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1. General information

All commercially obtained reagents were used without further purification. All solvents
were distilled prior to use. Dimethyl 2-oxopropylphosphonate Vle [1] and dimethyl 2-
(adamantan-1-yl)-2-oxoethyl phosphonate VIf [2] were obtained according to reported
procedures. Other B-keto phosphonates Via—d were synthesized following the modified
Corbel's procedures [3] (see below). Bis[(1R,2R)-N,N’-dibenzylcyclohexane-1,2-
diamine-k?N,N’](dibromo)nickel VIII was obtained according to a reported procedure [4].
Melting points were measured with an OptiMelt automated melting point system. All the
reactions were monitored by TLC, performed on precoated silica gel plates (Sorbfil);
compounds were made visible with I2. *H, 13C and 3'P NMR spectra were recorded with
a JEOL JNM-ECX400 spectrometer at 399.78, 100.53 and 161.83 MHz, respectively, in
CDCls, DMSO-ds and D20 solution. FTIR spectra were recorded with a Shimadzu IR
Affinity-1 spectrophotometer with Specac® Quest ATR. Elemental analysis was
performed with an EuroVector EA-3000 analyzer. High-resolution mass spectrometry
was recorded with an Agilent AccuTOF 6230 mass-spectrometer. Optical rotations were
measured with Rudolph Research Analytical (Autopol V Plus Automatic Polarimeter).
The enantiomeric purity of the products was determined by HPLC analysis on Shimadzu
Prominence LC-20AD (Spd-20auv vis detector, Cto-20a column over, Dgu-20a
degasing unit) equipped with a chiral stationary phase column (ChiralPAK AD-3) with
hexane/2-propanol as eluent and with a chiral stationary phase column ChiralPAK AD-
3R with water/acetonitrile as eluent. Column chromatography was performed on Silica
gel 60, Merck (230—-400 mesh). X-ray crystallographic data were collected using a

Enraf-Nonius CAD-4 diffractometer.
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2. Synthesis of initial compounds

The initial 4-nitro-2-oxophosphonates were synthesized according to scheme S1:

o)
+
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(MeO);P  O._OMe
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MeO” ~NHNH, 0
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lla-d Va-d
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R = Ph (a), 4-MeOCgH, (b), 3-MeOCgH, (c), 2-MeOCgH, (d)
Ph Ph
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Me (e), adamantan-1-yl (f) (2S,3R)-6e
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dr 37/1-0/1

98 - >99% ee

Scheme S1: General scheme for the synthesis of initial compounds.

General procedure for the synthesis of methyl 2-(2-bromo-l-arylethylidene)-

hydrazine-1-carboxylates llla—d.
(6] OMe
9 .
)J\/Br + N
R MeO™ "NHNH: i 1iene:MeOH 1.4:1 !
oluene:Me 4: R/K/Br

la-d [} r,5h

llla-d

LI R = Ph (a), 4-MeOCgHy (b), 3-MeOCgH, (c), 2-MeOCgH, (d)

Scheme S2: Synthesis of methyl 2-(2-bromo-1-arylethylidene)hydrazine-1-carboxylates

llla—d.
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A solution of a-bromoketone la-d (93.8 mmol) and methylhydrazine carboxylate Il (85.3
mmol) in toluene (84 mL) and methanol (59 mL) was stirred for 10 h at 25 °C. Then it
was kept at —10 °C for 2 h. The precipitate was filtered off and recrystallized from
acetone.

Methyl 2-(2-bromo-1-phenylethylidene)hydrazine-1-carboxylate (llla). OYOMe
Mixture of isomers 2.2:1. Yield: 10.4 g (45%), white crystals, N .
m.p. 130-131 °C (acetone). (j)V
'H NMR (400 MHz, CDClIz, 298 K) d [ppm] 8.63 (br s, 1H, NH, minor isomer), 7.87 (br s,
1H, NH, major isomer), 7.72-7.71 (m, 1H, aromatic, major isomer), 7.50-7.42 (m, 2H,
aromatic, major isomer, 2H, aromatic, minor isomer), 7.35-7.34 (m, 1H, aromatic, major
isomer, 1H, aromatic, minor isomer), 7.27-7.25 (m, 1H, aromatic, major isomer, 2H,
aromatic, minor isomer), 4.29 (s, 2H, CH2, major isomer), 4.25 (s, 2H, CH2, minor
isomer), 3.83 (s, 3H, Me, minor isomer), 3.74 (s, 3H, Me, major isomer).

13C NMR (101 MHz, CDCIls, 298 K) & [ppm] 154.5 (s, C=0, minor isomer), 153.8 (s,
C=0, major isomer), 149.1 (s, C=N, major isomer), 145.7 (s, C=N, minor isomer), 135.4
(s, aromatic, C, major isomer), 134.0 (s, aromatic, C, minor isomer), 130.7 (s, aromatic,
CH, minor isomer), 130.4 (s, aromatic, CH, major isomer), 129.8 (s, aromatic, 2CH,
major isomer), 128.8 (s, aromatic, 2CH, minor isomer), 127.7 (s, aromatic, 2CH, major
isomer), 126.3 (s, aromatic, 2CH, minor isomer), 53.4 (s, Me, major isomer), 53.2 (s,
Me, minor isomer), 34.9 (s, CHz2, major isomer), 19.1 (s, CHz2, minor isomer).

Anal. Calcd. for C10H11BrN202: C, 44.30; H, 4.09; N 10.33. Found: C, 44.25; H, 4.14; N
10.37.

Methyl 2-[2-bromo-1-(4-methoxyphenyl)ethylidene]hydrazine-1-carboxylate (llib).

Mixture of isomers 2.0:1. Yield: 14.4 g (56%), white crystals, OYOMG

HN.,
N

m.p. 128-129 °C (acetone). /@/'er
MeO

'H NMR (400 MHz, CDCls, 298 K) & [ppm] 8.25 (br.s, 1H, NH, minor
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isomer), 7.91 (br.s, 1H, NH, major isomer), 7.70-7.68 (m, 2H, aromatic, minor isomer),
7.25-7.22 (m, 2H, aromatic, major isomer), 7.01-6.99 (m, 2H, aromatic, major isomer),
6.90-6.87 (m, 2H, aromatic, minor isomer), 4.30 (s, 2H, CHz2, major isomer), 4.20 (s, 2H,
CHz2, minor isomer), 3.86-3.78 (m, 6H, 2Me, minor isomer, 6H, 2Me, major isomer).

13C NMR (101 MHz, CDClIz, 298 K) & [ppm] 161.1 (s, aromatic, C(OMe), minor isomer),
160.9 (s, aromatic, C(OMe), major isomer), 154.4 (s, C=0, minor isomer), 153.8 (s,
C=0, major isomer), 149.1 (s, C=N, major isomer), 145.9 (s, C=N, minor isomer), 129.2
(s, aromatic, 2CH, major isomer), 127.8 (s, aromatic, 2CH, minor isomer), 122.5 (s,
aromatic, C, minor isomer, C, major isomer), 115.3 (s, aromatic, 2CH, major isomer),
114.2 (s, aromatic, 2CH, minor isomer), 55.5 (s, 2Me, major isomer), 53.4 (s, 2Me,
minor isomer), 35.2 (s, CHz2, major isomer), 18.9 (s, CHz, minor isomer).

IR (ATR) v [cm™] 3226 (w), 3170 (w), 3128 (w), 2956 (w), 2831 (w), 1707 (vs), 1604 (s),
1591 (s), 1514 (s), 1494 (s), 1469 (vs), 1413 (s), 1363 (vs), 1303 (vs), 1251 (vs), 1201
(s), 1178 (s), 1149 (s), 1066 (vs), 833 (vs), 812 (s), 796 (s), 686 (s), 607 (s), 555 (s),
534 (vs).

Anal. Calcd for C11H13BrN20s3: C, 43.87; H, 4.35; N 9.30. Found: C, 43.81; H, 4.39; N
9.39.

Methyl 2-[2-bromo-1-(3-methoxyphenyl)ethylidene]hydrazine-1-carboxylate (llic).

(0] OMe
Y

HN.,
)

Mixture of isomers 1.9:1. Yield: 10.5 g (41%); white crystals;
m.p. 129-130 °C (acetone). o
'H NMR (400 MHz, CDClz, 298 K) & [ppm] 8.63 (br.s, 1H, NH, minor owe
isomer), 7.93 (br.s, 1H, NH, major isomer), 7.41-7.25 (m, 2H, aromatic, minor isomer,
2H, major isomer), 6.97-6.77 (m, 2H, aromatic, minor isomer, 2H, major isomer), 4.28

(s, 2H, CH2, major isomer), 4.23 (s, 2H, CHz2, minor isomer), 3.83 (s, 6H, 2Me, minor

isomer), 3.79 (s, 6H, 2Me, major isomer).
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13C NMR (101 MHz, CDClIs, 298 K) & [ppm] 160.5 (s, aromatic, C(OMe), major isomer),
159.9 (s, aromatic, C(OMe), minor isomer), 154.5 (s, C=0, minor isomer), 153.8 (s,
C=0, major isomer), 148.9 (s, C=N, major isomer), 145.6 (s, C=N, minor isomer), 136.9
(s, aromatic, C, minor isomer), 131.9 (s, aromatic, C, major isomer), 131.1 (s, aromatic,
CH, major isomer), 129.7 (s, aromatic, CH, minor isomer), 119.6 (s, aromatic, CH, major
isomer), 118.7 (s, aromatic, CH, minor isomer), 115.8 (s, aromatic, CH, major isomer),
115.6 (s, aromatic, CH, minor isomer), 113.2 (s, aromatic, CH, major isomer), 111.7 (s,
aromatic, CH, minor isomer), 55.5 (s, 2Me, major isomer), 53.4 (s, 2Me, minor isomer),
34.8 (s, CH2, major isomer), 19.2 (s, CHz, minor isomer).

IR (ATR) v [cm™] 3226 (w), 3124 (w), 2956 (w), 2831 (w), 1714 (vs), 1608 (s), 1591 (s),
1570 (s), 1469 (vs), 1429 (s), 1367 (vs), 1321 (s), 1292 (vs), 1222 (vs), 1155 (s), 1068
(vs), 1053 (vs), 1020 (vs), 856 (vs), 781 (vs), 682 (vs), 623 (s), 507 (s), 478 (S).

Anal. Calcd for C11H13BrN203: C, 43.87; H, 4.35; N 9.30. Found: C, 43.80; H, 4.43; N
9.36.

Methyl 2-[2-bromo-1-(2-methoxyphenyl)ethylidene]hydrazine-1-carboxylate (llid).

O._OMe

Yield: 11.8 g (46%), white crystals, m.p. 135-137 °C (acetone). HN

1H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.74 (br.s, 1H, NH), 7.44-7.40 dv&
(m, 1H, aromatic), 7.16-7.14 (m, 1H, aromatic), 7.05-6.97 (m, 2H, aromatic), oe
4.33 (s, 2H, CH2), 3.78 (s, 6H, 2Me).

13C NMR (101 MHz, CDCIs, 298 K) & [ppm] 156.2 (s, aromatic, C(OMe)), 153.9 (s,
C=0), 1475 (s, C=N), 132.1 (s, aromatic, CH), 129.9 (s, aromatic, CH), 121.4 (s,
aromatic, CH), 118.8 (s, aromatic, C), 111.9 (s, aromatic, CH), 55.8 (s, 2Me), 34.9 (s,
CHo>).

IR (ATR) v [cm™] 3226 (w), 3124 (w), 3026 (w), 2958 (w), 2837 (w), 1693 (vs), 1616
(m), 1597 (m), 1579 (m), 1471 (s), 1452 (s), 1367 (s), 1290 (m), 1273 (m), 1246 (vs),

1220 (s), 1132 (m), 1076 (vs), 1056 (s), 1024 (vs), 750 (vs), 690 (s), 559 (s), 518 (s).
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Anal. Calcd for C11H13BrN20s: C, 43.87; H, 4.35; N 9.30. Found: C, 43.81; H, 4.41; N
9.38.
General procedure for the synthesis of methyl 2-[2-(dimethoxyphosphoryl)-1-

arylethylidene]hydrazinecarboxylates Va—d.

OYOMG OYOMe
HN. | +(MeO)p ——> HN.y o
toluene | 11_OMe
RJ\/Br V' 4100, 2n R)\/P\OMe
lla-d Va-d

lLV: R = Ph (a), 4-MeOCgH, (b), 3-MeOCgH, (c), 2-MeOCgH, (d)

Scheme S3: Synthesis of methyl 2-[2-(dimethoxyphosphoryl)-1-

arylethylidene]hydrazinecarboxylates Va—-d

The resulting hydrazone llla—d (25.0 mmol) was added with stirring in an argon
atmosphere for 1 h to a boiling solution of trimethyl phosphite IV (26.1 mmol) in toluene
(25 mL). The mixture was stirred for 3 h, cooled and washed with water. The mixture
was extracted with CHCIs (3 x 50 mL). The combined organic extracts were dried over
Nax2SO04s, filtered, and evaporated in vacuo.

Methyl 2-[2-(dimethoxyphosphoryl)-1-phenylethylidene]hydrazine-1- o _owme

carboxylate (Va). N (|F).>/OMe
“OMe
Yield: 7.28 g (97%), yellow solid, m.p. 107-108 °C (toluene). (j)V

1H NMR (400 MHz, CDCls, 298 K) & [ppm] 9.85 (br s, 1H, NH), 7.70-7.68 (m, 2H,
aromatic), 7.32-7.20 (m, 3H, aromatic), 3.73 (s, 3H, Me), 3.62 (d, 3Jup = 11.2 Hz, 6H,
2MeO), 3.26 (d, 2Jnp = 23.2 Hz, 2H, CHb).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 155.5 (s, C=0), 143.8 (d, 2Jcp = 10.5 Hz,

C=N), 137.0 (d, %Jcp = 3.8 Hz, C), 129.6 (s, aromatic, CH), 128.5 (s, aromatic, 2CH),
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126.6 (s, aromatic, 2CH), 53.6 (d, 2Jcp = 6.7 Hz, MeOQ), 52.8 (s, Me), 27.2 (d, YJcp =
137.1 Hz, CH>).
3P NMR (162 MHz, CDCls, 298 K) & [ppm] 26.64.
Anal. Calcd for Ci12H17N20sP: C, 48.00; H, 5.71; N 9.33. Found: C, 47.91; H, 5.79; N
9.36.
Methyl  2-(2-(dimethoxyphosphoryl)-1-(4-methoxyphenyl)ethylidene)hydrazine-1-
carboxylate (Vb). O.__OMe
Mixture of isomers 8.0:1. Yield: 8.17 g (99%), yellow solid, HN'lN S/OMe
“OMe
m.p. 92-94 °C (toluene). Meo/©)\/
'H NMR (400 MHz, CDCls, 298 K) & [ppm] 9.75 (br.s, 1H, NH, major isomer, 1H, NH,
minor isomer), 7.68-7.66 (m, 2H, aromatic, minor isomer, 2H, aromatic, major isomer),
6.82-6.80 (m, 2H, aromatic, minor isomer, 2H, aromatic, major isomer), 3.75 (s, 3H, Me,
minor isomer, 3H, Me, major isomer), 3.74 (s, 3H, Me, minor isomer, 3H, Me, major
isomer), 3.64 (d, 3Jup = 9.2 Hz, 6H, 2MeO, minor isomer, 3Jup = 9.2 Hz, 6H, 2MeO,
major isomer), 3.24 (d, 2Jup = 22.7 Hz, 2H, CH2, major isomer, 2Jup = 22.7 Hz, 2H, CHz,
minor isomer).
13C NMR (101 MHz, CDClIs, 298 K) & [ppm] 160.9 (s, aromatic, C(OMe), major isomer),
160.6 (s, aromatic, C(OMe), minor isomer), 155.6 (s, C=0, minor isomer, C=0, major
isomer), 144.0 (d, 2Jcp = 10.5 Hz, C=N), 129.5 (d, 3Jcp = 3.8 Hz, C, aromatic), 128.1 (s,
aromatic, 2CH, minor isomer), 127.7 (s, aromatic, 2CH, major isomer), 115.0 (s,
aromatic, 2CH, minor isomer), 113.9 (s, aromatic, 2CH, major isomer), 55.4 (s, Me,
minor isomer, Me, major isomer), 53.6 (d, 2Jcp = 4.7 Hz, MeO, major isomer, ?Jcp = 4.7
Hz, MeO, minor isomer), 52.8 (s, Me, minor isomer, Me, major isomer), 35.8 (d, *Jcp =
138.0 Hz, CH2, minor isomer), 27.1 (d, *Jcp = 136.0 Hz, CH2, major isomer).

3P NMR (162 MHz, CDClIz, 298 K) & [ppm] 26.80 (major isomer), 26.63 (minor isomer).
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IR (ATR) v [cm™Y] 3174 (w), 2958 (w), 2908 (w), 2852 (w), 2837 (W), 1737 (vs), 1610 (s),
1544 (s), 1510 (s), 1442 (s), 1398 (s), 1325 (s), 1240 (vs), 1174 (vs), 1018 (vs), 966 (s),
879 (s), 831 (s), 802 (s), 775 (s), 756 (s), 738 (s), 630 (s), 582 (s), 532 (s).

Anal. Calcd for CisH19N206P: C, 47.28; H, 5.80; N 8.48. Found: C, 47.21; H, 5.89; N
8.48.

Methyl  2-(2-(dimethoxyphosphoryl)-1-(3-methoxyphenyl)ethylidene)hydrazine-1-

carboxylate (Vc). Oy, OMe

HN..

N Oome
Mixture of isomers 7.1:1. Yield: 8.18 g (99%), yellow solid, Q)VF(OM

OMe

m.p. 96-98 °C (toluene). Site
'H NMR (400 MHz, CDCls, 298 K) & [ppm] 9.89 (br.s, 1H, NH, major isomer), 7.88 (br.s,
1H, NH, minor isomer), 7.35-7.11 (m, 3H, aromatic, minor isomer, 3H, aromatic, major
isomer), 6.96-6.76 (m, 1H, aromatic, minor isomer, 1H, aromatic, major isomer), 3.77 (s,
6H, 2Me, minor isomer, 6H, 2Me, major isomer), 3.68 (d, 3Jup = 11.2 Hz, 6H, 2MeO,
minor isomer, 3Jup = 11.2 Hz, 6H, 2MeO, major isomer), 3.27 (d, 2Jup = 22.0 Hz, 2H,
CH2, major isomer, 2Jup = 22.0 Hz, 2H, CH2, minor isomer).

13C NMR (101 MHz, CDClIs, 298 K) & [ppm] 160.5 (s, aromatic, C(OMe), minor isomer),
159.8 (s, aromatic, C(OMe), major isomer), 155.5 (s, C=0, minor isomer, C=0, major
isomer), 143.7 (d, 2Jcp = 10.5 Hz, C=N, minor isomer, 2Jcr = 10.5 Hz, C=N, major
isomer), 138.5 (d, 3Jcp = 3.8 Hz, C, minor isomer, 3Jcp = 3.8 Hz, C, major isomer), 129.5
(s, aromatic, CH, major isomer), 129.1 (s, aromatic, CH, minor isomer), 119.1 (s,
aromatic, CH, major isomer), 119.0 (s, aromatic, CH, minor isomer), 115.6 (s, aromatic,
CH, major isomer, aromatic, CH, minor isomer), 111.9 (s, aromatic, CH, major isomer,
aromatic, CH, minor isomer), 55.4 (s, Me, minor isomer, Me, major isomer), 53.7 (d,
2Jcp = 5.7 Hz, MeO), 52.9 (s, Me), 35.6 (d, *Jcp = 138.0 Hz, CH2, minor isomer), 27.5 (d,
YJcp = 137.1 Hz, CH2, major isomer).

3P NMR (162 MHz, CDClIz, 298 K) & [ppm] 26.65 (major isomer), 26.45 (minor isomer).
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IR (ATR) v [cm™] 3217 (w), 3003 (w), 2954 (w), 2852 (w), 1743 (s), 1720 (s), 1598 (m),
1575 (m), 1531 (s), 1487 (s), 1448 (s), 1431 (s), 1359 (m), 1220 (vs), 1182 (s), 1024
(vs), 974 (s), 910 (s), 860 (s), 806 (s), 786 (s), 727 (vs), 688 (s).

Anal. Calcd for CisH19N206P: C, 47.28; H, 5.80; N 8.48. Found: C, 47.28; H, 5.80; N
8.48.

Methyl  2-(2-(dimethoxyphosphoryl)-1-(2-methoxyphenyl)ethylidene)hydrazine-1-
carboxylate (Vd).

Mixture of isomers 2.7:1. Yield: 8.17 g (99%), yellow solid, m.p. 89-91 °C (toluene).

) Os_OMe
I1H NMR (400 MHz, CDCls, 298 K) & [ppm] 9.92 (br.s, 1H, NH, major jN/

OMe

isomer), 7.73 (br.s, 1H, NH, minor isomer), 7.38-6.81 (m, 4H, aromatic, @E(OMG
minor isomer, 4H, aromatic, major isomer), 3.76 (s, 6H, 2Me, minor oMe
isomer, 6H, 2Me, major isomer), 3.60 (d, 3Jup = 11.1 Hz, 6H, 2MeO, minor isomer, 3Jup
= 11.1 Hz, 6H, 2MeO, major isomer), 3.39 (d, 2Jup = 22.4 Hz, 2H, CH2, major isomer,
2Jwp = 22.4 Hz, 1H, CH2, minor isomer), 3.22 (d, 2Jup = 22.4 Hz, 1H, CH2, minor
isomer).

13C NMR (101 MHz, CDClIs, 298 K) & [ppm] 157.1 (s, aromatic, C(OMe), major isomer),
156.2 (s, C=0, minor isomer), 155.9 (s, aromatic, C(OMe), minor isomer), 155.5 (s,
C=0, major isomer), 145.7 (d, 2Jcr = 10.5 Hz, C=N), 131.7 (s, aromatic, CH, minor
isomer), 131.1 (s, aromatic, CH, major isomer), 130.9 (s, aromatic, CH, major isomer),
129.0 (s, aromatic, CH, minor isomer), 127.6 (s, aromatic, C, major isomer), 121.3 (s,
aromatic, CH, minor isomer), 120.9 (s, aromatic, CH, major isomer), 120.7 (s, aromatic,
C, minor isomer), 111.9 (s, aromatic, CH, minor isomer), 110.9 (s, aromatic, CH, major
isomer), 55.7 (s, Me, minor isomer), 55.5 (s, Me, major isomer), 53.2 (d, 2Jcp = 5.7 Hz,
MeO, major isomer), 52.8 (s, Me, minor isomer, major isomer), 52.7 (d, 2Jcp = 5.7 Hz,
MeO, minor isomer), 34.9 (d, 1Jcp = 138.0 Hz, CH2, minor isomer), 29.5 (d, 1Jcp = 134.2

Hz, CH2, major isomer).
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3P NMR (162 MHz, CDClIz, 298 K) & [ppm] 27.55 (major isomer), 27.00 (minor isomer).
IR (ATR) v [cm™Y] 3211 (w), 2999 (w), 2953 (W), 1747 (s), 1720 (s), 1598 (m), 1579 (w),
1490 (s), 1458 (s), 1436 (s), 1359 (m), 1303 (m), 1236 (vs), 1220 (vs), 1020 (vs), 968
(s), 879 (s), 842 (s), 802 (s), 752 (VS).

Anal. Calcd for CisH19N206P: C, 47.28; H, 5.80; N 8.48. Found: C, 47.28; H, 5.80; N
8.48.

General procedure for the synthesis of 3-keto phosphonates Via-d.

OYome 3M HCI o O
aq
MeO_ 1
"MNon o MeO’P\)LR
J\/#/OMe acetone
R ~oMe '.3.5h Via-d

Va-d
V. VI: R = Ph (a), 4-MeOCgH4 (b), 3-MeOCgH,4 (c), 2-MeOCgH, (d)

Scheme S4: Synthesis of 3-keto phosphonates Via—d

Hydrochloric acid (3M, 12 mL) was added to a solution of methyl 2-[2-
(dimethoxyphosphoryl)-1-arylethylidenelhydrazinecarboxylate Va—-d (20 mmol) in
acetone (12 mL). The resulting mixture was stirred for 3.5 h at rt, then the acetone was
removed in vacuo and the residue was extracted with CHCI3 (3 x 50 mL). The combined
organic layers were dried (Na2S0Oa4) and evaporated to give the B-keto phosphonates.
Dimethyl (2-ox0-2-phenylethyl)phosphonate (Via). Me0Q @

P
Yield: 2.26 g (99%): pale yellow oil. Meo! %
'H NMR (400 MHz, CDCls, 298 K) d [ppm] 7.93-7.90 (m, 2H, Ph), 7.53-7.48 (m, 1H,
Ph), 7.41-7.36 (m, 2H, Ph), 3.68 (d, 3Jwp = 11.2 Hz, 6H, CH30), 3.57 (d, 2Jup = 22.7 Hz,

2H, CH>).
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13C NMR (101 MHz, CDClIs, 298 K) & [ppm] 191.8 (s, C=0), 136.4 (s, C, Ph), 133.8 (s,
CH, Ph), 129.0 (s, CH, Ph), 128.7 (s, CH, Ph), 53.2 (d, CHsO, 2Jcr = 1.9 Hz), 37.5 (d,
CHz, 1Jcp = 130.6 Hz).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 23.44.

Anal. Calcd for C10H1304P: C, 52.64; H, 5.74. Found: C, 52.58; H, 5.81.

Dimethyl [2-(4-methoxyphenyl)-2-oxoethyl]phosphonate (VIb). MeO\(.F?) 0

Yield: 2.45 g (95%); pale yellow oil. o QKQOMe
'H NMR (400 MHz, CDClIz, 298 K) & [ppm] 7.75 (d, 3Jxn = 9.0 Hz, 2H, aromatic), 6.71
(d, 3Juv = 9.0 Hz, 2H, aromatic), 3.63 (s, 3H, CH30), 3.54 (d, 3Jwp = 11.2 Hz, 6H,
CH30), 3.39 (d, 2Jnp = 22.7 Hz, 2H, CHo).

13C NMR (101 MHz, CDCls, 298 K) d [ppm] 190.0 (d, 2Jcp = 5.7 Hz, C=0), 164.0 (s, C,
aromatic), 131.3 (s, CH, aromatic), 129.3 (d, 3Jcp = 2.9 Hz , C, aromatic), 113.8 (s, CH,
aromatic), 54.4 (s, CHz0), 53.5 (d, ?Jcp = 5.7 Hz, CH30), 36.5 (d, 1Jcp = 129.6 'y, CH>).
31p NMR (162 MHz, CDCls, 298 K) & [ppm] 23.87.

IR (ATR) v [cm] 3007 (w), 2955 (w), 2845 (w), 1667 (s), 1597 (s), 1574 (m), 1512 (m),
1460 (m), 1421 (m), 1315 (m), 1283 (m), 1250 (vs), 1173 (s), 1134 (m), 1113 (m), 1053
(s), 1020 (vs), 989 (vs), 878 (m), 829 (s), 799 (vs), 721 (m), 644 (w), 631 (w), 567 (S),
517 (s).

Anal. Calcd for C11H150sP: C, 51.17; H, 5.86. Found: C, 51.07; H, 5.89.

Dimethyl [2-(3-methoxyphenyl)-2-oxoethyl]phosphonate (Vic). Me0® ©

Yield: 2.45 g (95%): pale yellow oil. MGO/PQK@(M
1H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.55-7.44 (m, 1H, CH), 7.38-7.31 (m, 2H,
CH), 7.02-6.95 (m, 1H, CH), 3.67 (s, 3H, CH30), 3.52 (d, 3Jup = 11.2 Hz, 6H, CH3O),
3.36 (d, 2Jnp = 22.7 Hz, 2H, CHo).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 192.5 (d, 2Jcp = 5.8 Hz, C=0), 161.2 (s, C,

aromatic), 137.1 (s, C, aromatic), 133.1 (s, CH, aromatic), 123.6 (s, CH, aromatic),
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121.3 (s, CH, aromatic), 113.0 (s, CH, aromatic), 54.3 (s, CH30), 53.3 (d, 2Jcp = 5.7 Hz,
CH30), 36.2 (d, JJcp = 129.6 Hz, CH2).

3P NMR (162 MHz, CDCls, 298 K) & [ppm] 23.87.

IR (ATR) v [cm™1] 2999 (w), 2954 (w), 2853 (w), 1678 (s), 1597 (m), 1584 (m), 1487 (m),
1450 (m), 1429 (m), 1252 (vs), 1182 (s), 1128 (w), 1022 (vs), 864 (s), 841 (s), 791 (vs),
746 (vs), 685 (m), 665 (M), 596 (w), 542 (m), 517 (s).

Anal. Calcd for C11H150sP: C, 51.17; H, 5.86. Found: C, 51.11; H, 5.93.

Dimethyl [2-(2-methoxyphenyl)-2-oxoethyl]phosphonate (VId). Me0Q O

Yield: 2.38 g (92%), pale yellow oil, Meolpm

IH NMR (400 MHz, CDCls, 298 K) & [ppm] 7.69 (dd, 3Jun = 7.3 Hz, 4Jun = 1.6 Hz, 1H,
aromatic), 7.45 (dt, 3Juwn = 7.9 Hz, *Jun = 1.8 Hz, 1H, aromatic), 6.98-6.92 (m, 2H,
aromatic), 3.89 (s, 3H, CHsO), 3.78 (d, 2Jwp = 21.5 Hz, 2H, CH>), 3.70 (d, 3Jwp = 11.2
Hz, 6H, CH30).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 193.4 (d, 2Jcp = 6.7 Hz, C=0), 158.8 (s, C,
aromatic), 134.6 (s, CH, aromatic), 131.0 (s, CH, aromatic), 127.4 (d, 3Jcp = 3.4 Hz, C,
aromatic), 120.9 (s, CH, aromatic), 111.7 (s, CH, aromatic), 55.7 (s, CH30O), 52.9 (d,
2Jcp = 1.9 Hz, CH30), 41.2 (d, XJcp = 131.6 Hz, CHo).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 24.79.

IR (ATR) v [cm1] 3003 (w), 2953 (w), 2851 (w), 1667 (m), 1597 (m), 1578 (w), 1485 (m),
1464 (m), 1437 (m), 1395 (w), 1296 (s), 1242 (vs), 1182 (m), 1163 (m), 1144 (w), 1101
(w), 1018 (vs), 1001 (vs), 876 (m), 843 (m), 800 (s), 756 (vs), 731 (s), 700 (m), 662 (w),
586 (m), 513 (m).

Anal. Calcd for C11H150sP: C, 51.17; H, 5.86. Found: C, 51.09; H, 5.92.
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3. Catalysis

General procedure for catalytic asymmetric Michael addition of B-keto
phosphonates to w-nitrostyrene in the presence of a Ni(ll) complex.

A mixture of B-keto phosphonate Via—f (8.10 mmol), w-nitrostyrene VII (8.90 mmol) and
bis[(1R,2R)-N,N’-dibenzylcyclohexane-1,2-diamine-k’N,N’](dibromo)nickel ~ VIII  (0.16
mmol) in 10 mL of toluene was stirred at rt for 24 h. The formed crystalline product was
filtered and recrystallized from appropriate solvent (MeOH for 6a,d,e,f; EtOH for 6c¢;

toluene for 6b) to give an individual diastereomer.

Table S1: Asymmetric Michael addition of B-keto phosphonates to w-nitrostyrene in the

presence of bis[(1R,2R)-N,N’-dibenzylcyclohexane-1,2-diamine-k?N,N’](dibromo)nickel

Ph Ph
(
NH Br HN,,,
b
“NH Br HN
Ph Vil k O
o o (2 mol%) MeO. MeO_ 1 H
MeO. i ) MeO~ MeO~
MeO'P\)LR P NN toluene, rt, 24 h ﬁNOZ ' ﬁNOz
Via-f Vil
(2R,3S) 6a-d,f (25,3S)-6a-f
(25,3R)-6e
6: R = Ph (a), 4-MeOCgH, (b), 3-MeOCgH, (c),
2-MeOCgH4 (d), Me (e), adamantan-1-yl (f)
Entry | R Compd. | Conv., dr2 ee?, | Yield®, | dr¢ | eeS,
% % % %
1d Ph 6a 90 37/1 >99 |45 37/1 | >99
2 4-MeOCeH4 | 6b 92 13/1 97 46 1/~ |98
3 3-MeOCsH4 | 6C 87 12/1 86 45 14/1 | >99
4 2-MeOCsH4 | 6d 82 1/2 83 50 -/1 |98
5 Me 6e 86 1.2/1 NDE€ | 46 11/1 | >99f
6¢ 1-Ad 6f 81 1/1.8 85 21 1/25 | >99
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adr (by 3P NMR) and ee (by chiral HPLC) in reaction mixture; Pisolated yield; cdr (by 3P
NMR) and ee (by chiral HPLC) after crystallization; 9previously reported data [2,5]; ®not
determined; The enantiomeric excess for compound 6e could not be determined by
HPLC due to overlapping peaks of the corresponding enantiomers in the
chromatograms. For this reason, the value of the ee was determined on the basis of

HPLC analysis of its derivative - compound 13b (see below).

The absolute (2R,3S)-configuration of compound 6a was determined earlier by X-ray
diffraction analysis [5]. The absolute configurations of other Michael adducts 6b—f were
assumed by analogy and is additionally confirmed by X-ray diffraction data for 13b (see
below), since the absolute configuration of the stereo center at C-2 in 6e does not
change during the transformation of 6e to 13b. The relative configurations of 6b—f were
also confirmed by comparing the NMR spectra of these compounds and 6a. For
(2R,3S)-isomers the values of 3Jxn for proton at 2-C were 6.6—6.9 Hz, while for (2S,3S)-
isomers these values were 11 Hz. A characteristic difference in the values of the spin —
spin coupling constants was previously observed for structurally similar phosphonates
[5] and sulfones [6].

Dimethyl [(2R,3S)-4-nitro-1-0x0-1,3-diphenylbutan-2-yl]phosphonate (6a) [5]

0]

Yield: 1.13 g (45%), white crystals, m.p. 160-162 °C (methanol). 'V'eo\('p)' H

[a]3° -40.0 (c 2.5, CHCI3), dr 1:-, > 99% ee.
'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.79-7.77 (m, 2H, aromatic), 7.56-7.52 (m,
1H, aromatic), 7.42-7.38 (m, 2H, aromatic), 7.27-7.18 (m, 5H, aromatic), 5.14-5.01 (m,
2H, H-4), 4.63 (dd, 2Jnp = 23.6 Hz, 3Jun = 7.2 Hz, 1H, H-2), 4.42-4.30 (m, 1H, H-3), 3.55
(d, 3Jnp = 10.4 Hz, 3H, MeO), 3.52 (d, 3Jwp = 10.0 Hz, 3H, MeO).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 195.5 (d, 2Jce = 4.8 Hz, C-1), 137.43 (d,

3Jcp = 9.5 Hz, aromatic, C), 137.27 (s, aromatic, C), 134.1 (s, aromatic, CH), 129.1 (s,
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aromatic, 2CH), 128.9 (s, aromatic, 2CH), 128.7 (s, aromatic, 2CH), 128.4 (s, aromatic,
CH), 128.0 (s, aromatic, 2CH), 77.4 (s, C-4), 53.7 (d, 2Jcp = 6.6 Hz, MeQ), 53.5 (d, 2Jcp
= 7.6 Hz, MeO), 50.3 (d, XJcp = 128.5 Hz, C-2), 43.0 (d, 2Jcp = 2.9 Hz, C-3).

3P NMR (162 MHz, CDCls, 298 K) & [ppm] 22.48.

IR (ATR) v [cm™] 3063 (w), 2949 (w), 2853 (w), 1674 (s), 1597 (w), 1545 (s), 1449 (w),
1383 (w), 1250 (s), 1045 (s), 968 (m), 858 (w), 849 (w), 783 (m), 706 (m), 519 (m).
HRMS (APPI): m/z [M+H]* calcd for C1sH20NOesP-H*: 378.1101; found: 378.1101.

HPLC analysis (CHIRALPAK AD-3 column; hexane/2-propanol, 80:20; flow rate 1.0
mL/min; wavelength 230 nm): tr = 9.7 (2R,3S), 22.3 (2S,3R) min.

Dimethyl [(2R,3S)-1-(4-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yl]-
phosphonate (6b).

Yield: 1.51 g (46%), white crystals, m.p. 136-138 °C (toluene).

[a]2° -75.8 (c 1.0, CHCIs), 98% ee.
'H NMR (400 MHz, CDClIs, 298 K) & [ppm] 7.79 (d, 3JuH = 9.0 Hz, 2H, aromatic), 7.29-
7.19 (m, 5H, aromatic), 6.87 (d, 3Jun = 9.0 Hz, 2H, aromatic), 5.16-5.01 (m, 2H, H-4),
4.56 (dd, 2Jnp = 23.2 Hz, 3Jun = 6.4 Hz, 1H, H-2), 4.39-4.31 (m, 1H, H-3), 3.84 (s, 3H,
MeO), 3.58 (d, 3Jup = 11.2 Hz, 3H, MeO), 3.55 (d, 3Jup = 11.2 Hz, 3H, MeO).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 193.5 (d, 2Jcp = 4.8 Hz, C-1), 164.4 (s,
aromatic, C), 137.6 (d, 3Jcp = 10.5 Hz, aromatic, C), 131.3 (s, aromatic, 2CH), 130.3 (d,
3Jcp = 1.9 Hz, aromatic, C), 129.1 (s, aromatic, 2CH), 128.3 (s, aromatic, CH), 128.0 (s,
aromatic, 2CH), 114.1 (s, aromatic, 2CH), 77.3 (s, C-4), 55.7 (s, MeO), 53.7 (d, 2Jcp =
6.7 Hz, MeO), 53.5 (d, 2Jcp = 5.7 Hz, MeO), 49.9 (d, XJcp = 129.4 Hz, C-2); 43.0 (d, 2Jcp
= 3.8 Hz, C-3).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 23.87.
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IR (ATR) v [cm] 3063 (w), 3008 (w), 2955 (W), 2843 (w), 1667 (vs), 1597 (vs), 1551
(vs), 1516 (m), 1458 (m), 1435 (m), 1381 (m), 1334 (m), 1311 (m), 1269 (vs), 1242 (vs),
1172 (vs), 1061 (vs), 1018 (vs), 972 (m), 837 (m), 818 (m), 702 (m).

HRMS (APPI): m/z [M+H]* calcd for C19H22NO7P-H*: 408.1207; found: 408.1212.

HPLC analysis (CHIRALPAK AD-3R column; water/acetonitrile, gradient: 0.1 min 30%
acetonitrile to 50 min 100% acetonitrile; flow rate 0.2 mL/min; wavelength 230 nm): tr =
13.3 (2R,3S), 16.3 (2S,3R) min.

Dimethyl [(2R,3S)-1-(3-methoxyphenyl)-4-nitro-1-ox0-3-phenylbutan-2-
yllphosphonate (6c).

Yield: 1.49 g (45%), white crystals, m.p. 120-121 °C (EtOH).

[a]2° -54.6 (c 1.0, CHClg), dr 14:1, >99% ee.

'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.32-7.20 (m, 8H, aromatic), 7.09-7.05 (m,
1H, aromatic), 5.14-5.00 (m, 2H, H-4), 4.58 (dd, 2Jup = 23.2 Hz, 3Jun = 6.8 Hz, 1H, H-2),
4.44-4.32 (m, 1H, H-3), 3.79 (s, 3H, MeO), 3.57 (d, 3Jwe = 9.0 Hz, 3H, MeO), 3.54 (d,
3Jup = 9.0 Hz, 3H, MeO).

13C NMR (101 MHz, CDCls, 298 K) d [ppm] 195.3 (d, ?Jcp = 4.7 Hz, C-1), 159.9 (s,
aromatic), 138.7 (s, aromatic), 137.5 (d, 3Jcp = 10.6 Hz, aromatic), 129.8 (s, aromatic),
129.1 (s, aromatic), 128.4 (s, aromatic), 128.0 (s, aromatic), 121.4 (s, aromatic), 120.6
(s, aromatic), 112.8 (s, aromatic), 77.3 (s, C-4), 55.5 (s, MeO), 53.7 (d, 2Jcp = 7.2 Hz,
MeO), 53.5 (d, 2Jcp = 7.2 Hz, MeO), 50.6 (d, LJcp = 128.5 Hz, C-2), 43.0 (d, 2Jcp = 2.8
Hz, C-3).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 22.47.

IR (ATR) v [cmY] 3049 (w), 3022 (w), 2961 (w), 2839 (w), 1710 (m), 1670 (s), 1597 (m),
1549 (vs), 1454 (m), 1429 (m), 1381 (m), 1269 (s), 1250 (s), 1234 (s), 1217 (s), 1167
(s), 1057 (s), 1043 (vs), 1030 (vs), 1009 (vs), 878 (m), 851 (m), 826 (m), 795 (vs), 758

(s), 698 (vs), 679 (s), 638 (m), 553 (m), 513 (vs).
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HRMS (APPI): m/z [M+H]* calcd for C19H22NO7P-H*: 408.1207; found: 408.1213.
HPLC analysis (CHIRALPAK AD-3 column; hexane/2-propanol, 80:20; flow rate 1.2
mL/min; wavelength 210 nm): tr = 11.7 (2R,3S), 22.3 (2S,3R) min.

For (2R,3R)-isomer:

(0]
MeO_ i

P
MeO

T

Yield: 1.19 g (36%), white crystals, m.p. 124-125 °C (MeOH).
[a]3° +51.3 (c 1.0, CHCIs), dr 8:1, >99% ee.

'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.31-6.99 (m, 9H, aromatic), 5.24 (dd, 2JnH =
13.2 Hz, 3JuH = 4.0 Hz, 1H, H-4), 4.92 (dd, 2Jun = 12.8 Hz, 3Jun = 10.4 Hz, 1H, H-4),
4.64 (dd, 2Jup = 20.4 Hz, 3Jnn = 11.6 Hz, 1H, H-2), 4.44-4.36 (m, 1H, H-3), 3.82 (d, 3Jnp
=10.8 Hz, 3H, MeO), 3.76 (s, 3H, MeO), 3.72 (d, 3Jnp = 11.2 Hz, 3H, MeO).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 194.0 (d, 2Jcp = 5.8 Hz, C-1), 159.8 (s,
aromatic, C(OMe)), 138.6 (s, aromatic, C), 136.9 (d, 3Jcp = 15.3 Hz, aromatic, C), 129.7
(s, aromatic, CH), 129.0 (s, aromatic, 2CH), 128.2 (s, aromatic, CH), 128.0 (s, aromatic,
2CH), 120.9 (s, aromatic, CH), 120.2 (s, aromatic, CH), 112.6 (s, aromatic, CH), 78.8 (s,
C-4), 55.5 (s, MeO), 54.0 (d, 2Jcr = 6.7 Hz, MeO), 53.8 (d, 2Jcr = 7.6 Hz, MeO), 49.6 (d,
Jcp = 125.5 Hz, C-2), 43.3 (d, 2Jcp = 3.9 Hz, C-3).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 22.62.

IR (ATR) v [cm] 3047 (w), 2960 (w), 1670 (vs), 1597 (vs), 1548 (vs), 1489 (s), 1454
(s), 1429 (s), 1381 (s), 1269 (s), 1234 (vs), 1217 (vs), 1029 (vs), 1008 (vs), 875 (s), 850
(s), 825 (s), 794 (vs), 758 (vs), 698 (vs), 677 (S).

HPLC analysis (CHIRALPAK AD-3 column; hexane/2-propanol, 80:20; flow rate 1.2
mL/min; wavelength 210 nm): tr = 9.3 (2S,3S), 12.8 (2R,3R) min.

Dimethyl [(2S,3S)-1-(2-methoxyphenyl)-4-nitro-1-0xo0-3-phenylbutan-2-
yllphosphonate (6d).

Yield: 1.65 g (50%), white crystals, m.p. 138-139 °C (MeOH).

[a]3? -88.7 (c 1.0, CHCI3), dr 1:-, 98% ee.
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'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.40-7.33 (m, 2H, aromatic), 7.20-7.05 (m,
5H, aromatic), 6.92-6.80 (m, 2H, aromatic), 5.22 (dd, 2Jux = 13.6 Hz, 3JuH = 4.4 Hz, 1H,
H-4), 5.18 (dd, 2Jnn = 21.6 Hz, 3Jun = 10.8 Hz, 1H, H-4), 4.93 (dd, 2Jnp = 13.6 Hz, 3Jun =
10.8 Hz, 1H, H-2), 4.41-4.32 (m, 1H, H-3), 3.92 (s, 3H, MeO), 3.79 (d, 3Jnp = 11.0 Hz,
3H, MeO), 3.65 (d, 3Jnp = 11.0 Hz, 3H, MeO).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 195.0 (d, 2Jcp = 5.7 Hz, C-1), 158.1 (s,
aromatic), 137.4 (d, 3Jcp = 14.3 Hz, aromatic), 134.5 (s, aromatic), 131.3 (s, aromatic),
128.6 (s, aromatic), 128.3 (s, aromatic), 127.9 (s, aromatic), 127.6 (s, aromatic), 121.0
(s, aromatic), 111.7 (s, aromatic), 78.9 (s, C-4), 55.8 (d, 2Jcp = 2.9 Hz, MeQ), 53.6 (s),
53.4 (s) 53.3 (d, 1Jcp = 125.6 Hz, C-2), 43.4 (d, C-3, 2Jcp = 3.8 Hz, C-3).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 23.82.

IR (ATR) v [cm™] 3050 (w), 3021 (w), 2959 (w), 2851 (w), 1674 (vs), 1597 (m), 1543
(vs), 1485 (m), 1443 (m), 1385 (m), 1323 (m), 1300 (m), 1242 (vs), 1196 (m), 1061 (s),
1026 (vs), 841 (w), 814 (m), 764 (s), 702 (m).

HRMS (APPI): m/z [M+H]* calcd for C19H22NO7P-H*: 408.1207; found: 408.1214.

HPLC analysis (CHIRALPAK AD-3 column; hexane/2-propanol, 85:15; flow rate 1.2
mL/min; wavelength 210 nm): tr = 15.1 (2S,3S), 17.5 (2R,3R) min.

Dimethyl [(2S,3R)-1-nitro-4-ox0-2-phenylpentan-3-ylJphosphonate (6e).

Yield: 1.17 g (46%), white crystals, m.p. 130-132 °C (MeOH).

[a]2° +70.7 (c 1.0, CHCls), dr 11:1.
IH NMR (400 MHz, CDCls, 298 K) & [ppm] 7.32-7.19 (m, 5H, Ph) 5.02 (dd, 2Jux = 13.4
Hz, 3Jnn = 9.5 Hz, 1H, H-1), 4.88 (dd, 2Jum = 13.4 Hz, 3Jun = 3.4 Hz, 1H, H-1), 4.12-4.05
(m, 1H, H-2), 3.85-3.75 (m, 1H, H-3), 3.59 (d, 3Jnp = 4.0 Hz, 3H, MeO), 3.56 (d, 3Jnp =
4.0 Hz, 3H, MeO), 2.23 (s, 3H, H-5).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 203.4 (d, 2Jcr = 3.8 Hz, C-4), 137.4 (d, 3Jcp

= 9.5 Hz, Ph), 129.2 (s, Ph), 128.4 (s, Ph), 127.9 (s, Ph), 127.8 (s, Ph), 77.1 (d, 3Jcp =
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7.6 Hz, C-1), 55.7 (d, YJcp = 125.6 Hz, C-3), 53.9 (d, 2Jcp = 6.6 Hz, MeO), 53.1 (d, 2Jcp
= 6.6 Hz, MeO), 42.2 (d, 2Jcp = 2.8 Hz, C-2), 33.1 (s, C-5).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 21.95.

IR (ATR) v [cm™] 3050 (w), 3025 (w), 2959 (m), 2840 (w), 1713 (vs), 1547 (vs), 1458
(m), 1439 (m), 1381 (m), 1362 (m), 1250 (vs), 1181 (m), 1157 (m), 1038 (vs), 880 (m),
826 (s), 764 (m), 706 (s), 606 (s).

HRMS (APPI): m/z [M+H]* calcd for Ci13H19NOeP-H* 316.0945; found 316.0944.
Dimethyl [(2S,3S)-1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-
yllphosphonate (6f) [2]

Yield: 0.74 g (21%), white crystals, m.p. 179-180 °C (MeOH).

[a]2° -18.6 (c 1.0, CHCIs), dr 25:1, >99% ee.
'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.32-7.16 (m, 5H, aromatic), 5.16 (dd, 2JnH =
13.2 Hz, 3Jun = 4.4 Hz, 1H, H-4), 4.85 (dd, 2Jun = 13.2 Hz, 3Jun = 11.6 Hz, 1H, H-4),
4.19-4.13 (m, 1H, H-3), 4.02 (dd, 2Jup = 18.4 Hz, 3Jun = 10.8 Hz, 1H, H-2), 3.82 (d, 3Jnp
= 10.8 Hz, 3H, MeO), 3.79 (d, 3Jue = 11.9 Hz, 3H, MeO), 1.84 (br s, 3H, Ad), 1.66-1.37
(m, 12H, Ad).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 209.7 (d, 2Jcp = 5.7 Hz, C-1), 137.3 (d, 3Jcp
= 15.3 Hz, aromatic, C), 129.0 (s, aromatic, 2CH), 128.7 (s, aromatic, 2CH), 128.4 (s,
aromatic, CH), 77.0 (s, C-4), 54.0 (d, ?Jcp = 6.7 Hz, MeO), 53.4 (d, 2Jcp = 6.7 Hz, MeO),
49.5 (d, Wcp = 124.5 Hz, C-2), 47.4 (s, C-3), 43.7 (d, 3Jcp = 4.7 Hz, C, Ad), 37.8 (s, CHa,
Ad), 36.2 (s, CHz, Ad), 27.8 (s, CH, Ad).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 23.39.

IR (ATR) v [cm] 3032 (w), 2916 (vs), 2854 (s), 1689 (vs), 1546 (vs), 1496 (m), 1452
(s), 1381 (s), 1344 (m), 1307 (m), 1232 (vs), 1176 (s), 1058 (vs), 1016 (vs), 999 (vs),
867 (s), 821 (s), 812 (), 775 (S), 759 (s), 744 (s), 702 (S), 555 (S), 528 (S).

HRMS (APPI): m/z [M+H]* calcd for C22H30NOesP-H*: 436.1883; found: 436.1892.
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HPLC analysis (CHIRALPAK AD-3 column; hexane/2-propanol, 90:10; flow rate 1.2
mL/min; wavelength 210 nm): tr = 7.8 (2S,3S), 8.7 (2R,3R) min.
For (2R,3S)-isomer:

Yield: 176 mg (5%), white crystals, m.p. 91-93 °C (benzene).

[a]2® +12.2 (c 1.0, CHCI3), dr 30:1.
'H NMR (400 MHz, CDCls, 298 K) d [ppm] 7.31-7.18 (m, 5H, aromatic), 5.05 (d, 2JuH =
7.2 Hz, 2H, H-4), 4.23-4.17 (m, 1H, H-3), 4.15 (dd, 2Jup = 28.4 Hz, 3Jun = 6.4 Hz, 1H, H-
2), 3.66 (d, 3Jnp = 11.2 Hz, 3H, MeO), 3.62 (d, 3Jwp = 11.2 Hz, 3H, MeO), 1.92 (br s, 3H,
Ad), 1.65-1.52 (m, 12H, Ad).

13C NMR (101 MHz, CDCl3, 298 K) & [ppm] 211.2 (d, 2Jcp = 4.8 Hz, C-1), 137.5 (d, 3Jcp
= 10.5 Hz, aromatic, C), 129.0 (s, aromatic, 2CH), 128.4 (s, aromatic, CH), 128.0 (s,
aromatic, 2CH), 77.0 (s, C-4), 54.0 (d, 2Jcp = 6.7 Hz, MeO), 53.1 (d, 2Jcp = 7.6 Hz,
MeO), 49.6 (d, YJcp = 126.5 Hz, C-2), 47.9 (s, C-3), 43.0 (d, 3Jcp = 3.8 Hz, C, Ad), 37.9
(s, CHz, Ad), 36.2 (s, CHz, Ad), 27.8 (s, CH, Ad).

3P NMR (162 MHz, CDCls, 298 K) & [ppm] 22.78.

IR (ATR) v [cm] 3032 (w), 2904 (vs), 2852 (s), 1687 (vs), 1544 (vs), 1496 (m), 1452
(s), 1381 (s), 1342 (m), 1325 (m), 1249 (vs), 1211 (s), 1145 (m), 1056 (vs), 1016 (vs),

935 (m), 916 (m), 871 (s), 844 (s), 829 (s), 812 (), 775 (S), 698 (S), 559 (S), 532 (S).

4. Synthesis of pyrrolidin-3-ylphosphonic acids

The study of the hydrogenation of phosphonate 6a under various conditions

A solution of phosphonate 6a (2.65 mmol) in various solvents (MeOH, EtOH, iPrOH,
THF, EtOAc, 9 mL) was transferred in a 100 mL steel autoclave under argon and 10%
Pd/C (0.3 g) was added. Argon was replaced with hydrogen with 3 cycles of

pressurization (10 bar)/depressurization. The reactor was finally charged with a
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pressure of Hz (30 bar), then left stirring with magnetic stirrer for 36 h at 25 °C. Then the
reactor was depressurized. The reaction mixture was diluted by chloroform (30 mL),
filtered and evaporated in vacuo. The components of the reaction mixture were
separated by column liquid chromatography (eluent — chloroform/ethanol 0-5%) and
analyzed by NMR H, 3C and 3P spectroscopy.

Dimethyl [(2R,3R,4S)-2,4-diphenylpyrrolidin-3-ylJphosphonate (7). o

1H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.52-7.22 (m, 10H, Ph), 4.70 mig

(dd, 3JnH = 8.0 Hz, 3Jup = 25.2 Hz, 1H, H-2), 3.85-3.72 (m, 1H, H-4, 1H, © i
H-5), 3.27 (d, 3Jwp = 10.8 Hz, 3H, CHs0), 3.11-3.03 (m, 1H, H-5), 2.96 (d, 3Jwr =10.4
Hz, 3H, CHz0), 2.88-2.80 (m, 1H, H-3).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 142.6 (d, 3Jcp = 5.8 Hz, C, aromatic), 139.4
(d, 3Jcp = 5.7 Hz, C, aromatic), 128.8 (s, 2CH, aromatic), 128.1 (s, 2CH, aromatic),
128.0 (s, 2CH, aromatic), 127.6 (s, 2CH, aromatic), 127.5 (s, CH, aromatic), 127.0 (s,
CH, aromatic), 65.4 (s, C-2), 56.2 (d, 3Jcp = 8.6 Hz, C-5), 51.88 (d, 2Jcpr = 6.7 Hz,
CH30), 51.86 (d, 2Jcp = 7.6 Hz, CH30), 50.1 (d, YJcp = 144.7 Hz, C-3), 47.8 (s, C-4).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 31.49.

Dimethyl [(2R,3R,4S)-1-methyl-2,4-diphenylpyrrolidin-3-ylJphosphonate (8).

'H NMR (400 MHz, DMSO-d°, 208 K) & [ppm] 7.44-7.38 (M, 4H, yeo 2

MeO™ 7
N
SR

3.38 (m, 1H, H-5), 3.03 (d, 3Jwe = 10.8 Hz, 3H, MeO), 2.76 (d, 3Jwe = 10.8 Hz, 3H,

aromatic), 7.31-7.27 (m, 4H, aromatic), 7.22-7.20 (m, 2H, aromatic), 3.77

(dd, 3Jun = 10.0 Hz, 3Jnp = 24.0 Hz, 1H, H-2), 3.65-3.53 (m, 1H, H-4), 3.43-

MeO), 2.47-2.46 (m, 1H, H-5, 1H, H-3), 2.04 (s, 3H, Me).

13C NMR (101 MHz, DMSO-d®, 298 K) & [ppm] 142.6 (d, 3Jup = 2.8 Hz, aromatic, C),
139.5 (d, 3Jwp = 6.6 Hz, aromatic, C), 130.0 (s, aromatic, 2CH), 128.8 (s, aromatic,
2CH), 128.5 (s, aromatic, 2CH), 127.9 (s, aromatic, 2CH), 127.7 (s, aromatic, CH),

127.2 (s, aromatic, CH), 72.2 (s, C-2), 65.7 (d, 3Jcp = 9.6 Hz, C-5), 51.8 (d, 2Jcp = 7.6
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Hz, MeO), 51.7 (d, 2Jcp = 6.7 Hz, MeO), 48.4 (d, XJcp = 146.6 Hz, C-3), 45.0 (d, 2Jcp =
1.9 Hz, C-4), 40.3 (s, Me-N).

31p NMR (162 MHz, DMSO-d®, 298 K) & [ppm] 31.52.

IR (ATR) v [cm™] 3062 (w), 3028 (w), 2947 (w), 2914 (w), 2850 (w), 2789 (w), 1494 (m),
1452 (m), 1253 (m), 1234 (s), 1215 (s), 1182 (m), 1147 (m), 1066 (vs), 1051 (vs), 1020
(vs), 997 (s), 914 (m), 842 (s), 817 (s), 777 (vS), 761 (s), 754 (s), 698 (vs), 690 (vs).
Methyl hydrogen [(2R,3R,4S)-2,4-diphenylpyrrolidin-3-yl]phosphonate (9).

IH NMR (400 MHz, D20, 298 K) & [ppm] 7.16-6.96 (m, 10H, aromatic), MHg”il)'«

Iz

4.98 (t, 3Jun = 8.4 Hz, 3Jup = 8.4 Hz, 1H, H-2), 3.80-3.71 (m, 2H, H-5), ©
3.23-3.16 (M, 1H, H-4), 3.03-2.93 (m, 1H, H-3), 2.74 (d, 3Jup = 11.2 Hz, 3H, MeO).
13C NMR (101 MHz, D20, 298 K) d [ppm] 136.8 (s, aromatic, C), 132.5 (d, 3Jcp = 3.8 Hz,
aromatic, C), 129.6 (s, aromatic, CH), 129.0 (s, aromatic, CH), 129.0 (s, aromatic, 2CH),
128.7 (s, aromatic, 2CH), 128.1 (s, aromatic, 2CH), 127.7 (s, aromatic, 2CH), 64.2 (d,
2Jcp = 13.5 Hz, C-2), 51.8 (s, C-5), 51.8 (d, 2Jcp = 14.4 Hz, MeO), 47.0 (d, YJcp = 150.5
Hz, C-3), 44.4 (s, C-4).

31p NMR (162 MHz, D20, 298 K) & [ppm] 22.67.

IR (ATR) v [cm™!] 3412 (w), 3062 (w), 2968 (w), 1602 (m), 1587 (m), 1496 (m), 1456 (s),
1203 (vs), 1172 (vs), 1051 (vs), 756 (vs), 696 (vs).

General procedure for the synthesis of 1-formylpyrrolidin-3-ylphosphonates
(10a—d).

A solution of phosphonate 6a—c, e (2.65 mmol) in AcOH (9 mL) was transferred in a 100
mL steel autoclave under argon and 10% Pd/C (0.3 g) was added. Argon was replaced
with hydrogen with 3 cycles of pressurization (10 bar)/depressurization. The reactor was
finally charged with a pressure of Hz (30 bar), then left stirring with magnetic stirrer for
36 h at 25 °C. Then the reactor was depressurized. The reaction mixture was diluted by

chloroform (30 mL), filtered and evaporated in vacuo. The residue was treated by
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NaHCOs and water. The mixture was extracted with CH2Cl2 (3 x 10 mL). The combined
organic extracts were dried over Na2SOas, filtered, and evaporated in vacuo. Ethyl
formate (16 mL) was added to a residue and the reaction mixture was refluxed for 3 h.
The excess of ethyl formate was evaporated in vacuo. The crude product was purified
by flash chromatography on silica gel and eluted with a mixture of chloroform/ethanol
(0-5%) to give a mixture — a yellow oil. From this mixture, a product is precipitated in
cyclohexane and recrystallized from CCla to give a white solid.

Dimethyl [(2R,3R,4S)-1-formyl-2,4-diphenylpyrrolidin-3-yl]phosphonate (10a).

Mixture of rotamers 4.8:1. Yield: 0.50 g (52%), white crystals, o
MeO_1

m.p. 126-129 °C (cyclohexane); [«]2° +45.4 (c 1.0, CHCls). Meo™ ™

N
1H NMR (400 MHz, CDCls, 298 K) & [ppm] 8.30 (s, 1H, CHO, minor © o
rotamer), 8.15 (s, 1H, CHO, major rotamer), 7.40-7.24 (m, 10H, aromatic, major
rotamer, 10H, aromatic, minor rotamer), 5.56 (dd, 3Jun = 2.8 Hz, 3Jpn = 8.0 Hz, 1H, H-2,
minor rotamer), 5.40 (dd, 3Jun = 2.0 Hz, 3Jpn = 7.6 Hz, 1H, H-2, major rotamer), 4.37-
4.32 (m, 1H, H-4, minor rotamer), 4.29-4.24 (m, 1H, H-4, major rotamer), 4.03-3.95 (m,
1H, H-5, minor rotamer), 3.90-3.80 (m, 1H, H-5, major rotamer), 3.79-3.67 (m, 1H, H-5,
minor rotamer, 1H, H-5, major rotamer), 3.14 (d, 3Jwp = 11.2 Hz, 3H, MeO, minor
rotamer), 3.13 (d, 3Jwp = 11.2 Hz, 3H, MeO, major rotamer), 3.10-3.02 (m, 1H, H-3,
minor rotamer, 1H, H-3, major rotamer), 2.91 (d, 3Jwr = 10.8 Hz, 3H, MeO, minor
rotamer), 2.90 (d, 3Jup = 10.8 Hz, 3H, MeO, major rotamer).
13C NMR (101 MHz, CDClIz, 298 K) & [ppm] 161.6 (s, CHO, major rotamer), 160.3 (s,
CHO, minor rotamer), 139.7 (d, 3Jcp = 2.8 Hz, aromatic, minor rotamer), 138.3 (s,
aromatic, major rotamer), 128.9 (s, aromatic, minor rotamer), 128.8 (s, aromatic, major
rotamer), 128.7 (s, aromatic, minor rotamer), 128.5 (s, aromatic, major rotamer), 128.4
(s, aromatic, major rotamer), 128.2 (s, aromatic, major rotamer), 128.1 (s, aromatic,

minor rotamer), 128.0 (s, aromatic, minor rotamer), 127.9 (s, aromatic, minor rotamer),
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127.9 (s, aromatic, major rotamer), 127.8 (s, aromatic, minor rotamer), 127.7 (s,
aromatic, major rotamer), 62.8 (d, 2Jcp = 5.7 Hz, C-2, major rotamer), 60.8 (d, %Jcp =
4.7 Hz, C-2, minor rotamer), 54.3 (d, 3Jcp = 14.4 Hz, C-5, minor rotamer), 52.4 (d, 3Jcp =
14.4 Hz, C-5, major rotamer), 52.2 (d, ?Jcp = 6.7 Hz, MeO, minor rotamer, MeO, major
rotamer), 51.6 (d, 2Jcp = 6.7 Hz, MeO, minor rotamer, MeO, major rotamer), 49.4 (d,
Jcp = 154.3 Hz, C-3, major rotamer), 48.6 (d, 'Jcp = 155.3 Hz, C-3, minor rotamer),
43.5 (s, C-4, minor rotamer), 42.8 (d, 2Jcp = 1.9 Hz, C-4, major rotamer).

3P NMR (162 MHz, CDCIz, 298 K) & [ppm] 26.02 (minor rotamer), 25.44 (major
rotamer).

IR (ATR) v [cm™] 3061 (w), 3032 (W), 2951 (w), 2920 (W), 2891 (w), 2852 (w), 1658 (Vs),
1604 (m), 1494 (m), 1469 (m), 1454 (m), 1413 (m), 1388 (s), 1247 (vs), 1184 (s), 1041
(vs), 1020 (vs), 1006 (vs), 823 (vs), 781 (s), 734 (vs), 696 (vs), 671 (s), 569 (s), 524 (s),
426 (s).

HRMS (APPI): m/z [M+H]* calcd for C1sH22NO4P-H*, 360.1359, found 360.1361.
Dimethyl [(2R,3R,4S)-1-formyl-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-
phosphonate (10b).

Mixture of rotamers 4.8:1. Yield: 0.52 g (50%), white crystals, MeO™"

m.p. 120-122 °C (CCla). [a]3° +47.5 (c 1.0, CHCI3). @ "<

'H NMR (400 MHz, CDClIz, 298 K) d [ppm] 8.28 (s, 1H, CHO, minor rotamer), 8.14 (s,
1H, CHO, major rotamer), 7.35-7.23 (m, 7H, aromatic, minor rotamer, 7H, aromatic,
major rotamer), 6.91 (s, 1H, aromatic, major rotamer), 6.88 (s, 1H, aromatic, major
rotamer, 1 H, aromatic, minor rotamer), 6.86 (s, 1H, aromatic, minor rotamer), 5.52 (dd,
3Jup = 8.0 Hz, 3Jun = 2.5 Hz, 1H, H-2, minor rotamer), 5.34 (dd, 3Jwp = 7.8 Hz, 3Jhn = 1.8
Hz, 1H, H-2 major rotamer), 4.34-4.29 (m, 1H, H-4, minor rotamer), 4.27-4.21 (m, 1H,
H-4, major rotamer), 4.01-3.95 (m, 1H, H-5, minor rotamer), 3.86-3.81 (m, 1H, H-5,

major rotamer, 1H, H-5, minor rotamer), 3.79 (s, 3H, MeO, major rotamer), 3.76 (s, 3H,
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MeO, minor rotamer), 3.69-3.63 (m, 1H, H-5, major rotamer), 3.17 (d, 3Jwp = 10.9 Hz,
3H, MeO, minor rotamer), 3.15 (d, 3Jup = 10.9 Hz, 3H, MeO, major rotamer), 3.08-2.98
(m, 1H, H-3, minor rotamer, 1H, H-3, major rotamer), 2.95 (d, 3Jxwp = 10.7 Hz, 3H, MeO,
minor rotamer), 2.94 (d, 3Jup = 10.7 Hz, 3H, MeO, major rotamer).

13C NMR (101 MHz, CDClIz, 298 K) d [ppm] 161.6 (s, CHO, major rotamer), 160.2 (s,
CHO, minor rotamer), 159.7 (s, aromatic, major rotamer), 159.3 (s, aromatic, minor
rotamer), 138.5 (s, aromatic, minor rotamer), 138.4 (s, aromatic, major rotamer), 131.8
(d, 3Jcp = 2.8 Hz, aromatic, major rotamer), 130.7 (d, 3Jcp = 2.8 Hz, aromatic, minor
rotamer), 129.6 (s, aromatic, major rotamer), 129.4 (s, aromatic, minor rotamer), 128.9
(s, aromatic, minor rotamer), 128.8 (s, aromatic, major rotamer), 127.9 (s, aromatic,
major rotamer), 127.78 (s, aromatic, minor rotamer), 127.75 (s, aromatic, minor rotamer,
aromatic, major rotamer), 113.8 (s, aromatic, major rotamer), 113.6 (s, aromatic, minor
rotamer), 62.3 (d, 2Jcp = 4.8 Hz, C-2, major rotamer), 60.3 (d, 2Jcp = 4.8 Hz, C-2, minor
rotamer), 55.4 (s, MeO, major rotamer), 55.3 (s, MeO, minor rotamer), 54.2 (d, 3Jcp =
13.4 Hz, C-5, minor rotamer), 52.3 (d, ?Jcp = 6.7 Hz, MeO, minor rotamer, MeO, major
rotamer), 52.2 (d, 3Jcp = 14.3 Hz, C-5, major rotamer), 51.5 (d, ?Jcp = 6.7 Hz, MeO,
minor rotamer, MeO, major rotamer), 49.4 (d, Jcp = 155.3 Hz, C-3, major rotamer),
48.7 (d, Jcp = 155.3 Hz, C-3, minor rotamer), 43.6 (s, C-4, minor rotamer), 42.8 (s, C-
4, major rotamer).

3P NMR (162 MHz, CDCls, 298 K) & [ppm] 25.76 (major rotamer), 26.30 (minor
rotamer).

IR (ATR) v [cm™] 3066 (w), 3001 (w), 2949 (w), 2843 (w), 1654 (vs), 1612 (m), 1512 (s),
1382 (s), 1244 (vs), 1176 (s), 1043 (vs), 1022 (vs), 821 (s), 781 (s), 756 (vs), 702 (s),
661 (M), 569 (s), 532 (s).

HRMS (APPI): m/z [M+H]* calcd for CaoH24NOsP-H*, 390.1464, found 390.1463.
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Dimethyl [(2R,3R,4S)-1-formyl-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-
phosphonate (10c).
Mixture of rotamers 4.1:1. Yield: 0.49 g (48%), white crystals, m.p. 158-159 °C (CCla).
[a]2° +41.9 (c 1.0, CHCIy).

(0]
1H NMR (400 MHz, CDCls, 298 K) & [ppm] 8.29 (s, 1H, CHO, minor meo ™
rotamer), 8.15 (s, 1H, CHO, major rotamer), 7.29-7.26 (m, 6H, aromatic, \=g
minor rotamer, 6H, aromatic, major rotamer), 6.96-6.92 (m, 2H, aromatic, OMe
minor rotamer, 2H, aromatic, major rotamer), 6.85-6.78 (m, 1H, aromatic, minor
rotamer, 1H, aromatic, major rotamer), 5.54 (d, 3Jup = 8.0 Hz, 1H, H-2, minor rotamer),
5.36 (d, 3Jvp = 7.5 Hz, 1H, H-2, major rotamer), 4.31 (t, 3Jun = 10.0 Hz, 1H, H-4, minor
rotamer), 4.23 (t, 3Jun = 11.1 Hz, 1H, H-4, major rotamer), 3.98-3.91 (m, 1H, H-5, minor
rotamer), 3.87-3.75 (m, 1H, H-5, minor rotamer, 1H, H-5, major rotamer), 3.71-3.65 (m,
1H, H-5, major rotamer), 3.81 (s, 3H, MeO, major rotamer), 3.79 (s, 3H, MeO, minor
rotamer), 3.14 (d, 3Jup = 11.2 Hz, 3H, MeO, minor rotamer), 3.13 (d, 3Jup = 10.9 Hz, 3H,
MeO, major rotamer), 3.09-2.98 (m, 1H, H-3, minor rotamer, 1H, H-3, major rotamer),
2.95 (d, 3Jwp = 10.7 Hz, 3H, MeO, minor rotamer), 2.94 (d, 3Jwp = 10.9 Hz, 3H, MeO,
major rotamer).
13C NMR (101 MHz, CDClIz, 298 K) d [ppm] 161.6 (s, CHO, major rotamer), 160.3 (s,
CHO, minor rotamer), 159.6 (s, aromatic, major rotamer), 159.4 (s, aromatic, minor
rotamer), 141.2 (d, 3Jcp = 3.8 Hz, aromatic, major rotamer), 140.0 (d, 3Jcp = 3.8 Hz,
aromatic, minor rotamer), 138.4 (s, aromatic), 129.5 (s, aromatic, major rotamer), 129.2
(s, aromatic, minor rotamer), 128.9 (s, aromatic, minor rotamer), 128.8 (s, aromatic,
major rotamer), 127.9 (s, aromatic, major rotamer), 127.79 (s, aromatic, minor rotamer),
127.76 (s, aromatic), 120.5 (s, aromatic, major rotamer), 120.3 (s, aromatic, minor

rotamer), 114.5 (s, aromatic, major rotamer), 114.3 (s, aromatic, minor rotamer), 113.7

(s, aromatic, major rotamer), 113.3 (s, aromatic, minor rotamer), 62.7 (d, 2Jcp = 5.7 Hz,
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C-2, major rotamer), 60.6 (d, 2Jcp = 4.8 Hz, C-2, minor rotamer), 55.4 (s, MeO, major
rotamer), 55.3 (s, MeO, minor rotamer), 54.2 (d, 3Jcp = 14.3 Hz, C-5, minor rotamer),
52.3 (d, 3Jcp = 14.3 Hz, C-5, major rotamer), 52.2 (d, 2Jcpr = 6.7 Hz, MeO, minor
rotamer, MeO, major rotamer), 51.6 (d, 2Jcp = 6.7 Hz, MeO, minor and major rotamer),
49.4 (d, YJcp = 154.3 Hz, C-3, major rotamer), 48.6 (d, YJcp = 155.2 Hz, C-3, minor
rotamer), 43.5 (s, C-4, minor rotamer), 42.9 (s, C-4, major rotamer).

3P NMR (162 MHz, CDCIz, 298 K) & [ppm] 25.50 (major rotamer), 25.97 (minor
rotamer).

IR (ATR) v [cm™] 3055 (w), 3012 (w), 2953 (w), 2908 (w), 1654 (vs), 1600 (m), 1463
(m), 1386 (s), 1246 (vs), 1043 (vs), 1024 (vs), 817 (vs), 792 (vs), 754 (vs), 721 (vs), 700
(vs), 570 (s), 524 (vs).

HRMS (APPI): m/z [M+H]* calcd for C20H24NOsP-H*, 390.1464, found 390.1464.

Dimethyl [(2R,3R,4S)-1-formyl-2-methyl-4-phenylpyrrolidin-3-ylJphosphonate

(10d).
MeO IC|)
Mixture of rotamers 2.1:1. Yield: 0.39 g (49%), white crystals, MeO™
Me N

m.p. 79-80 °C. [«]Z° +5.8 (c 1.0, CHCl3). \<o

'H NMR (400 MHz, CDClIz, 298 K) d [ppm] 8.26 (s, 1H, CHO, major rotamer), 8.16 (s,
1H, CHO, minor rotamer), 7.34-7.21 (m, 5H, aromatic, minor rotamer, 5H, aromatic,
major rotamer), 4.67-4.60 (m, 1H, H-2, minor rotamer), 4.40-4.33 (m, 1H, H-2, major
rotamer), 4.03-3.98 (m, 1H, H-4, minor rotamer), 3.92-3.86 (m, 1H, H-4, major
rotamer), 3.85-3.69 (m, 1H, H-5, minor rotamer, 1H, H-5, major rotamer), 3.55-3.48 (m,
1H, H-5, minor rotamer, 1H, H-5, major rotamer), 3.54 (d, 3Jwp = 10.9 Hz, 3H, MeO,
minor rotamer), 3.49 (d, 3Jup = 10.9 Hz, 3H, MeO, major rotamer), 3.20 (d, 3Jwp = 10.7
Hz, 3H, MeO, major rotamer), 3.15 (d, 3Jup = 10.9 Hz, 3H, MeO, minor rotamer), 2.76-

2.65 (m, 1H, H-3, minor rotamer, 1H, H-3, major rotamer), 1.45 (d, 3JuH = 6.6 Hz, 3H,

Me, major rotamer), 1.42 (d, 3Jun = 6.6 Hz, 3H, Me, minor rotamer).
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13C NMR (101 MHz, CDCIz, 298 K) & [ppm] 160.2 (s, CHO, minor rotamer), 160.1 (s,
CHO, major rotamer), 138.8 (s, aromatic, major rotamer), 138.6 (s, aromatic, minor
rotamer), 129.0 (s, aromatic, minor rotamer), 128.9 (s, aromatic, major rotamer), 127.9
(s, aromatic, minor rotamer, aromatic, major rotamer), 127.8 (s, aromatic, minor
rotamer, aromatic, major rotamer), 55.3 (d, 2Jcp = 4.7 Hz, C-2, major rotamer), 53.1 (d,
2Jcp = 2.8 Hz, C-2, minor rotamer), 52.5 (d, 2Jcp = 6.7 Hz, MeO, major rotamer), 52.4 (d,
2Jcp = 6.7 Hz, MeO, minor rotamer), 51.79 (d, 2Jcp = 6.7 Hz, MeO, major rotamer),
51.77 (d, 2Jcp = 6.7 Hz, MeO, minor rotamer), 50.9 (d, 3Jcp = 14.3 Hz, C-5, major
rotamer, C-5, minor rotamer), 47.3 (d, YJcp = 151.4 Hz, C-3, major rotamer), 46.6 (d,
Jcp = 151.4 Hz, C-3, minor rotamer), 43.1 (s, C-4, minor rotamer), 42.6 (s, C-4, major
rotamer), 20.4 (d, 3Jcp = 1.9 Hz, Me, major rotamer), 16.5 (d, 3Jcp = 2.8 Hz, Me, minor
rotamer).

3P NMR (162 MHz, CDCls, 298 K) & [ppm] 28.03 (major rotamer), 28.44 (minor
rotamer).

IR (ATR) v [cm™] 3061 (w), 2989 (w), 2953 (w), 2881 (w), 2852 (w), 1662 (vs), 1606
(m), 1498 (m), 1467 (m), 1456 (m), 1413 (m), 1381 (s), 1232 (vs), 1182 (s), 1022 (vs),
1002 (vs), 821 (vs), 781 (s), 748 (vs), 702 (vs), 650 (m), 596 (s), 565 (s), 526 (vs).
HRMS (APPI): m/z [M+H]* calcd for C14H20NO4P-H*, 298.1202, found 298.1201.
General procedure for the synthesis of pyrrolidin-3-ylphosphonic acids (11a—d)
The mixture of 1-formylpyrrolidin-3-ylphosphonate 10a-d (1.30 mmol) and 5%
hydrochloric acid (5 mL) was refluxed for 33 h and resulting colorless solution was
evaporated at reduced pressure. The residue was dried in vacuo to a constant weight.
(2R,3R,4S)-2,4-Diphenylpyrrolidin-3-ylphosphonic acid hydrochloride (11a).

Yield: 398 mg (90%), white crystals, m.p. 179-180 °C (decomp.).

HO.T

[a]3° +81.0 (c 1.0, H20). wo ™ L
~ N
H

'H NMR (400 MHz, D:0, 298 K) & [ppm] 7.50-7.27 (m, 10H, aromat), ()
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5.22 (dd, 3JnH 8.4 Hz, 3Juwp 16.8 Hz, 1H, H-2), 4.21-4.04 (m, 1H, H-5, 1H, H-4), 3.53-3.48
(m, 1H, H-5), 3.12-3.04 (m, 1H, H-3).

13C NMR (101 MHz, D20, 298 K) d [ppm] 138.6 (d, %Jcp 1.9 Hz, aromatic, C), 133.2 (d,
3Jcp 3.8 Hz, aromatic, C), 129.4 (s, aromatic, CH), 129.1 (s, aromatic, 2CH), 128.8 (s,
aromatic, 2CH), 128.2 (s, aromatic, 2CH), 128.0 (s, aromatic, CH), 127.8 (s, aromatic,
2CH), 64.9 (d, 2Jcp 1.9 Hz, C-2), 51.8 (d, 3Jcp 12.4 Hz, C-5), 48.9 (d, Jcp 143.8 Hz, C-
3), 44.7 (s, C-4).

31p NMR (162 MHz, D20, 298 K) & [ppm] 17.01.

IR (ATR) v [cm™] 2891 (s), 2727 (s), 1602 (m), 1496 (m), 1456 (m), 1159 (s), 983 (s),
916 (s), 756 (s), 694 ().

HRMS (APPI): m/z [M-CI]* calcd for C16H19CINO3sP-HCI-H*, 304.1097, found 304.1099.
(2R,3R,4S)-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid

hydrochloride (11b). o
HO. 1

Yield: 356 mg (74%), white crystals, m.p. 205-208 °C (decomp.). " [ -uc

[a]2° +75.1 (c 1.0, H20). oo
1H NMR (400 MHz, DMSO-d8, 298 K) & [ppm] 11.00 (br s, 1H, NH), 9.02 (br s., 1H, OH),
7.48-7.46 (m, 2H, aromatic), 7.43-7.41 (m, 2H, aromatic), 7.32-7.29 (m, 2H, aromatic),
7.24-7.20 (m, 1H, aromatic), 6.89-6.87 (m, 2H, aromatic), 5.07-4.97 (m, 1H, H-2), 4.03-
3.90 (m, 1H, H-5, 1H, H-4), 3.73 (s, 3H, Me0), 3.36-3.21 (br s, 1H, H-5), 2.95-2.86 (m,
1H, H-3).

13C NMR (101 MHz, DMSO-d®, 298 K) & [ppm] 159.7 (s, aromatic, C(OMe)), 141.0 (d,
3Jcp = 2.8 Hz, aromatic, C), 130.8 (s, aromatic, 2CH), 129.0 (s, aromatic, 2CH), 128.6
(s, aromatic, 2CH), 127.6 (s, aromatic, CH), 126.4 (d, 3Jcp = 2.8 Hz, aromatic, C), 113.8
(s, aromatic, 2CH), 64.0 (s, C-2), 55.7 (s, MeO), 51.4 (d, 3Jcp = 10.5 Hz, C-5), 49.2 (d,
1Jcp = 144.7 Hz, C-3), 44.5 (s, C-4).

31p NMR (162 MHz, DMSO-d®, 298 K) & [ppm] 18.81.
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IR (ATR) v [cm™] 2899 (s), 2723 (s), 1612 (m), 1585 (m), 1517 (s), 1496 (m), 1456 (m),
1253 (s), 1182 (s), 989 (s), 923 (s), 827 (s), 700 (s), 520 (s).

HRMS (APPI): m/z [M-CI]* calcd for C17H21CINO4P-HCI-H*, 334.1202, found 334.1204.
(2R,3R,4S)-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid

hydrochloride (11c). o 9

Yield: 481 mg (90%), white crystals, m.p. 172—-173 °C (decomp.). Ho” *Hel

S N
H
[a]2° +70.1 (c 1.0, H20). Q

OMe

IH NMR (400 MHz, DMSO-d®, 298 K) & [ppm] 11.09 (br s, 1H, NH), 9.08 (br s., 1H, OH),
7.49-7.47 (m, 2H, aromatic), 7.33-7.21 (m, 4H, aromatic), 7.09-7.04 (m, 2H, aromatic),
6.89-6.86 (m, 1H, aromatic), 5.06-5.01 (m, 1H, H-2), 4.00-3.95 (m, 1H, H-5, 1H, H-4),
3.74 (s, 3H, Me0), 3.30 (br s, 1H, H-5), 2.98-2.90 (m, 1H, H-3).

13C NMR (101 MHz, DMSO-d®, 298 K) & [ppm] 159.2 (s, aromatic, C(OMe)), 141.1 (d,
3Jcp = 3.8 Hz, aromatic, C), 135.6 (d, 3Jcp = 3.8 Hz, aromatic, C), 129.6 (s, aromatic,
CH), 129.0 (s, aromatic, 2CH), 128.5 (s, aromatic, 2CH), 127.6 (s, aromatic, CH), 121.3
(s, aromatic, CH), 115.3 (s, aromatic, CH), 114.3 (s, aromatic, CH), 64.1 (d, 2Jcp = 6.7
Hz, C-2), 55.6 (s, MeO), 51.4 (d, 3Jcp = 9.6 Hz, C-5), 49.1 (d, YJcp = 144.7 Hz, C-3),
44.5 (s, C-4).

31p NMR (162 MHz, DMSO-d8, 298 K) & [ppm] 18.89.

IR (ATR) v [cm™!] 3045 (s), 2139 (s), 1602 (m), 1587 (m), 1496 (m), 1456 (m), 1261 (m),
1201 (m), 1159 (s), 987 (vs), 925 (s), 779 (m), 758 (m), 696 (vs), 530 (m).

HRMS (APPI): m/z [M-CI]* calcd for C17H21CINO4P-HCI-H*, 334.1202, found 334.1204.
(2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d).
Yield: 339 mg (94%), white crystals, m.p. 214-215 °C (decomp.).

[a]3° +64.3 (c 1.0, H20). \\: *HCI

=
o
Iz
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'H NMR (400 MHz, D20, 298 K) & [ppm] 7.27-7.21 (m, 5H, aromatic), 4.17-4.12 (m, 1H,
H-2), 3.81-3.64 (m, 1H, H-5, 1H, H-4), 3.19-3.13 (m, 1H, H-5), 2.62-2.54 (m, 1H, H-3),
1.43 (d, 3Jnn = 6.4 Hz, 3H, Me).

13C NMR (101 MHz, D20, 298 K) & [ppm] 139.4 (s, aromatic, C), 129.0 (s, aromatic,
2CH), 127.8 (s, aromatic, 2CH), 127.6 (s, aromatic, CH), 57.9 (s, 2Jcp 3.8 Hz, C-2), 51.0
(d, 3Jcp = 12.4 Hz, C-5), 48.0 (d, XJcp = 139.9 Hz, C-3), 44.1 (s, C-4), 14.8 (d, 3Jcp = 2.8
Hz, Me).

31p NMR (162 MHz, D20, 298 K) & [ppm] 16.35.

IR (ATR) v [cm™1] 2964 (s), 2750 (s), 1544 (m), 1494 (m), 1460 (m), 1361 (m), 1274 (m),
1190 (vs), 1130 (s), 1062 (vs), 1026 (vs), 1012 (vs), 950 (vs), 771 (s), 756 (s), 702 (vs),
673 (s), 557 (vs), 495 (Vs).

HRMS (APPI): m/z [M-CI]* calcd for C11H17CINOsP-HCI-H*, 242.0940, found 242.0934.

5. Synthesis of tetrahydro-2H-pyran-3-ylphosphonates

General procedure for the synthesis of tetrahydro-2H-pyran-3-ylphosphonates
13a~f

The aldehyde 12a—f (15.9 mmol), K2COs (219 mg, 1.59 mmol), benzyltriethylammonium
chloride (36 mg, 0.16 mmol) and water (2 mL) were added successively to a solution of
phosphonate 6e (0.50 g, 1.59 mmol) in THF (15 mL). The resulting mixture was stirred
for 72 h at rt. Then, the mixture was extracted with CH2Clz (3 x 10 mL). The combined
extracts were dried (Na2SO4) and evaporated at reduced pressure. Purification by
column chromatography on silica gel, eluting with CHCIs/MeOH (98:2), followed by

recrystallization from methanol gave the desired compounds 13a—f.
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Dimethyl [(2S,3R,4S,5S,6R)-6-ethyl-2-hydroxy-2-methyl-5-nitro-4-
phenyltetrahydro-2H-pyran-3-yl)phosphonate (13a). 1e0,0 HO Mo

Yield: 206 mg (34%), white crystals, m.p. 173-174 °C (methanol). MerP . | ? P
[a]2° +42.4 (c 1.0, CHCIg). dr 1:-. © NO,

'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.29-7.16 (m, 5H, aromatic), 4.47 (td, 3JuH =
10.8 Hz, 4Jwp = 0.8 Hz, 1H, H-5), 4.38-4.33 (m, 1H, H-6), 3.91 (s, 1H, OH), 3.93 (td,
3Jun = 12.0 Hz, 3Jnp = 8.9 Hz, 1H, H-4), 3.56 (d, 3Jne = 10.8 Hz, 3H, MeO), 3.19 (d, 3Jnp
= 11.1 Hz, 3H, MeO), 2.50 (ddd, ?2Jup = 18.4, 3Jun = 12.4 Hz, 4Jun = 1.2 Hz, 1H, H-3),
1.82 (s, 3H, Me), 1.59-1.41 (m, 2H, CH2), 0.95 (t, 3Jun = 7.6 Hz, 3H, MeCH>).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 137.2 (s, aromatic), 128.6 (s, aromatic),
128.4 (s, aromatic), 128.0 (s, aromatic), 95.9 (s, C-2), 92.8 (d, 3Jcp = 14.3 Hz, C-5), 70.5
(s, C-6), 53.5 (d, 2Jcp = 6.7 Hz, MeO), 51.6 (d, 2Jcp = 6.7 Hz, MeO), 48.4 (d, YJcp =
138.9 Hz, C-3), 44.3 (s, C-4), 29.4 (s, Me), 24.8 (s, CH2), 8.9 (s, Me).

3P NMR (162 MHz, CDCls, 298 K) d [ppm] 27.29.

IR (ATR) v [cm] 3267 (m), 2962 (W), 2926 (w), 2856 (W), 1550 (vs), 1377 (m), 1240
(vs), 1028 (vs), 813 (s), 702 (s), 520 (s).

HRMS (APPI): m/z [M-H20+H]* calcd for CisH24NO7P-H20-H* 356.1257; found
356.1258.

Dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-
pyran-3-ylJphosphonate (13b).

Me0Q HQ Me

P.
Yield: 202 mg (36%), white crystals, m.p. 193—-194 °C (methanol). Meo 9
N ‘Me

[«]2° +34.1 (c 1.0, CHCl3). dr 14:1, > 99% ee. NO2

'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.31-7.16 (m, 5H, aromatic), 4.59-4.52 (m,
1H, H-6), 4.39 (td, 3Jnn = 11.2 Hz, “Jwp = 1.2 Hz, 1H, H-5), 4.00 (s, 1H, OH), 3.93 (td,

3Jun = 12.0 Hz, 3Jup = 8.8 Hz, 1H, H-4), 3.56 (d, 3Jxp = 10.7 Hz, 3H, MeO), 3.20 (d, 3Jnp
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= 11.1 Hz, 3H, MeO), 2.50 (ddd, ?Jnp = 18.7, 3Jun = 12.5 Hz, 4Jun = 1.3 Hz, 1H, H-3),
1.80 (s, 3H, Me), 1.20 (d, 3Jnn = 6.4 Hz, 3H, Me).

13C NMR (101 MHz, CDCIls, 298 K) & [ppm] 137.1 (s, aromatic), 128.6 (s, aromatic),
128.3 (s, aromatic), 128.0 (s, aromatic), 96.0 (s, C-2), 94.6 (d, 3Jcp = 14.3 Hz, C-5), 66.2
(s, C-6), 53.5 (d, 2Jcp = 6.7 Hz, MeO), 51.7 (d, 2Jcpr = 6.7 Hz, MeO), 48.3 (d, XJcp =
138.0 Hz, C-3), 44.0 (s, C-4), 29.5 (s, Me), 18.1 (s, Me).

3P NMR (162 MHz, CDCls, 298 K) & [ppm] 27.32.

IR (ATR) v [cm1] 3250 (m), 2958 (w), 2854 (w), 1544 (vs), 1379 (m), 1238 (vs), 1014
(vs), 740 (s), 700 (s), 545 (s).

HRMS (APPI): m/z [M-H20+H]* calcd for CisH22NO7P-H20-H* 342.1101; found
342.1096.

HPLC analysis (Chiralpak AD-3 column; hexane/i-PrOH, 92:8; flow rate 1.2 mL/min;
wavelength 230 nm): tr = 7.0 (2R,3S,4R,5R,6S), 7.7 (2S,3R,4S,5S,6R) min.

Dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4-phenyl-6-propyl-
tetrahydro-2H-pyran-3-yl)phosphonate (13c). Me0. O HO Me

Yield: 216 mg (35%), white crystals, m.p. 180-181 °C (methanol). ©\¢ L
[a]2° +55.6 (c 1.0, CHCls). dr 10:1.

'H NMR (300 MHz, CDCls, 298 K) d [ppm] 7.34-7.19 (m, 5H, aromatic), 4.48 (s, 1H,
OH), 4.52-4.45 (m, 1H, H-5), 4.05-3.89 (m, 1H, H-4), 3.80-3.63 (m, 1H, H-6), 3.57 (d,
3Jup = 11.1 Hz, 3H, MeO), 3.24 (d, 3Jwp = 11.1 Hz, 3H, MeO), 2.53 (dd, 2Jxp = 18.3, 3JnH
= 12.6 Hz, 1H, H-3), 1.84 (s, 3H, Me), 1.62-1.28 (m, 4H, 2CHy), 0.91 (t, 3Jun = 6.6 Hz,
3H, MeCHy).

13C NMR (75 MHz, CDCls, 298 K) d [ppm] 137.2 (s, aromatic), 128.5 (s, aromatic),
128.2 (s, aromatic), 127.9 (s, aromatic), 95.8 (s, C-2), 93.1 (d, 3Jcp = 14.3 Hz, C-5), 69.3
(s, C-6), 53.3 (d, 2Jcp = 6.6 Hz, MeQ), 51.5 (d, 2Jcp = 6.7 Hz, MeO), 48.2 (d, YJcp =

138.3 Hz, C-3), 44.2 (s, C-4), 33.6 (s, CH2), 29.5 (s, Me), 17.8 (s, CH2), 13.7 (s, Me).
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31p NMR (121 MHz, CDCls, 298 K) & [ppm] 26.67.
IR (ATR) v [cm™] 3275 (m), 2954 (w), 2929 (w), 2872 (w), 1546 (vs), 1379 (m), 1238
(vs), 1024 (vs), 810 (s), 779 (s), 702 (s), 520 (vs).
HRMS (APPI): m/z [M-H20+H]* calcd for Ci7H26NO7P-H20-H* 370.1414; found
370.1418.
Dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-6-isobutyl-2-methyl-5-nitro-4-phenyl-
tetrahydro 2H-pyran-3-yl)phosphonate (13d).

Me0Q HQ Me
Yield: 191 mg (30%), white crystals, m.p. 153-154 °C (methanol). oo N0 )\
[@]2° +51.5 (¢ 1.0, CHCl3). dr 9:1. @ -
'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.29-7.15 (m, 5H, aromatic), 4.48 (td, 3JuH =
9.9 Hz, “Jvp = 1.6 Hz, 1H, H-5), 4.41 (t, 3Jnn= 9.9 Hz, 1H, H-6), 4.13 (s, 1H, OH), 3.97-
3.89 (m, 1H, H-4), 3.56 (d, 3Juwp = 10.7 Hz, 3H, MeO), 3.18 (d, 3Juwp = 11.2 Hz, 3H,
MeO), 2.49 (dd, 2Jwp = 18.5, 3Jun = 12.3 Hz, 1H, H-3), 1.81 (s, 3H, Me), 1.53-1.46 (m,
1H, CHa), 1.13-1.06 (m, 1H, CH2), 0.89-0.84 (m, 1H, CH, i-Bu), 0.88 (d, 3Jun = 6.8 Hz,
3H, MeCH), 0.84 (d, 3Ju+ = 6.4 Hz, 3H, MeCH).
13C NMR (101 MHz, CDCls, 298 K) & [ppm] 137.2 (s, aromatic), 128.6 (s, aromatic),
128.3 (s, aromatic), 128.0 (s, aromatic), 95.8 (s, C-2), 93.7 (d, 3Jcp 14.3 Hz, C-5), 67.9
(s, C-6), 53.5 (d, 2Jcp 6.7 Hz, MeO), 51.6 (d, ?Jcp 6.7 Hz, MeO), 48.5 (d, *Jcp 138.0 Hz,
C-3), 44.4 (s, C-4), 40.4 (s, CH2, i-Bu), 29.4 (s, Me), 23.9 (s, CH, i-Bu), 23.6 (s, CHs, i-
Bu), 21.2 (s, CHs, i-Bu).
31p NMR (162 MHz, CDCls, 298 K) & [ppm] 27.37.
IR (ATR) v [cm}] 3280 (m), 2954 (w), 2870 (W), 1548 (vs), 1369 (m), 1232 (vs), 1033
(vs), 761 (s), 698 (s).
HRMS (APPI): m/z [M-H20+H]* calcd for CisH2sNO7P-H20-H* 384.1570; found

384.1575.

S36



Dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4,6-diphenyltetrahydro-2H-

pyran-3-yl]phosphonate (13e). Me0 § HQ Me
AX

Yield: 214 mg (32%), white crystals, m.p. 197—-198 °C (methanol). MeO \i‘;o@

[a]%® +66.0 (c 0.5, CHCI3). dr 1:-. @ NO,

'H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.33-7.21 (m, 10H, aromatic), 5.46 (d, 3JnH =
9.8 Hz, 1H, H-6), 4.67 (td, 3Jun = 9.8 Hz, 4Jne = 1.1 Hz, 1H, H-5), 4.12 (td, 3Jnn = 11.6
Hz, 3Jup = 8.7 Hz, 1H, H-4), 3.61 (d, 3Jwp = 10.9 Hz, 3H, MeO), 3.23 (d, 3Jwp = 10.9 Hz,
3H, MeO), 2.67 (dd, 2Jnp = 18.7, 3Jun = 12.4 Hz, 1H, H-3), 1.92 (s, 3H, Me).

13C NMR (101 MHz, CDCls, 298 K) & [ppm] 136.8 (s, aromatic), 135.9 (s, aromatic),
129.4 (s, aromatic), 128.9 (s, aromatic), 128.6 (s, aromatic), 128.1 (s, aromatic), 127.1
(s, aromatic), 97.1 (s, C-2), 94.6 (d, 3Jcp = 14.3 Hz, C-5), 72.8 (s, C-6), 53.6 (d, 2Jcp =
6.7 Hz, MeO), 51.7 (d, 2Jcp = 6.7 Hz, MeO), 48.2 (d, XJcp = 138.0 Hz, C-3), 44.7 (s, C-
4), 29.7 (s, Me).

31p NMR (162 MHz, CDCls, 298 K) & [ppm] 26.85.

IR (ATR) v [cm™] 3300 (m), 3188 (m), 2954 (w), 2856 (w), 1550 (vs), 1375 (m), 1238
(vs), 1041 (vs), 761 (s), 750 (s), 696 (vs), 528 (s), 520 (s).

HRMS (APPI): m/z [M-H20+H]* calcd for C20H24NO7P-H20-H* 404.1257; found
404.1257.

Dimethyl [(2S,3R,4S,5S,6R)-6-(4-chlorophenyl)-2-hydroxy-2-methyl-5-nitro-4-
phenyltetrahydro-2H-pyran-3-yl]phosphonate (13f).

Me0Q HQ Me

Yield: 217 mg (30%), white crystals, m.p. 183—184 °C (methanol). MeO”Pﬁ

[a]3° +66.4 (c 1.0, CHCI3). dr 1:-. © NO, /QQ
H NMR (400 MHz, CDCls, 298 K) & [ppm] 7.31-7.20 (m, 9H, aromatic), 5.44 (d, 3JuH =
9.8 Hz, 1H, H-6), 4.60 (t, 3Jun = 11.2 Hz, 1H, H-5), 4.10 (td, 3Jun = 11.9 Hz, 3Jur = 8.6
Hz, 1H, H-4), 3.59 (d, 3Jue = 10.9 Hz, 3H, MeO), 3.47 (s, 1H, OH), 3.24 (d, 3Jnp = 11.2

Hz, 3H, MeO), 2.66 (dd, 2Jnp = 18.7, 3Jnn = 12.4 Hz, 1H, H-3), 1.91 (s, 3H, Me).
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13C NMR (101 MHz, CDCIls, 298 K) & [ppm] 136.6 (s, aromatic), 135.3 (s, aromatic),
134.5 (s, aromatic), 129.1 (s, aromatic), 128.7 (s, aromatic), 128.4 (s, aromatic), 128.2
(s, aromatic), 97.1 (s, C-2), 94.5 (d, 3Jcp = 15.3 Hz, C-5), 72.2 (s, C-6), 53.6 (d, 2Jcp =
6.7 Hz, MeO), 51.7 (d, 2Jcp = 6.7 Hz, MeO), 48.2 (d, Jcp = 138.0 Hz, C-3), 44.6 (s, C-
4), 29.6 (s, Me).

3P NMR (162 MHz, CDCls, 298 K) & [ppm] 26.72.

IR (ATR) v [cm™] 3321 (m), 2951 (w), 2916 (w), 2850 (w), 1548 (vs), 1373 (m), 1228
(vs), 1024 (vs), 900 (s), 752 (vs), 698 (s), 594 (s), 536 (s).

HRMS (APPI): m/z [M-H20+H]* calcd for C20H23CINO7P-H20-H* 438.0867; found
438.0873.

Dimethyl [(2R,3S,4S)-2,6-dimethyl-3-nitro-4-phenyl-3,4-dihydro-2H-pyran-5-

yllphosphonate (14) x:z "\@)
TsOH (5 mg, 0.029 mmol) was added to a solution of 13b (206 mg, ©

0.573 mmol) in 8 mL of toluene and the resulting mixture was refluxed for 2 h. Then the
reaction mixture was evaporated at reduced pressure. The residue was dissolved in
CHCls and filtered through silica gel (1.0 g). The filtrate was evaporated in vacuo.

Yield: 168 mg (86%); yellow oil; [a]3° -24.0 (c 1.0, CHCIs).

'H NMR (300 MHz, CDCls, 298 K) & [ppm] 7.33-7.15 (m, 5H, aromatic), 4.48 (t, 3JuH =
9.3 Hz, 1H, H-5), 4.31-4.26 (m, 2H, H-4, H-6), 3.51 (d, 3Jne = 11.2 Hz, 3H, MeO), 3.25
(d, 3Jup = 11.1 Hz, 3H, MeO), 2.25 (s, 3H, Me), 1.35 (d, 3Jun = 6.2 Hz, 3H, Me).

13C NMR (75 MHz, CDCls, 298 K) & [ppm] 165.3 (d, 2Jcp = 24.1 Hz, C-2), 139.1 (s,
aromatic), 128.8 (s, aromatic), 127.9 (s, aromatic), 99.1 (d, *Jcp = 203.3 Hz, C-3), 93.4
(d, 3Jcp = 11.8 Hz, C-5), 72.7 (s, C-6), 52.02 (d, 2Jcp = 6.0 Hz, MeO), 51.95 (d, 2Jcp =
6.0 Hz, MeO), 46.4 (d, 2Jcp = 9.1 Hz, C-4), 20.1 (d, 3Jcp = 2.2 Hz, Me), 17.2 (s, Me).

31p NMR (121 MHz, CDCls, 298 K) & [ppm] 21.79.
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IR (ATR) v [cm™] 2987 (w), 2953 (w), 2848 (w), 1620 (s), 1550 (vs) 1456 (m), 1249 (s),
1020 (vs), 754 (s), 700 (s), 596 (s).

HRMS (APPI): m/z [M+H]* calcd for C1sH20NOsP-H* 342.1101; found 342.1106.
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6. Copies of NMR, FTIR and mass spectra for initial compounds

1H NMR spectra of methyl 2-(2-bromo-1-phenylethylidene)hydrazine-1-carboxylate llla in CDCls

- = [
= & N
i iz ]
] . He , JEOL
(o] | B
(o] OMe L |
L | z
=7 -1 | ~--- PROCESSING PARAMETERS ----
| i | sexp( 0.2[Hz], 0.0[s] )
% HN_ trapezoid( 0[%], O[*], 80[%], 100[%] )
= = N < zerofill( 1, TRUE )
. 1 r ££t( 1, TRUE, TRUE )
S Br L | machinephase
F ppm
a4
- -1 . ud Nonyweno ma: NIK 1H hydrazonphenylbrom-1.jdf
B v K
vy 2
24 = o " ‘
| |
- | | o
— 3 | Filename = NIE_1H hydrazonphenylbrom
- (4 = Author = delta
S L Experiment = single pulse.ex2
= Sanple_Id NIR hydrazonphenylbrom
o b Solvent CHLOROFORM-D
= = | = L, Actual_Start_Time = 9-APR-2020 20:17:29
" 3 F Revision_Time = 9-APR-2020 16:46:15
=1 s | | -
- /A 1 | S e nt single pulse
Data_Format 1D COMPLEX
3 b Dim_Siz = 26214
= | : | X_pomain =18
o | = | bin Title 1n
= 1 Dim_Units [ppm]
‘ = | by | Dimensions X
wd -] “ = F | Site = ECX 400
= b4 Ii hd . L : Spectrometer = JNM-ECX400
o~ =1 | | o | Field Strength 9.389766([T] (400 [MHz])
s = / ‘ ‘ | o il X_Acq_Duration 4.36731904(s]
/ 1
29 1 4 ‘ b 399.78219838 [MHz]
] ) r 7(ppm]
Wil N L 32768
ME [ 147 :
g 0.22897343 [Hz]
<« 3= 7.5030012 [kHz]
= N 11
| | Irr Freq 39978219838 [MHz]
el | | | Irr_Offset 5(ppm]
< | | 1 Tri_Domain 1
- | 3 5 Tri Freq 39978219838 [MHz]
= | j— 3 i otfanr 5 ppm]
o | | I Clipped = FALSE
S~ / | ‘ | F Seans =
g 37 lh‘ E. Total_Scans =8
& \
2 A Relaxation Delay = 5(s]
Gl = Recvr Gain =34
- I - ; T T T T - T Tamp_Gat = ordc]
14.0 13.0 12.0 1.0 10.0 9.0 5.0 4.0 3.0 2.0 1.0 0 %_90_Width 11.9[us)
o X Acq_Time 4.36731904 5]
| L oeas TLen
AR X Atn
o o X _Pulse 5.95us)
2 a422 Irr_Mode ofz
o o o e e Tri Mode ofe
X : parts per Million : 1H Dante_Presat FALSE

13C NMR spectra of methyl 2-(2-bromo-1-phenylethylidene)hydrazine-1-carboxylate llla in CDCls

] ]
K . JEOL
o) oM ---- PROCESSING PARAMETERS ----
1 =] e sexp( 2.0[Hz], 0.0[s] )
] 1 N trapezoid( 0[%], 0[+], BO[&], 100(8) )
] ] zerofill( 1, TRUE )
vy | £ft( 1, TRUE, TRUE )
S - HN\ machinephase
H 7] | N pem
1 Honyueso ms: NIK 13C_hydrazonphenylbrom-1.jdf
] j Br
<] \
S g Filename = NIK 13C_hydrazonphenylbro
= 1 ER Author = delta
| ‘ | 1 Experiment = single_pulse dec
4 I | 1 Sample_Id = NIK hydrazonphenylbrom
|' | ] Solvent = CHLOROFORM-D
| | 2] Actual_Start_Time = 9-APR-2020 20:21:46
1 | | Revision Time = 9-APR-2020 16:54:3!
R conmane - singte oo secopios o
s Data_Format = 1D COMPLEX
Dim Size = 26214
] | X_Domain = 13c
| Dim_Title = 13¢
il ‘r | Dim Units = [ppm]
Dimensions =x
] = Wﬁm WIMIWJ Site = ECX 400
2 Spectrometer = NM-ECX400
o4 Field Strength = 9.389766[T] (400[MEz])
X Acq Duration = 1.04333312[s]
] 1 [ X_Domain = 13c
Lot st S S bl X_¥req = 100,52530333 [MHz]
1 X offsat = 120 [ppm]
13601350134.0131.01320131.0130.01290128.0127.0126.0 560 50 520 500 X_Points = 32768
Xprescana -1
] ‘ X Reselution = 0.95846665[Hz]
— o L ! X_Sweep = 31.40703518[kHz]
= ¢ 3 5 2 1 : s Irr_Domain =1n
X g e M1 T X ot per Milion  13¢ == - X parks per Millon - 13€ i:i:;:‘;a‘!“ = ;?:;‘l’““”[“"
Clipped = FALSE
] Scans = 457
g | Total Scans = 457
z ]
3 | | Relaxation_Delay = 2[s]
= | ‘ i 1 | Recvr_Gain = a8
_g = J o " Terp_Get = o[ac)
CHIE X_90_width = 8.16[us]
T T T T T T T T T T T T T T T T T T T T T T T x_ncq_’l'ima = 1.04333312(s]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 |x“Angle = 30[deg]
) I 1 X Atn = 7.8(dB]
el \\ A X Pulse = 2.72[us]
NN I Irr_Atn_Dec = 22.703[dB]
§ § 'é 5 =4 E g g E E E w ;:x_nm_\_na. = 22.703(dB)
3 3 3 = zr_Noise = WALTZ
AAERAERS el & 2z Decoupling = TRUE
e T e s s s = Initial Wait = 1[s
X : parts per Million : 13C Noe - = TB[ITé
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DEPT NMR spectra of methyl 2-(2-bromo-1-phenylethylidene)hydrazine-1-carboxylate llla in CDCls

abundance

0.2 03 04 0.5 0.6 0.7
I A I A S S I A A A W A

[ N

0.1

Br

(JEDLO

==-=-- PROCESSING PARAMETERS ----

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

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

£ft( 1, TRUE, TRUE )

machinephase

PR
phase( 0, 0, 50[%] )

Nonyueno us: NIK DEPT135_hydrazonphenylbrom-1

Filename NIK_DEPT135_hydrazonpheny
Author delta

Experiment dept.ex2

Sample_Id NIK_hydrazonphenylbrom

Solvent
Actual_Start_Time
Revision_Time

"HLOROFORM-D
9-RPR-2020 20:45:17
9-APR-2020 16:57:05

Comment = DEPT with decoupling
Data_Format = 1D COMPLEX

Dim Size = 26214

X_Domain = 13c

Dim_Title = 13c

Dim _Units = [ppn]

Dimensions =X

site = ECX 400

Field Strength

9.389766[T] (400 [MHz])
X Acq Duration =

.04333312(s]

ac
100.52530333 [MHz]

120 [ppm]
32768

-
¢
Ed
g 4
@
TEEE

a
X_Resolution 0.95846665 [Hz]

] X_Sweep 1.40703518 [kHz]
1 Irr Domain H
] Irz_Freq 99.78219838 [MHz]
1 Irr_Offset [ppm]
] Clipped ALSE
i e - Scans = 378
Total Scans = 378

Relaxation Delay
Recvr_Gain

Temp_Get
X Acq Time
T T T T T T T T T T T T T T T T T T T T T T T x_at
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 © x}ugn
Trr_Atn
gl I\‘g ‘ | I:::ltn_hnc 22.703[dB]

L Irr_Noise WALTZ
22052 >} =3 Irz_pulse 11.9[us]
THEEAH S = Decoupling TRUE
28358 et = Initial _Wait
————— J_Constant

X : parts per Million : 13C

selection_Angle = 135[deg]

FTIR spectra of methyl 2-[2-bromo-1-(4-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Ilib

100

%T

90

80
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50 -

40
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3750 3500
FTIR Measurement

3250

3000

B sHiMADZU

Data4726

=
=)
o
88
83¢
N Lo =
AR
’ ~ I~ 0
= QoW
5 feogee)
= @ X 2
= © e 8
< oo R=] - N
- & % © o @
Sk 8 2 5
ed 5 3
2750 2500 2250 2000 1750 1500 1250 1000 750 500
cm-1
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IH NMR spectra of methyl 2-[2-bromo-1-(4-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Illb

in CDCls

2 ? 5| JeEOL
= = -
i B o] OMe | [
Ao ‘ \ !
| | |
= HN | ---- PROCESSING PARAMETERS ----
~ | sexp( 0.2(Hz], 0.0[s] )
: | | N - | trapezoid( O[%], O[%], BO[%], 100[%] )
v | zerofill( 1, TRUE )
- | Br s ££t( 1, TRUE, TRUE )
- I”| machinephase
a1~ |
I - Nonyweno us: RAN_1H p-MeOHydrazone-1.3jdf
b MeO 2 |
e
a (z il
El / Filename RAN_1H_p-MeOHydrazone-2.3
o | | | Authox delta
- / | | Experiment single pulse.ex2?
- | Sample Id RAN_p-MeOHydrazone
= = o Solvent HLGROFORM-D
o B | ‘ - Actual Start _Time = 28-SEP-2019 23:22:55
= | E Revision Time = 13-MAR-2020 17:07:08
|oe
5 ‘ g g F Comment = single pulse
. a o Data_Format = 1D COMPLEX
H | Dim Size = 26214
X_Domain
3 B Dim_Title
Dim_Units
z 1 | | Dimensions
= Site CX 400
I L I 1 Spectrometer = JNM-ECX400
= | |
- 4] ."‘ﬁ'! ‘ 2 Field Strength = 9.389766[T] (400 [MHz]}
= | 5 X_Acq Duration 36731904 (=]
| \‘ i N z it +
3_ WA AY 2N = i= —| X_Domain
3° ] v T - X_Frag 399.708219838 [MHz]
i 2 WTETET | dotsaar
= X_Points
W3 RINI 0T TR 9T 75 T4 T X Proscans -1
‘U, P X_Resolution = 0.22897343[Hz]
< | il ‘ | 3 pares e Wil 111 X Sweep = 75030012 ckz]
X pBperMitifo % : cod | Irz_Freq 399.78219838 [MHz]
= Irr_Offset 5 [ppm]
1 | = Tri_Domain 1H
4 | | Tri_Freq 399.78219838 [MHz]
1 [ Tri_Offset = 5[ppm]
o - / | Clipped = FALSE
2 ] J Scans 8
g 1 Total Scans
= 4
Eo o Relaxation_Delay
] Reevr_Gain
T T T T T T T T Temp_Get
14.0 13.0 12.0 11.0 10.0 5.0 3.0 2.0 1.0 0 X_90_Width
X_Acq_Time
X Rngle
e N X Atn
g S % ﬁ pmipend X_Pulse
AR Irr_Mode
. TF e Tri_Mode
X : parts per Million : |H Dante_Presat

13C NMR spectra of methyl 2-[2-bromo-1-(4-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Il1b

in CDCls

00

E OYOME D
---- PROCESSING PARAMETERS ----

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

Br trapezoid( 0[%], 0[%], B0[%], 100[%] )
zerofill( 1, TRUE )

££t( 1, TRUE, TRUE )
machinephase

00

MeO

Monyweso ms: RAN_13C_p-MeOHydrazone-1.3df

1

‘ Filename = RAN_13C_p-MeOHydrazone-2.
| 1] Author delta
e 10 it e i WY b Experiment single_pulse_dec
Sample_Id RAN_p-MeOHydrazone
BT Solvent CHLOROFORM-D
Actual Start_Time = 28-SEP-2019 23:26:41
| Revision_Time 13-MAR-2020 17:13:46

| commene

nisas:
naim

single pulse decoupled ga
COMPLEX

il ow | [ £l Data_Format D
m | e 4 1 PR o ata_F
il Vi A w i w\ | Dim Size 26214
ﬂ"‘lﬁ \In.\ h"\ r‘\w nN '. “ww \Uﬂp et | X_Domain = 13¢
| ! ! 200 Dim_Title =13c
Dim_Units = [ppm]
Dimensions =X
o || site = ECX 400
2 Spactrometar = JNM-ECX400
TR R R T Fiald : = 9.389766(T] (400 [MHz])
I X_Acqg Duration 1.04333312(s])
X_Domain 13¢
. X Freq 10052530333 [MHz)
: X_offset 120 [ppm]
= X_Points 32768

X pari

0.95846665 [Hz]

abundance

X Sweep 31.40703518 [kHz]
Irr_Domain = 1H
Irr_Freg = 399.78219838 [MHz)
Irr_Offset = 5lppm]
Clipped = FALSE
Scans = 3000
Total_scans = 3000
‘ { Relaxation_Delay = 2(s]
4oL | ,l Recvr_Gain =46
v o d 4 o Temp_Get = 0[dC]
X_90_Width 3.87(us]
T T T T T T T T T T T T T T T T T T T T = 1.04333312(s]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0° 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 = 30[deg]
= 5.2[dB]
1L o " | | = 4.62333333 [us]
/ FA = 29.907[dB]
o 2@ = s = 29.907[dB]
o e o1 ® WALTZ
] "E “ = TRUE
. - Initial Wait = 1ls
X ¢ parts per Mi 1 13C Hoe = nim]:
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DEPT NMR spectra of methyl 2-[2-bromo-1-(4-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Ilib

in

CDCls

cJEDLo

=
0O, OMe
f=)
<=4 Y ==-- PROCESSING PARAMETERS ----
< HN sexp( 2.0[Hz], 0.0([s] )
~, trapezoid( 0[%], O[%], 80[%], 100([%] )
N zercfill( 1, TRUE )
g_ £fe( 1, TRUE, TRUE )
= Br machinephase
ppm
8 Nonywano wus: m_DEFTl}S_p—N.DHydrazonl—l.jdf
= MeQ
2
<
=1 Filename = RAN_DEPT135_p-MeOHydrazon
Author = delta
Experiment = dept.ex2
a sample_Id = RAN_p-MaOHydrazone
O-_ Solvent = CHLOROFORM-D
Actual_Start Time = 29-SEP-2019 01:59:13
Revision_Time = 2-0CT-2019 14:12:23
=
< Comment = DEPT with decoupling
= Data_Fozmat = 1D COMPLEX
Dim_Size = 26214
X_Domain = 13c
=1 Dim Title =13¢c
= Dim Units = [ppm]
Dimensions =X
Site = ECX 400
8 Spectrometer = JNM-ECX400
< Field Strength = 9.389766[T] (400[MHz])
X_heq_Duration = 1.04333312(s]
- X_Domain = 13¢c
= X_Freq = 100.52530333 [MAz]
< X_Offset = 120 [ppm]
X _Points = 32768
| X_Prescans -2
. ks . N ! | n ' o " X_Resolutien = 0.95846665 [Az]
< VWi ¥ W o Y X_Sweep = 31.40703518 [kHz]
| Irz_Domain =1H
Irr_Freq = 399.78219838 [MHz]
— Irz Offset = 5(ppm]
< Clipped = FALSE
o\ Scans = 2000
] Total_Scans = 2000
S o
ERCE Relaxation Delay = 2[s]
RS Recvr_Gain = 46
3 Temp_Get = 0[dc]
Gl X_Rcq_Time = 1.04333312(s]
T T T T T T T T T T T T T T T T T T T T T T T X_Atn = 5.2[dB]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0° 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 |3 pulse = 13.87[us]
I Irr_Atn = 3.5[dB)
/ ‘ \ ‘ | Irr_Atn_Dec = 29.907 [dB]
! Irr_Noise = WALTZ
g g g g Izrz_Pulse = 5.5[us]
& o % Decoupling = TRUE
wn " ] Initial Wait = 1[s]
N J_Constant = 140 [Hz]
X 1 parts per Million : 13C Selection_angle = 135[deg]
FTIR spectra of methyl 2-[2-bromo-1-(3-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Ilic
—
- |
E sHIMADZU
Multipoint Baseline Correction
100
%T
90
2 5 23 n g
& %0 < ks i |
8§22 8 zp < S
5 =2}
80 a8 ] X 2 3 \
o~
oOom W E L (<] ’e |
3 8 l <+ o |
© O - fiahas |
(=0T £ w 05 |
(@) OMe SOl o2 & 8 Q sk |l L
N 2SO < o
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N N |
HN IN] LS Sre | 2 T
N ot . [ 3 S o
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< &
MeO Br = 5 Eres (S ol ‘
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FTIR Measurement cm-1
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IH NMR spectra of methyl 2-[2-bromo-1-(3-methoxyphenyl)ethylidene]hydrazine-1-carboxylate llic

in CDCls

1 OYOMB 'ED'
o | 24
+] HN ‘
N ---- PROCESSING PARAMETERS ----
1 sexp( 0.2[Hz], 0.0[s] )
] trapezoid( 0[+], 0[+], BO[%], 100[%] )
| MeO Br zerofill{ 1, TRUE )
| I £££( 1, TRUE, TRUE )
1 ! machinephase
1 =] Ppm
1 Nomyweno ms: RAN_1H m-MsOHydrazone-2.3jdf
= |
M)z
] | Filename RAN_1H_m-MeCHydrazona-3.3
=] ) Author delta
- Experiment = single_pulse.ex2
1 Sample_Td RAN m-MeCHydrazone
1 Solvent = CHLOROFORM-D
] Actual_Start_Time = 10-OCT-2018 00:52:50
1 ‘ Revision_Time = 13-MAR-2020 14:34:09
1 = single pulse
1 1D CoMPLEX
o | 26214
P | = 1K
4 1H
1 Dim Units = [ppm]
(e Dimensions X
1 ] o Site = ECX 400
4 3 | Spectrometer = JNM-ECX400
1. 8 Field Strength 9.389766[T] (400 [MHz])
= { ] X_Acq Duration 4.36731904(s]
| i X_Domain -
] A\ X_Freg 39978219838 [MHz)
T X_Offset T (ppm]
1 Mo X_Points 32768
o | E i X_Prescans -
=] s = — X_Resolution 0.22897343 [Hz]
I X pars e Rithion: 11 *_Bwo! 7.6020012 [kiix)
1 A Irr_Demain = 1K
4 - L 4NN e Irr Freg 399.78219838 [MHz]
1 2 ? K = = Irr_offset 5 [ppm]
Fe Milon: 11 = Tri Domain 1E
- i ‘ Tri_Freg = 399.78219838 [MHz]
1 ol | Tri_offset = 5(ppm]
8 A | = i’ Clipped = FALSE
.g: y } M Scans =8
g 1 | |1 Total_Scans =8
ERE I AN
J_ A o Relaxation Delay = 5[s]
i Recvr_Gai =24
T T T T P P T P T T T v e T O e e 7| Tomp_Get - ordc)
14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 5.0 4.0 3.0 2.0 *_90_Width = 5.5[us]
I ) X_hcq_Time = 4.36731904(s]
y, VAN x_Angle = 45(dag]
/- / AN VA VA N ¥_Atn = 3.5[dB]
2 SBgshEgnER 28858 ¥ Pulse T 275t
© M e Nt oo e % e el e e Izz_Mode = off
- PR S S S S == RV vy e e e Tri_Mode
X : parts per Million : TH Dante_Presat

3C NMR spectra of methyl 2-[2-bromo-1-(3-methoxyphenyl)ethylidene]hydrazine-1-carboxylate llic in

CDCls
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w
° Oy OMe  : : JEOL
Y
EE -
1 H = ~--- PROCESSING PARAMETERS ----
:, sexp( 2.0[Hz], 0.0[s]
s B trspezoid( 0[%], 0[%], 80[%], 100[%] )
<
1. MeO Br zerofill( 1, TRUE }
s | - £££( 1, TRUE, TRUE )
=J N & machinephase
S A B s PR
-1 fonyueno us: RAN_13C_m-MeOHydrazone-2.3jdf
sq = 2
= s 2
1. § B Filename RAN_13C_m-MeOHydrazone-3 .
1 g Ruthor delta
21 _ Experiment = single_pulse_dec
S 2 Sample_Id = RAN_m-MeOHydrazone
1 = H \ Solvent = CHLOROFORM-D
e & Actual_Start_Time = 10-0CT-2019 00:57:00
= = Revision_Time 13-MAR-2020 14:37:18
< =
1 | | - Comment = single pulse decoupled ga
[ ‘ E Data_Format = 1D COMPLEX
=5 | | Dim_Size 26214
<] ﬂ\' 15 I i X_Domain 13c
| / La ri -
W (0 z 1 - . Dim_Title =13c
£ ¥ W'M WWW“W‘W = 3 Dim Units [ppm]
512 4 o b Dimensions X
I=RH X partspr Mo
I || site = ECX 400
“ ] 1600 1500 o Spectrometer = JNM-ECX400
=S4 i AW
=] ‘ LR LI \‘1 e Nl Field Strength 9.3B9766(T] (400 [MHz])
1 : g X_Acq_Duration 1.04333312[s]
= 3 3 X_Domain = 13c
> zz o X_Freq = 100.52530333 [MHz]
< X_offset = 1201ppml
] X Points 32768
< X_Prescans 4
&9 X_Resolution = 0.95846665[Hz]
] X Sweep 31.40703518 [kiz]
] Irr_Domain =1n
= Irr Freq 389.76219838 [MHz]
=K Irr_Offset 5 (ppm]
q Clipped = FALSE
=1 Scans = 3000
EE=N Total_Scans = 3000
£ °]
k! | I Relaxation_Delay = 2(s]
£ o] ] | Jl i | Recvr_Gain a8
Eh - R Temp_Get = 0[de]
I X_90 Width = 13.87[us]
T T T T T T T T T T T T T T T T T o o o P e e ]y ace Tima 104333312151
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 100 0 |x Angle 30[deg]
CAtn 5.2[dB)
A X_Pulse = 4.62333333[us]
SN Irr_Atn Dec = 29.907[dB]
258 N o Irr_Atn_Noe 28,907 [dB]
AT = = Irr_Noise WALTZ
b =4 = Decoupling TRUE
- Initial Wait =1[s]
X : parts per Million : 13C Nee = TRUE




DEPT NMR spectra of methyl 2-[2-bromo-1-(3-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Ilic in

CDCls

abundance
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001
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Milion: 13C

JEOL o

---- PROCESSING PARAMETERS ----

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

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

£6t( 1, TRUE, TRUE )

machinephase

pPm.
phase( -2.5, -126, 50[%] )

Honyuenc ma: RAN_DEPT135_m-MeOHydrazone-2.jdf

MeO

. !

Br

T T T T T T T T T T T T T T T T T T
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0

X : parts per Million : 13C

55.575
55.508 >

<=

55.441
534207

34799 —
19.172

T T T T
40.0 30.0 20.0 100 0

Filename RAN_DEPT135_m-MeOHydrazon
Author delta

Experiment dept.ex2

Sample_Td RAN_m-MeOHydrazone

Solvent CHLOROFORM-D
Actual Start Time = 10-0CT-2019 03:29:31
Revision Time = 13-MAR-2020 14:45:03

Comment DEPT with decoupling
= 1D COMPLEX
= 26214
= 13c
= 13c
= [ppm]
Dimensions X
site = ECx 400
Spectrometer = JNM-ECX400

Field Strength
X_Rcq Duration

9.389766(T) (400 [MHz])
1.04333312(s]

X_Domain 13c

X _Freq 100.52530333[MHz]
X_Offset 120([ppm]

X_Points 32768

X_Prescans 4

0.95846665[Hz]

X _sweep = 31.40703518 [kHz]
IEr_Domain =1

Trr Freq = 39978219838 [Mez]
Irr_Offset = 5(ppm]

Clipped = FALSE

Scana = 2000

Total_Scans = 2000

Relaxation_Delay = 2[s]
Recvr_Gain

Temp_Get ofac)
X_Acq_Time 1.04333312(s]
X_Atn 5.2[dB]
X_pulse 13.87[us]
Irr_atn 3.5[dB]
Irr_Atn_Dec 29.907[4B]
Irr Noise WALTZ
Irr_Pulse 5.5[us]
Decoupling = TRUE
Initial Wait = 11s]
J_Constant = 140[Hz]
Selection Angle = 135[deg]

FTIR spectra of methyl 2-[2-bromo-1-(2-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Illd
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IH NMR spectra of methyl 2-[2-bromo-1-(2-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Ilid

in CDCls
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---- PROCESSING PARAMETERS ----
sexp( 0.2(Hz], 0.0(s] )
trapezoid( 0[%], 0[],
zerofill( 1, TRUE )

80[%], 100[%] )

££t( 1, TRUE, TRUE )
machinephase
PP

Nonyweno ms: RAN_1H o-MeOHydrazone-2.3jdf

Filename = RAN_1H_o-MeGHydrazona-4
Author = delta
Experiment = single_pulse.ex2
sample_Id = RAN_p-MeGHydrazone
Solvent = CHLORGFORM-D
Actual Start Time = 21-0CT-2019 19:58:55

= 12-MAR-2020 18:35:12

Revision_Time

Comment = single pulse
Data_Format = 1D COMPLEX
Dim_Size = 26214

X _Domain = 1H

Dim Title = 1H

Dim_Units = [ppm]

Dimensions =

Site = ECX 400
Spectrometer = JNM-ECX400

Field Strength = 9.389766(T] (400 [MHz])
X _Acq Duration = 4.36731904(s]
X_Domain -

X_Freq = 399.78219838 [MHz)
X_Offset = 7lppm]

X_Points = 32768

X_Prescans -

X_Resolution = 0.22897343[Hz]
X_swe: = 7.5030012[kHz]
Irr_Domain = 1K

Irr Freg = 399.78219838 [MHz]
Irr_Offset = S[ppm]

Tri_Domain = 1H

Tri_Freq = 399.78219838[MHz]
Tri_Offset = 5[ppm]

Clipped = FALSE

seans =38

Total_Scans =8

Relaxation Delay = 5[s]

Recvr_Gain = 26

Temp_Get = 0[dc]

¥_90_Width = 5.5[us]
X_Acq_Time = 4.36731904(s]
X_angle = 45[deg]

X_Atn = 3.5[dB]

x_pulse = 2.75[us]

Irr_Mode = off

Tri_Mode = off

Dante_Presat = FALSE

13C NMR spectra of methyl 2-[2-bromo-1-(2-methoxyphenyl)ethylidene]hydrazine-1-carboxylate liid

in CDCls
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---- PROCESSING PARAMETERS ----
sexp( 2.0[Hz], 0.0[s] )

trapezoid( (3], 0[], 80[%], 100[%] )
zerofill( 1, TRUE )

££t( 1, TRUE, TRUE )
machinephase
22

Monyuenc us: RAN 13C_o-MeOHydrazone-2.jdf

RAN_13C_o-MeOHydrazone-3.
delta
single_pulse_dec
RAN_p-MeOlydrazone

-0

Solvent CHLOROFORM-

Actual Start Time = 21-0CT-2019 20:03:39
Revision_Time = 22-0CT-2019 16:05:02
Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX

Dim_Size = 26214

X_Domain = 13¢

Dim_Title = 13c

Dim Units = [ppm]

Dimensions X

8i ECX 400

Spectrometer INM-ECX400

9.389766(T]
1.04333312(s

Field Strength

(400 [MHz])
X_Acq_Duration 1

X_Domain 3c

X_Freq 100.52530333 [MHz]
X offset 120 (ppm]
X_Points 32768
X_Prescans 4

X Resolution 095846665 [Hz]
X_sweep 31.40703518 [kHz]
Irr_Domain 18

1rr_Freq = 39978219838 [Miiz]
Irr_offset = 5[ppm)

Clipped FALSE

Scans = 1857
Total_Scans = 1857

Relaxation Delay = 2[s]

Recvr_Gain =48

Temp_Get = 0rac]
X_90_width = 13.87[us]
X_hcq_Time = 1.04333312[s]
X_AngTe = 30[deg]

X_Atn = 5.2[dB)

X_Pulse = 4.62333333[us]
ITr_htn _Dec = 29.907 [dB]

Ire Atn Noe 29.907 [aB]
Irr_Noise WALTZ
Decoupling TRUE

Initial Wait = 1[s]

Noe = TRUE




DEPT NMR spectra of methyl 2-[2-bromo-1-(2-methoxyphenyl)ethylidene]hydrazine-1-carboxylate Ilid

in CDCls
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~--- PROCESSING PARAMETERS ----
sexp( 2.0(Hz], 0.0(s] )
trapezoid( 0[%], O[%], BO[®], 100[%] )

zerofill( 1,
££E( 1,
machinephase

ppm
phase( 5,

Monmyuerc us: RAN_DEPT135_o-MeOHydrazone-2.3df

TRUE )
TRUE, TRUE )

-134, 50[%] )

ey T T T T T T T T T T T T T T T T T T T T T
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

X : parts per Million : 13C

132.061 ——

129.964
121.363

111.877

55.756

34.904

Filename = RAN_DEPT135_o-MeOHydrazon
Author = delta
Experiment = dept.ex2
sample_Id = RAN_p-MeOHydrazone
solvent = CHLOROFORM-D
Actual Start_Time = 21-0CT-2019 21:38:12

= 12-MAR-2020 19:26:12

Revision_Time

Comment = DEPT with decoupling
pata_Format = 1D COMPLEX

Dim Size = 26214

X_Domain =13ac

Dim_Title = 13c

Dim_Units = [ppm]

Dimensions -

site = ECX 400
Spectrometer = JNM-ECX400

Field Strength 9.389766[T] (400 [Miz])
X_Acg Duration 1.04333312(s]

X_Freq

X offset 120 [ppm]

X_Points = 32768

X_Prescans =4

X_Resolution = 0.95846665[Hz]
Cs = 31.40703518 [kHz]

ITr_Domain =1n

Irr_Freg = 399.78219838 [MHz]

Irr_Offset = 5(ppm]

Clipped = FALSE

Scans =186

Total_Scans =196

Relaxation Delay = 2[s]

RecvE_Gain = a6

Temp_Gat = o[dc]

X_Acqg_Time = 1.04333312[s]
Atn = 5.2[dB)

X_Pulse = 13.87[us]

ITr_Atn = 3.5[aB]

Irr_Atn_Dec = 29.507 [dB]

irr Noise = WALTZ

Irr_Pulse = 5.5[us]

Decoupling = TRUE

Initial Wait =1(s]

J_Constant = 140[Hz]

Selection_Angle = 135[deg]

ac
100.52530333 [MHz]

FTIR spectra of methyl 2-(1-(adamantan-1-yl)-2-bromoethylidene)hydrazine-1-carboxylate

95

%T

90

85

80

75

70

3400 3200
FTIR Measurement

3000

2800

2600

2400

2200 2000

S47

1800

1734,01

1707,00

1606,70

1544,98

1600

1446,61

1460,11

1400

1342,46

1278,81 — ——="

B sHIMADZU

Data4363

@
3=
r <t
)
w0

~
o2
Re
angive)
3

o

<,

<

<

N

1200 1000 800 600
cm-1



IH NMR spectra of methyl 2-(1-(adamantan-1-yl)-2-bromoethylidene)hydrazine-1-carboxylate in CDCls

I | D
|
| - PROCESSING BARAMETERS
O, OMe s sexp( 0.2[Hz], 0.0[s] )
- | trapezoid( 0[%], O[%], 80[%], 100[%] )
| zerofill( 1, TRUE )
<= ffe( 1, TRUE, TRUE )
=+ HN machinephase
\N | ppm
Nonyweno ms: RAN_1H Me-2-Ad-2-BrethylideneHyd
Br | |
I Filename RAN_1H Me-2-Rd-2-Brethyli
I - Author delta
S 1 Experiment = single_pulse.ex2
bl sample_Id RAN_Me-2-Ad-2-Brethyliden
| | Solvent = CHLOROFORM-D
E Actual Start Time = 12-JUL-2019 03:38:06
N | | Revision_Time = 18-JUL-2020 15:42:37
| | sl Comment = single pulse
— Data_Format = 1D COMPLEX
| Dim_Size = 26214
X _Domain =1
| Dim_Title =18
= | Dim Units = [ppm]
a1 | Dimensions =
| | Site ECX 400
Field Strength = 9.389766(T] (400 [MHz])
X _Acqg Duration = 4.36731904(s]
X Domain 18
X Freq 399.78219838 [MHz)
l‘ X_Offset 7 [ppm]
y X_Points 32768
X Prosoans -1
= X_Resolution = 0.22897343[Hz]
=7 -~ ¥_Sweep = 7.5030012 [kHz]
; Irr_Domain = 10
H Irr_Freq 399.78219838 [MHz)
2 Irr offset 5 (ppm]
= 1H
gz = 399.78219838 [MHz]
L X :parts per Million: 11~ = Slppm]
o | = FALSE
2 i | | =8
_§ i | | Total Scans =8
E i A Relaxation Delay
. - 1 | E— '
e - Recvr_Gain
T T T AT T B B O R ARIE RRA AR I SR EN R " Tamp_Gat - orac)
8.0 7.0 6.0 5.0 X_90_Width = 5.5[us]
¥_Acq_Time = 4.36731904(s]
‘ ¥ Angle 45[dag]
- X_Atn = 3.5[aB]
o+ = X_Pulse 2.75(us]
g 2 ITr_Mode o
et s I Tri_Mode = off
X : parts per Million : 1H Dante_Presat = FALSE

3C NMR spectra of methyl 2-(1-(adamantan-1-yl)-2-bromoethylidene)hydrazine-1-carboxylate in CDCl3

E]
N JEOL ; ;
HNG 3
N
- PROCESSING PARAMETERS
- sexp( 2.0[Hz], 0.0[s] )
Br s trapezoid( 0[%], O[%], 80[%], 100[%] )
zerofill( 1, TRUE )
££6( 1, TRUE, TRUE )
machinephase
ppm
| Nonyueno ms: RAN_13C_Me-2-Ad-2-BrethylideneHy
=
=4 | Filename RAN_13C_Me-2-Ad-2-Brethyl
=3 Ruthor delta
a] Experiment = single_pulse_dec
Sample_Id RAN_Me-2-Ad-2-Brethyliden
B || Solvent = CHLOROFORM-D
= I Actual Start Time = 12-JUL-2010 03:40:14
l | Revision_Time = 18-JUL-2020 18:03:48
- . | M 1 Comment = single pulse decoupled ga
< = Data_Format = 1D COMPLEX
< Dim_Size = 26214
il X _Domain = 13¢
| Dim_Title = 13C
¥ | Dim Units = [ppm]
= Dimensions =
Site ECX 400
23 Field Strength = 9.389766(T] (400 [MHz])
< | X_Acg_Duration = 1.04333312(s)
| X_Domain = 13C
| X Freq 100.52530333 [MHz)
8_7 L X_Offset 120 [ppm]
S . X_Points 32768
a0 ¥_Prescans a
X_Resolution = 0.95846665[Hz]
o ¥_Sweep = 31.40703518 [kHz]
=4 M Ire_pomain =10
< 2 5 Irr_Freq 399.78219838 [MHz]
3 d = Irr offset B
s prmr s 6 X pors it 15 Iee ot 5 e
= Scans 2000
g Total_Scans = 2000
=
g J | \ Relaxation Delay = 2[s]
= TN | ~ A /\ T | [ S, . Recvr_Gain = 46
2 AL A ¥ u v o Lt by g i Temp_Get = 0[dc]
Gl X_90_Width 13.87 [us]
T T T T T T T T T T T T T T X_Acqg_Time 1.04333312(s]
170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 300 200 100 0 | x angle = 30[deg]
Xatn = 5.2[d8]
‘ ‘ ¥_Pulse = 4.62333333[us]
\ ITr_Atn_Dac = 29.907[dB)
P-4 2 Irr_aAtn_Noe = 29.907[dB]
a3 = “ Irr_Noise WALTZ
soE = Tnivielweit - ils)
. nitial_Wa =1(s
X : parts per Milli Noa = TRUE
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DEPT NMR spectra of methyl 2-(1-(adamantan-1-yl)-2-bromoethylidene)hydrazine-1-carboxylate in

CDCls

0] OMe D
x|
= E
4 = ---- PROCESSING PARAMETERS ----
] HN sexp( 2.0(Hz], 0.0(s] )
~ trapezoid( 0[%], O[%], 80[%], 100[%] )
N zerofill( 1, TRUE )
] EEE( 1, TRUE, TRUE )
] =4 — machinephase
] Br | i ppe
] Nomyweso ws: RAN_DEPT13S Me-2-Ad-2-Brethylide
=
B Filename = RAN_DEPT135 Ma-2-Ad-2-Bre
1 : Author = delta -
- H Experiment = dept.ex2
1 Kl Sample_Id = RAN_Me-2-Ad-2-Brethyliden
0 oo o BN Selvent = CHLORGFORM-D
1 Actual_Start_Time = 12-JUL-2019 05:22:06
1 Revision_Time = 18-JUL-2020 18:41:23
E 2 8 & Comment = DEPT with decoupling
1 ¥ pans per Milhon: 130 5 - Data_Format = 1D CoMPLEX
1 ‘ Dim Size = 26214
= o J X_Domain = 13c
1 Dim_Title = 13c
Dim Units = [ppm]
1 Dimensions X
1 Site = ECX 400
] Spectrometer = JNM-ECX400
1 Field Strength = 9.388766(T] (400 [MHz])
- X _hog Duration = 1.04333312(s]
] X _Domain = 13c
X _Fraq = 100.52530333 [MHz)
1 X_Offset = 120 [ppm]
_ X_Points = 32768
= ¥_Prescans -1
T X_Resclution = 0.95846665 [Hz]
X_swe = 31.40703518 [kHz]
1 ITr_Domain =1
TIrr Freq = 399.78219838 [MHz)
1 Irr_offset = 5(ppm]
clipped = FALSE
1 cans = 2000
e Total_scans = 2000
=3
] Relaxation Delay = 2[s]
< Recvr_Gain =46
g A Temp_Get. = o[ac]
2 4 X_hcq_Time = 1.04333312(s]
T T T T T T T T T T T T AL T b
170.0 160.0 1500 1400 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 500 400 300 0 . 3‘5”!5‘;’]
‘ | | ‘ = 29.907[dB]
| = waLTz
3 - Secoupiing D
9 " a = o
- = - - Initial Wait = 1(s]
. i - a - 5 _Constant. = 140(Hz]
X : parts per Million : 13C Selection Angle = 135[deg]

'H NMR spectra of methyl 2-[2-(dimethoxyphosphoryl)-1-phenylethylidene]hydrazine-1-carboxylate Va in

CDCls

v

- dEDLD

- PROCESSING PARAMETERS -
N o] sexp( 0.2[Ez], 0.0[s]
n trapezoid( 0[%], O[%], 80[%], 100(%] )
-OMe 3 zerofill( 1, TRUE )
< ££t( 1, TRUE, TRUE )
OMe machinephase
PEm

Nonywenc ws: RAN 1 PhPhosphonylHydrazon-1.jd

Filename = RAN_1H_PhPhosphonylydraz
Author = delta

Experiment = single_pulse.ex2
Sampla_Td = RAN_phPhosphonylHydrazon
Solvent = CHLOROFORM-D

29-MAR-2020 18:44:10
29-MAR-2020 23:17:22

Actual_Start_Time
Revision_Tima

=] 2 Comment = single pulse
- . Data_Format = 1D coMPLEX
’ Dim_Size = 26214
X_Domain =1
Dim Title =1
1 Dim Units = [ppm]
J Dimensions =x
Site = ECX 400
1 Spectrometer = JNM-ECX400

Field_Strength 9.389766(T] (400 [MHz])

¥ _hcq Duration = 4.36731904[s]
Domain =18
1 X_Freg = 399.78219838 [MHz]
J X_offset = Tippm]
o X_Points = 32768
—_ X_Prescans =1
i ¥_Resolution = 0.22897343[Hz]
] e X_sweep = 7.5030012[kHz]
= Irr_Domain = 1r
Irr_Freq = 399.78219838 [MHz]
J | Irr Offset = S[ppm]
Tri_Demain = 1H
1 | Tri_Freq = 399.78219838 [MHz)
1 Tri_Offset = 5(ppm]
@ Clipped = FALSE
2 scans =8
;‘; | Total_Scans =8
=2 Relaxation Delay = 5([s]
i - Reevz_Gain = 30
T T T T Temp_Get = 0[dC]

14.0 13.0 120 11.0 6.0 50 *_90_Width = 11.9[us]
X_hcq_Time = 4.36731904(s]
x_&ngle = 45(deg]

- ¥ htn = 3[dn]
@ “ %_pulse = 5.95[us]
E TANA ] ITr_Mode = ofz
. > - B Tri_Mode = Off
X : parts per Million : 1H Dante_Presat = FALSE
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13C NMR spectra of methyl 2-[2-(dimethoxyphosphoryl)-1-phenylethylidene]hydrazine-1-carboxylate Va

in CDCls

OﬁT/OMe IJEEtJL.: ,
HN .
N

z ---- PROCESSING PARAMETERS ----

06

Il sexp( 2.0[Hz], 0.0(s] )
‘OMe trapezoid( 0[%], O[%], 80[%], 100[%] )
~ zerofill( 1, TRUE )
OMe . ££E( 1, TRUE, TRUE )
I s = machinephase
- PP

Nonyuweno ms: RAN_13C_PhPhosphonylHydrazon-1.3

Filename = RAN_13C_PhPhosphonylHydra
- Author delta
= Experiment single_pulse_dec
Sample_Id RAN_PhPhosphonylHydrazon
Solvent CHLORGFORM-D

29-MAR-2020 18:34:23
31-MAR-2020 00:28:17

Actual Start_Time
Revision_Time

|
B = WMMMM Comment

= single pulse decoupled ga
" Data_Format 1D CoMPLEX
| g Dim_Size = 26214
] | o 3 X_Domain = 13¢
1400 \“\" || T NN = Dim Title 13c
1 N TN A il L, wa w0 Dim Units [ppm]
I JJH“Uﬂfwﬂ;ﬁﬁ'HJ“Wﬂﬁﬂ*w T T Dimaneicns s
1 (. Site = ECX 400
1 | = Spectrometer = JNM-ECX400
o X pars per Mill Field Strength 9.389766[T] (400 [MHz])
< X parts per Miion 146 . X_Aog Duration 1.04333312(s]
4 — - = " X_Domain = 13¢
e X Freq = 100.52530333 [MHz)
1 TR0 TEe T 0w 1o 150 1550 X oftset = 1200ppm]
] | d X_Points 32768
il a1y B X Prescans X
. I X_Resolutien 0.95B46665 [Hz]
-1 fi X_sweep = 31.40703518 (kHz]
= N Al ITr_bomain =1
1 33 ] Irr_Freq 399.78219838 [MHz]
1 X pans pr Milkn: 13C | g:;::s“‘ - pleem
1 Scans = 66
2 1 Total_Scans = &6
=
,g 1 j | Relaxation_Delay = 2[s]
£ s ‘ m - g A b " 1} Recvr_Gain = 46
z b " ¥ WPV ki Y d bl L ¥ i " Temp_Get = o[dc]
< ] X_80_width = 8.16[us)
T T T T T T T T T T T T T T T T T T T T T T77 X_hog_Time = 1.04333312[s]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 | X Angle = 30[deg]
X_Atn 7.8[dB]
,,;7J a AN /\ X_Pulse 2.72[us]
-7 FARN Irr_Atn_Dec = 22.703[dB]
= 2 -3 =z Irr Atn Noe = 22.703[dB]
&= e S = = F Irr_Noise WALTZ
) 8 nod RE& Decoupling = TRUE
i - - Initial Wait 1(s]
X 1 parts per Million : 13C Noe TRUE

3P NMR spectra of methyl 2-[2-(dimethoxyphosphoryl)-1-phenylethylidene]hydrazine-1-carboxylate Va in

CDCls

- D
=4
Ll ---- PROCESSING PARAMETERS ----
sexp( 2.0[Ez], 0.0[s]
[e) OMe trapazoid( 0[%], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )
Y £ft( 1, TRUE, TRUE )
machinephase
HN Ppm
~
N ﬁ Nonyueso ws: RAN_31P_PhPhosphonylHydrazon-1.3j
-OMe
<
OMe
Filename = RAN_31P_PhPhosphonylHydra
- Buthor = delta
= Experiment = single_pulse_dac
a sample_Id = RAN_PhPhosphonylHydrazon
Solvent = CHLOROFORM-D
Actual Start _Time = 29-MAR-2020 1B:48:19
Revision_Time = 31-MAR-2020 00:38:50
Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
Dim Size = 26214
X_Domain = 31p
Dim Title = 31p
Dim_Units = [ppm]
Dimensions =X
site = ECX 400
Spectrometer = JNM-ECX400
Field_strength = 9.389766(T] (400 [MHz])
= X_Req_Duration = 0.40370176(s]
== P edD
=1 X_Domain = 31p
X Freq = 161.83469309 [MHz]
X _Offset = 100[ppm]
X_Points = 32768
X_Prescans =4
X_Resolution = 2.47707615[Hz]
X_Sweep = 81.16883117(kHz]
Irr_pomain =10
Ire Freq = 399.78219838 [MHz)
Irr_offset = 5[ppm]
Clipped = FALSE
Scans =76
o Total Scans =76
o
g Relaxation Delay = 2[s]
'E Recvr_Gain = 50
g Temp_Get = ofdc]
- - X_90_Width = 13[us]
AR A AL AR R A LA AR L AR LA s A LA L A A LA A UAMAAL S I b L P jgélgﬂblmlﬂl
190.0  170.0  150.0 1300 110.0 90.0 70.0 50.0 30.0 10.0 -100 =300 -50.0 70,0 e - 5‘EE[;§}
X_Pulse = 4.33333333[us]
Irc_Atn_Dec = 22.703[dB]
- Irr_Atn Noe = 22,703[dB]
o Irr_Noise = WALTZ
b Decoupling = TRUE
. B Initial Wait =1[s
X : parts per Million : 31P Noe - = “lml;
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FTIR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(4-methoxyphenyl)ethylidene)hydrazine-1-

MeO
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'H NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(4-methoxyphenyl)ethylidene)hydrazine-1-
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9-DEC-2018 17:

Actual Start Time
Revision Time
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13C NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(4-methoxyphenyl)ethylidene)hydrazine-1-

carboxylate Vb in CDCls
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31P NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(4-methoxyphenyl)ethylidene)hydrazine-1-

carboxylate Vb in CDCls
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IH NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(3-methoxyphenyl)ethylidene)hydrazine-1-

carboxylate Vc in CDCl3
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DEPT NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(3-methoxyphenyl)ethylidene)hydrazine-1-

carboxylate Vc in CDCl3
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3P NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(3-methoxyphenyl)ethylidene)hydrazine-1-
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---- PROCESSING PARAMETERS ----

plot( aBeCefgHinNpPgrtuvxyz, Printer,
sexp( 0.2[Hz], 0.0[s] )
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zerofill( 1, TRUE )
££t( 1, TRUE, TRUE )
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Filename RAN_1H o-MeCOPhHydrazonPho
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Actual_Start_Time = 16-DEC-2018 20:17:07
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Dimensions x
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13C NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(2-methoxyphenyl)ethylidene)hydrazine-1-

carboxylate Vd in CDCls
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X _Atn = 5.2[dB]
/ ), !‘ X_Pulse = 4.62333333[us]
/ VERRN Ifr_atn_Dac = 29.907 [dB]
ey Brog Trr_Atn Noe = 29.907 [dB]
w, e o = ey oy Irr_Hoise = WALTZ
3 ERE wRRE Dw:ﬁ{lpiings = :TUT
_— Initial Wait = s
X : parts per Million : 13C Noe = TRUE

DEPT NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(2-methoxyphenyl)ethylidene)hydrazine-1-

carboxylate Vd in CDCls
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= I '% Solvent = CHLOROFORM-D
=5 . | ) ' Actual Start Time = 16-DEC-2019 22:20:33
+] = | [ | i Revision_Time = 13-MAR-2020 20:01:34
| { t
”!‘ \ \J| h‘m Comment = DEPT with decoupling
|4 J ! | Data_Fo: t = 1D COMPLEX
IV R i Din Sive - 26714
N . a0 S0 T sa | %_Domain = 13c
. s WHo e s :-m'fnl-tt' = }ﬁc ;
o im Units = [ppm
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5 i N A & F | site = ECX 400
ag # A | spectrometer = JNM-ECX400
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= 0.95846665[Hz]
= 31.40703518[kHz)
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ES
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3 A Recvr_Gain =46
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=~ X Acq Time = 1.04333312(s)
T T T T T T T T T T T T T T T T T T X Atn = 5.2[dB]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 5 X_Pulse = 13.87[us]
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L Decoupling = TRUE
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31p NMR spectra of methyl 2-(2-(dimethoxyphosphoryl)-1-(2-methoxyphenyl)ethylidene)hydrazine-1-

carboxylate Vd in CDCls
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] sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], 0[3], B0[%], 100[%] )
zerofill( 1, TRUE }
=) HN £ft( 1, TRUE, TRUE )
- ~ N 0 machinephase
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1 P/OME Monyyexo ws: RAN_31P_o-MeOPhHydrazonPhosphona
| ~
] OMe
1 ‘ oMe Filename = RAN_31P_o-MeOFhHydrazonFh
1 Author delta
= I Expasinant single pules_dec
o | I sample_Td RAN_o-MeOPhHydrazonPhosph
q | Solvent CHLOROFORM-D
1 Actual _Start Time = 16-DEC-2018 20:29:38
Revision_Time 13-MAR-2020 20:05:30
1 I Comment. = single pulse decoupled ga
I Data_Format = 1D COMPLEX
9 i Dim Size = 26214
J = 31p
1 | = a1p
= = [ppm]
o =X
1 site = ECX 400
1 I o Spectrometer = JHM-ECK400
4 I 1 8
] | - Field Strength = 9.389766(T] (400 [MHz])
] | X _Roq Duration = 0.40370176(s]
] = 31p
= 161.83469309[MHZ]
1 = 100(ppm]
1 | 32768
] | N
= = 2.47707615[Hz]
] = 81.16883117 [kHz]
] | - 1 =18
1 | Irr_Freq = 399.78219838 [MHz]
1 | | Irr_Offset = 5[ppm]
[ Clipped = FALSE
1 |1/ Seans = 300
© 4 Vi Total_Scans = 300
8 |
R Relaxation Delay =
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RO N s et o et Tenp. Bt -
< ‘ - - ‘ X_90_Width -
e e e e e e S T — e e - :ucqi'rm =
330 32.0 31.0 300 290 280 27.0 260 250 240 230 220 21.0 200 190 18.0 17.0 160 150 140 13.0 R hogle
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Irz_Atn Dec 29.907[d5]
e Irr_Atn_Noe 29.907[dB]
ooz Irr_Noise WALTZ
o= Decoupling TRUE
NN Initial Wait 1(s
X : parts per Million : 31P i Thot

FTIR spectra of methyl 2-(1-(adamantan-1-yl)-2-(dimethoxyphosphoryl)ethylidene)hydrazine-1-

carboxylate
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IH NMR spectra of methyl 2-(1-(adamantan-1-yl)-2-(dimethoxyphosphoryl)ethylidene)hydrazine-1-

carboxylate in CDCl3
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Revision_Time

Comment
Data_Format
Dim Size
X_Domain
Dim_Title
Dim_Units
Dimensions
Site
Spectrometer

Field Strength

RAN_1H Ad-2-DiMeOPhosEthy
delfa

single_pulse.exZ
RAN -] OPhosEthylid

CHLOROFORM-D.
16-SEP-2019 18:34:28
20-JUL-2020 13:06:05

single_pulse
1D COMPLEX

ECX 400
IJNM-ECX400

9.389766[T] (400 (MHz])
4.36731904 [s]

X_Domain =1m
TFreq = 399.78210838 [MHz]
X_offset = 7[ppm]
X_Points = 32768
X_Prescans =1
w X Resolution = 0.22887343 (Hz)
= X_Sweep = 7.5030012 (kHz]
- Irr_Domain =18
Irr Freq = 389.78210838 [MHz]
Irr_offset = S(ppm]
Tri Domain =18
Tri_Freq = 359.78219838 [MHz]
Tri_Offset = S(ppm]
Clipped = FALSE
| Scans =8
‘I ! 1l Total_Scans =8
! - e Relaxation Delay = 5[s]
B e - — — e Recvz Gain .
11.0 10.0 7.0 5.0 30 x'timswoiwidm 5 50us]
) X_hcq_Time = 4.36731904(s]
Fal ¥_Angle = 2g]
g zg 2 *oraise e
=] % = e 5
P 3 e papity i Iz Mode = Off
= Tri_Mode = off
X : parts per Million : 1H Dante_Presat = FALSE

13C NMR spectra of methyl 2-(1-(adamantan-1-yl)-2-(dimethoxyphosphoryl)ethylidene)hydrazine-1-

carboxylate in CDCl3
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Sample_Id = RAN_Ad-2-DiMeOPhosEthylid
Solvent = CHLOROFORM-D
Actual _Start Time = 16-SEP-2019 19:01:20
Revision Time = 20-JUL-2020 12:44:32
g Comment = single pulse decoupled ga
1 - Data_Format = 1D COMPLEX
] Dim_size = 26214
] H X Domain - 13c
. Dim_Title = 13c
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] Dimensions =x
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DEPT NMR spectra of methyl 2-(1-(adamantan-1-yl)-2-(dimethoxyphosphoryl)ethylidene)hydrazine-1-

carboxylate in CDCl3
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) | zerofill( 1, TRUE )
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H Filename = RAN DEPT135_Ad-2-DiMeOPho
Author = delta
Experiment = dept.ex2
Sample_Id = RAN_Ad-2-DiMeCPhosEthylid
_ solvent = CHLORGFORM-D
=- Actual Start Time = 16-SEP-2019 21:33:50
Revision_Time = 20-JUL-2020 12:52:37
Comment = DEPT with decoupling
: 0 290 180 270 260 250 240 230 Data_Format = 1D COMPLEX
Dim_Size = 26214
X_Domain = 13c
- Dim Title = 13c
H 3 Dim Units = Ippm)
X panper Ml 136 ;s per Milf 13 Dimensions =
= ECX 400
| " spectrometer = JNM-ECX400
T Field Strength = 9.389766([T] (400 [MHz])
X_Reg Duration = 1.04333312(s]
X Domain = 13c
X _Freg = 100.52530333[MHz]
X_Offset = 120([ppm]
X_Points = 32768
X_prescans =4
X Resclution = 0.95846665 [Hz]
X_Sweep = 31.40703518[kHz]
- Irr_Demain = 18
= Irc_Freq = 389.76219838 (MHz)
T Irr_Offset = 5(ppm]
Clipped = FALSE
Seans = 593
Total Scans = 593
8 -t
g Relaxation_Delay = 2[s]
= Recvr_Gain = a6
g Temp_Get = 0[ac]
£ X_Reg_Time = 1.04333312(s]
e — e ::t; i;:g:l;l ,
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 |7 7";e" Z st
Il Irr_Atn_Dec = 29.907[dB]
A Irr_Noise = WALTZ
& = Irr_Pulse = 5.5[us]
2z Decoupling = TRUE
v Initial Wait = 1ls]
Po— oo J_Constant = 140[Hz]
X : parts per Million : 13C Selection Angle = 135[deg]

3P NMR spectra of methyl 2-(1-(adamantan-1-yl)-2-(dimethoxyphosphoryl)ethylidene)hydrazine-1-

carboxylate in CDCl3
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4 ---- PROCESSING PARAMETERS ----
= sexp( 2.0(Hz], 0.0(s]
v HN trapezoid( O[%], O[%], BO[%], 100([%] )
4 ~ zerofill( 1, TRUE )
1 II ££t( 1, TRUE, TRUE )
machinephase
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1 lonyueno us: RAN 31P Ad-2-DiMeOPhosEthylidene
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4 Filename RAN_31P_Ad-2-DiMeOPhosEth
1 Author ae1ta
4 Experiment single_pulse dec
1 Sample_Td RAN_Ad-2-DiMeOPhosEthylid
1 Solvent CHLOROFORM-D
Actual_ Start Time 16-SEP-2019 18:38:24
o 4 Revision_Time 20-JUL-2020 12:55:40
o Commen = single pulse decoupled ga
Data_Format = 1D COMPLEX
1 Dim Size = 26214
1 X _Domain = 31p
1 Dim_Title = a1p
1 Dim_Units = [ppm]
1 Dimensions x
| Site ECX 400
=0 Spectrometer = JNM-ECX400
s Field Strength 9.389766(T] (400[MHzZ])
1 _Acq_Duratien 0.40370176(s]
1 X_Demain 31p
1 X _Freq 161.83469309 [MHz]
1 X_0ffset 100 [ppm]
1 X Points 32768
X_Prescans 4
1 X _Resolution = 2.47707615[Hz]
= X_Sweep = B1.16883117 [kHz]
- 1rr_Domain =10
1 Irr_Freq 39978219838 [MHz]
1 Irs offaet 5 (ppm)
1 Clipped FALSE
Scans 500
1 Total_Scans = 500
g ] \ -
g ] | Relaxation Delay = 2[s]
L= | Recvr_Gain = 56
5 _ 1 Nl | Temp_Get = 0[ac]
£ X_90_Width 21.5[us]
1 X_Acq_Time 0.40370176(s]
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Irr_Atn_Dec = 29.807[dB]
~ Irz_Atn Noe = 29.807[dB]
= Irr_Noise WALTZ
a becaupling TRUE
- = Initial Wait 1(s]
X : parts per Million : 31P Noe - Tn[ﬂ;
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IH NMR spectra of dimethyl (2-oxo-2-phenylethyl)phosphonate Vla in CDCls
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g | | de_balance( 0, FALSE }
1 ‘ | sexp( 0.2[Hz], 0.0[s] }
& | f MeO trapezoid3( 0[%], 80[%], 100[%] )
] zerofill( 1, TRUE )
| £ft({ 1, TRUE, TRUE )
o 7 | machinephase
24
B Monyuemo us: SIB__1H_08-1.jdf
|
] Filenane = SIB 1H 08-2.jdf
4 Author delta
= Experiment = single_pulse.ex2
=1 - Sample_Td s18_08
< Selvent = CHLOROFORM-D
] Actual _Start_Time = 10-NOV-2014 14:33:20
Revision_Time 22-MRR-2020 11:38:04
1 ‘ Comment. = single_pulse
< Data_Format = 1D COMPLEX
] Dim Size 26214
X_Domain =18
Dim_Title 18
Dim _Units [ppm]
] | N | Dimensions x
=4 / || a9 site = ECX 400
=+ 4 ‘ | Spectrometer = JNM-ECX400
1 | e (2 =]
4 | = = | Field Strength = 9.389766([T] (400[MHz])
— - - | | X_Acq Duration = 4.36731804(s]
=] | | X_Domain =18
e N R s | 4 | X_Freq = 399.78219838 [MHz]
1: 8 X offsat 7 [ppm)
14 4 \ X Points = 32768
EE : H - X_Prescans 1
] = Y 7 Y Ny X Resolution = 0.22897343[Hz]
< 75 74 73 g X_Sweep = 7.5030012 [kHz)
o W ] Irr_Domain =18
AN AN Irz Freq 399.78219838 [MHz]
. . | EE B 3 Irr Offset S [ppm]
X - parss per Millch 1H o Tri_Domain =1E
P Tri_Freq = 339,78219838 [MHz]
=4 Tri_Offset 5 [ppm]
@ Clipped = PALSE
g | Scans =8
_§ t Total Scans =38
_g - | l Relaxation Delay 5(s]
CA Recvr_Gain 26
T T T Temp_Get 21.7[dC]
14.0 13.0 12.0 11.0 2.0 1.0 0 X_90_Width 11.25[us]
X_Acq_Time 4.36731904 (=]
% Angle 45[deg]
¥ Atn 3[dB]
X _Pulse 5.625 [us)
Irr_Mode off
- Tri_Mode = off
X : parts per Million : 1H Dante Presat - FALSE
13 dimethyl henylethyl)phosph i I
C NMR spectra of dimethyl (2-oxo-2-phenylethyl)phosphonate Vla in CDCls
1 JEOL : 5
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3 w E O (0]
1 MeO~ B
] s | e
I = |
] MeO
o] = I |
4 #] Il I
1 . | |
1° I 2 Filename SIB__13C_08-2.3df
: -. | | RIS
<1 - il Expariment single_pulse_dec
=7 E# il I Sample_Td SIB_08
] | Selvent CHLOROFORM-D
] ‘ ‘ | Actual Start Time = 10-NOV-2014 14:37:02
1 - . Revision_Time 22-MAR-2020 11:55:12
] = | |
B ‘ I = single pulse decoupled ga
] |‘ | = 1D COMPLEX
4 = 4 = 26214
| = | Y = 13c
< Dim_Title = 13¢C
] . I Dim_Units = (ppa]
1 =4 - ) | r w Dimensions =X
] : [ | Site ECX 400
] | [ Spectrometer = JNM-ECX400
1 { ] Fiald Strength 9.389766[T] (400 [MHz])
o~ | i s X_Acq Duration 1.04333312(s]
=7 Y, VY P , X - parts per Millon £ 13C X Domain i3c
B o0 1360 1350 1340 1330 1520 1310 1300 1290 X _Freq = 100.52530333 [MHz]
| | X_Offset 120 [ppm]
1 I X Points = 32768
1 X_Prescans =4
] F X Resolution = 0.95846665[Hz]
] X parie por & i =-w X_Sweep = 31.40703518 [kHz]
- ot ] Irr_Domain = 1H
| req = 399.78219838 [MHz]
q Irr_Offset = 5[ppm]
] clipped = FALSE
Scans 1000
3 Total Scans = 1000
2
3 Relaxation Delay = 2[s]
= ] | Recve_Gain I
_g o i A Temp_Get 21.8[dC)
< X_90 Width = 7.5[us]
T T T T T T T T T T T T T T T T T T T T T T T T 7| X_Acq_Time = 1.04333312(s)
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.090.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 100 0 |X Angle = 30[deg]
| | | X_Atn 7.7[dB)
A /l\\\ \ X_Pulse 2.5(us)
I AN [\ Irr_Atn_Dec 24.042 [dB]
nE Qsdezgs Irr_Atn_Noe 042[dB]
Qe AR=ZZgR Irr_Noise = WALTZ
55 bt Decoupling = TRUE
o —— Initial_Wait = 1[s]
X : parts per Million : 13C Nos - = TRUE
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31p NMR spectra of dimethyl (2-oxo-2-phenylethyl)phosphonate Vla in CDCls
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] ---- PROCESSING PARAMETERS ----
] MeO 1 de_balance( 0, FALSE )
] sexp( 2.0[Hz], 0.0(s] )
27 e ~P trapezoid3( 0(%], BO[%], 100[#] )
2 Ve zerofill( 1, TRUE )
] MeO ££t( 1, TRUE, TRUE )
1 machinephase
] PPm
1] Nonyweno ws: SIB_ 31P_08-1.jdf
=4
° 4
] Filename = SIB__31P_08-2.3jdf
] Author = delta
o . Experiment = single_pulse dec
= Sample_Td = s18 08
" Solvent = CHLOROFORM-D
4 Actual Start Time = 10-NOV-2014 15:29:58
] Revision Time = 22-MAR-2020 11:57:07
1 Comment = single pulse deccupled ga
(=] Data_Format = 1D COMPLEX
S Dim Size = 26214
| X_Domain = 31p
1 Dim_Title = 31p
] Dim Units = [ppm]
1 Dimensions =x
1 Site = ECX 400
g b Spectrometer = JWM-ECX400
"3 Field Strength = 9.383766(T] (400 ([MHZ]}
] X_Beg Duration = 0.40370176(s]
] ¥_Domain 1p
] X Freq = 161.83469309 [MHz]
4 X_offset = 100[ppm]
g 1 X_Points = 32768
& X_Prescans =4
] X Resolution = 2.,47707615[Hz)
] X_Sweep = 81.16883117 [kHz]
] Irr_Domain =18
] Tre Freq 399.76219838 [MHz]
o1 Irr_offset
gl Clipped
-1 Scans
s Total Scans
£ 3 Relaxation Delay = 2[s]
T 7 Recvr_Gain =50
ER , Temp_Get = 21,9[dC]
£o . — VL VI — X_90 Width = 11.5[us]
1 X_Acq_Time = 0.40370176[s]
380 360 340 320 300 280 260 240 220 200 180 160 140 120 100 80 6.0 }Aee C i
X_Pulse = 3,83333333[us]
Irr_Atn_Dec = 24.042[dB]
0 Irr_Atn Noe = 24,042[dB]
9 Irr_Noise = WALTZ
o Dcaupling = o
- Initial Wait = 1[s]
X : parts per Million : 31P Noe = TRUE
1
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IH NMR spectra of dimethyl [2-(4-methoxyphenyl)-2-oxoethyl]phosphonate Vib in CDCl3
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m - PROCESSING PARAMETERS -
dc_balance( 0, FALSE }
] MBO-—P sexp( 0.2[Hz], 0.0(s] )
~ trapezoid3( 0(3], 80[+], 100[%] )
b MeQ zerofill( 1, TRUE }
b fft( 1, TRUE, TRUE )
E machinephase
ep

] OMe ren

] Nonyuens ms: SIB_ 1H 10-1.jdf
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1 = + [ Filename SIB_ 1H 10-2.3df
) Author delta
1 Experiment single_pulse.ex2
7] Sample Td 10
] Solvent CHLOROFORM-D
- Actual Start Time = 21-NOV-2014 10:56:37
= Revision Time = 22-MAR-2020 13:00:39
e Comment = single pulse
1 Data_Format = 1D COMPLEX
] Dim_Size 26214
] X_Domain =10
Dim_Title =18
Dim _Units {ppm]
Dimensions =x
site ECX 400
(g Spectrometer = JNM-ECX400
= —_
= | Field Strength 9.389766([T] (400 [MHz])
X_Acg Duration .36731904 (5]
X_Domain 1H
X_Freq 39978219838 [MHz]
X_Offset 7 [ppm]
X_Points = 32768
¥_Prescans 1
X_Resolution = 0.22897343[Hz]
X_sweep 7.5030012 [kHz]
Trr_Demain =18
Irr_Freg = 39978210838 [MHz]
Irr Offset 5 (ppm]
i =18
] 399.78219838 [MHz]
4 = 5[ppm]
= FALSE
] ) oy
4 =8
i . | ' L a .| Relaxation pelay = s[s1
] Recvr_Gain 20
T T T T L T T T T T Temp_Get = 20.7[4C]
14.0 13.0 12.0 11.0 10.0 9.0 50 4.0 3.0 20 1.0 0 X_90_width 11.25[us]
i X_Acqg_Time 36731904 (s]
PN X_Angle 45 [deg]
— P A NN X_Atn = 3(dB)
o + ~omro X_Pulse = 5.625[us]
= 2 = Irr_Mode org
e = o e e e e Tri Mode = off
X : parts per Million : 1H Dante_prasat = FALSE

13C NMR spectra of dimethyl [2-(4-methoxyphenyl)-2-oxoethyl]phosphonate VIb in CDCls
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z Filename SIB_ 13C_10-2.jdf
- Author delta
Experiment = single_pulse_dec
=~ 1 Sample_Id = SIB_10
=3 Solvent = CHLOROFORM-D
Actual_Start Time = 21-NOV-2014 11:00:12
Revision_Time = 22-MAR-2020 15:12:14
© | Comment single pulse decoupled ga
= bl K Data Format 1D CoMPLEX
[ A et | Dy Size = 26214
X_Domain = 13c
. Dim_Title = 13C
= Dim_Units [ppm]
A o Dimensions x
Site = ECX 400
=T Spectrometer = JNM-ECX400
= 3
=7, H Field Strength = 9.389766(T] (400[MHz])
H ET) X_Aeq_] i = 1.04333312(s]
H X_Domain 13C
i X Fraq = 100.52530333 [MHz]
o X _Offset 120 [ppm]
< X Points - 32768
X : parts per Milla 13C X_Prascans 4
pants et Millon X_Resolution 0.95846665 [Hz]
. X Sweep = 3140703518 [kHz]
ST x EE i Irr_Domain in
Irr_Freq 399.78219838 [MHz]
Irr Offset = 5[ppm]
Clipped = FALSE
-3 Scans = 101
=] Total_Scans = 101
Relaxation Delay = 2[s]
Recvr_Gain
= . n A | | \ Temp Got
X_90_Width
T T T T T T T T T T T T T T T T T T T T T T X_Acq_Time
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 |x angle = 30[deg]
X Atn = 7.7[dB]
\ | Lo ) e, e
I ! AN / Irr_Atn_Dec = 24.042[dB]
33 @ 583 3 o= g 2¢ Irr_Atn_Noe 24.042 [dB)
S o =N e = FEZ 8 A Irr_Noise WALTZ
82 z -2 a jac) noo oS Decoupling = TRUE
e - - -= - Initial_Wait 1(s]
X : parts per Million : 13C Noe TRUE
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31p NMR spectra of dimethyl [2-(4-methoxyphenyl)-2-oxoethyl]phosphonate Vib in CDCl3

abundance

11
MeO -~ P
MeO

7

OMe

(JEDLO

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

sexp( 2.0[Hz], 0.0[s] )
trapezoid3d( 0[%], BO[%], 100[%] )
zerofill{ 1, TRUE )

£ft( 1, TRUE, TRUE )
machinephase

ppm

Monyuero s: SIB_ 31P 10-1.jdf

N

T T T T T T T T T T T T T T T T T T T T T T T
210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.00 0 -10.0-20.0

X : parts per Million : 31P

23.867

Filename = SIB_ 31P_10-2.jdf
Author = delta
Experiment = single_pulse_dec
Sample_Id = §IB 10

CHLOROFORM-D
21-NOV-2014 11:07:37
22-MAR-2020 15:10:07

Solvent
Actual_Start Time
Revision_Time

Comment single pulse decoupled ga
Data_Format 1D COMPLEX

Dim_Size = 26214

X_Domain = 31p

Dim_Title = up

Dim_Units = [ppm]

Dimensions =x

site = ECX 400

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

X_Acq_Duration 0.40370176(s]
X_Domain 1

X Freq 161.83469309 [MHz]
X Offset 100 [ppm]

X Points 32768

4
2.47707615(Hz]

x_sweep 81.16883117 (kBz]
Irr_Domain 1

Irr_Freg 39978210838 [Miz]
Irr Offset 5[ppm]
clipped FALSE

scans 212
Total_scans 212
Relaxation Delay = 2[s]
Recvr_Gain a6

Temp_Get 21[dc]
X_90_Wwidth = 11.5[us]
X_Acq_Time = 0.40370176[s]
X_Angle = 30[deg]

X _Atn 5.5[dB1

X _Pulse = 3.83333333[us]
Irz_Atn_Dec = 24.042[dB]
Irzr_Atn _Noe = 24.042[dB]
Irr Noise = WALTZ
Decoupling = TRUE
Initial_Wait = 1[s]

Noe = TRUE

FTIR spectra of dimethyl [2-(3-methoxyphenyl)-2-oxoethyl]phosphonate Vic
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IH NMR spectra of dimethyl [2-(3-methoxyphenyl)-2-oxoethyl]phosphonate Vic in CDCls

:] o
1 (0]
11
-~
MeO-p OMe
4 a
N . MeO
{ ' @
- =
H i
= |
P o
1 s f o Filename = RAN_1H_m-MeOKetophosphona
| - Author = delta
b | Experiment = single_pulse.ex2
H | Sample_Id = RAN_m-MeOFe tophosphonat
7 | Solwent = CHLOROFORM-D
Actual_Start_Time = 11-DEC-2019 11:48:33
Revision Time = 16-DEC-2010 16:56:35
_ - | Comment = single_pulse
= = Data_Format = 1D CcoMPLEX
Dim_Size = 26214
| X_Domain = 1H
Dim_Title = 1H
r Dim_Units = [ppm]
| Dimensions =x
= site = ECX 400
g Spectrometer = JNM-ECX400
Field Strength = 9.389766[T] (400[MEz])
¥_Acq_Duration = 4.36731904([s]
¥ pomain =18
X _Freg = 399.78219838 [Miz]
X offset = 7(ppm]
H . X_Points = 32768
H | IS X_Prescans =1
i X Resolutien = 0.22897343[Hz]
LR A A | | X_sweep = 7.5030012([kHz)
Irr_Domain -
Irz_Freq = 399.78219838[MHz)
Irr_offset = 5(ppm]
Tri Domain =18
] Tri_Freq = 399.78219838 [MHz]
Tri_Offset = 5(ppm]
o I Clipped = FALSE
2 scans =8
_§ Total Scans =8
- JUR L Relaxation Delay = 5(s]
C] Recvr_Gain = 20
T T T T T Temp_Get = o[dc]
14.0 13.0 12.0 7.0 6.0 0 X_90 Width = 5.5[us]
X _Acq Time = 4.36731904(s]
= \% X_Angle = 45[deg]
X_Atn = 3.5[d8]
c—go ¥_Pulse = 2.75[us]
12833358588 282y T weds
. o Tri_Mode = Off
X : parts per Million : 1H Dante_Presat = FALSE

13C NMR spectra of dimethyl [2-(3-methoxyphenyl)-2-oxoethyl]phosphonate Vic in CDCl3

abundance

00

0.13

c
0
0
r
O

200

o]

=

i
MeO-p OMe

100
2040

0.1

ULV Filename = RAN_13C_m-MeOKetophosphon
R ] author = delta
390 380 310 w0 390 = single pulse _dec
B 0| sample_td = RAN_m-MeOKetophosphonat
Selvent = CHLOROFORM-D
E | Actual _Start Time = 11-DEC-2019 12:07:31
E = Revision_Time = 16-DEC-2019 17:04:04
E X - parts per Million - 13C Comment = single pulse decoupled ga
E| Data_Format = 1D COMPLEX
=2 Dim_Size = 26214
= X_Domain = 13¢
S 9 Dim Title = 13¢
3 p Dim_Units = [ppnl
v o X parts per Million : 13C Dimensions =x
S35 Site = ECX 400
= Spectrometer = JNM-ECK400
<1 Fiald Strength = 9.389766[T] (400[MHz])
S X_Acg Duration = 1.04333312(s]
== X _Domain = 13c
E| X Fregq = 100.52530333 [MHz]
] X offset = 120 [ppm]
S5 X _Points = 32768
=] X_Prescans =4
] X Resolution = 0.95846665[Hz]
E| X_Sweep = 31.40703518 [kHz]
o3 Irr_Domain =1
=7 = 39978219838 [MHz]
3 Irr_Offset = 5[ppm]
B Clipped = FALSE
=13 Scans = 3000
=7 Total Sea = 3000
El | ] L Relaxation_Delay = 2[s]
3 . { J Recve_Gain = 46
= v e I e~ ’ b . oo o Temp_Get = o[dc)
El X_90 Width = 13.87[us]
T T T T T T T T T T T T T T T T T T T T T T T T 77 X_Acq_Time = 1.04333312(s)
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 |X Angle = 30[deg]
) X_Atn = 5.2(dB)
A ‘ / X_Pulse = 4.62333333[us)
JAN AN Irr Atn Dec = 29.907[dB]
=8 for es3 =Y Irr_Atn_Noe = 29.907 [dB]
] @ A Bl oo Irr_Noise = WALTZ
== & g won =g Decoupling = TRUE
- - Initial_Wait = 1[s
X : parts per Million : 13C Nos - = mlm-é
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DEPT NMR spectra of dimethyl [2-(3-methoxyphenyl)-2-oxoethyl]phosphonate Vic in CDCls

dEDLo

o -=-- PROCESSING PARAMETERS
=) (o] sexp( 2.0[Hz], 0.0[s] )
n trapezoid( 0[%], 0[%], 8031, 1001%) )
MeO ~ zerofill( 1, TRUE )
4 /P OMe ££&( 1, TRUE, TRUE )
MeO machinephase
ppm
1 Nonyueno #s: RAN DEPT135 m-MeOKetophosphonat-
1 Filename RAN_DEPT135_m-MeOKetophos
Author delta
Experiment dept. ex2
- Sample_Id RAN_m-MeOKetophosphonat
= Solvent CHLOROFORM-D
Actual Start Time = 11-DEC-2019 14:40:02
Revision Time = 16-DEC-2018 17:10:1
4 Comment = DEPT with decoupling
Data_Format = 1D COMPLEX
Dim_Size = 26214
X_Domain = 13C
Dim_Title = 13¢
] Dim Units {ppm]
Dimensions =
site ECX 400
| Spectrometer = JMM-ECX400
Field Strength 9.389766([T] (400 (MHz])
[ = g [T1 [MEz]
| X_Acq Duration 1.04333312(s]
= o it e X_Domain 13c
r’ | X Freq 100.52530333 [MHz]
] X_Offset 120 (ppm]
X_points 32768
¥_Prescans 4
B X_Resolution 0.95846665[Hz]
X_sweep 31.40703518 [kHz]
Trr_Domain 18
Irr_Freg 39978219838 [MHz]
Irr Offset 5(ppm]
Clipped = FALSE
Scans 1000
3 Total Scans = 1000
s |
k] Relaxation_Delay = 2[s]
= 4 Recvr_Gain 46
2 Temp_Ge = ofdc)
s 4 X_Acq_Time = 1.04333312(s]
T T T T T T T T T T T T T T T T T T T T T T T T T Atn = 5.2(dB
[dB)
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.090.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 |x pulse = 13.87[us]
I 1 i Irr_Atn 3.5(dB)
/ Irr_Atn_Dec 29.907 [dB)
/ Irr_Noise WALTZ
w90 gsy F9 Irr Pulse = 5.5[us)
CER 2 T2 &8 Decoupling = TRUE
a a8 = ARE 28 Initial Wait 1ls)
e - === J_Constant = 140[Hz]
X : parts per Million : 13C Selection_Angle = 135[deg]
31 d .
P NMR spectra of dimethyl [2-(3-methoxyphenyl)-2-oxoethyl]phosphonate Vic in CDCls
---- PROCESSING PARAMETERS ----
g_ sexp( 2.0[Hz], 0.0[s] )
5 (o] trapezoid( 0[%], 0[%], 8031, 1001%) )
MeO n zerofill( 1, TRUE )
eO- ££e( 1, TRUE, TRUE }
] P OMe s
ppm
MeO
] Nonyueno #s: RAN 31P m-MeOKetophosphonat-1.3jd
Filename RAN_31P_m-MeOKetophasphon
1 Author delta
Experiment single_pulse_dec
] Sample_Id = RAN_m-MeOKetophosphonat
g _ Solvent CHLOROFORM-D
= Actual Start Time = 11-DEC-2019 11:52:32
1 Revision Time = 16-DEC-2018 17:11:15
1 Comment. = single pulse decoupled ga
Data_Format = 1D COMPLEX
Dim_Size = 26214
X_Domain =319
Dim_Title = 31p
Dim Units (ppm]
Dimensions =X
site = ECX 400
] Spectrometer = JMM-ECX400
q Field Strength = 9.389766(T] (400(MHz])
1 X_Acq Duration 0.40370176(s]
= X_Domain 1
=5 X_Freq 161,83469309 [MHz]
= X_Offset 100 (ppm]
X_points = 32768
¥_Prescans 4
X_Resolution 2.47707615[Hz]
X_sweep 81.16883117 [kHz]
Trr_Domain 18
1 Irr_Freg 39978219838 [MHz]
Irr Offset 5(ppm]
1 Clipped = FALSE
] Scans = 300
© Total Scans = 300
<
g Relaxation_Delay = 2[s]
L= Recvr_Gain 54
g Temp_Get 0r4c)
£ | | X_90_Width = 21.5[us]
A ; -
. . ‘ et ‘ ‘ ; ‘ e F -t KSR
60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20.0 -30.0 -40.0 Xatn = 5.6ra8]
X _Pulse 7.16666667 [us]
Irr_Atn Dec 29.907 [dB]
- Irr_Atn Noe 29.907 [dB)
s Irr Noise WALTZ
o Decoupling TRUE
e Ll Initial Wait 1ls]
X : parts per Million : 31P Noe TRUE
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FTIR spectra of dimethyl [2-(2-methoxyphenyl)-2-oxoethyl]phosphonate VId
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1H NMR spectra of dimethyl [2-(2-methoxyphenyl)-2-oxoethyl]phosphonate VId in CDCls

cm-1

abundance

09
0
109

08
0
6.02

=
s . \
1° / : OMe
E 1]
P | MeO~ P
a7 ~ | 3 MeO Vs
- e
2 | ]
s |
1z |
E | = = Filenane = SIB__1H_43-2.3df
= . | Author = delta
=7 2 / Experiment = single_pulse.ax2
7 { Sample_Id = SIB 43
[ | =] Solvent = CHLOROFORM-D
1 -] Actual Start Time = 6-JUL-2015 11:12:50
=] ° s 1 = Revision_Time = 20-MAR-2020 20:25:14
\D‘ =
B | =4 y Comment = single pulse
| Data Format = 1D COMPLEX
| Y i Din_Size = 26214
] 1 X_Domain =18
23 ) / =] / Dim Title =1
4 =7 Dim_Units = [ppm]
3 Dimensions =x
E site = ECX 400
=1 | [ Spectrometer = JNM-ECX400
i -
] - P 44 M B Field Strength = 9.389766[T] (400 [MHz])
] 2 _ H il X_Acq Duration = 4.36731804(s]
|| Il 5= P LTV EL | X_Domain =18
E { 2 4 X_Freq = 399.78219638 [MHz]
4 i RN X offest = Tippal
R - N | I X_Points < 32760
X_prescans =1
E| N i X Resolution = 0.22897343 [Az)
& X Sweep = 7.5030012[kHz]
S Xt Irr_Domain = 1n
oA Irzr Freq = 390.78210838 [MHz]
k| Irr_Offset = 5[ppm]
] Tri Domain =18
| Tri_Freq = 399.78219838 [MHz]
<4 Tri_Offset = 5[ppml
| Clipped = FALSE
k| | scans =8
q Total_Scans =8
=3 M L‘,, [ . . Relaxation Delay = 5[s]
q Recvr Gain =32
T T T T T T T I T T T Temp, et = 23.4(dc)
14.0 13.0 12.0 11.0 10.0 5.0 4.0 3 20 1.0 X_90_Width = 11.25[us]
L X_Acq_Time = 4.36731504(s]
PN X_Angle = 45[deg]
AN X_Atn = 3[aB)
geoog X_pulse = 5.625[us]
Z2ECE Itr_Mode = off
e iAoy Tri_Mode = Off
X : parts per Million : 1H Dante_presat = FALSE
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13C NMR spectra of dimethyl [2-(2-methoxyphenyl)-2-oxoethyl]phosphonate VId in CDCls
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---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0(s] )
trapezoid3( 0[%], 80[%], 100{%] )
zerofill( 1, )

fft( 1, TRUE, TRUE )
machinephase

pem

Nonyuens ws: SIB_ 13C_43-1.jdf

5054053 0820810 0049045047 040042 044043 0 2041 0

A

£
s pex Million: 13C

x

T T T T T T T T T T T T T T T T T T T T
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 400 300 200 100 0
]

193111

X : parts per Million : 13C

\

193.044

158.796

1.714

Filename = SIB__13C_43-2.3df
Author = delta
Experiment = single_pulse_dec
Sample_Td = SIB 43

Solvent = CHLOROFORM-D

Actual Start Time
Revision Time

6-JUL-2015 11:16:18
20-MAR-2020 20:31:17

Comment. = single pulse decoupled ga
Data_Format = 1D COMPLEX
= 26214
= 13C
= 13C
=, = Ippml]
Dimensions =X
site = ECX 400
Spectrometer = JNM-ECX400
Field Strength 9.389766([T] (400 (MHz])

X_Acq Duration 1.04333312(s]

X_Domain = 13c

X_Freq = 100.52530333 [MHz]
X_Offset = 120 (ppm]
X_points = 32768
X_Prescans -

X_Resolution = 0.95846665[Hz]
X_sweep = 31.40703518[kHz]
Irr_Domain =11

Irr Freg = 399.78219838 [MHz]
Irr Offset = 5(ppm]

Clipped = FALSE

Scans =24

Total_Scans =24
Relaxation_Delay = 2[s]

Recvr_Gain = a6

Temp_Get = 23.5[dC]
X_90_Width = 7.5[us]
X_Acq_Time = 1.04333312(s)
¥_Angle = 30[degq]

X Atn = 7.7(dB]

X_Pulse = 2.5[us]

Irr_Atn Dec = 24.042([dB]

Irr Atn Noe = 24.042(dB)

Irr Noise = WALTZ
Decoupling = TRUE

Initial Wait = 1[s]

Noe = TRUE

3P NMR spectra of dimethyl [2-(2-methoxyphenyl)-2-oxoethyl]phosphonate VId in CDCls

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

sexp( 2.0[Hz), 0.0(s] )
trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 1, )y

£££( 1, TRUE, TRUE )
machinephase

pem

Nonyuens ws: SIB_ 31P_43-1.jdf

X : parts per Million : 31P

24.785

34.0 330 320 310300 29.0 280 27.0 260 250 240 230 220 210 20.0 190 180 170 160 150 140 l30

120 11.0

Filename = SIB_ 31P_43-2.3df
Ruthor = delfa

Expariment = single_pulse_dec
Sample_Id = s1B_43

Solvent = CHLOROFORM-D

Actual_Start_Time
Revision_Time

6-JUL-2015 11:19:49
20-MAR-2020 20:33:34

Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX

Dim Size = 26214

X_Domain = 318

Dim_Title = 31p

Dim_Units = [ppm]

Dimensions =X

Site = ECX 400

Spectrometer = JNM-ECK400

Fiald Strength
X_Acq Duration

9.389766[T] (400 [MHz])
0.40370176(s]

X_Domain = 3ip
X Freq = 161.83469309 [MHz]
X Offset = 100 (ppm)
X_Points = 32768
X_Prescans =
X Resolution = 2.47707615[Hz]
X_Sweep = B1.16883117[kHz]
Irr_Domain =18

= 399.78219838 [MHz]
Irr Offset = 5[ppm]
Clipped = FALSE
Scans =14
Total Sca =14
Relaxation_Delay = 2[s]
Recve_Gain = 54
Temp_Get = 23.6[dC)
X_90_Width = 11.5[us
X_Acq_Time = 0.40370176(s)
X_Angle = 30[deg]
X_Atn = 5.5[dB]
X_Pulse = 3.83333333[us]
Irr_Rtn_Dec = z2a
Irr_Atn_Noe =
Irr_Noise =
Decoupling -
Initial_Wait -
Noe =
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FTIR spectra of dimethyl (2-(adamantan-1-yl)-2-oxoethyl)phosphonate Vle
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'H NMR spectra of dimethyl (2-(adamantan-1-yl)-2-oxoethyl)phosphonate Vle in CDCl3

i | dEDLss
= |
cf o | ===- PROCESSING PARAMETERS ---=
sexp( 0.2[Hz], 0.0[s] }
Meo‘;L | trapezoid( 0[], 0[], 80[s], 100(%] )
MeO’ zerofill( 1, TRUE )
4 ££t( 1, TRUE, TRUE )
1 ‘ machinephase
1 ppm
N ! TNonyweno ws: RAN_1H_1-AdKetophosphonat-1.jdf
- |
2
‘ Filename = RAN_1H_1-AdKetophosphonat.
9 Author = delta
1 Experiment = single_pulse.ex2
1 | Sample_Id = RAN_1-AdKetophosphonat
i Solvent = CHLOROFORM-D
1 | Actual_Start_Time = 29-SEP-2019 03:46:38
1 li Revision_Time = 31-MAR-2020 12:46:36
] < / Comment. = single pulse
1 = Data_Format = 1D COMPLEX
< - Dim_Size = 26214
o X_Domain = 1H
1 Dim Title =1r
Bl Dim_Units = lppm]
1 Dimensions =-x
Site = ECX 400
Spectrometer = JNM-ECX400
] Field_Strength = 9.389766[T] (400 (MHz])
X_Acq_Duration 4.36731904([s]
X _Domain =1n
4 B X_Freq = 399.78219838 [MHz]
rs X_Offset = 7[ppm]
| = X_points = 32768
X_Prescans =1
1 X Resolution = 0.22897343[Hz]
B = | X_Sweep = 7.5030012 [kHz]
‘! Irr_Domain =18
| Irr_Freg = 39978219838 [MHz]
] \|i Irr_Offset = 5[ppm]
B | \| Tri_Domain = 1H
Wl Tri_Freq = 399.78219838 [MHz]
I | TEi_Offset = 5[ppm]
g - | i Clipped - eaiex
2 ] I Al Scans =8
3 \ | | I“”'l Total_Scans =8
] | 1 JL
3 = . iF Jnd [ Rel t Delay = 5[s]
= Recvr_Gain =28
T T T T T T >_Get = 0[4c]
7.0 6.0 5.0 3.0 20 1.0 X_90_Width = 5.5[us]
I T X_Acq_Time = 4.36731304(s]
/A A X_Angle = 45[degq]
I LN X_Atn = 3.5[dB)
vy rEe2En X_Pulse = 2.75[us]
2z SELZES Trs_Mode = oft
o tn N = —— Tri_Mode = Off
X : parts per Million : TH T = FALSE
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13C NMR spectra of dimethyl (2-(adamantan-1-yl)-2-oxoethyl)phosphonate Vle in CDCls
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ona

Filename = RAN_13¢€_1-AdKetophosphona
Author delta

Experiment single_pulse_dec
sample_Id = RAN_1-AdKetophosphonat
Solvent CHLOROFORM-D

Actual Start Time 29-SEP-2019 03:5 0
Revision_Time 2-0CT-2019 12:59:35

X : parts per Million : 13C

=1
o
<
s Comment. = single pulse decoupled ga
o . Data_Format = 1D COMPLEX
£ H Dim Size 26214
= X_Domain = 13¢C
2 Dim Title = 13¢
s Dim Units = [ppm]
= Dimensions =X
. SO0 450 430 sice ECX 400
s ]
= oo prvps Al Field Strength = 9.389766[T] (400([MHz])
vy X_Acq Duration 1.04333312(s]
<= ) X_Domain 13c
< X partspor Millon : 13C X_Freq = 100.52530333 [MHz]
= X_Offset = 120 [ppm]
> 5 E X_Points = 32768
S X puts per Wil X : pats s Millon ; 13C X Prescans -
- X_Resolution = 0.95846665 [Hz]
2 X_Sweep = 31.40703518 [kHz]
= Irr_Domain
Irr_Freq 39978219838 [Mz]
=k Irr_offset 5[ppm]
S Clipped FALSE
Scans 3000
o o= Total_ Scans 3000
S = -
g
= Relaxation_Delay 2[s]
= N | ) Recvr_Gain 48
_3 < " o = A Temp Get ordac]
Gl X_90_Width 13.87[us]
T T T T T 77| X_hoq_Time 1.04333312(s]
24002300220 02100200 0190 0180. 01700 600150 01400130012001 001000900 800 700 60.0 50.0 40.0 30.0 20.0 10.0 0 |x 2agle 30 [deg)
X_Atn .2[dB]
i X_Pulse 4.62333333 [us]
FA Irr_aAtn _Dec 29.907 [dB]
2 2 Irr_Atn Noe 29.907 [dB]
g9 = Irr Noise WALTZ
== el Decoupling TRUE
oy N Initial Wait 1[s
X : parts per Million : 13C Nos = 'ngml:
DEPT NMR spectra of dimethyl (2-(adamantan-1-yl)-2-oxoethyl)phosphonate Vie in CDCls
=-=--- PROCESSING P!RAM'STERS ————
sexp( 2.0[Hz], 0.0[
trapezoid( 0[%], nm, 80[%], 100[%] )
zerofill( 1, TRUE
££6( 1, TRUE, mu's )
machinephase
22
S Nonyueno ws: RAN DEPT135_1-AdKetophosphonat-1
u
00 00 o
Filename RAN_DEPT135_1-AdKetophosp
Author delta
= Experiment dept.ex2
i Sample_Td = RAN_1-AdKetophesphenat
X - e ber Millon 13 Solvent = CHLGI
Actual_Start_Time =
Revision_Time = 2-0CT-2019 13:18:58
Comment = DEPT with decoupling
Data_Format 1D COMPLEX
Dim Size = 26214
X_Domain 13c
[ Dim_Title 13c
Dim Units [ppm]
< N Dimensions x
| site ECX 400
Spectrometer = JNM-ECX400
Field Strength 9.389766[T) (400 (MHz])
X_Req Duration = 1,04333312[s]
[o) [e) X_Domain = 13¢
X _Freq = 100.52530333 [MHz]
X_offset 120 (ppm]
Meo: X_Points = 32768
MeO | X_prescans n
X_Resolution = 0.95846665 [Hz]
X_Sweep 31.40703518 [kHz]
IFr_Domain 1H
Irr_Freq 39978219838 [MHz]
Irr_Offset 5[ppm]
Clipped FALSE
Scans 2000
o — Total Scans = 2000
237
g Relaxation Delay = 2(s]
9 Recvz_Gain = 46
E Temp_Get = 0[4c]
k= X_heq Time 1.04333312(s]
—rr A A A R A R A AL A DA SR DA RSN AR AR SRR A E 5. 2[5
2400230022002]0020001900180 0170. 016001500]4001300]20011001000900 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 |FZ%e =3j[ﬂ!-]:sl
| JH\ \I Irr Atn Dec 29.907 (dB]
I -7 | Irr_Noise
= ‘O = Irr_pulse
—-— e = Decouplin
R Inxtj.l:]._ﬂgs.: = 1[s]
e & J_Constant 140[Hz]

Selection_Angle = 135[deg]
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31p NMR spectra of dimethyl (2-(adamantan-1-yl)-2-oxoethyl)phosphonate Vle in CDCls

abundance

0
MeO~{}
MeQ”

:JEDLD

X : parts per Million : 31P

T
200.0

T
100.0

25.505

=-==-=- PROCESSING PARAMETERS ----

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

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

££e( 1, TRUE, TRUE )

machinephase

ppm

Tonyueno ws: RAN_31P_l-AdRetophosphonat-1.jdf

Filename = RAN_31P_l-AdKetophosphona
Ruthor = delk

Experiment = single_pulse_dec
sample_Td = RAN_1-AdKetophosphonat
Solvent = CHLOROFORM-D

Actual_Start Time
Revision_Time

29-SEP-2019 08:07:27
2-0CT-2019 13:23:01

Comment. = single pulse decoupled ga
Data_Format = 1D COMPLEX

Dim_Size = 26214

X_Domain = 31p

Dim Title = 31p

Dim Units = [ppm]

Dimensions =x

site = ECX 400

Spactrometer = JNM-ECX400

Field_Strength

X_Acq_Duration 0.40370176[s]

X_pomain 31p

X_Freq 161.83469309 [Mz]
X 100 [ppm]

X_Points 32768

X_Prescans 4

X_Resclution 2.47707615 [Hz]

£

el

"

o

°

1

-
EEEEEERER]

X_Sweep 81.16883117 [kHz]
Irz Domain 1k

Irr Freq = 399.78219838 [MHz]
Irr Offset = 5(ppm]
Clipped = FALSE

Scans = 1000
Total_Scans = 1000
Relaxation_Delay = 2[s]
Recvr_Gain = 56

Temp_Get = 0[dc]
X_90_Width = 21.5[us]
X_Rcq_Time = 0.40370176(s]
X_Angle = 30[deg]

X_Atn = 2.6[dB)
X_Pulse = 7.16666667 [us]
Irr_Atn_Dec = 29.907[dB]
Irz_Atn Noe = 29.907[dB]
Irr_Hoise = WALTZ
Decoupling = TRUE

Initial Wait =1[s)

Noe = TRUE
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7. Copies of NMR, FTIR and mass spectra for phosphonates 6a-f

FTIR spectra of dimethyl [(2R,3S)-4-nitro-1-o0x0-1,3-diphenylbutan-2-yl]phosphonate (6a)
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lam=! - | —g
e g (% [ JEOL
- | | ., {
-~ | | |
“ |
| =l || (0]
|
e | f
| = ‘
3 - ]
| = I[ |
= | | |
] || |
Il | Filename = RAN'_1H_Ph_PHON-2.3df
A \ oo il
| Experiment = single_pulse.ex
= | ! | | 4 ingle_pul 2
i I | | sample_1d = RAN_Ph_PHON
\H,h Al Solvent = CHLOROFORM-D
14 W T Actual Start Time = 27-DEC-2011 16:00:13
B R o S | Revision_Tims = 23-JUL-2020 16:59:33
H |
— . H | I Comment = single_pulse2
| = 3 | Data_Format = 1D COMPLEX
| TIRT S0 48 48 47 46 48 51 43 47 I Dim_Size = 26214
| il m f X_Domain =18
| ) Dim_Title = 1H
- Dim_Units = [ppm]
= Dimensions =x
Site = ECX 400
Spectrometer = JNM-ECX400
Field Strength = 9.389766[T] (400 [MHz])
- X_Acq Duration = 4.36731904(s]
=4 X_Domain =1n
X_Freq = 399.78210838 [MHz]
X_Offset = 7lppn]
X_Points = 32768
X_Prescans =1
X _Resolution = 0.22897343(Hz)
X_Sweep = 7.5030012 [kiz]
] 7 Irr_Domain =18
H Irr_Freq = 39978219838 [MHz]
£= Irr_Offset = 5[ppm]
Tri_Domain =18
Tri_Freq = 399.78210838 [MHz]
Tri Offset = 5(ppm]
o Clipped = FALSE
2 Scans =8
_§ Total Scans =8
= Relaxation Delay = 5[s]
z° Recvr_Gain =30
T T Temp_Get = 18.6[dC]
14.0 13.0 12.0 0 X_90_Width = 11.25[us]
X_Acq_Time = 4.36731904(s]
¥ AngTle = 45[deg]
X_Atn = 3[dB]
X_Pulse = 5.625[us]
Trr_Moda = off
. 3 d Tri_Mode = off
X : parts per Million : TH Dante_presat = FALSE
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13C NMR spectra of dimethyl [(2R,3S)-4-nitro-1-oxo-1,3-diphenylbutan-2-yllphosphonate (6a) in CDCls

Filename = RAN'_13C_Ph_PHON-2.3jdf
Author = delta

Experiment = single_pulse_dec
Sample_Td = RAN_Eh_PHON

Solvent = CHLOROFORM-D

Actual Start Time = 27-DEC-2011 16:03:36

Revision_Time 23-JUL-2020 17:20:54
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1 | ! P N legindy” Wl et b e ettt
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] | n
| AN
o] N o a .
< | - H 3
1 B S £
1 | X parts per Millon - 13C
] 70
] |
1 IS WY S E
1 L, i X : parts per Million : 13C
] T TEe e 156
= X s s Wil 1
e A
2 4
g
T ] | f |
E 5 I |
s <
S ]

T T T T T T T T T T T T T T T T
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0
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A
!
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nEg2
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adlel A
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T T T T T T T
60.0 50.0 40.0 30.0 20.0 10.0 0
J

42.951°

X _Resolution 0.95846665[Hz]

Comment. = single pulse decoupled ga
Data_Format =1 x
Dim_Size = 26214

X_Domain = 13C

Dim_Title = 13c

Dim_Units = [ppm]

Dimensions =x

Site = ECX 400

Field = 9.3897661T] (400[MHz])
X_Aecq Duration = 1.04333312(s]

X Domain = 13¢

X_Freq = 100.52530333 [MHz]
X_Offset = 120(ppm]
X_Points = 32768

X_Prescans =4

X_Sweep = 31.40703518 [kHz]
Irr_Demain =18

Irr_Freq = 399.78219838 [MHz]
Irr offset = 5(ppm]

Clipped = TRUE

Scans = 1000

Total_Scans = 1000

Relaxation Delay = 2[s]

Recvr_Gain = 50

Temp_Get = 19(dcC]

X_90 Width = 7.5[us]
X_Acq_Time = 1.04333312[s]
X_Angle = 30[deg]

X_Atn = 7.7(aB]

X_Pulse = 2.5[us]

Trr_Atn Dec = 24.042[dB]

Irr Atn Noe = 24.042[dB]

Irr Noise = WALTZ

Decoupling = TRUE
Initial_Wait = 1(s]

Noe = TRUE

3P NMR spectra of dimethyl [(2R,3S)-4-nitro-1-0xo0-1,3-diphenylbutan-2-ylJphosphonate (6a) in CDClz

0
1 MeO_1l
_P

1 MeO

L

] Ph

Ph
NO,

abundance

JEOL D

---- PROCESSING PARAMETERS ----
dc_balance( 0, FALSE }

sexp( 2.0(Hz], 0.0(s] )
trapezoid3( 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

£££( 1, TRUE, TRUE )
machinephase

ppm

Honyuenc us: RAN_31P_Ph-PHON-1.jdf

60.0

50.0

X : parts per Million : 31P

40.0

30.0

22.485

20.0

10.0

0 -10.0

Filename = RAN_31P_Ph-PHON-2.3df
Ruthor = delfa

Expariment = single_pulse_dec
Sample_Id = RAN_Ph-PHON

Solvent = CHLOROFORM-D

Actual_Start_Time
Revision_Time

9-FEB-2012 18:55:51
23-JUL-2020 19:09:40

Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
Dim Size = 26214
X_Domain = 318
Dim_Title = 31p
Dim_Units = [ppm]
Dimensions =X
Site = ECX 400
Spectrometer = JNM-ECK400
Field Strength = 9.389766[T] (400 ([MHz])
X_Acq Duration = 0.40370176[s]
X_Domain =
X Freq = 161.83469309 [MHz]
X Offset = 0[ppm]
X_Points = 32768
X_Prescans =4
X Resolution = 2.47707615[Hz]
X_Sweep = B1.16883117[kHz]
Irr_Domain =18

= 399.78219838 [MHz]
Irr Offset = 5[ppm]
Clipped = FALSE
Scans =132
Total Scans =32
Relaxation_Delay = 2[s]
Recve_Gain =54
Temp_Get = 17.5[dc)
X_90_Width = 11.5[us
X_Acq_Time = 0.40370176(s)
X_Angle = 30[deg]
X_Atn = 5.5[dB]
X_Pulse = 3.83333333[us]
Irr_Rtn_Dec = z2a
Irr_Atn_Noe =
Irr_Noise =
Decoupling -
Initial_Wait -
Noe =
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HRMS of dimethyl [(2R,3S)-4-nitro-1-o0x0-1,3-diphenylbutan-2-yl[phosphonate (6a)

Sample Name  Unavailable Position Unavailable Name L i User Name Unavailable
Inj Vol Unavailable InjPosition Unavailable pleType L IRM Calibration Status Success
Data Filename  RAN_Phos_2 03.d ACQ Method Comment Sample i is i cq! Time Unavailable

x10 2 | ' APPI Scan (4.265-4.465 min, 22 Scans) MNrag=175.0V RAN_Phos_2_03.c¢

2295.0618

4.5 3781101
4.254 331.1091

1.251 105.0355
gy 197.0352 360.0092
2 127.0140 \‘

Moo b L L mess |, |
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

FTIR spectra of dimethyl [(2R,3S)-1-(4-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yl]-phosphonate

(6b)
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FTIR Measurement 1/cm
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IH NMR spectra of dimethyl [(2R,3S)-1-(4-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yl]-

phosphonate (6b) in CDCls

= | = v
i ; =
5 =
2 |
| " / |
% p
|
- |
=]
3 1 I | v
: Il w ‘ OMe
z |
A
'
: ! -
f S
/| Filename = SIB__1H 13-2.3df
Y - Auther = delta
Experiment. = single_pulse.ex2
= —————————————] H ‘ Sample_Id = s1B_13
= ] 52 s 5o 4 | | Solvent = CHLOROFORM-D
; [ ] | [ | Actual Start Time = 8-DEC-2014 13:40:16
\ il Revision Tims = 22-MAR-2020 18:17:36
- . g Comment: = single_pulse
=i Data Format = 1D COMPLEX
“ Dim_Size = 26214
- 2 X_Domain =18
| s Dim Title =18
. / Dim Units = [ppm]
s l i Dimensions =X
I Site = ECX 400
[ ‘ Spectrometer = JNM-ECX400
o =1 |
| Field Strength = 9.389766[T] (400([MHz])
- X_Acq_Duration = 4.36731904(s]
X Domain =18
X Fregq = 399.78219838 [MHz]
| | X_Offset = 7(ppm]
i / X_Foints = 32768
g X_Prescans =1
X_Resolution = 0.22897343[Hz]
AN X_Sweep = 7.5030012 [kHz]
Irr_Domain =1n
| 18 37 Irr_Freg = 399.78219838 [MHz]
Irr_Offset = 5ppm]
Tri_Domain =18
| ! Tri_Freq = 39978219838 [MHz]
\ | 3 Tri Offset = 5ppm]
o X il er Milon: 1H Clipped - FALSE
g ] 1l Scans =8
£ [ * Total Scans =8
=
.2 _,‘ MA_ _l__ A . I Relaxation Delay = 5(s]
3 Recvr_Gain = 42
AARRARAR) RS T T T T Got. = 22[dc]
4.0 2.0 1.0 0 X_90_Width = 11.25[us)
X_Acg_Time = 4.36731904[s]
X_Angle = 45[deq]
X_Atn = 3dB]
X_Pulse = 5.625[us]
Irr_Mode = off
e Tri_Mode = off
X : parts per Million : 1H Dante_Prasat = FALSE
12 dimethyl methoxyphenyl)-4-ni henylb |
C NMR spectra of dimethyl [(2R,3S)-1-(4-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yl]-
RE I
=
1 - ‘ OMe
1 [
H
4 Filename = SIB__13C_13-2.jdf
I RS Author = delta
s 7 Experiment = single_pulse_dec
Sample_Td = s18 13
1 | Solvent = CHLOROFORM-D
| | Actual Start Time = B-DEC-2014 13:44:06
1 | \ Revision_Time = 22-MAR-2020 18:32:39
I ] A “, | Comment = single pulse decoupled ga
1 L e U e | Data_Format = Ip conpLex
s | Dim_Size = 26214
1" w\ “Hl it | | | X_Domain = 13¢
T T ™ . 1 A 1 J I " N -
e A PR =l i r"frf“‘(thﬂ‘llﬁ‘E‘W‘WW\M"\"" et B }:;m]
N | 1 o i 2 |
4 | il | PR L Dimensions =x
! Site = ECX 400
1 H Spectrometer = JNM-ECX400
1 - - Field Strength = 9.389766(T] (400 ([MHZ]}
;_ =7 X_Rcg Duration = 1.04333312(s]
¥_Domain = 13¢
1 = 100.52530333 [MHz]
1 ] pm]
550 540 530 520 510 500 49.0 484 470 460 450 440 =4
= 0.95846665 [Hz]
= 31.40703518 (kHz]
1 v y =18
ot 1643 g 389.78219838 [MHz]
] # (ppm]
FALSE
= 1000
2 Total Scans = 1000
g2 1 = e
g Relaxation Delay = 2[s]
£ \_ | | Recvr_Gain =46
2o A Temp_Gat. 2,14C)
= %_80_width 5[us]
A R A R R A R A A R A L R AR R LR R AR AR R RAR AN RAR R L - N 04333312(8]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 | xTAngle 0 [deg]
 Atn ~7[dB]
)\ Y 7 - X Pulse .5[us]
/A PN / TS Irr_Atn_Dec 4.042[dB]
a3 b s 2 Srnssatgas Irr_Atn Noe = 24.042[dB]
2% a & 3 CERETTRARE Irr_Noise
g2 2 8 = ARRRRRnEgES Decompiing, = :‘?“‘lf
. z= = 2 = Initial Wait = 1[s!
X : parts per Million : 13C Noa - TRUE
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31p NMR spectra of dimethyl [(2R,3S)-1-(4-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yl]-

phosphonate (6b) in CDCls
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|
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OMe

dEDLo

---- PROCESSING PARAMETERS ----
de_balance( 0, FALSE )
sexp( 2.0[Hz], 0.0[s] )
trapezoid3( O(%], 80[%],
zerofill( 1, TRUE )
fft( 1, TRUE, TRUE )
machinephase

ppm

100[%] )

Nonyuens ws: SIB_ 31P_13-1.jdf

Filename = SIB_ 31P_13-2.jdf
Author = delta

Experiment = single_pulse_dec
Sample_Id = SIB 13

Solvent = CHLOROFORM-D

Actual Start Time
Revision Time

8-DEC-2014 14:37:11
22-MAR-2020 18:42:04

Comment. = single pulse decoupled ga
= 1D COMPLEX
= 26214
= 319
= 31p
Dim Units = (ppm]
Dimensions -
site = ECX 400
Spectrometer = JNM-ECX400

Field Strength
X_Acq Duration

9.389766(T] (400 [MHz])
0.40370176[s]

X_Domain a1
X _Freq 161.83469300 [MHz]
X_Offset 100 (ppm]
X_points 32768
4

2.47707615[Hz]

*

)

K

o

w

a

1

H
W

X : parts per Million : 31P

T
100.0 0

22964

X_sweep 81.16883117 [kHz]
Irr_Domain 1n

Irr Freg 39978219838 [MHz]
Irr Offsat 5 [ppm]

Clipped = FALSE

Scans = 1000

Total_Scans = 1000
Relaxation_Delay = 2[s]

Recvr_Gain = 56

Temp_Get = 22.2[dC]

——| X_90_Width = 11.5[us]
X_Acq_Time = 0.40370176(s]
¥_Angle = 30[degq]

X _Atn = 5.5[dB]
X_pulse = 3.83333333[us]
Irr_Atn Dec = 24.042[dB)]

Irr Atn Noe = 24.042[dB)

Irr Noise = WALTZ
Decoupling = TRUE

Initial Wait = 1[s]

Noe = TRUE

HRMS of dimethyl [(2R,3S)-1-(4-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yl]-phosphonate (6b)

-
InjPosition
ACQ Method

Sample Name RAN_4
Inj Vol 2
Data Filename  RAN_4_POS.d

Vial 64

Test APPLm

Instrument Name

SampleType
Comment

Instrument 1
Sample

User Name
IRM Calibration Status
Acquired Time

Success
11/2/2018 3:51:33 PM

x10 2
1.154

114
1.05-
14
0.95-
0.9-
0.85
0.8-
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4- {
0.354 ‘
0.3
0.254
0.2
015
0.1
0.05
al_lad
-0.05-
-0.14

151.0156

[l

2595.0736

' APPI Scan (4.495-4.670 min, 22 Scans) MNrag=175.0V RAN_4_POS.d

361.1205

300.064

108.1

212

OMe

439

1638
I

506.1702
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FTIR spectra of dimethyl [(2R,3S)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

(6c)
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IH NMR spectra of dimethyl [(2R,3S)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

(6¢) in CDCls

= | - —
wy B | =
| z I
I
| ‘
= F
- ‘I
| (e
= -
pil | Filename = SIB_1H_349-2 jaf
[ L 1 Author = delta
| ‘ 1T, J 2 Experiment = single_pulse.ex2
=] F1LAA sample_Id = SIB 349
en i | Solvent = CHLOROFORM-D
_ | Actual_Start Time = 15-DEC-2018 22:16:29
= E Revision_Time = 22-MAR-2020 19:36:39
£ Comment: = single_pulse
[ Data_Format = 1D
. | | Dim_Size = 26214
2 \l ~ T _ i | | X_Domain =18
Dim_Title = 1H
R \ N s e | | f Dim_Units = [ppm]
=1 3 | | i< [ | Dimensions =x
iy . -1 site = ECX 400
1 - Spectrometer = JNM-ECX400
o [ |
ol | Field Strength = 9.389766(T) (400 [MHz])
I o H ‘ X_Rcqg_Duration = 4.36731904([s]
¢ | L X_Domain =18
Z | - | X_Freq = 399.78219838 [Mz]
s I | X _offset = 7(ppm]
- X_Points = 32768
X_Frescans =1
_| X Resolution = 0.22897343[Hz]
| S .| X_Sweep = 7.5030012[kHz]
15 i1 14| Irr_Domain = 1H
= (;’; Irr_Freq = 399.78219838 [MHz]
Z | £2 Irr Offset = 5[ppm]
L Tri Domain =18
| | £ Tri_Freq = 399.78219838 [MHz]
| X s e Milan - 18 Trioffset = Stppm]
@ Clipped = FALSE
= ‘I | / | Scans =8
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13C NMR spectra of dimethyl [(2R,3S)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-

yllphosphonate (6¢) in CDCls
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3P NMR spectra of dimethyl [(2R,3S)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-

yllphosphonate (6¢) in CDCls
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=]
Filename = RAN_31P_m-MeOadductMichae
Author = delta
] Experiment = single pulse dec
Sample_Id = RAN m-MeOadductMichael RR
Solvent = CHLOROFORM-D
Actual Start Time = 20-NOV-2019 19:59:14
Revision_Time = 22-KOV-2019 12:00:27
Comment. = single pulse decoupled ga
= Data Format = 1D COMPLEX
= Dim_Size = 26214
X_Domain = 31p
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HRMS of dimethyl [(2R,3S)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate (6¢)
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IH NMR spectra of dimethyl [(2R,3R)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

(6¢) in CDCls
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I ] Tri_Freq = 399.78219838 [MHz]
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13C NMR spectra of dimethyl [(2R,3R)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-

yllphosphonate (6¢) in CDCls
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DEPT NMR spectra of dimethyl [(2R,3R)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-

yllphosphonate (6c¢)
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3P NMR spectra of dimethyl [(2R,3R)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-

yllphosphonate (6¢) in CDCls
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FTIR spectra of dimethyl [(2S,3S)-1-(2-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

(6d)
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IH NMR spectra of dimethyl [(2S,3S)-1-(2-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

(6d) in CDCls
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pud s b ", I — M Dim_Size = 26214
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13C NMR spectra of dimethyl [(2S,3S)-1-(2-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-

yllphosphonate (6d) in CDCls
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1 j" | X - parts per Million : 13C X_offset = 120 [ppm]
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3P NMR spectra of dimethyl [(2S,3S)-1-(2-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yllphosphonate

(6d) in CDCls

] JEOL D

---- PROCESSING PARAMETERS ----
de_balance( 0, FALSE )

sexp( 2.0[Hz], 0.0(s] )
trapezoid3( 0(%], 80[3], 100[#] )

9.0

< ~
«© ,P zerofill( 1, TRUE )
Meo ££t( 1, TRUE, TRUE )
machinephase
PPm
1‘37 Ph NOZ Toayweno ws: SIB_ 31P_45-1.jdf
- Filename SIB_ 31B_45-2.3df
2 Buthor delta
e Exparimant ingle_pulse_dac
sample_Id = s18_45
Solvent = CHLOROFORM-D
Actual Start Time = B-JUL-2015 12:48:02
- Revision_Time = 22-MAR-2020 18:02:58
S Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
Dim Size = 26214
X_Domain = 31p
- Dim_Title = 31p
< Dim_Units = [ppm]
Dimensions =X
site = ECX 400
Spectrometer = WM-ECX400
= Field_strength 9.389766[T] (400 [MHz])
- X_Rcg Duration .40370176(s]
X_Domain 319
X _Freq 161.83469309 [MHz]
X offset 100 [ppm]
X_Points 32768
= X_Prescans
il X_Resolution 47707615 [Hz]
X_Sweep = 81.16883117 [kHz]
Irr_Domain =1H
Ire Freq = 399.78219838 [MHz)
Irr_Offset = 5[ppm]
Clipped = FALSE
Scans = 100
o Total Scans = 100
o
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s Temp_Get
£° X_90_Width =11
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Irr_Atn_Dec = 24.042[dB]
— Irr_Atn Noe = 24,042[dB]
o Irr_Noise = WALTZ
- Decoupling = TRUE
. o Initial Wait = 1[s]
X : parts per Million : 31P Noe | — TRUE
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HRMS of dimethyl [(2S,3S)-1-(2-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate (6d)
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IH NMR spectra of dimethyl [(2S,3R)-1-nitro-4-o0x0-2-phenylpentan-3-yl]phosphonate (6€) in CDCls
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31p NMR spectra of dimethyl [(2S,3R)-1-nitro-4-oxo-2-phenylpentan-3-ylJphosphonate (6€) in CDCls
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FTIR spectra of dimethyl [(2S,3S)-1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate (6f)
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13C NMR spectra of dimethyl [(2S,3S)-1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-yllphosphonate

(6f) in CDCls
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(6f) in CDCls
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HRMS of dimethyl [(2S,3S)-1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate (6f)
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IH NMR spectra of dimethyl [(2R,3S)-1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

(6f) in CDCls
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13C NMR spectra of dimethyl [(2R,3S)-1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate
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31P NMR spectra of dimethyl [(2R,3S)-1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

(6f) in CDCls
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8. Copies of NMR, FTIR and mass spectra for compounds 7-14

1H NMR spectra of dimethyl [(2R,3R,4S)-2,4-diphenylpyrrolidin-3-ylJphosphonate (7)

(crude reaction mixture) in CDCls
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13C NMR spectra of dimethyl [(2R,3R,4S)-2,4-diphenylpyrrolidin-3-yl]phosphonate (7)

in CDCl3
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DEPT NMR spectra of dimethyl [(2R,3R,4S)-2,4-diphenylpyrrolidin-3-yl]phosphonate (7)

in CDCls
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FTIR spectra of dimethyl [(2R,3R,4S)-1-methyl-2,4-diphenylpyrrolidin-3-ylJphosphonate (8)
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13C NMR spectra of dimethyl [(2R,3R,4S)-1-methyl-2,4-diphenylpyrrolidin-3-ylJphosphonate (8)

in DMSO-d®
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3P NMR spectra of dimethyl [(2R,3R,4S)-1-methyl-2,4-diphenylpyrrolidin-3-ylJphosphonate (8)

in DMSO-d®
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IH NMR spectra of methyl hydrogen ((2R,3R,4S)-2,4-diphenylpyrrolidin-3-yl)phosphonate (9) in D20
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13C NMR spectra of methyl hydrogen ((2R,3R,4S)-2,4-diphenylpyrrolidin-3-yl)phosphonate (9) in D20
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31p NMR spectra of methyl hydrogen ((2R,3R,4S)-2,4-diphenylpyrrolidin-3-yl)phosphonate (9) in D20
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FTIR spectra of dimethyl [(2R,3R,4S)-1-formyl-2,4-diphenylpyrrolidin-3-yllphosphonate (10a)
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IH NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2,4-diphenylpyrrolidin-3-ylJphosphonate (10a) in CDCls
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13C NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2,4-diphenylpyrrolidin-3-ylJphosphonate (10a) in CDCl3

' 3 ' JEOL ;
e} o |
=1 = I— [
1 o]
1 ) MeO_ i
=4 s (M P,
& | MeO™ ™
|
] S | | | [
J | I I ’ TN
=] |
] B | | \<
I | | o
] 5 - H \
| H
| | || ‘ | Filename = SIB_13C_331-2.jdf
- S | | | ‘| Author = delta
= | | | Experiment = single pulse_dec
1 " | If Sample_Id = s18_331
E | | il | | || selvent = CHLOROFORM-D
1 || I [ | Actual Start Time = 13-NOV-2018 16:34:28
= 3 | I I W | | | || Revision_Time = 25-JUL-2020 20:56:10
T I I I | Comment. = single pulse decoupled ga
1 | | | Data_Format = 1D coMPLEX
| | | 1 | Dim_Size = 26214
il ) g o adl ¥ i =13c
2 11 ] oy ol ol V|| x_pDomain
2 | ol Al Dim Title = 13c
\ 1 Units = [ppm]
It Dimensions =X
~ = Site = ECX 400
;i g Spectrometer = JNM-ECX400
o :
H Field Strength = 9.389766[T] (400[MHz])
- 0 s 20 510 30 490 @0 470 460 450 X _Acq Duration = 1.04333312(s]
o w2 o0 i 0 X_Domain =13c
1 | ! I I X Freq = 100.52530333 [MHz]
I f\ ! I X 0ffset = 120 (ppm]
L o - ] X_Points = 32768
2= =¥ 5 X_Prescans =4
53 pertin] X Resolut. = 0.
X_sweep = 31.40703518 (kHz]
Irz_Domain =
1 Irr_Freq = 399.78219838 [MHz]
J Irr offset = 5 (ppm)
Clipped = TRUE
1 Scans = 5000
3 Total Scans = 5000
£ 1 |
= | Relaxation Delay = 2[s]
£ l | J | Recvr_Gain = 46
E = L L Al | Temp_Get = 22.5[dC]
= X_90_Width = 8.16[us]
L TrrrTrTT T T T T T T TTTTTTTTT LI T T T T T T T T '\'K_Acq_Tima = 1.04333312(s]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 |x angle = 30[deg]
X Atn = 7.8[dB]
Jl-\ I\ o X Pulse = 2.72[us]
I TN AN — - Irz_Atn Dec = 22.703[dB]
2% ZERLZEREZIR Q 3 Irz_Atn_Noe = 22.703[dB]
=R Soma@ Koo~ % ) Irz_Noise = WALTZ
g AERBREEELL < < Decoupling =;‘["’f
- 2= copogogogdoon Initial_Wait =1[s:
X : parts per Million : 13C Noe = TRUE

S99



DEPT NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2,4-diphenylpyrrolidin-3-yl[phosphonate (10a) in

CDCls
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31P NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2,4-diphenylpyrrolidin-3-ylJphosphonate (10a) in CDCls
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HRMS of dimethyl [(2R,3R,4S)-1-formyl-2,4-diphenylpyrrolidin-3-ylJphosphonate (10a)
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IH NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-

phosphonate (10b) in CDCls
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13C NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-
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DEPT NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-

phosphonate (10b) in CDCls
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3P NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-

phosphonate (10b) in CDCls
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HRMS of dimethyl [(2R,3R,4S)-1-formyl-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-phosphonate (10b)
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DEPT NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-

phosphonate (10c) in CDCls
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3P NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-

phosphonate (10c) in CDCls
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HRMS of dimethyl [(2R,3R,4S)-1-formyl-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-yl]-phosphonate (10c)
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13C NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-methyl-4-phenylpyrrolidin-3-ylJphosphonate (10d) in
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DEPT NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-methyl-4-phenylpyrrolidin-3-ylJphosphonate (10d)

in CDCls
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3P NMR spectra of dimethyl [(2R,3R,4S)-1-formyl-2-methyl-4-phenylpyrrolidin-3-ylJphosphonate (10d) in

CDCls

N D
---- PROCESSING PARAMETERS ----
sexp( 2.0(Hz], 0.0(s] )
0 trapezoid( 0[%], O[%], 80[%], 100(3] )
zerofill( 1, TRUE )
=N Meo\ Il £ft( 1, TRUE, TRUE )
=g P, machinephase
MeO™ " ™
Monyuexo us: RAN_31P_DiMeFormyl-2-MePyrrolidi
3 SN
= W
Me'
L\o
~ Filename = RAN_31P_DiMeFormyl-2-MePy
ST Author = delta
Experiment = single_pulse_dec
Sample_Td = RAN_DiMeFormyl-2-MePyrrol
Solvent = CHLOROFORM-D
© S Actual_Start_Time = 7-JUN-2019 20:19:26
< B Revision_Time = 26-JUL-2020 17:43:43
Comment = single pulse decoupled ga
Data Format = 1D COMPLEX
v Dim_Size = 26214
< X_Domain = 31p
Dim_Title = 31p
Dim_Units = [ppm]
Dimensions =X
<1 site = ECX 400
= Spectrometer = JNM-ECX400
Field Strength = 9.389766(T] (400 (MHz])
X_Acq_Duration = 0.40370176(s)
] X_Domain = 31p
< X_Freq = 161.83469309 [MHz]
X Offset = 100(ppm)
X_Points = 32768
X_Prescans =4
o4 X _Resolution = 2.47707615(Hz]
= X_Sweep = 81.16883117 [kHz]
| Irr_Domain =18
1l Irr_Freq = 399.78219838 [MHz]
| Irr Offset = 5[ppm]
- Clipped = FALSE
L= Scans =278
& Total_Scans =278
=
g Relaxation Delay = 2[s]
] Recvr_Gain =60
g Temp_Get = orac)
£ X_90_Width = 13[us]
T - - - - ' - X_Acq_Time = 0.40370176(s]
X_Angle = 30[deq]
40.0 30.0 20.0 10.0 XAta = 5.51a3
]l X_Pulse = 4.33333333[us]
I ITr_Atn_Dec = 22.703[dB]
e Irr_Atn_Noe = 22.703(dB)
3 5’ Irr Noise = WALTZ
o4 & Decoupling = TRUE
itta (S Initial Wait =1[s]
X : parts per Million : 31P Noe = TRUE

S109



HRMS of dimethyl [(2R,3R,4S)-1-formyl-2-methyl-4-phenylpyrrolidin-3-ylJphosphonate (10d)
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IH NMR spectra of (2R,3R,4S)-2,4-Diphenylpyrrolidin-3-ylphosphonic acid hydrochloride (11a) in D20
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13C NMR spectra of (2R,3R,4S)-2,4-Diphenylpyrrolidin-3-ylphosphonic acid hydrochloride (11a) in D20
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DEPT NMR spectra of (2R,3R,4S)-2,4-Diphenylpyrrolidin-3-ylphosphonic acid hydrochloride (11a) in D20
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31p NMR spectra of (2R,3R,4S)-2,4-Diphenylpyrrolidin-3-ylphosphonic acid hydrochloride (11a) in D20
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FTIR spectra of (2R,3R,4S)-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride
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13C NMR spectra of (2R,3R,4S)-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid

hydrochloride (11b) in DMSO-d®
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31p NMR spectra of (2R,3R,4S)-2-(4-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid

hydrochloride (11b) in DMSO-d®
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FTIR spectra of (2R,3R,4S)-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride

(11c)
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13C NMR spectra of (2R,3R,4S)-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid

hydrochloride (11c) in DMSO-d®
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HMQC NMR spectra of (2R,3R,4S)-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid
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NOESY NMR spectra of (2R,3R,4S)-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid

hydrochloride (11c) in DMSO-d®
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3P NMR spectra of (2R,3R,4S)-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid

hydrochloride (11c) in DMSO-d®
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HRMS of (2R,3R,4S)-2-(3-methoxyphenyl)-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11c)
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FTIR spectra of (2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d)
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IH NMR spectra of (2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d) in

D20
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13C NMR spectra of (2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d) in

D20
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DEPT NMR spectra of (2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d) in

D20
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HMQC NMR spectra of (2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d)

in D20
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HMQC NMR spectra of (2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d)

in D20
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31P NMR spectra of (2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d) in

D20
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HRMS of (2R,3R,4S)-2-methyl-4-phenylpyrrolidin-3-ylphosphonic acid hydrochloride (11d)
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IH NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-6-ethyl-2-hydroxy-2-methyl-5-nitro-4-phenyltetrahydro-

2H-pyran-3-yl)phosphonate (13a) in CDCls
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13C NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-6-ethyl-2-hydroxy-2-methyl-5-nitro-4-phenyltetrahydro-

2H-pyran-3-yl)phosphonate (13a) in CDCls
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2° Ll A v v W Temp_Get = 22.6[dC]
E X_30_Width = 8.16(us]
T T T T T T T T T T T T T T T T T T T T T 77| X_Acq_Time = 1.04333312(s]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 | % Angle = 30[deg]
| | Catn = 7.8[aB]
/ \ 2 A | /-l\‘\ L\ ‘ | ‘ X_Pulse = 2.72(us]
aR R FN NN Irr_Atn_Dac = 22.703[dB]
e veo n 252EE 5% z Irr Atn Noe = 22.703[dB]
S 5 58 b R RS = =N Irr_Hoise WALTZ
REER 588 R = Dacoupling e
P . = nitial Wa. = 1[s
X : parts per Million : 13C Noe = TRUE
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DEPT NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-6-ethyl-2-hydroxy-2-methyl-5-nitro-4-

phenyltetrahydro-2H-pyran-3-yl)phosphonate (13a) in CDCls

1 Meo\‘.;. HO, Me :JEOLD

| Me0”

==--- PROCESSINGC PARAMETERS ----
sexp( 2.0[Hz], 0.0[s] )
trapezoid( 0[%], 0[%], 80[%], 100(%] )
Et zexofill( 1, TRUE )
£££( 1, TRUE, TRUE )
machinephase

NO, e

1 Honyueno ns: RAN DEPT135 tetrahydropyr-2.jdf

Ph™"

1 =] Filename = RAN_DEPT135_tetrahydropyz
I J Author = delta
=L gl Lt Ll | s Experiment = dept.ex2
1 W AP A Lttt sample_Id = RAN_tetrahydropyr
S—— e Solvent = CHLGROFORM-D

Actual_Start Time = 27-APR-2018 18:09:15
Revision Time = 28-JUL-2020 00:39:04

1 Do 10 Comment = DEPT with decoupling

PLEX

Dim_Size
X_Domain

Data_Format
Dim_Title

1 “ i< site = ECX 400
1 | | Spectrometer INM-ECX400

| — / A IR T—
o
" ! ™ ("""""'" Field_Strength
| *_Aeq_Duration
1 | X pomain

9.389766([T] (400 [MHz])
.04333312(s]

13c
1 | = 100.52530333 [MHz]
| = 120 (ppm)
= 32768
1 =4
1 = 0.95846665[Hz]
1 = 3140703518 [kHz]
=1m
Irr_Freq = 399.78219838 [MHz]
1 irr offset -
| Clipped
< Scans
o Total_Scans =
2 1 ¥
_g 1 Relaxation_Delay
s | Recvr_Gais
_3 Temp_Get 2. 3[dC]
=4 1 X _Acq Time .04333312(s)
T T T T T T T T T T T T T T T T T T T T X Atn
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 | x _Pulse
Irr_Atn
1 . A / ‘\ Irz_Atn_Dec
AN \ / RN Irr _Noize
a8 S% & SESEL o o Lrr_Pulse
neE 2 Z I hedad = & Decoupling
£E5 gl £ wemz3i & < Initial Wait
. . == J_Constant
X : parts per Million : 13C Selection_Angle = 135[deg]

3P NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-6-ethyl-2-hydroxy-2-methyl-5-nitro-4-phenyltetrahydro-

2H-pyran-3-yl)phosphonate (13a) in CDCls

~--- PROCESSING PARAMETERS ----
1 sexp( 2.0(Hz], 0.0(s] )
1 trapezoid( 0[%], 0[%], 80[%], 100[#] )
=1 zerofill( 1, TRUE )
~ £Et( 1, TRUE, TRUE )
] machinephase
ppm
Nonyueno us: RAN_31P_tetrahydropyr-2.jdf
Filename RAN_31P_tetrahydropyr-3.j
= Buthor delta
o Experiment single_pulse dec
1 Sample Td = RAN_tetrahydropyr
1 Solvent = CHLOROFORM-D
] Actual_Start_Time = 27-APR-2018 18:30:22
] Revision_Time = 28-JUL-2020 00:42:36
] Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
1 Dim_Size = 26214
X_Domain = 31p
4 Dim_Title = a1p
= Dim_Units = [ppm]
o] Dimensions =x
site = ECX 400
1 Spectrometer = JNM-ECX400
1 Field Strength 9.389766[T] (400 [MHz])
X_Acq Duration 0.40370176(s]
] X Domain =31
X Freq = 161.83469308 [MHz]
1 X _Offset 100 (ppm]
X_Points 32768
o ¥ _Prescans
= X _Resolution 47707615 [Hz]
1 X_Sweep 81.16883117 (kHz]
Trr_Domain
] Irr Freq 39976219838 (MHz]
Irr_Offset 5 (ppm]
Clipped TRUE
1 Scans = 100
1 Total_Scans = 100
g S
] 4 Relaxation_Delay = 2[s]
<5 Recvr_Gain =58
52 . . " eaiiual TETR_Get = 22.6[dc]
= 1 h " i v N X_90_width = 13[us)
T T T T T T T T T X_Acq Time = 0.40370176(s]
60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 200 30,0 §Anate ettt
X_Pulse = 4.33333333(us]
Irr_Atn Dac = 22.703(dB]
“ Irr_Atn_Noe = 22.703[dB]
= Irr Noise WALTZ
- Decoupling TRUE
P o Initial Wait 1(s]
X : parts per Million : 31P Noe TRUE
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HRMS of dimethyl [(2S,3R,4S,5S,6R)-6-ethyl-2-hydroxy-2-methyl-5-nitro-4-phenyltetrahydro-2H-pyran-3-
yl)phosphonate (13a)

Sample Name Unavailable Position Unavailable Name L i User Name Unavailable
Inj Vol Unavailable InjPosition Unavailable ype L IRM Calibration Status Success
Data Filename  RAN_20_POS.d ACQ Method Comment Sample i is il A\cquired Time Unavailable

x10 2 | ' APPI Scan (4.084-4.285 min, 25 Scans) MNag=175.0Y RAN_20_FOS.c

356.1258

0.84 280.0734

0.65-

0.55-
0.5

0.45-
0.4

0.35-
0.3

0.25-
0.2 255.0784

0.15-
0.1 167.0469

0.054 223.0521

P T | | " .I.-JlI.JLL . [.I...... el A.I.Jl
-0.05
-0.14

327.1360

L I 5481602
who b b 4221519 .

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560

FTIR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-pyran-

3-yl]phosphonate (13b)
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IH NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-

pyran-3-yl]phosphonate (13b) in CDCls

<= =
o z g
al, « F R JeoLu
— a3 | wi - ’
o
-3 | 1)
- B |
R = r
1 3
=t ‘ =
i : NO,
¢} |
-1 o { = Filename = RAN 1H Tetrahydropyran-2-
N al | - - Authoxr = delta
~ = ] | “ Experiment = single_pulse. ex2
-7 | N o Sample_Td = RAN_Tetrahydropyran-2
‘ ] s = Solvent = CHLOROFORM-D
-1 = Actual Start Time = 4-MAY-2018 01:08:17
‘ Revision_Time = 28-JUL-2020 01:04:40
=] Comment: = single_pulse
- g I Data_Format 1D COMPLEX
Dim_§- 26214
o \ X Bonacn o
=] | Dim Title = 1H
‘ Dim_Units = [ppm]
s i Dimensions =
S I = ECx 400
| | spectrometer = JNM-ECX400
= 1
S 7oz 1L Field Strength = 9.389766[T] (400 [MHz])
I X_Acq Duration = 4.36731904[s]
=B (I ¥ Domain =18
< [ %_Freq = 399.78219838 [MHz]
- I X offset = 7lppm]
e J | X_Points 32768
i _ X _Prescans 1
<+ f =} X _Resclution 0.22897343[Hz]
P I - X_Sweep 7.5030012 [kHz]
= P Irr_Demain 18
. H Eor Do I ra1000 (e
= 5 | Irr Offset 5 [ppm]
= Tri_Demain 18
I 1 Tri_Freq 395.78219838 (MHz)
=" B | L Tri_Offset 5[ppm]
o = 154 Clipped FALSE
2 — 1 |‘ IE Scans 8
_§ S | lu | II‘ Total_scans 8
|
B - L, M L N | Relaxation Delay = 5[s]
Cl Recvzr_Gain 36
T T T T T [T T 0 [ T P (T T e T Temp Gat 22.37dc]
14.0 13.0 12.0 1.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 30 2.0 1.0 0 X_S0_Width 11.9[us]
CAcq_Time 4.36731904 (5]
X Angle 45 [deg)
X_Atn 3[dB]
¥ Pulse 5.95[us]
Irr_Mode = ofs
. d Tri_Mode = Off
X : parts per Million : 1H Dante_Presat = FALSE

13C NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-

pyran-3-yl]phosphonate (13b) in CDCls

b (o] D
Meo_n1 HO, Me
- = P, Q ---- PROCESSING PARAMETERS ----
B ’ sexp( 2.0[Hz], 0.0[s] )
MeO trapezoid( 0[%], O[%], 80[%], 100([%] )
= zerofill( 1, TRUE )
B | - ££t( 1, TRUE, TRUE )
| \ machinephase
. ; Ph s
= H ‘ NO, Nonyuene ms: RAN 13C_Tetrahydropyran-2-1.3df
I -
=1 E) ‘
‘ | | |
" \ b st .
g M e A % Filename = RAN_13C_Tetrahydropyran-2
- M & |JW Wiy wl Author = delta
H Experiment = single_pulse_dec
= Sample_Id = RAN Tetrahydropyran-2
= 600 Solvent = CHLOROFORM-D
Actual Start Time = 4-MAY-2018 01:13:18
. | Revision_Time = 28-JUL-2020 01:24:50
= g Comment. = single pulse decoupled ga
H ? Data_Format = 1D COMPLEX
= patsper Million: 13C nta_¥
] E Dim_Size = 26214
= X _Domain = 13¢
Dim_Title = 13C
Dim_Units = [ppm]
Dimensions =X
‘ Site = ECX 400
; " Spectrometer = JNM-ECX400
- |
E | A |
o M"?'.ﬂ'.w 'L‘F‘Www ii:zafsunngm - 9.389766[T] (400 [MHz])
. Acq Duration = 1.04333312(s)
_ X Domain = 13c
= X_Freq = 100.52530333 [MHz]
X_Offset = 120[ppm]
X_Points = 32768
X_Prescans =4
X Resolution = 0.95846665 (Hz]
X Sweep = 31.40703518 [kHz]
Irr_Domain = 1H
Irr_Freq = 399.78219838 [MHz]
per Millin: 136 Irr Offset = 5[ppm]
- Clipped = FALSE
Scans = 1000
3 Total Scans = 1000
£
& Relaxation Delay = 2[s]
5] | |l | Recvr_Gain =456
2° Y I e _Get = 22.3[dC)
Gl X_90_Width = 8.16[us]
T T T T T T T T T T T T T T T T T T T T T T ¥_Aeq_Time = 1.04333312(s]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 | xTAngIle = 30[deg)
i | Ji L Chtn = 7.8[dB]
;AN s e NN ‘ ‘ X _Pulse = 2.72[us]
L0 I SN Irr_htn_Dec = 22.703[dB]
pp il 88 S¥IEg=ERIR a 3 Irr_Atn Hoe = 22.703[dB)
—nmS Sew —mIToesa s T < Irr_Noise = WALTZ
LE £33 $Erna%s3y & = vecaupiing. -
o - - Initial Wait = £}
X : parts per Million : 13C Noe = TRUE
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DEPT NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-

pyran-3-yl]phosphonate (13b) in CDCls

dEDLo

---- PROCESSING PARAMETERS ----
sexp( 2.0[Hz], 0.0s] )

trapezoid( 0[%], 0[%], 80[3], 100[%] )
zerofill( 1, TRUE )

££t( 1, TRUE, TRUE )

machinephase

Nonyueno us: RAN_DEPT135_Tetrahydropyran-2-1

Filename = RAN_DEPT135_Tetrahydropyr
Author = delta
Experiment = dept.ex2
Sample_Id = RAN_Tetrahydropyran-2
Solvent = CHLOROFORM-D
Actual_Start_Time = 4-MAY-2018 02:04:22
Revision Tima = 28-JUL-2020 01:29:50
Comment = DEPT with decoupling
Data_Format = 1D compLEX
Dim_Size = 26214
X_Domain = 13c
Dim_Title = 13¢
Dim_Units = [(ppm]
Dimensions =x
Bite = ECX 400
Spectrometer = JNM-ECX400
| Field Strength = 9,389766[T] (400 (MHz])
X Acg Duration = 1.04333312(s]
It U e i
M a X_Freq = 100.52530333 [MHz)
l X_Offset = 120[ppm]
¥ Pointa = 32768
. , , X_Prescans =4
a0 i o o s 0o o 00 X Resolution = 0.95846665 [Hz]
| | X_Sweep = 31,40703518 [kHz]
3 i Irr_Domain =1
ol N N . Irr_Freq = 399.78219838 [MHz]
=] % £ £ £ Irr Offset = 5(ppml
=4 o e Million : 13¢ - i - Clipped = FALSE
Scans = s00
@ | Total_Scans = 500
g \ | i
£ ' " N ) w L L NN y | Relaxation Delay = Z[s]
] i y iy ) M M M Recvr_Gain = 46
2 Temp_Get = 22[dc]
= X_Acg Time = 1.04333312[s]
T T T T T T T T T T T T T T T T T T T T X_Atn = 7.8[d5]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 | x Pulse = 8.16[us]
T ‘ | | Irr_atn = 3[dB]
N \ Irr_Atn Dec = 22.703[dB)
SN A | Irr_Noise = WALTZ
=32 R = el Irr_Pulse = 11.9[us]
fas g% = 15 Decoupling = TRUE
BEH z3z £ = Initial Wait = 1(a]
. ——— J_Constant = 140[Hz]
X @ parts per Million : 13C Selection Angle = 135[deg]

3P NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-

pyran-3-yl]phosphonate (13b) in CDCls

=]
=7 JEOL
= -
=
<] =
34
o] ---- PROCESSING PARAMETERS ----
u,'_- sexp( 2.0[Hz], 0.0([s] )
= trapezoid( 0(%], 0(%], 80[%], 100(s) )
] zerofill( 1, TRUE )
24 £€£( 1, TRUE, TRUE )
= machinephase
] ppm
<=
e Nonyueno ws: RAN 31P Tetrahydropyran-2-1.jdf
=
o7
= A Filename RAN_31P_Tetrahydropyran-2
=7 Author delta
Experiment single_pulse_dec
=1 Sample_ld = RAN_Tetrahydropyran-2
=5 Selvent = CHLGROFORM-D
=1 Actual_Start_Time = 4-MAY-2018 02:32:43
= Revision Time = 28-JUL-2020 01:34:16
4 Comment = single pulse decoupled ga
] Data_Format 1D COMPLEX
< Dim_Size = 26214
% X _Domain = 31p
| Dim_Title = 31P
=1 Dim_Units = [ppm]
| Dimensions X
4 Site ECX 400
o1 Spectrometer ITNM-ECX400
hs Field Strength = 9.389766[T] (400 [MHz])
X_Acg_Duration 0.40370176[s]
<1 X_Domain = 31p
v X_Freq = 161.83469309 [MHz]
X offset = 100[ppm]
= ‘ X_points = 32768
=+ I X_Prescans =4
X Resolution 2.47707615 [Ha]
= X_Sweep £1.16883117 [kHz]
== Irz_Domain -
] Trr_Freq 399.78219838 [MHz]
1 Irr_offset 5 [ppm]
<7 = Clipped = TRUE
o = Scans 1000
& ol - Total_Scans = 1000
g o |
ER| | Relaxation Delay = 2[s]
L= Recvr_Ga: 58
g ] ) Temp_Get 22.214¢]
SeT - - - - e - S R - - X_90_Width = 13[us]
; - ; - . T - X Acq_Time 0.40370176(s)
1o 30 [deg]
360 350 340 330 320 31.0 300 290 280 270 260 250 240 230 220 21.0[%39 5.5([da)
X_pulse 4.33333333[us]
Irr_Atn Dec 22.703[dB]
o & Irr Atn Noe 22.703[dB]
S “Noise = WALTZ
- — Decoupling = TRUE
- & Initial Wait = 1{s]
X : parts per Million : 31P Noe = TRUE




HRMS of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-pyran-3-
yllphosphonate (13b)

Sample Name RAN_16 Position Vial 76 Name 1 User Name
1nj Vol 2 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  RAN_16_POS.d ACQ Method Test APPLm Comment Acquired Time 11/3/2018 10:29:51 AM
x10 2 | 'APPI Scan (3.600-3.775 min, 22 Scans) Mag=175.0V RAN_16_POS.d
1.15
114
1.05
4
0.954
0.94
0.85-
0.8
0.754
0.74
0.65
0.6
0.55
0.5
0.454
0.4
0.354
0‘3_ 280.073
0.254
0.15 313.1198
0.1 !
[ o [ WV VRSP | 5 % Y . LAl
-0.05
-0.14

210 220 230 240 250 260 270 280 280 300 310 320 330 340 350 360 370 380 390 400 410 420 430

FTIR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4-phenyl-6-propyl-tetrahydro-2H-

pyran-3-yl)phosphonate (13c)
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IH NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4-phenyl-6-propyl-tetrahydro-

2H-pyran-3-yl)phosphonate (13c) in CDCls

%] ‘ -
- ‘, s e e
SRR a1 | / JEOL
E | | el | I
R ‘ I = || & I k
- ‘ # Meo. 11 HO, Me
= | 2 5| I P.
*] = | ( |
-4 § [ .
= 1y o,
" ‘ H |5 = 'n-Pr
1] [ g I |2 I ‘
| 1
, i NO,
o | |
gl H 5 Filename = ranpyranol-4.3df
-1 " - | £ | Author = shul
= | 3 g ‘ | Experiment = 2g
| Sample_Id = Parameter file, TOPSPINVers
| g _ P Solvent — CHLOROFORM-D.
<] | H 1= = 3 Rewision_Time = 28-JUL-2020 08:25:33
— [ 3 - - P =
J I Comment. = Parameter file, TOPSPINVers
[P ] I " Data_Format = 1D COMPLEX
=] - Dim Size = 8192
| : H X_Domain =18
o Dim_Title =18
= | Dim_Units = [ppm]
! =) | = Dimensions =
- 2 - (g Spectrometer = BRUKER DMX NMR
ST = \ [ H &
E | | | X_Domain = 18
| = 300.13(MHz)
i g ! = TRUE
< | | l N = 2.40104[kHz]
[ | g 8116
7 . [ o
e \ s q Ji | ]J = 6.00956731 [kHz]
- : ] M =1
= [ ™ 5 3
= - \n ST " 9 | & Temp_Get = 303([K]
F LS B - . | Filter_Factor = 3328
o TR e T 0 67 |
=] 0 I |
]
e
)
L] ‘I
s —
g =7 |
= 1
2 I
= f\
£ oo
T T T T T T
170 16.0 150 140 13.0 120 11.0
X : parts per Million : 1H

13C NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4-phenyl-6-propyl-tetrahydro-

2H-pyran-3-yl)phosphonate (13c) in CDCls

=] E )
= 2
= 2
1 =
< s = H
=5 = ‘
] ‘ % ‘ B | |
21 H | | |
$° 1. | . (1.1 ] | ; NO,
1 : - - ie Ll ] [ i
1 H P e et e Filename = ranpyranol-6.3df
il g H = Buthor = shul
1 2 #H 0 MO 204 240 2o B0 180 160 140 Experiment = zgpg3Obase
o] i | 1o, TopsPTNVErs
= - Solvent = CHLOROFORM-D
F] || Revision Time = 28-JUL-2020 08:57:43
1 2 ] 2 g g
1 - | N ‘:‘ T = = Comment = Parameter file, TOPSPINVers
| #1 - | | s paper H Data_Format = 1D COMPLEX
1 - Dim_Size = 16384
] X_Domain =13
=] Dim_Title = 13c
= Dim_Units = [ppm]
“ ] e Dimensions =X
1= Spectrometer = BRUKER DMX NMR
] X_Domain = 13C
i X_Freq = 75.467749 [MHz]
X_Freq_Flip = TRUE
¥ offsat = 8.301453 [kHz]
X_Points = 16316
X Prescans =
] X_Sweep = 18.11394949 (kHz)
B Scans = 1172
] Temp_Get = 303[K)
o Filter_Factor = 1104
=4
- 1
L) 4
<
=B
5
T _ i |
R e
=
£ ]
T T T T T T T T T T T T T T T T T T T T T T T
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
P I |
A VAV
fEeE sCa Z
=his kel xS o
=~ 00~ el sl >
N8N EEE 2
X : parts per Million : 13C
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DEPT NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4-phenyl-6-propyl-

tetrahydro-2H-pyran-3-yl)phosphonate (13c) in CDCls

dEDL:)

---- PROCESSING PARAMETERS ----
sexp( 2.0[Hz], 0.0[s] )

(o]
MEO\:Dl HO l“ME

/
MeO (o] trapezoid{ 0[¢], O[], BO[¥], 100[&] )
zerofill( 1, TRUE )
£££( 1, TRUE, TRUE )
W K machinephase
Ph 'n-Pr Fre
NO Monyweso us: ranpyranol-6.jdf
2
Filename = ranpyranol-7.3df
Author = shul
Experiment = deptl3s
Sample Id = AVANCE II, 300, CDC13

Sclvent = CHLOROFORM-D
Revision Time = 28-JUL-2020 09:20:15

Comment = AVANCE II, 300, cpcli
Data Format = 1D COMPLEX

Din_Size = 32768

X_Domain =13

Dim_Title = 13c

Dim _Units = [ppm]

Dimensions =

Spectrometer = BRUKER DMX_NMR

X_Domain = 13c
X_Freg = 75.467749 [MHz]

= TRUE
8.30468 [kHz]
2700

|

e

8.11394872[kHz]
128

Temp_Get = 303[K]

|
A

(Thousands)

130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30,0 200
A \

93.217
93.027
69.258
49.158 ——
33659 —
29447 —
17.815
13.684 —

i I
2% 85
5ag woa
& o oo
EEER =+
X : parts per Million : 13C

3P NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4-phenyl-6-propyl-tetrahydro-

2H-pyran-3-yl)phosphonate (13c) in CDCls

---- PROCESSING PARAMETERS —---
=] sexp( 2.0[Hz], 0.0[s] )
= trapezoid( 0[+], 0[%], 80[%], 100[%] )
o zerofill( 1, TRUE )
q £££( 1, TRUE, TRUE )
B machinephase
2
‘, Monyueno ms: ranpyranol-7.jdf
‘n-Pr ey 3
1 Filename = ranpyranol-8.jdf
] Author = shul
Experiment = zgpg30base
1 Sample_Id = Parameter file, TOPSPINVers
o | solvent = CHLOROFORM-D
2 Revision_Time = 28-JUL-2020 09:27:35
Comment. = Parameter file, TOPSPINVers
b Data Format = 1D COMPLEX
4 Dim_Size = 32768
X_Domain =3
Dim_Title = a1p
i Dim_Units = [ppm]
Dimensions = X
] Spectrometer = BRUKER_DMX_NMR
X_pomain = 31p
4 X _Freq = 121.494851[MHz]
X _Freq Flip = TRUE
1 X_Dffset = 0[Hz]
2 X_Points = 32692
= X Prescans = 4
1 X_sweep = 49.01960784 [kHz]
‘ Scans -3
] Temp_Get = 303.1(K]
Filter Factor = 408
ks 9 |
El 1
ERR
=]
R
=
A R R B I R B e e B B AR R e A
40.0 39.0 38.0 37.0 36.0 35.0 34.0 33.0 32.0 31.0 30.0 29.0 28.0 27.0 26.0 25.0 24.0 23.0 22.0 21.0 20.0 19.0
=3 =
= =
I 2
= e
) oA
X : parts per Million : 31P
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HRMS of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4-phenyl-6-propyl-tetrahydro-2H-pyran-

3-yl)phosphonate (13c)

Sample Name RAN_19 Position Vial 79 Name Ir 1 User Name

Inj Vol 2 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  RAN_19_POS.d ACQ Method Test APPLm Comment Acquired Time 11/3/2018 11:17:42 AM
x10 2 | ' APFI Scan (4.572-4.714 min, 18 Scans) MNrag=175.0VY RAN_19_FPOS.d
1154
1 14
1.05
44
0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55-
0.5
0.45
0.4
0.35
0.3
0.25
0.2
061:%- 255.0786
0.05 167.0470 _ 5530523 ‘ o i
0 PRPRRLIY B A O U L i ey o .[Jh |l L 11 . “14'1. .'.‘) o 506.1500
_0.05-
-0.14

370.1418

280.0736

341.1517

L
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FTIR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-6-isobutyl-2-methyl-5-nitro-4-phenyl-tetrahydro

2H-pyran-3-yl)phosphonate (13d)
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IH NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-6-isobutyl-2-methyl-5-nitro-4-phenyl-tetrahydro

2H-pyran-3-yl)phosphonate (13d) in CDCls

" ]
. Fol %+ | JEOL
< ‘ f
= |
2 l
H ‘ I
. \ 2 i-Bu
- | i " NO
3 1 |‘ | 2
|
= || | | I i Filename RAN_1H DiMe (2-OH-§-iBu-2-
N it z Ruthor delta
= ‘ | ' I Experiment single_pulse. ex2
. ‘ | I sample Td RAN_DiMe (2-OH-6-iBu-2-Me-
g \ | ‘ | | Solvent CHLGROFORM-D
- = Actual_Start_Time = 20-NOV-2018 15:06:25
2 M = | i " " Revision Time = 28-JUL-2020 10:37:42
- I i | -
B it ‘l Iif H Il B Comment. single_pulse
- “‘ | U i rl 1 Data_ Format 1D COMPLEX
z I i | Dim_Size 26214
= X_Domain 18
s il 4 | Dim Units = [ppm]
g | o \‘ Dimensions -
: I i Site = ECX 400
; | ‘ ‘ Spectromater = TM-ECX400
g I
- H | Il Field Strength 9.389766(T] (400[MHz])
3 X_Rog Duration 4.36731904(s)
- l X_Domain 1H
= = l X Freg 39978219830 [Mrz]
|| xofeser 7(ppm)
| || % points 32768

I X_Prescans

| | | x_Resolution 0.22897343 [Hz]

B X_Sweep 7.5030012 [kz]
= o4 |d= Ire_Domain 18
734 3534 33 32 31 = 1213 |2 Irz Freq 399.78219838 [MEz]
I | | ¢ = Slppm)
| | | | i =18
I / = 39978219838 [Mrz]
| ‘ AN = S(ppm)
g | H = FaLse
2 il ' \‘ %78 e Scans =8
k= I ! | Total_Scans =a
= | |
= IR f Ll JL WA .| melaxation Delay = 5[s]
Cl Recvr_Gain 32
T Temp_Get 22.2([dC)
X 4.0 X_90_Width 11.9[us)
T ‘l ¥ Req_Time 4.36731904(s)
F X Angle 45[deg]
Al ¥_Atn 3[dB]
22 : = X _Pulse 5.95[us]
23 = Irr_Mode ofs
. <+ < d — Tri_Mode = Off
X : parts per Million : 1H Dante_Presat = FALSE

13C NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-6-isobutyl-2-methyl-5-nitro-4-phenyl-

tetrahydro 2H-pyran-3-yl)phosphonate (13d) in CDCls

o ] ‘
=1 =] ‘
bl )
=E , =
= 1
s § & [
ol | _
<2 1 e °
e |
S :
] | NO,
=3 H s |
g | | I &
S - | y il ‘\ | Filename = RAN_13C_DiMe (2-OH-6-1iBu-2
1 T | | | Author = delta
— L 1l [
! ,,'f‘ l*dl N | Lw Experiment = single_pulse_de
< WH MM’M\' ‘l’t“"" M’ i | Sample_Td = RAN_Dille (2-0f-6-1Bu-2-Me-
= | | Solvent = CHLOROFORM-D
2 g E | Actual_Start_Time = 20-NOV-2018 15:10:23
= ER - | Revision Time = 28-JUL-2020 11:13:40
|
) den e Comment = single pulse decoupled ga
S 1 Data_Format = 1D COMPLEX
= I ‘ | Dim_Size = 26214
. s 0z | X _Domain =13¢
= | M 99 LN MY RET T Dim_Title = 13C
= Dim Units = [ppm]
] £ Dimensions =x
&3 FR R R e e R e e | = Eex 400
= ‘ TR S et ,lml H || e rometer  m-mexsoo
w1 ‘ 1 Field Strength = 9.389766(T] (400[MHz])
S X Acq Duration = 1.04333312(s)
S 3 = = i X Domain 3¢
] M X g per Milion : 13C X Freq 0052530333 [MHz]
23 N X_Offset 20 [py
= é X_Points 12768
H X _Prescans =a
en H ¥_Resolution = 0.95846665 [Hz]
= 2 *_Sweep = 31.40703518 [kHz]
= Irr_Demain -
- Irr Freq = 399.78219838 [MHz]
(= Irr_Offset = 5(ppm]
=E Clipped = TRUE
] cans = 1000
2= Total_Scans = 1000
=
,g 4 Relaxation_Delay = 2[s]
2 1 _|| | Recvr_Gain = 40
2o " “ Tﬂ;‘;’c:;m = 22.5[dc]
& X W = 8.
T T T T T T T T T T T T T ( Acq_Time = 1.04333312[s]
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130. 0]20 01 IU 0100 090 0 80 0 70 0 60 0 50 0 400 30,0 20 0 10.0 0 |x angle = 30[deg]
N Il n By A e - Jokeml
) il A X_Pulse = 2.72[us]
AR TN A / &) Irr_Atn_Dac =
29z 2993 E ﬁEQEgQQﬁﬂg;&ﬂ Irr_htn Noe
N Beao SEon XM gMn T ®xa =% 830l | Irr Noise
[ O ol e = == TS T el e == | pacouplin
Mooe Al e ER- S e nwmT s FAAAMMANM apling
o - Initial Wait
X : parts per Million : 13C Noe
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DEPT NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-6-isobutyl-2-methyl-5-nitro-4-phenyl-

tetrahydro 2H-pyran-3-yl)phosphonate (13d) in CDCls

abundance
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My fh ) |
o [/ |
it il r|.““/”,# """""P"la”"\,‘v‘l, ol
T R RTH AT
X st e i H
. {
=]
“y

1o

A0 3 00 10

500

)

a1

Eye—

X parts per Million : 3¢

Wl yn'u‘

IR AL R R T T T ESARSSR SRR R DAL
240.0230.0220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0
| Il

X : parts per Million : 13C

128.562 ~,

127.971

BN

\ f AN
a2 FE m®—De cim®Ea
T3 % —ME—D ;AL
= FFM o moRTm e
e e Mmoo oo Fe
=3 CE mEmATTF Adada

T T T
50.0 40.0 30.0 20.0 1

T
0.0

23.091

Filename

Author

Experiment
Sample_Id

Solvent

Actual Start_Time
Revision_Time

Comment.
Data_Format
Dim_Size
X_Domain
pim_Title
Dim_Units
Dimensions
Site
spectrometer

Field_Strength

Irr_rreq
Irr_offset
Clipped
Scans
Total_Scans

Relaxation Delay
Recvr_Gain

Decoupling
Initial Wait
J_Constant
Selection_Angle

NO,

RAN_DEPT135_DiMe (2-OH-6-1
delta

dept.ex2

RAN_DiMe (2-OH-6-iBu-2-Me-
CHLOROFORM-D

20-NOV-2018 16:01:27
28-JUL-2020 11:20:59

DEPT with decoupling
1D COMPLEX

26214

13¢

13c

{ppm]

X

ECX 400
JNM-ECX400

9.389766 (T] (400 [MEz])
1.04333312(s]

13c

100,52530333 [MHz]

120 [ppm]

32768

1
0.95846665 [Hz]
31.40703518 [kHz]

399.78219838 [Miz]
5 [ppm]

2(s)
a6

22.4[4c)
1.04333312(s]
7.8(dB]
8.16[us)

3[dB]
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3P NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-6-isobutyl-2-methyl-5-nitro-4-phenyl-

tetrahydro 2H-pyran-3-yl)phosphonate (13d) in CDCls
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---- PROCESSING PARAMETERS ----

sexp( 2.0(Hz], 0.
trapezoid( 0[%],
zerofill{ 1, TRUE
£€t( 1, TRUE, TRU
machinephase

ppm.
phase( 77, 0, 50[

6[s] )
0[%], BO[®%], 100[%] )
)

%1 )

Nonyueno us: RAN_31P DiMe (2-OH-6-iBu-2-Me-5-N

X : parts per Million : 31P

[
o
=]

28.015

27.0 26.0

27.372

Filename

Author

Experiment
Sample_Td

Salvent
Actual_Start_Time
Revision_Time

Comment
Data_Format
Dim_Size

X _Domain
Din_Title
Dim_Units
Dimensions
Site
spectrometer

Field Strength
X_Acq Duration
% Domain

X Freq

Total_Scans

Relaxation Delay

Irr_Atn Noe
Irr Noise
Decoupling
Initial Wait
Noe

RAN_31P_DiMe (2-OH-6-1Bu-2
delta

single_pulse_dec

RAN_DiMe (2-OH-6-iBu-2-Me-
CHLOROFORM-D

20-NOV-2018 21:25:09
28-JUL-2020 11:28:01

single pulse decoupled ga
1D COMPLEX
26214

3p

31

Lppm]

X

ECX 400
JNM-ECK400

9.380766[T] (400 [MHz])
.40370176(s]

e
161.83469309 [MHz]

2.47707615Hz]
81.16883117 (kHz]

39978219838 [MHz]

4.33333333(us]
22.703 [dB]
22703 [dB]
WALTZ

"RUE
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HRMS of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-6-isobutyl-2-methyl-5-nitro-4-phenyl-tetrahydro 2H-

pyran-3-yl)phosphonate (13d)

Position
InjPosition
ACQ Method

Sample Name Unavailable
1Inj Vol Unavailable
Data Filename  RAN_Phos_03.d

Unavailable
Unavailable

ilabi User Name
pleType 1 IRM Calibration Status
Comment Sample i is i quired Time

Name L Unavailable
Success

Unavailable

x10 7
5
4.8
4.6+
A4 44
A4 24
4]
3.8
3.6
3.44
3.24
a
2.8
2.6
2 44
2 24
24
1.84
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1 4
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44
0.8
0.6
0.4
0.2

O
Meo\,':' HO ‘\‘Me
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l 213.10655
|

+APPI Scan (4.801 min) Frag=175.0V RAN_Phos 03.¢
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FTIR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4,6-diphenyltetrahydro-2H-pyran-
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IH NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4,6-diphenyltetrahydro-2H-

pyran-3-yl]phosphonate (13e) in CDCls

.‘

i | = |
=
i 1=
| | /
1 | | | s
| 1 |
- 1 | |
<
“ -
9 3 |
|
1 M | !
1 /] |
1l I f - 1 | Filename RAN_1H_tetrahydropyran-2-
A I =] | N | Author delta
1 | | | - - 4 Experiment ingle_pulse.ex2
] | 1 | Sample_Id RAN_tetrahydropyran-2-ol
I | { Solvent
1 .I | 1 Actual_Start_Time
1 | 1 Revision_Time
< =3 I
2 ‘ | 2 | | I | Comment
i (l
, I :
1 [ . ,J‘-“‘LL/‘"‘«J L Spactromater
] | H I Field Strength = 9.389766[T] (400 [MHz])
| Y e X Acq Duration = 4.36731904(s]
1 | =z X_Domain =18
9 | = 399.78219838 [MHz)
{ = Tippm]
7 = 32768
X s Vhilion - 1
X_Resolution 22897343 [Hz]
X _sweep = 7.5030012(kHz]
T TT——T—— T Trr_Demain =18
] ,T. 352 51 50 49 48 -A‘Lllli-u “UI‘ TorBoen 2 36078219838 [uta
I A L Mrtiee it
2NN / < = / Tri_Domain =1
] g - = | | Tri_Freg 9978219838 [MHz]
—_— X s per Million - 1H | Tri Offset [pp!
o 1 | | 1 Clipped ALSE
. J | Scans
g | | Total_Scans =
ER /
2 i *;__JNL Relaxation Delay = 5[s]
Gl Recvr_Gain = 50
; | | | | O T [ T T T T T Tamp, Gat - 21.4rdc]
14.0 13.0 12.0 1.0 10.0 9.0 5.0 3.0 2.0 1.0 0 *_90_Width = 11.9[us]
n X_hcq_Time .36731304 (5]
t A ‘ ¥ _Angle = 45[dag]
IVARY X _Atn = 3[dB]
[ N- X _Pulse = 5.957us)
asg g ITr_Mode = off
s 3 e el = Tri_Mode = oft
X : parts per Million : 1H Dante_Presat = FALSE

13C NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4,6-diphenyltetrahydro-2H-

pyran-3-yl]phosphonate (13e) in CDCls

S
=g
a
NO,
Filename = RAN_13C_tetrahydropyran-2
. Author = delta
S4 Experiment = single_pulse_dec
= Sample_Id = RAN_tetrahydropyran-2-ol
Solvent = CHLOROFORM-D
Actual_Start_Time = 16-MAY-2018 19:3
| Revision_Time = 28-JUL-2020 12:0
Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
1 Dim_Size = 26214
X_Domain = 13C
Dim_Title =13c
Dim Units = [ppm]
=X
site = ECX 400
Spectrometer = JNM-ECX400

Field_Strength
X_Acq_Duration

9.389766[T] (400 [MHz])
1.04333312(s)

‘ | Dimensions

13c

100.52530333 [MHz)
120 (ppm]

32768

4

o o Y I

0.95846665[Hz)

%
?I
"
o
2
1
&
i
o
E

(]

X_Sweep 31.40703518 [kHz]
Irr_Domain =
1 Irr_Freq = 399.78219838 (MHz]
Irr_Offset = 5(ppm]
= Clipped = TRUE
e Scans = 3000
-‘é 4 Total_Scans = 3000
§ Relaxation Delay = 2[s]
2 Recvr_Gain = 46
= Temp_Get = 21.7[dC)
2o X_90_Width = 8.16[us)
T T T T T LARESS BRA T Ty Ty X_Acq_Time = 1.04333312[s]
130.0 120.0 110.0 100.0 90.0 80.0 70.0 30.0 X_Angle = 30[deg]
11 X_Atn = 7.8([dB]
/ /A X_Pulse = 2.72[us]
/| I/ Irr_Atn_Dec = 22.703(dB]
B RR L Q = Irr_Atn_Noe = 22.703[dB]
T % 38 ® < Irr Noise = WALTZ
g - - & <} - Decoupling = TRUE
apllien: Initial Wait = 1[s)
S per Noe = TRUE
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DEPT NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4,6-diphenyltetrahydro-2H-

pyran-3-yl]phosphonate (13e) in CDCls

] 0 o
1 ---- PROCESSING PARAMETERS ----
J sexp( 2.0(Hz], 0.0(s] )
trapezoid( O[], 0[%], 80[%], 100[%] )
1 zerofill( 1, TRUE )
o ££6( 1, TRUE, TRUE )
= machinephase
e | PR
4 Nonmyueno ms: RAN_DEPT135_tetrahydropyran-2-ol
1 Filename = RAN_DEPT135_tetrahydropyr
4 Author = delta -
Experiment = dept.ex2
1 Sample Td = RAN_tetrahydropyran-2-ol
=1 Solvent CHLOROFORM-D
=4 Actual Start_Time = 16-MAY-2018 22:02:47
& Revision Time = 28-JUL-2020 12:04:07
4 Comment = DEPT with decoupling
1 Data_Format = 1D COMPLEX
Dim_Size = 26214
1 X _Domain =13¢
1 Dim Title = 13c
Dim Units = [ppm]
1 Dimensions =X
1 Site = ECX 400
1 Spectrometer = JNM-ECX400
o1 Field Strength 9.389766[T] (400 [MHz])
=4 X_Acq Duration 1.04333312(s)
= X Domain 13¢
1 X Freq 10052530333 (MHz]
4 X_Offset 120 [ppm]
] X_Points 32768
I X _Prescans a
1 ¥_Resolution 0.95846665[Hz]
*_Sweep 31.40703518 [kHz]
1 Trr_Domain 18
Irr Freq 39976219838 (MHz]
Irr_Offset 5 (ppm]
= 4 Clipped TRUE
= | Scans = 1000
| ] Total_Scans = 1000
Eo “
% Relaxation Delay = 2(s]
2 ! | Recvr_Gain =45
E=l Temp_Get 21.6[dC]
= X_Acq_Time 1.04333312(s)
T T T T T T T T T T T T T T X Atn 7.8[dB]
1500 140.0 130.0 120.0 1100  100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 | x_pulse = 8.16[us]
| | " L Trr_Atn = 3[aB]
AN / N \\\\ | Irr_Atn_Dec = 22.703[dB]
A VNN Irr Noize = WALTZ
E kg = % ggeggs ® Irr_pulse = 11.9[us]
= o W S o ) Decoupling = TRUE
33 IS ARERESTF a Initial Wait Cue
o onstan = z
X : parts per Million : 13C selection_Angle = 135[deg]

3P NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4,6-diphenyltetrahydro-2H-

pyran-3-yl]phosphonate (13e) in CDCls

sl

dEOLO

~--- PROCESSING PARAMETERS ----
sexp( 2.0(Bz], 0.0(s] )

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

££t( 1, TRUE, TRUE )

machinephase

“Ph 7om

Nonyweno us: RAN_31P_tetrahydropyran-2-o0l-2.j

o
]

0

0.18
sl linadig

Filename = RAN_31P_tetrahydropyran-2
Author = delta
Experiment = single_pulse_dec
Sample_Id = RAN_tetrahydropyran-2-ol
Solvent = CHLOROFORM-D
Actual_Start _Time = 17-MAY-2018 01:4:
Revision_Time = 28-JUL-2020 12:0'
Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
Dim _Size = 26214
X_Domain = 31p
S3 Dim_Title = 31p
bl Dim Units = [ppm]
= | Dimensions =X
) x | Site = ECX 400
S4 Spectrometer = JNM-ECX400
=
3 Field Strength = 9.389766(T] (400 (MHz])
E| X_Acq_Duration = 0.40370176(s)
© 3 X_Domain = 31p
24 X_Freq = 161.83469309 (MHz)
S 3 X_Offset = 100 [ppm]
4 X_Points 32768
3 [ X_Prescans 4
33 X_Resolution = 2.47707615[Hz]
=k | X_Sweep = 81.16883117 [kHz]
k| Irr_Domain -
= | \ Irr_Freq = 399.78219838 [MHz)
P Irr_Offset = 5([ppm)
S Clipped = TRUE
=F| | Scans = 1000
o 3 Total_Scans = 1000
8 4
g | i ; oyl | Lt | | It L | Relaxation Delay = 2[s]
2 g B A S M 255 2
£ 7 e ! bl | | ! uhl d Temp_Get = 21.7[dC]
£ - X_90_Width = 13[us)
1 T T v T G T T T v T X_Acq_Time = 0.40370176([s]
X_Angle = 30[deq]
70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 X atn - 5.5(a8)
X_Pulse = 4.33333333[us]
Irr_Atn_Dec = 22.703(dB]
~ Irr_Atn_Noe = 22.703[dB]
° Irr Noise = WALTZ
< Decoupling = TRUE
e 3 Initial Wait = 1[s)
X : parts per Million : 31P Noa = TRUE
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HRMS of dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2-methyl-5-nitro-4,6-diphenyltetrahydro-2H-pyran-3-
yllphosphonate (13e)

Sample Name RAN_17 Position Vial 77 Name Ir 1 User Name
1Inj Vol 2 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  RAN_17_POS.d ACQ Method Test APPLm Comment Acquired Time 11/3/2018 10:45:48 AM
x10 2 | ' APPI Scan (4.484-4.760 min, 34 Scans) MNrag=175.0V RAN_17_FOS.¢
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FTIR spectra of dimethyl [(2S,3R,4S,5S,6R)-6-(4-chlorophenyl)-2-hydroxy-2-methyl-5-nitro-4-

phenyltetrahydro-2H-pyran-3-yl]phosphonate (13f)
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IH NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-6-(4-chlorophenyl)-2-hydroxy-2-methyl-5-nitro-4-

phenyltetrahydro-2H-pyran-3-yl]phosphonate (13f) in CDCls
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DEPT NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-6-(4-chlorophenyl)-2-hydroxy-2-methyl-5-nitro-4-

phenyltetrahydro-2H-pyran-3-yl]phosphonate (13f) in CDCls
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X : parts per Million : 13C

Filename = RAN_DEPT135_tetrahydropyr
Author = delta

Experiment = dept.ex2

Sample_Td = RAN_tetrahydropyranol(p-C
solvent = CHLOROFORM-D

Actual Start Time = 29-MAR-2019 12:26:57
Revision_Time = 28-JUL-2020 12:49:34

Comment. -
Data_Format
Dim_Size
X_Domain
Dim_Title
Dim_Units
Dimensions
Site
Spectrometer

DEPT with decoupling

JNM-ECX400

Field_Strength
X_Acq_Duration

= 9.389766(T] (400([MHz])
.04333312(s]

*_Domain

X Freq 00, 52530333 [MAz]
X_Offset 20 [ppm]

X Points 2768

95846665 [Hz]

" Sweep 1.40703518 [kiz]
Irr_Demain B

Irr Freq 9978219838 [MHz]
Irr_Offset [ppm]
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Recvr_Gain =
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135 [deg]

3P NMR spectra of dimethyl [(2S,3R,4S,5S,6R)-6-(4-chlorophenyl)-2-hydroxy-2-methyl-5-nitro-4-

phenyltetrahydro-2H-pyran-3-yl]phosphonate (13f) in CDCls
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---- PROCESSING PARAMETERS ----
sexp( 2.0(Hz], 0.0(s] )
trapezoid( O[], 0[%], 80[%], 100[%] )
zerofill( 1, TRUE )

££6( 1, TRUE, TRUE )

machinephase

ppm.
phase( -45, 0, 50(%) )

Nonyueno ws: RAN 31P_tetrahydropyranol (p-C1Ph

29-MAR-2019 13:20:22
28-JUL-2020 12:54:17

Filename = RAN_31P_tetrahydropyranol
Author = delta

Experiment = single_pulse_dec

Sample Td = RAN_tetrahydropyranol (p-C
Solvent = CHLOROFORM-D

Actual_Start_Time
Revision_Time

Comment = single pulse decoupled ga
Data_Format = 1D COMPLEX
Dim_Size = 26214
X_Domain = 31p
Dim Title = 31p
Dim_Units = [ppm]
Dimensions =X
i = ECX 400
Spectrometer = JNM-ECX400

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

0.40370176(s]

% Domain ap

X Freq 161.83469309 [MHz]
X_Offset 100 (ppm]

X_Points 32768

47707615 [Hz]

T T T
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26.729

X : parts per Million : 31P

X_sweep 81.16883117 [kHz]
Irr_Domain

Irr Freq 39978219838 [MHz]
Irr_offset 5 [ppm]

Clipped TRUE

Scans = 1000
Total_Scans = 1000
Relaxation Delay = 2[s]
Recvr_Gain =58

Temp_Get = 23.7[dc]
X_90_Width = 13[us]
X_Acq_Time = 0.40370176[s]
*_Angle = 30[deg]

X_atn = 5.5[dB:

¥_Pulse = 4.33333333[us]
Irr_Atn_Dac = 22.703[dB]
Irr_Atn_Noe = 22.703[dB]

Irr Noise WALTZ
Decaupling TRUE

Initial Wait =1[s)

Noe = TRUE
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HRMS of dimethyl [(2S,3R,4S,5S,6R)-6-(4-chlorophenyl)-2-hydroxy-2-methyl-5-nitro-4-phenyltetrahydro-

Position
InjPosition
ACQ Method

Sample Name RAN_Phos_02

Inj Vol 1
Data Filename  RAN_Phos_02.d

2H-pyran-3-yllphosphonate (13f)

Instrument 1
Sample

Instrument Name

SampleType
Comment

Vial 82

Test APPLm

User Name
IRM Calibration Status
Acquired Time

Success
11/20/2019 5:20:14 PM

x10 A

1.654
1.64
1.554
1.5
1.454
1 44
1.354
1.3
1.254
124
1.154
11
1.054

1 158.0713

213.0673

1 APPI Scan (4.845-4.878 min, 5 Scans) Mrap=175.0V RAN_FPhos_02.¢
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FTIR spectra of dimethyl [(2R,3S,4S)-2,6-dimethyl-3-nitro-4-phenyl-3,4-dihydro-2H-pyran-5-

yllphosphonate (14)

100—
= Dk ; :
75 Rew o M gl /4 ¢/
A O e :
53 MeO _Ii 2l 58 Qg
RGN ~p SN O & e
= S ) | Sa 58 \[2EZ
50— Mes § 3-8 FEEL
. o ., S o= T
. Ph" Me 8 5 g
5 = a8
25— NO; N -
= g 12
] \ 0 3
0 = : 3
1 | =
T T T T ‘ Ty T T ‘ T T T T T T T T ‘ T T T T T T T T T T ‘ T T T \ T T T T T T e T T T T T T | T
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
cm-1

S143



IH NMR spectra of dimethyl [(2R,3S,4S)-2,6-dimethyl-3-nitro-4-phenyl-3,4-dihydro-2H-pyran-5-

ylJphosphonate (14) in CDCls

1.0 1.2
T I TTETTTIN PRI PRI PO
07 08 as
5
0o 1

0.9

w7

0.7 0.8
Lond o b

0.6

3 04

0

0.5

0.4
|

0.3

5.04

02

AR F Million - 11

0.1

0

(Thousands)

AN

3.02
3.04

(JEOLD
MeO\‘I:I) e

P
MeO” =70

T T T T T T
17.0 160 150 140 13.0 120 110 100 90

X ¢ parts per Million : 1H

T
8.0

o T
Ph Me
NO,

Filenane = ranpyran-d.jdf
Author =
Experiment = zg
Sample_Id = Parameter file, TOPSPINVers
Solvent = CHLOROFORM-
Revision Time = 28-JUL-2020 13:84:57

Comment = Parameter file, TOPSPINVers
Data_Format = 1D

Dim_Size = 8192

%_Domain =18

Dim_Title =1m

Dim Units = [ppm]
Dimensions =

Spectrometer = BRUKER_DMX_NMR
%_Domain =18

X Freq = 300.13[MHz]
X_Freg Flip = TRUE

X offset = 2.40104[kHz]
X_Points = 8116
X_Prescans = 0

*_Sweep = 6.00956731 [kiz]
Scans =1

Temp_Get = 303(K]

Filter_Factor = 3328

13C NMR spectra of dimethyl [(2R,3S,4S)-2,6-dimethyl-3-nitro-4-phenyl-3,4-dihydro-2H-pyran-5-

yllphosphonate (14) in CDCls
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0 s
Ph* Me

NO,
Filename ranpyran-5.jdf
Author hul
Experiment
Sample_Id , TOPSPINVers
Solvent

Revision Time = 28-JUL-2020 13:49:59

Comment. Parameter file, TOPSPINVers
Data_Format PLEX
Dim_Size

X_Domain

Dim_Title

Dim_Units

Dimensions

Spectrometer = BRUKER_DMX_NMR
X _Domain = 13c

X Freq = 75.467749 [MHz]
X Freq Flip = TRUE

X_Offset = 8.301453 [kHz]
X_Points = 16316
X_Prescans = 2

X_Sweep = 18.11394949 [kHz]
Scans = 726

Temp,_Ge! = 303 (K]

Filter Factor = 1104
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DEPT NMR spectra of dimethyl [(2R,3S,4S)-2,6-dimethyl-3-nitro-4-phenyl-3,4-dihydro-2H-pyran-5-

ylJphosphonate (14) in CDCls
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---- PROCESSING PARAMETERS ----

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

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

£ft( 1, TRUE, TRUE )

machinephase

ppm

Honyuemo us: ranpyran-5.3df

07 W0 a0 470 w60
Il

Filename = ranpyran-6.jdf
Author = shul

Experiment = deptl3S

sample_Id = AVANCE II, 300, CDC13
Solvent = CHLOROFORM-D

Revision_Time = 28-JUL-2020 13:55:06

Comment. = AVANCE II, 300, CDC13
Data_Format = 1D COMPLEX

Dim Size = 32768

X_Domain =13

Dim_Title = 13c

Dim Units = (ppm]
Dimensions = X

Spectrometer = BRUKER_DMX_NMR
X_Domain =13c

X_Freq = 75.467749 [MHz]
X_Freq Flip = TRUE

X_Offset = 8.30468(kHz]
X_Points = 32700
X_Prescans =4

X_Sweep = 18.11394872 [kHz]
Scans =128

Temp_Get = 303([K]

Filter_Factor = 1104
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3P NMR spectra of dimethyl [(2R,3S,45)-2,6-dimethyl-3-nitro-4-phenyl-3,4-dihydro-2H-pyran-5-
yllphosphonate (14) in CDCls
<
2
JEOL : >
O Me ==== PROCESSING PARAMETERS ----
MeQO_ 1l sexp( 2.0(Hz], 0.0(s] )
trapezoid( O[%], O0[%), BO[%], 100[%] )
E410( 1,
. Meo” Y- O It 1, Tave, aom )
= machinephase
= . e Y, PP
Ph Me Monyueno ua: ranpyran-6.3jdf
NO,
Filename = ranpyran-7.jdf
=N Experiment = zgpgiobase
27 Sample Id = Parameter file, TOPSPINVers
1 Solvent = CHLOROFORM-D
Revision_Time = 28-JUL-2020 13:58:48
coment = paramster file, Topsermvers
Data Format = 1D COMPLE!
Dim Size = 32768
X_Domain =31
Dim _Title = 3ip
e e
= Dimensions =
g— Spectrometer = BRUKER DMX NMR
] X_Domain = 3ip
X_Freg 21.494851 [MHZ)
X_Freq Flip 'RUE
X_Offset = 0[Hz]
X_Foints = 32692
X_Prescans =4
X_Sweep = 49.01960784 [kHz]
Scans =29
= femp et = 303,108
= Filter_Factor = 408
o)
g
g
=
e e e
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HRMS of dimethyl [(2R,3S,4S)-2,6-dimethyl-3-nitro-4-phenyl-3,4-dihydro-2H-pyran-5-ylJphosphonate (14)

Sample Name  Unavailable Position Unavailable Instrument Name Unavailable User Name Unavailable
Inj Vol Unavailable InjPosition Unavailable ype Ur IRM Calibration Status Success
Data Filename  RAN_Phos_10.d ACQ Method Comment Sample ir is i ired Time Unavailable

x10 2 | ' APFI Scan (4.088-4.105 min, 3 Scans) MNrag=175.0V RAN_Phos_10.c
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9. Copies of HPLC chromatograms for compounds 6a—d,f and 13b

HPLC for dimethyl [(2R,3S)-4-nitro-1-oxo-1,3-diphenylbutan-2-yllphosphonate (6a)

(2R, 35)- enantiomer
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HPLC for mixture of (2R,3S)-6a and (2S,3R)-6a enantiomers

(2R, 3S)- and (2S,3R)- mixture of enantiomers
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HPLC for racemic dimethyl [1-(4-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yl]-phosphonate (6b)
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i LabSolutions

Wmsa obpasua
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Buanal No.
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HPLC for dimethyl [(2R,3S)-1-(4-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-yl]-phosphonate (6b)

= SHIMADZU

W LabSolutions OTYeT AHanu3s

OMe
Wms obpasua :p-meo  adduct3
ID oBpasua :p-meo  adduct3 H
k] aiina AaH. :p-meo  adduct3.led
Wwms caiina meToaa : Baseline_check_.Icm (2R.395)
WmMs dpaiina cepuu 2
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HPLC for racemic dimethyl [1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate (6¢)
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MUH

[Hetektop A Kanan 1 210Hm z
Muk No1. |Bp.yaepx. | Mnowans%

sl 1,697 49,814
[ 2] 22295 50,186
L Cymma | 100,000
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HPLC for dimethyl [(2R,3S)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate (6¢)

7 SHIMADZU

i LabSolutions

Wwms obpasua

:m-meo  Adduct_20%130grad_AD120muH

OT1yeT AHanusa

OMe

ID oBpasua ‘m-meo  Adduct_20%AD__120muH
Umsi gaﬁna AaH. “m-meo  Adduct 20%30gradAD_120muH.lcd (2R.3S5)
Wms paiina metoga : rpagvienTi.lcm
Wms aiina cepumn 5
Buanal No. 011 Tun obpasua : HenasecTHbIN
O6vem seea. Npobb! 110 mMKn
[arta c6opa AaHHbIX :27.11.2019 15:05:59  MonyueHo (kem) : System Administrator
[ata ob6pabotku - 27.11.2019 15:42:51  O6pabotaHo (kem) : System Administrator
mMB
r © Netextop A Karan 1 210H
=
1000 %
1 (2R,3S)
500
1 (2S.3R)
<+
(=]
@
0_
\j % J T X b T ¥ ¥ T 5 Y T % b ¥: T %
0 5 10 15 25 30
MUH

Detekrop A KaHan 1 210HM :
vk No. Bp.yaepx.. Mnowaab |
;|

[ zf
Cymma

11,716
22,304 |

99,809
0,191
100,000

HPLC for racemic dimethyl [1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

é SHIMADZU

Wmsi obpasua

ID o6pasua

Wmsa caina aaH.
Wwms cbaiina meToaa
Wmsi haiina cepumn
Buanal No.

O6vem BBeA. Npobbl
[ata c6opa AaHHbIX
[ara o6pa6oTku

LabSolutions

rac)Adduct7_20%AD__120MuH

1141 Tun obpasua

: 10 mkn
:19.12.2019 18:55:30
:19.12.2019 19:23:05

MonyueHo (kem)
O6pabotaHo (kem)

OT1yeT AHanusa

3 m-meoErac;Adduct7_20%130grad_AD1 20MuH

: m-meo! T

X m-meo(rac)Adduct7_20%309radAD_1 20MuH.lcd
: rpagveHT1.lcm

MeO Il H OMe

Ph

mMB
r 2 Detektop A Kanan 1 210H
400 o 2
] (25,39) "g,_
300
] (2R3R)
200
100
O{’Mv
S T g || = e T Ve
0 5 10 15 20 25

Detextop A Kanan 1 210HM
| Muk l\&@mnge%s [ NMnowagp% |
[

25! ,260| 49,781
[ 2/ 12789 50,219
Cymma 100,000

S150

MUH



HPLC for dimethyl [(2R,3R)-1-(3-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

a./
o 0
MeO \||D| H OMe
= SHIMADZU O A MeO
Wi .
.t LabSolutions TYET AHAJINS o ANO;
Wms obpasua : m-meo Adduct6_20%130grad_AD120MuH H
ID obpasua : m-meo Adduct6_20%AD__120muH
Wms charina paH. : m-meo Adduct6_20%30gradAD_120muH.Icd
Wwms daitna metoga : rpaguenTi.acm
Wwms dhaiina cepumn :
Buanal No. : 11 Tun obpasua

O6bem BBeA. Npobbl 110 mMkn
[Hata c6opa AaHHbIX :19.12.2019 18:17:52  lMony4eHo (kem)

[Hata obpaborku :19.12.2019 19:02:54 O6paboraHo (kem)
mB
T ] [HetekTop A Kanan 1 210HMm
750+ ;
] (2R,3R)
500-
2501
0 M‘r
T Y R A e = s T
0 5 10 15 20 25 30

eTekTop AKanan 1 210Hm
Muk No.|Bp.yaepx. Mnowaas%
1] 12,802] 100,000
Lgmma P ] T o] 100 ,000

HPLC for racemic dimethyl [1-(2-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate

Meo Il H | M9
MeO”
SHIMADZU
LabSolutions OTYET AHanusa AN

Wwms obpasua O-meo(rac)Adduct_15%130grad_AD120MuH H
ID obpasua : 0- meo(rac)Adduct_15%AD__120muH
Wms caitna aaH. : O-meo(rac)Adduct_15%30gradAD_120muH.Ilcd
Wma daitna metoaa : rpaguenTi.lcm
Wms caitna cepun :
Buanal No. 1141 Tun o6pa3ya : HensgecTHbIl
OG6vem eeea. Npobbl : 10 mkn
[ara cBopa aaHHbIX :27.11.2019 17:50:08  MonyueHo (kem) : System Administrator
[ara o6pabotku :27.11.2019 18:32:54  OBpaboraHo (kem) : System Administrator
mB

3 § E [erekTop A Kaxan 1 210HM

| ﬂe {\:‘

| |

1 (25,39) | (

1 (2R.3R)

25
0_—_/M\—V7
‘: A 5 S WA T 14 T T o) T
0 5 10 15 20 25

Hetekrop A Karan 12106M
Muk No. Bp.yaepx.| Nnowaas% |
1

115085 50,111,
2 17.476 49,889
Cymma | 100,000
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HPLC for dimethyl [(2S,3S)-1-(2-methoxyphenyl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate (6d)

: o O mMeo
i SHIMADZU O A MeO\II:I H
44 LabSolutions TY4EeT AHAlIIN3a e
Wms obpasua : O-meo 1Adduct_15%130grad_AD120mMuH
ID oBpasua :O-meo  Adduct_15%AD__120mMuH NO,
WUms daiina aax. :O-meo  Adduct_15%30gradAD_120muH.lcd Ph
Wms aitna metoaa : rpagveHTi.lem
Wms taiina cepun :
Buanal No. 111 Tun obpasua : HensBecTHbI Seac
O6bem BBeA. NpoBbl ;10 MKn (28.35)
[ara cbopa aaHHbIX 127.11.2019 17:19:48  lMony4eHo (kem) : System Administrator
[ara obpaboTtkn 127.11.2019 17:47:39  OB6paboraHo (kem) : System Administrator
MB
] = [etekTop A Kavan 1 210HM
500 o)
] (2S,35) ||T
250+
| (2R,3R)
ol =
o_
R e e e B S e e e e e
0 5 10 15 20 25

MUH

Detextop A Kanan 1 210Hm

Muk No.|Bp.ygepx. | Mnowaab% |
1 15,101 99,243
2 18,111 | 0,757
|_Cymma 100,000

HPLC for racemic dimethyl [1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-ylphosphonate

O O
SHIMADZU O A MeO Il H
TYET AHANnmMia oP
Vimst oolaangOIU'tlonsac Adduct_10%30grad_AD120MuH MeO Ad
ID obpasua :Ad}rac;Adduct 10%AD__120mMuH NO
Wms danna aax. : Ad(rac)Adduct_10%30gradAD_120muH.lcd Ph 2
Uma dpanna metoaa : rpagvenTi.lcm
Wmsa panna cepum s
Buanal No. : 11 Tun obpasua : HeussecTHbIN
Ob6vem Beea. Npobbl 210 Mkn
[ara cbopa faHHbIX :18.10.2019 14:03:37  lMony4eHo (kem) : System Administrator
[ara obpabotku :18.10.2019 14:56:06  O6pabotaHo (kem) : System Administrator
mMB
N~ [ferektop A Kanan 1 210HM
}%g (2R.3R)
250+ ‘ ‘
] @835 H
; “\'
o4+—" - S (6 0 2 — e e s e e e e s e e O
I e e o e e e LA B S s e e B ISR e
0 5 10 15 20 25 30 35 40
MUH

Hetextop A Kanan 1 210um

vk No.[Bp.yaepx.| Mnowans%

1 7,877 49,391

2 8,667 50,609
Cymma 100.000
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HPLC for dimethyl [(2S,3S)-1-(adamantan-1-yl)-4-nitro-1-oxo-3-phenylbutan-2-ylJphosphonate (6f)

SHIMADZU

. Labsolutlops  OTYET AHanusa 0.9

Wwms obpasua A §rr-;Adduct1_10%309rad AD120Mu1H MeO\H H
ID obpasua : Ad(rr-)Adduct1_10%AD_120muH MeO” Ad
Wms daina aaH. : Ad(rr-)Adduct1_10%30gradAD_120muH.lcd
Wwms daiina metona : rpaguenTi.lecm NO,
Wms caina cepum : Ph
Buanal No. 141 Tun obpasua : HenssecTHbIN
O6vem seenl. Npobbl :10 mkn
[ara c6opa aaHHbIX :18.10.2019 15:04:57  MonyueHo (kem) : System Administra 25,35)
[ata obpaboTku :18.10.2019 15:33:02 OBpabotaHo (kem) : System Administra
mB
750+ 3 Oetektop A Kanan 1 2106Mm
1 iy
] (28.39) \
500+ ’
1 |
250+
] ’ | (2R~3R)
] ‘\ -
. l‘ ~
] \ I~
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Cymmal 100,000

HPLC for racemic dimethyl [2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-pyran-3-

yllphosphonate
(o]
Meo _Il HO_ Me

: SHIMADZU O P o
i Labsolutions  OTYeT AHanmsa
Wms obpasua : tetrahydpyr_8%30grad_AD120MuH Ph Me
ID obpasua : tetrahydpyr_8%AD__120MuH
Wms caiina aaH. : tetrahydpyr_8%30gradAD_120MuH.lcd NO;
Wms daitna metoga : rpagveHT.lcm
Wms daitna cepumn :
Buanal No. 1141 Tun obpasua : HeussecTHbIit
O6bem BBed. Npobbl : 10 mkn
[Hara c6opa aaHHbIx 120.03.2020 19:51:10  Mony4eHo (kem) : System Administrator
[ara o6pabotku :20.03.2020 20:50:29  OBpaboTaHo (kem) . System Administrator
mMB

(2R.3.\‘.4R.5R,(»S) §,§ [HetekTop A KaHan 1 210HMm
500 r
| (2S3RA4S5S6R)
250+
*\
| "Ii '
o-—J\V - - 3 3% ' S|
0 10 20 30 40 50 )
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Muk No. Bp.yaepx.  Mnowaabs%

1 6,966 49,894
| 2 7,704 50,106
Cymma 100,000/
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HPLC for dimethyl [(2S,3R,4S,5S,6R)-2-hydroxy-2,6-dimethyl-5-nitro-4-phenyltetrahydro-2H-pyran-3-

ylJphosphonate (13b)

s SHIMADZU

 Dabsoutions OTyeT AHanusa

Wms obpasua  tetrahydpyr2_8%30grad_AD120MuH
ID obpasua : tetrahydpyr2_8%AD__120muH
Wma dhaiina aaH. : tetrahydpyr2_8%30gradAD_120MuH.lcd
WUma dpaitna meToaa : rpapueHT1.lcm
Wms daitna cepun
Buanal No. ids1 Tun obpasua : HeussecTHbIi (2S3R4S.55.6R)
O6bem BBe. NPobbI : 10 mMkn i
[ara c6opa aaHHbIX :20.03.2020 20:52:51  TMony4eHo (kem) : System Administrator
[ara obpaboTku :20.03.2020 21:28:36  O6paboTaHo (kem) : System Administrator
mB
] 2 [Detektop A Kaxan 1 210HM
1000 |© : S [
1 | N (2S3RA4S.5S.6R)
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500
4 Il
250- 1
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g |
0,. 3 —_— — — —
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MUH
etektop A KaHan 1 210HM
[TIuk No.|Bp.yaepx.| Mnouwlans%
| 1l 6,615 | 0,141}
\ 2] 7688 99,859
Cymma 100,000]
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10. X-Ray diffraction data of compounds 10a and 13b

X-ray data for compounds 10a and 13b were obtained with a Enraf-Nonius CAD-4
diffractometer. CCDC 1919294 and 1846644 deposits contain the supplementary
crystallographic data for this article [7,8]. These data can be obtained free of charge

from The Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.

Table S2. X-ray diffraction data for dimethyl [(2R,3R,4S)-1-formyl-2,4-

diphenylpyrrolidin-3-ylJphosphonate (10a) [7]

CCDC 1919294

Empirical formula C19H22NO4P
Formula weight 359.34
Temperature 295(2) K
Wavelength 1.54186 A (CuKa)
Crystal system monoclinic

Space group P21

Unit cell dimensions

a=91358(13)A o =90°

b=104978(19)A B = 96.830(10)°

c=13.5078(17)A y=90°

Volume 1286.3(3) A3

z 2

Density (calculated) 0.928 g/cm?

Absorption coefficient 1.087 mm*

F(000) 380

Crystal size 0.020%0.020%0.020 mm
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Theta range for data collection

4.875 to 74.995°

Index ranges

-11<h<11,-13<k<13,0=<1<16

Reflections collected 5235
Independent reflections 3276
Absorption correction refdelf

Data / restraints / parameters 5235/1/202
Goodness—of—fit on F? 1.058

Final R indices [I>20(])]

R1=0.1174 wR2 = 0.2912

R indices (all data)

R1 =0.1461 wR2 = 0.3231

Absolute structure (Flack) parameter

0.10(8)

Table S3. Selected bond lengths for compound 10a

Ne Bond Bondlength (A) Ne Bond Bondlength (A)
1 N(1)-C(11) 1.344(13) 25 C(25)-C(26) 1.3900
2 N(1)-C(5) 1.444(14) 26 C(25)-H(25) 0.9300
3 N(D)-C(2) 1.464(12) 27 C(26)-H(26) 0.9300
4 | Cc@-@ 1.507(11) 28 P(3)-0(3) 1.472(7)
5 C(2)-C(3) 1.521(13) 29 P(3)-0(32) 1.562(7)
6 C(2)-H(2) 0.9800 30 P(3)-0(31) 1.566(8)
7 C(3)-C(4) 1.533(13) 31 O(31)-C(31) 1.430(14)
8 C(3)-P(3) 1.803(9) 32 C(31)-H(31a) 0.9600
9 C(3)-H@3) 0.9800 33 | C(31)-H(31b) 0.9600
10| C@)-c@y) 1.503(12) 34 | C(31)-H(3L0) 0.9600
11 C(4)-C(5) 1.537(13) 35 0(32)-C(32) 1.447(17)
12 C(4)-H(4) 0.9800 36 C(32)-H(32a) 0.9600
13| C(5)-H(5a) 0.9700 37 | C(32)-H(32b) 0.9600
14| C(5)-H(5b) 0.9700 38 C(32)-H(32c) 0.9600
15| C(11)-0(11) 1.234(15) 39 C(41)-C(46) 1.3900
16 | C(11)-H(11) 0.9300 40 C(41)-C(42) 1.3900
17 | C(21)-C(22) 1.3900 41 C(46)-C(45) 1.3900
18| C(21)-C(26) 1.3900 42 C(46)-H(46) 0.9300
19| C(22)-C(23) 1.3900 43 C(45)-C(44) 1.3900
20 | C(22)-H(22) 0.9300 44 C(45)-H(45) 0.9300
21| C(23)-C(24) 1.3900 45 C(44)-C(43) 1.3900
22 | C(23)-H(23) 0.9300 46 C(44)-H(44) 0.9300
23 | C(24)-C(25) 1.3900 47 C(43)-C(42) 0.9300
24 | C(24)-H(24) 0.9300 48 C(43)-H(43) 0.9300
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Table S4. Selected bond angles for compound 10a

Ne | Angle ®) Ne | Angle °)

1 C(11)-N(2)-C(5) 123.3(10) 44 | C(26)-C(25)-H(25) 120.0

2 C(11)-N(1)-C(2) 122.7(10) 45 | C(24)-C(25)-H(25) 120.0

3 C(5)-N(1)-C(2) 113.4(8) 46 | C(25)-C(26)-C(21) 120.0

4 N(1)-C(2)-C(21) 112.4(7) 47 | C(25)-C(26)-H(26) 120.0

5 N(1)-C(2)-C(3) 100.2(8) 48 | C(21)-C(26)-H(26) 120.0

6 C(21)-C(2)-C(3) 117.4(7) 49 | O(3)-P(3)-0(32) 109.1(5)
7 N(1)-C(2)-H(2) 108.8 50 | O(3)-P(3)-0(31) 114.9(5)
8 C(21)-C(2)-H(2) 108.8 51 | O(32)-P(3)-0(31) 106.0(4)
9 C(3)-C(2)-H(2) 108.8 52 | O(3)-P(3)-C(3) 116.6(4)
10 | C(2)-C(3)-C(4) 104.9(7) 53 | O(32)-P(3)-C(3) 107.5(4)
11 | C(2)-C(3)-P(3) 117.8(7) 54 | O(31)-P(3)-C(3) 101.9(4)
12 | C(4)-C(3)-P(3) 112.9(6) 55 | C(31)-0O(31)-P(3) 119.7(8)
13 | C(2)-C(3)-H(3) 106.9 56 | O(31)-C(31)-H(31a) 109.5
14 | C(4)-C(3)-H(3) 106.9 57 | O(31)-C(31)-H(31b) 109.5
15 | P(3)-C(3)-H(3) 106.9 58 | H(31a)-C(31)-H(31b) 109.5
16 | C(41)-C(4)-C(3) 117.2(8) 59 | O(31)-C(31)-H(31c) 109.5
17 | C(41)-C(4)-C(5) 112.2(8) 60 | H(31a)-C(31)-H(31c) 109.5
18 | C(3)-C(4)-C(5) 100.5(8) 61 | H(31b)-C(31)-H(31c) 109.5
19 | C(41)-C(4)-H(4) 108.8 62 | C(32)-0(32)-P(3) 120.0(8)
20 | C(3)-C(4)-H(4) 108.8 63 | O(32)-C(32)-H(32a) 109.5
21 | C(5)-C(4)-H(4) 108.8 64 | O(32)-C(32)-H(32b) 109.5
22 | N(1)-C(5)-C(4) 104.7(8) 65 | H(32a)-C(32)-H(32b) 109.5
23 | N(1)-C(5)-H(5a) 110.8 66 | O(32)-C(32)-H(32c) 109.5
24 | C(4)-C(5)-H(5a) 110.8 67 | H(32a)-C(32)-H(32c) 109.5
25 | N(1)-C(5)-H(5b) 110.8 68 | H(32b)-C(32)-H(32c) 109.5
26 | C(4)-C(5)-H(5b) 110.8 69 | C(46)-C(41)-C(42) 120.0
27 | H(5A)-C(5)-H(5b) 108.9 70 | C(46)-C(41)-C(4) 121.5(6)
28 | O(11)-C(11)-N(1) 121.8(13) 71 | C(42)-C(41)-C(4) 118.5(6)
29 | O(11)-C(11)-H(11) 119.1 72 | C(41)-C(46)-C(45) 120.0
30 | N(1)-C(11)-H(11) 119.1 73 | C(41)-C(46)-H(46) 120.0
31 | C(22)-C(21)-C(26) 120.0 74 | C(45)-C(46)-H(46) 120.0
32 | C(22)-C(21)-C(2) 122.0(6) 75 | C(44)-C(45)-C(46) 120.0
33 | C(26)-C(21)-C(2) 118.0(6) 76 | C(44)-C(45)-H(45) 120.0
34 | C(23)-C(22)-C(21) 120.0 77 | C(46)-C(45)-H(45) 120.0
35 | C(23)-C(22)-H(22) 120.0 78 | C(43)-C(44)-C(45) 120.0
36 | C(21)-C(22)-H(22) 120.0 79 | C(43)-C(44)-H(44) 120.0
37 | C(22)-C(23)-C(24) 120.0 80 | C(45)-C(44)-H(44) 120.0
38 | C(22)-C(23)-H(23) 120.0 81 | C(44)-C(43)-C(42) 120.0
39 | C(24)-C(23)-H(23) 120.0 82 | C(44)-C(43)-H(43) 120.0
40 | C(23)-C(24)-C(25) 120.0 83 | C(42)-C(43)-H(43) 120.0
41 | C(23)-C(24)-H(24) 120.0 84 | C(43)-C(42)-C(41) 120.0
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42 | C(25)-C(24)-H(24)

120.0

85 | C(43)-C(42)-H(42)

120.0

43 | C(26)-C(25)-C(24)

120.0

86 | C(41)-C(42)-H(42)

120.0

Table S5. X-ray diffraction data for dimethyl [(2S,3R,4S,5S,6R)-6-ethyl-2-hydroxy-

C43 C42'

)

2-methyl-5-nitro-4-phenyltetrahydro-2H-pyran-3-yl)phosphonate (13b) [8]

CCDC 1846644

Empirical formula C1sH22NO7P
Formula weight 359.31
Temperature 295(2) K
Wavelength 1.54184 A
Crystal system orthorhombic
Space group P21212:

Unit cell dimensions

a=9660709) A  a=90°

b=11.0178(10)A B =90°

c=17.0785(17)A y=90°

Volume 1817.8(3) A3

Z 4

Density (calculated) 1.313 g/lcm3

Absorption coefficient 1.660 mm*

F(000) 760

Crystal size 0.020%0.020%x0.020 mm

Theta range for data collection

4.776 to 74.882°

Index ranges

-11<h<12,-13<k=<13,-20<1=<21

Reflections collected

3613

Independent reflections

3175
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Absorption correction refdelf
Data / restraints / parameters 3613/0/221
Goodness—of—fit on F? 1.026

Final R indices [I>20(])]

R1 =0.0335 wR2 = 0.0800

R indices (all data)

R1 = 0.0402 wR2 = 0.0835

Absolute structure (Flack) parameter

0.001(15)

Table S6. Selected bond lengths for compound 13b

Ne Bond Bondlength (A) Ne Bond Bondlength (A)
1 P(3)-0(3) 1.4634(18) 25 C(31)-H(31a) 0.9600
2 P(3)-0(31) 1.568(2) 26 C(31)-H(31b) 0.9600
3 P(3)-0(32) 1.5685(19) 27 C(31)-H(31c) 0.9600
4 P(3)-C(3) 1.825(3) 28 0(32)-C(32) 1.452(4)
5 O(1)-C(6) 1.423(3) 29 C(32)-H(32a) 0.9600
6 0(1)-C(2) 1.431(3) 30 C(32)-H(32b) 0.9600
7 C(2)-0(21) 1.401(3) 31 C(32)-H(32c) 0.9600
8 C(2)-C(21) 1.508(4) 32 C(41)-C(46) 1.386(4)
9 C(2)-C(3) 1.547(3) 33 C(41)-C(42) 1.388(4)
10 C(3)-C(4) 1.557(3) 34 C(42)-C(43) 1.388(4)
11 C(3)-H(3) 0.9800 35 C(42)-H(42) 0.9300
12 C(4)-C(41) 1.524(3) 36 C(43)-C(44) 1.379(5)
13 C(4)-C(5) 1.526(4) 37 C(43)-H(43) 0.9300
14 C(4)-H(4) 0.9800 38 C(44)-C(45) 1.371(5)
15 C(5)-N(5) 1.504(4) 39 C(44)-H(44) 0.9300
16 C(5)-C(6) 1.524(4) 40 C(45)-C(46) 1.391(4)
17 C(5)-H(5) 0.9800 41 C(45)-H(45) 0.9300
18 C(6)-C(61) 1.499(4) 42 C(46)-H(46) 0.9300
19 C(6)-H(6) 0.9800 43 N(5)-O(51) 1.214(4)
20 | C(21)-H(21a) 0.9600 44 N(5)-0(52) 1.220(3)
21 | C(21)-H(21b) 0.9600 45 C(61)-H(61a) 0.9600
22 | C(21)-H(21c) 0.9600 46 C(61)-H(61b) 0.9600
23 | O(21)-H(21) 0.79(3) 47 C(61)-H(61c) 0.9600
24 | 0O(31)-C(31) 1.443(4) 48
Table S7. Selected bond angles for compound 13b
Ne | Angle () Ne | Angle )
1 0(3)-P(3)-0(31) 112.32(12) 45 | C(31)-0(31)-P(3) 122.7(2)
2 0(3)-P(3)-0(32) 115.09(12) 46 | O(31)-C(31)-H(31a) 109.5
3 0(31)-P(3)-0(32) 102.67(12) 47 | O(31)-C(31)-H(31b) 109.5
4 | O(3)-P(3)-C(3) 114.77(12) 48 | H(31a)-C(31)-H(31b) 109.5
5 0(31)-P(3)-C(3) 110.55(12) 49 | O(31)-C(31)-H(31c) 109.5
6 0(32)-P(3)-C(3) 100.22(11) 50 | H(31a)-C(31)-H(31c) 109.5
7 C(6)-0(1)-C(2) 115.6(2) 51 | H(31b)-C(31)-H(31c) 109.5
8 0(21)-C(2)-0(1) 110.1(2) 52 | C(32)-0(32)-P(3) 118.4(2)
9 0(21)-C(2)-C(21) 113.6(2) 53 | 0(32)-C(32)-H(32a) 109.5
10 | O(1)-C(2)-C(21) 103.8(2) 54 | 0(32)-C(32)-H(32b) 109.5
11 | 0(21)-C(2)-C(3) 106.4(2) 55 | H(32a)-C(32)-H(32b) 109.5
12 | O(1)-C(2)-C(3) 109.5(2) 56 | 0(32)-C(32)-H(32c) 109.5
13 | C(21)-C(2)-C(3) 113.5(2) 57 | H(32a)-C(32)-H(32¢c) 109.5
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14 | C(2)-C(3)-C(4) 114.1(2) 58 | H(32b)-C(32)-H(32¢) 109.5
15 | C(2)-C(3)-P(3) 112.96(18) 59 | C(46)-C(41)-C(42) 119.3(3)
16 | C(4)-C(3)-P(3) 107.05(17) 60 | C(46)-C(41)-C(4) 120.6(2)
17 | C(2-C(3)-HB) 107.5 61 | C(42)-C(41)-C(4) 120.1(3)
18 | C(4)-C(3)-H(3) 107.5 62 | C(43)-C(42)-C(41) 120.3(3)
19 | P(3)-C(3)-H(3) 107.5 63 | C(43)-C(42)-H(42) 119.9
20 | C(41)-C(4)-C(5) 112.4(2) 64 | C(41)-C(42)-H(42) 119.9
21 | C(41)-C(4)-C(3) 111.5(2) 65 | C(44)-C(43)-C(42) 120.1(3)
22 | C(5)-C(4)-C(3) 109.2(2) 66 | C(44)-C(43)-H(43) 120.0
23| C(41)-C(4)-H(4) 107.9 67 | C(42)-C(43)-H(43) 120.0
24 | C(5)-C(4)-H(4) 107.9 68 | C(45)-C(44)-C(43) 119.9(3)
25 | C(3)-C(4)-H(4) 107.9 69 | C(45)-C(44)-H(44) 120.1
26 | N(5)-C(5)-C(6) 108.5(2) 70 | C(43)-C(44)-H(44) 120.1
27 | N(5)-C(5)-C(4) 109.7(2) 71 | C(44)-C(45)-C(46) 120.6(3)
28 | C(6)-C(5)-C(4) 111.2(2) 72 | C(44)-C(45)-H(45) 119.7
29 | N(5)-C(5)-H(5) 109.1 73 | C(46)-C(45)-H(45) 119.7
30 | C(6)-C(5)-H(5) 109.1 74 | C(41)-C(46)-C(45) 119.9(3)
31 | C(4)-C(5)-H(5) 109.1 75 | C(41)-C(46)-H(46) 120.1
32 | O(1)-C(6)-C(61) 107.3(3) 76 | C(45)-C(46)-H(46) 120.1
33 | O(1)-C(6)-C(5) 105.6(2) 77 | O(51)-N(5)-0(52) 124.2(3)
34 | C(61)-C(6)-C(5) 114.4(3) 78 | O(51)-N(5)-C(5) 118.3(3)
35 | O(1)-C(6)-H(6) 109.8 79 | O(52)-N(5)-C(5) 117.5(3)
36 | C(61)-C(6)-H(6) 109.8 80 | C(6)-C(61)-H(61a) 109.5
37 | C(5)-C(6)-H(6) 109.8 81 | C(6)-C(61)-H(61b) 109.5
38 | C(2)-C(21)-H(21a) 109.5 82 | H(61a)-C(61)-H(61h) 109.5
39 | C(2)-C(21)-H(21b) 109.5 83 | C(6)-C(61)-H(61c) 109.5
40 | C(2)-C(21)-H(21c) 109.5 84 | H(61a)-C(61)-H(61c) 109.5
41 | H(21a)-C(21)-H(21b) 109.5 85 | H(61b)-C(61)-H(61c) 109.5
42 | H(21a)-C(21)-H(21c) 109.5

43 | H(21b)-C(21)-H(21c) 109.5

44 | C(2)-0(21)-H(21) 100(2)
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