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1) General information

Chemicals were purchased from Merck Chemical Company. NMR spectra were recorded on a
Bruker Advance DPX-400, 300 and 250 in CDCIl; as solvent and TMS as internal standard.
Mass spectra were recorded on a Shimadzu GCMS-QP5050A and Agilent Technology (HP).
The purity of the products and the progress of the reactions were accomplished by TLC on
silica-gel polygram SILG/UV254 plates. FT-IR spectra were recorded on a Shimadzu Fourier
Transform Infrared Spectrophotometer (FT-IR-8300). TEM analysis was performed using TEM
microscope (Philips CM30). Scanning electron microscopy (SEM) and energy dispersive
spectroscopy (EDS) were determined by using a SEM Phenom, model PROX. Thermo
gravimetric analysis (TGA) was performed using a Shimadzu thermo gravimetric analyzer (TG-
50). Elemental analysis was carried out on a Costech 4010 CHNS elemental analyzer. Power X-
ray diffraction (XRD) was performed on a X’Pert Pro MPD diffractometer with Cu Ka (A =
0.154 nm) radiation. The UV-Vis spectra were carried out by using a Shimadzu UV-160 A

spectrophotometer.
2) General procedure for the synthesis of B-phosphonomalonates

A mixture of aldehyde (1 mmol), malononitrile (I mmol), diethyl phosphite (2 mmol) and Py-
GO (3 mol%) was refluxed at 100 °C for an appropriate time (Table 2). The catalyst was
separated by centrifugation. The supernatant was extracted with ethyl acetate (3 x 10 mL). The
organic layer was dried over anhydrous Na,SO,4. The solvent was removed under reduced
pressure, and the resulting product (1-15) was purified by chromatography on silica (n-

hexane/EtOAc: 1/1).



3) Spectral data of p-phosphonomalonates

[1-Phenyl-2,2-dicyanoethyl] phosphonic acid diethyl ester (1)

Yellow solid, mp 53-54 °C; Ry= 0.40 (n-hexane/EtOAc: 1/1); 'H NMR (250 MHz, CDCl,): &
1.08-1.18 (m, 3H), 1.25-1.37 (m, 3H), 3.65 (dd, 1H, 3Ju = 8.0, 2Jp = 21.0 Hz), 4.02-4.19 (m,
4H), 4.55 (t, 1H, 3Jun = 8.3 Hz), 7.43 (s, 5H) ppm; 3C NMR (62 MHz,CDCls): 6 16.1 (d, 3Jcp =
5.6 Hz), 16.2 (d, *Jcp = 5.6 Hz), 25.5, 44.6 (d, 'Jcp = 144.0 Hz), 63.4 (d, 2Jcp = 7.5 Hz), 64.4 (d,
2Jep = 7.0 Hz), 111.1 (d, 3Jcp = 12.5 Hz), 111.3 (d, 3Jcp = 10.0 Hz), 129.1, 129.2, 129.3, 129.4,
129.5, 129.6 ppm; MS (70 eV): m/z = 292 [5%, M*], 155 [18%, M* — P(O)(OEt),], 129 {100%,
M* —[P(O)(OEt), and CN]}.

[1-(4-Methyl)-2,2-dicyanoethyl] phosphonic acid diethyl ester (2)

Yellow solid, mp 97 °C; Ry = 0.44 (n-hexane/EtOAc: 1/1); 'H NMR (400 MHz, CDCl5): § 1.16
(t, 3H, 3Jyn = 7.2 Hz), 1.38 (t, 3H, *Jyy = 7.2 Hz), 2.39 (s, 3H), 3.57 (dd, 1H, 3Jun = 8.0 Hz, 2Jyp
= 21.2 Hz), 3.74-3.84 (m, 1H), 3.99-4.08 (m, 1H), 4.14-4.24 (m, 2H), 4.50 (dd, 1H, 3Jyy = 8.4
Hz, 3Jup = 9.0 Hz), 7.28 (d, 2H, 3Jun = 8.0 Hz), 7.38 (d, 2H, *Jyy = 8.4 Hz) ppm; *C NMR (75
MHz, CDCl): 6 16.1 (d, 2H, 3Jcp = 5.2 Hz), 16.2 (d, 2H, 3Jcp = 6.0 Hz), 21.2, 25.6, 44.2 (d, 'Jcp
= 143.2 Hz), 63.3 (d, 2Jcp = 7.5 Hz), 64.3 (d, 2Jcp = 7.5 Hz), 111.3 (d, 3Jcp = 12.7 Hz), 111.5 (d,
3Jep = 10.5 Hz), 127.1 (d, Jcp = 6.0 Hz), 129.1 (d, Jcp = 6.0 Hz), 130.1, 139.5 ppm; MS (70 eV):
m/z =306 [6%, M*], 169 [7%, M — P(O)(OEt),], 143 {100%, M* — [P(O)(OEt), and CN]}.
[1-(4-Methoxy)-2,2-dicyanoethyl] phosphonic acid diethyl ester (3)

Yellow solid, mp 61 °C; R,= 0.50 (n-hexane/EtOAc: 1/1); 'H NMR (400 MHz, CDCl5): § 1.16
(t, 3H, 3Juyn = 7.2 Hz), 1.37 (t, 3H, 3*Juyg = 7.2 Hz), 3.57 (dd, 1H, 3Jyu = 8.0 Hz, 2Jyp = 21.2 Hz),
3.84 (s, 3H), 4.00-4.24 (m, 4H), 4.51 (dd, 1H, *Jyy = 8.0 Hz, 3Jyp = 8.8 Hz), 6.97 (d, 2H, 3Jyy =

8.8 Hz), 7.42 (d, 2H, 3Jyy = 8.8 Hz) ppm; 3C NMR (75 MHz, CDCls): 6 16.0 (d, 3Jcp = 6.7 Hz),



16.2 (d, 3Jcp = 6.0 Hz), 25.5, 44.3 (d, 'Jep = 142.5 Hz), 55.2, 63.3 (d, 2Jcp = 6.0 Hz), 64.2 (d, 2Jcp
= 6.7 Hz), 111.4 (d, 3Jcp = 8.2 Hz), 114.5 (d, 3*Jcp = 6.0 Hz), 121.4 (d, Jcp = 8.2 Hz), 130.3,
131.8, 160.0 ppm; MS (70 eV): m/z = 323 [4%, M" + 1], 322 [23%, M*], 185 [18%, M" —
P(O)(OEt),] 121 {100%, M* — [P(O)(OEt), and CH(CN),]}.
[1-(3-Methoxyphenyl)-2,2-dicyanoethyl] phosphonic acid diethyl ester (4)

Yellow liquid; Ry= 0.50 (n-hexane/EtOAc: 1/1); '"H NMR (250 MHz, CDCl5): 6 1.10 (t, 3H, 3Jun
= 6.7 Hz), 1.31 (t, 3H, 3Jyug = 6.5 Hz), 3.56 (dd, 1H, 3Jiz = 7.8 Hz, 2Jip = 21.0 Hz), 3.78 (s, 3H),
3.94-4.15 (m,4H), 4.56 (t, 1H, 3Jyg = 8.0 Hz), 6.91 (d, 2H, 3Jun = 7.5 Hz), 7.00 (s, 1H), 7.30 (t,
1H, 3Jgn = 7.5 Hz) ppm;'*C NMR (62 MHz, CDCls): 8 16.1 (d, *Jcp = 6.3 Hz), 16.2 (d, 3Jcp =
6.9 Hz), 25.5, 44.5 (d, 'Jcp = 144.9 Hz), 55.3, 63.4 (d, ZJcp = 7.6 Hz), 64.4 (d, 2Jcp = 6.9 Hz),
111.2(d,3Jep=11.2 Hz), 111.3 (d, *Jcp = 10.0 Hz), 114.9 (d, Jcp = 6.8 Hz), 121.4, 130.4, 131.6,
160.0, 160.3 ppm; MS (70 eV): m/z = 323 [3%, M" + 1], 322 [13%, M*], 185 [8%, M" —
P(O)(OEt),], 121 {100%, M* — [P(O)(OEt), and CH(CN),}.
[1-(4-Chlorophenyl)-2,2-dicyanoethyl] phosphonic acid diethyl ester (5)

Yellow solid, mp 98°C; R,= 0.53 (n-hexane/EtOAc: 1/1); '"H NMR (250 MHz, CDCl;): 8 1.16 (t,
3H, 3Jun = 7.0 Hz), 1.33 (t, 3H, *Jyg = 7.0 Hz), 3.62 (dd, 1H, *Jyg = 7.5 Hz, 2Jup = 21.5 Hz),
3.82-4.19 (m, 4 H), 4.55 (t, 1H, *Juyg = 7.7 Hz), 7.42 (s, 4H) ppm; 13C NMR (62 MHz, CDCl5): 6
16.1 (d, *Jcp = 5.0 Hz), 16.2 (d, *Jcp = 5.6 Hz), 25.5, 43.9 (d, 'Jcp = 144.7 Hz), 63.5 (d, 2Jcp = 7.0
Hz), 64.4 (d, 2Jcp = 7.0 Hz), 111.0 (d, *Jcp = 11.9 Hz), 111.2 (d, 3Jcp = 11.3 Hz), 128.8, 129.6,
130.7, 135.7 ppm; MS (70 eV): m/z = 326 [16%, M*], 328 [5%, M* + 2], 189 [31%, M" —
P(O)(OEt),], 191 [10%, (M* + 2) — P(O)(OEt),], 163 {100%, M" — [P(O)(OEt), and CN]}, 165
[33%, (M* + 2) — P(O)(OEt), and CN].

[1-(3-Chlorophenyl)-2,2-dicyanoethyl] phosphonic acid diethyl ester (6)



Yellow liquid; Ry= 0.56 (n-hexane/EtOAc: 1/1); '"H NMR (400 MHz, CDCl5): 8 1.19 (t, 3H, 3Jun
= 7.2 Hz), 1.38 (t, 3H, 3y = 7.2 Hz), 3.60 (dd, 1H, 3Juy = 8.0 Hz, 2Jup = 21.2 Hz), 3.83-3.93
(m, 1H), 4.03-4.26 (m, 3H), 4.56 (dd, 1H, 3/ = 8.0 Hz, 3Jup = 9.2 Hz), 7.41-7.44 (m, 3H), 7.49
(s, 1H) ppm; 13C NMR (75 MHz, CDCly): § 16.0 (d, 3Jcp = 5.2 Hz), 16.2 (d, *Jcp = 6.0 Hz), 25.3,
43.8 (d, Jep = 142.5 Hz), 63.6 (d, 2Jep = 6.7 Hz), 64.4 (d, 2Jep = 6.7 Hz), 111.3 (d, 2Jep = 12.0
Hz), 111.4 (d, 3Jep = 12.0 Hz), 127.5 (d, Jop = 6.7 Hz), 129.5 (d, Jop = 6.7 Hz), 129.6, 130.6,
132.6 (d, Jep = 6.0 Hz), 135.0 ppm, MS (70 eV): m/z = 326 [12%, M*], 328 [4%, M* + 2], 163
(100%, M* — [P(O)(OEY), and CN1}, 165 {33%, (M* + 2) — [P(O)(OEt), and CN]}.

[1-(2-Chlorophenyl)-2,2-dicyanoethyl] phosphonic acid diethyl ester (7)

Yellow solid, mp 77 °C; Ry = 0.57 (n-hexane/EtOAc: 1/1); 'H NMR (250 MHz, CDCl3): 8 1.11
(t, 3H, 3Jun = 7.0 Hz), 1.35 (t, 3H, 3*Juy = 7.0 Hz), 3.75-4.30 (m, 4H), 4.46 (dd, 1H, 3Juy = 8.2,
2Jup = 21.2 Hz), 4.61 (t, 1H, 3Juy = 8.5 Hz), 7.35 (d, 2H, *Juyy = 4 Hz), 7.47 (s, 1H), 7.75 (d, 1H,
3Jun = 5.3 Hz) ppm; 13C NMR (75 MHz, CDCls): & 15.9 (d, *Jcp = 6.0 Hz), 16.1 (d, *Jcp = 6.0
Hz), 24.8, 43.7 (d, 'Jcp = 142.5 Hz), 63.5 (d, 2Jcp = 7.5 Hz), 64.3 (d, 2Jcp = 7.5 Hz), 111.2 (d,
3Jep = 11.2 Hz), 113.8 (d, 3Jcp = 11.2 Hz), 127.7, 128.7, 129.6, 130.3, 130.5, 135.0 ppm, ; MS
(70 eV): m/z = 327 [100%, M* + 1], 329 [26%, M + 3], 291 [84%, M" — Cl], 189 [15%, M" —
P(O)(OEt),], 191 [5%, (M + 2) — P(O)(OEt),], 163 {6%, M* — [P(O)(OEt), and CN]}, 165 {3%,
(M* + 2) — P(O)(OEt), and CN]}.

[1-(4-Bromophenyl)-2,2-dicyanoethyl] phosphonic acid diethyl ester (8)

White solid, mp 102 °C; Ry= 0.44 (n-hexane/EtOAc: 1/1); THNMR (250 MHz, CDCl;): 8 1.16 (t,
3H, 3Jun = 7.0 Hz), 1.33 (t, 3H, 3Jyg = 7.0 Hz), 3.58 (dd, 1H, 3Jug = 7.5 Hz, 2Jup = 21.5 Hz),
3.79-4.18 (m, 4H), 4.56 (t, 1H, 3Jun, 3Jup = 7.7 Hz), 7.36 (d, 2H, 3Juy = 8.2 Hz), 7.56 (d, 2H,

3Jun = 8.0 Hz) ppm; 3C NMR (62 MHz, CDCly): § 16.1 (d, 3Jcp = 4.4 Hz), 16.2 (d, *Jep = 5.7



Hz), 25.4, 43.9 (d, 'Jep = 144.7 Hz), 63.6 (d, 2Jcp = 7.5 Hz), 64.4 (d, 2Jcp = 7.5 Hz), 111.0 (d,
3Jep = 11.9 Hz), 111.2 (d, 3Jcp = 10.7 Hz), 123.9, 129.4, 131.0, 132.5 ppm; MS (70 eV): m/z =
370 [7%, M*], 372 [8%, M* + 2], 233 [12%, M* — P(O)(OEt),], 235 [12%, (M* + 2)—
P(O)(OEt),], 207 {99%, M* — P(O)(OEt), and CN]}, 209 {100%, (M* + 2) — P(O)(OEt), and
CN]}.

[1-(3-Bromophenyl)-2,2-dicyanoethyl] phosphonic acid diethyl ester (9)

White solid, mp 78-79 °C; R,= 0.46 (n-hexane/EtOAc: 1/1); 'THNMR (400 MHz, CDCl;): 6 1.14
(t, 3H, 3Jun = 7.2 Hz), 1.31 (t, 3H, 3Juyg = 7.2 Hz), 3.65 (dd, 1H, 3Jyy = 7.6 Hz, 2Jipp = 21.6 Hz),
3.85-4.17 (m, 4H), 4.70 (dd, 1H, 3Jyz= 8.0 Hz, 2Jip = 9.2 Hz), 7.27 (t, 1H, 3Jun = 8.0 Hz), 7.43
(d, 1H, 3Jun = 7.2 Hz), 7.51 (d, 1H, 3Jyg = 8.0 Hz), 7.62 (s, 1H) ppm; 3C NMR (100 MHz,
CDCls): 6 16.1 (d, 3Jcp = 5.0 Hz), 16.2 (d, *Jcp = 6.0 Hz), 25.3, 43.8 (d, 'Jcp = 143.0 Hz), 63.6
(d, 2Jcp = 7.0 Hz), 64.4 (d, 2Jcp = 7.0 Hz), 111.3 (d, 3Jcp = 12.1 Hz), 111.4 (d, 3Jcp = 11.1 Hz),
123.1, 127.9 (d, Jcp = 6.0 Hz), 130.8, 132.4 (d, Jcp = 6.0 Hz), 132.6, 132.8 (d, Jcp = 6.0 Hz)
ppm; MS (70 eV): m/z = 370 [7%, M*], 372 [7%, M* + 2], 234 [7%, M* — P(O)(OEt),], 236
[6%, (M* + 2) — P(O)(OEt),], 207 {56%, M" — P(O)(OEt), and CN]}, 209 {57%, (M* + 2) —
P(O)(OEt), and CN]}, 137 [100%, P(O)(OEt),].

[1-(4-Hydroxyphenyl)-2,2-dicyanoethyl] phosphonic acid diethyl ester (10)

Yellow solid, mp 129-131 °C; Ry= 0.55 (n-hexane/EtOAc: 1/1); 'H NMR (250 MHz, CDCl;): &
1.19 (t, 3H, 3Juyg = 7.0 Hz), 1.38 (t, 3H, 3Juy = 7.0 Hz), 3.53 (dd, 1H, 3Jyy = 7.8 Hz, 2Jip = 21.3
Hz), 3.79-4.23 (m, 4H), 4.43 (t, 1H, *Jyn, 3Jup = 8.0 Hz), 6.76 (d, 2H, 3Juyy = 8.4 Hz), 7.25 (d,
2H, 3Jun = 8.4 Hz) ppm; 13C NMR (75 MHz, CDCl3): 6 16.1 (d, 3Jcp = 5.2 Hz), 16.2 (d, 3Jcp =
5.2 Hz), 25.7, 43.7 (d, 'Jcp = 145.5 Hz), 63.8 (d, 2Jcp = 7.5 Hz), 64.7 (d, 2Jcp = 6.8 Hz), 111.2 (d,

3Jep = 12.7 Hz), 111.3 (d, 3Jcp = 9.7 Hz), 116.6, 120.4 (d, Jep = 6.0 Hz), 130.6 (d, Jep = 6.0 Hz),



157.8 ppm; MS (70 eV): m/z = 308 [36%, M*], 243 [89%, M" — CH(CN);], 215 [88%, M* —
(CcH4OH)], 171 [31%, (M" — P(O)(OEt),], 145 {45%, M* — P(O)(OEt), and CN]}, 107 {100%,
M* — P(O)(OEt), and CH(CN),]}.

[1,1-Dicyanopentan-2-yl] phosphonic acid diethyl ester (11)

Yellow liquid, Ry= 0.50 (n-hexane/EtOAc: 1/1); 'H NMR (250 MHz, CDCl;): 6 1.00 (t, 3H, 3Jun
= 7.0 Hz), 1.37 (t, 6H, 3Juyy = 7.0 Hz), 1.61 (q, 2H, *Juyg = 7.0 Hz), 1.72-2.09 (m, 2H), 2.29-2.34
(m, 1H), 4.16-4.24 (m, 4H), 4.28-4.48 (m, 1H) ppm; 3C NMR (62 MHz, CDCls): 8 13.7, 16.3
(d, 3Jcp = 5.6 Hz), 20.7 (d, %2Jcp = 7.6 Hz), 23.7, 29.2, 37.8 (d, 'Jcp = 144.9 Hz), 63.2 (d, 2Jcp =
6.8 Hz), 110.7 ( d, 3Jcp = 5.0 Hz), 112.2 (d, 3Jcp = 17.0 Hz) ppm; MS (70 eV): m/z = 259 [5%,
M* + 1], 138 [100%, HP(O)(OEt);], 193 [35%, M* — (CN),],121 [20%, M* — P(O)(OEt),].
[1,1-Dicyanooctan-2-yl] phosphonic acid diethyl ester (12)

Yellow liquid, Ry= 0.60 (n-hexane/EtOAc: 1/1); 'H NMR (400 MHz, CDCl;): 6 0.81 (t, 3H, 3Jun
= 6.8 Hz), 1.23-1.25 (m, 6H), 1.29 (t, 6H, 3Juyy = 7.2 Hz), 1.44-1.50 (m, 2H), 1.66-1.78 (m, 1H),
1.85-1.98 (m, 1H), 2.24-2.34 (m, 1H), 4.07-4.16 (m, 4H),4.36 (dd, 1H, 3Jyp = 13.2 Hz, 3Jyz = 3.6
Hz) ppm; *C NMR (100 MHz, CDCl;) 13.8, 16.2 (d, *Jcp = 5.0 Hz), 22.3, 23.7, 27.1, 27.2 (d,
3Jep = 6.0 Hz), 28.8, 31.2, 37.7 (d, 'Jcp = 143.0 Hz), 63.1 (d, ZJcp = 7.0 Hz), 111.1 (d, 3Jcp = 3.0
Hz), 112.3 (d, 3Jcp = 17.0 Hz) ppm; MS (70 eV): m/z = 301 [1%, M* + 1], 163 [16%, M* —
P(O)(OEY),], 137 [100%, P(O)(OEt),]

[1-(4-Chlorophenyl)-2,2-dicyanoethyl] phosphonic acid diiso-propyl ester (13)

Yellow solid, mp 111 °C; Ry= 0.62 (n-hexane/EtOAc: 1/1); 'H NMR (400 MHz, CDCl;): 6 1.00
(d, 3H, 3Jyn =6.4 Hz), 1.32 (d, 3H, 3Ju =6.0 Hz), 1.38 (d, 6H, 3Juy = 6.0 Hz), 3.51 (dd, 1H, 3Juy
= 7.2 Hz, 2Jyp = 21.6 Hz), 4.51-4.57 (m, 1H), 4.75-4.82 (m, 1H), 7.43-7.50 (m, 4H) ppm; 3C

NMR (75 MHz, CDCls): § 23.1 (d, 3Jcp = 6.0 Hz), 23.8 (d, 3Jcp = 5.2 Hz), 23.9, 24.2, 25.7, 44.4



(d, 'Jcp = 144.7 Hz), 72.9 (d, 2Jcp = 7.5 Hz), 73.8 (d, 2Jcp = 7.5 Hz), 111.1 (d, 3Jcp = 11.2 Hz),
111.4 (d, 3Jcp = 11.2 Hz), 129.1 (d, Jcp = 5.2 Hz), 129.6, 130.9 (d, Jcp = 6.7 Hz), 135.7 ppm; MS
(70 eV): m/z =354 [16%, M*], 356 [5%, M* + 2], 189 [16%, M* — P(O)(0O-i-Pr),], 191 [5%, (M*
+ 2) — P(O)(0-i-Pr);], 163 {100%, M*— [P(O)(0O-i-Pr); and CN}, 165 {34%, (M* + 2) — [P(O)(O-
i-Pr), and CN]}.

[1-(4-Chlorophenyl)-2,2-dicyanoethyl] phosphonic acid dimethyl ester (14)

White solid, mp 118 °C; Ry= 0.31 (n-hexane/EtOAc: 1/1); 'H NMR (400 MHz, CDCl5): § 3.60-
3.68 (m, 4H), 3.85 (d, 3H, 3Jyp = 11.2 Hz), 4.51 (t, 1H, 3Jun = 8.0 Hz), 7.50 (s, 4H) ppm; 3C
NMR (75 MHz, CDCl;): 6 25.4, 43.4 (d, 'Jcp = 144.0 Hz), 53.7 (d, 2Jcp = 7.5 Hz), 54.6 (d, 2Jcp =
6.7 Hz), 111.2 (d, 3Jcp = 10.5 Hz), 111.3 (d, *Jcp = 11.2 Hz), 129.5, 129.7, 130.7 (d, Jop = 6.4
Hz), 135.8 ppm; MS (70 eV): m/z = 298 [6%, M*], 300 [2%, M* + 2], 189 [6%, M" —
P(O)(OMe),], 191 [2%, (M" + 2) — P(O)(OMe),], 109 [100%, P(O)(OMe),].
[1-(4-Chlorophenyl)-2-cyano-2-ethylcarboxylic acid ethyl ester] phosphonic acid diethyl
ester (15; mixture of two diastereoisomers, ratio ~ 68:32)

Light yellow liquid, R;= 0.46 (n-hexane/EtOAc: 1/1); '"H NMR (400 MHz, CDCls): 6 1.10-1.15
(m, 2H), 1.19-1.30 (m, 6H), 1.34 (t, 1H, 3Juyy = 7.2 Hz), 3.74-3.85 (m, 1H), 3.96-4.21 (m, 6H),
4.27 (dd, 1H, 3Juyy = 6.0 Hz, 3Jyp = 8.4 Hz), 7.33-7.35 (m, 3H), 7.44-7.47 (m, 1H) ppm; 3C
NMR (75 MHz, CDCl;): 6 13.5, 13.6, 16.0-16.1, 39.0, 39.1, 42.7 (d, 'Jcp = 142.5 Hz), 43.3 (d,
Ucp = 142.5 Hz), 62.9 (d, 2Jcp = 6.7 Hz), 63.0 (d, 2Jcp = 6.7 Hz), 63.1 (d, 2Jcp = 5.2 Hz), 63.25,
63.6 (d, 2Jcp = 6.7 Hz), 114.5 (d, 3Jcp = 9.0 Hz), 114.7 (d, *Jcp = 4.5 Hz), 128.8, 130.1 (d, 3Jcp =
6.0 Hz), 130.7 (d, 3Jcp = 6.7 Hz), 130.9 (d, 3Jcp = 6.0 Hz), 131.1 (d, 3Jcp = 6.0 Hz), 134.3, 134.5,
163.9 (d, *Jcp = 12.0 Hz), 164.0 (d, 3Jcp = 13.5 Hz) ppm; MS (70 eV): m/z = 373 [43%, M*],

375 [14%, M* + 2], {302 [ 35%, (M* + 2) — CO,Et]}, 300 [100%, M* — CO,Et].



4) 'TH NMR and '3C NMR spectra of B-phosphonomalonates
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F2 - Processing parameters
sI 32768
SF £2.8952390 MHz
Mmmmwm it b sushbabelibod ) iy slliiside 28 0
T T T I T T T T T T T LB 1.00 Hz
200 180 160 140 120 100 80 60 40 20 ppm gg i qg
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1 4
FIDBIS T & Mz
4,08 HE mac
2o
&2.400 usec
.50 ussc
4. : K
0 ez
1

=== CHASEL ©!

T T T TrerT T v T MM RBARRL A AR LSS LAR LS e T
12 10 8 6 5 3 - ppm
AL
=
]
=]
A neibte i Bee  885h 28 z 155 BR ER
28 PROCET x EER 3388 23 4 mere
Current Data Parameters
BEME
EXENQ 609
PROCNO 1
F2 - Aequisition Parameters
Date_ 20150830
Time 4.06
INSTRUM spect
PROBHD S5 mm PABBO BB-
PULPROG Zgpg30
65536
SOLVENT CDC13
NS 1024
DS 4
SWH 18115.941 Hz
FIDRES 0.276427 Hz
RQ 1.8087935 sec
RG 202
oW 27.600 usec
DE 6.50 usec
TE 294.9 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL £1
SFOL 75.6554892 MHz
NUCL 13c
BT 10.00 usec
PLW1 30.00000000 W
CHANNEL £2
SFO2 300.8477518 MHz
NUC 18
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 6.40000010 W
PLW1Z 0.17778000 W
PLW13 0.14399999 W
F2 - Processing parameters
8I 32768
SF 75.6479250 MHz
WDW EM
5 " L 358 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T T T PC 1.40
140 130 120 110 100 20 80 70 60 50 40 30 ppm
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1

20101228

Time 10.09
INSTRUM spect
DROBHD 5 mm PABEO EB-
PULPROG zg30
D E5536
SOLVENT cDC13
ME 64

[ oS 0
(EtO)ZP CN 1 SWH B012.820 Hz
0.122266 Hz
4.0894966 sec

£2.400 usec
6.50 usec

w =

ec

292.3
6.00000000
1

MeO

CHANNEL f1

3 NUC1 H
Pl 14.00 usec
PL1 -2.00 dB
PLIW 11.86359406 W
SFOL 400.2236020 MHz
[ [ SI 32768
sF 400.2200000 MHz
| WDW
SsB 0
| LB 0.30 Hz
cE 0

| | rc 1.00

-
o
Li=1
w
=~ 4
@
w

11

e
2.00-

Co><)
BROKER

g2 22 mne  ywoo @ s r oavow
= il 888 JY8] & &% 5 §Icg
22 == mRE 3388 8 eF § cpee
| 35 1
N = N\ N /| o /W
Current Data Barameters
NAME Birjand U
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150805
ime 3.03
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
0 65536
SOLVENT CDC13
NS 448
DS 4
SWH 18115.941 Hz
FIDRES 0.276427 Hz
p:te] 1.8087935 sec
RG 202
D 27.600 usec
DE 6.50 usec
TE 295.9 K
D1 2.00000000 sec
D11l 0.03000000 sec
DO 1
= CHANNEL £l -
75.6554892 MHz
13C
10.00 usec
20.42000008 W
= CHANNEL £2 -
300.8477518 MHz
1H
waltzl6
90.00 usec
6.19999981 W
0.17222001 w
0.13%50001 W
F2 - Processing parameters
51 32768
SF 75.6479250 MHz
WDW M
SSB 0
s ooy i 1.00 B2
GB 0
T T TP 1.40

T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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OO NMWVWINMOMOAND N MmN Mmo @
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WY S HOOOO OO o
Current Data Parameters
NAME Dr sobhani-1
0 EXPNO 4
" PROCNO z
(EtO),P. CN F2 - Acquisition Parameters
2 Date_ 20100906
Time 13.54
MeO INSTRUM spect
CN PROBHD S mm ONP 1H/13
PULPROG zg
TD 16384
SOLVENT [sinled e}
NS 10
DS 0
S 6265.664 Hz
4 FIDRES 0.3B2426 Hz
AQ 1.3074932 sec
RG 64
DW 79.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
Pl 9.70 usec
PL 3.00 dB
SFO1 250.1320010 MH=z
F2 - Processing parameters
SI 768
SF 250.1300000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T
12 ) 10 9 8 7 6 5 4 3 2 1 0 ppm
W= || olle= (e | (<]
||| ofln|wo|wo ||
o |m|o o ofm || ||
olol-Hlo |l ~lola
M~ Que? O O [~ O I~
m o \iwmmmm NHD‘#‘MU‘)ND& o mm
NN A SOttt m 0w
-—\f/—c 1—1\|—|r—1l—lv—|l—|\—i I~~~ ©WwW Wi . e i
Current Data Parameters
NAME Dr sobhani-1
EXPNO =
PROCNO 1
F2 - Acquisition Parameters
Date 20100906
Time 14.02
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULFROG zgpg30
TD 65536
SOLVENT CDC13
NS 200
DS 0
SWH 15060.241 Hz
FIDRES 0.229801 Hz
AQ 2.1758451 sec
RG bl
bw 33.200 usec
DE 6.00 usec
TE 300.0 K
D1 5.00000000 sec
dil 0.03000000 sec
diz 0.00002000 sec
CHANNEL f1
13C
8.00 usec
0.00 dB
62.9015280 MHz
- = CHANNEL £2 ====
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 3.00 dB
PL12 20.00 dB
PL13 20.00 dB
SFO2 250.1310005 MHz
F2 - Processing parameters
sI 32768
SF 62.8952390 MHz
WDW EM
SSB o
B 1.00 Hz
T T T T T T T T T . ;g 0
il 1.40
80 160 140 120 100 80 60 40 20 pPpm
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Current Data Parameters
NAME Dr sobhani

EXPNO 161
PROCNO 1
F2 - Acquisition Paramet:
(@) Date_ 20090912
” Time 12.08
INSTRUM spect
(EtO),R CN FROBHD 5 mm BEO BB-1H
2 PULPROG zg
TD 16384
SOLVENT D13
CN NS 10
D8 0
SWH 6265.664 F
FIDRES 0.382426 ¥
AQ 1.3074932 §
CI RG 101.6
Dw 79.800 v
5 DE 6.00 u
TE 300.0 K
D1 1.00000000 &

==m== CHANNEL fl =====

NUC1 1H
P1 14.50 u
PL1 3.00 d
SFO1 250.1327514 M
F2 - Processing parameter
SI 32768
SF 250.1300000 M
WDW EM
S8B 1]

( LB 0.30 H
GB 0
PC 1.00

n 4
s
W
R
e
o
s
=}

gkl 14 13 12 o 10 = 8 7 (]
™ o= |w]oy O
S —i|oo|ow|wlm o |
o ol | o|in|n o< |S[ev
™ —lnlolHlolo alolmlo
o WAL S S G DO
hbhwqgmmnﬁa e A = N I LN - . .
NN SSOM®D - e e e W Py
e L e ] L TN S
o e e e e P~ @i niE F o oo e
CUrrent Daka Parsmstacs
HAME O wobimni
EXnD 162
FROCHG i
Fi = Requisition Parasai
Date TOOROELZ
Time FE T
INSTHUM
PROBHD & = RAO -1H
PULPROG A
™ E5516
SOLVENT COCLY
L] e
] a
]
FIDRES
AZ
B3
oW
oK
TE
oL
daia LR L T )
413 0. OR0AH00
memmnmss CHMANNEL [l ===s
EUCL 13
Fli 15.00
FLL =5,
arol B62.8015380 |
Fi » Processing paramsts;
£ 1376R
&F 630953390
WM B
BER ]
it el s i : Lo 1003
T T T T T T T T T T T P 1.40
200 lao 160 140 120 100 ag &0 40 20 Pp®
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T LA ek | M LEARAGAEA] b | bt | T T TETTTeTrT L i
12 10 9 7 [ 5 3 3 2 pRM

e 415;]! | o

i = ﬂl.':‘_:l?- :]

memEnE REn I nh R Y NgE: 28 8h o8 §=oc

gg BEEE AARIEE oo FE® 3z 88 3y eoee

Y i VA VS % ¥

Current Data Parameters
NAME

Birjand U
EXPNO 2
BROCNO 1

F2 - Requisition Parameters
Date_ 20150805
INSTRUM spect
PROBHD 5 mm DUL 13C-1
BULEROG 2gpg30

) 65536
SOLVENT €DC13

NS 572

DS 4

Sue 18115, 941 Hz
FIDRES 0.276427 Hz
AQ 1.8087935 sec
RG 202

oW 27.600 usec
DE 6.50 usec
1B 295.9 K

D1 2.00000000 sec
D11 .03000000 sec
TDO X

CHANNEL f1

SFOL 75.6554892 MHz
NUCL 13¢

Pl 10.00 usec
BLWL 20.42000008 W

CHANNEL £2

5FO2 300.8477518 MHz
NUC2 1H
CPDPRG (2 waltzl6
BCPD2 90.00 usec
PLW2 6.19999981 W
PLW12 0.17222001 W
PLW13 0.13950001 W

F2 - Processing parameters
SI 32768

sF
WO
SSB
LB

GB

T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

14

75.6479250
0

1.00
0

1.40

MHZ

Hz
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ﬁﬁ\\ A EXFEO 149
FROCND i
Fi - keguisition Faresstesrs
Gats_ 1eeTIOLe
Tl ., 3%
(o) LRwTEL
| CN FULFRCO
(Iit())zl) :g;vuur
=
=] ]
A3AT, 464 N3
CN FIORES 6. AR3ATE Mu
A 8. I6TARIT Emo
- 2
o TR E0D weeC
Cl [ 4,00 wees
™ 149.0 &
51 1. DONGED00 Bee
wrmrwees CHANNEL 1 ssssssss
[T 1M
"1 14 .80 ussc
[ .00 a8
ro 296, 1337814 WHE
Iy F1 - ProceddliG paremstsrs
| a1 1iTeR
| = ¥ 290, 1104000 MNE
- f = L]
J i - [
| L& 8.0 Ns
| - 9
| | |I = i.09
LI R ' fh 12
T ——————— ' fessbsss s preT————p g m s
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Current Data Parameters
NAME Birjand U
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20150805
Time 4.22
INSTRUM spect
PROBED 5 mm DUL 13€C-1
PULPROG 2gpg30
D 65536
SOLVENT €pe13
NS 512
DS 4
SWH 18115.941 Hz
FIDRES 0.276427 Hz
aQ 1.8087935 sec
RG 202
DWW 27.600 usec
DE 6.50 usec
TE 295.9 K
D1 2.00000000 sec
D1l 0.03000000 sec
D0 i
== CHANNEL f1 ==
SFO1 75.6554892 MHz
NUCL 13c
Pl 10.00 usec
PLWL 20.42000008 W
== CHANNEL f2 ==
300.8477518 MHz
NUC2 1H
CPDPRG[2Z waltzl6
PCPD2 50.00 usec
PLW2 6.19999981 W
PLWIZ2 0.17222001 W
PLW13 0.13950001 W
F2 - Processing parameters
sI 32768
SF 75.6479250 MHz
WDW EM
J 35B ]
o LB 1.00 Hz
GB [
T T T T T T T T T T T T T T T T T 1.40
150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

15



FHVARFAAFANNNENPFAAREE S NEGSE S RO
e e A R e L e N R
WY R N 0 R e e el D O O O DD WD P RD MR RN T e W e - n
T e T N e R Tl e - P
PPl = o of o of of o o o o W) PP R e el el e
el - ! Lt L
O Currssmt Dats Farasstses
(EtO),P. CN
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ar 280, 1300000 MNE
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L .30 um
an
] [ L 1.e0
E L] L) L) T T ¥ L) L] L) ¥ L] L] Ll ¥ ]
14 13 1z 11 10 9 .1 7 & - § 4 b | 2 1 o [Higal
|
i ALY 1
- i Jury
i | =
g [ €2 |en ira |
- Bl L = B =
o
".122.*,#'“:3m23 i B, B o ow e
Moo e e e M ey R e S
S3RO30NN85S CrEgIgg 9  dsds
CUTTen! Dats PErssstsrs
MR Dy sobhand
EXrmo 1wl
FROCHO 1
Fi - Eogquisition Parsset
Bumra re mtmn;n, e
Tive
NS T
PR
POLPEOG.
™
SOLVENT
HE
o
bl
FimmeRa
| A5
]
o
[
TE
o1
a1y
oy
MUCL
2]
FLE
A
1 CPOPRGE
PO
o3
FI1y
PLL1Y
e
2 -
r3 - Processing ]
aF 6. ENSTND0 M
Ll omt
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7.624
7.620
7.531
Tahll
7.454
7.436
7.299
7.279
7.259
q.722
4.702
4.699
4.679
4.173
4,164
4.1586
4.151
4.145
4,138
4.134
4.127
4.088
4.070
4.0582
4. 034
4.027
4. 009
3.858
3.686
3.666
3,632
3.613

CN

CN

1.333

iy
1.1303

1.:157
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1

A1

L

PPM

Bz

]
W
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Laae
jres

sae

Iy
dB

MHZ

MHz

HAME D¥ . sobhani
EXPHO 1
FROCHD 1
Data_ 20101116
Tima .52
INSTRUM spast
PRAOBHD 5 mm PABBO BE-
FULE =g30
™ 65536
SOLVENT CDeL3
Ha 25
ng [
swE E012.820
FIDRES 0.122266
AQ 4.DBE34366
RE 258
oW 62.400
DE 6.50
TE 2381
DL 6.00000000
TmO 1
memmmmmn CHANNEL ] mmmmm———
wic1 18
Fl 14.00
PL1 -2 _00
FLIW 11.86355406
sFO1 400. 2236020
5L 32768
SF 400. 2200000
W EN
588 [
LB 0.30
GB [
3 1.00



18



RIL°T
WL'T
4 5§
41
DRt
L1
68" =
EZE"T
166" T
Bi6 T
00T
HO°E
190°2
EEO°E
ore
174 4
ML
BLETE
i1 194
ESS°E
LY

e
EET'Y
i1
CL 1A
LEE®
BEL'¥
OSE" W
SERR

SHE'E =)
e -

I
it mmr_,m- wnmm“,m g mwm. 5t
e bl | oire

i

Mmmm n?mmm w Senngrs (hedf cunblam:

s
B

J

CN
CN
1

11

(EtO),P.

LU -

20K

T —

ff

9

E

;

Or mcbhang

oy
Current Data Farsmscers

HEME
Exren
FECCRT

EL7OTT
BLTOTT

S0°ZIT
EE"ZIT H.M..ﬁlr

az

]
dan
Er]
]
M=

1T
1
JAaRIELH
2
walts
33788
LERLLECRET N
]
[
.00 mx
¥
1.4R

RS, 13D

n - Processing BACissbers

- hogoaislbicm Feranesners

EZ

ra
4Lk
]
lcm
PJ.-
nm

20

44

60

19

M

180 16D 144 126 104 [=1]

EL L

sk el
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MEOMO A A
=TT W T W
h i
-
\'
(0] | NAME sobhani
I 2
CN | 1
(EtO)ZP Date_ 20101116
Time 9.26
INSTRUM spect
PROBHD 5 mm PABBO BB-
CN PULPROG zg30
D 65536
SOLVENT cpc13
NS 26
12 DS 0
SWH B8012.820
FIDRES 0.122266 H
AQ 4.0894066 sec
RG 36
usac
usec
TE 297.8 K
DL £.00000000 sec
TDO 1
CHANN f1
1H
14.00 usec
-2.00 d8
PLIW 11.86350406 W
SFO1 400.2236020 MHz
( 5I 32768
! ¥ 400.2200000 MHz
WOW EM
i SSB 0
LB 0.30 Hz
cB 0
' PC 1.00
1
T T T T T T T T T
12 11 10 9 8 7 6 5
o
i
mm
28
HAME Dr.scbhani
EXPNO T
PROCNO 1
Date_ 20101116
Time 9.18
INSTRUM spect
DROBHD 5 mm PABBO BBE-
PULPROG zgpg
ki) 65536
SOLVENT cocl3
NS 40
D3 [
SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2576628 sec
RG 2050
W 19.800 usec
DE 6.50 usec
TE 298.2 K
D1 3.00000000 sec
D11 0.03000000 sec
TDO
CHANNEL f1 =
13c
9.00 usec
-0.90 dB
PLIW 42.02801895 W
SFO1 100.6479784 MHz
CHANNEL f£2 =
CPDPRG2 waltzlé
Nucz 5
BCPD2 90.00 usec
PL2 -2.00 d8
PL12 14.1& dB
PL13 17.90 dB
PLIW 11.86350406 W
PL1ZW 0.28722104 W
PL13W 0.12139934 W
SFOZ 400.2216009 MHz
S1 32768
= 100.6353990 MHz
WOW EM
ssB o
LB 1.00 Hz
T T T T T T T T T T T T e e
240 220 200 180 160 140 120 100 80 60 40 20 ppm
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7.497
7.492
7.487
7.480
7.475
7.471
7.453
7.447
7.436
7.431
4.828
4.812
4.797
4.794
4,781
4.779
4.763
4.748
4.590
4.574
4,559
4.554
4.541
4.536
4.532
4,526
4,513
3.544
3.526
3.4%0
3.472
1.401
1..383

368
1533l

L

|

—7.292

%

CN

ClI

d L N

T
ppm

@
-
(=2
w
=y
w
~n
-

0.97
1.00
2.06
6.83
6.19

136.72
135.68
130.96
130.87
129.60
129.58
120.20
129.13
111.47
111.32
111.17
111.02
—45.38
4345

.
X
<

NAME Dr.sobhani
EXPNO 27
PROCNO 1
Date_ 20101228
Time 9.31
INSTRUM spect
PROBHD 5 mm PAEEO BEE-
PULPROG zg30
TD €5536
SOLVENT cDc13
36
Q
8012.820 Hz
0.122266 Hz
4.0894066 sec
usec
usac
sec
usec
dB
11.86359406 W
400.2236020 MHz
32768
400.2200000 MHz
EM
o
0.30 Hz
o
1.00

610
1

F2 - Acguisition Parameters
201508

Date_
Time
INSTRUM
PROBHD
PULPROG

D
SOLVENT
NS

SFO2

NUC2
CPDPRG[2
PLWZ

PLW12
PLW13

ST
SF
WDW
SSB
B

GE

T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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30

4
18115.941
0.276427
1.8087935
202

2.00000000
0.03000000
1

CHANNEL £1
75.6554892
13¢

10.00 usec
30.00000000 W

CHANNEL £2
300.8477518
1H

MHz

waltzlé

90.00 usec
6.40000010
0.17778000 W
0.14399999 W

=

F2 - Processing parameters
32768

75.6479250 Mz
EM

1.00 Hz

1.40
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Current Data Parameters
NAME B
EXPNO 6
PROCNO i
F2 - Acquisition Parameters
Date. 20150807
Time 8.20
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
D 65536
SOLVENT cpel3
NS 400
DS 4
SWH 18115.941 Hz
FIDRES 0.276427 Hz
AQ 1.8087935 sec
RG 202
DW 27.600 usec
DE 6.50 usec
TE 296.2 K
D1 2.00000000 sec
D11 0.03000000 sec
DO i
= CHANNEL £1
75.6554892 MHz
13C
10.00 usec
20.42000008 W
CHANNEL £2
SFO2 300.8477518 MHz
NUC2 18
CPDPRG[2 waltzl6
D2 90.00 usec
PLW2 6.19999981 W
PLW1Z 0.17222001 W
PLAL3 0.13950001 W
F2 - Processing parameters
s1 32768
sE 75.6479250 MHzZ
WDH EM
X " SSB 0
o " 1.00 Hz
’ o GB [
T T T T T T T B 1.40

T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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Current Data Parameters
NAME BO

EXPNO ]
PROCNO 1

F2 - Acquisition Parameters
Date_ 20150807
Time 10.28
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

i) 65536
SOLVENT €DC13

NS 128

DS a

SWH 18115.941 Hz
FIDRES 0.276427 Hz
2Q 1.8087935 sec
RG 202

oW 27.600 usec
DE 6.50 usec
TE 296.5 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1

= CHANNEL f1 =
75.6554092 MHz
13c

10.00 usec
20.42000008 W

= CHANNEL 2

SFO2 300.8477518 MHz
NUC2 18
CPDPRG(2 waltzl6
PCPD2 90.00 usec
PLW2 6.19999981 W
PLW12 0.17222001 W
BLW13 0.13550001 W

F2 - Processing parameters
ST 32768

SF 75.6479250 MHz
WDW EM
$3B 0
LB 1.00 Hz
M o GB 0
T T T T T T T T T T T T T T T T T T L 1.40
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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5) Mass spectra of p-phosphonomalonates
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MeO
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CN

CN
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100000

2600000
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2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000
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{Abundance

CN
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1
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1

76
s

98 .

3
21f 268
2 2
: LESI 1 1 - 1 1 98 1 L
250 300
I
(EtO),P. CN
Cl
CN
6
326

206

217

244 252

311 319

90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330

25




Abundance

1800000 327
1600000 ?
| (EtO),R CN
1400000
1200000 CN
1000000 Cl
7
800000
600000 e
4000001
163 263
200000 & 100 128
43 85 %2 5 B = 15 217 299 g
O T Y O [P OO 27 LT as2 1187 207 7)) v s LA sen | ] |
miz—> 40 75077@,7;073‘9 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
125000
] 247
100000 9
] 109 (EtO),P. CN
] 138
75000 76 CN
. 153 Br
50000 8
] 65 |
N 169
25000 50
] 235
i 1p5 183 279 372
] i LV S
0 b LI ir II| = ! T T 2$|'9' T || T ?|5I = T T I;t T !
50 100 130 200 250 300 350
i 137 CH)
75000t (EO)P CN
i Br
i CN
50000 109 207
7 127 9
] 153
25000 81
T 6 ol 235
] ‘ ITQ 372
14 | | [
O I”I|I L I| 1 IIII III II 1 IIII II m IIII I1|§5I I 1 | |I 2I83I2I’ZI9 1 1 1 1 1 1 !
50 100 130 200 250 300 350

26




e (EtO),P CN
3500000
CN
300000¢ e ?
2500000 10 (io)\zp>_<CN
2000000 CN
1500000 171 11
1000000 81 2
a9
jniz—> 40 50 0 30 S0 100 110 1 160 170 ) 190 200 210 220 :"L‘”.‘-m .n-‘u“ 'x[‘ 250 300 310
] 38 (I?
200e3- 43
150¢3] 11 CN
4 11
100e3-] 8
] 193
] 58
1 4 165 203
4 231
] 173 2]5 239
0e3 I| ||| AT | A oL 243 |?. L
1 1 1 ) 1 1 1 1 1 1 1 1 1 1 1 1 1
50 75 100 150 175 200 275 250
] 137
400e3+ (H)
300e3] 81 CN
] 111
] 12
200e3]
] 54
i 41 95
100e3] 6
. 1‘7
OeJ_ — ||I| I‘.I I‘|I|..I||I ‘l e |, | || |‘|I|II| |
50 75 100 125

27



‘Ahundance
7000000 163

6500000, 43
|

| 5000000 (i—Pr—O)ZIU CN

|
| 5500000

CN

50000001

45000001

Cl
4000000
13

3500000|

3000000 123

2500000
|

| 2000000

| 1500000 189

10000004 | 297 313
207
500000} se 89 153
S 7 T 101 111 141 | | %ig 235 247
LTl 0189 g | 13411 | 171182 ||l 198 ||[) <) 256 280 290 320 345

Okl . , . : .y : 1|
miz—> 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 _220 230 240 250 260 270 280 290 300 310 320 330 340 350

. 109
. 149
75000
7 ||
. 03 (MeO),P. CN
. 70
50000 57 N
i 163 cl
E 4 14
1y
25000 .
: ‘ m 8 ZT
189 298
] 279
O LI 1 Ill || |I||I Il |! 1 |!I||| ||||||L 8 I| IITI 1 1 LI 1 1 ! 1 1 2|?‘|7I| 1 ’fl 1 1 |E LI
50 75 100 125 130 175 200 225 250 275 300
7 (”) 300
100000 EO) N
i CO,Et
75000
373
64,
328 344
1 1 1 1 1 1 1 1
250 300 350

28




