Chemistry—A European Journal

Supporting Information

Easy Access to Phosphine-Borane Building Blocks

[b, d]

G. Bas de Jong,™® Nuria Ortega,” Martin Lutz,'” Koop Lammertsma,”® and

J. Chris Slootweg*®™ ®!


http://orcid.org/0000-0001-7818-7766
http://orcid.org/0000-0001-7818-7766
http://orcid.org/0000-0001-7818-7766

Table of contents:

NMR Spectra

NMR Spectra of 2a

NMR Spectra of 2b

NMR Spectra of 2¢c

NMR Spectra of 1,2-(P[O]Cl2)2CsHa
NMR Spectra of 1,2-(PCl;).CsH4
NMR Spectra of 2d

NMR Spectra of 2e

NMR Spectra of 2f

NMR Spectra of 2g

NMR Spectra of 2h

NMR Spectra of 3a

NMR Spectra of 4a

NMR Spectra of 4e

S1

S2

S2

S4

S7

S9

S11

S12

S15

S17

S20

S22

S25

S28

S31



NMR spectra of PhPH,-BH3 (2a):

PhPH2BH3 (2a) proton spectrum
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Figure S1. *H NMR spectrum (400.1 MHz, CDCls) of 2a.

PhPH2BH3 (2a) proton spectrum (Boron decoupled)
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Figure S2. *H{*'B} NMR spectrum (400.1 MHz, CDCl5) of 2a.
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PhPH2-BH3 (2a) boron spectrum

Figure S3.
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1B NMR spectrum (128.4 MHz, CDCIs) of 2a.

PhPH2-BH3 (2a) carbon spectrum
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13C NMR spectrum (100.6 MHz, CDCly) of 2a.
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PhPH2:BH3 (2a) phosphorus spectrum
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Figure S5. 31P{*H} NMR spectrum (101.3 MHz, CDCls) of 2a.
NMR spectra of MesPH;'BHjs (2b):
MesPH2-BH3 (2b) proton spectrum
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Figure S6. *H NMR spectrum (400.1 MHz, CDCls) of 2b.
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MesPH2-BH3 (2b) proton spectrum (boron decoupled)
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Figure S7. 'H{*'B} NMR spectrum (400.1 MHz, CDCl3) of 2b.
MesPH2-BH3 (2b) boron spectrum
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Figure S8. B NMR spectrum (128.4 MHz, CDClIs3) of 2b.

S5



MesPH2-BH3 (2b) carbon spectrum
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Figure S9. 3C NMR spectrum (100.6 MHz, CDCI3) of 2b.

MesPH2-BH3 (2b) phosphorus spectrum
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Figure S10. 3P{*H} NMR spectrum (101.3 MHz, CDCI3) of 2b.
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NMR spectra of tBuPH,'BHjs (2c):

tBuPH2-BH3 (2c) proton spectrum
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Figure S11. *H NMR spectrum (400.1 MHz, CDCls) of 2c.
tBuPH2-BH3 (2c) proton spectrum (boron decoupled)
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Figure S12. *H{*'B} NMR spectrum (400.1 MHz, CDCls) of 2c.
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tBuPH2'BH3 (2c) boron spectrum
cxmonmom
@M@ QT
TFTTTTY
g
T T T T T T T T T T T T T T T T T T T
el 80 70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90

f1 (ppm)

Figure S13. B NMR spectrum (128.4 MHz, CDCls) of 2c.

tBuPH2-BH3 (2c) carbon spectrum
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Figure S14. 3C NMR spectrum (100.6 MHz, CDCls) of 2c.
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tBuPH2'BH3 (2c) phosphorus spectrum
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Figure S15. 3P{*H} NMR spectrum (101.3 MHz, CDCls) of 2c.
NMR spectra of 1,2-(P[0]Cl;),CeHa:

1,2-(P[O]CI2)2C6H4 proton spectrum
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Figure S16. 'H NMR spectrum (400.1 MHz, CDCls) of 1,2-(P[O]Cl2)2CeHa.
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1,2-(P[O]CI2)2C6H4 carbon spectrum (GDP)
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Figure S17. 3C NMR spectrum (100.6 MHz, CDCl3) of 1,2-(P[O]Cl2)2CsHa.

1,2-(P[O]CI2)2C6H4 phosphorus spectrum
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Figure S18. 3'P{*H} NMR spectrum (101.3 MHz, CDCls) of 1,2-(P[O]Cl2):CsHa.

S10



NMR spectra of 1,2-(PCl,),C¢Ha:

1,2-(PCI2)2C6H4 proton spectrum
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Figure S19. *H NMR spectrum (400.1 MHz, CDCls) of 1,2-(PCl2)2CsHa.

1,2-(PCI2)2C6H4 carbon spectrum
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Figure S20. 3C NMR spectrum (100.6 MHz, CDCI3) of 1,2-(PCl2)2CsHa.
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151.56

1,2-(PCI2)2C6H4 phosphorus spectrum
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Figure S21. 3'P{*H} NMR spectrum (101.3 MHz, CDCls) of 1,2-(PCl2)2CsHa.

NMR spectra of 1,2-(PH,-BHs),CsH,4 (2d):
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1,2-(PH2-BH3)2C6H4 (2d) proton spectrum
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Figure S22. *H NMR spectrum (400.1 MHz, CDCls) of 2d.
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1,2-(PH2:BH3)2C6H4 (2d) proton spectrum (boron decoupled)
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Figure S23. *H{''B} NMR spectrum (400.1 MHz, CDCls) of 2d.
1,2-(PH2-BH3)2C6H4 (2d) boron spectrum
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Figure S24. 1B NMR spectrum (128.4 MHz, CDCls) of 2d.
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1,2-(PH2-BH3)2C6H4 (2d) carbon spectrum
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Figure S25. 3C NMR spectrum (100.6 MHz, CDCIs) of 2d.

1,2-(PH2-BH3)2C6H4 (2d) phosphorus spectrum
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Figure S26. 3P{*H} NMR spectrum (101.3 MHz, CDCI5) of 2d.
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NMR spectra of iPr,NPH,-BH3 (2e):

iPr2ZNPH2-'BH3 (2e) proton spectrum
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Figure S27. *H NMR spectrum (400.1 MHz, CDCls) of 2e.

iPr2NPH2-BH3 (2e) proton spectrum (boron decoupled)
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Figure S28. *H{*'B} NMR spectrum (400.1 MHz, CDCls) of 2e.
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iPr2NPH2:BH3 (2e) boron spectrum
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Figure S29. B NMR spectrum (128.4 MHz, CDCls) of 2e.
iPr2ZNPH2-BH3 (2e) carbon spectrum
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Figure S30. 3C NMR spectrum (100.6 MHz, CDCly) of 2e.
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iPr2NPH2-BH3 (2e) phosphorus spectrum
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Figure S31. 3P{*H} NMR spectrum (101.3 MHz, CDClIs) of 2e.
NMR spectra of Cy,NPH,:BHj; (2f):

Cy2NPH2-BH3 (2f) proton spectrum
C (m)|| G (m)
1.62 || 1.28
F (dq)| E (m) A (m)
6.02 3.06 1.47 1.04
D (m)
1.77
= T A
£l ~
& o ¢ i
~ ~N ¥ 6 ¥ s o~
b
S
T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure S32. *H NMR spectrum (400.1 MHz, CDCls) of 2f.
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Cy2NPH2'BH3 (2f) proton spectrum (boron decoupled)
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Figure S33. *H{''B} NMR spectrum (400.1 MHz, CDClIs3) of 2f.

Cy2NPH2-BH3 (2f) boron spectrum
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Figure S34. B NMR spectrum (128.4 MHz, CDClIs3) of 2f.

518



Cy2NPH2-BH3 (2f) carbon spectrum
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Figure S35. 3C NMR spectrum (100.6 MHz, CDCIs) of 2f.

Cy2NPH2-BH3 (2f) phosphorus spectrum
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Figure S36. 3P{*H} NMR spectrum (101.3 MHz, CDClIs) of 2f.
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NMR spectra of (CH;)3(CMe3),NPH:BH; (2g):

(CH2)3(CMe2)2NPH2:BH3 (2g) proton spectrum
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Figure S37. *H NMR spectrum (400.1 MHz, CDCls) of 2g.

(CH2)3(CMe2)2NPH2-BH3 (2g) proton spectrum (boron decoupled)
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Figure S38. 'H{ !B} NMR spectrum (400.1 MHz, CDCls) of 2g.
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(CH2)3(CMe2)2NPH2-BH3 (2g) boron spectrum
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Figure S39. 1'B NMR spectrum (128.4 MHz, CDCls) of 2g.
(CH2)3(CMe2)2NPH2-BH3 (2g) carbon spectrum
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Figure S40. 3C NMR spectrum (100.6 MHz, CDClIs3) of 2g.
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(CH2)3(CMe2)2NPH2-BH3 (2g) phosphorus spectrum
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Figure S41. 31P{*H} NMR spectrum (101.3 MHz, CDCIs) of 2g.
NMR spectra of (MesSi),NPH,-BH; (2h):
(Me3Si)2NPH2-BH3 (2h) proton spectrum
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Figure S42. *H NMR spectrum (400.1 MHz, CDCls) of 2h.
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(Me38Si)2NPH2-BH3 (2h) proton spectrum (carbon decoupled)
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Figure S43. *H{*'B} NMR spectrum (400.1 MHz, CDCIs) of 2h.
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Figure S44. 'B NMR spectrum (128.4 MHz, CDCls) of 2h.
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(Me3Si)2NPH2-BH3 (2h) carbon spectrum

2.11
2.06

<2

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

Figure S45. 3C NMR spectrum (100.6 MHz, CDCIs) of 2h.

(Me3Si)2NPH2-BH3 (2h) silicon spectrum (H, Si coupled 2D)
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Figure S46. HMBC 2°Si — 'H NMR spectrum (79.5 MHz, CDCl3) of 2h.
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(Me3Si)2NPH2:BH3 (2h) phosphorus spectrum
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Figure S47. 31P{*H} NMR spectrum (101.3 MHz, CDCIs) of 2h.

NMR spectra of Li,[PhP-BH3] (3a):

Li2[PhP-BH3] (3a) proton spectrum
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Figure S48. 'H NMR spectrum (400.1 MHz, THF-ds) of 3a.
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Li2[PhP-BH3] (3a) proton spectrum (boron decoupled)
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Figure S49. *H{*'B} NMR spectrum (400.1 MHz, THF-ds) of 3a.

Li2[PhP-BH3] (3a) lithium spectrum
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Figure S50. "Li NMR spectrum (155.5 MHz, THF-dg) of 3a.
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Li2[PhP-BH3] (3a) boron spectrum
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Figure S51. 1B NMR spectrum (128.4 MHz, THF-ds) of 3a.

Li2[PhP-BH3] (3a) carbon spectrum
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Figure S52. 3C NMR spectrum (100.6 MHz, THF-dg) of 3a.
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Li2[PhP-BH3] (3a) phosphorus spectrum
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Figure S53. 31P{*H} NMR spectrum (101.3 MHz, THF-dg) of 3a.

NMR spectra of PhP(SiMe3),-BH; (4a):

PhP(SiMe3)2-BH3 (4a) proton spectrum
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Figure S53. *H NMR spectrum (400.1 MHz, CDCls) of 4a.

528



PhP(SiMe3)2-BH3 (4a) proton spectrum (born decoupled)
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Figure S54. *H{*'B} NMR spectrum (400.1 MHz, CDCly) of 4a.

PhP(SiMe3)2-BH3 (4a) boron spectrum omenan
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Figure S55. B NMR spectrum (128.4 MHz, CDClIs) of 4a.
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PhP(SiMe3)2-BH3 (4a) carbon spectrum
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Figure S56. 3C NMR spectrum (100.6 MHz, CDCI3) of 4a.

PhP(SiMe3)2-BH3 (4a) silicon spectrum (H, Si coupled)
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Figure S57. HMBC 2°Si — 'H NMR spectrum (79.5 MHz, CDCls) of 4a.
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PhP(SiMe3)2:BH3 (4a) phosphorus spectrum
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Figure S58. 31P{*H} NMR spectrum (101.3 MHz, CDCls) of 4a.
NMR spectra of iPr,NP(SiMes),-BH; (4e):
iPr2NP(SiMe3)2-BH3 (4e) proton spectrum
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Figure S59. *H NMR spectrum (400.1 MHz, CDCls) of 4e.
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iPr2NP(SiMe3)2:-BH3 (4e) proton spectrum (boron decoupled)
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Figure S60. *H{*'B} NMR spectrum (400.1 MHz, CDCls) of 4e.
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Figure S61. B NMR spectrum (128.4 MHz, CDCls) of 4e.
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iPr2NP(SiMe3)2-BH3 (4e) carbon spectrum
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Figure S62. 3C NMR spectrum (100.6 MHz, CDCls) of 4e.

iPr2NP(SiMe3)2-BH3 (4e) silicon spectrum (H,Si coupled)
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Figure S63. HMBC 2°Si — *H NMR spectrum (79.5 MHz, CDCls) of 4e.
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iPr2NP(SiMe3)2:-BH3 (4e) phosphorus spectrum
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Figure S64. 3P{*H} NMR spectrum (101.3 MHz, CDCls) of 4e.
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