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General Chemistry.  1H NMR spectra were recorded on a 300-MHz spectrometer.  
Chemical shifts for 1H NMR spectra are reported (in parts per million) relative to internal 
tetramethylsilane (Me4Si, δ = 0.00 ppm) with CDCl3 or in D2O (δ = 4.75 ppm).  13C 
NMR spectra were recorded at 75 MHz.  Chemical shifts for 13C NMR spectra are 
reported (in parts per million) relative to CDCl3 (δ = 77.0 ppm).  31P NMR spectra were 
recorded at 121 MHz, and chemical shifts reported (in parts per million) relative to 
external 85% phosphoric acid (δ = 0.0 ppm).  11B NMR spectra were recorded at 29 
MHz, and chemical shifts reported (in parts per million) relative to external BF3.Et2O (δ 
= 0.0 ppm). Radial chromatography was carried out with chromatotron using 1, 2, or 4 
mm layers of silica gel 60 PF254 containing gypsum.  Silica gel (200-300 mesh, Natland 
International Corporation) was used for flash chromatography.  Ethyl acetate/hexanes 
mixtures were used as the eluent for chromatographic purifications.  TLC plates were 
visualized by immersion in anisaldehyde stain (by volume: 93% ethanol, 3.5% sulfuric 
acid, 1% acetic acid, and 2.5% anisaldehyde) followed by heating.  Mass spectrometry 
was provided by the Mass Spectrometry Facility of the University of South Carolina.   
 
Reagents and Solvents. All reactions were conducted under nitrogen and all glassware 
was flamed before use.  Bu3B, (sec-Bu)3B, Et3B, B-benzyl-9-BBN, Alpine-Borane are 
commercially available.  Other organoboranes reagents Cy3B 1, (heptyl)3B 1, B–octyl-9-
BBN 1 were prepared according to literature procedure.  Butyllithium (1.6 M in hexanes) 
and HBF4.Et2O were obtained from Aldrich and used as received.  Tetrahydrofuran 
(THF) was distilled under N2 from sodium benzophenone ketyl, and used immediately. 
Toluene, CH2Cl2 and Et3N were freshly distilled from CaH2. 
 
General procedure for the reaction of halomethylphosphorus anions (4b-4g) with 
organoboranes. 
A flame-dried, 50 mL, three-necked, round-bottomed flask was purged with nitrogen, 
charged with 4b-4g (4.0 mmol, 1.0 equiv) and dry THF (20 mL).  The solution was 
cooled below - 90 oC (liquid nitrogen/ethanol bath) and n-butyllitium (2.5 mL, 1.6 M 
solution in hexane, 4.0 mmol, 1.0 equiv) was added slowly via syringe followed by 
organoboranes (4.0 mmol, 1.0 equiv) in one portion.  The reaction mixture was warmed 
slowly to rt and then quenched by addition of water.  The resulting biphasic mixture was 
then stirred at reflux for 2 h.  After cooling to rt, the layers were separated, the aqueous 
phase was extracted with EtOAc (3 X), the combined organic layers were dried with 
MgSO4, and the solvents removed in vacuo.  Purification of the crude product by 
chromatography on silica gel (EtOAc/hexanes) yielded the described compounds. 
 
General procedure for the reaction of halomethylphosphorus anions (4i, 4j) with 
organoboranes. 
A flame-dried, 50 mL, three-necked, round-bottomed flask was purged with nitrogen, 
charged with 4i or 4j (3.2 mmol, 1.0 equiv) and dry THF (15 mL).  The solution was 
cooled below - 90 oC (liquid nitrogen/ethanol bath) and n-butyllithium (2.0 mL, 1.6 M 
solution in hexane, 3.2 mmol, 1.0 equiv) was added slowly via syringe followed by 
organoboranes (3.2 mmol, 1.0 equiv) in one portion.  The reaction mixture was warmed 
slowly to rt and was quenched by addition of water.  The resulting biphasic mixture was 
stirred for 30 min at rt.  The layers were separated, the aqueous phase was extracted with 
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EtOAc (3 X), the combined organic layers were dried with MgSO4, and solvents removed 
in vacuo.  Purification of the crude product by chromatography on silica gel 
(EtOAc/hexanes) yielded the described compounds. 
 
General procedure for the reaction of diphenyl (chloromethyl)phosphine-borane 4k 
with (Alkyl)3B. 
A flame-dried, 50 mL, three-necked, round-bottomed flask was purged with nitrogen, 
charged with diphenyl (chloromethyl)phosphine-borane 4k (2.1 mmol, 521 mg, 1.0 
equiv) and dry THF (15 mL).  The solution was cooled below - 90 oC (liquid 
nitrogen/ethanol bath) and sec-butyllithium (1.5 mL, 1.4 M solution in cyclohexane, 2.1  
mmol, 1.0 equiv) was added slowly via syringe followed by (Alkyl)3B (2.1 mmol, 1.0 
equiv) in one portion.  The reaction mixture was warmed slowly to rt and was quenched 
by addition of water.  The resulting biphasic mixture was stirred for 30 min at rt.  The 
layers were separated, the aqueous phase was extracted with EtOAc (3 X), the combined 
organic layers were dried with MgSO4, and solvents removed in vacuo.  Purification of 
the crude product by chromatography on silica gel (EtOAc/hexanes) yielded the 
described compounds.  
 
(Diazomethyl)phosphonate 4a2 was prepared according to the literature. 
1H NMR (CDCl3, 300 MHz) δ 3.79 (d, J = 12 Hz, 6 H); 31P NMR (CDCl3, 121.47 MHz) 
δ  23.6.  
 
Diethyl (chloromethyl)phosphonate 2b.3  Anhydrous Et3N (38.45 g, 52.96 mL, 0.38 
mol, 2.1 equiv) was added dropwise to the solution  of (chloromethyl)phosphonic 
dichloride (30.00 g, 0.18 mol, 1.0 equiv) in dry THF (300 mL) at 0 oC.  Absolute ethanol 
(17.49 g, 22.14 mL, 0.38 mol, 2.1 equiv) was added dropwise and the mixture stirred at 
rt, for 10 h.  The precipitate was filtered and the filtrate evaporated.  Purification of the 
crude product by distillation at 105-110 oC/10 torr gave diethyl 
(chloromethyl)phosphonate (28.20 g, 0.17 mol, 94 %). 
1H NMR (CDCl3, 300 MHz) δ 4.23 (quin, J = 7 Hz, 4 H), 3.57 (d, J = 10 Hz, 2 H), 
1.38(t, J = 7 Hz, 6 H); 13C NMR (CDCl3, 75.45 MHz) δ 63.4 (d, JPOC = 6 Hz), 33.4 (d, 
JPC = 160 Hz ), 16.4 (d, JPOCC = 6 Hz); 31P NMR (CDCl3, 121.47 MHz) δ  19.8. 
 
Dibenzyl (chloromethyl)phosphonate 4c4 was prepared according to the literature. 
Anhydrous Et3N (10.30 mL, 73.9 mmol, 3.0 equiv) was added dropwise to the solution  
of chloromethylphosphonic dichloride (4.1 g, 24.5 mmol, 1.0 equiv) in dry THF (200 
mL) at 0 oC.  Benzyl alcohol (5.60 mL, 53.9 mmol, 2.2 equiv) was added dropwise and 
the mixture stirred at 0 oC for 1 h and then at rt, for 4 h.  The precipitate was filtered, the 
filtrate evaporated.  Purification of the crude product by chromatography on silica gel 
(EtOAc/hexanes 1:1, v/v) yielded dibenzyl (chloromethyl)phosphonate (6.05 g, 19.5 
mmol, 80%). 
1H NMR (CDCl3, 300 MHz) δ 7.35 - 7.37 (m, 10 H), 4.05 - 5.18 (m, 4 H), 3.49 (d, J = 
11, Hz, 2 H); 13C NMR (CDCl3, 75.45 MHz) δ 135.8, 128.0, 127. 9, 69.1 (d, JPOC = 7 
Hz), 33.9 (d, JPC = 160 Hz );  31P NMR (CDCl3, 121.47 MHz) δ 20.8. 
 
Tri(chloromethyl)phosphonate 4d5 was prepared according to the literature. 
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1H NMR (CDCl3, 300 MHz) δ  4.37 - 4.52 (m, 4 H), 1.45 (t, J = 7 Hz, 6 H);  13C NMR 
(CDCl3, 75.45 MHz) δ  92,1 (d, JPC = 198 Hz ), 67.1 (d, JPOC = 7 Hz), 16.4 (d, JPOCC = 6 
Hz);  31P NMR (CDCl3, 121.47 MHz) δ  6.5.  
 
Diethyl (1-chloroethyl)phosphonate 4e6 and diethyl 1-chloro-benzylphosphonate 4f6 
were prepared according to literature from diethyl (hydroxyethyl)phosphonate and 1-
hydroxy-benzylphosphonate respectively, triphenylphosphine and carbon tetrachloride. 
Diethyl (hydroxyethyl)phosphonate7 and 1-hydroxy-benzylphosphonate7 were prepared 
according to the literature from diethyl phosphite and the appropriate aldehyde in the 
presence of Et3N. 
Diethyl (1-chloroethyl)phosphonate 4e.  1H NMR (CDCl3, 300 MHz) δ  4.17 - 4.29 (m, 4 
H), 4.10 (dq, JHH = 7 Hz, JHP = 9 Hz, 1 H), 1.70 (dd, JHH = 7 Hz, JHP=  16.6 Hz, 3 H), 1.37 
(t, J = 7 Hz, 6 H); 31P NMR (CDCl3, 121.47 MHz) δ 22.2.  
Diethyl 1-chloro-benzylphosphonate 4f.  1H NMR (CDCl3, 300 MHz) δ 7.34 - 7.56 (m, 5 
H), 4.90 (d, J = 14 Hz, 1 H), 3.85 - 4.24 (m, 4 H), 1.33 (t, J = 7 Hz, 3 H), 1.18 (t, J = 7 
Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ 134.1, 129.0, 128.9 (d, JPCCC = 6 Hz, 2 
C),128.5 (2 C), 64.1 (d, JPOC = 7 Hz), 63.9 (d, JPOC = 7 Hz), 53.6 (d, JPC = 160 Hz), 16.4 
(d, JPOCC = 6 Hz), 16.2 (d, JPOCC = 6 Hz); 31P NMR (CDCl3, 121.47 MHz) δ 18.3. 
 
Ethyl [bis(chloromethyl)]phosphinate 4g.8 Anhydrous Et3N (15.68 g, 21.60 mL, 0.155 
mol, 1.2 equiv) was added dropwise to the solution  of bis(chloromethyl)phosphinic 
chloride (23.20 g, 0.129 mol, 1.0 equiv) in dry THF (300 mL) at 0 oC.  Absolute ethanol 
(7.14 g, 9.04 mL, 0.155 mol, 1.2 equiv) was added dropwise and the mixture stirred at rt, 
for 4 h.  The precipitate was filtered and the filtrate evaporated.  Purification of the crude 
product by distillation at 104-106 oC /1 torr gave ethyl [bis(chloromethyl)]phosphinate  
(20.83 g, 0.110 mol, 85 %). 
1H NMR (CDCl3, 300 MHz): δ 4.16 - 4.26 (m, 2 H), 3.72 (d, J = 9 Hz, 4 H), 1.36 (t, J = 
7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ 63.2 (d, JPOC = 7 Hz), 33.3 (d, JPC = 106 
Hz), 16.7 (d, JPOCC = 5 Hz); 31P NMR (CDCl3, 121.47 MHz) δ 40.7. 
 
Bis(chloromethyl)phosphinic chloride9 was prepared according to the literature.  A 
mixture of H3PO2 (30.50 g, 0.32 mol, 50 % aqueous solution), 17.5 mL concentrated HCl 
and 14.5 g of paraformaldehyde was stirred at 40-45 oC until a clear solution was 
obtained and then refluxed for 30 h.  Evaporation under reduced pressure gave crude 
bis(hydroxymethyl)phosphinic chloride, which was used in next step without 
purification.  
To a 176.0 g of refluxing SOCl2 was added slowly with stirring crude 
bis(hydroxymethyl)phosphinic chloride (30.00 g, 0.25 mol).  After completion of the 
addition, refluxing was continued for 3 h until gas evolution ceased.  Purification of the 
crude product by distillation b.p. 80-85 oC /0.1 torr gave bis(chloromethyl)phosphinic 
chloride (32.38 g, 0.18 mol, 72 %). 
 
Diethyl (chloromethyl)phosphonothioate 4h10  was prepared according to the literature 
from (chloromethyl)phosphonic dichloride and sodium ethoxide.  
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1H NMR (CDCl3, 300 MHz) δ  4.14 - 4.27 (m, 4 H), 3.70 (d, J = 7 Hz, 2 H), 1.36  (t, J = 
7 Hz, 6 H);  13C NMR (CDCl3, 75.45 MHz) δ 64.0 (d, JPOC = 6 Hz), 41.0 (d, JPC = 124 Hz 
), 16.4 (d, JPOCC = 6 Hz); 31P NMR (CDCl3, 121.47 MHz) δ  85.5. 
 
Diethoxy-(chloromethyl)phosphine-borane 4i. To a solution of dichloro-
(chloromethyl)phosphine (66.1 mmol, 10.00 g, 1.0 equiv) in dry THF (150 mL), was 
added absolute ethanol (132.1 mmol, 6.10 g, 7.70 mL, 2.0 equiv) under nitrogen.  The 
reaction mixture was then cooled to 0 °C and Et3N (132.1 mmol, 18.4 mL, 2.0 equiv) was 
slowly added.  After the solution has been stirred for 10 min at rt, it was again cooled to 
0° C and borane-methyl sulfide (36.5 mL of a 2.0 M solution in THF, 73 mmol, 1.1 
equiv) was added.  The solution was allowed to warm up to rt and stirring was continued 
for 15 min.  The precipitate was removed by filtration, the filtrate diluted with EtOAc and 
washed with water (1 X).  The resulting organic layer was dried with MgSO4, and the 
solvent removed in vacuo.  Purification of the crude product by chromatography on silica 
gel (EtOAc/hexanes 1:99, v/v) yielded diethoxy-(chloromethyl)phosphine-borane 4i 
(62.5 mmol, 11.5 g, 95 %).  
1H NMR (CDCl3, 300 MHz) δ  4.03 - 4.26 (m, 4 H), 3.55 (d, J = 3 Hz, 2 H), 1.35 (t, J = 
7 Hz, 6 H), 0.50 (qd, JBH = 96 Hz, JPBH = 16 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ  
64.5 (d, JPOC = 4 Hz), 37.5 (d, JPC = 55 Hz), 16.5 (d, JPOCC = 5 Hz); 31P NMR (CDCl3, 
121.47 MHz) δ 137.5 (q, JPB = 76 Hz); 11B NMR (CDCl3, 28.88 MHz) δ  - 44.2 (dq, JBP 
= 76 Hz, JBH = 96 Hz); HRMS calcd. for C5H19BClNO2P, ([M + NH4]+) 202.0937, found 
202.0935. 
 
Dichloro-(chloromethyl)phosphine11 was prepared by the sulfur exchange reaction as 
reported in the literature.  
The mixture of  chloromethylphosphonothioic dichloride (17.50 g, 96.2 mmol, 1.0 equiv) 
and dichlorophenylphosphine (19.80 g, 110.6 mmol, 1.15 equiv) was heated at 175 oC 
under an atmosphere of nitrogen in the sealed tube for 3 h.  It was then cooled and 
distilled. The fraction collected boiling at 67-132 oC at 100 torr was then carefully 
fractioned under atmospheric pressure (128-132 oC) to give dichloro-
(chloromethyl)phosphine (10.24 g, 68.3 mmol, 71 %).  
31P NMR (36 MHz) δ  165.  
 
(Chloromethyl)phosphonothioic dichloride11 was prepared according to the literature.  
A mixture of posphorus pentasulfide (8.05 g, 18.1 mmol, 0.12 equiv) and 
chloromethylphosphonic dichloride (25.00 g, 150.7 mmol, 1.0 equiv) was heated to 
reflux at 174-179 oC under nitrogen for 6 h, and then distilled at 50 oC/10 torr to give 
(chloromethyl)phosphonothioic dichloride (102.5 mmol, 18.64 g, 68 %). 
1H NMR (CDCl3, 300 MHz) δ  4.29 (d, J = 3 Hz, 2 H); 13C NMR (CDCl3, 75.45 MHz) δ  
41.0 (d, JPC = 87 Hz ); 31P NMR (CDCl3, 121.47 MHz) δ  75.1. 
 
(Chloromethyl)phosphonic dichloride12 was prepared according to the literature.  
Dichloromethane (34.98 g, 0.4 mol, 25.7 mL, 1.0 equiv), phosphorus trichloride (54.93 g, 
0.4 mol, 34.89 mL, 1.0 equiv) and aluminium chloride (53.34 g, 0.4 mmol, 1.0 equiv) 
were mixed and heated at 100 oC in the sealed tube for 24 h.  After cooling to rt, the 
reaction mixture was dissolved in dichloromethane and the solution was cooled to about - 
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20 oC. Water (79.2 mL, 4.4 mol, 11.0 equiv) was then added in small portions with 
vigorous stirring.  The solution was filtered, the solvent removed in vacuo and the residue 
distilled at 50 oC/ 0.5 torr to give (chloromethyl)phosphonic dichloride (33.28 g, 0.2 mol, 
50 %). 
1H NMR (CDCl3, 300 MHz) δ  4.17 (d, J = 6 Hz, 2 H); 13C NMR (CDCl3, 75.45 MHz) δ  
45.5 (d, JPC = 117 Hz ); 31P NMR (CDCl3, 121.47 MHz) δ  39.2. 
 
Diethoxy (1-chloroethyl)phosphine-borane 4j.  A flame-dried, 50 mL, three-necked, 
round-bottomed flask was purged with nitrogen, charged with diethoxy 
(chloromethyl)phosphine-borane (4.0 mmol, 736 mg, 1.0 equiv) and dry THF (20 mL).  
The solution was cooled to - 78 oC and n-butyllithium (3.0 mL, 1.6 M solution in hexane, 
4.8 mmol, 1.2 equiv) was added slowly via syringe.  The reaction mixture was stirred at - 
78 oC for 5 min, then iodomethane (4.8 mmol, 681 mg, 1.2 equiv) was added.  The 
reaction was warmed slowly to rt and was quenched by addition of H2O.  The layers were 
separated and the aqueous phase was extracted with EtOAc (3 X).  The combined organic 
layers were dried with MgSO4, and solvents removed in vacuo.  Purification of the crude 
product by chromatography on silica gel (EtOAc/hexanes 1:99, v/v) yielded diethoxy (1-
chloroethyl)phosphine-borane 4j (3.60 mmol, 713 mg, 90 %). 
1H NMR (CDCl3, 300 MHz) δ  4.10 - 4.24 (m, 4 H), 3.93 (q, J = 7 Hz, 1 H), 1.66 (d, J = 
7 Hz, 3 H), 1.35 (t, J = 7 Hz, 6 H), 0.50 (qd, JBH = 94 Hz, JPBH = 16 Hz, 3 H); 13C NMR 
(CDCl3, 75.45 MHz) δ 64.6, 37.5 (d, JPCC = 58 Hz), 18.3, 16.5; 31P NMR (CDCl3, 121.47 
MHz) δ 141.4 (q, JPB = 75 Hz); 11B NMR (CDCl3, 28.88 MHz) δ  - 44.4 (dq , JBP = 75Hz, 
JBH = 94 Hz); HRMS calcd. for C6H21BClNO2P, ([M + NH4]+) 216.1092, found 
216.1089. 
 
(Chloromethyl)diphenylphosphine13 was prepared according to the literature. 
(Chloromethyl)diphenylphosphine-borane 4k.  A solution of KOH (53.5 mmol, 3.00 g, 
5.0 equiv) in H2O (2.5 mL) was mixed with a solution of n-Bu4NCl (1.8 mmol, 500 mg, 
0.17 equiv) in CH2Cl2 (30 mL) and toluene (5 mL).  Diphenylphosphine (10.7 mmol, 
2.00 g, 1.0 equiv) dissolved in CH2Cl2 (5 mL) was then added under nitrogen to the 
emulsion, under vigorous stirring, over 2 h.  The reaction mixture was stirred for 14 h at 
rt, washed with H2O, the organic layer separated and transferred to the round-bottomed 
flask.  BH3.Me2S (2.0 M solution in THF, 8.0 mL, 16 mmol, 1.5 equiv) was then added 
and the reaction mixture was stirred at rt, for 1 h.  The solvent was removed in vacuo and 
the residue diluted with EtOAc then washed with water.  The organic layer was dried 
with MgSO4, and the solvent removed in vacuo.  Purification of the crude product by 
chromatography on silica gel (EtOAc/hexanes 1:9, v/v) yielded 
(chloromethyl)diphenylphosphine-borane 4k (9.6 mmol, 2.38 g, 90 %). 
1H NMR (CDCl3, 300 MHz) δ  7.40 - 7.70 (m, 10 H), 4.09 (d, J = 7 Hz, 3 H), 0.7 (q, JBH 
= 100 Hz, 3H); 13C NMR (CDCl3, 75.45 MHz) δ 133.1 (d, JPCCC = 10 Hz, 4 C), 132.3 (d, 
JPCCCC = 2.5 Hz, 2 C), 129.9 (d, JPC = 55 Hz), 129.3 (d, JPCC = 10 Hz, 4 C), 126.4 (d, JPC 
= 57 Hz), 37.1 (d, JPC = 32 Hz); 31P NMR (CDCl3, 121.47 MHz) δ  24.6 (d, JPB = 60 Hz); 
11B NMR CDCl3, 28.88 MHz) δ  - 39.8 (dd , JBP = 60 Hz, JBH = 100 Hz); HRMS calcd. 
for C13H17BClNP, [M + NH4

+ - H2] 264.0880, found 264.0888. 
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Dimethyl pentylphosphonate (3a-H, Scheme 2).14  A flame-dried, 25 mL, three-necked, 
round-bottomed flask was purged with nitrogen, charged with dimethyl 
(diazomethyl)phosphonate 4a (2.0 mmol, 300 mg, 1.0 equiv) and dry THF (10 mL). 
Bu3B (2.0 mL, 1.0 M solution in diethyl ether, 2.0 mmol, 1.0 equiv) was then added in 
one portion.  An exothermic reaction ensued and nitrogen evolved.  The reaction was 
then stirred at rt for 1 h, and quenched by addition of water.  The resulting biphasic 
mixture was heated at reflux for 2 h. After cooling to rt, the layers were separated, the 
aqueous phase was extracted with EtOAc (3 X), the combined organic layers were dried 
with MgSO4, and the solvents removed in vacuo.  Purification of the crude product by 
chromatography on silica gel (EtOAc/hexanes, 1:1, v/v) yielded dimethyl 
pentylphosphonate 3a-H (1.72 mmol, 310 mg, 86 %). 
1H NMR (CDCl3, 300 MHz) δ 3.74 (d, J = 11 Hz, 6 H), 1.31 - 1.80 (m, 8 H), 0.89 (t, J = 
7 Hz, 3 H);  13C NMR (CDCl3, 75.45 MHz) δ  52.5 (d, JPOC = 7 Hz), 33.0  (d, JPCCC = 17 
Hz), 24.9 (d, JPC = 140 Hz), 22.4, 22.2 (d, JPCC = 5 Hz), 14.0; 31P NMR (CDCl3, 121.47 
MHz) δ  36.3. 
 
Monodeuterated dimethyl pentylphosphonate (3a-D, Scheme 2).  A flame-dried, 25 
mL, three-necked, round-bottomed flask was purged with nitrogen, charged with 
dimethyl (diazomethyl)phosphonate 4b (2.0 mmol, 300 mg, 1.0 equiv) and dry THF (10 
mL).  Bu3B (2.0 mL, 1.0 M solution in diethyl ether, 2.0 mmol, 1.0 equiv) was then 
added in one portion.  An exothermic reaction ensued and nitrogen evolved.  The reaction 
was then stirred at rt for 1 h, then quenched by addition of D2O.  The resulting biphasic 
mixture was stirred for 12 h at rt. The layers were separated and the aqueous phase was 
extracted with EtOAc (3 X), the combined organic layers were dried with MgSO4, and 
the solvents removed in vacuo.  Purification of the crude product by chromatography on 
silica gel (EtOAc/hexanes 1:1, v/v) yielded dimethyl pentylphosphonate 3a-D (1.6 mmol, 
290 mg, 80%). Deuterium incorporation 98 %.  
1H NMR (CDCl3, 300 MHz) δ  3.74 (d, J = 11 Hz, 6 H), 1.24 - 1.75 (m, 7 H), 0.89 (t, J = 
7 Hz, 3 H);  13C NMR (CDCl3, 75.45 MHz) δ 52.5 (d, JPOC = 7 Hz), 33.0 (d, JPCCC = 17 
Hz), 24.9 (dt, JPC = 140 Hz, JDC = 19 Hz), 22.4, 22.1 (d, JPCC = 5 Hz), 14.0;  31P NMR 
(CDCl3, 121.47 MHz) δ 36.4; HRMS (EI+) calcd. for C7H17DO3P, ([M]+) 182.1056, 
found 182.1056. 
 
Diethyl pentylphosphonate (3b-H, Scheme 3).15  The title compound was prepared 
from diethyl (chloromethyl)phosphonate 4b (4.0 mmol, 746 mg, 1.0 equiv) and Bu3B 
(4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv).  Purification of the crude 
product by chromatography on silica gel (EtOAc/hexanes, 1:1, v/v) yielded diethyl 
pentylphosphonate 3b-H (3.84 mmol, 800 mg, 96 %). 
1H NMR (CDCl3, 300 MHz) δ 4.03 - 4.16 (m, 4 H), 1.25 - 1.77 (m, 8 H), 1.32 (t, J = 7 
Hz, 6 H), 0.90 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ 61.6 (d, JPOC = 6 Hz), 
33.0 (d, JPCCC = 17 Hz), 25.5 (d, JPC = 140 Hz), 22.3, 22.2 (d, JPCC = 5 Hz), 16.6 (d, JPOCC 
= 6 Hz), 14.1; 31P NMR (CDCl3, 121.47 MHz) δ  33.8. 
 
Monodeuterated diethyl pentylphosphonate (3b-D, Scheme 3).  The title compound 
was prepared from diethyl (chloromethyl)phosphonate 4b (4.0 mmol, 746 mg, 1.0 equiv) 
and Bu3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv).  The reaction 
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mixture was quenched by addition of D2O at rt.  The resulting biphasic mixture was 
stirred for 12 h at rt. Purification of the crude product by chromatography on silica gel 
(EtOAc/hexanes 1:1, v/v) yielded diethyl pentylphosphonate 3b-D (3.56 mmol, 745 mg, 
89 %). Deuterium incorporation 95 %. 
1H NMR (CDCl3, 300 MHz) δ 4.02 - 4.17 (m, 4 H), 1.25 - 1.66 (m, 7 H), 1.35 (t, J = 7 
Hz, 6 H), 0.91 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ  61.6 (d, JPOC = 7 Hz), 
32.9 (d, JPCCC = 17 Hz), 25.9 (d, JPC = 140 Hz), 22.4, 22.3 (d, JPCC = 5 Hz), 16.7 (d, JPOCC 
= 6 Hz), 14.0; 31P NMR (CDCl3, 121.47 MHz) δ 33.8; HRMS (EI+) calcd. for 
C9D21DO3P, ([M]+) 210.1369, found 210.1367. 
 
Dibenzyl pentylphosphonate (Table 1, entry 1).16  The title compound was prepared 
from dibenzyl (chloromethyl)phosphonate 4c (4.0 mmol, 1.24 g, 1.0 equiv) and Bu3B 
(4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv).  Purification of the crude 
product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded dibenzyl 
pentylphosphonate (3.40 mmol, 1.13 g, 85 %). 
1H NMR (CDCl3, 300 MHz) δ  7.26 - 7.42 (m, 10 H), 4.93 - 5.14 (m, 4 H), 1.20 - 1.79, 
(m, 8 H), 0.85 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ  136.4 (d, JPCC = 6 Hz, 
2 C), 128.6 (4 C), 128.4 (2 C),127.9 (4 C), 67.0 (d, JPOC = 7 Hz), 32.6 (d, JPCCC = 15 Hz), 
25.9 (d, JPC = 140 Hz), 22.0, 13.8; 31P NMR (CDCl3, 121.47 MHz) δ 35.0. 
 
Diethyl 1-chloropentylphosphonate (Table 1, entry 2).17  A flame-dried, 50 mL, three-
necked, round-bottomed flask was purged with nitrogen, charged with diethyl 
tri(chloromethyl)phosphonate 4d (4.0 mmol, 1.01 g, 1.0 equiv) and dry THF (20 mL).  
The solution was cooled below - 100 oC (liquid nitrogen/ethanol bath) and n-butyllithium 
(2.5 mL, 1.6 M solution in hexane, 4.0 mmol, 1.0 equiv) was added slowly via syringe 
followed by Bu3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv) in one 
portion.  The reaction mixture was slowly warmed to - 50 oC and was quenched by 
addition of water.  The resulting biphasic mixture was stirred at reflux for 2 h.  The layers 
were separated, the aqueous phase was extracted with EtOAc (3 X), the combined 
organic layers were dried with MgSO4, and solvents removed in vacuo.  Purification of 
the crude product by chromatography on silica gel (EtOAc/hexanes 3:7, v/v) yielded 
diethyl 1-chloropentylphosphonate (2.8 mmol, 678 mg, 70 %), 90 % purity (10 % diethyl 
1-butylpentylphosphinate). 
1H NMR (CDCl3, 300 MHz) δ 4.19 - 4.30 (m, 4 H), 3.85 (td, J = 11 Hz, J = 3 Hz, 1H), 
1.28 - 2.11 (m, 6 H), 1.38 (t, J = 7 Hz, 6 H), 0.94 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 
75.45 MHz) δ 63.7 (d, JPOC = 7 Hz), 63.2 (d, JPOC = 7 Hz), 52.4 (d, JPC = 160 Hz), 31.8 , 
28.6 (d, JPCCC = 12 Hz ), 21.9, 16.6 (d, JPOCC = 5 Hz), 13.8; 31P NMR (CDCl3, 121.47 
MHz) δ 21.8. 
 
Diethyl 1-butylpentylphosphinate (Table 1, entry 3).18  A flame-dried, 50 mL, three-
necked, round-bottomed flask was purged with nitrogen, charged with diethyl 
(trichloromethyl)phosphonate 4d (4.0 mmol, 1.01 g, 1.0 equiv) and dry THF (20 mL).  
The solution was cooled below - 100 oC (liquid nitrogen/ethanol bath) and n-butyllithium 
(2.5 mL, 1.6 M solution in hexane, 4.0 mmol, 1.0 equiv) was added slowly via syringe 
followed by Bu3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv) in one 
portion.  The reaction mixture was warmed slowly to - 50 oC and then was cooled down 
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to - 78 oC and n-butyllithium (2.5 mL, 1.6 M solution in hexane, 4.0 mmol, 1.0 equiv) 
was added slowly.  After the addition the reaction mixture was quenched with water at rt 
The resulting biphasic mixture was stirred at reflux for 2 h.  After cooling to rt, the layers 
were separated, the aqueous phase was extracted with EtOAc (3 X), the combined 
organic layers were dried with MgSO4, and solvents removed in vacuo.  Purification of 
the crude product by chromatography on silica gel (EtOAc/hexanes 1:1 v/v) yielded 
diethyl 1-butylpentylphosphinate (2.08 mmol, 549 mg, 52 %). 
1H NMR (CDCl3, 300 MHz) δ  4.03 - 4.14 (m, 4 H), 2.10 - 2. 25 (m, 1 H), 1.25 - 1.77 (m, 
12 H), 1.30 (t, J = 7 Hz, 6 H), 0.90 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ  
61.2 (d, JPOC = 7 Hz), 35.9 (d, JPC = 138 Hz), 29.8 (d, JPCCC = 9 Hz), 28.0 (d, JPCC = 4 
Hz), 22.8, 16.5 (d, JPOCC = 6 Hz), 14.0; 31P NMR (CDCl3, 121.47 MHz) δ 36.2. 
 
 Diethyl 1-methyl-pentylphosphonate. (Table 1, entry 4).10-19  The title compound was 
prepared from diethyl (1-chloroethyl)phosphonate 4e (4.0 mmol, 800 mg, 1.0 equiv) and 
Bu3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv).  Purification of the 
crude product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded diethyl 
1-methyl-pentylphosphonate (2.52 mmol, 560 mg, 63 %). 
1H NMR (CDCl3, 300 MHz) δ  4.04 - 4.16 (m, 4 H), 1.36 - 1.79 (m, 7 H) 1.26 - 1.34 (t, J 
= 7 Hz, 3 H), 1.12 -1.20 (dd, JHH = 7 Hz, JHP=  18 Hz, 3 H), 0.88 - 0.93 (t, J = 7 Hz, 3 H);  
13C NMR (CDCl3, 75.45 MHz) δ  61.6 (t, JPOC = 6 Hz), 30.9 (d, JPC = 140 Hz), 29.8 (2 
C), 29.7, 29.6, 22.7, 16.7 (d, JPOCC = 6 Hz), 14.2, 13.3 (d, JPCC = 5 Hz); 31P NMR (CDCl3, 
121.47 MHz) δ 36.7. 
 
Diethyl 1-phenyl-pentylphosphonate. (Table 1, entry 5).19,20  The title compound was 
prepared from diethyl 1-chloro-benzylphosphonate 4f (4.0 mmol, 1.05 g, 1.0 equiv) and 
Bu3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv).  Purification of the 
crude product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded diethyl 
1-phenyl-pentylphosphonate (2.4 mmol, 682 mg, 60 %). 
1H NMR (CDCl3, 300 MHz) δ 7.20 - 7.34 (m, 5 H), 3.66 - 4.13 (m, 4 H), 2.98 (ddd, JHH 
= 4 Hz, JHH = 11 Hz, JPH = 22 Hz, 1 H), 1.90 - 2 .15, (m, 2 H), 1.28 (t, J = 7 Hz, 3 H), 
1.14 -1.40 (m, 4 H), 1.09 (t, J = 7 Hz, 3 H), 0.83 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 
75.45 MHz) δ  136.3, 129.2 (d, JPCCC = 7 Hz, 2 C),128.4 (2 C), 127.0, 62.5 (d, JPOC = 7 
Hz), 61.7 (d, JPOC = 7 Hz), 44.6 (d, JPC = 138 Hz), 29.8 (d, JPCCC = 15 Hz), 28.5, 22.3, 
16.4 (d, JPOCC = 6 Hz), 16.2 (d, JPOCC = 6 Hz), 13.8; 31P NMR (CDCl3, 121.47 MHz) δ 
30.3. 
 
Ethyl (chloromethyl)pentylphosphinate. (Table 1, entry 6).   The title compound was 
prepared from ethyl [bis(chloromethyl)]phosphinate 4g (4.0 mmol, 760 mg, 1.0 equiv) 
and Bu3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv).  Purification of 
the crude product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded 
ethyl (chloromethyl)pentylphosphinate (3.12 mmol, 662 mg, 78 %). 
1H NMR (CDCl3, 300 MHz): δ 4.03 - 4.26 (m, 2 H), 3.54 (d, J = 8 Hz, 2 H), 1.32 - 1.93 
(m, 8 H), 1.30 (t, J = 7 Hz, 3 H), 0.91 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) 
δ  61.4 (d, JPOC = 7 Hz), 34.7 (d, JPC = 91 Hz), 33.0 (d, JPCCC = 15 Hz), 25.6 (d, JPC = 100 
Hz ), 22.3, 21.1 (d, JPCC = 4 Hz), 16.4 (d, JPOCC = 6 Hz), 14.0; 31P NMR (CDCl3, 121.47 
MHz) δ 50.4. HRMS calcd. for C8H18ClO2P, 212.0733, found 212.0730. 
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Diethyl pentylphosphonothioate (Table 1, entry 7).  A flame-dried, 50 mL, three-
necked, round-bottomed flask was purged with nitrogen, charged with diethyl 
(chloromethyl)phosphonothioate 4h (4.0 mmol, 808 mg, 1.0 equiv) and dry THF (20 
mL).  The solution was cooled to - 78 oC (liquid nitrogen/ethanol bath) and n-butyllitium 
(2.5 mL, 1.6 M solution in hexane, 4.0 mmol, 1.0 equiv) was added slowly via syringe.  
After the reaction mixture had been stirred for 10 min at this temperature, it was cooled 
to - 90oC (liquid nitrogen/ethanol bath) and  Bu3B (4.0 mL, 1.0 M solution in diethyl 
ether, 4.0 mL, 1.0 equiv) was added in one portion.  The reaction solution was warmed 
slowly to rt and was quenched by addition of water.  The resulting biphasic mixture was 
stirred at rt for 2 h, the layers were separated, the aqueous phase was extracted with 
EtOAc (3 X), the combined organic layers were dried with MgSO4, and solvents removed 
in vacuo.  Purification of the crude product by chromatography on silica gel 
(EtOAc/hexanes 2:98, v/v) yielded diethyl pentylphosphonothioate (3.32 mmol, 774 mg, 
83 %).  
1H NMR (CDCl3, 300 MHz) δ 3.99 - 4.23 (m, 4 H), 1.21 - 2.00 (m, 8 H), 1.30 (t, J = 7 
Hz, 6 H), 0.90 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ  62.5 (d, JPOC = 7 Hz), 
34.8 (d, JPC = 111 Hz ), 32.6  (d, JPCCC = 18 Hz), 22.7 (d, JPCC = 4 Hz), 22.4 (d, JPCCCC = 
1 Hz), 16.4 (d, JPOCC = 7 Hz), 14.1. 31P NMR (CDCl3, 121.47 MHz) δ 100.9; HRMS 
calcd. for C9H21O2PS, 224.1000, found 224.1000. 
 
Diethoxy pentylphosphonite-borane (Table 1, Entry 8).  The title compound was 
prepared from diethoxy (chloromethyl)phosphine-borane 4i (3.2 mmol, 590 mg, 1.0 
equiv) and Bu3B (3.2 mL, 1.0 M solution in diethyl ether, 3.2 mmol, 1.0 equiv).  
Purification of the crude product by chromatography on silica gel (EtOAc/hexanes 0.5 : 
99.5, v/v) yielded diethoxy pentylphosphonite-borane (2.94 mmol, 607 mg, 92%). 
1H NMR (CDCl3, 300 MHz) δ 3.95 - 4.16 (m, 4 H), 1.24 - 1.75 (m, 8 H), 1.31 (t, J = 7 
Hz, 6 H), 0.91 (t, J = 7 Hz, 3 H), 0.50 (qd, JBH = 94 Hz, JPBH = 15 Hz, 3H); 13C NMR 
(CDCl3, 75.45 MHz) δ  63.2 (d, JPOC = 5 Hz), 33.0 (d, JPCCC = 14 Hz), 29.9 (d, JPC = 56 
Hz), 22.3, 21.4, 16.7 (d, JPOCC = 5 Hz), 14.0; 31P NMR (CDCl3, 121.47 MHz) δ 149.0 (q, 
JPB = 81 Hz);  11B NMR (CDCl3, 28.88 MHz) δ - 43.6 (dq , JBP = 81 Hz, JBH = 94 Hz); 
HRMS calcd. for C9H28BNO2P, [M + NH4]+ 224.1951, found 224.1944. 
 
Monodeuterated Diethoxy pentylphosphonite-borane.  The title compound was 
prepared from diethoxy (chloromethyl)phosphine-borane 4i (3.2 mmol, 590 mg, 1.0 
equiv) and Bu3B (3.2 mL, 1.0 M solution in diethyl ether, 3.2 mmol, 1.0 equiv). The 
reaction mixture was quenched by addition of D2O. The resulting biphasic mixture was 
stirred for 2 h at rt.  Purification of the crude product by chromatography on silica gel 
(EtOAc/hexanes 0.5 : 99.5, v/v) yielded diethoxy pentylphosphonite-borane (2.94 mmol, 
610 mg, 92% ). Deuterium incorporation 95 %. 
1H NMR (CDCl3, 300 MHz) δ 3.95 - 4.16 (m, 4 H), 1.21 - 1.75 (m, 7 H), 1.30 (t, J = 7 
Hz, 6 H), 0.90 (t, J = 7 Hz, 3 H), 0.50 (q, JBH = 92 Hz, 3 H); 13C NMR (CDCl3, 75.45 
MHz) δ 63.2 (d, JPOC = 4 Hz), 33.0 (d, JPCCC = 14 Hz), 29.7 (dt, JPC = 52 Hz, JDC = 19 
Hz), 22.3, 21.3, 16.8 (d, JPOCC = 5 Hz), 14.0; 31P NMR (CDCl3, 121.47 MHz) δ 149.0 (q, 
JPB = 80 Hz). 11B NMR (CDCl3, 28.88 MHz) δ - 43.7 (dq , JBP = 80 Hz, JBH = 92 Hz); 
HRMS calcd. for C9H27DBNO2P, ([M + NH4]+) 225.2014, found 225.2010. 
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Diethoxy 1–methylpentylphosphonite-borane (Table 1, Entry 9).  The title compound 
was prepared from diethoxy 1-chloroethylphosphine-borane 4j (3.2 mmol, 634 mg, 1.0 
equiv) and Bu3B (3.2 mL, 1.0 M solution in diethyl ether, 3.2 mmol, 1.0 equiv).  
Purification of the crude product by chromatography on silica gel (EtOAc/hexanes 0.5 : 
99.5, v/v) yielded diethoxy 1–methylpentylphosphonite-borane (2.75 mmol, 606 mg, 86 
%). 
1H NMR (CDCl3, 300 MHz) δ 3.91 - 4.20 (m, 4H), 1.37 - 1.79 (m, 7 H), 1.31 (t, J = 7 
Hz, 6 H), 1.12 (d, J = 7 Hz, 3 H), 0.91 (t, J = 7 Hz, 3 H), 0.50 (q, JBH = 93 Hz, 3H); 13C 
NMR (CDCl3, 75.45 MHz) δ 63.3 (d, JPOC = 5 Hz), 33.7 (d, JPC = 57 Hz), 29.5 (d, JPCCC = 
12 Hz), 28.5 (d, JPCC = 2 Hz) 22.5, 16.6 (d, JPOCC = 6 Hz), 13.9, 12.1; 31P NMR (CDCl3, 
121.47 MHz) δ 151.1 (q, JPB = 79 Hz); 11B NMR (CDCl3, 28.88 MHz)  δ - 44.1 (dq , JBP 
= 79 Hz, JBH = 93 Hz). ); HRMS calcd. for C10H30BNO2P, ([M + NH4]+): 238.2107, 
found 238.2105. 
 
Diphenyl pentylphosphine-borane (Table 1, entry 10).  The title compound was 
prepared from diphenyl (chloromethyl)phosphine-borane 4k (2.1 mmol, 521 mg, 1.0 
equiv) and Bu3B (2.1 mL, 1.0 M solution in diethyl ether, 2.1 mmol, 1.0 equiv).  
Purification of the crude product by chromatography on silica gel (EtOAc/hexanes 1:9, 
v/v) yielded diphenyl pentylphosphine-borane (1.30 mmol, 352 mg, 62 %). 
1H NMR (CDCl3, 300 MHz) δ 7.40 - 7.70 (m, 10 H), 2.14 - 2.23 (m, 2 H), 1.23 - 1.56 (m, 
6 H), 0.85 (t, J = 7 Hz, 3 H), 0.50 (q, JBH = 98 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) 
δ 132.4 (d, JPCCC = 10 Hz, 4 C), 131.3 (2 C), 129.9 (d, JPC = 55 Hz, 2 C), 129.0 (d, JPCC = 
10 Hz, 4 C) , 33.5 (d, JPCCC = 14 Hz), 25.8 (d, JPC = 38 Hz) 22.9, 22.3, 14.1; 31P NMR 
(CDCl3, 121.47 MHz) δ 17.0 (m); 11B NMR (CDCl3, 28.88 MHz) δ − 40.4 (m); HRMS 
calcd. for C17H28BNP, [M + NH4 – H2]: 286.1896, found 286.1899. 
 
Diethyl cyclohexylmethylphosphonate (Table 2, entry 1).21  The title compound was 
prepared from diethyl (chloromethyl)phosphonate 4b (4.0 mmol, 746 mg, 1.0 equiv) and 
Cy3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv).  Purification of the 
crude product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded diethyl 
cyclohexylmethylphosphonate (3.32 mmol, 777 mg, 83 %). 
1H NMR (CDCl3, 300 MHz) δ 4.00 - 4.18 (m, 4 H), 1.89 (d, J = 13 Hz, 2 H), 1.33 (t, J = 
7 Hz, 6 H), 1.26 - 1.89 (m, 11 H); 13C NMR (CDCl3, 75.45 MHz) δ 61.2 (d, JPOC = 7 Hz), 
34.5 (d, JPCCC = 11 Hz, 2 C), 33.2 (d, JPC = 138 Hz), 32.6 (d, JPCC = 4 Hz),  26.1, 26.0 (d, 
JPCCCC = 6 Hz, 2 C), 16.5 (d, JPOCC = 6 Hz); 31P NMR (CDCl3, 121.47 MHz) δ 33.0. 
 
Diethyl 2-methyl-butylphosphonate (Table 2, entry 2).  The title compound was 
prepared from diethyl (chloromethyl)phosphonate 4b (4.0 mmol, 746 mg, 1.0 equiv) and 
(sec-Bu)3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv).  Purification 
of the crude product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded 
diethyl 2-methyl-butylphosphonate (3.44 mmol, 716 mg, 86 %). 
1H NMR (CDCl3, 300 MHz) δ 4.06 - 4.14 (m, 4 H), 1.25 - 1.95 (m, 5 H), 1.34 (t, J = 7 
Hz, 6 H), 1.05 (d, J = 7 Hz, 3 H) 0.89 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) 
δ  62.3 (t, JPOC = 6 Hz), 30.7 (d, JPC = 139 Hz), 31.2 (d, JPCCC = 14 Hz), 29.7 (d, JPCC = 4 
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Hz), 20.3 (d, JPCCC = 7 Hz) 16.4 (d, JPOCC = 6 Hz), 10.9; 31P NMR (CDCl3, 121.47 MHz) 
δ 33.3; HRMS (EI+) calcd. for C9H22O3P, ([M]+) 209.1307, found 209.1308. 
 
Diethyl (2-phenylethyl)phosphonate (Table 2, entry 3).22  The title compound was 
prepared from diethyl (chloromethyl)phosphonate 4b (4.0 mmol, 746 mg, 1.0 equiv) and 
B-benzyl-9-BBN (8.0 mL, 0.5 M solution in THF, 4.0 mmol, 1.0 equiv).  Purification of 
the crude product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded 
diethyl (2-phenylethyl)phosphonate (2.76 mmol, 668 mg, 69 %). 
1H NMR (CDCl3, 300 MHz): δ 7.20 - 7.33 (m, 5 H), 4.05 - 4.16 (m, 4 H), 2.88 – 2.97 (m, 
2 H), 2.60 (t, J = 17 Hz, 1 H), 2.06 (t, , J = 17 Hz, 1 H), 1.33 (t, J = 7 Hz, 6 H);  13C 
NMR (CDCl3, 75.45 MHz) δ 141.1 (d, JPCCC = 17 Hz), 128.8 (2 C), 128.3 (2 C), 126.6, 
61.8 (d, JPOC = 7 Hz), 28.3 (d, JPCC = 6 Hz), 27.8 (d, JPC = 139 Hz), 16.7 (d, JPOCC = 6 
Hz); 31P NMR (CDCl3, 121.47 MHz) δ 31.9. 
 
Diethyl (cyclooctylmethyl)phosphonate (Table 2, entry 4).  The title compound was 
prepared from diethyl (chloromethyl)phosphonate 4b (4.0 mmol, 746 mg, 1.0 equiv) and  
Alpine-borane (8.0 mL, 0.5 M solution in THF, 4.0 mmol, 1.0 equiv).  Purification of the 
crude product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded diethyl 
(cyclooctylmethyl)phosphonate ((3.32 mmol, 870 mg, 83 %). 
1H NMR (CDCl3, 300 MHz) δ  4.00 - 4.18 (m, 4 H), 1.31 (t, J = 6 Hz, 6 H), 1.25– 2.05 
(m, 17 H);  13C NMR (CDCl3, 75.45 MHz) δ  61.2 (d, JPOC = 6 Hz), 33.5 (d, JPC = 138 
Hz), 33.0 (d, JPCCC = 11 Hz, 2 C), 32.5, 27.3 (2 C), 26.0, 24.9 (2 C), 16.5 (d, JPOCC = 6 
Hz); 31P NMR (CDCl3, 121.47 MHz) δ 33.3. HRMS calcd. for C13H27O3P, 262.1698, 
found 209.1700. 
 
Diethyl (1,2-diphenyl)ethylphosphonate (Table 2, entry 5).23  The title compound was 
prepared from diethyl chloro-phenyl-methylphosphonate 4f (4.0 mmol, 1.05 g, 1.0 equiv) 
and B-benzyl-9-BBN (8.0 mL, 1.0 M solution in THF, 4.0 mmol, 1.0 equiv).  Purification 
of the crude product by chromatography on silica gel (EtOAc/hexanes 1:1, v/v) yielded 
diethyl (1,2-diphenyl)ethylphosphonate (2.36 mmol, 751 mg, 59 %). 
1H NMR (CDCl3, 300 MHz) δ  6.99 - 7.34 (m, 10 H), 3.65 - 4.12 (m, 4 H), 3.13 – 3.50 
(m, 3 H), 1.28 (t, J = 7 Hz, 3 H), 1.09 (t, J = 7 Hz, 3 H). 13C NMR (CDCl3, 75.45 MHz) 
δ  139.3 (d, JPCCC = 16 Hz), 135.7 (d, JPCC = 6 Hz),129.7 (d, JPCCC = 7 Hz, 2 C),128.8 (2 
C), 128.6 (2 C), 128.4 (2 C), 127.4, 126.4, 63.0 (d, JPOC = 7 Hz), 62.1 (d, JPOC = 7 Hz), 
46.8 (d, JPC = 136 Hz), 36.5, 16.6 (d, JPOCC = 6 Hz), 16.4 (d, JPOCC = 6 Hz). 31P NMR 
(CDCl3, 121.47 MHz) δ 29.3. 
 
Diethoxy 2–methylbutylphosphonite-borane (Table 2, entry 6).  The title compound 
was prepared from diethoxy (chloromethyl)phosphine-borane 4i (3.2 mmol, 590 mg, 1.0 
equiv) and (sec-Bu)3B (3.2 mL, 1.0 M solution in diethyl ether, 3.2 mmol, 1.0 equiv).  
Purification of the crude product by chromatography on silica gel (EtOAc/hexanes 0.5 : 
99.5, v/v) yielded diethoxy 2–methylbutylphosphonite-borane (2.62 mmol, 541 mg, 82 
%). 
1H NMR (CDCl3, 300 MHz) δ 3.95 - 4.20 (m, 4 H), 1.26 - 1.93 (m, 5 H), 1.30 (t, J = 7 
Hz, 6 H), 1.01 (d, J = 7 Hz, 3 H) 0.89 (t, J = 7 Hz, 3 H), 0.50 (qd, JBH = 94 Hz, JPBH = 14 
Hz, 3H);  13C NMR (CDCl3, 75.45 MHz) δ  63.1 (d, JPOC = 4 Hz), 36.9 (d, JPC = 54 Hz), 
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31.2 (d, JPCCC = 10 Hz), 29.2, 20.8 (d, JPCCC = 6 Hz), 16.7 (d, JPOCC = 6 Hz), 11.2; 31P 
NMR (CDCl3, 121.47 MHz) δ 149.5 (q, JPB = 81 Hz); 11B NMR (CDCl3, 28.88 MHz) δ -
43.7 (dq , JBP = 81 Hz, JBH = 94 Hz); HRMS calcd. for C9H28BNO2P, ([M + NH4]+) 
224.1951, found 224.1952. 
 
Diethoxy octylphosphonite-borane (Table 2, Entry 7).  The title compound was 
prepared from diethoxy (chloromethyl)phosphine-borane 4i (3.2 mmol, 590 mg, 1.0 
equiv) and (heptyl)3B (3.2 mL, 1.0 M solution in diethyl ether, 3.2 mmol, 1.0 equiv).  
Purification of the crude product by chromatography on silica gel (EtOAc/hexanes 0.5 : 
99.5, v/v) yielded diethoxy octylphosphonite-borane (2.34 mmol, 580 mg, 73 %). 
1H NMR (CDCl3, 300 MHz) δ 3.94 - 4.16 (m, 4H), 1.23 - 1.76 (m, 14 H), 1.31 (t, J = 7 
Hz, 6 H), 0.88 (t, J = 7 Hz, 3 H), 0.50 (q, JBH = 94 Hz, 3H); 13C NMR (CDCl3, 75.45 
MHz) δ  63.0 (d, JPOC = 4 Hz), 31.8, 33.0 (d, JPCCC = 15 Hz), 30.3 (d, JPC = 56 Hz), 29.1 
(2 C), 22.6, 21.6, 16.7 (d, JPOCC = 5 Hz); 14.1. 31P NMR (CDCl3, 121.47 MHz) δ 149.1 
(q, JPB=  81 Hz); 11B NMR (CDCl3, 28.88 MHz) δ - 43.6 (dq , JBP = 81 Hz, JBH = 94 Hz); 
HRMS calcd. for C12H34BNO2P, ([M + NH4]+) 266.2420, found 266.2413. 
 
Diethoxy 2 – phenylethylphosphonite-borane (Table 2, Entry 8).  The title compound 
was prepared from diethoxy (chloromethyl)phosphine-borane 4i (3.2 mmol, 590 mg, 1.0 
equiv) and B–benzyl-9-BBN (3.2 mL, 1.0 M solution in diethyl ether, 3.2 mmol, 1.0 
equiv).  Purification of the crude product by chromatography on silica gel 
(EtOAc/hexanes 0.5 : 99.5, v/v) yielded diethoxy 2 – phenylethylphosphonite-borane 
(2.27 mmol, 545 mg, 71 %). 
1H NMR (CDCl3, 300 MHz): δ 7.18 - 7.34 (m, 5 H), 3.96 - 4.23 (m, 4 H), 2.84 - 2.92 (m, 
2 H), 2.02 - 2.12 (m, 2 H), 1.30 (t, J = 7 Hz, 6 H), 0.50 (q, JBH = 92 Hz, 3 H);  13C NMR 
(CDCl3, 75.45 MHz) δ 141.2 (d, J = 14 Hz), 128.6 (2 C), 128.3 (2 C), 126.6, 63.4 (d, 
JPOC = 5 Hz), 31.9 (d, JPC = 54 Hz), 28.0, 16.8 (d, JPOCC = 6 Hz); 31P NMR (CDCl3, 
121.47 MHz) δ 147.6 (q, JPB = 80 Hz);  11B CDCl3, 28.88 MHz) δ − 43.7 (dq, JBP = 80 
Hz, JBH = 92 Hz); HRMS calcd. for C12H26BNO2P, ([M + NH4]+): 258.1794, found 
258.1796. 
 
Diethoxy nonylphosphonite-borane (Table 2, entry 9).  The title compound was 
prepared from diethoxy (chloromethyl)phosphine-borane 4i (3.2 mmol, 590 mg, 1.0 
equiv) and 9–octyl-BBN (3.2 mL, 1.0 M solution in diethyl ether, 3.2 mmol, 1.0 equiv).  
Purification of the crude product by chromatography on silica gel (EtOAc/hexanes 
0.5:99.5, v/v) yielded diethoxy nonylphosphonite-borane (1.98 mmol, 520 mg, 62 %). 
1H NMR (CDCl3, 300 MHz) δ 3.94 - 4.18 (m, 4 H), 1.23 - 1.76 (m, 16 H), 1.30 (t, J = 7 
Hz, 6 H), 0.89 (t, J = 7 Hz, 3 H), 0.50 (q, JBH = 94 Hz, 3H); 13C NMR (CDCl3, 75.45 
MHz) δ 63.2 (d, JPOC = 5 Hz) 32.1, 30.9 (d, JPCCC = 14 Hz), 30.4, 30.1 (d, JPC = 38 Hz), 
29.6, 29.5, 29.3, 22.9, 21.8, 16.8 (d, JPOCC = 6 Hz), 14.3; 31P NMR (CDCl3, 121.47 MHz) 
δ 149.0 (q, JPB = 81 Hz); 11B (CDCl3, 28.88 MHz) δ - 43.6 (dq, JBP = 81 Hz, JBH = 94 
Hz); HRMS calcd. for C13H36BNO2P, ([M + NH4]+) 280.2577, found 280.2571. 
 
Diphenyl propylphosphine-borane (Table 2, entry 10).  The title compound was 
prepared from Diphenyl (chloromethyl)phosphine-borane 4k (2.1 mmol, 521 mg, 1.0 
equiv) and Et3B (2.1 mL, 1.0 M solution in THF, 2.1 mmol, 1.0 equiv).    Purification of 
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the crude product by chromatography on silica gel (EtOAc/hexanes 1:9, v/v) yielded 
diphenyl propylphosphine-borane (1.78 mmol, 432 mg, 85 %). 
1H NMR (CDCl3, 300 MHz): δ 7.40 - 7.70 (m, 10 H), 2.12 - 2.29 (m, 2 H), 1.48 - 1.63 
(m, 2 H), 1.00 (t, J = 7 Hz, 3 H), 0.80 (q, JBH = 98 Hz, 3 H); 13C NMR (CDCl3, 75.45 
MHz) δ  132.4 (d, JPCCC = 10 Hz, 4 C), 131.3 (2 C), 129.9 (d, JPC = 55 Hz), 129.0 (d, JPCC 
= 10 Hz, 4 C), 28.0 (d, JPC = 37 Hz), 17.0, 16.1 (d, JPCCC = 15 Hz); 31P NMR (CDCl3, 
121.47 MHz) δ 16.6 (q, JPB = 58 Hz); 11B NMR (CDCl3, 28.88 MHz) δ  - 39.7 (dq , JBP = 
58 Hz, JBH = 98 Hz), HRMS calcd. for C15H22BNP, [M + NH4 – H2]: 258.1583, found 
258.1579. 
 
 
General procedure for the conversion of phosphinite-boranes in to H–phosphinate 
esters. 
 
To a 0.2 M solution of phosphinite-borane in dry CH2Cl2 at 0 °C, was added 
tetrafluoroboric acid diethyl ether complex (3.0 equiv).   An exothermic reaction ensued 
and gas evolved.  The reaction was then warmed to rt and stirred for additional 6 h.  
Subsequently, the mixture was cooled to 0 °C and saturated aqueous sodium bicarbonate 
solution was slowly added.  The resulting biphasic mixture was stirred vigorously for 5 – 
10 min and poured into separatory funnel.  The organic layer was separated and aqueous 
layer was extracted with EtOAc (3 X).  The combined organic layers were dried with 
MgSO4, and concentrated in vacuo to give H-phosphinate. 
Ethyl octyl-H-phosphinate (5, Scheme 5).24  The title compound was prepared from 
diethoxy octylphosphinite-borane (1.6 mmol, 400 mg, 1.0 equiv) and tetrafluoroboric 
acid diethyl ether complex (4.8 mmol, 777 mg, 653 µl, 3.0 equiv) in 96 % yield (1.54 
mmol, 317 mg). 
1H NMR (CDCl3, 300 MHz) δ 7.09 (d, J = 527 Hz, 1 H), 4.03 - 4.23 (m, 2 H), 1.27 - 1.80 
(m, 14 H), 1.36 (t, J = 7 Hz, 3 H), 0.88 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) 
δ  62.5 (d, JPOC = 7 Hz), 31.8, 30.4 (d, JPCCC = 15 Hz), 29.1, 29.0,  28.6 (d, JPC = 93 Hz), 
22.6, 20.7, 16.2 (d, JPOCC = 6 Hz), 14.0; 31P NMR (CDCl3, 121.47 MHz) δ 40.7 (dm, J = 
530 Hz). 
 
Ethyl 2-methylbutyl-H-phosphinate (6, Scheme 5) .  The title compound was prepared 
from diethoxy 2-methylbutylphosphinite-borane (1.6 mmol, 330 mg, 1.0 equiv) and 
tetrafluoroboric acid diethyl ether complex (4.8 mmol, 777 mg, 653 µl, 3.0 equiv) in 96 
% yield (1.54 mmol, 253 mg). 
1H NMR (CDCl3, 300 MHz) δ 7.20 (d, J = 527 Hz, 1 H), 4.01 - 4.27 (m, 2 H), 1.25 - 1.96 
(m, 5 H), 1.38 (t, J = 7 Hz, 3 H), 1.10 (d, J = 15 Hz, 3 H) 0.92 (t, J = 7 Hz, 3 H); 13C 
NMR (CDCl3, 75.45 MHz) δ  62.5 (d, JPOC = 4 Hz), 35.6 (d, JPC = 93 Hz), 30.9 (d JPCCC = 
13 Hz), 29.0, 20.5 (d, JPCC = 7 Hz), 16.4 (d, JPOC = 6 Hz), 11.1; 31P NMR (CDCl3, 121.47 
MHz) δ 39.5, 39.2 (dm, J = 527 Hz). HRMS (EI+) calcd. for C7H18O2P, ([M]+) 165.1044, 
found 165.1043. 
 
Ethyl pentyl-H-phosphinate (7, Scheme 5).  The title compound was prepared from 
diethoxy pentylphosphinite-borane (1.0 mmol, 207 mg, 1.0 equiv) and tetrafluoroboric 
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acid diethyl ether complex (1.0 mmol, 486 mg, 408 µl, 3.0 equiv) in 95 % yield (0.95 
mmol, 157 mg), 95 % of deuterated compound.  
1H NMR (CDCl3, 300 MHz) δ 7.09 (d, J = 524 Hz, 1 H), 4.01 - 4.26 (m, 2 H), 1.26 - 1.83 
(m, 7 H), 1.38 (t, J = 7 Hz, 3 H), 0.91 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) 
δ 62.4(d, JPOC = 5 Hz), 32.6 (d, JPCCC = 16 Hz), 28.3 (dt, JPC = 94 Hz, JDC = 19 Hz), 22.2, 
20.4, 16.3 (d, JPOCC = 6 Hz), 13.8; 31P NMR (CDCl3, 121.47 MHz) δ 40.3 (dm, J = 527 
Hz); HRMS (EI+) calcd. for C7H17DO2P ([M]+) 166.1107, found 166.1109. 
 
Ethyl 2-phenylethyl-H-phosphinate (8, Scheme 5).  The title compound was prepared 
from diethoxy 2 - phenylethylphosphinite-borane (1.2 mmol, 288 mg, 1.0 equiv.) and 
tetrafluoroboric acid diethyl ether complex (3.6 mmol, 583 mg, 490 µl, 3.0 equiv.) in 98 
% yield (1.18 mmol, 233 mg). 
1H NMR (CDCl3, 300 MHz) δ  7.20 - 7.31 (m, 5 H), 7.11 (d, J = 532 Hz, 1 H), 4.02 - 
4.26 (m, 2 H), 2.87 – 2.98 (m, 2 H), 2.05 - 2.16 (m, 2 H), 1.38 (t, J = 7 Hz, 3 H); 13C 
NMR (CDCl3, 75.45 MHz) δ  140.1 (d, JPCCC = 15 Hz), 128.7 (2 C), 128.1 (2 C), 126.5, 
62.6 (d, JPOC = 6 Hz), 31.3 (d, JPC = 93 Hz), 26.9, 16.2 (d, JPOCC = 6 Hz); 31P NMR 
(CDCl3, 121.47 MHz) δ 38.2 (d, J = 534 Hz), HRMS calcd. for C10H15O2P, 198.0810, 
found 198.0810. 
 
Ethyl allyl-octylphosphinate (9, Scheme 5). Method B.  A flame-dried, 50 mL, three-
necked, round-bottomed flask charged with diethoxy octylphosphinite-borane (1.6 mmol, 
400 mg, 1.0 equiv) N-methylpiperazine (12.8 mmol, 1.28 g, 1.4 mL, 8.0 equiv) and dry 
toluene (10 mL). The solution was heated at reflux for 24 h. After cooling to rt, the 
mixture was concentrated in high vacuo to remove access of N-methylpiperazine. The 
residue was diluted with dry toluene (20 mL) and allyl bromide (3.2 mmol, 387 mg, 270 
µl, 2.0 equiv) was added. The reaction mixture was heated under reflux for 3 h.  After 
cooling to rt, the mixture was washed with H2O, the aqueous phase was extracted with 
EtOAc (3 X) and the combined organic fractions were dried with MgSO4, concentrated in 
vacuo. Purification of the crude product by chromatography on silica gel (EtOAc) yielded 
ethyl allyl-octylphosphinate 9 (0.94 mmol, 231 mg, 59 %). 
Method C. A flame-dried, seal tube was purged with nitrogen, charged with diethoxy 
octylphosphonite-borane (1.6 mmol, 400 mg, 1.0 equiv) and diethylamine (40 mL). The 
solution was heated at 55oC for 3 days. After cooling to rt, the mixture was concentrated 
in high vacuo. The residue was diluted with dry toluene (20 mL) and transferred via 
cannula under nitrogen to the flame-dried, 50 mL, three-necked, round-bottomed flask. 
Allyl bromide (8.0 mmol, 968 mg, 678 µl, 5.0 equiv) was than added and the mixture was 
heated under reflux for 3 h.  After cooling to rt, the reaction mixture was washed with 
H2O, the aqueous phase was extracted with EtOAc (3 X) and the combined organic 
fractions were dried with MgSO4, concentrated in vacuo. Purification of the crude 
product by chromatography on silica gel (EtOAc) yielded ethyl allyl-octylphosphinate 9 
(1.04 mmol, 256 mg, 65 %).  
1H NMR (CDCl3, 300 MHz) δ 5.74 - 5.90 (m, 1 H), 5.16 - 5.25 (m, 2 H), 4.02 - 4.15 (m, 
2 H), 2.57 (dd, J = 8 Hz, J = 10 Hz, 2 H), 1.27 - 1.77 (m, 14 H), 1.32 (t, J = 7 Hz, 6 H), 
0.88 (t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 75.45 MHz) δ 128.3 (d, JPCC = 9 Hz), 120.0 (d, 
JPCCC = 12 Hz), 60.5 (d, JPOC = 7 Hz), 34.6 (d, JPC = 85 Hz), 32.0, 31.0 (d, JPCCC = 15 Hz), 
29.2, 27.6 (d, JPC = 93 Hz), 22.8, 21.8 (d, JPCC = 4 Hz), 16.8 (d, JPOCC = 6 Hz), 14.3; 31P 
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NMR (CDCl3, 121.47 MHz) δ 54.9; HRMS calcd. for C13H27O2P; 246.1749, found 
246.1750. 
 
Procedure for the synthesis of α-iodo phosphonates. 
 
Diethyl 1-iodopentylphosphonate (3b-I, Scheme 6).  A flame-dried, 50 mL, three-
necked, round-bottomed flask was purged with nitrogen, charged with diethyl 
(chloromethyl)phosphonate (4.0 mmol, 746 mg, 1.0 equiv) and dry THF (20 mL).  The 
solution was cooled below - 90 oC (liquid nitrogen/ethanol bath) and n-butyllitium (2.5 
mL, 1.6 M solution in hexane, 4.0 mmol, 1.0 equiv) was added slowly via syringe 
followed by Bu3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv) in one 
portion.  The reaction mixture was warmed slowly to rt and I2 (4.8 mmol, 1.2 g, 1.2 
equiv) was added  in one portion.  The resulting mixture was stirred at reflux for 2 h, after 
cooling to rt, was diluted with EtOAc washed with aqueous solution of sodium 
thiosulfate (1 X) and water (1 X).  Organic layer was dried with MgSO4, and solvents 
removed in vacuo.  Purification of the crude product by chromatography on silica gel 
(EtOAc/hexanes 3:7, v/v) yielded diethyl pentylphosphonate (3.05 mmol, 1.02 g, 76 %). 
1H NMR (CDCl3, 300 MHz) δ 4.14 - 4.25 (m, 4 H), 3.69 - 3.79 (m, 1 H), 1.31 - 2.04 (m, 
7 H), 1.35 (t, J = 7 Hz, 6 H), 0.92 (t, J = 7 Hz, 3 H);  13C NMR (CDCl3, 75.45 MHz) δ  
63.7 (q, JPOC = 7 Hz), 32.9 (d, JPCC = 2 Hz), 32.3 (d, JPCCC = 13 Hz), 21.7, 18.2 (d, JPC = 
154 Hz), 16.6 (d, JPOCC = 6 Hz), 14.0;  31P NMR (CDCl3, 121.47 MHz) δ  23.2; HRMS 
(EI+) calcd. for C9H20IO3P, ([M]+) 334.0195, found 334.0201. 
 
Diethyl 1–iodo–2-methylbutylphosphonate (Scheme 6).  A flame-dried, 50 mL, three-
necked, round-bottomed flask was purged with nitrogen, charged with diethyl 
(chloromethyl)phosphonate (4.0 mmol, 746 mg, 1.0 equiv) and dry THF (20 mL).  The 
solution was cooled below – 90oC (liquid nitrogen/ethanol bath) and n-butyllitium (2.5 
mL, 1.6 M solution in hexane, 4.0 mmol, 1.0 equiv) was added slowly via syringe 
followed by (sec-Bu)3B (4.0 mL, 1.0 M solution in diethyl ether, 4.0 mmol, 1.0 equiv) in 
one portion.  The reaction mixture was warmed slowly to rt and I2 (4.8 mmol, 1.2 g, 1.2 
equiv) was added  in one portion.  The resulting mixture was stirred at reflux for 2 h, after 
cooling to rt, was diluted with EtOAc washed with aqueous. solution of sodium 
thiosulfate (1 X) and water (1 X).  Organic layer was dried with MgSO4, and solvents 
removed in vacuo.  Purification of the crude product by chromatography on silica gel 
(EtOAc/hexane 3:7 v/v) yielded diethyl pentylphosphonate (2.88 mmol, 962 mg, 72%), 
mixture of diastereoisomers (50/50) 
1H NMR (CDCl3, 300 MHz) δ 4.15 - 4.26 (m, 4 H), 3.95 (2dd, J = 13 Hz, J = 2 Hz, 1 H), 
1.70 - 1.91 (m, 1 H), 1.36 (t, J = 7 Hz, 6 H), 1.15 - 1.26 (m, 2 H), 1.02 (t, J = 6 Hz, 3 H) 
0.91 (2t, J = 7 Hz, 3 H); 13C NMR (CDCl3, 100.57 MHz) δ 63.7 (dd, JPOC = 7 Hz, J = 3 
Hz,), 63.3 (q, JPOC = 7 Hz), 36.4, 35.2, 30.7 (d, JPCCC = 16 Hz), 29.4 (d, JPC = 150 Hz), 
28.7 (d, JPC = 150 Hz), 28.1, 19.7 (d, JPCCC = 15 Hz), 18.9, 16.4 (d, JPOCC = 6 Hz), 11.6, 
11.3; 31P NMR (CDCl3, 121.47 MHz) δ 22.5, 22.2; HRMS (EI+) calcd. for C9H20IO3P, 
([M]+) 334.0195, found 334.0197. 
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