ju.u = 16.5, 3.4 Hz, 1H), 1.06 (t, 7.2 Hz, 3H).

I3C NMR (151 MHz, CDCl3) 6 171.3 (d, Jep = 17.3 Hz), 159.8 (d, Jcp = 13.0 Hz), 159.3, 159.1 (d, Jc.p = 14.5 Hz),
136.5 (d, Jep = 5.8 Hz), 132.5 (d, Je-p = 99.7 Hz), 132.2 (d, Jc-p = 95.4 Hz), 130.0 (d, Jc-p = 14.5 Hz), 129.22 (d,
Jep = 15.9 Hz), 129.16, 123.1 (d, Jc-p = 8.7 Hz), 123.0 (d, Jcp = 8.7 Hz), 122.2 (d, Jc.p = 5.8 Hz), 118.5, 118.2,
116.3 (d, Jc-p = 8.7 Hz), 115.7 (d, Jcp = 10.1 Hz), 114.7 (d, Jc.p = 4.3 Hz), 113.5, 60.8, 55.5, 55.2, 55.1, 43.0 (d, Jc-
p=67.9 Hz), 34.8, 13.9.

3P NMR (243 MHz, CDCl;) 6 32.8.

IR (KBr) v 3060, 3042, 2959, 2838, 1739, 1601 ,1577, 1241, 1173, 1046, 1035, 700 cm’".

HRMS (ESI) m/z caled for Co6H20NaOgP ([M+Na]"): 491.1594, found 491.1593.

Ethyl 3-(bis(3-fluorophenyl)phosphoryl)-3-(3-fluorophenyl)propanoate (3ia): F

White solid, m.p. 148-149 °C.

'H NMR (600 MHz, CDCls) 6 7.70-7.73 (m, 1H), 7.65-7.68 (m, 1H), 7.56-7.59 (m, /@\ 0
1H), 7.26-7.32 (m, 3H), 7.15-7.22 (m, 2H), 7.08-7.10 (m, 2H), 7.04 (dd, /= 10.0 Hz, F
1.7 Hz, 1H), 6.88 (dd, J = 8.3,8.3 Hz, 1H), 4.05 (ddd, Ju.p= 7.6 Hz, Jun=11.0, 3.4
Hz, 1H), 3.96 (q, Ju-u = 6.9 Hz, 2H), 3.07 (ddd, Jur= 6.2 Hz, Ju.u = 16.7, 11.0 Hz, F

1H), 2.85 (ddd, Jup = 9.4 Hz, Jun = 16.7, 3.4 Hz, 1H), 1.07 (t, 6.9 Hz, 3H). 3ia

13C NMR (151 MHz, CDCls) § 170.7 (d, Jcp = 17.3 Hz), 162.8 (dd, Je.r = 252.2 Hz, Jc.p = 15.9 Hz), 162.5 (d, Jc-
rF=247.1 Hz), 161.3 (dd, Jc.r = 251.4 Hz, Jc.p = 15.9 Hz), 137.0 (dd, Jc.r = 7.2, Jcp = 5.8 Hz), 133.2 (dd, Jcr =4.3
Hz, Jcp =100.4 Hz), 133.2 (dd, Jcr = 4.3 Hz, Jcp = 94.6 Hz), 131.1 (dd, Jcr = 7.2 Hz, Jcp = 13.0 Hz), 130.3 (dd,
Jer=172Hz, Jep=13.7Hz), 129.9 (d, Jo.r = 7.2 Hz), 126.7 (dd, Jc.r = 2.9 Hz, Jcp = 8.7 Hz), 126.5 (dd, Jcr=2.9

1=0

OEt
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Hz, Jcp = 8.7 Hz), 125.4 (dd, Jc.r = 2.9 Hz, Jc.p = 5.8 Hz), 119.7 (dd, Jc.r = 18.8 Hz), 119.2 (d, Jcr = 21.7 Hz),
118.4 (dd, Jcr =23.1 Hz, Jcp = 8.7 Hz), 117.9 (dd, Jc.r = 22.4 Hz, Jcp = 8.7 Hz), 116.6 (dd, Jc.r = 21.7 Hz, Jcp =
5.8 Hz), 114.64 (d, Jc.r =20.2 Hz), 61.1, 42.5 (d, Jcp = 69.4 Hz), 34.7, 13.9.

3P NMR (243 MHz, CDCl3) § 31.1.

IR (KBr) v 3058, 3029, 2984, 1739, 1584, 1479, 1423, 1227, 898, 696 cm™".

HRMS (ESI) m/z caled for C23H20F3NaOsP ([M+Na]"): 455.0994, found 455.0992.

Ethyl 3-(bis(3-chlorophenyl)phosphoryl)-3-(3-chlorophenyl)propanoate (3ja): Cl

White solid, m.p. 112-113 °C.

'H NMR (600 MHz, CDCl3) 6 7.92 (d, Ju-p = 11.0 Hz, 1H), 7.77-7.80 (m, 1H), /@\9 O
7.56-7.59 (m, 1H), 7.52 (ddd, Jirp = 3.4 Hz, Jus = 7.9, 7.9 Hz, 1H), 7.45 (d, Jup= © P OFt
11.0 Hz, 1H), 7.34-7.39 (m, 2H), 7.25-7.28 (m, 2H), 7.14-7.22 (m, 3H), 4.02 (ddd,

Jup= 7.6 Hz, Ju.u = 11.0, 3.4 Hz, 1H), 3.96 (q, Ju-u = 6.9 Hz, 2H), 3.05 (ddd, Ju-r Cl

= 6.9 Hz, Jun = 16.8, 11.0 Hz, 1H), 2.85 (ddd, Jip = 9.6 Hz, Jun = 16.8, 3.4 Hz, 3ja

1H), 1.08 (t, Ju-n = 6.9 Hz, 3H).

13C NMR (151 MHz, CDCls) 6 170.7 (d, Jep = 17.3 Hz), 136.5 (d, Jcp = 5.8 Hz), 135.7 (d, Jc-p = 14.5 Hz), 135.0
(d, Je.p = 14.5 Hz), 134.3 (d, Jcp = 2.9 Hz), 132.7 (d, Jcp = 98.3 Hz), 132.7, 132.68 (d, Jc.r = 92.5 Hz), 132.2 (d,
Jcp =2.9 Hz), 131.3 (d, Jcp = 8.7 Hz), 130.9 (d, Jc.p = 10.1 Hz), 130.5 (d, Jcp = 11.6 Hz), 129.8 (d, Jc.r = 10.1
Hz), 129.7 (2C), 129.0 (d, Jc.p = 8.7 Hz), 128.8 (d, Jc.p = 8.7 Hz), 127.9, 127.7 (d, Jcr = 5.8 Hz), 61.1, 42.4 (d, Jc-
p=67.9 Hz), 34.6, 13.9.

3P NMR (243 MHz, CDCl;) 6 30.35.

IR (KBr) v 3060, 2981, 2923, 1733, 1567, 1470, 1405, 1183, 693 cm™.

HRMS (ESI) m/z caled for C23H2C13NaOsP ([M+Na]"): 503.0113, found 503.0107.

Ethyl 3-(di-o-tolylphosphoryl)-3-(o-tolyl)propanoate (3ka):

White solid, m.p. 134-135 °C.

'H NMR (400 MHz, CDCl3) 6 7.83-7.91 (m, 2H), 7.45 (d, Ju.u = 7.6, 7.6 Hz, 1H), 7.37-
7.40 (m, 1H), 7.15-7.26 (m, 4H), 7.05 (d, Jun = 7.6, 7.6 Hz, 1H), 6.90-6.98 (m, 3H), 4.52-
4.58 (m, 1H), 3.96 (q, Jun = 7.3 Hz, 2H), 3.20-3.24 (m, 2H), 2.38 (s, 3H), 2.08 (s, 3H),
2.05 (s, 3H) 1.06 (t, Ju.u = 7.3 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 171.8 (d, Jep = 16.3 Hz), 143.4 (d, Jcp = 7.7 Hz), 143.2
(d, Jcr=7.7 Hz), 136.8 (d, Jc-p = 5.8 Hz), 134.3 (d, Jcp = 3.8 Hz), 132.6 (d, Jc.p = 9.6 Hz), 131.9 (d, Jcp = 12.5
Hz), 131.7 (d, Jc.p = 1.9 Hz), 131.4 (d, Jc-p = 10.5 Hz), 131.3 (d, Jc-» = 2.9 Hz), 131.19 (d, Jcp = 101.6 Hz), 131.16
(d, Jcp = 10.5 Hz), 131.08 (d, Jcp = 103.5 Hz), 130.0, 129.7 (d, Jc-p = 3.8 Hz), 127.0, 126.1, 125.5 (d, Jcp = 11.5
Hz), 124.9 (d, Jcp = 12.5 Hz), 60.8, 36.6, 36.3 (d, Jcr = 69.0 Hz), 21.5 (d, Jcr = 4.8 Hz), 20.8 (d, Jc.p = 2.9 Hz),
19.5,13.9.

3P NMR (243 MHz, CDCl;3) 6 37.2.

IR (KBr) v 3052, 2984, 2953, 2926, 1731, 1252, 1188, 1139, 1031 cm™..

HRMS (ESI) m/z caled for Co6H2oNaOsP ([M+Na]"): 443.1747, found 443.1747.

Tv=0

OEt

3ka
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Ethyl 3-(bis(2-fluorophenyl)phosphoryl)-3-(2-fluorophenyl)propanoate (3la):

Colorless oil.

TH NMR (400 MHz, CDCl3) & 7.94-8.01 (m, 1H), 7.69 (dddd, J = 7.8, 7.8, 2.3, 2.3 Hz, ] o O

1H), 7.55-7.64 (m, 2H), 7.34-7.40 (m, 1H), 7.32 (dd, J= 7.8, 7.8 Hz, 1H), 7.02-7.20 (m, P OEt
4H), 6.91 (ddd, J = 8.9, 8.9, 6.0 Hz, 1H), 6.81 (dd, J = 8.9, 8.9 Hz, 1H), 4.93-4.99 (m, " F

1H), 3.94-4.03 (m, 2H), 3.21 (ddd, Jip= 6.9 Hz, Juwu= 16.4, 10.6 Hz, 1H), 3.03 (ddd,

Jup=8.9 Hz, Jun=16.4,3.7 Hz, 1H), 1.08 (t, 7.1 Hz, 3H). 3la

13C NMR (101 MHz, CDCI3) 6 170.6 (d, Jc-p = 19.2 Hz), 162.40 (dd, Jcr = 256.3 Hz, Jc.p = 5.8 Hz), 162.36 (dd,
Jor =248.7 Hz, Jcp = 5.8 Hz), 160.8 (dd, Jcr = 247.3 Hz, Jcp = 6.7 Hz), 134.9 (dd, Jc.r = 1.9 Hz, Jc.p = 8.6 Hz),
134.53, 134.51 (dd, Jcr = 1.9 Hz, Jcp = 8.6 Hz), 133.8 (dd, Jcr = 3.8 Hz, Jc.p = 3.8 Hz), 130.6 (dd, Jc.r = 3.8 Hz,
Jep = 3.8 Hz), 129.0 (dd, Jcr = 2.9 Hz, Jcp = 8.6 Hz), 125.0 (dd, Jcr = 2.9 Hz, Jcp = 10.0 Hz), 124.2, 124.1 (dd,
Jer=2.9 Hz, Jep = 12.0 Hz), 122.4 (dd, Jcr = 14.4 Hz, Jcp = 5.6 Hz), 119.2 (dd, Jcr = 19.2 Hz, Jc.p = 94.9 Hz),
119.0 (dd, Jcr = 18.2 Hz, Jc.p = 101.6 Hz), 116.5 (dd, Jc.r = 23.0 Hz, Jc.p = 5.8 Hz), 115.6 (dd, Jc.r = 22.0 Hz, Jc.
p=5.8 Hz), 115.0 (dd, Jc.r = 23.0 Hz, Jcp = 1.9 Hz), 60.9, 34.9 (d, Jcr = 71.9 Hz), 34.5, 13.9.

3P NMR (243 MHz, CDCl;) 6 27.6.

IR (KBr) v 2957, 2921, 2850, 1736, 1603, 1474, 1442, 1212, 760 cm’".

HRMS (ESI) m/z caled for Cp3HxoF3NaOsP ([M+Na]"): 455.0994, found 455.0994.

Ethyl 3-(di(naphthalen-2-yl)phosphoryl)-3-(naphthalen-2-yl)propanoate (3ma):

White solid, m.p. 193-194 °C. O

'H NMR (600 MHz, CDCl3) & 8.66 (d, Jup = 13.1 Hz, 1H), 8.16 (d, Ju.p = 13.8 O

Hz, 1H), 7.99-8.01 (m, 2H), 7.95 (dd, J = 8.6, 8.6 Hz, 1H), 7.91 (d, Ju-u = 8.3 Hz, O O

1H), 7.88 (s, 1H), 7.55-7.71 (m, 9H), 7.50 (d, Ju-n = 8.9 Hz, 1H), 7.47 (dd, Jun = |'3' OEt
7.2,7.2 Hz, 1H), 7.38-7.42 (m, 3H), 4.50 (ddd, Jup= 7.9 Hz, Ju.u = 11.0, 3.4 Hz,

1H), 3.84 (q, Ju-u = 6.9 Hz, 2H), 3.26 (ddd, Jupr= 6.2 Hz, Ju.u = 16.5, 11.0 Hz, O

1H), 3.05 (ddd, Ju-p= 9.6 Hz, Ju.n = 16.5, 3.4 Hz, 1H), 0.95 (t, 6.9 Hz, 3H). 3ma O

13C NMR (151 MHz, CDCL3) 6 171.3 (d, Jep = 17.3 Hz), 134.7, 134.4, 133.8 (d,

Jer = 8.7 Hz), 133.4 (d, Jep = 8.7 Hz), 133.2, 132.9 (d, Jor =5.8 Hz), 132.7 (d, Jep = 13.0 Hz), 132.51, 132.2 (d,
Jep = 13.0 Hz), 129.0, 128.85 (d, Jep = 7.2 Hz), 128.77, 128.74 (Jep = 10.1 Hz), 128.5 (Jep = 93.9 Hz), 128.349,
128.345 (Jep = 108.4 Hz), 128.0 (2C), 127.92 (Jep = 4.3 Hz ), 127.89 (Jep = 7.2 Hz), 127.8, 127.7 (d, Jep = 4.3
Hz), 127.6, 127.5, 127.1, 126.6, 125.9, 125.8 (2C), 125.7, 60.8, 42.8 (d, Jc.p = 69.4 Hz), 35.3, 13.8.

31P NMR (243 MHz, CDCls) 6 33.4.

IR (KBr) v 3055, 2981, 2920, 1738, 1506, 1214, 1176, 746, 477 cm’.

HRMS (ESI) m/z caled for C3sHaoNaOsP ([M+Na]"): 551.1747, found 551.1744.
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Ethyl 3-(methyl(phenyl)phosphoryl)-3-phenylpropanoate (3na):
White solid, m.p. 126-127 °C and 136-137 °C for each diastereomer.

Low polar diastereomer: Me\9 0
TH NMR (400 MHz, CDCl3) § 7.72-7.77 (m, 2H), 7.49-7.59 (m, 3H), 7.27-7.40 (m, 5H), P OEt
3.87 (q, Jun = 6.9 Hz, 2H), 3.57 (ddd, Jup= 8.9 Hz, Jun = 11.0, 4.1 Hz, 1H), 3.00 (ddd, Ji.
p = 7.8 Hz, Jun = 16.5, 11.0 Hz, 1H), 2.76 (ddd, Jirp = 8.9 Hz, Jiu = 11.0, 4.1 Hz, 1H), s
na

1.45 (d, Jup= 12.4 Hz, 3H), 1.01 (t, 6.9 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 171.2, 135.7 (d, Je-p = 4.8 Hz), 132.1 (d, Je.p = 93.9 Hz), 132.0 (d, Jep = 1.9 Hz),
130.7 (d, Jep = 9.6 Hz), 129.2 (d, Jep = 5.8 Hz), 128.8, 128.7 (d, Jep = 8.6 Hz), 127.6 (d, Jep = 2.9 Hz), 60.7, 44.8
(d, Jep = 66.1 Hz), 34.0, 14.4 (d, Jep = 71.9 Hz), 13.9.

31P NMR (243 MHz, CDCls) § 38.4.

IR (KBr) v 3048, 2983, 2905, 1731, 1428, 1224, 1173, 884, 700 cm.

HRMS (ESI) m/z caled for C1sHzNaOsP ([M+Na]"): 339.1121, found 339.1119.

Ethyl 3-phenyl-3-(phenyl(propyl)phosphoryl)propanoate (30a):
White solid, m.p. 52-53 °C and 103-104 °C for each diastereomer.
Low polar diastereomer: n-Pr\(l?
'H NMR (400 MHz, CDCI3) 6 7.72-7.77 (m, 2H), 7.49-7.58 (m, 3H), 7.41-7.43 (m, 2H), P OEt
7.36 (t, Jun = 7.3 Hz, 2H), 7.28-7.32 (m, 1H), 3.86 (q, Ju.u = 7.1 Hz, 2H), 3.58 (ddd, Jip

= 7.8 Hz, Jun = 11.3, 3.7 Hz, 1H), 3.00 (ddd, Jup = 6.9 Hz, Juu = 16.4, 11.3 Hz, 1H),

2.68 (ddd, Jup = 8.6 Hz, Ju.u = 16.4, 3.7 Hz, 1H), 1.60-1.69 (m, 2H), 1.31-1.46 (m, 1H),

1.10-1.28 (m, 1H), 1.00 (t, Juu = 7.1 Hz, 3H), 0.79 (t, Juu = 7.1 Hz, 3H).

13C NMR (151 MHz, CDCls): 6 170.8 (d, Jcp = 15.9 Hz), 135.5 (d, Jer = 4.3 Hz), 131.5, 130.70 (d, Jc-p = 88.1
Hz), 130.69 (d, Jc-p = 8.7 Hz), 129.2 (d, Jcp = 5.8 Hz), 129.0 (d, Jc.pr = 5.8 Hz), 128.43, 128.42 (d, Jc.p = 11.6 Hz),
60.3,43.7 (d, Jop = 63.6 Hz), 34.1, 29.5 (d, Jcp = 69.4 Hz), 15.2 (d, Jc-p = 15.9 Hz), 14.6 (d, Jcp = 4.3 Hz), 13.7.
3P NMR (243 MHz, CDCl3): § 41.5.

IR (KBr) v 3061, 2957, 2924, 2871, 1730, 1226, 1171, 1110, 700, 535 cm’'.

HRMS (ESI) m/z caled for CoH2sNaOsP ([M+Na]"): 367.1434, found 367.1431.

3oa

Methyl 3-(di-p-tolylphosphoryl)-3-(p-tolyl)propanoate (3ab):
White solid, m.p. 152-153 °C.

H NMR (600 MHz, CDCl3) 6 7.78 (dd, Jiwr = 11.0 Hz, Jin = 8.3 Hz, 2H), 7.31- 5

7.36 (m, 4H), 7.16 (dd, J = 8.3, 2.1 Hz, 2H), 7.06 (dd, J = 7.9, 2.8 Hz 2H), 6.9 (d, \©\9

Jivtt = 7.6 Hz, 2H), 4.01 (ddd, Jivp = 8.6 Hz, Jist = 11.3, 3.4 Hz, 1H), 3.47 (s, 3H), P Olie
3.05 (ddd, Jup = 5.5 Hz, Ju.u = 16.7, 11.3 Hz, 1H), 2.87 (ddd, Ju-p = 9.6 Hz, Ju.u =

16.7, 3.4 Hz, 1H), 2.41 (s, 3H), 2.28 (s, 3H), 2.25 (s, 3H).

13C NMR (151 MHz, CDCLy) 6 172.0 (d, Jep = 17.3 Hz), 142.3, 141.7 (d, Jep = 2.9 sa

Hz), 136.7 (d, Je.p = 2.9 Hz), 132.1 (d, Jep = 5.8 Hz), 131.3 (d, Jep = 8.7 Hz), 131.1
(d, Je-p = 10.1 Hz), 129.49 (d, Jep = 15.9 Hz), 129.48, 129.0, 128.8 (d, Jep = 13.0 Hz), 128.22 (d, Je.p = 105.5 Hz),
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128.19 (d, Jcp = 95.4 Hz), 51.8,42.4 (d, Jcr = 67.9 Hz), 34.9, 21.65, 21.5, 21.
3P NMR (243 MHz, CDCl3) 6 33.7.

IR (KBr) v 3035, 2949, 2920, 2851, 1739, 1224, 1175, 547 cm™".

HRMS (ESI) m/z caled for CosH27NaOsP ([M+Na]"): 429.1590, found 429.1589.

Benzyl 3-(di-p-tolylphosphoryl)-3-(p-tolyl)propanoate (3ac):
White solid, m.p. 164-165 °C.

7.36 (m, 7H), 7.11-7.14 (m, 2H), 7.04-7.07 (m, 4H), 6.96 (d, Ju.us = 7.8 Hz, 2H), 4.90
(s, 2H), 4.01 (ddd, Jip = 8.6 Hz, Jun = 11.6, 3.2 Hz, 1H), 3.11 (ddd, Jip = 6.0 Hz,
Jun=16.6, 11.6 Hz, 1H), 2.91 (ddd, Jip = 8.7 Hz, Juu = 16.6, 3.2 Hz, 1H), 2.39 (s,
3H), 2.27 (s, 3H), 2.25 (s, 3H).

13C NMR (101 MHz, CDCl3) § 1714 (d, Jep = 17.3 Hz), 142.3 (d, Jcp = 2.9 Hz),
141.8 (d, Jor = 1.9 Hz), 136.7 (d, Jep = 1.9 Hz), 135.5, 131.9 (d, Je» = 5.8 Hz),
131.3 (d, Jep = 8.6 Hz), 131.1 (d, Jep = 9.6 Hz), 129.6, 129.5 (d, Jep = 8.6 Hz), 129.0, 128.8 (d, Jep = 12.5 Hz),
128.3, 128.20 (d, Jep = 101.6 Hz), 128.18 (d, Jep = 97.8 Hz), 128.0, 127.8, 66.47, 42.7 (d, Je.p = 68.1 Hz), 35.1,
21.5,21.4,21.1.

31P NMR (243 MHz, CDCls) § 33.4.

IR (KBr) v 3035, 2919, 1720, 1454, 1249, 1175, 990, 808 cm’".

HRMS (ESI) m/z caled for Cs1Hz NaOsP ([M+Na]"): 505.1903, found 505.1900.

'H NMR (400 MHz, CDCl3) 6 7.77 (dd, Ji.p = 10.5 Hz, Ju.u = 7.8 Hz, 2H), 7.22- < :

U

OBn

3ac

2-Bromoethyl 3-(di- p-tolylphosphoryl)-3-(p-tolyl) propanoate (3ad):
White solid, m.p. 187-188 °C.

O

7.32-7.36 (m, 4H), 7.14 (dd, J = 7.9, 2.1 Hz, 2H), 7.07 (dd, J = 7.9, 2.1 Hz,
2H), 6.9 (d, Jiu = 8.3 Hz, 2H), 4.16 (t, Jiu = 5.5 Hz, 2H), 4.00 (ddd, Jirp =
8.3 Hz, Jun = 11.5, 3.4 Hz, 1H), 3.24 (t, Jiu = 5.5 Hz, 2H), 3.07 (ddd, Jip =
6.9 Hz, Jun = 162, 11.5 Hz, 1H), 2.92 (ddd, Jup = 8.9 Hz, Juu = 16.2, 3.4
Hz, 1H), 2.41 (s, 3H), 2.28 (s, 3H), 2.25 (s, 3H).

13C NMR (151 MHz, CDCL;) 6 171.0 (d, Jep = 17.3 Hz), 142.4, 141.8, 136.8,
131.8 (d, Jer = 5.8 Hz), 131.3 (d, Jep = 8.7 Hz), 131.1 (d, Jep = 8.7 Hz), 129.51 (d, Jop = 14.5 Hz), 129.49, 129.0,
128.8 (d, Je-p = 11.6 Hz), 128.04 (d, Jep = 96.8 Hz), 127.99 (d, Jep = 101.2 Hz), 63.8, 42.6 (d, Jep = 67.9 Hz), 34.9,
28.1,21.54,21.45,21.0.

31P NMR (243 MHz, CDCls) § 33.3.

IR (KBr) v 3033, 2923, 1743, 1600, 1515, 1174, 654, 549, 521 cm’.

HRMS (ESI) m/z caled for CaoHasBrNaOsP ([M+Na]*): 521.0852, found 521.0850.

'H NMR (600 MHz, CDCl3) 6 7.78 (dd, Jup = 10.7 Hz, Ju.u = 7.9 Hz, 2H), ~ :

0=

O/\/Br

3ad
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Allyl 3-(di-p-tolylphosphoryl)-3-(p-tolyl)propanoate (3ae):
White solid, m.p. 169-170 °C.

0]

O
7.31-7.37 (m, 4H), 7.15 (dd, J=8.2, 1.8 Hz, 2H), 7.07 (dd, /= 8.0, 2.8 Hz, 2H), Y _
b o NF

6.98 (d, Jun = 7.8 Hz, 2H), 5.68 (ddt, Jiu = 16.5, 11.0, 5.5 Hz, 1H), 5.05-5.10

(m, 2H), 4.36 (d, Juu = 5.5 Hz, 2H), 4.01 (ddd, Jup = 8.7 Hz, Jun = 11.3, 3.7

Hz, 1H), 3.08 (ddd, Jip = 6.4 Hz, Juy = 16.7, 11.0 Hz, 1H), 2.90 (ddd, Jip =

9.2 Hz, Jun = 16.7, 3.7 Hz, 1H), 2.41 (s, 3H), 2.28 (s, 3H), 2.25 (s, 3H).

13C NMR (151 MHz, CDCLs) 6 171.2 (d, Jep = 17.3 Hz), 142.3, 141.7, 136.7

(d, Jep = 2.9 Hz), 132.0 (d, Jor = 4.3 Hz), 131.7, 131.3 (d, Jep = 8.7 Hz), 131.1 (d, Jer = 8.7 Hz), 129.53, 129.48
(d, Jep = 7.2 Hz), 129.0, 128.8 (d, Jep = 11.6 Hz), 128.21 (d, Jep = 104.0 Hz), 128.18 (d, Jep = 96.8 Hz), 117.9,
65.3,42.5 (d, Jep = 69.4 Hz), 35.0, 21.5, 21.4, 21.0.

31P NMR (243 MHz, CDCL;) 33.5.

IR (KBr) v 3055, 3032, 2922, 1738, 1602, 1515, 1175, 930 cm’".

HRMS (ESI) m/z caled for Co7HyoNaOsP ([M+Na]"): 455.1747, found 455.1743.

'H NMR (400 MHz, CDCl3) 6 7.78 (dd, Jup = 10.5 Hz, Ju.u = 7.8 Hz, 2H), :

3ae

Phenyl 3-(di-p-tolylphosphoryl)-3-(p-tolyl)propanoate (3af):
White solid, m.p. 199-200 °C.

TH NMR (600 MHz, CDCls) & 7.82 (dd, Jirp = 11.0 Hz, Jii = 8.3 Hz, 2H), 7.34- o

7.39 (m, 4H), 7.20-7.26 (m, 4H), 7.13 (t, J= 7.6 Hz, 1H), 7.09 (dd, J= 7.9, 2.1 Hz, \©\9 Ph
2H), 7.02 (d, Jin = 7.6 Hz, 2H), 6.69-6.71 (m, 2H), 4.09 (ddd, Jup = 8.6 Hz, Ju it ©
=11.0, 3.4 Hz, 1H), 3.29 (ddd, Jup = 6.9 Hz, Jun = 16.2, 11.0 Hz, 1H), 3.11 (ddd,

Jup = 8.3 Hz, Jun = 16.2, 3.4 Hz, 1H), 2.42 (s, 3H), 2.29 (s, 3H), 2.27 (s, 3H).

13C NMR (151 MHz, CDCl3) 6 170.2 (d, Je.p = 18.8 Hz), 150.4, 142.5, 141.9, 137.0, 300

131.7 (d, Jep = 5.8 Hz), 131.4 (d, Jer = 10.1 Hz), 131.2 (d, Jcp = 8.7 Hz), 129.64,
129.59 (d, Jep = 8.7 Hz), 129.2, 129.1, 128.9 (d, Jor = 11.6 Hz), 128.0 (d, Jep = 98.3 Hz), 127.9 (d, Jcp = 102.6
Hz), 125.7, 121.3, 42.8 (d, Jor = 67.9 Hz), 35.2, 21.6, 21.5, 21.1.

31P NMR (243 MHz, CDCls) § 33.3.

IR (KBr) v 3016, 2921, 2852, 1748, 1349, 1217, 1197, 806 cm’".

HRMS (ESI) m/z caled for C3oHa9NaOsP ([M+Na]"): 491.1747, found 491.1744.

3-(di-p-tolylphosphoryl)-N, N-dimethyl-3-(p-tolyl)propanamide (3ag):
Reddish white solid, m.p. 221-222 °C.

(m, 6H), 7.02 (dd, Jin = 8.0, 2.1 Hz, 2H), 6.97 (d, Jin = 8.2 Hz, 2H), 4.29 (ddd, Ji.
p = 6.9 Hz, Jin = 10.0, 3.2 Hz, 1H), 3.16 (ddd, Jup = 5.5 Hz, Jun = 16.0, 10.0 Hz, |
1H), 2.80 (s, 3H), 2.69-2.77 (m, 1H), 2.75 (s, 3H), 2.40 (s, 3H), 2.25 (s, 3H), 2.23 (s,

3H).

13C NMR (101 MHz, CDCl3) § 170.1 (d, Jop = 14.4 Hz), 142.1 (d, Jep = 1.9 Hz),

'H NMR (400 MHz, CDCl3) 6 7.83 (dd, Jup = 10.3 Hz, Ju.n = 7.8 Hz, 2H), 7.25-7.34 < :

=
Z
\

3ag
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141.4 (d, Jep = 1.9 Hz), 136.3 (d, Jep = 1.9 Hz), 133.2 (d, Jep = 4.8 Hz), 131.2 (d, Jep = 9.6 Hz), 130.9 (d, Jop =
9.6 Hz), 129.7 (d, Jep = 5.8 Hz), 129.5 (d, Jep = 11.5 Hz), 128.94 (d, Jop = 101.6 Hz), 128.9, 128.74 (d, Jep = 11.5
Hz), 128.68 (d, Je-p = 96.8 Hz), 41.9(d, Jep = 70.0 Hz), 37.1, 35.6, 33.8, 21.5, 21.4, 21.0.

31P NMR (243 MHz, CDCl3) § 34.9.

IR (KBr) v 3020, 2919, 2897, 1655, 1649, 1509, 1398, 1175, 656, 548 cm’.

HRMS (ESI) m/z caled for C26H3oNNaO,P ([M+Na]"): 442.1906, found 442.1904.

3-(di-p-tolylphosphoryl)-1-morpholino-3-(p-tolyl)propan-1-one (3ah):
Reddish white solid, m.p. 186-187 °C.

o

TH NMR (400 MHz, CDCl3) 6 7.83 (dd, Jip = 10.5 Hz, Jin = 8.2 Hz, 2H), 7.30-
7.35 (m, 4H), 7.26 (dd, Jin = 7.8, 1.8 Hz, 2H), 7.03 (dd, Jin = 7.8, 2.3 Hz, 2H), \Q
6.99 (d, Jun = 7.8 Hz, 2H), 423 (ddd, Jur= 6.9 Hz, Jun= 103, 3.2 Hz, 1H), K/
3.27-3.54 (m, 7H), 3.12-3.20 (m, 2H), 2.70 (ddd, Jip= 10.1 Hz, Juu= 15.6, 3.2

Hz, 1H), 2.40 (s, 3H), 2.25 (s, 3H), 2.24 (s, 3H).

13C NMR (101 MHz, CDCl3) § 169.1 (d, Je.p = 14.4 Hz), 142.2 (d, Je» = 2.9 Hz),

141.6 (d, Jor = 2.9 Hz), 136.6 (d, Jep = 1.9 Hz), 132.9 (d, Jep = 4.8 Hz), 131.2

(d, Jep = 8.6 Hz), 130.8 (d, Jep = 9.6 Hz), 129.6, 129.5 (d, Jep = 3.8 Hz), 129.0, 128.8 (d, Jep = 12.5 Hz), 128.7
(d, Jep = 102.6 Hz), 128.5 (d, Jop = 97.8 Hz), 66.6, 66.3, 46.0, 42.17 (d, Jep = 69.0 Hz), 42.13, 33.0, 21.5, 21 .4,
21.0.

31P NMR (243 MHz, CDCl3) § 34.5.

IR (KBr) v 3018, 2922, 2852, 1627, 1604, 1466, 1434, 1175, 1115, 657 cm’".

HRMS (ESI) m/z caled for CasHzoNNaOsP ([M+Na]"): 484.2012, found 484.2010.

b

3ah

(18,2R,55)-2-isopropyl-5-methylcyclohexyl 3-(di-p-tolylphosphoryl)-3-(p-tolyl)propanoate (3ai):

White solid, m.p. 149-150 °C.

The peaks of each diastereomer are overlapping:

'H NMR (400 MHz, CDCls) 6 7.74-7.81 (m, 2H), 7.31-7.39 (m, 4H), 7.06-7.14 \©\O 0

(m, 4H), 6.96-6.98 (m, 2H), 4.41-4.50 (m, 1H), 3.95-4.02 (m, 1H), 2.97-3.06

(m, 1H), 2.76-2.88 (m, 1H), 2.41 (s, 3H), 2.28-2.29 (m, 3H), 2.24 (s, 3H), 2.04 P
(br, 1H), 1.08-1.60 (m, 6H), 0.69-0.96 (m, 7H), 0.63-0.65 (m, 1H), 0.54-0.60

(m, 2H), 0.34-0.35 (m, 1H).

13C NMR (151 MHz, CDCl3) 6 171.1-171.3 (1C), 142.2, 141.7-141.8 (1C), 3ai

136.6 (1C), 131.7-131.8 (1C), 131.1-131.4 (2C), 129.4-129.6 (2C), 128.76-128.84 (2C), 127.7-128.7 (2C), 74.5
(1C), 46.6 (1C), 42.7-43.2 (1C), 40.3-40.6 (1C), 35.5 (1C), 35.1 (1C), 34.0-34.1 (1C), 31.1-31.2 (1C), 25.6-25.8
(1C), 23.1 (1C), 21.8-21.9 (1C), 21.46-21.54 (1C), 21.00-21.04 (1C), 20.5-20.7 (1C), 15.9-16.0 (1C).

3P NMR (243 MHz, CDCl;3) 6 33.4.

IR (KBr) v 3033, 2955, 2922, 2868, 1729, 1603, 1514, 1175, 805.

HRMS (ESI) m/z caled for C34Ha3NaOsP ([M+Na]"): 553.2842, found 553.2838.

U=
©)
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3. Optimization of reaction conditions

3-1. Optimization of molar ratio

o (x Zzgiv) Ao
PAr3 + —q> Q\PJ\/U\R
4 OEt MeOt-Bu Ar”\
1a 10°C, 24 h Ar
(Ar = p-tolyl) 2a (x equiv) 3aa (Ar = p-tolyl)

Under a nitrogen atmosphere, to a mixture of tri(p-tolyl)phosphine 1a (0.1 mmol, 1.0 equiv) and water (x equiv)
in MeOz-Bu (0.5 mL), alkyne 2a (x equiv) was added at 10 °C. The resulting mixture was stirred for 24 h, then
filtrated through silica gel to remove remaining phosphine and concentrated under the reduced pressure. The yield
of desired product 3aa was determined via '"H NMR spectroscopy using 1,3,5-trimethoxybenzene as an internal
standard.

Table S1. Optimization of molar ratio

entry 2a (equiv) H>0 (equiv) yield (%)
1 1.1 1.1 77
2 1.5 1.5 91
3¢ 2.0 2.0 98 (94)*

“Same to entry 7 in Table 1. “Isolated yield.

3-2. Optimization of the amount of the solvent

o) . r (@]
2.0 equiv
PAr; + ( uv) | R )\)J\
=~ TOEt MeOt-Bu (xmL)  A-R R
1a 10°C, 24 h Ar
(Ar = p-tolyl) 2a (2.0 equiv) 3aa (Ar = p-tolyl)

Under a nitrogen atmosphere, to a mixture of tri(p-tolyl)phosphine 1a (0.1 mmol, 1.0 equiv) and water (0.2 mmol,
2.0 equiv) in MeO#-Bu (x mL), alkyne 2a (0.2 mmol, 2.0 equiv) was added at 10 °C. The resulting mixture was
stirred for 24 h, then filtrated through silica gel to remove remaining phosphine and concentrated under the reduced
pressure. The yield of desired product 3aa was determined via 'H NMR spectroscopy using 1,3,5-
trimethoxybenzene as an internal standard.

Table S2. Optimization of the amount of the solvent

entry MeOt-Bu (mL) yield (%)
1 2.0 95
2 1.0 93
34 0.5 98 (94)°
4 0.2 88
5 0.1 88

“Same to entry 7 in Table 1. Isolated yield.
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4. Computational studies
All calculations were performed with the Caussian 09 (Rev E.01) program.!> Geometries were fully optimized at
B3LYP theory'%®!® with 6-31G(d) basis set'” and characterized by frequency calculation. The reaction pathway was

traced by intrinsic reaction coordinate (IRC) method from the located transition states.

TS1 TS2

Figure S1. 3D drawing of transition states. The bond formation/dissociation is shown in light green, and the atom

distances are indicated in A.'®

intA -0.69886800 1.72234900 1.81123400
1.67130200 1.97129500 1.33512800
-0.59761800 2.71527900 2.78470200
-1.64763400 1.23653800 1.59157100
1.76191900 2.96123200 2.31490200
2.55455600 1.69759100 0.76576300
0.62896500 3.33318400 3.04006900
-1.48199100 3.00728900 3.34420500
2.71679700 3.44338200 2.50588200
0.70134500 4.10554700 3.80125300

a

-1.22553100 0.09166400  -1.10832800
-1.09111400 0.17681400  -2.19547400
-2.33742700  -0.05616500  -0.37142800
-3.65346500  -0.22025600  -0.92919900
-4.13609900  -1.29649500  -1.26670800
-4.38398800 0.94257800  -0.92656900
-5.74600900 0.79186400  -1.33305700
-6.28147700 0.10164700  -0.67332300
-6.18469200 1.79020300  -1.27040200
-5.81647400 0.41325800  -2.35783600
0.29070000 0.02038000  -0.17002800 intB
0.46598200  -1.56872700 0.71206500
-0.41212800  -2.62533200 0.43092600
1.48422000  -1.74142500 1.66363900
-0.25475100  -3.84771900 1.08582600
-1.22995600  -2.47804100  -0.26644800
1.63687900  -2.96742000 2.30959900
2.14966200  -0.91857800 1.91051600
0.76816100  -4.02214400 2.01901300
-0.94185100  -4.66076400 0.86980000
2.42547800  -3.09470300 3.04608000
0.88317400  -4.97518500 2.52837800
1.70517400 0.20353500  -1.31136800
2.69121500  -0.78032500  -1.46798400
1.74169000 1.35124000  -2.12321700
3.70528800  -0.61231200  -2.41275000
2.66766000  -1.67728100  -0.85792000
2.75599600 1.51323100  -3.06509400
0.97906000 2.11817600  -2.01722300
3.73989900 0.53206500  -3.21000100
4.46598000  -1.37968400  -2.52594100
2.77624000 2.40354000  -3.68723800
4.52926400 0.65867800  -3.94583500
0.44013400 1.34775500 1.08045900

T DT T OZD OO 000

a

1.12292900  -1.06549000  -0.38070700
0.95156900  -2.06730100  -0.79226400
2.29905900  -0.44320300  -0.19371200
2.56696900 1.30662500 0.56207600
3.53426400 -1.06854300  -0.63343800
4.00557700  -0.94901600  -1.75659800
4.18722600  -1.71827600 0.37530700
5.48492200  -2.21455800 0.03047200
6.14205800  -1.40194000  -0.29365500
5.87394200  -2.67618000 0.94009800
5.42476500  -2.95465000  -0.77369200
-0.40668800  -0.18816700  -0.04294600
-1.75970900  -1.20810600  -0.72745200
-1.77688100  -2.58540800  -0.44362300
-2.75702500  -0.66416900  -1.54888700
-2.78089900  -3.39794700  -0.96902800
-1.00974100  -3.02444400 0.18778400
-3.75838600  -1.48277800  -2.07286400
-2.74923700 0.39450800  -1.78620300
-3.77235600  -2.84781000  -1.78419200
-2.78515200  -4.46068200  -0.74428500
-4.52514400  -1.05179700  -2.71041500
-4.55173400  -3.48304200  -2.19583900
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-0.77663700
0.04959200
-1.83894900
-0.19633900
0.87662600
-2.07209900
-2.48610400
-1.25039900
0.44565400
-2.89701500
-1.43273500
-0.44090400
-1.34554200
0.41195800
-1.40207000
-1.99266900
0.35162000
1.13658500
-0.55380500
-2.09994900
1.01953600
-0.59391900
2.53394700
2.33795700

1.47502200
1.48125300
2.53401600
1.98685000
3.89240100
4.37175300
4.60978400
5.98875900
6.50495200
6.41475000
6.08608500
-0.21036300
-1.16446000
-0.87434800
-2.13987900
-1.53524000
-0.13057800
-2.80661600
-2.38464200
-2.50515800
-1.29554300
-3.56048700
-3.02202000
-0.71690200
0.22732400
-2.06177800
-0.17559700
1.26298300
-2.46255900
-2.79864000
-1.51897500
0.56343400
-3.50867200

0.11046100
0.98896000
-0.54488200
1.19303000
1.51241100
-0.32941700
-1.21807400
0.53770800
1.86957600
-0.83869600
0.70344000
1.43129700
2.42385700
1.66968400
3.63995700
2.25482100
2.89100000
0.91749700
3.87396800
4.40682600
3.07446800
4.82481000
2.23053300
2.78273200

0.10427400
-0.04725300
0.35002100
0.43343800
0.51675000
1.57290500
-0.63863500
-0.51919300
0.20276800
-1.51541300
-0.19644000
0.02801600
-0.23220800
-1.37355200
0.65853800
-1.61115900
-2.08701700
0.41749200
1.54696600
-0.71408700
-2.49765500
1.11993000
-0.89902500
-1.47622200
-2.27281800
-1.87570700
-3.45067900
-1.96133900
-3.04190700
-1.28789800
-3.83329200
-4.06583100
-3.33516900

1.72176800
2.44600600
2.36413400
3.80400900
1.96221800
3.72258900
1.81199200
4.44391300
4.36110100
4.21328800
5.50249300
-0.87878100
-0.47015300
-1.96764500
-1.15078500
0.38545400
-2.64013500
-2.26094700
-2.23519600
-0.82678500
-3.47686300
-2.75966000
0.94921000
0.17718500

-0.63545500
-1.71541400
0.14618400
1.40583400
-0.36766000
-0.74227100
-0.28803500
-0.66222400
-0.02274400
-0.53222300
-1.70301500
0.05620000
-1.52624400
-2.29528700
-1.99320700
-3.49852900
-1.94911900
-3.19828200
-1.42111900
-3.95373100
-4.07950500
-3.54370100
-4.89157100
0.97571500
1.63817300
0.94817400
2.26497400
1.67601000
1.60222300
0.40893900
2.25706400
2.77065700
1.58592700
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-1.82793800
-0.91770500
-1.91744500
-0.45320600
-2.45093200
-2.26578200
-0.98946900

0.33734100
-1.99052900
-3.22235600
-0.61855400
-2.40549200

1.02602000

0.87773400

0.74297800
0.56093300
2.02480200
2.37219800
3.05789000
2.87250900
4.28440100
5.35857600
5.19211500
6.25789000
5.45011200
-0.74643200
-1.95872200
-1.55939100
-3.31681300
-2.48779100
-0.51837900
-4.24501500
-3.63173400
-3.83519800
-2.15238100
-5.28980500
-4.55828000
-0.63011600
-1.05158700
-0.12748100
-0.97700200
-1.44882500
-0.03146500
0.19386500
-0.46005300
-1.31884500
0.37202000
-0.39300500
0.04619700
0.39404300
0.29699800
0.97313300
0.20753100
0.90812600
-0.01214800
1.24289400
1.21821700

-4.74790500
1.59303900
1.60690000
2.80326700
2.82088400
0.67688200
4.01360200
2.80180500
4.02520100
2.82377200
4.94677500
4.96865000
0.36216400
1.27337700

0.31158000
1.10034700
-0.07264600
-0.82060000
0.52304000
1.34510600
0.01665500
0.52392100
0.29827000
0.02300700
1.60758600
-0.07440300
-0.43395900
-0.56376100
-0.62650900
-0.85657600
-0.44648300
-0.91097400
-0.57716800
-1.02397500
-0.95343400
-1.05335200
-1.24831600
1.74573600
2.73677800
2.13621500
4.08713000
2.45773300
3.48709300
1.38597100
4.46665500
4.84150800
3.77349400
5.51819400
-1.62441300
-2.65150900
-1.80099200
-3.83126800
-2.53707300
-2.96711700
-1.03851600
-3.98747100
-4.62488700

2.75616700
0.68256400
1.66453000
0.14701600
2.09841800
2.10241500
0.58925800

-0.59777400
1.56207200
2.86365500
0.17456000
1.90585200
2.13687200
2.43616300

0.69003800
1.42278500
0.59572600
-0.10971900
1.47795100
2.35557400
1.18730700
1.98905200
3.04635900
1.62811800
1.87238600
-0.48049300
0.88190200
2.22398100
0.57542200
3.22421700
2.50195100
1.57659200
-0.45884200
2.90535400
4.25327500
1.31328600
3.68518600
-0.94165300
-0.04289200
-2.19268200
-0.39022500
0.92929400
-2.52727300
-2.90942700
-1.62915200
0.31353300
-3.49508600
-1.89454400
-1.15021100
-0.26141700
-2.51742700
-0.72985800
0.80205000
-2.98118500
-3.22258800
-2.09039500
-0.02893800
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1.10687900
1.70540600
-1.90023400
-2.36070200

0.88214100
0.96809100
1.73016100
1.61113600
2.90072400
3.19768000
3.67986600
4.84074700
5.50198700
5.34565700
4.57277700
-0.62452700
-0.53691600
-1.04732000
-1.80340700
-3.11204200
-1.41802700
-4.00755500
-3.44016400
-2.32135800
-0.40948400
-3.61170900
-5.01488100
-2.01129500
-4.31070500
-1.58356600
-1.92070000
-2.02737400
-2.69727400
-1.55862700
-2.78558000
-1.78845800
-3.12421100
-2.95748400
-3.11690200
-3.72080400
1.28923100
1.36812600
2.11680500
2.23098300
0.75547200
2.96245500
2.11681600
3.02175100
2.28704100
3.58583700
3.69228400

0.67732900
1.27364900
1.59764100
1.62586000

-3.08293500
-4.90125000
-0.25998000

0.57782700

0.49800900
0.13393900
1.53317600
2.06316600
1.78548200
1.23764200
2.78171300
3.11138900
2.24568100
3.90395400
3.46542600
0.09779100
-0.15047700
0.54139600
1.52999300
1.37044900
2.77829700
2.43819100
0.40318000
3.84375600
2.91117000
3.67777500
2.30213400
4.80552200
4.50976900
-1.21402100
-2.37326700
-1.04596000
-3.35793200
-2.50630200
-2.04565800
-0.14021500
-3.19846600
-4.25605800
-1.91904600
-3.97250300
-1.38887300
-2.45765100
-1.39036500
-3.53178500
-2.47134200
-2.46867200
-0.53358500
-3.54471500
-4.35405400
-2.46662400
-4.37841300

-0.75022100
-0.11128000
-1.91722100
-2.64807900

-4.04349000
-2.45412500
-1.80399500
-1.97035400

0.32881800
1.35078100
-0.06269100
-1.00084600
0.73685400
1.79445800
0.19367000
0.95407300
1.06244400
0.39704700
1.95508600
-0.45245000
-2.06891700
-2.52847300
-0.44724000
-0.94188700
0.06782900
-0.93531300
-1.31674600
0.07784400
0.44713000
-0.42537400
-1.31946500
0.47700200
-0.41787200
0.34367500
-0.36727900
1.66337500
0.24181600
-1.38146800
2.27342800
2.21425700
1.56224300
-0.31102600
3.30012000
2.03706700
-0.42951900
0.46777600
-1.55449700
0.22429500
1.36804100
-1.81674700
-2.22521900
-0.92523500
0.93471500
-2.70858000
-1.11841100

0.80661300
1.46539500
0.39841800
1.21825500
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3.02290100
3.53559800
3.67853900
5.03195600
5.63444500
5.40675700
5.04697900
0.40352600
1.50871200
1.25664800
0.34479900
-0.70889800
1.46882900
-0.65334900
-1.57284100
1.52012700
2.30995000
0.45708300
-1.47788200
2.39290200
0.49864400
-1.22954600
-1.20214200
-2.46531800
-2.38971400
-0.24178700
-3.64989300
-2.50830000
-3.61367900
-2.35814200
-4.60135600
-4.53916800
-0.57044800
-1.03746600
-1.28849300
-2.18974600
-0.48797500
-2.43602600
-0.95306900
-2.89403500
-2.53027200
-2.97434100
-3.78784500

-1.43910800
-0.49766400
-2.23880400
-1.85067700
-1.84069600
-2.59790200
-0.85635100
0.32693900
0.09075100
-2.44555200
2.03884400
2.92666200
2.49661800
4.24142600
2.59794200
3.80987100
1.83006500
4.68309200
4.91985500
4.15313000
5.70659300
-0.04947400
-0.50094600
0.08787600
-0.81207100
-0.59694700
-0.22093700
0.43042400
-0.67195400
-1.16031400
-0.11257400
-0.91247300
-1.15716000
-0.35507900
-2.31997100
-0.69749700
0.54435200
-2.66916200
-2.95787100
-1.85804700
-0.06235800
-3.57656400
-2.13093800

0.17454000
0.74689100
-0.68272900
-0.97084000
-0.05851100
-1.67099700
-1.42383500
-0.72624500
-1.72455000
-0.49482400
-0.07611900
-0.33205900
0.63557300
0.13549600
-0.90014700
1.09938100
0.81073200
0.85468400
-0.06696900
1.64827000
1.21804900
-1.46575600
-2.79403100
-0.81200500
-3.45783400
-3.29144500
-1.48065500
0.21685600
-2.80242200
-4.48679800
-0.96699800
-3.31931400
1.55939700
2.61249900
1.24262200
3.32101500
2.88041600
1.95521200
0.42969700
2.99473400
4.13467700
1.69422400
3.54925500
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- —-—-—-- PROCESSTING PARAMETERS ----—
i dc_balance( 0, FALSE )
(5 sexp( 0.2[Hz], 0.0[s] )
4 oty trapezoid( O0[%], O0[%], BO[%], 100[%] )
= zerofill({ 1, TRUE )
il £ft( 1, TRUE, TRUE )
i machinephase
=) O PPm
<+ 0]
: P Ot
= A -
J f_[;ﬁ B Filename = 3aa_Proton-1-11.3dE
i o Author = delta
Experiment = proton.jxp
7 Sample_ Id = 1-TF-250-2nd-columnZnd-pr
T Solvent = CHLOROFORM-D
- Actual Start Time = 12-FEB-2019 11:03:34
=2 3aa Revision Time = 26-NOV-2021 16:40:53
(ag]
7 Comment = single pulse
4 (2 ) Data Format = 1D COMPLEX
i — (5“, Dim Size = 13107
| - X Domain = Proton
T | Dim_Title = Proton
7 Dim_Units = [ppm]
~ | Dimensions =X
B Site = ECS 400
‘ Spectrometer = DELTAZ NMR
7 ‘ Field Strength = 9.389766[T] (400[MHz])
= | i (= o X_Acg Duration = 2.18365952([s]
o _ | ‘ | = | < = X_Dom.ain = 1H
| (= ¥ Freq = 399.78219838[MHz]
| [ || X_Offset = 5[ppm]
q X Points = 16384
4 | | ‘ ‘ ‘ X Prescans =1
i | | | | XﬁResolution = 0.45794685[H=z]
| ] X_sweep = 7.5030012 [kHz]
7 I‘ | I\ r X_sSweep_Clipped = 6.00240096 [kHz]
q ‘ ] | Irr Domain = Proton
-4 ) J J J J ,l J Irr Freq = 399.78219838[MH=z]
B Irr_Offset = 5[ppm]
o Tri Domain = Proton
—_ Tri_Freq = 399.78219838[MHz]
- Tri Offset = 5[ppm]
i Cclipped = FALSE
Scans =8
7 Total Scans =8
, RelaxationiDelay = 5[s]
_ Rec;vr_Ga.in = 46
__ﬂj Temp Get = 22.2[d4dc]
= X 90 width = 11l[us]
= b ] ‘ X Acg Time = 2.18365952[s]
= - X_Angle = 45[deqg]
= | JLJ\. . H.)Juu S P | W | P ' v = 1.5[dB]
[ XﬁPulse = 5.5[us]
L B L L L S ¥ P = Off
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 Tri Mode = off
L I L Dante Presat = FALSE
};I&\ - Initia17Wait = 1[=s]
- — — o = S = - = S Repetition Time = 7.18365952[s]
S o TS =0 =W =000 — PR -2l =R = o B =TT B ) B =T - R T T = s (L T = B |
SO T TN SO N OO0 TN AN =0 0 XX OO DN oWt 0o =g
R R R R e e R R R R R e N R R
e L o ~ [ e N R =T T R T I S T T T T o B T L T S I o W TS W o B o o B o B o T o B o B o B o I o B =
X : parts per Million : Proton

1H NMR spectrum of 3aa (400 MHz, CDCl,) S18



————- PROCESSING PARAMETERS ————
dc_balance ( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )

0.4

Spectrometer

Field Strength
X Rcg Duration

g trapezoid( 0[%], O[%], BO[%], 100[%] )
zerofill( 1, TRUE )
£fft( 1, TRUE, TRUE )
machinephase
(@) Ppm
0]
™ I
- P OEt
Filename = 3aa_ Carbon-1-2.jdf
Author = delta
E Experiment = carbon.jxp
- Sample Id = 1-TF-250-2Znd-columnZnd-pr
Solvent = CHLOROFORM-D
Actual Start Time = 12-FEB-2019 12:46:06
3aa Revision Time = 27-NOV-2021 15:20:44
v Comment = single pulse decoupled ga
= Data Format = 1D COMPLEX
Dim Size = 26214
X Domain = Carbon
Dim Title = Carbonl3
Dim Units = [ppm]
Dimensions =X
Site ECS 400

= DE LTA27NM:R

= 9.389766([T] (400[MHz])

1.04333312[s]

X Domain 13c
e X Freq 100.52530333[MHz]
:: XﬁOffset 100 [ppm]
X Points 32768
X Prescans 4
X:Resolution 0.95846665[H=z]
X_Sweep 31.40703518[kHz]
X Sweep Clipped 25.12562814[kHz]
Irr Domain Proton
Irr Freq 399.,78219838 [MH=z]
Irl:_Offset 5 [ppm]
Clipped FALSE
Scans 66
Total Scans = 66
= Relaxation Delay = 2[s]
- Reuvr_Gain_ = 60
Temp_Get = 460.0[dC]
X 90 _Width = 9.6[us]
:j X _Acq_Time = 1.04333312[s]
= X Angle = 30 [deg]
3 - w " | X _atn = 6[dB]
= X_Pulse = 3.2[us]
= i Irr Atn Dec = 21.63[dB]
« Irr Atn Noe = 21.63[dB]
LB L L L L B B L L B L L I L I L L L Y LB Y (el - WALTZ
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
Decoupling = TRUE
,-’I\ JLE\LR l,\ l\ ‘,J\\ L\ Initial Wait = 1[s]
£\ SN = — | A & \ Noe - = TRUE
Z8 GE oI R2YREEERSYE8S s lEeanss nag Nos Time = 20=]
" NS g gmSmAmSnnISREENnSISeR—S nYSo Repstition Time = 3.04333312[s]
— 6] — = O O]~ === O OO 000 ool — -
EE TYIINO00aonndddaaddee R8sy m aaa-

X : parts per Million : Carbonl3

13C NMR spectrum of 3aa (101 MHz, CDCl,) S19
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abundance
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Sle)

o

3aa

OEt

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1 )

fft( 1, TRUE, TRUE )

machinephase

Ppm

phase( -62.05005, 0, 45.28287[%] )

X : parts per Million : Phosphorus31

33.325

Filename = 3aa_31P-1-2.jdf

Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-250-2nd-column-BottomMa
Solvent = NONE

Actual Start Time = B-FEB-2019 21:48:01

Revision Time = 15-NOV-2019 15:43:55

Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX

Dim Size = 26214

X Domain = Phosph

Dim Title = Phosphorus3l

Dim Units = [ppm]

Dimensions =X

Spectrometer = DELTAZ NMR
Field Strength = 14.09636928[T] (600[MHz])
X_Acq_Dlu:ation = 0.15204352[s]

X Domain = 31p

¥ Freq = 242.95404125[MHz]
X_Offset = 0[ppm]

X Points = 32768

X _Prescans =4

X Resolution = 6.57706425[H=z]
X:Sweep = 215.51724138[kHz]
X Sweep_ Clipped = 172.4137931[kHz]
Irr Domain = Proton

Irr_Freq = 600.1723046[MH=z]
Irr_Offset = 5[ppm]

Clipped = FALSE

Scans = 33

Total Scans = 33
RelaxationiDelay = 2[=s]

Recvr_Gain = 50

Temp Get = 18[dcC]

X 90 width = 15[us]

X Acg Time = 0.15204352[s]
X_A.ngle = 30[deg]

X Atn = 11[dB]

X Pulse = 5[us]

Irr Atn Dec = 17.6[dB]

Irr Atn Noe = 17.6[dB]

Irr Noise = WALTZ

Irr Pwidth = T76[us]
Decgupling = TRUE

Initial Wait = 1[=s]

Hoe N = TRUE

Noe Time = 2[=s]
Repgtitioni'l'i.m.e = 2.15204352[s]

1P NMR spectrum of 3aa (243 MHz, CDCl,)

S20



T —-—-—-- PROCESSTING PARAMETERS ----—
= . dc_balance( 0, FALSE )
- F sexp( 0.2[Hz], 0.0[s] )
i § trapezoid( O0[%], O0[%], BO[%], 100[%] )
4 zerofill( 1, TRUE )
4 0O fft( 1, TRUE, TRUE )
= O machinephase
W 1 ppm
] P OEt
] [Z | [= Filename = 3ba_Proton-1-2.3jdf
] | o P 12 Author = delta
=3 | 3ba e Experiment = proton.jxp
—+ Sample Id = 1-TF289-column-2
b Solvent = CHLOROFORM-D
7 Actual Start Time = 17-MAY-2019 22:29:09
T Revision Time = 27-NOV-2021 15:36:28
b Comment = single pulse
q =) [ v Data_Format = 1D COMPLEX
E (: = [ Dim Size = 13107
] =] Py
- 1 X Domain = Proton
- { Dim Title = Proteon
=] | Dim Units = [ppm]
o Dimensions =X
4 | Spectrometer = DELTAZ NMR
4 Field Strength = 14.09636928[T] (600[MHz])
] | o X_RAcq Duration = 1.4548992[s]
i I = g |o =] X_Domain = 1H
] K ! [ =] = X _Freq = 600.1723046 [MHz]
B | | | X_Offset = 5[ppm]
i ‘ | X_Points = 16384
) | ‘ X _Prescans =1
i ‘ ‘ | X Resolution = 0.68733284[Hz]
B ‘ | | X:Sweep = 11.26126126[kHz]
: ‘ | | , | X_Sweep_cl:lipped. = 9.00900901[kHz]
) T 1 ] I Irr Domain = Proton
7 Irr_Freq = 600.1723046[MH=z]
7 Irr_Offset = 5[ppm]
7 Tri_ Domain = Proteon
7 Tri_Freq = 600.1723046[MHz]
= Tri_Offset = 5[ppm]
7 Clipped = FALSE
— Scans =8
4 Total Scans =8
- Relaxation Delay = 5[s]
- RecvrﬁGa_ini = 38
4 Temp_ Get = 19.7[dc]
_Elj 4 X_90_Width = 15.5[us]
= _ XﬁAcqﬁTime = 1.4548992[s]
= X_Angle = 45[deg]
= X _Atn = 2.2[dB]
_g X_Pulse = 7.75[us]
] Irr Mode = Off
Tri Mode = Off
Dante Presat = FALSE
Initial Wait = 1[s]
Repetitioni'l'i.m.e = 6.4548992[s]
8 ig ﬁ '(?‘1 g 3 % R % % ?‘Q ;"‘ A = el AN Bl el B Bl = == B L =T o B~ s g == VR = == = T o B el = e = A = = |
J 1 T OO O T T OO TN NN OO X =N =
MM TITTTTaa0 A0 - - - ~3 399 aa8xw =339 afwwaS e
O~ | Lol e e S w i o a  w a  a  w :  oa T a T o a T o a TE o T T o  —= |
X : parts per Million : Proton

1H NMR spectrum of 3ba (600 MHz, CDCl,) S21



3ba

OEt

PROCESSING PARAMETERS
dc_balancel 0, FALSE )

120.0

e
w
S =
==
[+~]
o
C»—\
= =]
e
<
|||\||\||\\|‘\ll\l\|||||||\||\\ll\l\\ll\l\l\lll‘llll‘\\l\l
2200 2000 18300  160.0  140.0
A )
23 85
aq S8R
== 535

)

X : parts per Million : Carbonl

Y

O
=~ o
o
o on

100.0

131.040

130.983

130.906
130.791

80.0

129.671

60.0

127.210

40.0

77.220
77.000

20.0

oy
=
b
o

0

-20.0

sexp( 2.0[Hz], 0.0[s] )

trapezoid( O[%], O[%], 80[%], 100[%] )
zerofill( 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3ba_Carbon-1-2.jdf
Author = delta

Experiment = carbon.jxp

Sample Id = 1-TF28%-cclumn-2
Solvent = CHLOROFORM-D

Actual Start Time =
Revision Time =

Comment =

Data_ Format = 1D COMPLEX
Dim Size = 26214

X Domain = Carbon
Dim Title = Carbonl3
Dim Units = [ppm]
Dimensions =X

Spectrometer = DELTA2 KNMR
Field Strength =
X Acg_Duration =
X Domain =

14.09636928[T]
0.69206016([=s]
13c

17-MAY-2019 22:31:59
27-NOV-2021 16:03:35

single pulse decoupled ga

(600 [MHZz])

X Freq = 150.91343039[MHz]
X_Offset = 100 [ppm]

X Points = 32768

X _Prescans =4

X Resolution =
X:Sweep =
X Sweep_Clipped =
Irr Domain =
Irr Freq =

1.44496109[Hz]

Froton

IrJ:_Offset = 5[ppm]
Clipped = FALSE

Scans = 97

Total Scans = 97
RelaxationiDelay = 2[=s]
Recvr_Gain = 54

Temp Get = 20.8[dC]

X 90 Width = 10.6[us]

X Acg Time = 0.69206016[s]
X_A.ngle = 30[deg]

X Atn = 7.3[dB]

X Pulse = 3.53333333[us]
Irr Atn Dec = 17.6[dB]

Irr Atn Noe = 17.6[dB]

Irr Noise = WALTZ

Irr Pwidth = T6[us]
Decgupling = TRUE

Initial Wait = 1[=s]

Noe - = TRUE

Noe Time = 2[=s]

Repgtitioni'rime = 2.69206016([=s]

47.34848485[kHz]
37.87878788 [kHz]

600.1723046[MHZ]

13C NMR spectrum of 3ba (151 MHz, CDCl,)

S22



b —-—-—-- PROCESSTING PARAMETERS ----—
4 dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
B trapezoid( O0[%], O0[%], BO[%], 100[%] )
= zerofill( 1, TRUE )
= O fft( 1, TRUE, TRUE )
(ag] -
i O machinephase
1] Ppm
] P OEt
7 Filename = 3ba_31Phosphorous-1-2.jd£f
i Author = delta
Experiment = single pulse_dec.jxp
4 3ba Sample Id = 1-TF289-column-2
Solvent = NONE
q Actual Start Time = 17-MAY-2019 22:43:58
Revision Time = 27-NOV-2021 16:10:43
37 Comment = single pulse decoupled ga
a Data_Format = 1D COMPLEX
- Dim Size = 26214
X Domain = Phosph
q Dim Title = Phosphorus3l
Dim Units = [ppm]
7 Dimensions =X
B Spectrometer = DELTAZ NMR
4 Field Strength = 14.09636928[T] (600[MHz])
X_Acq_Dlu:ation = 0.15204352[s]
~ X Domain = 31p
¥ Freq = 242.95404125[MHz]
7 X_Offset = 0[ppm]
X Points = 32768
7 X _Prescans =4
_ X Resolution = 6.57706425[H=z]
= X:Sweep = 215.51724138[kHz]
= X Sweep_ Clipped = 172.4137931[kHz]
- Irr Domain = Proton
7 Irr_Freq = 600.1723046[MH=z]
Irr_Offset = 5[ppm]
T Clipped = FALSE
_ Scans = 19
Total Scans = 18
RelaxationiDelay = 2[=s]
7 Recvr_Gain = 50
Temp Get = 20.2[dc]
) X 90 width = 15[us]
J X Acg Time = 0.15204352[s]
o X_A.ngle = 30[deg]
15} 4 X Atn = 11[dB]
% XﬁPulse = 5[us]
o = Irr Atn Dec = 17.6[dB]
g ) Irr Atn Nos = 17.6[d8]
"'c': -~ Irr_Noise = WALTZ
‘ ———— ; —— — — Ir_pwideh = 76[us]
300.0 200.0 100.0 -100.0 -200.0 -300.0 Toseinl moie i
Hoe N = TRUE
Noe Time = 2[=s]
Repgtitioni'l'i.m.e = 2.15204352[s]

X : parts per Million : Phosphorus31

33.271

1P NMR spectrum of 3ba (243 MHz, CDCl,)
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OMe

8.0

o

7.0

6.0

OMe
3ca

2.04
2.00

4.0

1.0

0

OEt

ENTO)
24

2.92

3.15

3.06

PROCESSING PARAMETERS ————

dc_balance( 0, FALSE )

abundance

=

~ — ot M~ — W — O DD W
=0 % ~ vt cneh — O I~ O wvi ™
99 o0 & I~ mmTmeeeennnnnn
L e N [ N il S S S SV R RV, RV Y- IV

X : parts per Million : Prot

6.716

3.899
3.896
3.8

]
wy

3.753

3.016 |

2.991

2.975 |

o

2 q

.96

2.871

2.861
2

851
2.829

1.063

/

1.028
0.000

sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%], O[%], BO[%], 100[%] )
zerofill( 1, TRUE )

£ft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3ca_Proton-1-2.jdf
Author = delta

Experiment = proton.jxp

Sample Id = 1-TF-276-MainSpot-Purifie
Solvent = CHLOROFORM-D

Actual Start Time
Revision Time

Comment

Data Format
Dim_gize

X Domain

Dim Title
pim Units
Dimensions
Site
Spectrometer

Field Strength
XﬁAcq:Duration
X Domain

X Freq

X Offset

X Points

X Prescans
X:Resolution

X Sweep

X Sweep Clipped
Irr Domain

Irr Freq

Irr Offset

Tri Domain

Tri Freq

Tri Offset
Clipped

Scans

Total Scans

Relaxation Delay
Recvr Gain

Temp Get

X 90 width

X Rcq Time

X Angle

X Atn

X Pulse

Irr Mode

Tri Mode
Dan?e_Presat
Initial Wait
Repeti tIoniT ime

5-MAR-2019 17:41:12
27-NOV-2021 16:34:07

single pulse
1D COMPLEX
13107

FProton
Proton

[ppm]

X

ECS 400

= DE LTA27NM:R

9.389766[T] (400([MH=z])
2.18365952[s]

1H

3599.78219838 [MHz]
5[ppm]

16384

1

0.45794685[Hz]
7.5030012[kHz]
6.00240096[kHz]
Proton
389.78219838 [MHz]
5 [ppm]

Proton
389.78219838 [MHz]
5 [ppm]

FALSE

5

5

= 5[=]

38

460.0[dc]
12.1[us]
2.18365952[s]

FALSE
1[s]
7.18365952[s]

1H NMR spectrum of 3ca (400 MHz, CDCl,)

S24



— —---- PROCESSING PARAMETERS ----
dc_balancel 0, FALSE )
— sexp( 2.0[Hz], 0.0[s] )
OMe trapezoid( O[%], O[%], 80[%], 100[%] )
- zerofill( 1, TRUE )
fft( 1, TRUE, TRUE )
b machinephase
Ppm
1 MeO o
| 0]
|l
i P OEt
— Filename = 3eca_Carbon-1-3.jdf
Author = delta
(;! Experiment = carbon.jxp
e Sample Id = 1-TF-276-MainSpot-Purifie
— Solvent = CHLOROFORM-D
Actual Start Time = 5-MAR-2019 17:42:19
B Revision Time = 13-DEC-2021 19:30:27
OMe
— Comment = single pulse decoupled ga
3ca Data_Format = 1D COMPLEX
B Dim Size = 26214
X Domain = Carbon
B Dim Title = Carbonl3
Dim Units = [ppm]
B Dimensions =X
Site = ECS 400
b Spectrometer = DELTAZ NMR
B Field sStrength = 9.389766[T] (400[MHz])
X_Acq_D'uration = 1.04333312[s]
b X Domain = 13C
_ X Freq = 100.52530333[MHz]
:-— X_Offset. = 100 [ppm]
X Points = 32768
b ¥ Prescans =4
X:Resolution = 0.95B846665[H=z]
b X_Sweep = 31.40703518[kHz]
X Sweep_ Clipped = 25.12562814[kHz]
b Irr Domain = Proton
Irr Freg = 399.7B219838[MH=z]
- IrJ:_Offset = 5[ppm]
Clipped = FALSE
b Scans = 107
Total Scans = 107
Relaxation_Delay = 2[s]
b Recvr_Gain = 50
Temp Get = 460.0[dC]
B X 90 width = 9.6[us]
8 X Rcg Time = 1.04333312[s]
= b X_Angle = 30[deg]
= X _atn = 6[dB]
E (] XﬁPulse = 3.2[us]
= Irr Atn Dec = 21.63[dB]
< Irr Atn Noe = 21.63[dB]
LA L L L L I I L I L L L L L I L L L Ol = WALTZ
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr pwidth = 0.115[ms]
Decoupling = TRUE
J_,J\\ i\ I\\ | I\i\' \L\\ ‘ Initial Wait = 1[s]
VY Y T | s Noe = TRUE
e eI o N 2Re o RS RSN N8 2882282888 § Noe_Time - 2121
e B B R B B B B B i B B B D e B B B B B B I D= B R B D B @ Repetition Time = 3.04333312[s]
Il aE e R Rl - B R R RS =l el i B B By B sl S T o T i = = B B B o B B A e -
g -3 R o uBuBuluBulil Bus R gl faiaelel bbb U AR -

X : parts per Million : Carbonl3

13C NMR spectrum of 3ca (101 MHz, CDCl,)
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e
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abundance

MeO

OMe

T=0

OEt

OMe

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

trapezoid( 0[%],

fft( 1, TRUE, TRUE )

X : parts per Million : Phosphorus31

3ca
T
100.0 0
(o]
ttv:

machinephase

Ppm

Filename = 3eca 31P-1-2.3df
Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-TF-276-product-P03
Solvent = NONE

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec

Irr Atn Noe

Irr Noise

Irr Pwidth
Decgupling
Initial Wait
Noe -

Noe Time
Repgtitioni'l'i.m.e

11-NOV-201% 11:11:25

= 13-DEC-2021 19:42:21

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

TRUE

47

47

2[s]

50

21.3[4dc]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

3P NMR spectrum of 3ca (243 MHz, CDCl,)
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4.62

U=

OEt

abundance

1.97

3.07

PROCESSTNG PARAMETERS
dc_balance( 0, FALSE )

B n TN WD S S —
Wit o=l O~ 0 S
Ssaa T ITIL LTI NN S
T T T T T e e S S e S S S =

X : parts per Million : Proton

6.984

6.970

3.014
3.006

2.838

2

832
2.825

sexp( 0.2[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3da_Proton-1-2.jdf
Author = delta

Experiment = proton.jxp

Sample Id = 1-TF-308-product
Solvent = CHLOROFORM-D

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset

Tri_ Domain
Tri_ Freq

Tri_ Offset
Clipped

Scans

Total Scans

Relaxation Delay
Re cvrﬁGa.ini
Temp Get
X_90_Width

X Rcg Time

X AEngle

X _Atn

X Pulse

Irr Mode

Tri Mode

Dante Presat
Initial Wait
Repetition Time

= 24-MAY-2019 19:20:01
= 13-DEC-2021 19:49%:08

= single pulse
= 1D COMPLEX
= 13107
= Proton
= Proton
= [ppm]
p.4

= DE LTAZ_H'M:R

= 14.09636928[T]
= 1.4548992[s]
= 1H

= 600.1723046[MHz]
= 5(ppm]

= 16384

=1

= 0.68733284[Hz]
= 11.26126126[kHz]
= 9.00900901[kHz]
= Proton

= 600.1723046[MHz]
= 5[ppm]

= Proton

= 600.1723046[MHz]
= S[ppm]

= FALSE

=8

=8

(600 [MH=z])

= 5[s]

= 38

= 19[dcC]

= 15.5[us]

= 1.4548992[s]
= 45 [deg]

= 2.2[dB]

= 7.75[us]

= Off

= Off

= FALSE

1[s]

= 6.4548992[s]

1H NMR spectrum of 3da (600 MHz, CDCl,)
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: ————- PROCESSING PARAMETERS ————
o7 dc_balance( 0, FALSE )
-] F sexp( 2.0[Hz], 0.0[s] )
] trapezoid( O0[%], O[%], BO[%], 100[%] )
- i zerofill( 1, TRUE )
p £ft( 1, TRUE, TRUE )
7 machinephase
B Ppm
=] F o
] O
] I
= P OEt
B Filename = 3da_Carbon-1-2.jdf
ol ] Author = delta
- o Experiment = carbon.jxp
i Sample Id = 1-TF-308-product
— Solvent = CHLOROFORM-D
—] Actual Start Time = 24-MAY-2019 19:22:33
. F Revision Time = 13-DEC-2021 20:03:04
= 3da Comment = single pulse decoupled ga
— 1 Data Format = 1D COMPLEX
] Dim Size = 26214
o X Domain = Carbon
=] Dim Title = carbonl3
i Dim Units = [ppm]
] Dimensions =X
*J Spectrometer = DELTA2 NMR
] Field Strength = 14.08636028[T] (600[MH=])
~ X Beg Duration = 0.69206016[s]
C__ X:Dom;iu = 13cC
— X Freq = 150.91343039[MHz]
i X Offset = 100 [ppm]
e X Points - 32768
=] X Prescans =4
- ¥ Resolution = 1.4449%6109[H=z]
w7 X Sweep = 47.34848485[kHz]
= A X Sweep_ Clipped = 37.87878788[kHz]
] Irr Domain = Proton
-+ 1 Irr Freq = 600.1723046[MH=]
—_ Irl:_Offset = 5[ppm]
] Clipped = FALSE
b Scans = 265
o ] | Total_ Scans = 265
] Relaxation_Delay = 2[s]
1 Recvr Gain = 54
=] Temp_Get = 20.3[dc]
] X 90 Width = 10.6[us]
7 X_Acq_Time = 0.69206016[s]
5 :; X_Angle = 30[deg]
= = X Atn = 7.3[dB]
3 ] X _Pulse = 3.53333333[us]
= E Irr_Atn Dec = 17.6[dB]
R L UL L R — 17 61am]
[ B Irr Noise = WALTZ
L I I L I I I I I I I L L L B R B RN (RO S = 76[us]
2200 200.0 180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 -20.0| pecoupling = TRUE
Initial Wait = 1[s]
///'J%}\H 1 z;”‘-;—,,, L"—*——;_ L‘-l- Noe - = TRUE
N — FANT= T Noe Time = 2[s]
AT R R R N R R Repetition Time = 2.69206016[s]
Qo@emoaaaaodeEhnadoad A Xnn I aEweT oo RS
FEgEITCEcmmmrmtdnNonneaSSSeccennne 22 88 SAc
X : parts per Million : Carbonl3

13C NMR spectrum of 3da (151 MHz, CDCl,) S28
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3da
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9.0

7.0 8.0

.0 6.0

40 5

.0

.,
l

2.0

OEt

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

0[%], BO[%], 100[%] )

trapezoid( 0[%],
zerofill({ 1 )

fft( 1, TRUE, TRUE )

0

abundance

X : parts per Million : Phosphorus31

1.21

machinephase

Ppm

Filename = 3da 31P-1-4.3df
Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-TF-308-P04

Solvent = NONE

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec

Irr Atn Noe

Irr Noise

Irr Pwidth
Decgupling
Initial Wait
Noe -

Noe Time
Repgtitioni'l'i.m.e

14-NOV-2019 11:26:56

= 13-DEC-2021 20:25:06

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

25

25

2[s]

50

15.2[4dc]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

1P NMR spectrum of 3da (243 MHz, CDCl,)
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Cl (o

OEt

—---- PROCESSING PARAMETERS ----
| FALSE )
sexp( 0.2[Hz], 0.0[s] )

dec balance( 0,

<
o
i (o
&
=] O
N p
<
] 3ea
<
(o]
<]
o
Q
= 7 J 1 4/
<
] H
g i
el I WY
<
— —
I
J [N el B Sl g B B =Rt =
1 = N O N~ OO~ O —
R I R s R ke e
M~ 0~ 0~ [~ [~ = 0~ = 0~ =~ 0~ 0~ 0~ 0~ = e
X : parts per Million : Proto

vy o— I~ —~ o N — <+ < (a2 o0 O = = ~ o8 o — O
— O\ —-_o o oo o D <+ < (=] ) Ol — — O O o —_—— O O 00
]l —— 2o o2 oS (= = e, N e e e e ==l =l e e Sl ol BN B s e cRl-ro Rl o)
Ll el e s R R o a2 B as T s B o o B o s B oa B o s Mo s o s B s N o o I o M s o N o s I A e I o I o M o Bt Y o N ot A ot I o O o I B

0.000

trapezoid( 0[%], O0[%], 80[%]1, 100[%] )
zerofill( 1 )

££t( 1, TRUE, TRUE )

machinephase

ppm

Filename = 3ea Proton-1-2.jdf
Author = delta

Experiment = proton.jxp

Sample Id = 3ea

Solvent = CHLOROFORM-D

Actual_sStart_Time

Revision_Time

Comment
Data_Format
Dim Size

X Domain
Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acq Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X_Sweep

X Sweep Clipped
Irr_Domain
Irr_Freq

Irr Offset
Tri_Domain
Tri_Freq
Tri_oOffset
Clipped

Scans
Total_Scans

Relaxation_Delay

Recvr_Gain
Temp_Get
X_90_Width

X Acq_Time

X _Angle

X Atn

X Pulse
Irr_Mode
Tri_Mode
Dante_ Presat
Initial Wait
Repetition Time

31-DEC-2021 00:41:38
1-JAN-2022 08:15:54

single_pulse
1D COMPLEX
13107

Proton
Proton

[ppm]
X
DELTA2_NMR

14.09636928[T]
1.4548992([s]
1H
600.1723046 [MHZ]
5[ppm]

16384

1

0.68733284[Hz]
11.26126126[kHz]
9.00900901 [kHzZ]
Proton
600.1723046 [MHZ]
5 [ppm]

Proton
600.1723046[MHZ]
5[ppm]

FALSE

50

(600 [MHZ])

= 50

5[s]

42

17.9[dcC]
15.5[us]
1.4548992([s]
45 [deg]
2.2[dB]
7.75[us]

Off

Off

FALSE

1[s]
6.4548992[s]

1H NMR spectrum of 3ea (600 MHz, CDCl,)
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B —-—-—-- PROCESSTING PARAMETERS ----—
_ dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
| trapezoid( O0[%], O0[%], BO[%], 100[%] )
CI zerofill({ 1, TRUE )
4 fft( 1, TRUE, TRUE )
machinephase
7 Ppm
Cl
] 0]
0]
] |1
] P OEt Filename = 3ea_Carbon-1-2.3jdf
Author = delta
i Experiment = carbon.jxp
Sample Id = 1-TF-307-product-P05
o Solvent = CHLOROFORM-D
= Actual Start Time = 13-NOV-2018% 00:20:55
4 Revision Time = 13-DEC-2021 20:49:06
q Cl Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
q Dim Size = 26214
3ea X_D;m.ain = Carbon
] Dim Title = Carbonl3
Dim Units = [ppm]
) Dimensions =X
J Site = ECS 400
Spectrometer = DELTAZ NMR
Field Strength = 9.389766[T] (400[MHz])
4 X_Acq_Dux:ation = 1.04333312[s]
X Domain = 13C
B ¥ Freq = 100.52530333[MHz]
X_Offset. = 100 [ppm]
= X _Points = 32768
- X Prescans =4
T X:Resolution = 0.95846665[H=z]
X_Sweep = 31.40703518[kHz]
7 X Sweep_ Clipped = 25.12562814[kHz]
Irr Domain = Proton
] Irr Freq = 399.78219838[MH=z]
i Irr_Offset = 5[ppm]
Clipped = FALSE
_ Scans = 114
Total Scans = 114
Relaxation_Delay = 2[s]
~ Recvr_Gain = 50
Temp Get = 20[dc]
A X 90 width = 9.6[us]
8 X Rcg Time = 1.04333312[s]
= 7 X_A.ngle = 30[deg]
S _ i l II X _Atn = 5.6[dB]
E - XﬁPulse = 3.2[us]
_E; Irr Atn Dec = 21[dB]
[ Irr Atn Noe = 21[dB]
LA L L L L L I L L L L L L I B L L [l = WALTZ
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
Decoupling = TRUE
;’I\ /}\ L“'-ar . ‘ Initial Wait = 1[s]
/A | = — N Noe = TRUE
g3 LIRS ERLATASNEESTIRERSSSRS 30 = Noe Time = 2[s]
= mennuniomoonadESaeeSTaxRkeTnaew oSN o] Repetition Time = 3.04333312[s]
(=] P NN C e DD NS~ — 0~ e -
== foannnnaannanardddddadrrreyya ~

)

X : parts per Million : Carbonl

13C NMR spectrum of 3ea (101 MHz, CDCl,)
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Cl
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016.017.018.019.020.021.022.0

5

Cl
3ea

014,01

2
3

06,0 7.0 8.0 90 10.011.012.01

3.0 40 5

1.0 2.0

OEt

————- PROCESSING PARAMETERS ————
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], O[%], BO[%], 100[%] )
zerofill( 1 )

£fft( 1, TRUE, TRUE )

machinephase

Ppm

phase ( -14.46284, 0, 45.49651([%] )

0

abundance

X : parts per Million : Phosphorus31

100.0

31.809

Filename = 3ea_31P-1-3.3jdf
Author = delta

Experiment = single pulse dec.jxp
Sample Id = 1-TF-307-product
Solvent = NONE

Actual Start Time = 21-MAY-2019 15:35:46
Revision Time = 13-DEC-2021 20:59:16
Comment = single pulse decoupled ga
Data Format = 1D COMPLEX

Dim Size = 26214

X Domain = Phosph

Dim Title = Phosphorus31l

Dim Units = [ppm]

Dimensions =X

Spectrometer = DELTAZ_NM:R

Field Strength = 14.09636928[T] (600[MH=z])
X Beg Duration = 0.15204352[s]
X:Dom;iu = 3ip

X _Freq = 242.95404125[MHz]

X Offset = 0[ppm]

X Points = 32768

X Prescans =4

¥ Resolution = 6.57706425[H=z]
x:.‘Sweep = 215.51724138[kHz]

X Sweep_ Clipped = 172.4137931[kHz]

Irr Domain = Proton

Irr Freq = 600.1723046[MH=]
Irl:_Offset = 5[ppm]

Clipped = FALSE

Scans = 74

Total Scans = 74

Relaxation_Delay = 2[s]

Recvr Gain = 50

Temp_Get = 20.2[dc]

X 90 _Width = 15[us]

X_Acq_Time = 0.15204352[s]

X Angle = 30[deg]

X Atn = 11[dB]

X Pulse = 5 [us]

Irr_Atn Dec = 17.6[dB]

Irr Atn Noe = 17.6[dB]

Irr Noise = WALTZ

Irr pwidth = 76[us]

Decguplinq = TRUE

Initial Wait = 1[s]

Noe - = TRUE

Noe Time = 2[=s]

Repgtitionil'ime = 2.15204352([s]

3P NMR spectrum of 3ea (243 MHz, CDCl,)
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abundance

(ag]

1|

1.0

2.03
1.95

F5C

CF,

=0

o

CF3
3fa

OEt

1.96

2.92

PROCESSTNG PARAMETERS

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1 )

fft( 1, TRUE, TRUE )

machinephase

Ppm

phase( 1.25, -1, 72.75294[%] )

3.916 '

3.096
3.080
3.070
3.054
2.897

2.872
2.863
2

.855

2.820
2.176
1.076
1.058

Filenams

Author

Experiment

Sample Id

Solvent

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field Strength
X Rcg Duration
X Domain

X Freq

X offset

X Points

X Prescans
X:Resolution

X Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset

Tri Domain
Tri_ Freq

Tri Offset
Cclipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse

Irr Mode

Tri Mode

D anEeil?re sat
Initial Wait
Repeti tiioni'l'i.me

1-TF-172-P06-dried Proton
delta

proton.jxp
1-TF-172-P06-dried
CHLOROFOERM-D

13-DEC-2019 11:55:14

= 17-DEC-2021 13:19%:44

single_ pulse
1D COMPLEX
13107

Proton
Proton

[ppm]

p.4

ECs 400
DELTAZ NMR

9.389766[T] (400([MHz])
2.18365952([s]

1H

389.78219838 [MH=z]
5 [ppm]

16384

1

0.45794685[Hz]
7.5030012[kHz]
6.00240096 [kHz]
Proton
389.78219838 [MH=z]
5 [ppm]

Proton
389.78219838[MHz]
5 [ppm]

FALSE

a

a

= 5[s]

50

18.7[dC]

11 [us]
2.18365952([s]
45 [deg]
1.5[dB]
5.5[us]

Off

Off

FALSE

1[s]
7.18365952([s]

1H NMR spectrum of 3fa (400 MHz, CDCl,)
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B —---- PROCESSING PARAMETERS ----

E dc_balance( 0, FALSE )

J sexp( 2.0[Hz], 0.0[s] )
e~ 3 CF3 trapezoid( 0[%], O[%], 80[%]1, 100[%] )
= zerofill( 1)

3 £f£ft( 1, TRUE, TRUE )

= machinephase
o g ppm
— F3C o)

7] O
— 3 |1
— P OEt

E Filename = 3fa_carbon-2-3.jdf

] Author = delta
O{ Experiment = carbon.jxp
— 7 Sample_ Id = 3fa

J Solvent = CHLOROFORM-D

E Actual_start_Time = 31-DEC-2021 03:31:21
<4 Revision Time = 1-JAN-2022 22:54:14
< 3 CF3 -

J Comment = single pulse decoupled ga

1 3fa Data_Format = 1D COMPLEX

3 Dim Size = 26214

3 X Domain = Carbon

| DIm_Tit.le = Carbonl3

B Dim_Units = [ppm]

L Dimensions =X
=g Spectrometer = DELTA2_NMR

J Field Strength = 14.09636928[T] (600[MHz])
\D_: X_Acq_Duration = 0.69206016[s]
< 3 X Domain = 13C

B X Freq = 150.91343039[MHZ]

3 X Offset = 100[ppm]
w4 X Points = 32768
= ul X Prescans = 4

] X_Resolution = 1.44496109[Hz]

E X_Sweep = 47.34848485[kHz]
=+ 3 X Sweep Clipped = 37.87878788[kHz]
< 7 Irr_Domain = Proton

7 Irr Freq = 600.1723046[MHZ]

B Irr_Offset = 5[ppm]
en ] Clipped = TRUE
= Scans = 393

3 Total_Scans = 393
1 E Relaxation_Delay = 2[s]
= Recvr_Gain = 50

] Temp_Get = 18.9[dcC]

E X_90_Width = 10.6[us]

— 1 X_Acq_Time = 0.69206016[s]
8 =1 X Angle = 30[deg]
= ] X _Atn = 7.3[dB]
S 3 X_Pulse = 3.53333333[us]
=} B ) i i | | Irr_Atn_Dec = 17.6[dB]
B e . ' h AR o Nl o h ¥ W Irr_Atn_Noe = 17.6[dB]
< B Irr Noise = WALTZ
TT I LI I LU ‘ L ‘ L I TT 1T ‘ L ‘ L ‘ T 11T ‘ TT 1T ‘ TT 171 I L ‘ L ‘ LU I TTT1T I TT 1T ‘ L ‘ L ‘ TT 1T ‘ L I TT 171 ‘ LU ‘ L ‘ LI TT 1T ‘ TT Irr_PWldth = 76[“5]
220.0 200.0 180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0 -20.0| pecoupling = TRUE
Initial Wait = 1[sl
/J//,\ Noe - = TRUE
— — - \ = Noe Time = 2[s]
VAR Sgnegrsa8egs $ ¢ X 3| Repetition Time = 2.63206016(s]
A AR R R R I ]
S oS <t < < <t <F <f 0 —— = = ol ol <t en
~ r~ €N tN 6N e th e N enoenoen o <+ <t n —
X : parts per Million : Carbon13
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1
)
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- 3fa

0.4 0.5
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WD

0.1020

0

abundance

CF3

CF,

OEt

-—--- PROCESSING PARAMETERS —----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz],

trapezoid( 0[%],

zerofill( 1 )

fft( 1, TRUE, TRUE )

machinephase

PPm
phase( 2.41009,

203.

0.0[s] )
O[%], BO[%], 100[%] )

14503, 45.63003[%] )

X : parts per Million : Phosphorus31

100.0

30.888

Filenams
Author
Experiment
Sample Id
Solvent

Actual Start Time

Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay

Recvr_Gain
Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec
Irr Atn Noe
Irr Noise
Irr Pwidth
Decgupling
Initial Wait
Noe -
Noe Time
Repgtitioni'l'i.m.e

1-TF-172-P06_31P-1-3.jdf

delta

single pulse dec.jxp

1-TF-172-P06

HONE

18-NOV-2019 15:33:57
2-DEC-2019 13:16:30

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

TRUE

92

92

2[s]

50

15.5[4dc]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

1P NMR spectrum of 3fa (243 MHz, CDCl,)
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T=0

OEt

12223242526

2

3ga

1.6 1.7 1.8 1.9 2.0

1.4 1.5

1.2°13

0.102030405060708091.01.1

2.95

5.99

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

trapezoid( 0[%],

fft( 1, TRUE, TRUE )

]
5]
=
@
=
=
=
o o
]
L
- =
o — o~
~ = o~ =
~ M~ 3G9
[ e A

X : parts per Million : Proton

machinephase

Ppm

Filename = 3ga Proton-1-2.3jdf
Author = delta

Experiment = proton.jxp

Sample Id = 1-TF-163-MainSpot
Solvent = CHLOROFORM-D

Actual Start_Time
Revision Time

Comment
Data_ Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field sStrength
X Rcq Duration
X Domain

X Freq

X offset

X Points

X Prescans
X:Resolution

X _Sweep

X Sweep Clipped
Irr Domain

Irr Freq

Irr Offset

Tri Domain

Tri_ Freq

Tri Offset
Clipped

Scans

Total_ Scans

Relaxation Delay
Recvr_ Gain

Temp Get

X 90 wWidth
X:Acai'l'ime

X _Angle

X Atn

X Pulse

Irr Mode

Tri Mode

D an;eiPre sat
Initial Wait
Repeti tio n_Time

T-NOV-2018 11:20:04

= 17-DEC-2021 13:37:28

= single_pulse

1D COMPLEX
26214
Proton
Proton
[ppm]

X

ECs 400
DELTRAZ_ HMR

9.389766[T] (400[MH=z])
4.36731904([=s]

1H

399.78219838 [MHz]
5 [ppm]

32768

1

0.22897343[Hz]
7.5030012[kHz]
6.00240096[kHz]
Proton
399.78219838 [MHz]
5 [ppm]

Proton
399.78219838 [MHz]
5 [ppm]

FALSE

4

=4

= 5[s]

34

19.6[dC]
11[us]
4.36731904([=]
45 [deg]
1.5[dB]
5.5[us]

Off

Off

FALSE

1ls]
9.36731904([s]

1H NMR spectrum of 3ga (400 MHz, CDClI,)

S36



— ————- PROCESSING PARAMETERS ————
] de_bkalance( 0, FALSE )
=] sexp( 2.0[Hz], 0.0[s] )
g trapezoid( O0[%], O[%], BO[%], 100[%] )
— 7 zerofill( 1 )
. £ft( 1, TRUE, TRUE )
= machinephase
] o % "
—_ 1 phase( 13.00696, 0, 45.35536[%] )
i P OEt
=
=+
— Filename = 3ga_31P-1-2.3df
= ] EButhor = delta
e Experiment = single pulse dec.jxp
— ] Sample Id = 1-TF-163-P07-31P
= 3ga Solvent = NONE
1 Actual Start Time = 13-NOV-2019 22:47:34
— Revision Time = 14-NOV-2019 18:42:40
=
- ] Comment = single pulse decoupled ga
= Data Format = 1D COMPLEX
] Dim Size = 26214
= A X Domain = Phosph
Et Dim Title = Phosphorus31l
7] Dim Units = [ppm]
= 1 Dimensions =X
= Spectrometer = DELTAZ_NMR
-] Field Strength = 14.08636028[T] (600[MH=])
= X Rcg Duration = 0.15204352([s]
4 X Domain = 3ip
~ X Freq = 242.95404125[MHz]
- X Offset = 0[ppm]
™1 X Points = 32768
~ X Prescans =4
Q_; ¥ Resolution = 6.57706425[H=z]
O A X:Sweep = 215.51724138[kHz]
] X Sweep_ Clipped = 172.4137931[kHz]
= Irr Domain = Proton
i ] Irr Freg = 600.1723046 [MHz]
] Irr Offset = 5[ppm]
= Clipped = FALSE
=+ Scans = 14
q Total Scans = 14
=
r".‘__ Relaxation_Delay = 2[s]
. Recvr Gain = 50
] Temp_Get = 19.4[dc]
=1 X 90 Width = 15[us]
o] X Acg_Time = 0.15204352[s]
o ] X BEngle = 30[deg]
o = X Atn = 11 [dB]
:% 1 X Pulse = 5 [us]
=] ] Irr_Atn Dec = 17.6[dB]
S -] " . " " . . —_— bty TZ_ATD Noe = 17.6[a8]
—% B Irr Noise = WALTZ
S — ——— —— | Tr_Pwidch = 76[us]
300.0 200.0 100.0 0 -100.0 -200. -300. Trteint waie it
Noe - = TRUE
Noe Time = 2[=s]
o Repgtitionil'ime = 2.15204352([s]
«
cl
. o
X : parts per Million : Phosphorus31

13C NMR spectrum of 3ga (101 MHz, CDCl,) S37



i —-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )
4 sexp( 2.0[Hz], 0.0[s] )
- trapezoid( O0[%], O0[%], BO[%], 100[%] )
Pt zerofill({ 1, TRUE )
- £fft{ 1, TRUE, TRUE )
) O machinephase
4 O Ppm
]
i P OEt
i Filename = 3ga_Carbon-1-2.jdf
Author = delta
4 Experiment = carbon.jxp
Sample Id = 1-TF-163-product-P07
E 3ga Solvent = CHLOROFORM-D
Actual Start Time = 13-NOV-2019 01:35:23
) Revision Time = 17-DEC-2021 13:52:47
1
= Comment = single pulse decoupled ga
e Data_Format = 1D COMPLEX
Dim Size = 26214
7 X Domain = Carbon
Dim Title = Carbonl3
B Dim Units = [ppm]
_ Dimensions = X
Site = ECS 400
- Spectrometer = DELTAZ NMR
7 Field Strength = 9.389766[T] (400[MHz])
X_Acq_Dux:ation = 1.04333312[s]
] X Domain = 13C
4 ¥ Freq = 100.52530333[MHz]
X_Offset. = 100 [ppm]
~ X Points = 32768
—_ X Prescans = 4
D'f X:Resolution = 0.95846665[H=z]
i X_Sweep = 31.40703518[kHz]
X Sweep_ Clipped = 25.12562814[kHz]
- Irr Domain = Proton
Irr Freq = 399.78219838[MH=z]
3 Irr_Offset = 5[ppm]
Clipped = FALSE
7 Scans = 109
i Total Scans = 109
4 Relaxation_Delay = 2[s]
Recvr_Gain = 50
~ 1 Temp Get = 20.3[dc]
X 90 width = 9.6[us]
8 ] X Rcg Time = 1.04333312[s]
= i X_A.ngle = 30[deg]
= t X _Atn = 5.6[dB]
=] XﬁPulse = 3.2[us]
_8 Irr Atn Dec = 21[dB]
[ Irr Atn Noe = 21[dB]
LA L L L L L I L L L L L L I B L L [l = WALTZ
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
_’J Decgupling = TRUE
= 1 Initial Wait = 1[s]
- ! ~ e Noe = TRUE
SrNTo S8R0 NBEEaREREr 2889 2x38 Noe Time = 2[s]
R B R i N e e D B D B B B e B e i i B B B Bl B B s Repetition Time = 3.04333312[s]
— = W= AN — = — S D S %00 -
EEf oMo adndonaannaaadddddgdd
X : parts per Million : Carbonl3

1P NMR spectrum of 3ga (243 MHz, CDCl,) S38



: —-—-—-- PROCESSTING PARAMETERS ----—
= dc_balance( 0, FALSE )
] i o0l sexp( 0.2[Hz], 0.0[s] )
q - LE Meo trapezoid( O[%], O[%], 80[%], 100[%] )
< 7 0l ?3" zerofill( 1, TRUE )
e fft({ 1, TRUE, TRUE )
] machinephase
b o) PPm
] )
4 ||
= MeO P OEt
e~ 4
7 Filename = 3ha_ Proton-1-2.jdf
] Author = delta
T Experiment = proton.jxp
—_ ] OMe Sample Id = 1-TF-319-product-column-5
S Solvent = CHLOROFORM-D
] o 3ha Actual Start_Time = B8-JUN-2019 17:09:45
b [ = Revision Time = 17-DEC-2021 14:14:38
] ci| [TV S -
] i [ = Comment = single pulse
N 1 Data_ Format = 1D COMFPLEX
= - Dim Size = 13107
v ‘ X_Domain = Proton
q Dim Title = Proteon
] Dim Units = [ppm]
~ Dimensions =X
] Spectrometer = DELTAZ NMR
< Field Strength = 14.09636928[T] (600[MHz])
=+ X_RAcq Duration = 1.4548992([s]
] X Domain = 1H
- X Freq = 600.1723046[MHz]
] X_Offset = 5[ppm]
] X_Points = 16334
] f X Prescans =1
=] r_;-: +£ ES rs X Resolution = 0.68733284 [Hz]
4 = "— — ‘% - X Sweep = 11.26126126[kHz]
] — ' | X_sweep Clipped = 9.00900901[kHz]
7 Irr Domain = Proton
] Irr_Fregq = 600.1723046[MHz]
T Irr_Offset = 5[ppm]
| Tri_ Domain = Proton
;—7 Tri_Freq = 600.1723046[MH=z]
4 Tri_Offset = 5[ppm]
B Clipped = FALSE
] Scans =8
q Total Scans =8
= Relaxation Delay = 5[s]
—_ RecvrﬁGa_ini = 44
= Temp_ Get = 18.9[dc]
8 3 X 90 width = 15.5[us]
= - XﬁAcqﬁTime = 1.4548992[s]
= ] X_Angle = 45[deg]
= X Atn = 2.2[dB]
_g = B h X_Pulse = 7.75[us]
] - Irr Mode = Off
LI S e TT T T[T T 77| rri Mode = Off
0 Dante Presat = FALSE
Initial Wait = 1[s]
Repetitioni'l'i.m.e = 6.4548992[s]
_ = — = s === == - -
Wy % g g 5:\ ‘ﬂ (=2l o ﬁ\ ﬁ [=alR TR =T o B el o B AN == e T - B B B g = = B B s T =B B =T o B o B = I el g 3 =+ o ool o« g
— oD W v SO oo Nl =0T T OO X OO == =000l ol (=20 B - =
IR R R R e R R R s B B B B B B B B v - B v B Bl i B B B B B B B B B B B R A R B
I\-I“-r‘al\-rktfr\tkr-s [ B N i i e el e =T =T =~ = PR B - D - - I - - - T s T e o T o T T L o T o T s B = |
X : parts per Million : Proto

1H NMR spectrum of 3ha (600 MHz, CDCl,) S39
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0.

0.1

abundance

PROCESSING PARAMETERS ————

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], O[%], BO[%], 100[%] )
zerofill( 1, TRUE )

£fft( 1, TRUE, TRUE )

machinephase

Ppm

100.0

2200 200.0 180.0

y

160.0 140.0 120.0

Y

ol o0
&
=<2
- S
oo

80.0 60.0

40.0

20.0 0 -20.0

N\

\

\

132.524 1),
132.179
3.016
155
115.701 |
115.634 |
13.931°

g /
SN O wn
WS o = O
«Q e < N
= = (= =]
wowy oy v N

[}
=T
o
g}

171.197

)
(o]
iy
o
5l

129.269
129.163
123.170

123.112
123.074

171.311
129.95
12
122.193
122
118.459
116.218 |
60.780
55.208
55.122
43.249
42.799
34.842

L¥5]

X : parts per Million : Carbonl

Filename

Author

Experiment
Sample Id

Solvent

Actual Start Time
Revision Time

Comment

Data Format
Dim_gize

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Beg Duration
X:Dom;iu

X Freq

X offset

X Points

X Prescans

X Resolution
X:Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay

Recvr Gain

Temp_aet

X 90 _Width

X Acq_Time

X Angle

X _Atn

X Pulse
Irr_Atn Dec
Irr Atn Noe
Irr Noise
Irr Pwidth
Decguplinq
Initial Wait
Noe -

Noe Time
Repgti tion Time

Jha Carbon-1-2.jdf
delta

carbon. jxp
1-TF-31%-product
CHLOROFORM-D
10-JUN-2019 17:14:07
17-DEC-2021 14:40:50

single pulse decoupled ga
1D COMPLEX

26214

Carbon

Carbonl3

[ppm]

X

DELTAZ_NM:R

14.00636928[T]
0.69206016[s]
13c
150.91343039[MHz]
100 [ppm]

32768

4

1.44496109[Hz]
47.34848485[kHz]
37.87878788 [kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

127

127

(600 [MHZ])

2[s]

54

20[dcC]
10.6[us]
0.69206016[s]
30 [deg]
7.3[dB]
3.53333333[us]
17.6[dB]
17.6[dBE]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.69206016[s]

13C NMR spectrum of 3ha (151 MHz, CDCl,)

S40



13.014015.016.0 17.0 18.0 19.0 20.0 21.0

10.011.0 12.0

7.0 8.0 9.0

5.0 6.0

4.0

0

,,
2

2.0

1.0

MeO

=0

MeO P OEt

OMe
3ha

—-—-—-- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

O[%], BO[®%], 100[%] )

trapezoid( 0[%],
zerofill( 1 )

£ft( 1, TRUE, TRUE )

machinephase

Ppm
phase( -23.42424,

341.44247, 45.37062[%] )

abundance

X : parts per Million : Phosphorus31

32.756

Filenams

Author

Experiment

Sample Id

Solvent

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec

Irr Atn Noe

Irr Noise

Irr Pwidth
Decgupling
Initial Wait
Noe -

Noe Time
Repgtitioni'l'i.m.e

3ha3lP-1-3.3df

delta

single pulse dec.jxp
1-TF-319-P08-31F
HONE

13-NOV-2019 22:57:11

= 17-DEC-2021 14:51:16

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

3o

30

2[s]

50

15.6[dC]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

1P NMR spectrum of 3ha (243 MHz, CDCl,)
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4 fﬁ F

OEt

4.0

J 3ia

1
199
202

1.02
ot
0

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance ( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )

trapezoid( 0[%],

or%1.

zerofill({ 1, TRUE )

80[%],

100[%] )

abundance

=
=
]
~

X:

n
=
=
=
=
7
=
T
s

1.059 '

fft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3ia Proton-1-2.jdf
Author = delta

Experiment = proton.jxp

Sample Id = 1-TF-309-Product
Solvent = CHLOROFORM-D

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset

Tri_ Domain
Tri_ Freq

Tri_ Offset
Clipped

Scans

Total Scans

Relaxation Delay
Re cvrﬁGa.ini
Temp Get
X_90_Width

X Rcg Time

X AEngle

X _Atn

X Pulse

Irr Mode

Tri Mode

Dante Presat
Initial Wait
Repetition Time

= 24-MAY-2019 15:20:10
= 17-DEC-2021 16:38:23

= single pulse
= 1D COMPLEX
= 13107
= Proton
= Proton
= [ppm]
p.4

= DE LTAZ_H'M:R

= 14.09636928[T] (600[MHz])
= 1.4548992[s]

= 1H

= 600.1723046[MHz]
= 5(ppm]

= 16384

=1

= 0.68733284[Hz]
= 11.26126126[kHz]
= 9.00900901[kHz]
= Proton

= 600.1723046[MHz]
= 5[ppm]

= Proton

= 600.1723046[MHz]
= S[ppm]

= FALSE

=8

=8

= 5[s]

= 36

= 19[dcC]

= 15.5[us]

= 1.4548992[s]
= 45 [deg]

= 2.2[dB]

= 7.75[us]

= Off

= Off

= FALSE

= 1[s]

= 6.4548992[s]

1H NMR spectrum of 3ia (600 MHz, CDCl,)
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m

=0

)

3ia

Waan ey

OEt

W A

PROCESSTNG PARAMETERS
dc_balance( 0, FALSE )

220.0

)
~
~
=
~

X :—

200.0 180.0 160.0

S MoV — W — N ool
O RO — SN ol
EH—=8ax S nmnacae
SN = O ————00C o
= i e I s B s B B B s B s B B S B S B o B o |
e . 11114 . o] -

arts per Million : Carbonl3

126.770
126.750

126.712

J

140.0

1200

£

o
S
)
o
A

A}
[ A |
S e T ol o~
i Bt
O AD D WD W
1l el el el el

100.0

80.0 60.0 40.0 20.0

— [~ = = - - = e e Wl
Wy ol S0 w-ncsamﬁ-woogwccrk
NENSE TS ARG e R E Y
SOV OO G0 0000~ O

77.211

77.000
76.789
61.068
42.713
42.253

0

-20.0

13.902

sexp( 2.0[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3ia-Product_ Carbon-1-2.jd
Author = delta

Experiment = carbon.jxp

Sample Id = 1-TF-309-Product
Solvent = CHLOROFORM-D

24-MAY-2019 15:22:12
17-DEC-2021 16:56:22

Actual Start Time
Revision Time

Comment = single pulse decoupled ga
Data_ Format = 1D COMPLEX

Dim Size = 26214

X Domain = Carbon

Dim Title = Carbonl3

Dim_Units = [ppm]

Dimensions =X

Spectrometer = DELTAZ NMR

Field Strength
X Acg_Duration

14.09636928([T]
0.69206016([s]

(600 [MH=z])

X Domain = 13c

¥ Freq = 150.91343039[MHz]
X_Offset = 100 [ppm]

X Points = 32768

X _Prescans =4

1.44496109[Hz]
47.34848485[kHz]
37.87878788[kHz]

X Resolution
X SwWweep
X Sweep_ Clipped

Irr Domain = Proton
Irr_Freq = 600.1723046[MH=z]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 228

Total Scans = 228
RelaxationiDelay = 2[=s]
Recvr_Gain = 56

Temp Get = 20.2[dc]

X 90 width = 10.6[us]

X Acg Time = 0.69206016[s]
X_A.ngle = 30[deg]

X _Atn = 7.3[dB]

X Pulse = 3.53333333[us]
Irr Atn Dec = 17.6[dB]

Irr Atn Noe = 17.6[dB]

Irr Noise = WALTZ

Irr Pwidth = T76[us]
Decgupling = TRUE

Initial Wait = 1[=s]

Hoe N = TRUE

Noe Time = 2[=s]

Repgtitioni'l'i.m.e 2.69206016[=s]

13C NMR spectrum of 3ia (151 MHz, CDCl,)
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6.0

0

=0

F P OEt

3ia

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

0.00s1 )

. O[%]1, 8O[%], 100[%] )
zerofill({ 1, TRUE )

sexp( 2.0[Hz],
trapezoid( 0[%]

fft( 1, TRUE, TRUE )

0
3

abundance

T
300.0 200.0 100.0

X : parts per Million : Phosphorus31

31.078

machinephase

Ppm

Filename = 3ia-31P-1-2.3df
Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-TF-309-Product
Solvent = NONE

Actual Start Time =
= 17-DEC-2021 17:24:12

Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay =

Recvr_Gain
Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec
Irr Atn Noe
Irr Noise
Irr Pwidth
Decgupling
Initial Wait
Noe -
Noe Time
Repgtitioni'l'i.m.e

24-MAY-2019 15:40:06

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

21

21

2[s]

50

15.5[4dc]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

3P NMR spectrum of 3ia (243 MHz, CDCl,)
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.0

—-—-—-- PROCESSTING PARAMETERS ----—
R dc_balance( 0, FALSE )
sexp( 0.2[Hz], 0.0[s] )
CI i trapezoid( O[%], O[%], 80[%], 100[%] )
— zerofill({ 1, TRUE )
B fft( 1, TRUE, TRUE )
7 machinephase

> (0] ppm

5
I

3.06
3.00

14.0

]3I 0
=0

] Cl

T

OEt

=
o1
-] [

4 " Filename = 3ja_Proton-1-2.jdf
< 4 Author = delta
:'— CI Experiment = proton.jxp

] Sample_ Id = 1-TF-312-preoduct

- 3 a Solvent = CHLOROFORM-D
< j - Actual Start Time = 3-JUN-2019 16:05:55
[l =} Revision Time = 20-DEC-2021 20:32:09
— IE: o —

- T Comment = single pulse
o Data_ Format = 1D COMPLEX
o Dim Size = 13107

- X Domain = Proton

‘ Dim Title = Proteon

Field Strength
X Acg_Duration

o Dim Units = [ppm]
o] Dimensions =X
Spectrometer = DELTAZ NMR

14.09636928([T]
1.4548992([s]

(600 [MH=z])

X Domain = 1H

i | X Freq = 600.1723046[MHz]
<] X_Offset = 5[ppm]
e | I ‘2 (Z(m X_Points = 16384
7 g< : — | = X_Prescans =1
- i I R | - — XﬁResolution = 0.68733284[H=z]
—_ X Sweep = 11.26126126[kHz]
R | X _Sweep Clipped = 9.00900901[kHz]
Irr Domain = Proton
Irr_Freq = 600.1723046[MH=z]
Irr_Offset = 5[ppm]
‘ ‘ Tri_Domain = Proton
Tri_ Freq = 600.1723046[MHZ]
Tri_Offset = 5[ppm]
Clipped = FALSE
Scans =8
Total Scans =8
Relaxation Delay = 5[s]
RecvrﬁGa_ini = 42
Temp_ Get = 18.,3[dcC]
8 X 90 width = 15.5[us]
= XﬁAcqﬁTime = 1.4548992[s]
= X_Angle = 45[deg]
= X Atn = 2.2[dB]
_g X_Pulse = 7.75[us]
] Irr Mode = Off
TT T T T T T T[T 77T | 7ri Mode = Off
0 Dante Presat = FALSE
Initial Wait = 1[s]
_ - Repetitioni'l'i.m.e = 6.4548992[s]
\ = = e — = = = — -
gv%&a;g;g—wwmmmgw@—@—a\—\aa\mowcwmcvmr——-naom:waxoog::\m-——nwa\-—owc
) - ool = =0 D B el R I e T e =R = T T =N =T s B s N B o B === - BT =B S T S A S Bt B B el =B 5 B === = R |
SORERER A nnnnaTIaaaoagaadadddadaadad-—ssS993a0a0S9S0x0XewS IS G
L T e e e e e e L e e e L s S I e i S I et B s B et A T o B B B B = |
X : parts per Million : Proton

1H NMR spectrum of 3ja (600 MHz, CDCl,) S45



) ] —-—-—-- PROCESSTING PARAMETERS ----—
1 de_balance( 0, FALSE )
] sexp( 2.0[Hz], 0.0[s] )
= ! CI trapezoid( O0[%], O0[%], BO[%], 100[%] )
— zerofill( 1, TRUE )
] fft({ 1, TRUE, TRUE )
%] machinephase
-1 0 (0] ppm
=3 Cl P OEt
e
vy 4 Filename = 3ja_Carbon-1-2.3df
— Author = delta
] Cl Experiment = carbon.jxp
= 7 Sample Id = 1-TF-312-product
-7 3 a Solvent = CHLOROFORM-D
i j Actual Start Time = 3-JUN-2019 16:08:27
“i] Revision Time = 20-DEC-2021 20:46:50
| Comment = single pulse decoupled ga
ol Data_Format = 1D COMPLEX
1 Dim Size = 26214
] X Domain = Carbon
- Dim_Title = Carbonl3
1 Dim Units = [ppm]
[l Dimensions = X
— Spectrometer = DELTA2_NMR
= Field Strength = 14.09636928[T] (600[MHz])
= X Acg Duration = 0.69206016[s]
~ X Domain = 13c
ﬁ—_ ¥ Freq = 150.91343039[MHz]
~ 7 X Offset = 100 [ppm]
~ | X_Points = 32768
—_ X _Prescans =4
=1 X Resolution = 1.44496109[H=z]
o ] X:Sweep = 47.34848485[kHz]
= X Sweep_ Clipped = 37.87878788[kHz]
| Irr_Doma.in = Proton
W Irr_Freq = 600.1723046[MH=z]
< 7 Irr_Offset = 5[ppm]
- Clipped = FALSE
=+ Scans = 84
= | Total_Scans = 84
7 :
] Relaxation Delay = 2[s]
=1 Recvr_Gain = 54
o ] Temp Get = 19.3[dc]
= X 90 Width = 10.6[us]
] XﬁAcqﬁTime = 0.69206016([s]
8 — X Angle = 30[deg]
= = X Atn = 7.3[dB]
= 1 ) X Pulse = 3.53333333[us]
= — T Irr Atn Dec = 17.6[dB]
5 o _ -
oy Irr Atn Noe = 17.6[dB]
[ Irr Noise = WALTZ
L L L I L L L L L L L I I L L L L L B L [ S o = 76[us]
220.0 200.0 180.0 160.0 140.0 1200 100.0 80.0 60.0 40.0 20.0 0 -20.0| pecoupling = TRUE
/ Initial Wait = 1[s]
= Noe = TRUE
/’/ - - DA == N Noe Time = 2[s]
I s e L I A Repetition Time = 2.69206016[s]
i B R R B R B B e B I B B it B B B Bt B B R i B i R A I B B i B B B
oYY WmVnWmT T AN —00CORTTWWOW-=S O =000l T
CLooooaooooooooooooooonodigdaooaaoeerossn-
X : parts per Million : Carbonl3

13C NMR spectrum of 3ja (151 MHz, CDCl,) S46
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3ja

OEt

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )

zerofill({ 1 )

fft( 1, TRUE, TRUE )

machinephase

Ppm
phase( 47.2019, 0,

45.67962[%] )

X : parts per Million : Phosphorus31

100.0

30.347

Filenams

Author

Experiment

Sample Id

Solvent

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec

Irr Atn Noe

Irr Noise

Irr Pwidth
Decgupling
Initial Wait
Noe -

Noe Time
Repgtitioni'l'i.m.e

3ja_31P-1-4.jdf
delta

single pulse dec.jxp
1-TF-312-P10-31F
HONE

13-NOV-2019 22:52:16

= 15-NOV-2019 15:37:19

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

25

25

2[s]

50

15.5[4dc]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

3P NMR spectrum of 3ja (243 MHz, CDCl,)

S47



] —---- PROCESSING PARAMETERS ----
e dc_balancel 0, FALSE )
<] (o sexp( 0.2[Hz], 0.0[s] )
= 3 trapezoid( O[%], O[%], 80[%], 100[%] )
] ‘ zerofill( 1, TRUE )
] £fft( 1, TRUE, TRUE )
- | O machinephase
1 O Ppm
=] I
1 P OEt
= ] Filename = 3ka_PFroton-1-2.jdf
~] Author = delta
- Experiment = proton.jxp
] 3ka Sample_Id = 1-TF-212-product-2nd
b Sclvent = CHLOROFORM-D
] Actual Start Time = 3-APR-2019 22:40:43
P Revision Time = 20-DEC-2021 21:24:26
]
e ] Comment = single pulse
1 (= - |8 Data_Format = 1D COMPLEX
4 ) =] i ol Dim Size = 13107
] ol | < X Domain = Proten
q (o} ol —
B Dim Title = Proteon
<= Dim Units = [ppm]
R Dimensions =X
4 Site = ECs 400
] | Spectrometer = DELTAZ NMR
] ‘ Field Strength = 9.389766[T] (400[MHz])
= X Acq Duration = 2.18365952[=s]
+7 s g = *pomain -1
1 s (8 S -
] el o [ i X _Freq = 399.78219838 [MHz]
- ‘ | X_Offset = 5[ppm]
] ‘ ‘ | ‘ X _Points = 16384
] | ‘ X Prescans =1
= 1 XﬁResolution = 0.45794685[H=z]
o | | X_sweep = 7.5030012 [kHz]
B X Sweep Clipped = 6.00240096 [kHz]
] | Irr_Deomain = Proton
] Irr_Freq = 399 ,78219838[MH=z]
7 %b Fan Irf_‘_Offsa.at = 5[ppm]
—_ 4 | [ : I | o Tr:L_DomaJ.n = Proton
:—_ f""' y | =] Tri_]i'rec_[ = 399 .78219838[MH=z]
i r ‘ ‘ ‘ | Tri Offset = 5[ppm]
] | Clipped = FALSE
B | ‘ | Scans =8
] | | | Total Scans =8
= .‘ ‘ || Relaxation Delay = 5[s]
] |I| ‘ | | | J Recvr_ Gain = 44
8 E J| | JI Temp_Get = 37.6[dc]
= ] 1] J J / 4 / 1 X 90 wWidth = 12.1[us]
= 1 X Acqg Time = 2.18365952[s]
= ] ﬂh J‘ U i X_Angle = 45[deg]
2 9;4 L My . A A M A | x A = 2[dE]
] B X Pulse = 6.05[us]
L L B o L e e e I L B [ - off
8.0 Tri Mode = off
DanEeiPresat = FALSE
o \ / Initial Wait = 1[=]
e / \ = == = == == = S - Repetition Time = 7.18365952[s]
8 e R e E R E Y e SR eI YTSTROE eS8 ITNERENIREnE2s288528%S
XXX ITITITToAAANAd T~ -~ —gTqaaaadnnnmunasagananadanssS39ag
L T e L e e e e L e e e e L e L =IR —l I = i i i S i S A Bt B B e B T s et B B s T T B B B Bl
X : parts per Million : Proton

1H NMR spectrum of 3ka (400 MHz, CDCl,) S48



7 —-—-—-- PROCESSTING PARAMETERS ----—
2 dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
J trapezoid( O0[%], O0[%], BO[%], 100[%] )
i zerofill({ 1, TRUE )
fft( 1, TRUE, TRUE )
B O machinephase
- o) pem
) p OFt
b Filename = 3ka_Carbon-1-2.jdf
B Author = delta
Experiment = carbon.jxp
4 3ka Sample Id = 1-TF-212-product-P11
Solvent = CHLOROFORM-D
) Actual Start Time = 13-NOV-2019% 00:36:08
4 Revision Time = 21-DEC-2021 21:25:13
b Comment = single pulse decoupled ga
ol Data Format = 1D COMPLEX
= Dim Size = 26214
q X Domain = Carbon
i Dim Title = Carbonl3
Dim Units = [ppm]
~ Dimensions =X
Site = ECS 400
; Spectrometer = DELTAZ_NMR
Field Strength = 9.389766[T] (400[MHz])
7 X_Acq_Dux:ation = 1.04333312[s]
4 X Domain = 13C
¥ Freq = 100.52530333[MHz]
T X_Offset. = 100 [ppm]
i X Points = 32768
X Prescans =4
i X Resolution = 0.95846665[Hz]
- X_Sweep = 31.40703518[kHz]
T X Sweep_ Clipped = 25.12562814[kHz]
4 Irr Domain = Proton
Irr Freq = 399.78219838[MH=z]
7 Irr Offset = 5[ppm]
4 Clipped = FALSE
Scans = 529
7 Total Scans = 529
Relaxation_Delay = 2[s]
q Recvr_Gain = 60
Temp Get = 20.2[dc]
7] X 90 width = 9.6[us]
8 - X Rcg Time = 1.04333312[s]
= . i " X_A.ngle = 30[deg]
S Lk | b X _Atn = 5.6[dB]
= i : X Pulse = 3.2[us]
_8 Irr Atn Dec = 21[dB]
[ 7 Irr Atn Noe = 21[dB]
LA L L L L L L I I L L B L L L I B L L L [l = WALTZ
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
Decgupling = TRUE
Illit1317Wait = 1[s]
— / \\ = - - ~— Hoe = TRUE
a:ggm:ocwﬁgmwwcmoow-n—\g—mzECQQEcr%v—c'_m-—r\fcc_:.cuvh(ﬂoo:(gmo Noe Time = 2[s]
=} ¢ o CE‘J‘RW‘J‘P]P\[“*\_’P‘H? S ®Boos m-\r:'u-\rr\lc\ SR A o =t i — . _
XEITQA RO nha oo ekgnantend Repetition Time = 3.04333312[s]
— e R O 0 D O T O] O] e e e e e e = e = = = O S Ao WV SO0 O W~ — DO -
ChITijocooonaoooonoaoonononadagaoaaoaagenromananaa——
X : parts per Million : Carbonl3

13C NMR spectrum of 3ka (101 MHz, CDCl,) S49
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3ka
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—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

0[%], BO[%], 100[%] )

trapezoid( 0[%],
zerofill({ 1 )

fft( 1, TRUE, TRUE )

X : parts per Million : Phosphorus31

37.169

machinephase

Ppm

Filename = 3ka 31P-1-5.3df
Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-TF-212-P11-31F
Solvent = NONE

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec

Irr Atn Noe

Irr Noise

Irr Pwidth
Decgupling
Initial Wait
Noe -

Noe Time
Repgtitioni'l'i.m.e

13-NOV-2019 23:06:11

= 21-DEC-2021 21:42:43

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

111

111

2[s]

50

20.1[4dc]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

1P NMR spectrum of 3ka (243 MHz, CDCl,)

S50



4 —-—-—-- PROCESSTING PARAMETERS

abundance

l"*-: _ dc_balance( 0, FALSE )
4 P sexp( 0.2[Hz], 0.0[s] )
— trapezoid( O0[%], O0[%], BO[%], 100[%] )
o = zerofill( 1 )
‘ < fft( 1, TRUE, TRUE )
b machinephase
| ppm
- F
¥ o 0]
||
P OEt
F F Filenams = 1-TF-352-oflu-dried-20191
Author = delta
. Experiment = proton.jxp
:;: Sample Id = 1-TF-352-cflu-dried-20191
! Solvent = CHLOROFORM-D
= (= Actua.l_Start,_Time = 23-DEC-201% 17:12:18
( i I;, 3Ia r 8 Revision Time = 27-DEC-2021 14:29:51
|| [ Comment = single pulse
Data_ Format = 1D COMPLEX
Dim Size = 13107
< X_Domain = Proton
=t Dim Title = Proton
Dim_Units = [ppm]
Dimensions =X
Site = ECS 400
‘ | Spectrometer = DELTAZ NMR

3.0

1.01

:\:—-Nxc—wmr-m—wmr-

=N = - I === Rl

(= = = Y R I = =B =RV=T Vo RV SR SR o)

B S OO
X : parts per Million : Proton

7.572
7.567
7.565
7.378

7.108

7.071

3.982

—
uwy
=
on

wy
=<
=]
e

1.093
1.074

Field Strength
X Rcg Duration
X Domain

X Freq

X offset

X Points

X Prescans
X:Resolution

X Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset

Tri Domain
Tri_ Freq

Tri Offset
Cclipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse

Irr Mode

Tri Mode

D anEeil?re sat
Initial Wait
Repeti tiioni'l'i.me

= 9.389766[T] (400[MHz])
= 2.18365952[s]

= 1H

= 399.78219838[MHz]
= 5(ppm]

= 16384

=1

= 0.45794685[Hz]

= 7.5030012[kHz]

= 6.00240096 [kHz]
= Proton

= 399.78219838[MHz]
= 5[ppm]

= Proton

= 399.78219838[MHz]
= S[ppm]

= FALSE

=5

=5

= 5[s]

= 38

= 32.9[dc]

= 12.1[us]

= 2.18365952[s]

= FALSE
= 1[=s]
= 7.18365952[=s]

1H NMR spectrum of 3la (400 MHz, CDCl,)




7 —-—-—-- PROCESSTING PARAMETERS ----—
4 dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
4 trapezoid( O0[%], O0[%], BO[%], 100[%] )
4 zerofill( 1, TRUE )
fft( 1, TRUE, TRUE )
7 machinephase
7 F Ppm
0]

7 0]

E ||
| P OEt
—_

- _ F F Filename = 1-TF-352-cflu-dried-20191
Author = delta
7 Experiment = carbon.jxp
4 Sample Id = 1-TF-352-cflu-dried-20191
Solvent = CHLOROFORM-D

7 Actual Start Time = 23-DEC-2019% 17:13:10

- 3Ia Revision Time = 23-DEC-2021 14:34:17

a Comment = single pulse decoupled ga

= Data_Format = 1D COMPLEX

B Dim Size = 26214

X Domain = Carbon

q Dim Title = Carbonl3
(‘! Dim_Unit.s = [ppm]
=] Dimensions =X

7 Site = ECS 400

4 Spectrometer = DELTAZ NMR

7 Field Strength = 9.389766[T] (400[MHz])

4 X_Acq_Dux:ation = 1.04333312[s]

X Domain = 13C
T ¥ Freq = 100.52530333[MHz]
- X_Offset. = 100 [ppm]

X Points = 32768

7 X Prescans =4

= X:Resolution = 0.95846665[H=z]

i X_Sweep = 31.40703518[kHz]
— X Sweep_ Clipped = 25.12562814[kHz]
=" Irr Domain = Proton

4 Irr_Freq = 399.78219838[MHz]

Irr_Offset = 5[ppm]
7 Clipped = FALSE
- Scans = 162
Total Scans = 162
4 Relaxation_Delay = 2[s]
Recvr_Gain = 50
T Temp Get = 33[dc]
X 90 width = 9.6[us]
8 X Rcg Time = 1.04333312[s]
= X_A.ngle = 30[deg]
= X _Atn = 6[dB]
= XﬁPulse = 3.2[us]
2 Irr Atn Dec = 21.63[dB]
[ Irr Atn Noe = 21.63[dB]
LB L L L L I I I I L L L L I L L L L B L Sl = WALTZ
2100 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
Decgupling = TRUE
Illit1317Wait = 1[s]
S 7 = = - — = - Noe = TRUE
R R R R N PR Y R I N R R T R s e
e oooegens v o mooooaaaeenITnunaguneahhbnT o g0 %A AT O Repetition Time = 3.04333312[s]
S O o — Wi < <t < < < RV EVE—E =R R R R Rt B - i - S S S i B - I == A T R T T I T i o e i = = e il ag | -
g iRk uuu e pu R R pii g R g i g B R guiiy o pa e el e bl bobe ool b ol S U
X : parts per Million : Carbonl3

13C NMR spectrum of 3la (101 MHz, CDCl,) S52



—-—-—-- PROCESSTING PARAMETERS ----—
- dc_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
i trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )
= fft( 1, TRUE, TRUE )
machinephase
] F ppm
| 0]
] 0]
p OFt
4 F F Filename = 20191101 No.127_31P_singl
Author = delta
4 Experiment = single pulse_dec.jxp
— Sample Id = 20191101 Neo.127_31F
! Solvent = CHLOROFORM-D
o Actual Start Time = 1-NOV-2019 09:10:46
B 3la Revision Time = 23-DEC-2021 15:00:23
b Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
) Dim Size = 26214
B X Domain = Phosph
Dim Title = Phosphorus3l
| Dim Units = [ppm]
Dimensions =X
4 Spectrometer = DELTAZ NMR
B Field Strength = 14.09636928[T] (600[MHz])
X_Acq_Dlu:ation = 0.15204352[s]
q X Domain = 31p
¥ Freq = 242.95404125[MHz]
7 X_Offset = 0[ppm]
) X Points = 32768
— X_Prescans =14
X Resolution = 6.57706425[H=z]
7 X:Sweep = 215.51724138[kHz]
i X Sweep_ Clipped = 172.4137931[kHz]
Irr Domain = Proton
_ Irr_Freq = 600.1723046[MH=z]
Irr_Offset = 5[ppm]
il Clipped = TRUE
Scans = 257
~ Total Scans = 257
= RelaxationiDelay = 2[=s]
Recvr_Gain = 50
7 Temp Get = 21.4[4dc]
X 90 width = 15[us]
7] X Acg Time = 0.15204352[s]
o i X_A.ngle = 30[deg]
15} X Atn = 11[dB]
% = XﬁPulse = 5[us]
o Irr Atn Dec = 17.6[dB]
s Irr Atn Nos = 17.6[d8]
_% Irr_Noise = WALTZ
‘ ————————————— T Ir_pwideh = 76[us]
300.0 200.0 100.0 0 -100.0 -200.0 -300.0 Tnieand waie i
Hoe N = TRUE
Noe Time = 2[=s]
o Repgtitioni'l'i.m.e = 2.15204352[s]
b
~
s ]
X : parts per Million : Phosphorus31

1P NMR spectrum of 3la (243 MHz, CDCl,) S53
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PROCESSTNG PARAMETERS

dc_balance( 0, FALSE )

[ == SO TR Ty oD o O S - oY =3
ot = OTFT N == LCOWVM Ol —=C0WHO T =000 oo (=
-~ 9 80 a AN RSEREYgegLeeg N nn T T T LTS S
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X : parts per Million : Proton

sexp( 0.2[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3ma_Proton-1-2.jdf
Author = delta

Experiment = proton.jxp

Sample Id = 1-TF-310-product
Solvent = CHLOROFORM-D

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset

Tri_ Domain
Tri_ Freq

Tri_ Offset
Clipped

Scans

Total Scans

Relaxation Delay
Re cvrﬁGa.ini
Temp Get
X_90_Width

X Rcg Time

X AEngle

X _Atn

X Pulse

Irr Mode

Tri Mode

Dante Presat
Initial Wait
Repetition Time

28-MAY-2019 10:48:08
23-DEC-2021 15:10:15

single_ pulse
1D COMPLEX
13107

Proton
Proton

[ppm]

p.4

DE LTAZ_N'M:R

14.09636928[T]
1.4548992[s]
1H
600.1723046[MHz]
5 [ppm]

16384

1

0.68733284 [Hz]
11.26126126[kHz]
9.00900901 [kHz]
Proton
600.1723046[MHz]
5 [ppm]

Proton
600.1723046[MHz]
5 [ppm]

FALSE

a

a

(600 [MH=z])

5[s1

38

18.8[dC]
15.5[us]
1.4548992([s]
45 [deg]
2.2[dB]
7.75[us]

Off

Off

FALSE

1[s]
6.4548992[s]

1H NMR spectrum of 3ma (600 MHz, CDCl,)
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] —-—-—-- PROCESSTING PARAMETERS ----—
o1 g de balance( 0, FALSE )
14 sexp( 2.0[Hz], 0.0[s] )
B trapezoid( O0[%], O0[%], BO[%], 100[%] )
— zerofill( 1, TRUE )
o1 g fft( 1, TRUE, TRUE )
) 3 machinephase
i PPm
o J
=3 o)
: O
= P Ot
™1 Filename = 3ma_Carbon-1-2.jdf
— 7 Author = delta
v ] Experiment = carbon.jxp
—_ Sample Id = 1-TF-310-product
] Solvent = CHLOROFORM-D
1 Actual Start Time = 28-MAY-2019 10:49:36
- E 3ma Revision Time = 23-DEC-2021 16:47:07
- Comment = single pulse decoupled ga
| Data_ Format = 1D COMPLEX
13 Dim Size = 26214
— 1 X_Domain = Carbon
1 3 Dim Title = Carbonl3
- Dim Units = [ppm]
| Dimensions =X
— Spectrometer = DELTA2_NMR
o 7 Field Strength = 14.09636928[T] (600[MHz])
— X_Acq_Dlu:ation = 0.69206016([s]
| X Domain = 13c
| ¥ Freq = 150.91343039[MHz]
<3 X Offset = 100 [ppm]
oo 1 X Points = 32768
= X _Prescans =4
] X Resolution = 1.44496109[H=z]
™~ X:Sweep = 47.34848485[kHz]
=3 X Sweep_ Clipped = 37.87878788[kHz]
o 3 Irr Domain = Proton
= Irr Freq = 600.1723046[MHz]
| Irr Offset = 5[ppm]
‘i Clipped = FALSE
<3 Scans = 339
-+ | Total Scans = 339
=
| RelaxationiDelay = 2[=s]
17 Recvr_Gain = 56
<3 Temp_Get = 20.1[dc]
I X 90 Width = 10.6[us]
D‘T XﬁAcqﬁTime = 0.69206016([s]
)34 ] X Angle = 30[deg]
= — 3 X Atn = 7.3[dB]
= < X Pulse = 3.53333333[us]
i i e uinet MU At A Syl by a Py Irr_Atn Noe = 17.6[dB]
[ | Irr Noise = WALTZ
L L I L L L L L L I I L L L B L B L [ o = 76[us]
220.0 200.0 180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0 -20.0| pecoupling = TRUE
Initial Wait = 1[=s]
Noe N = TRUE
— = ! : =SS =55 Noe Time = 2[s]
I NNE T8930 LR s R38R P NER R Y2 RS S222550Y Repetition Time = 2.69206016(s]
R B R B R B i R BB B B B B B B B R et e B e N I B - B B R B B i B B
iRV R R ES RS R SR R e N R R R R R v D -t Dt Rt - = s B s ey
EEddndaddrnuannunddddddddaddddadaddadddrns® << on-

X : parts per Million : Carbonl3

13C NMR spectrum of 3ma (151 MHz, CDCl,)
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10.0 11.0

9.0

P OEt

8.0

3ma

7.0

6.0

4.0

.0

1.0

abundance

————- PROCESSING PARAMETERS ————
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], O[%], BO[%], 100[%] )
zerofill( 1, TRUE )

£fft( 1, TRUE, TRUE )

X : parts per Million : Phosphorus31

machinephase

Ppm

Filename = 3ma_ 31P-1-2.3jdf
Author = delta

Experiment = single pulse dec.jxp
Sample Id = 1-TF-310-product
Solvent = NONE

Actual Start Time = 28-MAY-2019 11:15:37
Revision Time = 23-DEC-2021 17:23:02
Comment = single pulse decoupled ga
Data Format = 1D COMPLEX

Dim Size = 26214

X Domain = Phosph

Dim Title = Phosphorus31l

Dim Units = [ppm]

Dimensions =X

Spectrometer = DELTAZ_NM:R

Field Strength = 14.09636928[T] (600[MH=z])
X Beg Duration = 0.15204352[s]
X:Dom;iu = 3ip

X _Freq = 242.95404125[MHz]

X Offset = 0[ppm]

X Points = 32768

X Prescans =4

¥ Resolution = 6.57706425[H=z]
x:.‘Sweep = 215.51724138[kHz]

X Sweep_ Clipped = 172.4137931[kHz]

Irr Domain = Proton

Irr Freq = 600.1723046[MH=]
Irl:_Offset = 5[ppm]

Clipped = FALSE

Scans = 14

Total Scans = 14

Relaxation_Delay = 2[s]

Recvr Gain = 50

Temp_Get = 19.3[dc]

X 90 _Width = 15[us]

X_Acq_Time = 0.15204352[s]

X Angle = 30[deg]

X Atn = 11[dB]

X Pulse = 5 [us]

Irr_Atn Dec = 17.6[dB]

Irr Atn Noe = 17.6[dB]

Irr Noise = WALTZ

Irr pwidth = 76[us]

Decguplinq = TRUE

Initial Wait = 1[s]

Noe - = TRUE

Noe Time = 2[=s]

Repgtitionil'ime = 2.15204352([s]

1P NMR spectrum of 3ma (243 MHz, CDCl,)
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4 —-—-—-- PROCESSTING PARAMETERS ----—
B dc_balance( 0, FALSE )
1 — sexp( 0.2[Hz], 0.0[s] )
4 = trapezoid( O0[%], O0[%], BO[%], 100[%] )
4 |"‘ zerofill( 1, TRUE )
< O fft( 1, TRUE, TRUE )
=T ‘ O machinephase
‘ Me Il ppm
) “p OEt
|
] ‘ Filenams = 3na_LowPolarDiasterecmer
7 Author = delta
4 3na Experiment = proton.jxp
J Sample Id = 1-TF-208-product-upper
o ‘ Solvent = CHLOROFORM-D
e Actual Start Time = 24-JUN-2019 22:42:18
B Revision Time = 23-DEC-2021 17:28:26
Comment = single pulse
7 [ Data Format = 1D COMPLEX
y [ o =) Dim Size = 13107
ot (=)} - -
i ‘ % e X Domain = Proton
™ Dim Title = Proteon
7 | Dim Units = [ppm]
~ Dimensions =X
i Site = ECS 400
Spectrometer = DELTAZ NMR
; Field Strength = 9.389766[T] (400[MHz])
_ P X_Acq_Dux:ation = 2.18385952([s]
‘ > [-g X Domain = 1H
1 o : X Freq = 399.78219838 [MHz]
= ‘ | X_Offset = 5[ppm]
4 X Points = 16384
| X Prescans =1
] | X:Resolution = 0.45794685[H=z]
3 X Sweep = 7.5030012[kHz]
4 X Sweep_ Clipped = 6.00240096 [kHz]
Irr Domain = Proton
T ‘ Irr Freq = 399.78219838[MH=z]
T Irr_Offset = 5[ppm]
= - N Tri Domain = Proton
- Tri_Freq = 399.78219838[MHz]
7 Tri Offset = 5[ppm]
A Cclipped = FALSE
4 Scans =8
B Total Scans =8
T RelaxationiDelay = 5[=s]
- Recvr_Gain = 44
__ﬂj i Temp Get = 460.0[dcC]
= X 90 width = 12.1[us]
= 7 X Acg Time = 2.18365952[s]
= B X Angle = 45[deqg]
25 X_Atn = 2[dB]
o -
[ X Pulse = 6.05[us]
T Irr Mode = Off
Tri Mode = off
Dante Presat = FALSE
Initial Wait = 1[=s]
- = N - = e — == S Repetitiioni'l'i.m.e = 7.18385952([s]
— o oSV = 0D el Il A=A T B el s T = =T B T el o B Sl - B M el e = - = R T = R T o i = |
om0 0Nt —=C 00O O TN OOV T OO TFOUNCORXRTDODXOTDOV O —0 G
mENEEEEN BRI nRIaamgaaanaoaadttennnno oSS nnEnT TSI g
e e e T o o o e e o T e e e e o o e e e L o T s T s B B s B B e B I B B B I Bl I I =T
X : parts per Million : Proton

1H NMR spectrum of 3na (400 MHz, CDCl,) S57



4 —-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )
7 sexp( 2.0[Hz], 0.0[s] )
i trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )
7 O fft({ 1, TRUE, TRUE )
B O machinephase
' Me-p OEt
en_|
=1
b Filenams = 3na_LowPolarDiasterecmer
~ Author = delta
i 3na Experiment = carbon.jxp
Sample Id = 1-TF-208-product-upper
= Solvent = CHLOROFORM-D
i Actual Start Time = 24-JUN-2019 22:43:32
Revision Time = 23-DEC-2021 17:39:22
i Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
7 Dim Size = 26214
i X Domain = Carbon
o1 Dim Title = Carbonl3
\:;_ Dim_Unit.s = [ppm]
_ Dimensions = X
Site = ECS 400
b Spectrometer = DELTAZ NMR
Field Strength = 9.389766[T] (400[MHz])
7 X_Acq_Dux:ation = 1.04333312[s]
- X Domain = 13C
¥ Freq = 100.52530333[MHz]
7 X offset = 100 [ppm]
4 X_Points = 32768
X Prescans =4
] X:Resolution = 0.95846665[H=z]
B X_Sweep = 31.40703518[kHz]
- X _sSweep_Clipped = 25.12562814[kHz]
Q-_ Irr_Doma.in = Proton
- Irr Freq = 399.78219838[MH=z]
B Irr_Offset = 5[ppm]
Clipped = FALSE
q Scans = 154
B Total Scans = 154
Relaxation_Delay = 2[s]
Recvr_Gain = 50
Temp Get = 460.0[dcC]
X 90 width = 9.6[us]
8 X Rcg Time = 1.04333312[s]
= X_A.ngle = 30[deg]
= X _Atn = 6[dB]
= XﬁPulse = 3.2[us]
2 Irr Atn Dec = 21.63[dB]
[ Irr_ Atn_Noe = 21.63[dB]
LA L L L L L L L L L L L L I B L O [l = WALTZ
2100 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
| ‘ | Jl Decg'\.lpling = TRUE
| ',‘ ‘--.‘\ ‘ / Y ‘ /lK Illit1317Wait = 1[s]
\ = ~ | /A Noe = TRUE
2 S2SCCB0RSNRE0S82888 95 8§ 8293 Noe Time - 2t21
N reoavnwganbwnoaawe -3 = i ] Repetition Time = 3.04333312[s]
— Vel — = =S O W~~~ oo Wy =T =+ = = 0 -
= aooooooodagoaooeree o> -
X : parts per Million : Carbonl3

13C NMR spectrum of 3na (101 MHz, CDCl,) S58



===~ PROCESSING PARAMETERS ----
dc balance( 0, FALSE )

sexp( 2.0[Hz], 0.0([s] )

trapezoid( O[%], O[%], BO[%], 100[%] )
zerofill( 1 )

ffe( 1, TRUE, TRUE )

machinephase

PFP®
phase ( -24.41044, 0, 44.5733[%] )

10.0

9.0

Filename
Author
Experiment

1-TF-208-2nd-P22Upper_sin
delta
single_pulse_dec.jxp

8.0

Sample Id 1-TF-208-2nd-P22Upper
Solvent HONE
Actual Start Time 14-NOV-2019 11:22:06
o Revision Time 15-NOV-2019 15:22:44
= Comment = single pulse decoupled ga
Data Format = 1D COMPLEX
Dim Size = 26214
= X_Dc_-l.i.n = FPhosph
. Dim Title = Phosphorus3l
= Dim Units = [ppm)
Dimensions -X
Spectrometer = DELTA2 NMR

= Field Strength = 14.09636928[T] (600[MHz])
v X_Acq_Duration = 0.15204352(s]
X Domain = 31pP
X _Freg - 242.95404125 [MHz)
X_offset = 0[ppm]
= X_Points - 32768
- X_Prescans -4
X_Resolution = 6.57706425[Hz]
X_Sweep = 215.51724138[kHz]
X _Sweep Clipped = 172.4137931(kHz]
=] Irr Domain = Proton
o Irr Freq = 600.1723046 [MHz)
Irr_off.nt = 5[ppm]
Clipped = FALSE
Scans - 25
] Total Scans - 25
(o}
Relaxation Delay = 2[s]
Recwr_Gain = 50
Temp Get = 19.1[dc)
= X_90 _wWidth = 15[us])
— X_ Time = 0.15204352([s]
o X_Angle = 30([deg])
1+ X_Atn = 11[dr]
g X_Pulse = 5[us)
-3 Irr_Atn_Dec = 17.6[dB]
Se Irr_Atn Noe - 17.6[dB]
.5 Irr_Noise = WALTZ
T"""I"‘“im - 76[us)
Decoup = TRUE
300.0 200.0 100.0 0 -100.0 -200.0 =300.0 Initial Wait - 1[s]
Noe = TRUE
Noe Time - 2(s]

Repetition Time 2.15204352(s)

38.387

X : parts per Million : Phosphorus31

3P NMR spectrum of 3na (243 MHz, CDCl,) S59



=
:* —---- PROCESSING PARAMETERS ----
] dc_balance( 0, FALSE )
B = sexp( 0.2[Hz], 0.0[s] )
v ] "‘! trapezoid( O0[%], O0[%]1, 80[%], 100[%] )
-] [ zerofill( 1, TRUE )
4 | fen ££t( 1, TRUE, TRUE )
] = machinephase
=+ ] [ o« ppm
- ] ‘ ci
] |
] O
1] n-Pr\ |1 Filename = 30a LowPolarDiastereomer
—] P OEt Author = delta -
B Experiment = proton.jxp
] Sample_ Id = 1-TF-164-Column-Upper
— Solvent = CHLOROFORM-D
A Actual_sStart_Time = 31-0CT-2018 23:00:27
] Revision_Time = 23-DEC-2021 18:49:34
= ERES
—] TN 3°a (‘“C' . Comment = single_pulse
] = o (;«_ Data_Format = 1D COMPLEX
] ! - Dim_Size = 26214
<> X Domain = Proten
O__ [ DIm_Tit.le = Proton
B Dim Units = [ppm]
] ‘ Dimensions =X
%] ‘ site = ECS 400
= ‘ | Spectrometer = DELTA2_NMR
~ ‘ Field strength = 9.389766[T] (400[MHz])
:;—_ X_Acq_Duration = 4.36731904([s]
i X_Domain = 1H
B X _Freq = 399.78219838[MHz]
o X_Offset = 5[ppm]
=] = /ol X_Points = 32768
R 1= . (S 1= S X_Prescans =1
] | 8 — - ‘ f ] x_Resolut:i.on = 0.228972343[Hz]
v | = ( |‘ | 2 X_Sweep = 7.5030012 [kHz]
< ‘ J ( ‘ X _sweep Clipped = 6.00240096[kHz]
] ’ “ | | l:rr_Domain = Proton
< | Irr_Freq = 399.78219838[MHZ]
=] | Irr offset = 5[ppm]
il | f Tri_Domain = Proton
B ‘ ‘ Tri_Freq = 399.78219838[MHz]
r":_’ ‘ Tr:i._offset = 5[ppm]
< ‘ l Clipped = FALSE
b ‘ Scans =4
] J J ‘ Total_Scans =4
ol
=g | | Relaxation Delay = 5[s]
] | | Recvr_Gain = 38
oo | | Temp_Get = 19.6[dC]
2 =7 ! ’ ‘ / X_90_Width = 11[us]
_g ] U X_Acq_Time = 4.36731904[s]
=} q x_Angle = 45[deg]
o= Y L_A_“, i " " I - . l. | X atn = 1.5[dB]
< B X Pulse = 5.5[us]
T T TTT] Irr_Mode = Off
20 Tri_ Mode = Off
DanEe_Presat = FALSE
Initial Wait = 1[s]
= >~ | Repetition_Time = 9.36731304[s]
=+ % O 0l S on D %0 o — g
S0l ol S w0 o oo —
ML om0 ° e =9
= | M~~~ M~ M~ e ol el o g
X: Million : Proton

1H NMR spectrum of 3oa (400 MHz, CDClI,) S60



- —---- PROCESSING PARAMETERS ----
= dc_balance( 0, FALSE )
ol sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], O0[%], 80[%]1, 100[%] )
7 zerofill( 1 )
££t( 1, TRUE, TRUE )
] machinephase
. (0] ppm
O
| mPp OEt
Filename = 3o0a conc_Carbon-1-2.jdf
7 Author = delta
Experiment = carbon.jxp
1 Sample_Id = 3o0a conc
i 30a Solvent = CHLOROFORM-D
Actual_sStart_Time = 31-DEC-2021 02:42:30
= Revision_Time = 1-JAN-2022 23:09:57
cl
B Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
b Dim Size = 26214
X Domain = Carbeon
7 DIm_Tit.le = Carbonl3
Dim Units = [ppm]
] Dimensions =X
B Spectrometer = DELTA2_NMR
4 Field Strength = 14.09636928[T] (600[MHz])
X_Acq_Duration = 0.69206016[s]
g X Domain = 13C
X Freq = 150.91343039[MHZ]
N X offset = 100[ppm]
X Points = 32768
X_Prescans = 4
) X_Resolution = 1.44496109[Hz]
— X_Sweep = 47.34848485[kHz]
il X Sweep Clipped = 37.87878788[kHz]
Irr_Domain = Proton
i Irr Freq = 600.1723046[MHZz]
Irr Offset = 5[ppm]
g Clipped = FALSE
Scans = 90
b Total_Scans = 90
7 Relaxation_Delay = 2[s]
Recvr_Gain = 50
Temp_Get = 18.8[dcC]
X_90_Width = 10.6[us]
X _Acq_Time = 0.69206016[s]
8 X Angle = 30[deg]
= X _Atn = 7.3[dB]
3 X_Pulse = 3.53333333[us]
=] Irr_Atn_Dec = 17.6[dB]
T e e i " e i o b ravion ol o W Irr Atn Noe = 17.6[dB]
4 Irr Noise = WALTZ
T ‘ L ‘ L I TT 1T ‘ L ‘ T 11T ‘ L I TT 1T I TT 1T I L ‘ L ‘ LU I TTT1T I L ‘ L ‘ LU ‘ TT 1T I L ‘ TT 171 I LU ‘ L ‘ TTT1 T I TT 1T ‘ LU ‘ L ‘ L Irr_PWldth = 76[“5]
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Decoupling = TRUE
| J‘ L Initial Wait = 1[sl
’;\\ A / \\ / “. \ Noe = TRUE
i s ! ~ Noe_Time = 2[s]
=23 —ED = BETZL AR Repetition_Time = 2.69206016[s]
&~ SR o 0 el = o
=3=] O = o N e
= - e = =t el — — — — =
X : parts per Million : Carbonl3

13C NMR spectrum of 3oa (101 MHz, CDCl,) Sé1



OEt

-—--- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 2.0[Hz]l, 0.0[s] )

0[%], 80[%], 100[%] )

trapezoid( 0[%],

zerofill( 1 )

£ft( 1, TRUE, TRUE )

machinephase
ppm

O
n—Pr\lg
3oa
g 21
2 o]
P P
300.0 200.0
X : parts per Million : Phosphorus31

Filename
Author
Experiment
Sample Id
solvent

Actual_start_Time

Revision_Time

Comment
Data_Format
Dim_Size

X Domain
Dim Title
Dim Units
Dimensions
spectrometer

Field strength
¥X_Acqg_Duration
X _Domain

X Freg

X _Offset

X _Points
X_Prescans

¥ Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans
Total_Scans

Relaxation Delay

Recvr_Gain
Temp_Get
X_90_Width

X _Acq_Time
¥X_Angle

X Atn

X Pulse
Irr_Atn Dec
Irr_Atn Noe
Irr_Noise
Irr_Pwidth
Decoupling
Initial_Wait
Noe

Noe_Time
Repetition_Time

3o0a_single_pulse_dec-1-1.
delta

single_pulse dec.jxp

3oa

CHLOROFORM-D

31-DEC-2021 02:25:31
31-DEC-2021 23:47:27

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

X

DELTA2_NMR

14.09636928[T] (600[MHZ]
0.15204352([s]

31rp
242.95404125[MHz]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHZz]
5 [ppm]

TRUE

64

64

2[s]

50

18.6[dcC]
15[us]
0.15204352([s]
30[deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76[us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

1P NMR spectrum of 3oa (243 MHz, CDCl,)
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] —-—-—-- PROCESSTING PARAMETERS ----—
= dc_balance( 0, FALSE )
] fea sexp( 0.2[Hz], 0.0[s] )
] =] trapezoid( O0[%], O0[%], BO[%], 100[%] )
] a zerofill( 1, TRUE )
= fft( 1, TRUE, TRUE )
o machinephase
] o (@) ppm
] 1]
] P OMe
=
~]
] Filename = 3ab_Proton-1-2.jdf
bl Author = delta
] “-J\S\ Experiment = proton.jxp
1 o | zﬂ Sample Id = 1-TF-169-product
P ol Solvent = CHLOROFORM-D
:E__ Actual Start Time = 12-JAN-2019 17:01:34
- 3ab Revision Time = 23-DEC-2021 19:04:44
4 Comment = single pulse
] Data_Format = 1D COMPLEX
4 Dim Size = 13107
< X Domain = Proton
Wy Dim Title = Proton
] Dim Units = [ppm]
- (= n Dimensions =X
] < Toe Spectrometer = DELTAZ NMR
i (o] ‘50\. -
— ] - Field Strength = 14.09636928[T] (600[MHz])
— X Acg Duration = 1.4548992[s]
= ] X_Domain = 1H
b ¥ Freq = 600.1723046[MHz]
] X_Offset = 5[ppm]
q ‘ X Points = 16384
] X _Prescans =1
= X Resolution = 0.68733284[H=z]
e 4 X:Sweep = 11.26126126[kHz]
b X Sweep_ Clipped = 9.00900901 [kHz]
] Irr Domain = Proton
7 [E %[; Irr_Freq = 600.1723046[MH=z]
4 = | ! = Irr Offset = 5[ppm]
1] ‘ ) Tri_Domain = Proton
= Tri Freq = 600.1723046[MHz]
ol 4 | | Tri:Offset = 5[ppm]
] | | Clipped = FALSE
7 Scans =8
] ‘ J Total_ Scans =8
g | | Relaxation Delay = 5[s]
— | Recvr Gain = 38
4 Temp_ Get = 17.6[dc]
o3 ‘ % 90 width = 15.5[us]
= 4 ’ / ’ ] it N X Acq Time = 1.4548992[s]
= ] X_Angle = 45[deg]
= B X _Atn = 2.2[dB]
. U ¥ Pulse = 7.75[us]
] ~ Irr Mode = Off
LA L L L T T Tri Mode = Off
8.0 Dante Presat = FALSE
Initial Wait = 1[s]
j\\ Repetitioni'l'i.m.e = 6.4548992[s]
\ S § 8 —
= - -] o om P oen N T oo O Wy o— I~ oo — o0 o0 ol — oW oo
(=R =] Ol O = = O O O N 0~ =+ 1 n ool L~ owCwnst o~ o
i B R B R R R R B R R i B B B e e B B B B e B B B i B =
ool el ol i e e e e Mmool ol ol clel el el el S
X : parts per Million : Proton

1H NMR spectrum of 3ab (600 MHz, CDCl,) S63
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0.4 0.5
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D

0.1 020

0

abundance

=0

o

3ab

OMe

PROCESSTNG PARAMETERS
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

Ppm

120.0

220.0 200.0 180.0

—

172.049 ~

X : parts per Million : Carbon

=171.934

160.0

140.0

J
a

142.290 -

141.745 ~
141.725
136.718

e

136.699
132.064
131.337
131.279
131.107
131.040
129.546
129.479
129.441
128.991 |
128.847
128.761
128.570
128.503
127.871

100.0

80.0

e

60.0

77.211

77.000
76.789

40.0 20.0

\l\t A

\ Y\

. \ \
DL = D
DT W N
~ O — 90 W) =r
Seicl T — o
L alhe s i ] [ B o]

21.064

0

-20.0

Filename = 3ab_Carbon-1-2.jdf

Author = delta
Experiment = carbon.jxp
Sample Id = 1-TF-169-product
Solvent = CHLOROFORM-D

12-JAN-2019 17:03:02
23-DEC-2021 19:13:16

Actual Start Time =
Revision Time =

Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX

Dim Size = 26214

X Domain = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Dimensions =X

Spectrometer = DELTAZ NMR

Field Strength =
X Acg_Duration =

14.09636928([T]
0.69206016([s]

(600 [MH=z])

X Domain = 13c

¥ Freq = 150.91343039[MHz]
X_Offset = 100 [ppm]

X Points = 32768

X _Prescans =4

X Resolution =
X SwWweep =
X Sweep_ Clipped =

1.44496109[Hz]
47.34848485[kHz]
37.87878788[kHz]

Irr Domain = Proton
Irr_Freq = 600.1723046[MH=z]
Irr_Offset = 5[ppm]
Clipped = FALSE

Scans = 142

Total Scans = 142
RelaxationiDelay = 2[=s]
Recvr_Gain = 56

Temp Get = 18.5[dcC]

X 90 width = 10.6[us]

X Acg Time = 0.69206016[s]
X_A.ngle = 30[deg]

X Atn = 7.3[dB]

X Pulse = 3.53333333[us]
Irr Atn Dec = 17.6[dB]

Irr Atn Noe = 17.6[dB]

Irr Noise = WALTZ

Irr Pwidth = T76[us]
Decgupling = TRUE

Initial Wait = 1[=s]

Hoe N = TRUE

Noe Time = 2[=s]

Repgtitioni'l'i.m.e = 2.69206016([s]

13C NMR spectrum of 3ab (151 MHz, CDCl,)
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OMe

abundance

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

trapezoid( 0[%],

fft( 1, TRUE, TRUE )

T
300.0 200.0 100.0

X : parts per Million : Phosphorus31

33.650

machinephase

Ppm

Filename = 3ab 31P-1-2.3df
Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-TF-169-product
Solvent = NONE

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec

Irr Atn Noe

Irr Noise

Irr Pwidth
Decgupling
Initial Wait
Noe -

Noe Time
Repgtitioni'l'i.m.e

12-JAN-2019 17:16:28

= 23-DEC-2021 19:33:33

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

22

22

2[s]

50

18[dcC]

15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

1P NMR spectrum of 3ab (243 MHz, CDCl,)
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7 —-—-—-- PROCESSTING PARAMETERS ----—
9_7 de balance( 0, FALSE )
=+ (% sexp( 0.2[Hz], 0.0[s] )
- | = trapezoid( O0[%], O0[%], BO[%], 100[%] )
= zerofill({ 1, TRUE )
i fft( 1, TRUE, TRUE )
machinephase
b O PPm
: O
i |1
P OBn
4 Filename = 3ac_Proton-1-2.3jdf
) Author = delta
| Experiment = proton.jxp
= Sample Id = 1-TF-295-column-product
i Solvent = CHLOROFORM-D
| Actual_Start_Time = 18-APR-2019% 22:14:20
T / 3ac Revision Time = 23-DEC-2021 19%:38:09
4 fed
3 Comment = single_pulse
] Data Format = 1D COMPLEX
4 Dim Size = 13107
X Domain = Proton
] ‘ . Dim Title = Proton
= ‘ e =] Dim_Units = [ppm]
B ‘:% Dimensions =X
of
= ‘ 1 Site = ECS 400
1 Spectrometer = DELTAZ NMR
. Field Strength = 9.389766[T] (400[MH=z])
b g ‘ %rm =S X_Acq Duration = 2.18365952[s]
1 = = i _—
4 ‘ ol AR i X_Domain = 1H
’ X Freq = 399.78219838[MHz]
7 l X_Offset = 5[ppm]
1 | | ¥ Points - 16384
i ‘ | - _ X Prescans =1
‘ Ira\d: ) 5J’5 ¥ Resolution = 0.45794685[Hz]
1 | ‘ (S ]l —? — X_Sweep = 7.5030012 [kHz]
4 / | ‘ ‘ [ X Sweep Clipped = 6.00240096[kHz]
| | | | | Irr Domain = Proton
. 7 { / | Irr Freq = 399,7B219838 [MH=z]
— J J J A ) J ) /| Irr Offset = 5[ppm]
- Tri Domain = Proton
7 Tri_Freq = 399.78219838 [MHz]
- Tri Offset = 5[ppm]
] Clipped = FALSE
Scans =8
7 Total_ Scans =8
Relaxa_tioniDela_y = 5[=]
7 Recvr_Gain = 36
__ﬂj 4 Temp Get = 460.0[dC]
= X 90 Width = 12.1[us]
= 7] X Acq Time = 2.18365952([s]
= = X Angle = 45[degl]
2 o L“_) ] X Atn = 2[dB]
o i
[ X Pulse = 6.05[us]
rrrTTTT Irr Mode = Off
Tri Mode = off
Dan;eiPresat = FALSE
Initial Wait = 1[=]
— = - = T— R = = Repetit{oniTime = 7.18365952([=s]
ARt b R R e N I T N T
AR ER R AR R R R L R R R R R R L e L L e R R N =
L e e Sl e el i [ ol e e Ll e e L i e s i s B T o T T o T o TS T B S B o B B B o B B o B o B o B o =
X : parts per Million : Proton

1H NMR spectrum of 3ac (400 MHz, CDCl,) S66



] —-—-—-- PROCESSTING PARAMETERS ----—
7 dc_balance( 0, FALSE )
7 sexp( 2.0[Hz], 0.0[s] )
=1 trapezoid( O0[%], O0[%], BO[%], 100[%] )
—_ zerofill( 1, TRUE )
It fft( 1, TRUE, TRUE )
] machinephase
] O PPm
o 0]
=7 |1
] P OBn
S Filename = 3ac_Carbon-1-2.jdf
= | Author = delta
] Experiment = carbon.jxp
| Sample Id = 1-TF-295-column-product
] Solvent = CHLOROFORM-D
~ 7 Actual Start Time = 18-APR-2019 22:16:39
=0 3ac Revision Time = 23-DEC-2021 19:46:19
7 Comment = single pulse decoupled ga
] Data_Format = 1D COMPLEX
o 3 Dim Size = 26214
=7 X_Domain = Carbon
] Dim Title = Carbonl3
] Dim Units = [ppm]
] Dimensions =X
w3 Site = ECS 400
= Spectrometer = DELTAZ NMR
] Field Strength = 9.389766[T] (400[MHz])
] X _Acq Duration = 1.04333312(s]
] X Domain = 13C
= ¥ Freq = 100.52530333[MHz]
<] X offset = 100([ppm]
] X Points = 32768
| X Prescans = 4
| X:Resolution = 0.95846665[H=z]
o] X_Sweep = 31.40703518[kHz]
< 4 X Sweep_ Clipped = 25.12562814[kHz]
~ Irr Domain = Proton
E Irr Freq = 399.78219838[MH=z]
3 Irr_Offset = 5[ppm]
1 3 Clipped = FALSE
= 4 Scans = 113
| Total Scans = 113
| Relaxation_Delay = 2[s]
1 Recvr_Gain = 60
-] Temp Get = 460.0[dcC]
1 X 90 width = 9.6[us]
8 B X Rcg Time = 1.04333312[s]
= - X_A.ngle = 30[deg]
i “ ¥ atn - 61dp]
E o XﬁPulse = 3.2[us]
= Irr_Atn Dec = 21.63[dB]
[ Irr Atn Noe = 21.63[dB]
LA L L L L L L L L L B L I B L L L [l = WALTZ
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
L.,» I\ Decgupling = TRUE
/ = \ \ /l\ Illit1317Wait = 1[s]
[ e LN \ Hoe = TRUE
R S SR LT R L R i S Nos_time - 2021
R B BRI R B B I B R it Bt B B B i B B B B B - B B D D B Repetition Time = 3.04333312[s]
— =0 = = O O W = = = = = — 0N SN DN 00000000 OSSO D O] W -
CEAAZIcoooonoooddaoaadooagouopetressacdann
-

X : parts per Million : Carbonl3

13C NMR spectrum of 3ac (101 MHz, CDCl,)
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abundance

=0

3ac

OBn

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz],

trapezoid( 0[%],

zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

0.0[s1 )
Or%], B8O[%], 100[%] )

X : parts per Million : Phosphorus31

79

o
[aa)

machinephase

Ppm

Filename = 3ac 31P-1-2.3df

Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-TF-295-column-product
Solvent = NONE

Actual Start Time

Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay

Recvr_Gain
Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec
Irr Atn Noe
Irr Noise
Irr Pwidth
Decgupling
Initial Wait
Noe -
Noe Time
Repgtitioni'l'i.m.e

18-APR-2019 22:04:13

= 23-DEC-2021 19:55:57

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

TRUE

12

12

2[s]

50

18.3[dc]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

1P NMR spectrum of 3ac (243 MHz, CDCl,)
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7 —-—-—-- PROCESSTING PARAMETERS ----—
] de_balance( 0, FALSE )
] ron sexp( 0.2[Hz], 0.0[s] )
- 3 trapezoid( O[%], O[%], 80[%], 100[%] )
7 o~ zerofill( 1, TRUE )
b £ft( 1, TRUE, TRUE )
= machinephase
W | O ppm
] O
] P o P
4 L e Filename = 3ad Proton-1-2.jdf
4 | :P Author = delta
4 of % Experiment = proton.jxp
<= ei Sample Id = 1-TF-354-product
=+ | Solvent = CHLOROFORM-D
4 Actual Start Time = 6-JUL-2019 16:40:10
- Revision Time = 23-DEC-2021 20:01:58
i 3ad
4 Comment = single pulse
i Data_ Format = 1D COMPLEX
i Dim Size = 13107
B X Domain = Proton
i Dim Title = Proteon
= Dim_Units = [ppm]
A e rel Dimensions =X
7 = i & e < Spectrometer = DELTA2 NMR
4 Y = ol —
b - - Field Strength = 14.09636928[T] (600[MHz])
] X Acg Duration = 1.4548992[s]
7 X_Domain = 1H
7 X Freq = 600.1723046[MHz]
7 | X offset = 5[ppm]
7 X Points = 16384
=7 X _Prescans =1
(‘i XﬁResolution = 0.68733284[H=z]
7 X Sweep = 11.26126126[kHz]
7 X Sweep_ Clipped = 9.00900901 [kHz]
q o = Irr Domain = Proton
y g [g = Irr Freg — 600.1723046 [MHz]
B | — / '—F - Irr_Offset = 5[ppm]
q | | Tri_ Domain = Proteon
~ ‘ Tri_ Freq = 600.1723046[MHZ]
- | | Tri_Offset = 5[ppm]
B Clipped = FALSE
<= ‘ Scans =8
-4 | Total Scans =8
4 ‘ | ‘ Relaxation Delay = 5[s]
- | I RecvrﬁGa_ini = 32
, | Temp_Get = 20[dc]
ot il ] | J ) ! 1) X_90_width = 15.5[us]
= _ XﬁAcqﬁTime = 1.4548992[s]
= i X_Angle = 45[deg]
= J X _Atn = 2.2[dB]
_g — ULJL X Pulse = 7.75[us]
o —
] Irr Mode = Off
L I L L B S B Tri Mode = Off
8.0 7.0 6.0 5.0 Dante Presat = FALSE
J Initial Wait = 1[s]
o | Repetitioni'l'i.m.e = 6.4548992[s]
J w— = ) OO MhOF—==—=C0 WAoo DO N F o0l —=—0 =00t g
i R R R R R R R B e e R i B e B B e e B e B B B B B B B B B B A B B B R B R B B B B B A B B
L e e T e e e e P~~~ = =t ST <F ST 0 0000 606N 6NN e enonenen ol ol el ol ol ol ol ol ol g
X : parts per Million : Proton

1H NMR spectrum of 3ad (600 MHz, CDCl,) S69
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PROCESSTNG PARAMETERS
dc_balance( 0, FALSE )

Mo o

X : parts per Million : Carbonl

w 170,928

TT T T T T[T T T[T T I T [T T I T[T T T T[T T T T[TT T T [TTTT[TTT
220.0 200.0 180.0 160.0
A
g
=

140.0

142.377

i
ol
2
-+

N ——

136.84

120.0

131.806 —
131.768
131.356
131.299

131.097
129.556
129.489
129.460

100.0

80.0

128.321

127.718
127.651

60.0

77.211

77.000
76.789

63.806 '

34.871 7

2

20.0 0

! AN

|
o

-+
vy

8.111

ol

-20.0

21.447
21.035

sexp( 2.0[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3ad Carbon-1-2.jdf
Author = delta

Experiment = carbon.jxp

Sample Id = 1-TF-354-product
Solvent = CHLOROFORM-D

Actual Start Time = 6-JUL-2019 16:41:37

Revision Time = 23-DEC-2021 20:07:34

Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX

Dim Size = 26214

X Domain = Carbon

Dim Title = Carbonl3

Dim Units = [ppm]

Dimensions =X

Spectrometer = DELTAZ NMR

Field Strength = 14.09636928[T] (600[MHz])
X_Acq_Dlu:ation = 0.69206016([s]

X Domain = 13c

¥ Freq = 150.91343039[MHz]
X_Offset = 100 [ppm]

X Points = 32768

X _Prescans =4

X Resolution =
X SwWweep =
X Sweep_ Clipped =

1.44496109[Hz]
47.34848485[kHz]
37.87878788[kHz]

Irr Domain = Proton
Irr_Freq = 600.1723046[MH=z]
Irr_Offset = 5[ppm]
Clipped = TRUE

Scans = 172

Total Scans = 172
RelaxationiDelay = 2[=s]
Recvr_Gain = 54

Temp Get = 21.3[dc]

X 90 width = 10.6[us]

X Acg Time = 0.69206016[s]
X_A.ngle = 30[deg]

X Atn = 7.3[dB]

X Pulse = 3.53333333[us]
Irr Atn Dec = 17.6[dB]

Irr Atn Noe = 17.6[dB]

Irr Noise = WALTZ

Irr Pwidth = T76[us]
Decgupling = TRUE

Initial Wait = 1[=s]

Hoe N = TRUE

Noe Time = 2[=s]

Repgtitioni'l'i.m.e = 2.69206016([s]

13C NMR spectrum of 3ad (151 MHz, CDCl,)
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| ————- PROCESSING PARAMETERS ————

- dc_balance( 0, FALSE )
= sexp( 2.0[Hz], 0.0[s] )
= trapezoid( O0[%], O[%], BO[%], 100[%] )
— zerofill( 1, TRUE )

| fft( 1, TRUE, TRUE )

7 machinephase

] O Ppm
-

o (@]

] ||:|> O/\/ Br
=
Dét Filename = 3ad_311?*1*2.jdf

n Author = delta

] Experiment = single pulse dec.jxp

] Sample Id = 1-TF-354-product-P1l6
— 7 Solvent = NONE
—— Actual Start Time = 11-HOV-2019 11:18:01
=3 Revision Time = 23-DEC-2021 20:12:19

3 3ad

7 Comment = single pulse decoupled ga

] Data Format = 1D COMPLEX
= Dim Size = 26214
Rl X Domain = Phosph

] Dim Title = Phosphorus31l

. Dim Units = [ppm]

] Dimensions =X
= 7 Spectrometer = DELTA2_NMR
i

] Field Strength = 14.08636028[T] (600[MH=])

] X Acqinuration = 0.15204352([s]

1 X Domain = 31p
— X Freq = 242.95404125[MHz]
:’_'__ X Offset = 0[ppm]

] X Points = 32768

B X Prescans =4

] X Resolution = 6.57706425[Hz]

] X:Sweep = 215.51724138[kHz]
=1 X _Sweep_Clipped = 172.4137931[kHz]
7 Irr_Domain = Proton

] Irr Freq = 600.1723046[MHz]

] Irr Offset = 5[ppm]

] Clipped = TRUE
<= Scans = 16
ol g Total Scans = 16

a Relaxation_Delay = 2[s]

B Recvr Gain = 50
=] Temp_Get = 20.9[dc]

— X_90_Width = 15[us]
a X Acq_Time = 0.15204352[s]
o | X_Angle = 30[deg]
[¥] | X Atn = 11 [dB]
% ] X:Pulse = 5 [us]
= o Irr_Atn Dec = 17.6[dB]
5 3 Irr Atn Noe = 17.6[a8]
—% - Irr Noise = WALTZ
‘ ————— T —— | IEE_Pwidth = 76[us]
300.0 200.0 100.0 0 -100.0 -200.0 -300.0 Trteint waie it
Noe - = TRUE
Noe Time = 2[=s]
— Repgtitionil'ime = 2.15204352([s]
a
e
X : parts per Million : Phosphorus31

1P NMR spectrum of 3ad (243 MHz, CDCl,) S71



4.00

4|U
©=0

2.07
218

abundance
?

3ae

O/\/

)

2.01

1.00

—-—-—-- PROCESSTING PARAMETERS

dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.

trapezoid( 0[%],

0[s1 )
or%1.

80[%],

100[%] )

zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

29712

(9] o0
e =t
™~ e
™~ ~

i 9
X : parts per Million : Proton

2.2
0.000

machinephase

Ppm

Filename = 3ae Proton-1-2.3jdf
Author = delta

Experiment = proton.jxp

Sample Id = 1-TF-359%-product
Solvent = CHLOROFORM-D

Actual Start Time =
Revision Time

Comment
Data_ Format =
Dim Size
X Domain
Dim Title
Dim Units =

Dimensions
Site
Spectrometer

Field sStrength =
X Rcq Duration =
X Domain =
X Freq =
X offset =
X Points =
X Prescans =
X:Resolution =
X _Sweep =
X Sweep Clipped =
Irr Domain =
Irr Freq =
Irr Offset =
Tri Domain =
Tri_ Freq =
Tri Offset
Clipped
Scans

Total_ Scans

Relaxation Delay =
Recvr_ Gain
Temp Get =
X 90 wWidth
X:Acai'l'ime
X _Angle

X Atn =
X Pulse
Irr Mode
Tri Mode =
D an;eiPre sat
Initial Wait
Repetit{oniTime =

18-JUL-2019 15:17:16

= 23-DEC-2021 20:17:43

= single_pulse

1D COMPLEX
13107
Proton
Proton
[ppm]

X

ECs 400
DELTRAZ_ HMR

9.389766[T] (400[MH=z])
2.18365952([=s]

1H

399.78219838 [MHz]
5 [ppm]

16384

1

0.45794685[Hz]
7.5030012[kHz]
6.00240096[kHz]
Proton
399.78219838 [MHz]
5 [ppm]

Proton
399.78219838 [MHz]
5 [ppm]

FALSE

8

=8

5[sl

36

460.0[4dc]
12.1[us]
2.18365952([=]
45 [deg]

2[dB]
6.05[us]

Off

Off

FALSE

1[s]
7.18365952([=]

1H NMR spectrum of 3ae (400 MHz, CDCl,)
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PROCESSTNG PARAMETERS

dc_balance( 0, FALSE )

sexp( 2.0[Hz],

trapezoid( 0[%],
TRUE )
TRUE )

zerofill( 1,
fft( 1, TRUE,
machinephase
Ppm

0.00s1 )
or%1.

80[%], 100[%] )

3ae
N |
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X : parts per Million : Carbonl

Filenams
Author
Experiment
Sample Id
Solvent

Actual Start Time

Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay

Recvr Gain

Temp_aet

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec
Irr Atn Noe
Irr Noise
Irr Pwidth
Decgupling
Initial Wait
Noe -
Noe Time
Repgtitioni'l'i.m.e

3ae_Carbon-1-2.jdf
delta

carkon. jxp
1-TF-359-product-P17
CHLOROFOERM-D
11-NOV-2019 11:47:07

= 23-DEC-2021 20:28:19

single pulse decoupled ga
1D COMPLEX

26214

Carbon

Carbonl3

[ppm]

p.4

DE LTAZ_N'M:R

14.09636928[T]
0.69206016([s]
13c
150.91343039[ME=z]
100 [ppm]

32768

4

1.44496109[Hz]
47.34848485[kHz]
37.87878788[kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

77

77

(600 [MH=z])

2[s]

50

21.6[4dc]
10.6[us]
0.69206016([s]
30 [deg]
7.3[dB]
3.53333333[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.69206016([s]

13C NMR spectrum of 3ae (151 MHz, CDCl,)
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————- PROCESSING PARAMETERS ————
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], O[%], BO[%], 100[%] )

X : parts per Million : Phosphorus31

33.460

= 1
e zerofill( 1, TRUE )
= £ft( 1, TRUE, TRUE )
- machinephase
. Ppm
=1 o)
SE \©\||:I> O/\/
= 3
=
ol o Filename = 3ae_31P-1-2.3jdf
A Author = delta
] Experiment = single pulse dec.jxp
=3 Sample Id = 1-TF-359%-product-F17
e Solvent = NONE
| Actual Start Time = 11-HOV-2019 11:54:24
= 3ae Revision Time = 23-DEC-2021 20:34:46
—r
e Comment = single pulse decoupled ga
— 3 Data Format = 1D COMPLEX
= Dim Size = 26214
7 X Domain = Phosph
E Dim Title = Phosphorus31
- Dim Units = [ppm]
| Dimensions =X
] Spectrometer = DELTAZ_NM:R
1 Field Strength = 14.00636928[T] (600 [MH=z])
B X Beg Duration = 0.15204352[s]
1 X Domain = 31p
- X Freq = 242.95404125 [MHz]
=1 X Offset = 0[ppm]
=1 X Points = 32768
] X Prescans =4
— ¥ Resolution = 6.57706425[H=z]
- 1 X Sweep = 215.51724138 [kHz]
;f X Sweep_ Clipped = 172.4137931[kHz]
] Irr Domain = Proton
- Irr Freq = 600.1723046[MH=z]
= Irl:_Offset = 5[ppm]
=1 Clipped = TRUE
o Scans = 17
_: Total Scans = 17
= 7 Relaxation_Delay = 2[s]
- Recvr Gain = 50
d Temp_Get = 21.1[dc]
- X_SO_Wi.dt,h = 15[us]
7 X Rcqg Time = 0.15204352[s]
o :I_: X _Angle = 30[deqg]
[¥] = X Atn = 11 [dB]
:% i X:Pulse = 5 [us]
=] 7 Irr_Atn Dec = 17.6[dB]
5 _ 3 | Irr Atn Noe = 17.6[a8]
= =4 Irr Noise = WALTZ
‘ ———— ——— —— ——— —— Trr_pwidth = 76[us]
300.0 200.0 100.0 -100.0 -200.0 -300.0 Trteint waie it
Noe - = TRUE
Noe Time = 2[=s]
Repgtitionil'ime = 2.15204352([s]

3P NMR spectrum of 3ae (243 MHz, CDCl,)
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—-—-—-- PROCESSTING PARAMETERS

cwn—g—w eny

ol = S O\ 0~ =s)

S OO OO M M ™) Lo B ot I o B o |

A N S A S S N N
X : parts per Million : Proton

7.216
7.214
7.203
7.200
7.144
7.120 |
4.099 i ;
4.091
4.085

3.106

3.092

2.29
0.000

dc_balance ( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3af Proton-1-2.jdf
Author = delta

Experiment = proton.jxp

Sample Id = 1-TF-318-product
Solvent = CHLOROFORM-D

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset

Tri_ Domain
Tri_ Freq

Tri_ Offset
Clipped

Scans

Total Scans

Relaxation Delay
Re cvrﬁGa.ini
Temp Get
X_90_Width

X Rcg Time

X AEngle

X _Atn

X Pulse

Irr Mode

Tri Mode

Dante Presat
Initial Wait
Repetition Time

B-JUN-2019 16:39:51
23-DEC-2021 20:38:04

single_ pulse
1D COMPLEX
13107

Proton
Proton

[ppm]

p.4

DE LTAZ_H'M:R

14.09636928[T] (600[MH=z])
1.4548992[s]

1H
600.1723046[MHz]
5 [ppm]

16384

1

0.68733284 [Hz]
11.26126126[kHz]
9.00900901 [kHz]
Proton
600.1723046[MHz]
5 [ppm]

Proton
600.1723046[MHz]
5 [ppm]

FALSE

a

a

5[s1

36

18.8[dC]
15.5[us]
1.4548992([s]
45 [deg]
2.2[dB]
7.75[us]

Off

Off

FALSE

1[s]
6.4548992[s]

1H NMR spectrum of 3af (600 MHz, CDCl,)
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0.4 0.5

7
el
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0

abundance
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3af

_Ph

PROCESSING PARAMETERS ————

dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( 0[%], O[%], BO[%], 100[%] )
zerofill( 1, TRUE )

£fft( 1, TRUE, TRUE )

machinephase

Ppm

140.0

2200 200.0 180.0

170.220 ~~_

X : parts per Million : Carbonl

wy
=Y
=
=)
=
hs

2

150.400

142472 ~_

141.917 —

136.967

131.720 —
131.681 “/
131.413

120.0

L

131.212

100.0

129.642
129.613
129.556
129.202
129.077

80.0

60.0

121.312

40.0

77.000

20.0

2

27
1.572 Y

-

1.486 7/
21.083

2

0

-20.0

Filename

Author

Experiment
Sample Id

Solvent

Actual Start Time
Revision Time

Comment

Data Format
Dim_gize

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Beg Duration
X:Dom;iu

X Freq

X offset

X Points

X Prescans

X Resolution
X:Sweep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay

Recvr Gain

Temp_aet

X 90 _Width

X Acq_Time

X Angle

X _Atn

X Pulse
Irr_Atn Dec
Irr Atn Noe
Irr Noise
Irr Pwidth
Decguplinq
Initial Wait
Noe -

Noe Time
Repgti tion Time

3af Carbon-1-2.jdf

delta

carbon. jxp

1-TF-318-product

CHLOROFORM-D
B-JUN-2019 16:41:18

23-DEC-2021 20:44:08

single pulse decoupled ga
1D COMPLEX

26214

Carbon

Carbonl3

[ppm]

X

DELTAZ_NM:R

14.00636928[T]
0.69206016[s]
13c
150.91343039[MHz]
100 [ppm]

32768

4

1.44496109[Hz]
47.34848485[kHz]
37.87878788 [kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

130

130

(600 [MHZ])

2[s]

b6

20[dcC]
10.6[us]
0.69206016[s]
30 [deg]
7.3[dB]
3.53333333[us]
17.6[dB]
17.6[dBE]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.69206016[s]

13C NMR spectrum of 3af (151 MHz, CDCl,)
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DE —-—-—-- PROCESSTING PARAMETERS ----—
((:: 3 dc_balance( 0, FALSE )
= sexp( 2.0[Hz], 0.0[s] )
= trapezoid( 0[%], 0[%], 80[%], 100[%] )
[ zerofill( 1, TRUE )
<= ] fft( 1, TRUE, TRUE )
gi machinephase
=3 o) o
== 0
=1 II:I’ O/Ph
%
= ]
= Filename = 3af 31P-1-2.3df
= Author = delta
\J_-:: Experiment = single pulse_dec.jxp
— 1 Sample Id = 1-TF-318-product
<7 Solvent = NONE
Ei Actual Start Time = B-JUN-2019 16:54:04
= E 3af Revision Time = 23-DEC-2021 20:48:54
=
- Comment = single pulse decoupled ga
(= Data_Format = 1D COMPLEX
[ag ! Dim Size = 26214
: | X_Dom.ain = Phosph
:__ Dim_Title = Phosphorus3l
— ] Dim Units = [ppm]
< Dimensions = X
—— Spectrometer = DELTA2_NMR
E; Field Strength = 14.09636928[T] (600[MHz])
=1 X Acg_Duration 0.15204352([=]
7 X Domain = 31p
:_, ¥ Freq = 242.95404125[MHz]
= X Offset = 0[ppm]
=5 X _Points = 32768
o6 4 X_Prescans =4
] X Resolution = 6.57706425[H=z]
<=3 X:Sweep = 215.51724138[kHz]
™~ X Sweep_ Clipped = 172.4137931[kHz]
= Irr Domain = Proton
q;:f Irr_Freq = 600.1723046[MH=z]
| Irr Offset = 5[ppm]
=1 Clipped = FALSE
Wi Scans = 32
— 7 Total Scans = 32
~——
= E RelaxationiDelay = 2[=s]
= Recvr_Gain = 50
(sl Temp_Get = 19.5[dcC]
-1 X 90 Width = 15[us]
4 X RAcg Time = 0.15204352[s]
» M ¥ Angle = 30[deg]
(SR X Atn = 11[dB]
g =7 X Pulse = S[us]
=] ] Irr Atn Dec = 17.6[dB]
S =43 - Irr Atn Nos = 17.6[d8]
"'c': ] 1 Irr_Noise = WALTZ
‘ ————————————— T Irz Pwidth = 76[us]
300.0 200.0 100.0 0 -100.0 -200.0 -300.0 Teieiny mie i
Hoe N = TRUE
Noe Time = 2[=s]
0 Repgtitioni'l'i.m.e = 2.15204352[s]
&
e
X : parts per Million : Phosphorus31

1P NMR spectrum of 3af (243 MHz, CDCl,) S77
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2.0 17

1.02

abundance
)
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4.00

3.0

2.84-04

\

P

3ag

PROCESSTNG PARAMETERS
dc_balance( 0, FALSE )

o= o oot
ARVl o —_—— 0
°Q 59 o oG 1) 229
0~~~ e~ ~ s
X : parts per

6.963

4.302

4.293
4.285

3.171

3.143

129

A

3.

2.699
2.693
2.395

sexp( 0.2[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

machinephase

Ppm

Filename = 3ag_Proton-1-2.3jdf
Author = delta

Experiment = proton.jxp

Sample Id = 1-TF-345-product
Solvent = CHLOROFORM-D

Actual Start Time =

Revision Time

5-JUL-2019 13:34:35
= 23-DEC-2021 20:59:27

Comment = single_pulse
Data Format = 1D COMPLEX
Dim Size = 13107

X Domain = Proton

Dim Title = Proton
Dim_Units = [ppm]
Dimensions =X

Site = ECs 400
Spectrometer = DELTAZ NMR

Field sStrength =
X Rcq Duration

9.389766([T]
2.18365952([=s]

(400 [MH=Z])

X Domain = 1H

X Freq = 399.78219838[MHz]
X_Offset = 5[ppm]

X Points = 16384

X Prescans =1

X Resolution

0.45794685[Hz]

X_Sweep = 7.5030012[kHz]

X Sweep Clipped = 6.00240096[kHz]
Irr Domain = Proton

Irr Freq = 399,7B219838 [MH=z]
Irr_Offset = 5[ppm]

Tri Domain = Proton

Tri_ Freq =

Tri Offset = 5[ppm]
Clipped = FALSE
Scans =6

Total_ Scans =6
Relaxa_tioniDela_y = 5[=]
Recvr_ Gain = 38

Temp Get = 460.0[dC]
¥ 90 width = 12.1[us]

X Rcq Time

X_Angle = 45[degl]
¥ _Atn = 2[dB]

X Pulse = 6.05[us]
Irr Mode = Off

Tri Mode = off
Dan;eiPresat = FALSE
Initia_liWait = 1[=]

Repetition Time =

399.78219838 [MHz]

2.18365952([=]

7.18365952([=]

1H NMR spectrum of 3ag (400 MHz, CDClI,)
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—_ -—--- PROCESSING PARAMETERS —----—
:i de_balance
= sexp : 2[Hz]
3 trapezoid : O[%] : O[%] : 80[%] : 100[%]
] zerofill : 1
J fft @ 1
=3 machinephase
<7 0] ppm
] 0]
- P N~
g |
=
] Filename = 3ag_Carbon_ ft-1-2.jdf
| Author = delta
| Experiment = carbon.jxp
~ 7 Sample Id = 1-TF-345-product
=7 Solvent = CHLOROFORM-D
] Actual Start Time = 5-JUL-2019% 13:36:07
E 3ag Revision Time = 23-DEC-2021 21:04:33
] Comment = single pulse decoupled ga
i Data_Format = 1D COMPLEX
— Dim Size = 26214
| X_Dom.ain = Carbon
] Dim Title = Carbonl3
] Dim_Unit.s = [ppm]
Wy Dimensions = X
= Site = ECS 400
] Spectrometer = DELTA2_NMR
] Field Strength = 9.389766[T] (400[MHz])
- X_Acq_Dux:ation = 1.04333312[s]
‘:-; X Domain = 13C
=1 ¥ Freq = 100.52530333[MHz]
| X_Offset. = 100 [ppm]
! X Points = 32768
~ X Prescans =4
o ] X:Resoluti.on = 0.95846665[Hz]
= X_Sweep = 31.40703518[kHz]
| X_Ewe:ep_clipped = 25.12562814[kH=z]
| Irr Domain = Proton
3 Irr Freq = 399.78219838[MH=z]
4 Irr_Offset = 5[ppm]
ol Clipped = FALSE
= | Scans = 173
| Total Scans = 173
] Relaxation_Delay = 2[s]
" Recvr_Gain = 60
D‘t Temp Get = 460.0[dcC]
] X 90 width = 9.6[us]
8 1 X Rcg Time = 1.04333312[s]
= - X_A.ngle = 30[deg]
= J X Atn = 6[dB]
= =) N XﬁPulse = 3.2[us]
2 Irr Atn Dec = 21.63[dB]
[ Irr Atn Noe = 21.63[dB]
LA L L L L L L L L L B L I B L L L [l = WALTZ
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
I | | Decgupling = TRUE
‘..‘K // / | \ Illit1317Wait = 1[s]
! ~ [ A Noe = TRUE
N2 E 88 nNIRaR8282RgnER8gEEalE88858280Y Noe Time = 2[s]
e e B T N DR R B B D D I B A A T B T et S ST B Repetition Time = 3.04333312(s]
SO ——= 0 OmMmmn = —~ SO S 000wl = — = -
EEXIIIAonnnnaadddddaddddrerssaaadann
X : parts per Million : Carbonl3

13C NMR spectrum of 3ag (101 MHz, CDCl,) S79
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3ag

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

trapezoid( 0[%],

fft( 1, TRUE, TRUE )

100.0

X : parts per Million : Phosphorus31

34.868

machinephase

Ppm

Filename = 3ag 31P-1-2.3df
Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-TF-345-P19

Solvent = NONE

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer

Field Strength
X Acg_Duration
X Domain

X Freq

X Offset

X Points

X Prescans

X Resolution
X:.‘S weep

X Sweep_ Clipped
Irr Domain

Irr Freq

Irr Offset
Clipped

Scans

Total Scans

Relaxation Delay
Recvr_Gain

Temp Get

X 90 width
X:Acgi'.[‘ime

X Angle

X Atn

X Pulse
I;riAtniDec

Irr Atn Noe

Irr Noise

Irr Pwidth
Decgupling
Initial Wait
Noe -

Noe Time
Repgtitioni'l'i.m.e

14-NOV-2019 11:31:34

= 23-DEC-2021 21:10:56

single pulse decoupled ga
1D COMPLEX

26214

Phosph

Phosphorus3l

[ppm]

p.4

DELTAZ_N'M:R

14.09636928[T] (600[MH=z])
0.15204352[=s]

3ip
242.95404125[ME=z]
0 [ppm]

32768

4

6.57706425[Hz]
215.51724138[kHz]
172.4137931[kHz]
Proton
600.1723046[MHz]
5 [ppm]

FALSE

48

48

2[s]

50

15.4[4dc]
15[us]
0.15204352[s]
30 [deg]
11[dB]

5[us]
17.6[dB]
17.6[dB]
WALTZ

76 [us]

TRUE

1[s]

TRUE

2[s]
2.15204352([s]

1P NMR spectrum of 3ag (243 MHz, CDCl,)
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7 —-—-—-- PROCESSTING PARAMETERS ----—
- dc_balance ( 0, FALSE )
i = sexp( 0.2[Hz], 0.0[s] )
| = trapezoid( O0[%], O0[%], BO[%], 100[%] )
7 = zerofill({ 1, TRUE )
E £ft( 1, TRUE, TRUE )
D__ ‘ machinephase
=+ ] o (o) pEm
] 11
‘ . P N/\
] ’ Lo
4 Filename = 3ah_Proton-1-2.3jdf
B Author = delta
Experiment = proton.jxp
T Sample Id = 1-TF-339%-product
B | Solvent = CHLOROFORM-D
= _ Actual Start Time = 27-JUN-2019 17:53:24
(ag] ] I‘ 3ah Revision Time = 23-DEC-2021 21:14:23
|
q Comment = single_pulse
4 Data_ Format = 1D COMPLEX
i ~ | Dim_Size = 13107
[ =3 | X_Domain = Proton
q = | Dim Title = Proton
4 | Dim Units = [ppm]
B | Dimensions =X
Site = ECs 400
7 ‘ J Spectrometer = DELTAZ NMR
4 |
< | |‘ = Field strength = 9.389766[T] (400[MH=z])
(o0 ] | J X_Acq_Duration = 2.18365952([=s]
7 ‘ 1 X_Domain = 1H
q | X Freq = 399.78219838[MHz]
’ X _offset = 5[ppm]
l X Points = 16384
) ‘ X Prescans =1
= s / X:Resolution = 0.45794685[H=z]
4 b= fun |5’~" rin X_sweep = 7.5030012 [kHz]
i ol [N Tty | f < X_sweep_Clipped = 6.00240096 [kHz]
- ‘ - Irr_Domain = Proton
7 | | Irr Freq = 399,7B219838 [MH=z]
4 Irr_Offset = 5[ppm]
< | Tri_Domain = Proton
— | Tri_Freq = 399.78219838 [MHz]
7 Tri Offset = 5[ppm]
- Clipped = FALSE
_ Scans =8
Total_ Scans =8
= Relaxa_tioniDela_y = 5[=]
- Recvr_ Gain = 34
_ﬂj B y y Temp Get = 460.0[dC]
= X 90 Width = 12.1[us]
= 7 X Acq Time = 2.18365952([s]
= = X_Angle = 45[degl]
_g = J X_Atn = 2[dB]
[ XﬁPulse = 6.05[us]
LA L L L T T Irr Mode - Off
8.0 Tri Mode = Off
‘,J\U Dan;eiPresat = FALSE
A Initial Wait = 1[=]
— = — T === —_— = / - = — — Repetit{oniTime = 7.18365952[s]
;— Ao =~ Al 0O O~ T — WS nn o -2 O FQ S-S = =
ot~ 00O T F O ===~ T =0 TN O RO IO N —=0 o Wnm
R R R R R R R B Rl o R e B R R B A e A e B e e R R e Rt Rl R B R S A B
Lo e e e o e e L o e e o R - T T T T T T o T s T B e s B e s o T B B R T I I B B
X : parts per Million : Proton

1H NMR spectrum of 3ah (400 MHz, CDCl,) S8l



—-—-—-- PROCESSTING PARAMETERS ----—
1 dc_balance ( 0, FALSE )
_ sexp( 2.0[Hz], 0.0[s] )
trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )
fft( 1, TRUE, TRUE )
i machinephase
- o (@) ppm
11
a P N
Lo
Filename = 3ah Carbon-1-2.jdf
o Author = delta
= Experiment = carbon.jxp
Sample Id = 1-TF-339-product
Solvent = CHLOROFORM-D
oo Actual Start Time = 27-JUN-201% 17:55:10
o 3ah Revision Time 23-DEC-2021 21:18:56
Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
~ Dim Size = 26214
= X Domain = Carbon
Dim Title = Carbonl3
Dim Units = [ppm]
Dimensions =X
e site - ECs 400
- Spectrometer = DELTA2_NMR
Field Strength = 9.389766[T] (400[MHz])
Wy X_Acq_Dux:ation = 1.04333312[s]
D‘ X_Dom.ain = 13cC
¥ Freq = 100.52530333[MHz]
X_Offset. = 100 [ppm]
X Points = 32768
= X Prescans =4
= X:Resolution = 0.95846665[H=z]
X_Sweep = 31.40703518[kHz]
X Sweep_ Clipped = 25.12562814[kHz]
e Irr Domain = Proton
\:; Irr Freq = 399.78219838[MH=z]
Irr_Offset = 5[ppm]
Clipped = FALSE
Scans = 111
(;! Total Scans = 111
Relaxation_Delay = 2[s]
Recvr_Gain = 60
—_ Temp Get = 460.0[dcC]
= X 90 width = 9.6[us]
8 X Rcg Time = 1.04333312[s]
= X_A.ngle = 30[deg]
= X _Atn = 6[dB]
=] f XﬁPulse = 3.2[us]
2 L Irr Atn Dec = 21.63[dB]
[ Irr Atn Noe = 21.63[dB]
LA L L L L L L I L L L L L I B L L [l = WALTZ
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 -10.0 Irr Pwidth = 0.115[ms]
Decgupling = TRUE
//J \ & - Illit1317Wait = 1[s]
— \ T~ o~ Noe = TRUE
age Efgmﬁfgﬁ Noe Time = 2[s]
— ool R A= e Repetition Time = 3.04333312[s]
&l vied el o— e o— o~ — —
\2 \:" E = = = on oo
X : parts per Million : Carbonl3

13C NMR spectrum of 3ah (101 MHz, CDCl,) S82



=

3ah

—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

trapezoid( 0[%],

fft( 1, TRUE, TRUE )

abundance
|

X : parts per Million : Phosphorus31

100.0

34.462

machinephase

Ppm

Filename = 3ah-31P-1-2.3df
Author = delta

Experiment = single pulse_dec.jxp
Sample Id = 1-TF-339-P20

Solvent = NONE

Actual Start Time
Revision Time

Comment
Data_Format
Dim Size

X Domain

Dim Title
Dim Units
Dimensions
Spectrometer
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PROCESSTNG PARAMETERS
dc_balance( 0, FALSE )

sexp( 0.2[Hz], 0.0[s] )

B \[9 trapezoid( O0[%], O0[%], BO[%], 100[%] )
~ zerofill( 1 )
i | fft( 1, TRUE, TRUE )
machinephase
4 O PEm
O
7 11 |
| P (@) Y 3
[en I‘ sl
i PN = |
e | - -
Filename = 1-TF-358-celumn-product P
1 | Author = delta
I Experiment = proton.jxp
B | Sample Id = 1-TF-358-column-product
- | Solvent = CHLOROFORM-D
—— j Actual Start Time = 16-JUL-2019 22:33:47
™ 3ai l' Revision Time = 23-DEC-2021 21:37:40
{ Comment = single pulse
q f Data_ Format = 1D COMPLEX
|I Dim Size = 13107
- o { X Domain = Proton
B rn | _Doms
e =) { Dim Title = Proteon
B Tolen IF Dim Units = [ppm]
"" Dimensions =X
- | Site = ECS 400
‘ | ( Spectrometer = DELTAZ NMR
| ) # 2' Field Strength = 9.389766[T] (400[MHz])
T ‘ . | (2] X_Acq_Dux:ation = 2.18385952([s]
[ f X Domain = 1H
B | ¥ Freq = 399.78219838[MHz]
| ‘I X offset = S[ppm]
7 / l X _Points = 16334
= | | X Prescans =1
—_ - | XﬁResolution = 0.45794685[H=z]
| (2 . | X _Sweep = 7.5030012 [kHz]
[ =) X _sSweep_Clipped = 6.00240096 [kHz]
{ - | Irr Domain = Proton
7 Irr Freq = 399.78219838[MH=z]
| | Irr Offset = 5([ppm]
f Tri Domain = Proton
‘ | Tri Freq = 399.78219838[MHz]
4 =) .
‘ I{ o = ff | [ =) Tr:LiOffset = 5[ppm]
i < f < | o o rg | ! — Clipped = FALSE
[ | | [ = J‘ = ‘ [ Scans =8
Total Scans =8
B RelaxationiDelay = 5[=s]
Recvr_Gain = 42
__ﬂj i Temp Get = 22.4[4dc]
= X 90 width = 11l[us]
= i X Acg Time = 2.18365952[s]
= X_Angle = 45[deqg]
3 o X_Atn = 1.5[dB]
[ X Pulse = 5.5[us]
rrrTTTT Irr Mode = Off
Tri Mode = off
Dante Presat = FALSE
Initial Wait = 1[=s]

X

=
P

Repeti tiioni'l'i.me

= 7.18365952[=s]

1H NMR spectrum of 3ai (400 MHz, CDCl,)
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— —-—-—-- PROCESSTING PARAMETERS ----—
ol q de_balance( 0, FALSE )
—~ 17 sexp( 2.0[Hz], 0.0[s] )
:i trapezoid( O[%], O[%], 80[%], 100[%] )
= zerofill({ 1 )
o ! fft( 1, TRUE, TRUE )
— machinephase
] O ppm
°C 7 o)
— ] 11
™3 P O :
© 7 PN
— Filename = 3ai_Carbon-1-3.jdf
] Author = delta
Wi Experiment = carbon.jxp
— 9 Sample Id = 1-TF-358-column-product
= Solvent = CHLOROFORM-D
< Actual Start Time = 16-JUL-2019 22:23:55
- E 3ai Revision Time = 23-DEC-2021 21:42:32
o
— Comment = single pulse decoupled ga
| Data_Format = 1D COMPLEX
(o i Dim Size = 26214
— o X Domain = Carbon
] Dim Title = Carbonl3
—4 Dim Units = [ppm]
-1 Dimensions =X
=7 Spectrometer = DELTA2_NMR
| Field Strength = 14.09636928[T] (600[MHz])
=yl X_Acq_Dlu:ation = 0.69206016([s]
= 4 X Domain = 13c
] X Freq = 150.91343039[MH=z]
«< ] X Offset = 100 [ppm]
=3 X_Points = 32768
~ ] X _Prescans =4
D‘T XﬁResolution = 1.44496109[H=z]
| X Sweep = 47 .34848485[kH=z]
o 7 X Sweep_ Clipped = 37.87878788[kHz]
= Irr Domain = Proton
] Irr Freg = 600.1723046[MHz]
i Irr Offset = 5[ppm]
<] Clipped = FALSE
=+ ] Scans = 113
=7 Total Scans = 113
rﬁj RelaxationiDelay = 2[=s]
= Recvr_Gain = 54
] Temp Get = 21.3[dc]
a1 X 90 width = 10.6[us]
< 7 X Acg Time = 0.69206016[s]
B -1 X Angle = 30[deg]
S~ X Atn = 7.3[dB]
| 7 X Pulse = 3.53333333[us]
s 9 Irr Atn Dec = 17.6[dB]
a2~ MW'MMM Irr Atn Noe = 17.6[dE]
[ Irr Noise = WALTZ
L L I L L L L L L I I L L L B L B L [ o = 76[us]
220.0 200.0 180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0 -20.0| pecoupling = TRUE
| Initial Wait = 1[s]
‘l\ Noe = TRUE
e | — - 4 :\H — Noe Time = 2[s]
RN E AR Er 88302 N8 RS 82 G NSRRI NI USR0S0 § S 2 greroricion tine = 269206036 (2]
e mamenhmacd Qe gabnge oo oamRe S aawnas
et = ] = O e e = = = = AW SNOTT OIS ST T = =N — — O 0O O v
: l';- : l';- E E :. Q (—ﬁ (—") E (_") (—ﬁ :— (—ﬁ g g E ﬁ E E (‘;I E Lol e e - - i i B o e B o B s A T A T S L o B o AN o B o B o BN ot B o o I I o I o IR |
X : parts per Million : Carbonl3
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—-—-—-- PROCESSTING PARAMETERS ----—
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0[s] )

trapezoid( O0[%], O0[%], BO[%], 100[%] )
zerofill({ 1, TRUE )

fft( 1, TRUE, TRUE )

X : parts per Million : Phosphorus31

machinephase

Ppm

Filename = 3ai single pulse dec-1-2.
Author = delta - -
Experiment = single pulse_dec.jxp
Sample Id = 1-TF-358-column-product
Solvent = NONE

Actual Start Time = 16-JUL-2019 22:36:37

Revision Time = 23-DEC-2021 21:31:28

Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX

Dim Size = 26214

X Domain = Phosph

Dim Title = Phosphorus3l

Dim Units = [ppm]

Dimensions =X

Spectrometer = DELTAZ NMR
Field Strength = 14.09636928[T] (600[MHz])
X_Acq_Dlu:ation = 0.15204352[s]

X Domain = 31p

¥ Freq = 242.95404125[MHz]
X_Offset = 0[ppm]

X Points = 32768

X _Prescans =4

X Resolution = 6.57706425[H=z]
X:Sweep = 215.51724138[kHz]
X Sweep_ Clipped = 172.4137931[kHz]
Irr Domain = Proton

Irr_Freq = 600.1723046[MH=z]
Irr_Offset = 5[ppm]

Clipped = FALSE

Scans = 18

Total Scans = 18
RelaxationiDelay = 2[=s]

Recvr_Gain = 50

Temp Get = 20.9[dc]

X 90 width = 15[us]

X Acg Time = 0.15204352[s]
X_A.ngle = 30[deg]

X Atn = 11[dB]

X Pulse = 5[us]

Irr Atn Dec = 17.6[dB]

Irr Atn Noe = 17.6[dB]

Irr Noise = WALTZ

Irr Pwidth = T76[us]
Decgupling = TRUE

Initial Wait = 1[=s]

Hoe N = TRUE

Noe Time = 2[=s]
Repgtitioni'l'i.m.e = 2.15204352[s]

1P NMR spectrum of 3ai (243 MHz, CDCl,)
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