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Supplementary Data 
Experimental 
Additional general details 
Melting points were obtained on a Buchi SMP-20 capillary melting point apparatus and are uncorrected. IR spectra were taken on 
a Shimadzu FTIR-8300 instrument. Low resolution mass spectra were recorded on a ES Bruker Esquire 300 Plus Daltronics 
instrument with ES ionisation whilst most high resolution spectra were obtained from the mass spectrometry facility at Kings 
College, London. TLC was performed with alumina backed silica gel 60 F254 eluting with the solvent system used for the column 
chromatography unless otherwise stated and the plates were visualised under UV light or developed in an iodine tank. Column 
chromatography used silica gel with particle size 33–50 µm purchased from BDH. All other materials were purchased from 
Sigma-Aldrich Ltd. and used as received unless indicated otherwise.  
 
Typical procedure for the in situ preparation of the carboxylic acid chloride precursors of the aroylphosphonates 1a-h and 2a-c 
Thionyl chloride (30 cm3) was added to the carboxylic acid (40 mmol) under an atmosphere of dry nitrogen and the mixture 
stirred for 12 h or until NMR spectroscopy indicated that the reaction was complete. The mixture was then warmed under reduced 
pressure to remove volatile components. Finally, dry toluene (5 cm3) was added and then removed under reduced pressure to give 
the acid chloride free from thionyl chloride.  
 
Dimethyl thiophene-2-carbonylphosphonate 1a. 
Trimethyl phosphite (1.7 g, 13.7 mmol) was added dropwise over a period of 30 min to a stirred sample of thiophene-2-carbonyl 
chloride (2 g, 13.7 mmol) kept below 0 °C and under an atmosphere of dry nitrogen.  The resulting mixture was stirred for 1 h at 
room temperature then purified by distillation in vacuo. The phosphonate 1a was obtained as a pale yellow oil in essentially 
quantitative yield, bp 112 °C at 0.06 mmHg. (Found: C, 38.05; H, 4.0%; M+, 220. C7H9O4PS requires C, 38.18; H, 4.12%; M+, 
220); δP(109.3 MHz, CDCl3) 0.1; δH(270 MHz; CDCl3) 3.91 (6 H, d, JPH 10.8, POMe), 7.37 (1 H, m, 4-H), 7.67 (1 H, m, 3-H) and 
8.85 (1 H, m, 5-H); δC(67.9 MHz; CDCl3) 53.3 (x2)(d, JPC 7, POMe) 128.3 (d, JPC 1, C-4), 136.9 (C-5), 137.2 (d, JPC 2, C-3), 
142.1 (d, JPC 81, C-2) and 188.6 (d, JPC 182, C=O). 
 
Dimethyl furan-2-carbonylphosphonate 1b 
Trimethyl phosphite (4.27 g, 34 mmol) was added slowly to a cooled (-48 °C), stirred solution of furan-2-carbonyl chloride (4.5 g, 
34 mmol) in dry toluene (8 cm3) under an atmosphere of dry nitrogen. The resulting solution was allowed to warm to room 
temperature slowly and then stirred for 12 h. Distillation of the product in vacuo gave the phosphonate 1b (4.0 g, 58%) as a pale 
yellow oil, bp 110 °C at 0.005 mmHg (Found: C, 41.2; H, 4.4; M+, 204. C7H9O5P requires C, 41.19; H, 4.44%; M+, 204); δP(109.3 
MHz, CDCl3) -0.1; δH(270 MHz; CDCl3) 3.92 (6 H, d, JPH 11, POMe), 6.64 (1 H, dd, JHH 4 and 2, 4-H), 7.77 (1 H, dd, JHH 2 and 
1, JPH 2, 3-H) and 7.88 (1 H, dd, JHH 4 and 1, 5-H); δC(67.9 MHz; CDCl3) 54.1 (x2)(d, JPC 7, POMe), 113.0 (C-4), 125.3 (C-3), 
149.5 (C-5), 151.7 (d, JPC 89, C-2) and 183.7 (d, JPC 190, C=O).      
 
Dimethyl 3-benzylfuran-2-carbonylphosphonate1c 
To a stirred solution of 3-benzylfuran-2-carbonyl chloride (1.4 g, 6.34 mmol) in dry toluene (30 cm3), cooled to -78 ºC under an 
atmosphere of dry nitrogen was added trimethyl phosphite (0.79 g, 6.4 mmol). The mixture was then allowed to warm to room 
temperature and the progress of the reaction monitored by NMR spectroscopy. This showed the formation of the required 
phosphonate 1c, together with a small quantity of the aldehyde 20c, and an equivalent quantity of trimethyl phosphate. A sample 
of the pure phosphonate 1c (1.2 g, 63%) was isolated as a pale yellow oil by chromatography on silica using ethyl acetate as the 
eluent; δP(109.3 MHz, CDCl3) 0.9; δH(400 MHz, CDCl3) 3.88 (6 H, d, JPH 11, POMe), 4.12 (2 H, s, CH2), 6.30 (1 H, br s, 4-H), 
7.11-7.17 (3 H, m, 2’/6’-H and 4’-H), 7.17-7.24 (2 H, m, 3’/5’-H) and 7.52 (1 H, d, JHH 2, 5-H); δC(67.9 MHz; CDCl3) 31.9 
(CH2), 54.4 (x2)(d, JPC 7, POMe), 115.4 (d, JPC 3, C-4), 126.7 (C-4’), 128.7 (x2)(C-3’/5’), 128.9 (x2)(C-2’/6’), 138.4 (d, JPC 9, C-
3), 138.6 (C-1’), 148.0 (C-5), 148.1 (d, JPC 60, C-2), and 186.2 (d, JPC 186, C=O); m/z (EI) 317.0489 (M+. C14H15NaO5P requires 
317.0555). 
 
Dimethyl 5-methylfuran-2-carbonylphosphonate 1d 
5-Methylfuran-2-carbonyl chloride (5.64 g, 39 mmol) was dissolved in dry toluene (30 cm3) and cooled to -78 ºC under an 
atmosphere of dry nitrogen. Trimethyl phosphite (4.83 g, 39 mmol) was added and the solution allowed to warm to room 
temperature. After 12 h the solvent was removed under reduced pressure and the residue distilled in vacuo. The phosphonate 1d 
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(5.1 g, 60%) was obtained as a pale yellow oil, bp 147 ºC at 0.005 mmHg; δP(109.3 MHz, CDCl3) 0.6; δH(270 MHz; CDCl3) 2.46 
(3 H, s, CH3), 3.91 (6 H, d, JPH 10.4, POMe), 6.23 (1 H, d, JHH 3.5, 4-H) and 7.86 (1 H, d, JHH 3.5, 3-H); δC(67.9 MHz; CDCl3) 
14.1 (Me), 54.1 (x2)(d, JPC 7, POMe), 110.3 (s, C-4), 128.2 (C-3), 151.1 (d, JPC 91, C-2), 161.7 (C-5) and 182.3 (d, JPC 189, 
C=O); m/z (ESI) 241.0236 (M+Na+. C8H11O5PNa requires 241.0242). 
 
Dimethyl 5-phenylfuran-2-carbonylphosphonate 1e 
5-Phenylfuran-2-carbonyl chloride (0.34 g, 1.63 mmol) was dissolved in dry toluene (30 cm3) and cooled to -78 ºC under an 
atmosphere of dry nitrogen. Trimethyl phosphite (0.20 g, 1.63 mmol) was then added and the solution was allowed to warm to 
room temperature over a period of 12 h. Removal of the solvent under reduced pressure (60 ºC at 0.005 mmHg) gave a residue 
which was purified by distillation in vacuo. The phosphonate 1e (0.09 g, 20%) was isolated as a pale yellow oil, bp 130 ºC at 
0.005 mmHg; δP(109.3 MHz, CDCl3) 0.6; δH(400 MHz, CDCl3) 3.91 (6 H, d, JPH 10.8, POMe), 6.88 (1 H, d, JHH 3.8, 4-H), 7.38-
7.48 (3 H, m, 3’/5’-H and 4’-H) 7.84 (2 H, dd, JHH 7.5 and 1.5, 2’/6’-H) and 8.00 (1 H, d, JHH 3.8, 3-H); δC(67.9 MHz; CDCl3) 
54.5 (x2)(d, JPC 7, POMe), 108.5 (C-4), 125.9 (C-2’/6’), 128.7 (C-4’), 129.1 (C-1’), 129.2 (C-3’/5’), 130.4 (C-3), 151.5(d, JPC 92, 
C-2), 161.0 (C-5) and 183.0 (d, JPC 189, C=O); m/z (ESI) 303.0393 (M+Na+. C13H13O5PNa requires 303.0398. 
 
Dimethyl 1-methylpyrrole-2-carbonylphosphonate 1f 
To a suspension of 1-methylpyrrole-2-carboxylic acid (1.0 g, 8 mmol) in benzene (30 cm3) under an atmosphere of dry nitrogen 
was added oxalyl chloride (2.03 g, 16 mmol) together with one drop of dimethylformamide. The mixture was then stirred at room 
temperature until all of the solid had dissolved (ca. 2 h). Volatile components were then removed under reduced pressure and the 
residue taken up into dry acetonitrile (30 cm3) under an atmosphere of dry nitrogen. After cooling to -40 ºC trimethyl phosphite 
(0.99 g, 8 mmol) was added and the resulting mixture then allowed to warm to room temperature. After stirring for 48 h, volatile 
components were removed under reduced pressure and the residue distilled in vacuo. The phosphonate ester 1f (1.04 g, 60%) was 
isolated as a pale yellow oil, bp 137 ºC at 0.005 mmHg; δP(109.3 MHz, CDCl3) 2.5; δH(400 MHz, CDCl3) 3.89 (6 H, d, JPH 10.7, 
POMe), 3.94 (3 H, s, N-Me), 6.24 (1 H, dd, J 2.4 and 4.3, 4-H), 6.99 (1 H, m, 3-H) and 7.71 (1 H, dd, J 4.3 and 1.4, 5-H); δC(67.9 
MHz; CDCl3) 37.7 (NMe), 54.0 (x2)(d, JPC 7, POMe), 110.1 (C-4), 126.5 (d, JPC 2, C-3), 130.9 (d, JPC 86, C-2), 134.5 (C-5) and 
184.2 (d, JPC 183, C=O); m/z (ESI) 240.0393 (M+Na+. C8H12NO4PNa requires 240.0402).  
 
Dimethyl 1-phenylpyrrole-2-carbonylphosphonate 1g 
Trimethyl phosphite (1.025 g, 8.26 mmol) was added dropwise to a stirred solution of 1-phenylpyrrole-2-carbonyl chloride (1.7 g, 
8.26 mmol) in dry toluene (10 cm3) at room temperature under an atmosphere of dry nitrogen. The resulting solution was stirred 
for 48 h and then volatile components were removed in vacuo to give the desired phosphonate in a good state of purity. A pure 
sample of this material was obtained by chromatography on silica gel using hexane-ethyl acetate mixtures as the eluent; δP(109.3 
MHz, CDCl3) 2.1; δH(400 MHz, CDCl3) 3.85 (6 H, d, JPH 11, POMe), 6.41 (1 H, dd, JHH 4.3 and 2.5, 4-H), 7.09-7.10 (1 H, m, 3-
H), 7.23-7.27 (2 H, m, 2’/6’-H) , 7.39-7.43 (3 H, m, 3’/5’-H and 4’-H) and 7.89 (1 H, dd, J 4.3 and 1.7, 5-H); δC(100.63 MHz; 
CDCl3) 54.1 (x2)(d, JPC 7, POMe), 111.3 (C-4), 126.1 (x2)(C-2’/6’), 127.4 (d, JPC 3, C-3), 128.3 (C-4’) 128.9 (x2)(C-3’/5’), 131.0 
(d, JPC 88, C-2), 134.4 (C-5), 139.9 (C-1’) and 183.6 (d, JPC 184, C=O); m/z (ESI) 302.0552 (M+Na+. C13H14NO4PNa requires 
302.0558). 
 
Dimethyl pyrrole-2-carbonylphosphonate 1h. 
Due to problems associated with the preparation and subsequent reaction of pyrrole-2-carbonyl chloride,1 it has so far proved 
difficult to obtain the phosphonate ester 1h in sufficiently quantities and in a sufficiently pure state to carry out satisfactory 
further studies although its presence was clearly visible in the NMR spectra of the reaction product; δP(109.3 MHz, CDCl3) 2.0; 
δH(270 MHz, CDCl3) 3.90 (6 H, d, JPH 11, POMe), 6.35 (1 H, m, 4-H), 7.24 (1 H, br s, 3-H), 7.55 (1 H, br s, 5-H), 11.20 (1 H, s, 
NH); δC(67.9 MHz; CDCl3) 53.9 (x2)(d, JPC 7, POMe), 111.9 (C-4), 122.5 (br s, C-5), 129.0 (C-3), 132.4 (d, JPC 80, C-2), 182.9 
(d, JPC 184, C=O). 
 
Dimethyl thiophene-3-carbonylphosphonate 2a 
Trimethyl phosphite (3.4 g, 27.3 mmol) was added dropwise to a stirred sample of thiophene-3-carbonyl chloride (4 g, 27.3 
mmol) at 0°C under an atmosphere of dry nitrogen. The resulting mixture was stirred for 3 h and then distilled under reduced 
pressure. The phosphonate 2a was isolated in essentially quantitative yield as a pale yellow oil, bp 126 °C at 0.08 mmHg; 
δP(109.3 MHz, CDCl3) 0.75; δH(270 MHz; CDCl3) 3.85 (6 H, d, JPH 11, POMe), 7.31 (1 H, m, 5-H), 7.63 (1 H, dm, JPH 5, 4-H) 
and 8.81 (1 H, m, 2-H); δC (67.9 MHz; CDCl3) 53.8 (x2)(d, JPC 7, POMe), 126.6 (d, JPC 1, C-5), 126.9 (d, JPC 7, C-4), 138.4 (C-
2), 140.5 (d, JPC 67, C-3) and 191.0 (d, JPC 178, C=O). 
This compound was converted to its 2,4-dinitrophenylhydrazone derivative and recrystallised from ethanol to give a yellow solid, 
mp 113 °C (Found: C, 39.0; H, 3.2; N, 13.75. C13H13N4O7PS requires C, 39.01; H, 3.27; N, 14.00%). 
 
Dimethyl furan-3-carbonylphosphonate 2b 
Trimethyl phosphite (11.2 g, 90 mmol) was added dropwise to a stirred sample of furan-3-carbonyl chloride (11.7 g, 90 mmol) at 
room temperature. The resulting solution was stirred for 12 h and then distilled under reduced pressure. The phosphonate 2b (12.4 
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g, 68%) was obtained as a pale yellow oil, bp 103 °C at 0.04 mmHg (Found: C, 41.15; H, 4.5. C7H9O5P requires C, 41.19; H, 
4.44%); δP(109.3 MHz, CDCl3) -0.4; δH(270 MHz; CDCl3) 3.92 (6 H, d, JPH 10.8, POMe), 6.86 (1 H, m, 4-H), 7.57 (1 H, m, 5-H) 
and 8.74 (1 H, br s, 2-H); δC(67.9 MHz; CDCl3) 53.9 (x2)(d, JPC 6, POMe), 107.2 (d, JPC 8, C-4), 127.2 (d, JPC 71, C-3), 144.4 (C-
5), 153.0 (d, JPC 2, C-2) and 192.0 (d, JPC 183, C=O); m/z (EI) 204.0182 (M+ C7H9O5P requires 204.0188).  
 
Dimethyl 2-(prop-2-ynyloxymethyl)furan-3-carbonyl-phosphonate 2c 
2-(Prop-2-ynyloxymethyl)furan-3-carbonyl chloride (2.18 g, 11 mmol) was dissolved in dry toluene (30 cm3) and trimethyl 
phosphite (1.36 g, 11 mmol) was added. The mixture was then stirred under an atmosphere of dry nitrogen for 12 h at room 
temperature. Volatile components were then removed under reduced pressure and the residue distilled in vacuo. The phosphonate 
ester 2c was obtained as a pale yellow oil in essentially quantitative yield, bp 130 ºC at 0.005 mmHg; δP(109.3 MHz, CDCl3) 0.2; 
δH(400 MHz, CDCl3) 2.49 (1 H, t, JHH 2.4, CCH), 3.90 (6 H, d, JPH 10.8, POMe), 4.22 (2 H, d, JPH 2.3, CH2), 4.89 (2 H, s, CH2), 
6.71 (1 H, d, JHH 1.8, 4-H) and 7.40 (1 H, d, JHH 1.8, 5-H); δC(67.9 MHz; CDCl3) 54.4 (x2)(d, JPC 7, POMe), 58.5 (CH2), 63.1 
(CH2Ar), 75.5 (CH), 79.4 (C), 111.4 (d, JPC 2,C-4), 122.7 (d, JPC 69, C-3), 142.9 (C-5), 158.4 (d, JPC 15.6, C-2) and 193.9 (d, JPC 
185, C=O); m/z (ESI) 290.0792, (M+NH4

+.2 C11H17NO6P requires 290.0788. 
 
Reaction of dimethyl furan-2-carbonylphosphonate 1b with triethyl phosphite 
Triethyl phosphite (3.2 g, 20 mmol) was slowly added to a stirred sample of dimethyl furan-2-carbonylphosphonate 1b (2.0 g, 10 
mmol) at -40 °C under an atmosphere of dry nitrogen. The resulting solution was then allowed to warm slowly to room 
temperature. After a period of ca.12 h, volatile components were removed by warming under reduced pressure (50 °C at 0.005 
mmHg)3 to give dimethyl 5-[(Z)-4-(dimethoxy-phosphoryl)-but-1-en-3-ynyl]-4-furan-2-yl-2,2,2-triethoxy-2λ5-[1,3,2]dioxa-
phospholan-4-yl-phosphonate 19b’ in a good state of purity; δP(109.3 MHz, CDCl3) 19.0 [d, JPP 41, P(O)(OMe)2], -3.4 [s, 
CCP(O)(OMe)2] and -51.4 [d, JPP 41, P(OEt)3]; δC(67.9 MHz, CDCl3) 16.4 (x3)(d, JPC 9, Me), 53.5 (x2)(d, JPC 5, POMe), 54.1 (d, 
JPC 7, POMe), 54.4 (d, JPC 7, POMe), 63.5 (x3)(d, JPC 9, POCH2), 70.2 (dd, JPC 6 and 2, C-5), 75.8 (dd, JPC 179 and 2, C-4), 82.4 
(d, JPC 298, C-4’), 95.2 (d, JPC 53, C-3’), 110.2 (d, JPC 4, C-3 furan), 110.6 (C-4 furan), 111.3 (d, JPC 7, C-2’), 143.1 (s, C-5 
furan), 144.2 (d, JPC 14, C-1’), 148.6 (d, JPC 7, C-2 furan). Efforts to purify the triphosphorus compound 19b’ by chromatography 
were unsuccessful leading to the formation of decomposition products. 
 
Supplementary NMR Data 
Tetramethyl thiophen-2-ylmethane-1,1-bisphosphonate 6a; δP(109.3 MHz, CDCl3) 19.7; δH(400 MHz, CDCl3) 3.72 (6 H, d, JPC 11.0, 
POMe), 3.82 (6 H, d, JPC 11.0, POMe), 4.12 (1 H, t, JPC 25.0, α-CH), 7.03 (1 H, dd, JHH 3.6 and 5.1, 4-H) and 7.26–7.30 (2 H, m, 
3-H and 5-H); δC(100.63 MHz, CDCl3) 39.5 (t, JPC 136, α-C), 53.7 (t, JPC 6, POMe), 54.3 (t, JPC 6, POMe), 126.0 (t, JPC 3, C-4), 
127.2 (t, JPC 3, C-5), 129.2 (t, JPC 7, C-3) and 129.6 (t, JPC 10, C-2). 
 
Tetramethyl 3-benzylfuran-2-ylmethane-1,1-bisphosphonate 6c; δP(109.3 MHz, CDCl3) 19.5; δH(400 MHz, CDCl3) 3.73 (6 H, d, JPH 
11.3, POMe), 3.77 (2 H, br s, CH2), 3.76 (6 H, d, JPH 11.3, POMe), 4.03 (1 H, t, JPH 25.7, α-H), 6.20 (1 H, br ‘s’, 4-H), 7.17-7.22 
(3 H, m, 2’/6’-H and 4’-H), 7.28 (2 H, tm, J 7.6, 3’/5’-H) and 7.40 (1 H, q, J 2, 5-H); δC(100.63 MHz, CDCl3) 31.1 (CH2), 37.5 (t, 
JPC 136, α-CH), 53.8 (x2)(t, ‘J’PC 3, POMe), 54.1 (x2)(t, ‘J’PC 3, POMe), 113.0 (t, JPC 3, C-4), 123.0, (t, JPC 8.5, C-3), 126.5 (C-
4’), 128.4 (x2)(C-3’/5’), 128.6 (x2)(C-2’/6’), 139.0 (t, JPC 12, C-2), 139.7 (t, JPC 2, C-1’) and 142.6 (t, JPC 3, C-5). 
 
Tetramethyl 5-methylfuran-2-ylmethane-1,1-bisphosphonate 6d; δP(109.3 MHz, CDCl3) 19.0; δH(400 MHz, CDCl3) 2.29 (3 H, s, 
Me), 3.74 (6 H, d, JPH 10.9, POMe), 3.81 (6 H, d, JPH 10.9, POMe), 4.04 (1 H, t, JPH 25.2, α-CH), 5.98 (1 H, d, JPH 3, 4-H) and 
6.40 (1 H, dt, JHH 3, JPH 3, 3-H); δC(100.63 MHz, CDCl3) 12.8 (Me), 37.7 (t, JPC 136, α-CH), 53.1 (x2)(m, POMe), 53.1 (x2)(m, 
POMe), 106.6 (t, JPC 2, C-4), 110.8, (t, JPC 6, C-3), 139.8 (t, JPC 8, C-2) and 151.8 (t, JPC 3, C-5). 
 
Tetramethyl 5-phenylfuran-2-ylmethane-1,1-bisphosphonate 6e; δP(109.3 MHz, CDCl3) 18.8; δH(400 MHz, CDCl3) 3.77 (6 H, d, JPC 
11, POMe), 3.83 (6 H, d, JPC 11, POMe), 4.16 (1 H, t, JPC 25.5, α-CH), 6.61 (1 H, dt, JHH 3.4, JPH 3, 3-H), 6.65 (1 H, d, JHH 3.4, 4-
H), 7.26 (1 H, m, 4’-H), 7.40 (2 H, t, JHH 7.5, 3’/5’-H), 7.65 (2 H, d, JHH 7.5, 2’/6’-H); δC(100.63 MHz, CDCl3) 38.9 (t, JPC 136, 
α-CH), 54.0 (m, POMe), 54.5 (m, POMe), 106.6 (t, JPC 3, C-4), 112.8 (t, JPC 6, C-3), 123.8 (C-2’/6’), 127.7 (C-4’), 128.9 (C-
3’/5’), 130.5 (C-1’), 142.2 (t, JPC 8, C-2), 154.3 (t, JPC 3, C-5). 
 
Tetramethyl 1-methylpyrrole-2-ylmethane-1,1-bisphosphonate 6f; δP(109.3 MHz, CDCl3) 20.0; δH(270 MHz, CDCl3) 3.59 (3 H, br s, 
NCH3), 3.67 (6 H, d, JPH 11, POMe), 3.77 (6 H, d, JPH 11, POMe), 3.72 (1 H, br t, JPH 25, α-CH), 6.09 (1 H, dd, J 3.8 and 2.8, 4-
H), 6.48 (1 H, br s, 5-H) and 6.62 (1 H, m, 3-H); δC(100.63 MHz, CDCl3) 33.9 (NCH3), 36.1 (t, JPC 133, α-C), 53.8 (x2)(t, ‘J’PC 
3.5, POMe), 54.4 (x2)(t, ‘J’PC 3.5, POMe), 107.5 (t, JPC 2, C-4), 111.4 (t, JPC 4, C-3), 118.2 (t, JPC 6, C-2) and 124.3 (t, JPC 3, C-
5). 
 
Tetramethyl 1-phenylpyrrole-2-ylmethane-1,1-bisphosphonate 6g; δP(109.3 MHz, CDCl3) 20.1; δH(400 MHz, CDCl3) 3.68 (6 H, d, 
JPC 11.0, POMe), 3.71 (6 H, d, JPC 11.0, POMe), 3.87 (1 H, t, JPC 25.7, α-CH), 6.28 (1 H, t, 3.2, X-H), 6.65 (1 H, m, 3-H), 6.83 (1 
H, m, 4-H), 7.31- 7.35 (2 H, m, 2’/6’-H), 7.38-7.43(1 H, m, 4’-H), 7.44-7.50 (2 H, m, 3’/5’-H); δC(100.63 MHz, CDCl3) 35.9 (t, 
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JPC 139, α-C), 53.7 (m, POMe), 54.4 (m, POMe), 108.91 (t, JPC 2, C-4), 112.3 (t, JPC 4, C-3), 119.2 (t, JPC 6, C-2), 123.6 (t, JPC 2, 
C-5), 126.9 (x2)(C-2’/6’), 128.2 (C-4’), 129.6 (x2)(C-3’/5’) and 139.0 (C-1’). 
 
Dimethyl thiophen-2-ylmethylphosphonate 7a; δP(109.3 MHz, CDCl3) 27.3; δH(400 MHz, CDCl3) 3.37 (2 H, d, JPH 20.8, CH2), 3.70 
(6 H, d, JPH 10.8, POMe), 6.94–7.12 (2 H, m, 4-H and 5-H) and 7.18 (1 H, ddd, JHH 1.8 and 1.2, JPH 5.0, 3-H); δC(100.63 MHz, 
CDCl3) 27.1 (d, JPC 144, CH2), 53.1 (x2)(d, JPC 7, POMe), 124.9 (d, JPC 4, C-4), 127.2 (d, JPC 4, C-5), 127.5 (d, JPC 9, C-3) and 
132.1 (d, JPC 10, C-2). 
 
Dimethyl 5-methylfuran-2-ylmethylphosphonate 7d; δP(109.3 MHz, CDCl3) 26.7; δH(400 MHz, CDCl3) 2.26 (3 H, d, JPH 2, Me), 
3.21 (2 H, d, JPH 20.8, CH2), 3.69 (6 H, d, 10.9, POMe), 5.91 (1 H, d, JHH 2.5, 3-H) and 6.11 (1 H, d, JHH 3.5, 4-H); δC(100.63 
MHz, CDCl3) 13.4 (Me), 25.7 (d, JPC 144, CH2), 52.8 (x2)(d, JPC 7, POMe), 106.7 (d, JPC 2, C-4), 109.0 (d, JPC 7, C-3), 143.0 (d, 
JPC 10, C-2) and 151.6 (d, JPC 3, C-5). 
 
Dimethyl 5-phenylfuran-2-ylmethylphosphonate 7e; δP(109.3 MHz, CDCl3) 26.1; δH(400 MHz, CDCl3) 3.33 (2 H, d, JPH 21, CH2), 
3.76 (6 H, d, JPH 10.9, POMe), 6.34 (1 H, t, JHH 3.5, JPH 3.5, 3-H) 6.60 (1 H, d, JHH 3.5, 4-H), 7.24 (1 H, t, JHH 7.4, 4’-H), 7.37 (2 
H, t, JHH 7.5, 3’/5’-H) and 7.64 (2 H, d, JHH 7.5, 2’/6’-H); δC(100.63 MHz, CDCl3) 26.1 (d, JPC 144, CH2), 53.2 (d, JPC 7, POMe), 
106.4 (d, JPC 3.5, C-3), 110.7 (d, JPC 8, C-4), 123.7 (C-2’/6’), 127.4 (C-4’), 128.8 (C-3’/5’), 129.1 (d, JPC 3, C-1’), 145.0 (d, JPC 
10, C-2) and 153.7 (d, JPC 3, C-5). 
 
Dimethyl 1-methylpyrrol-2-ylmethylphosphonate 7f; δP(109.3 MHz, CDCl3) 27.4; δH(400 MHz, CDCl3) 3.12 (2 H, d, JPH 20, CH2), 
3.63 (3 H, s, NCH3), 3.66 (6 H, d, JPH 10.7, POMe), 6.0-6.05 (2 H, m, 3-H and 4-H) and 6.58 (1 H, dt, JPH 2.2, JHH 2.3, 5-H); 
δC(100.63 MHz, CDCl3) 24.1 (d, JPC 144, CH2), 34.1 (s, NCH3), 53.1 (x2)(d, JPC 7, POMe), 107.3 (d, JPC 3, C-4), 109.3 (d, JPC 7, 
C-3), 121.5 (d, JPC 9, C-2) and 122.8 (d, JPC 3, C-5). 
 
Dimethyl 5-(dimethoxyphosphorylmethyl)thiophen-2-yl-phosphonate 10; δP(109.3 MHz, CDCl3) 15.2 [d, JPP 3, P(O)(OMe)2] and 26.3 
[d, JPP 3, CH2P(O)(OMe)2]; δH(400 MHz, CDCl3) 3.34 (2 H, d, JPC 21.2, CH2), 3.67 (6 H, d, JPC 10.8, POMe), 3.69 (6 H, d, JPC 
11.4, POMe), 7.10 (1 H, dd, JHH 3.6, JPC 3.5, 4-H) and 7.44 (1 H, ddd, JHH 3.6, JPC 8.5 and 0.5, 3-H); δC(100.63 MHz, CDCl3) 
26.3 (d, JPC 143, CH2), 52.0 (x2)(d, JPC 6, POMe), 52.1 (x2)(d, JPC 7, POMe), 124.7 (dd, JPC 211 and 4, C-2), 127.6 (dd, JPC 17 
and 8, C-3), 136.2 (dd, JPC 11 and 4, C-4) and 140.7 (dd, JPC 10 and 8, C-5). 
 
Tetramethyl 1-(thiophen-3-yl)ethane-1,1-bisphosphonate 15a; δP(109.3 MHz, CDCl3) 24.7; δH(270 MHz, CDCl3) 1.86 (3 H, t, JPH 
16, Me), 3.56 (6 H, d, JPH 11, POMe), 3.68 (6 H, d, JPH 11, POMe), 7.25 (1 H, dd, J 5 and 3, 5-H) and 7.35-7.43 (2 H, m, 2-H and 
4-H); δC(67.9 MHz, CDCl3) 18.0 (t, JPC 6, Me), 44.3 (t, JPC 140, α-C), 53.9 (x2)(m, POMe), 54.4 (x2)(m, POMe), 124.2 (t, JPC 8, 
C-2), 125.1 (t, JPC 1, C-5), 129.0 (t, JPC 4, C-4) and 134.0 (t, JPC 8, C-3). 
 
Tetramethyl 1-(furan-3-yl)ethane-1,1-bisphosphonate 15b; δP(109.3 MHz, CDCl3) 24.6; δH(270 MHz, CDCl3) 1.73 (3 H, t, JPH 16, 
Me), 3.64 (6 H, d, JPH 10.3, POMe), 3.71 (6 H, d, JPH 10.3, POMe), 6.62 (1 H, m, 4-H), 7.35 (1 H, m, 5-H) and 7.45 (1 H, m, 2-
H); δC(69.7 MHz, CDCl3) 16.2 (t, JPC 6, Me), 39.4 (t, JPC 136, α-C), 52.9 (x2)(m, POMe), 53.3 (x2)(m, POMe), 110.5 (t, JPC 4, C-
4), 118.4 (t, JPC 8, C-3), 140.5 (t, JPC 9, C-2) and 141.7 (C-5). 
 
Tetramethyl thiophen-3-ylmethane-1,1-bisphosphonate 16a; δP(109.3 MHz, CDCl3) 20.8; δH(400 MHz, CDCl3) 3.67 (6 H, d, JPH 
11.0, POMe), 3.78 (6 H, d, JPH 11.0, POMe), 4.02 (1 H, t, JPH 24.7, α-CH), 7.18 (1 H, dm, JHH 5, 4-H), 7.33 (1 H, dd, J 5 and 3, 5-
H) and 7.40–7.43 (1 H, m, 2-H); δC(100.63 MHz, CDCl3) 40.1 (t, JPC 134, α-CH), 53.5 (m, POMe), 54.0 (m, POMe), 125.4 (t, JPC 
8, C-2), 126.1 (t, JPC 1, C-5), 128.1 (t, JPC 8, C-3) and 129.4 (t, JPC 4, C-4). 
 
Tetramethyl furan-3-ylmethane-1,1-bisphosphonate 16b; δP(109.3 MHz, CDCl3) 21.2; δH(400 MHz, CDCl3) 3.73 (6 H, d, JPH 11.0, 
POMe), 3.77 (1 H, t, JPH ~24,4 α-H), 3.79 (6 H, d, JPH 11.0, POMe), 6.54 (1 H, br s, 4-H), 7.42 (1 H, br s, 5-H) and 7.55 (1 H, br t, 
JPH 3, 2-H); δC(100.63 MHz, CDCl3) 34.9 (t, JPC 136, α-CH), 53.5 (x2)(m, POMe), 54.0 (x2)(m, POMe), 111.8 (t, JPC 4, C-4), 
112.9 (t, JPC 9, C-3), 141.9 (t, JPC 9, C-2) and 143.0 (C-5). 
 
Tetramethyl 2-(prop-2-ynyloxymethyl)furan-3-ylmethane-1,1-bisphosphonate 16c was isolated as a pale yellow oil; δP(109.3 MHz, 
CDCl3) 21.2; δH(400 MHz, CDCl3) 2.53 (1 H, t, JHH 2.4, CCH), 3.78 (6 H, d, JPH 11.0, POMe), 3.82 (6 H, d, JPH 11.0, POMe), 
3.97 (1 H, t, JPH 24.6, α-H), 4.18 (2 H, d, JHH 2.4, CH2), 4.61 (2 H, t, JHH 1.3, CH2), 6.72 (1 H, d, JHH 1.8, 4-H) and 7.42 (1 H, d, 
JHH 1.8, 5-H); δC(100.63 MHz, CDCl3) 34.9 (t, JPC 136, α-CH), 53.7 (x2)(m, POMe), 53.8 (x2)(m, POMe), 57.1 (CH2), 61.2 
(CH2), 75.4 (CH), 79.4 (C), 112.6 (C-4), 113.2 (t, JPC 9, C-3), 142.7 (C-5) and 148.9 (t, JPC 11, C-2). 
 
Dimethyl thiophene-3-ylmethylphosphonate 17a; δP(109.3 MHz, CDCl3) 28.8; δH(400 MHz, CDCl3) 3.22 (2 H, d, JPH 20.9, CH2), 
3.68 (6 H, d, JPH 10.7, POMe), 7.10 (1 H, dt, J 5 and 1.2, 4-H), 7.16-7.14 (1 H, m, 2-H) and 7.24 (1 H, dt, J 5 and 3.2, 5-H); 
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δC(100.63 MHz, CDCl3) 27.3 (d, JPC 141, CH2), 52.8 (x2)(d, JPC 7, POMe), 123.2 (d, JPC 10, C-2), 125.8 (d, JPC 2, C-5), 128.8 (d, 
JPC 7, C-4) and 130.4 (d, JPC 9, C-3). 
 
Dimethyl 1-(dimethoxyphosphoryloxy)-1-(thiophen-3-yl)methyl-phosphonate 18a; δP(109.3 MHz, CDCl3) 2.0 (d, JPP 32), 19.2 (d, JPP 
32); δH(400 MHz, CDCl3) 3.55 (3 H, d, JPH 11.2, POMe), 3.72 (3 H, d, JPH 10.6, POMe), 3.77 (3 H, d, JPH 11.2, POMe), 3.80 (3 
H, d, JPH 10.6, POMe), 5.72 (1 H, dd, JPH 10 and 13, α-CH), 7.30 (1 H, dm, J 5, 4-H), 7.36 (1 H, dd, J 5 and 3, 5-H) and 7.52-7.55 
(1 H, m, 2-H); δC(100.63 MHz, CDCl3) 53.9 (d, JPC 6, POMe), 54.0 (d, JPC 6, POMe), 54.2 (d, JPC 6, POMe), 54.5 (d, JPC 6, 
POMe), 70.4 (dd, JPC 176 and 7, α-C), 125.6 (d, JPC 10, C-3), 126.6 (C-5), 127.0 (d, JPC 3, C-4) and 133.7 (C-2). 
 
Dimethyl 1-(dimethoxyphosphoryloxy)-1-(furan-3-yl)methyl-phosphonate 18b; δP(109.3 MHz, CDCl3) 1.7, (d, JPP 33) and 19.3 (d, JPP 

33); δH(400 MHz, CDCl3) 3.60 (3 H, d, 11.4, POMe), 3.77 (3 H, d, JPH 10.6, POMe), 3.79 (3 H, d, JPH 11.4, POMe), 3.83 (3 H, d, 
JPH 10.6, POMe), 5.62 (1 H, dd, JPH 13 and 10, α-CH), 6.64 (1 H, m, 4-H), 7.46 (1 H, t, JHH 1.7, 5-H) and 7.67 (1 H, m, 2-H); 
δC(100.63 MHz, CDCl3) 53.8 (d, JPC 7, POMe), 53.9 (d, JPC 7, POMe), 54.1 (d, JPC 6, POMe), 54.3 (d, JPC 6, POMe), 67.0 (dd, JPC 
180 and 6, α-C), 109.8 (d, JPC 4, C-4), 118.3 (C-3), 142.3 (d, JPC 11, C-2) and 142.6 (C-5). 
 
Dimethyl 5-[(Z)-4-(dimethoxy-phosphoryl)-but-1-en-3-ynyl]-4-furan-2-yl-2,2,2-trimethoxy-2λ5-[1,3,2]dioxaphospholan-4-yl-
phosphonate 19b; δP(109.3 MHz, CDCl3) 19.0 [d, JPP 41, P(O)(OMe)2], -3.4 [s, CCP(O)(OMe)2] and -48.3 [d, JPP 41, P(OMe)3]; 
δH(270 MHz, CDCl3) 3.66 (6 H, d, JHH 12.9, POMe), 3.77 (9 H, br d, JHH 11, POMe), 3.84 (6 H, d, JHH 11.7, POMe), 5.20 (1 H, 
dd, JHH 9, JPH 9.3, 5-H), 5.73 (1 H, dd, JHH 11 and 9, 1’-H), 5.80 (1 H, dd, JHH 11, JPH 3.5, 2’-H), 6.41 (1 H, m, furan 4-H), 6.55 (1 
H, m, furan 3-H), 7.47 (1 H, m, furan 5-H); δC(100.65 MHz, CDCl3) 53.14 (m, POMe), 53.16 (m, POMe), 53.8 (d, JPC 7, POMe), 
54.1 (d, JPC 7, POMe), 55.1 (x3)(d, JPC 8, POMe), 70.1 (dd, JPC 5 and 2, C-5), 75.6 (dd, JPC 176 and 2, C-4), 82.4 (d, JPC 298, C-
4’), 94.9 (d, JPC 52, C-3’), 110.0 (d, JPC 4, C-3 furan), 110.3 (C-4 furan), 111.1 (d, JPC 5, C-2’), 142.9 (d, JPC 1, C-5 furan), 143.4 
(d, JPC 13, C-1’), 148.0 (d, JPC 6, C-2 furan). 
 
Dimethyl 5-[(Z)-4-(dimethoxy-phosphoryl)-but-1-en-3-ynyl]-4-furan-2-yl-2,2,2-triethoxy-2λ5-[1,3,2]dioxaphospholan-4-yl-
phosphonate 19b’; δP(109.3 MHz, CDCl3) 19.0 [d, JPP 41, P(O)(OMe)2], -3.4 [s, CCP(O)(OMe)2] and -51.4 [d, JPP 41, P(OEt)3]; 
δC(67.9 MHz, CDCl3) 16.4 (x3)(d, JPC 9, Me), 53.5 (x2)(d, JPC 5, POMe), 54.1 (d, JPC 7, POMe), 54.4 (d, JPC 7, POMe), 63.5 
(x3)(d, JPC 9, POCH2), 70.2 (dd, JPC 6 and 2, C-5), 75.8 (dd, JPC 179 and 2, C-4), 82.4 (d, JPC 298, C-4’), 95.2 (d, JPC 53, C-3’), 
110.2 (d, JPC 4, C-3 furan), 110.6 (C-4 furan), 111.3 (d, JPC 7, C-2’), 143.1 (s, C-5 furan), 144.2 (d, JPC 14, C-1’), 148.6 (d, JPC 7, 
C-2 furan). 
 
The 2,4-dinitrophenylhydrazone derivative of dimethyl (Z)-5-oxo-pent-3-en-1-ynylphosphonate 20b 
Dimethyl (Z)-5-[(2,4-dinitrophenyl)hydrazono]pent-3-en-1-ynylphosphonate; δP(109.3 MHz, CDCl3) -3.1; δH(400 MHz, CDCl3) 
2.11 (1 H, s, NH), 3.86 (6 H, d, JPH 12.2, POMe), 6.04 (1 H, dd, JHH 11.1 and 1, JPH 4, 3-H), 6.93 (1 H, ddd, JHH 11.1 and 9.7, JPH 
1.4, 4-H), 8.00 (1 H, d, JHH 9.6, 6’-H), 8.31 (1 H, d, JHH 9.7, 5-H), 8.36 (1 H, dd, JHH 9.6, 2.6 and 0.5, 5’-H) and 9.13 (1 H, d, JHH 
2.6, 3’-H); δC(100.63 MHz, CDCl3) 53.8 (x2)(d, JPC 6, POMe), 86.2 (d, JPC 299, C-1), 94.9 (d, JPC 52, C-2), 112.6 (d, JPC 6, C-3), 
117.3 (C-6’), 123.4 (C-3’), 130.2 (C-5’), 130.6 (C-2’), 139.4 (C-4’), 141.2 (d, JPC 3, C-4), 144.3 (C-1’) and 144.9 (C-5). 
 
Dimethyl (Z)-3-benzyl-5-oxo-pent-3-en-1-ynylphosphonate 20c; δP(109.3 MHz, CDCl3) -4.5; δH(400 MHz, CDCl3) 3.72 (2 H, br d, 
JPH 1, CH2), 3.73 (6 H, d, JPH 12, POMe), 6.34 (1 H, dq, J 8 and 1.2, CH=), 7.21 (2 H, dm, JHH 8, 2’/6’-H), 7.27-7.32 (1 H, m, 4’-
H), 7.35 (1 H, tm, JHH 8, 3’/5’-H) and 10.05 (1 H, d, JHH 8, CHO); δC(100.63 MHz, CDCl3) 43.5 (d, JPC 2, CH2), 53.8 (d, JPC 6, 
POMe), 54.5 (d, JPC 6, POMe), 88.2 (d, JPC 291, C-1), 94.1 (d, JPC 50, C-2), 127.8 (C-4’), 129.1 (x2)(C-3’/5’), 129.4 (x2)(C-
2’/6’), 135.2 (C-1’), 138.9 (d, JPC 2, C-4), 141.3 (d, JPC 6, C-3) and 191.1 (s, C-5). 
 
Dimethyl (Z)-3-benzyl-5-(dimethoxyphosphoryloxy)penta-1,2,4-trienylphosphonate 23; δP(109.3 MHz, CDCl3) -1.9 and 17.3; δH(400 
MHz, CDCl3) 3.47 (2 H, br dt, JPH 6.1, JHH 2.7, CH2), 3.57 (3 H, d, JPH 11.3, POMe), 3.58 (3 H, d, JPH 11.3, POMe), 3.67 (3 H, d, 
JPH 11.4, POMe), 3.68 (3 H, d, JPH 11.4, POMe), 4.82 (1 H, ddt, JHH 6.4 and 1.6, JPH 2.7, 4-H), 5.35 (1 H, tddd, JHH 2.7, 1.6 and 
1.6, JPH 1.4, 1-H), 6.46 (1 H, dddd, JHH 6.4 and 1.6, JPH 6.6 and 3.2, 5-H),7.21 (1 H, m, 4’-H) and 7.15-7.22 (4 H, m, 2’/6’-H and 
3’/5’-H); δC(100.63 MHz, CDCl3) 38.9 (d, JPC 7, CH2), 52.9 (d, JPC 6, POMe), 53.0 (d, JPC 6, POMe), 55.0 (d, JPC 6, POMe), 55.1 
(d, JPC 6, POMe), 80.0 (d, JPC 199, C-1), 100.3 (d, JPC 17.5, C-3), 107.1 (dd, JPC 10.2 and 9.8, C-4), 126.9 (C-4’), 128.6, (x2)(C-
3’/5’), 129.1 (x2)(C-2’/6’), 137.7 (dd, JPC 5.3 and 5.1, C-5), 137.7 (d, JPC 4, C-1’) and 215.7 (d, JPC 3, C-2). 
 
Dimethyl 4-benzyl-5-(dimethoxyphosphorylmethyl)furan-2-ylphosphonate 25; δP(109.3 MHz, CDCl3) 7.6, (d, JPP 4) and 25.1 (d, JPP 

4); δH(400 MHz, CDCl3) 3.26 (2 H, d, JPH 21, PCH2), 3.72 (6 H, d, JPH 11.0, POMe), 3.77 (6 H, d, JPH 11.4, POMe), 3.78 (2 H, br 
d, J 2, CH2), 6.95 (1 H, m, 3-H), 7.17 (2 H, dm, JHH 7.5, 2’/6’-H), 7.22 (1 H, tt, JHH 7.5 and 1.3, 4’-H) and 7.30 (2 H, tt, JHH 7.5 
and 1.3, 3’/5’-H); δC(100.63 MHz, CDCl3) 25.0 (d, JPC 143, PCH2), 30.8 (d, JPC 2, CH2Ph), 53.1 (d, JPC 7, POMe), 53.4 (d, JPC 6, 
POMe), 122.8 (dd, JPC 11 and 9, C-4), 126.4 (dd, JPC 24 and 4, C-3), 126.6 (C-4’), 128.7 (x2)(C-3’/5’), 128.8 (x2)(C-2’/6’), 139.1 
(s, C-1’), 141.6 (dd, JPC 245 and 4, C-2) and 147.9  (dd, JPC 13 and 10, C-5). 
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X-Ray crystallography 
Data were collected at 120 K using a Nonius Kappa CCD area detector diffractometer mounted at the window of a molybdenum 
rotating anode (50 KV, 90 mA, λ=0.71069 Å). The crystal-to-detector distance was 30 mm and φ and Ω scans (1.0° increments, 20 
s exposure time) were carried out to fill the Ewald sphere. Data collection and processing were carried out using COLLECT5, 
DENZO6 and maXus7 and an empirical absorption correction was applied using SORTAV.8 The structure was solved by direct-
method using SHELXS-979 and refined anisotropically (non-hydrogen atoms) by full-matrix least-squares on F2 using the 
SHELXL-979 program. The H atoms were calculated geometrically and refined with a riding model. 
Crystal data. C13H13N4O7P, M = 368.24, triclinic, a = 8.2246(2), b = 8.6176(2), c = 11.5999(3) Å, U = 767.27(3) Å3, T = 120(2) 
K, space group P 1(no. 2), Z = 2, μ(Mo-Kα) = 0.228 mm-1, 14406 reflections measured, 3510 unique (Rint = 0.0321) which were 
used in all calculations. The final wR(F2) was 0.1213 (all data). 

Notes and references 
1 K. S. Feldman, J. C. Saunders and M. L. Wrobleski, J. Org. Chem., 2002, 67, 7096. 
2 Ammonium acetate used as the buffer. 
3 Care – higher temperatures can cause charring and decomposition. 
4  Signal partially obscured. 
5 Data collection software, R. Hooft, Nonius B.V., 1998. 
6 Z. Otwinowski and W. Minor, in Methods in Enzymology, ed. C.W. Carter, Jr and R.M. Sweet, Academic Press, New York, 1997, vol. 276, part A, p. 

307.  
7 S. Mackay, C.J. Gilmore, C. Edwards, M. Tremayne, N. Stewart, K. Shankland. maXus: a computer program for the solution and refinement of 

crystal structures from diffraction data; University of Glasgow; Glasgow, U.K.,  Nonius BV , Delft, The Netherlands and MacScience Co. Ltd., 
Yokohama, Japan,1998. 

8 R.H. Blessing, Acta Cryst., 1995, A51, 33 and J. Appl. Cryst., 1997, 30, 421. 
9 G. M. Sheldrick, SHELX-97, Release 97–2, Univ. Göttingen, Germany, 1998.  

Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


