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Experimental (continued) 

 General (continued). Solvents were treated as follows: THF and Et2O, distilled from Na/ 

benzophenone or dried using a solvent dispensing system (Seca Solvent System); CH2Cl2, dis-

tilled from CaH2 or dried using a solvent dispensing system (Seca Solvent System); ethyl acet-

ate, Et2O, hexanes, CH2Cl2 (for aerobic manipulations), distilled by rotary evaporation or used 

as received (ACS grade); C6D6, CDCl3, CD3OD (3 × deutero GmbH or Cambridge Isotope Lab-

oratories), used as received. The 1,14-tetradecanedioic acid (97%, Astatech), N-methylmorpho-

line (99%, Acros), ethyl chloroformate (99%, Acros), NaBH4 (98%, Acros), CBr4 (99%, Ald-

rich), PPh3 (99%, Acros), P(OEt)3 (98%, Acros), LiAlH4 (99%, Acros or Aldrich), H3B·SMe2 

(2.0 M in THF, Acros), n-BuLi (2.5 M in hexanes, Acros), triphosgene (98%, Alfa Aesar), 

Grubbs' first generation catalyst ((Cy3P)2Cl2Ru=CHPh; Aldrich, 97%), Wilkinson's catalyst 

((Ph3P)3RhCl; 97%, Strem), SiO2, neutral Al2O3 (2 × Macherey-Nagel), and MgSO4 (Acros) 

were used as received.  

 NMR spectra were obtained on Bruker (Avance 300/400; 300/400 MHz), Jeol (JEOL 

GX400 or JEOL EX400; 400 MHz), or Varian (Inova 300, Mercury 300; 300 MHz, or NMRS 

500; 500 MHz) spectrometers and referenced as follows: (, ppm): 1H NMR, residual C6D5H 

(7.15), CHCl3 (7.26), or CD2HOD (3.31); 13C{1H} NMR, C6D6 (128.0), CDCl3 (77.0), or CD3-

OD (49.2); 31P{1H} NMR, external H3PO4 (0.00). Mass spectra were obtained using Micromass 

Zabspec (EI, FAB), Shimadzu Biotech Axima Confidence (MALDI-TOF MS), Applied Biosys-

tem STR Voyager (MALDI-TOF MS), or PE Sciex QStar (APCI) instruments. DSC and TGA 

data were recorded with a Mettler-Toledo DSC821 instrument. IR spectra were recorded on ASI 

React-IR 1000, Thermo SCIENTIFIC Nicolet IR100 FT-IR, or Shimadzu IRAffinity-1 (equipped 

with a Pike MIRacle ATR system) spectrometers. Microanalyses were conducted on a Carlo 

Erba EA1110 instrument (in house) or by Atlantic Microlab. 

HO(CH2)14OH (7) [S1,S2]. A Schlenk flask was charged with 1,14-tetradecanedioic 

acid (5.40 g, 20.90 mmol) and THF (220 mL) and cooled to –5 °C. N-Methyl morpholine (4.58 

mL, 41.80 mmol) and then ethyl chloroformate (4.22 mL, 43.99 mmol) were added with stirring. 
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After 10 min, the white precipitate was removed by filtration and the filtrate cooled in an ice 

bath. A solution of NaBH4 (2.52 g, 66.7 mmol) in water (25 mL) was added with stirring. After 

gas evolution ceased, water (300 mL) was added and the aqueous phase extracted with ethyl ace-

tate (3 × 100 mL). The combined organic layers were dried (MgSO4) and filtered. The solvents 

were removed by rotary evaporation to give 7 (4.66 g, 20.2 mmol, 96%) as a white powder, mp 

85 °C (capillary); lit: 85-87 °C [S1].  

NMR (CD3OD, δ/ppm): 1H (300 MHz) 3.54 (t, 4H, 3JHH = 6.6 Hz, CH2OH), 1.58-1.46 

(m, 4H, CH2), 1.40-1.25 (m, 20H, CH2); 13C{1H} (75 MHz) 63.1 (s, CH2OH), 33.7 (s, CH2), 

30.83 (s, CH2), 30.80 (s, CH2), 30.7 (s, CH2), 27.0 (s, CH2). IR (cm−1, powder film): 3408 (m), 

3341 (m), 3210 (m), 2920 (s), 2849 (s), 1462 (s), 1356 (m), 1196 (w), 1121 (s), 1018 (s), 972 

(m), 727 (m). MS (FAB, 3-NBA) [S3]: 231 ([M + 1]+, 65%), 154 (100%). 

Br(CH2)14Br (8) [S2,S4]. A Schlenk flask was charged with 7 (5.00 g, 21.70 mmol), 

CBr4 (21.59 g, 65.10 mmol), and THF (250 mL). Then PPh3 (17.80 g, 65.10 mmol) was added 

in portions with stirring. After 16 h, water (200 mL) was added and the aqueous phase extracted 

with CH2Cl2 (3 × 200 mL). The combined organic layers were dried (MgSO4) and filtered. The 

solvents were removed by rotary evaporation. Hexanes (500 mL) were added to the brown resi-

due, and the precipitate (O=PPh3) removed by filtration. The solvent was removed from the filt-

rate by rotary evaporation and the residue chromatographed (SiO2 column, 4 cm × 30 cm, hex-

anes). The solvent was removed from the product containing fractions to give 8 (6.57 g, 18.45 

mmol, 85%) as a white powder, mp 51 °C; lit: 47.5-48.0 °C [S5]. 

NMR (C6D6, δ/ppm): 1H (300 MHz) 2.97 (t, 4H, 3JHH = 6.8 Hz, CH2Br), 1.57-1.46 (m, 

4H, CH2CH2Br), 1.31-1.03 (m, 20H, CH2); 13C{1H} (75 MHz) 33.7 (s, CH2), 33.0 (s, CH2), 

30.0 (s, CH2), 29.9 (s, CH2), 29.8 (s, CH2), 29.0 (s, CH2), 28.4 (s, CH2). IR (cm−1, powder 

film): 2914 (s), 2851 (s), 1472 (s), 1340 (w), 1308 (w), 1260 (m), 1215 (m), 1196 (w), 1030 (w), 

718 (m). MS (APCI) [S3]: 377 ([M + 1]+, 50%), 360 (100%). 

(EtO)2(O=)P((CH2)14)P(=O)(OEt)2 (9) [S2,S6]. A Schlenk flask was charged with 

P(OEt)3 (5.83 g, 35.10 mmol) and 8 (5.00 g, (14.04 mmol), and fitted with a distillation head. 
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The mixture was stirred at 150 °C overnight, and monitored by TLC (hexanes). In cases where 8 

was not completely consumed, an additional portion of P(OEt)3 was added and stirring continued 

until full conversion. Excess P(OEt)3 was removed by distillation under oil pump vacuum. After 

cooling, 9 (6.33 g, 13.45 mmol, 96%) was obtained as a colorless liquid. Anal. calcd (%) for 

C22H48O6P2 (470.56): C 56.15, H 10.28; found C 56.28, H 9.98.  

NMR (C6D6, δ/ppm): 1H (300 MHz) 4.03-3.87 (m, 8H, OCH2), 1.72-1.56 (m, 8H, CH2), 

1.30-1.16 (m, 20H, CH2), 1.07 (t, 12H, 3JHH = 7.1 Hz, CH3); 13C{1H} (75 MHz) 61.0 (d,
 2JCP = 

6.3 Hz, OCH2), 30.9 (d, JCP = 16.0 Hz, CH2), 30.04 (s, CH2), 30.01 (s, CH2), 29.8 (s, CH2), 

29.5 (s, CH2), 27.4 (s, CH2) 25.5 (s, CH2), 23.0 (d, JCP = 5.1 Hz, CH2), 16.6 (d,
 3JCP = 5.6 Hz, 

CH3); 31P{1H} (121 MHz) 32.4 (s). IR (cm−1, oil film): 2984 (w), 2926 (m), 2856 (w), 1467 

(w), 1393 (w), 1243 (m), 1166 (w), 1096 (w), 1054 (m), 1023 (s), 953 (s), 787 (m), 722 (w). MS 

(APCI) [S3]: 471 ([M + 1]+, 100%). 

H2P((CH2)14)PH2 (10) [S2]. A Schlenk flask was fitted with a dropping funnel and 

charged with LiAlH4 (1.31 g, 32.97 mmol) and Et2O (100 mL). The suspension was cooled to 0 

°C and a solution of 9 (5.00 g, 10.63 mmol) in Et2O (10 mL) was added dropwise with stirring 

over 30 min. The cooling bath was removed. After 16 h, the suspension was cooled to 0 °C and 

water (ca. 5 mL) was added dropwise until gas evolution ceased. The white suspension was 

transferred to a flask with MgSO4 and then filtered through a short pad of Al2O3, which was 

washed with Et2O. The solvent was removed from the filtrate by oil pump vacuum to give 10 

(2.70 g, 10.29 mmol, 97%) as a waxy white solid, mp 30 °C (sealed capillary). 

NMR (C6D6, δ/ppm): 1H (300 MHz) 2.65 (dm, 4H, 1JHP = 190.0 Hz, PH2), 1.40-1.12 

(m, 28H, CH2); 13C{1H} (75 MHz) 33.3 (d, JCP = 3.5 Hz, CH2), 30.9 (d, JCP = 5.7 Hz, CH2), 

30.13 (s, CH2), 30.10 (s, CH2), 30.0 (s, CH2), 29.6 (s, CH2), 14.0 (d,
 
JCP = 8.1 Hz, CH2); 

31P{1H} (121 MHz) −137.8 (s).  

H2(H3B)P((CH2)14)P(BH3)H2 (10·2BH3) [S2]. A Schlenk flask was charged with 10 

(0.250 g, 0.953 mmol) and THF (15 mL), and cooled to 0 °C. Then H3B·SMe2 (2.0 M in THF, 

0.96 mL, 1.92 mmol) was added dropwise with stirring over 20 min. The cooling bath was 
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removed. After 16 h, a 31P{1H} NMR spectrum showed the consumption of 10. Volatiles were 

removed by oil pump vacuum to give 10·2BH3 (0.240 g, 0.828 mmol, 87%) as a white solid, mp 

55 °C. DSC (Ti/Te/Tp/Tc/Tf) [S7]: 37.5/44.4/52.7/55.8/58.2 °C (endotherm). TGA: onset of 

mass loss, 90.4 °C. Anal. calcd (%) for C14H38B2P2 (290.02): C 57.98, H 13.21; found C 57.23, 

H 13.21 [S8]. 

NMR (C6D6, δ/ppm): 1H (300 MHz) 3.67 (dm, 4H, 1JPH = 358.0 Hz, PH2), 1.41 

(overlapping br qm, 1JBH = 96.9 Hz, 6H, BH3) [S9], 1.43-0.78 (overlapping m, 28H, CH2); 

13C{1H} (75 MHz) 30.4 (d,
 
JCP = 10.7 Hz, CH2), 30.1 (s, CH2), 30.0 (s, CH2), 29.7 (s, CH2), 

29.2 (s, CH2), 26.5 (d,
 
JCP = 5.1 Hz, CH2), 16.4 (d,

 
JCP = 35.1 Hz, CH2); 31P{1H} (121 MHz) 

−39.3 and −39.6 (br apparent d). IR (cm−1, powder film): 2918 (s), 2849 (s), 2405 (s), 2378 (s), 

2351 (m), 1472 (m), 1464 (m), 1134 (w), 1096 (m), 1049 (s), 993 (m), 902 (s), 787 (m), 721 (m). 

MS (FAB, 3-NBA) [S3]: 291 ([M +, 20%), 275 ([M – BH3 –1]+, 50%), 261 ([M – 2BH3 – 

1]+, 136 (100%). 

(H2C=CH(CH2)6)2P((CH2)14)P((CH2)6CH=CH2)2 (11) [S2]. A Schlenk flask was 

charged with 10 (0.930 g, 3.545 mmol) and THF (20 mL) and cooled to 0 °C. Then n-BuLi (2.5 

M in hexanes, 5.81 mL, 14.54 mmol) was added dropwise with stirring over 15 min. Then Br(C-

H2)6CH=CH2 (2.710 g, 14.18 mmol) [S10] was similarly added over 10 min. The cooling bath 

was removed. After 3 h, the solvents were removed by oil pump vacuum and the residue filtered 

through a short pad of Al2O3 (5 cm) with CH2Cl2. The solvent was removed from the filtrate by 

oil pump vacuum to give 11 (1.795 g, 2.553 mmol, 72%) as a colorless oil. 

NMR (C6D6, δ/ppm): 1H (300 MHz) 5.78 (ddt, 4H, 3JHHtrans = 17.0 Hz, 3JHHcis = 10.1 

Hz, 3JHH = 6.7 Hz, CH=), 5.04 (br d, 4H, 3JHHtrans = 17.2 Hz, 4H, =CHEHZ), 4.99 (br d, 4H, 

3JHHcis = 10.2 Hz, 6H, =CHEHZ), 2.05-1.93 (m, 8H, CH2CH=), 1.62-1.18 (br m, 68H, CH2); 

13C{1H} (75 MHz) 139.1 (s, CH=), 114.5 (s, =CH2), 34.2 (s, CH2CH=), 32.0 (d, JCP = 10.5 Hz, 

CH2), 31.8 (d, JCP = 10.6 Hz, 2CH2), 30.2 (s, CH2), 30.1 (s, CH2), 30.0 (s, CH2), 29.9 (s, CH2), 

29.3 (2CH2), 29.2 (s, 2CH2), 28.22 (d, JCP = 14.1 Hz, CH2), 28.19 (d, JCP = 14.2 Hz, 2CH2), 

26.6 (d, JCP = 13.6 Hz, CH2), 26.5 (d, JCP = 13.5 Hz, 2CH2); 31P{1H} (121 MHz) –30.9 (s). 
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 (H2C=CH(CH2)6)2(H3B)P((CH2)14)P(BH3)((CH2)6CH=CH2)2 (11·2BH3) [S2]. A 

Schlenk flask was charged with 10·2BH3 (1.05 g, 3.62 mmol) and THF (15 mL), and cooled to –

78 °C. Then n-BuLi (2.5 M in hexanes, 6.4 mL, 16.0 mmol) was added with stirring. After 30 

min, Br(CH2)6CH=CH2 (2.80 g, 14.65 mmol) [S10] was added to the pale yellow solution over 

10 min. After 1 h, the cooling bath was removed. After 16 h, a 31P{1H} NMR spectrum showed 

the consumption of 10·2BH3, and water (10 mL) was added. The aqueous phase was extracted 

with Et2O (4 × 10 mL), and the combined organic layers dried (MgSO4) and filtered. The solv-

ents were removed by rotary evaporation and the residue chromatographed (SiO2 column, 4 cm 

× 30 cm, hexanes). The solvent was removed from the product containing fractions by rotary 

evaporation to give 11·2BH3 (0.476 g, 0.652 mmol, 18%) as a colorless oil. Anal. calcd (%) for 

C46H94B2P2 (730.81): C 75.60, H 12.96; found C 75.50, H 12.98. 

NMR (C6D6, δ/ppm): 1H (500 MHz) 5.78 (ddt, 4H, 3JHHtrans = 16.9 Hz, 3JHHcis = 10.2 

Hz, 3JHH = 6.7 Hz, CH=), 5.05 (br d, 4H, 3JHHtrans = 17.1 Hz, =CHEHZ), 5.01 (br d, 4H, 

3JHHcis = 10.1 Hz, 4H, =CHEHZ), 2.00-1.95 (m, 8H, CH2CH=), 1.51-1.13 (br m, 74H, CH2 and 

BH3); 13C{1H} (126 MHz) 139.0 (s, CH=), 114.7 (s, =CH2), 34.1 (s, CH2CH=), 31.6 (d, JCP = 

11.9 Hz, CH2), 31.4 (d, JCP = 11.9 Hz, 2CH2), 30.11 (s, CH2), 30.07 (s, CH2), 29.9 (s, CH2), 

29.5 (s, CH2), 29.2 (s, 2CH2), 28.9 (s, 2CH2), 23.62 (d, JCP = 33.3 Hz, CH2), 23.60 (d, JCP = 

33.3 Hz, 2CH2), 23.1 (d, JCP = 1.8 Hz, CH2), 23.0 (d, JCP = 1.8 Hz, 2CH2); 31P{1H} (202 MHz) 

15.8 and 15.5 (br apparent d). IR (cm−1, oil film): 3074 (w), 2918 (s), 2853 (s), 2365 (m), 2334 

(m), 1639 (m), 1462 (m), 1414 (m), 1132 (w), 1057 (m), 993 (m), 908 (s), 802 (m), 737 (s). MS 

(APCI) [S3]: 730 ([M – 1]+, 30%), 718 ([M − BH3 +, 60%), 704 ([M − 2BH3 +, 100%). 

Cl2P((CH2)14)PCl2 (12) [S2]. A Schlenk flask was charged with 10 (4.010 g, 15.28 

mmol) and CH2Cl2 (150 mL) and cooled to –40 °C. A solution of triphosgene (6.589 g, 22.20 

mmol) in CH2Cl2 (50 mL) was added dropwise with stirring over 40 min. The cooling bath was 

removed. After 16 h, the solvent was removed by oil pump vacuum. The oily residue was stirred 

at 50 °C for 1 h under oil pump vacuum to remove residual triphosgene, giving 12 (5.747 g, 

14.36 mmol, 94%) as a pale yellow oil. 
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NMR (CDCl3, δ/ppm): 1H (500 MHz) 2.36-2.28 (m, 4H, PCH2), 1.72-1.64 (m, 4H, 

PCH2CH2), 1.48-1.41 (m, 4H, PCH2CH2CH2), 1.37-1.23 (br m, 16H, CH2); 13C{1H} (126 

MHz) 43.3 (d, 1JCP = 44.0 Hz, PCH2), 30.3 (s, CH2), 30.2 (s, CH2), 29.6 (s, CH2), 29.5 (s, CH2), 

29.2 (d, JCP = 20.8 Hz, CH2), 23.1 (d,
 2JCP = 13.5 Hz, PCH2CH2); 31P{1H} (202 MHz) 196.5 

(s). 
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