
Accepted Manuscript

The phosphinoboration of 2-diphenylphosphino-benzaldehyde and related aldimines

Meagan B. Kindervater, Justin F. Binder, Samuel R. Baird, Christopher M. Vogels,
Stephen J. Geier, Charles L.B. Macdonald, Stephen A. Westcott

PII: S0022-328X(18)30857-X

DOI: https://doi.org/10.1016/j.jorganchem.2018.11.001

Reference: JOM 20621

To appear in: Journal of Organometallic Chemistry

Received Date: 30 September 2018

Revised Date: 28 October 2018

Accepted Date: 1 November 2018

Please cite this article as: M.B. Kindervater, J.F. Binder, S.R. Baird, C.M. Vogels, S.J. Geier,
C.L.B. Macdonald, S.A. Westcott, The phosphinoboration of 2-diphenylphosphino-benzaldehyde
and related aldimines, Journal of Organometallic Chemistry (2018), doi: https://doi.org/10.1016/
j.jorganchem.2018.11.001.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jorganchem.2018.11.001
https://doi.org/10.1016/j.jorganchem.2018.11.001
https://doi.org/10.1016/j.jorganchem.2018.11.001


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
To be submitted to the Journal of Organometallic Chemistry 

1 
 

 1 

 2 

The phosphinoboration of 2-diphenylphosphino-3 

benzaldehyde and related aldimines† 4 

 5 

Meagan B. Kindervater a, Justin F. Binder b, Samuel R. Baird a, 6 

Christopher M. Vogels a, Stephen J. Geier a, Charles L. B. 7 

Macdonald b,c, Stephen A. Westcott a,* 8 

 9 

a Department of Chemistry and Biochemistry, Mount Allison University, Sackville, 10 

NB E4L1G8, Canada 11 

b Department of Chemistry and Biochemistry, University of Windsor, Windsor, 12 

ON N9B 3P4, Canada 13 

c Department of Chemistry, Carleton University, Ottawa, ON K1S 5B6, Canada 14 

 15 

 16 

* Corresponding author. 17 

E-mail address: swestcott@mta.ca (S. A. Westcott) 18 

 19 

† Dedicated to Dr. Richard J. Puddephatt, a brilliant chemist and wonderful 20 

person and role model, on the occasion of his 75th birthday. 21 

  22 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
To be submitted to the Journal of Organometallic Chemistry 

2 
 

Keywords: ambiphilic, cyclisations, boron, phosphine, palladium, platinum 23 

 24 

ABSTRACT 25 

 26 

We have investigated the addition of a simple phosphinoboronate ester, 27 

Ph2PBpin (pin = 1,2-O2C2Me4), to 2-diphenylphosphinobenzaldehyde (2-28 

Ph2PC6H4C(O)H) and related aldimine derivatives (2-Ph2PC6H4C(NR)H) as a 29 

simple and effective strategy for generating unique diphosphine ligands bearing 30 

a pendant Lewis-acid Bpin group.  These reactions proceed selectively to give 31 

one new product where the phosphide fragment has added to the aldehyde (or 32 

imine) carbon atom and the electron-deficient boron group has added to the 33 

electron-rich heteroatom.  Preliminary studies show these new compounds can 34 

ligate to Pd(II) and Pt(II) metal centres.  These novel metal complexes, as well as 35 

the organic soluble [MCl2(coe)]2 (M = Pd, Pt, coe = cis-cyclooctene) compounds, 36 

have been shown to be effective precatalysts in the cyclisation of alkynoic acids 37 

to give the corresponding exo-dig cyclic lactones.  Reactions employing these 38 

metal complexes also generated unusual endo-dig cyclic lactones not 39 

traditionally observed in these cyclisation reactions.  For instance, reactions of 40 

4-pentynoic acid also afforded significant amounts of α-angelica lactone, a 41 

biologically-important compound traditionally prepared via the catalytic 42 

dehydration and cyclisation of levulinic acid. 43 

 44 

  45 
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1. Introduction 46 

There has been recent considerable interest in reducing aldehydes, ketones 47 

and aldimines using hydridoboranes such as pinacolborane (HBpin: pin = 1,2-48 

O2C2Me4) as a gentle, selective and effective method for generating the 49 

corresponding alcohols and amines, respectively, upon aqueous workup 50 

(Scheme 1a).  However, reactions employing HBpin usually require elevated 51 

temperatures for prolonged periods of time or a transition metal [1], 52 

lanthanide/actinide [2] or a main-group [3] pre-catalyst to affect these 53 

reductions.  While the analogous reductions using dimetalloid boron sources 54 

(R2B-E; where E = B, SiR3, OR, etc), such as B2pin2, also require either a 55 

catalyst or a strong base, these reactions are much less explored [4].  56 

Interestingly, products arising from diborations incorporate a boryl (BR2) group 57 

at the electrophilic carbon and provide a unique methodology for generating 58 

substituted alcohol derivatives (Scheme 1b).  We have recently reported that 59 

the unique phosphinoboronate ester Ph2PBpin, which contains a 60 

predominantly single P-B bond, adds selectively to aldehydes, ketones and 61 

aldimines without the need of any additional catalyst or activating agent, to give 62 

new ambiphilic tertiary phosphines in high yields (Scheme 1c) [5].  Compounds 63 

containing phosphine borane appendages have been investigated extensively as 64 

frustrated Lewis pairs [6] and as ligands for transition metals [7].  In this 65 

study, we have examined the addition of Ph2PBpin to 2-66 

diphenylphosphinobenzaldehyde [2-Ph2PC6H4(O)H] and the corresponding 67 

selected aldimine derivatives [2-Ph2PC6H4(NR)H; R = Ph, 2,6-(iPr)2C6H3, 68 
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(CH2)3Ph, c-C5H9, (CH2)3PPh2] as a simple route for generating novel ambiphilic 69 

diphosphines.  These new species have been found to ligate to palladium(II) 70 

and platinum(II) metal centres and are active pre-catalysts for the cyclisation of 71 

alkynoic acids.  72 

 73 

Scheme 1. The (a) hydroboration, (b) diboration, and (c) phosphinoboration of 74 

aldehydes. 75 

 76 

2. Experimental 77 

2.1. Materials and methods 78 

Reagents and solvents used were obtained from Sigma-Aldrich.  [PdCl2(η2-coe)]2 79 

and [PtCl2(η2-coe)]2 (coe = cis-cyclooctene) [8], 1b [9], 1c [10], 1d [11], 1f [12] 80 

and diphenyl(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phosphine 81 

(Ph2PBpin) [5] were prepared as previously reported.  NMR spectra were 82 

recorded on a JEOL JNM-GSX400 FT NMR (1H: 400 MHz; 11B: 128 MHz; 13C: 83 

100 MHz; 31P: 162 MHz) spectrometer.  Chemical shifts (δ) are reported in ppm 84 

[relative to residual solvent peaks (1H and 13C) or external BF3·OEt2 (11B) and 85 

H3PO4 (31P)].  Multiplicities are reported as singlet (s), doublet (d), triplet (t), 86 
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quartet (q), quintet (quint), multiplet (m), broad (br) and overlapping (ov) with 87 

coupling constants (J) reported in hertz.  Melting points were measured 88 

uncorrected with a Stuart SMP30 apparatus.  Elemental analyses for carbon, 89 

hydrogen, and nitrogen were performed at the University of Windsor using a 90 

PerkinElmer 2400 combustion CHN analyser.  Microwave experiments were 91 

performed using an Anton Paar Monowave 400 equipped with a MAS24 92 

autosampler.  All reactions were performed under a nitrogen atmosphere in a 93 

MBRAUN LABmaster glovebox. 94 

 95 

2.2. Synthesis of N-(2-(diphenylphosphino)benzylidene)cyclopentanamine (1e) 96 

A mixture of 2-diphenylphosphinebenzaldehyde (200 mg, 0.69 mmol) and 97 

cyclopentylamine (59 mg, 0.69 mmol) in toluene (5 mL) in the presence of 98 

activated 3 Å molecular sieves was allowed to stand for 3 days at RT.  The 99 

solution was decanted from the sieves and solvent was removed under vacuum.  100 

The resulting oil was used without further purification.  Yield: 229 mg (93%).  101 

1H NMR (CDCl3) δ: 8.80 (d, JHP = 4.6 Hz, 1H, C(H)=N), 7.92 (m, 1H, Ar), 7.38-102 

7.25 (ov m, 12H, Ar), 6.83 (m, 1H, Ar), 3.61 (quint,  J = 5.7 Hz, 1H, CHN), 1.70-103 

1.65 (ov m, 4H, CH2CHN), 1.60-1.40 (ov m, 4H, CH2); 13C{1H} NMR (CDCl3) δ: 104 

157.3 (d, JCP = 19.1 Hz), 139.9 (d, JCP = 17.2 Hz), 137.1 (d, JCP = 19.1 Hz), 105 

136.8 (d, JCP = 9.5 Hz), 134.1 (d, JCP = 20.0 Hz), 133.3, 129.9, 128.9, 128.8, 106 

128.6 (d, JCP = 7.6 Hz), 127.9 (d, JCP = 4.8 Hz), 71.6, 34.4, 24.8; 31P{1H} NMR 107 

(CDCl3) δ: -12.5 (s). 108 
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 109 

2.3. General synthesis of ligands 110 

A mixture of Ph2PBpin (200 mg, 0.64 mmol) and the appropriate aldehyde or 111 

aldimine in CH2Cl2 (10 mL) or toluene (2c) was stirred for 3 days.  The solvent 112 

was removed under vacuum and the residue was washed with hexane (2 x 5 113 

mL) to afford the ligands as white solids. 114 

 115 

2.3.1. (2-((diphenylphosphino)((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-116 

yl)oxy)methyl)phenyl)-diphenylphosphine (2a) 117 

Yield: 324 mg (84%); mp 161-163oC.  1H NMR (CDCl3) δ: 7.71 (td, J = 7.8 Hz, J 118 

= 1.4 Hz, 2H, Ar), 7.45 (m, 1H, Ar), 7.40-7.14 (ov m, 19H, Ar & CHP), 7.09 (t, J 119 

= 7.8 Hz, 1H, Ar), 7.03 (td, J = 7.3 Hz, J = 1.4 Hz, 1H, Ar), 6.95 (dd, J = 7.3 Hz, 120 

J = 4.0 Hz, 1H, Ar), 0.98 (s, 6H, pin), 0.85 (s, 6H, pin); 11B NMR (CDCl3) δ: 22 121 

(br); 13C{1H} NMR (CDCl3) δ: 145.9 (d, JCP = 10.5 Hz), 145.6 (d, JCP = 11.5 Hz), 122 

138.1 (d, JCP = 11.5 Hz), 137.4 (d, JCP = 10.5 Hz), 136.3 (d, JCP = 21.1 Hz), 123 

136.0, 134.6, 134.0 (d, JCP = 3.8 Hz), 133.8 (d, JCP = 3.8 Hz), 133.7, 133.5 (d, 124 

JCP = 2.9 Hz), 133.4, 133.3, 133.1, 129.6, 129.2, 128.4 (d, JCP = 6.7 Hz), 128.3, 125 

128.2 (d, JCP = 6.7 Hz), 128.1, 128.0 (d, JCP = 3.8 Hz), 127.6, 82.9, 75.3 (dd, JCP 126 

= 28.6 Hz, JCP = 13.4 Hz), 24.4, 24.3; 31P{1H} NMR (CDCl3) δ: 6.8 (d, JPP = 24.1 127 

Hz), -20.0 (d, JPP = 24.1 Hz).  Anal. calcd. for C37H37BO3P2 (602.45 g·mol-1): C, 128 

73.77; H, 6.19.  Found: C, 74.00; H, 6.38. 129 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
To be submitted to the Journal of Organometallic Chemistry 

7 
 

 130 

 131 

2.3.2. N-((diphenylphosphino)(2-(diphenylphosphino)phenyl)methyl)-4,4,5,5-132 

tetramethyl-N-phenyl-1,3,2-dioxaborolan-2-amine (2b) 133 

Yield: 386 mg (89%); mp 187-190oC.  1H NMR (CDCl3) δ: 7.90 (td, J = 7.8 Hz, J 134 

= 2.2 Hz, 2H, Ar), 7.41-7.34 (ov m, 4H, Ar), 7.28 (ov dd, J = 8.2 Hz, J = 6.9 Hz, 135 

4H, Ar), 7.20 (dd, J = 14.7 Hz, J = 7.3 Hz, 4H, Ar), 7.14 (ov dd, J = 7.3 Hz, J = 136 

6.9 Hz, 4H, Ar), 7.09 (dd, J = 7.3 Hz, J = 2.8 Hz, 1H, Ar), 7.02-6.96 (ov m, 6H, 137 

Ar), 6.94-6.87 (ov m, 5H, Ar & CHP), 0.86 (s, 6H, pin), 0.83 (s, 6H, pin); 11B 138 

NMR (CDCl3) δ: 23 (br); 13C{1H} NMR (CDCl3) δ: 145.0 (d, JCP = 19.2 Hz), 144.8 139 

(d, JCP = 20.1 Hz), 142.9, 138.8 (d, JCP = 13.4 Hz), 138.1 (d, JCP = 13.4 Hz), 140 

136.9 (d, JCP = 2.9 Hz), 136.8 (d, JCP = 15.3 Hz), 136.7 (d, JCP = 3.8 Hz), 136.2 141 

(d, JCP = 14.4 Hz), 135.7, 135.4 (d, JCP = 20.1 Hz), 134.4 (d, JCP = 19.2 Hz), 142 

133.7 (d, JCP = 19.2 Hz), 133.2 (d, JCP = 18.2 Hz), 131.8 (d, JCP = 4.8 Hz), 131.6 143 

(d, JCP = 4.8 Hz), 130.9 (d, JCP = 4.8 Hz), 129.0, 128.4 (d, JCP = 4.8 Hz), 128.3 144 

(d, JCP = 2.9 Hz), 128.2 (d, JCP = 5.8 Hz), 128.1 (d, JCP = 4.8 Hz), 128.0 (d, JCP = 145 

9.6 Hz), 127.6, 125.6, 82.5, 59.3 (dd, JCP = 25.9 Hz, JCP = 5.8 Hz), 24.7, 24.2; 146 

31P{1H} NMR (CDCl3) δ: -7.0 (s), -19.4 (s).  Anal. calcd. for C43H42NBO2P2 147 

(677.56 g·mol-1): C, 76.22; H, 6.25; N, 2.07.  Found: C, 75.95; H, 6.04; N, 1.87. 148 
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 149 

2.3.3. N-(2,6-diisopropylphenyl)-N-((diphenylphosphino)(2-150 

(diphenylphosphino)phenyl)methyl)-4,4,5,5-tetramethyl-N-phenyl-1,3,2-151 

dioxaborolan-2-amine (2c) 152 

Yield: 351 mg (72%); mp 123-126oC.  1H NMR (CDCl3) δ: 8.11 (br app t, J = 6.9 153 

Hz, 2H, Ar), 7.40-7.34 (ov m, 4H, Ar), 7.29-7.25 (br ov m, 4H, Ar), 7.19-7.11 (ov 154 

m, 4H, Ar), 7.06 (td, J = 7.8 Hz, J = 0.9 Hz, 2H, Ar), 7.01-6.88 (ov m, 8H, Ar & 155 

CHP), 6.83 (app t, J = 7.8 Hz, 2H, Ar), 6.44 (td, J = 6.9 Hz, J = 0.9 Hz, 2H, Ar), 156 

3.25 (br m, 1H, CH(CH3)2), 2.46 (br m, 1H, CH(CH3)2), 1.30-0.84 (br ov m, 15H, 157 

CH(CH3) & pin), 0.90 (d, J = 6.9 Hz, 3H, CH(CH3)), 0.64 (d, J = 6.9 Hz, 3H, 158 

CH(CH3)), 0.26 (br s, 3H, CH(CH3)); 11B NMR (CDCl3) δ: 23 (br); 13C{1H} NMR 159 

(CDCl3) δ: 149.1 (d, JCP = 4.8 Hz), 148.2 (br), 144.9 (br), 138.8 (d, JCP = 10.5 160 

Hz), 137.1 (d, JCP = 12.5 Hz), 136.6 (d, JCP = 18.2 Hz), 135.7 (d, JCP = 20.1 Hz), 161 

135.3 (d, JCP = 15.3 Hz), 135.2, 134.6 (d, JCP = 21.1 Hz), 132.8 (d, JCP = 17.3 162 

Hz), 132.5 (d, JCP = 4.8 Hz), 132.4 (d, JCP = 3.8 Hz), 128.9, 128.7, 128.2 (d, JCP 163 

= 7.7 Hz), 127.9 (d, JCP = 7.7 Hz), 127.8 (d, JCP = 5.8 Hz), 127.7, 127.4 (d, JCP = 164 

6.7 Hz), 127.3, 127.1 (d, JCP = 9.6 Hz), 123.7, 123.1, 82.9, 60.8 (br m), 29.0, 165 

28.9, 25.9, 24.7, 24.6, 23.6, 23.5, 21.3 (br); 31P{1H} NMR (CDCl3) δ: 1.2 (br s), -166 

19.6 (s).  Anal. calcd. for C49H54NBO2P2·1.5 C7H8 (900.08 g·mol-1): C, 79.39; H, 167 

7.41; N, 1.56.  Found: C, 79.58; H, 7.35; N, 1.85. 168 
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 169 

2.3.4. Synthesis of N-((diphenylphosphino)(2-(diphenylphosphino)phenyl)methyl)-170 

4,4,5,5-tetramethyl-N-(3-phenylpropyl)-1,3,2-dioxaborolan-2-amine (2d) 171 

Yield: 373 mg (81%); mp 182-184oC.  1H NMR (CDCl3) δ: 8.09 (dt, J = 8.2 Hz, J 172 

= 4.1 Hz, 1H, Ar), 7.55-7.51 (ov m, 2H, Ar), 7.33-7.08 (ov m, 22H, Ar & CHP), 173 

7.04 (app t, J = 7.3 Hz, 2H, Ar), 6.99-6.96 (ov m, 2H, Ar), 6.35 (t, J = 7.8 Hz, 174 

1H, Ar), 3.19 (m, 1H, CHH), 3.08 (m, 1H, CHH), 2.37-2.21 (ov m, 2H, -CH2-), 175 

1.52 (m, 1H, CHH), 1.11 (m, 1H, CHH), 0.89 (s, 6H, pin), 0.74 (s, 6H, pin); 11B 176 

NMR (CDCl3) δ: 23 (br); 13C{1H} NMR (CDCl3) δ: 146.5 (d, JCP = 19.2 Hz), 146.2 177 

(d, JCP = 19.2 Hz), 143.8 (d, JCP = 6.7 Hz), 142.7, 138.5 (d, JCP = 14.4 Hz), 137.8 178 

(d, JCP = 14.4 Hz), 137.7 (d, JCP = 4.8 Hz), 137.6 (d, JCP = 2.9 Hz), 137.4 (d, JCP 179 

= 14.4 Hz), 136.1 (d, JCP = 12.5 Hz), 135.8, 135.1 (d, JCP = 19.2 Hz), 134.5 (d, 180 

JCP = 19.2 Hz), 134.0 (d, JCP = 20.1 Hz), 133.4 (d, JCP = 19.2 Hz), 130.4 (d, JCP = 181 

4.8 Hz), 130.2 (d, JCP = 4.8 Hz), 129.1, 128.7, 128.4, 128.3 (d, JCP = 5.8 Hz), 182 

128.1 (d, JCP = 12.5 Hz), 127.9, 127.6, 125.4, 82.0, 58.0 (dd, JCP = 23.0 Hz, JCP 183 

= 3.8 Hz), 44.7 (JCP = 5.8 Hz), 33.3, 32.8, 24.6, 24.4; 31P{1H} NMR (CDCl3) δ: -184 

10.5 (br s), -19.7 (s).  Anal. calcd. for C46H48NBO2P2 (719.33 g·mol-1): C, 76.77; 185 

H, 6.72; N, 1.95.  Found: C, 76.85; H, 6.74; N, 1.88. 186 
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 187 

 188 

2.3.5. N-cyclopentyl-N-((diphenylphosphino)(2-189 

(diphenylphosphino)phenyl)methyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-190 

amine (2e) 191 

Yield: 317 mg (74%); mp 177-180oC.  1H NMR (CDCl3) δ: 8.04 (ov dt, J = 8.0 Hz, 192 

J = 4.1 Hz, 1H, Ar), 7.55 (td, J = 7.8 Hz, J = 1.8 Hz, 2H, Ar), 7.38-7.31 (ov m, 193 

3H, Ar), 7.27-7.15 (ov m, 11H, Ar & CHP), 7.08 (app t, J = 6.9 Hz, J = 6.9 Hz, 194 

4H, Ar), 6.97 (ov dt, J = 14.2 Hz, J = 6.4 Hz, 3H, Ar), 6.24 (ov dd, J = 7.6 Hz, J 195 

= 7.1 Hz, 1H, Ar), 3.75 (quint,  J = 8.2 Hz, 1H, CHN), 1.82 (app q, J = 8.2 Hz, 196 

2H, CH2CHN), 1.66-1.48 (ov m, 2H, CH2CHN), 1.35 (m, 2H, CH2), 1.19 (br m, 197 

1H, CHH), 0.91 (br m, 1H, CHH), 0.87 (s, 6H, pin), 0.79 (s, 6H, pin); 11B NMR 198 

(CDCl3) δ: 23 (br); 13C{1H} NMR (CDCl3) δ: 146.5 (d, JCP = 19.2 Hz), 146.2 (d, JCP 199 

= 19.2 Hz), 138.5 (d, JCP = 14.4 Hz), 138.2 (d, JCP = 15.3 Hz), 138.0 (d, JCP = 2.9 200 

Hz), 137.0 (d, JCP = 12.5 Hz), 136.7 (d, JCP = 12.5 Hz), 135.7 (d, JCP = 20.1 Hz), 201 

135.4, 134.4 (d, JCP = 20.1 Hz), 134.2 (d, JCP = 16.3 Hz), 133.3 (d, JCP = 18.2 202 

Hz), 130.5 (d, JCP = 5.8 Hz), 130.3 (d, JCP = 5.8 Hz), 128.7, 128.5 (d, JCP = 9.6 203 

Hz), 128.4, 128.3 (d, JCP = 4.8 Hz), 128.0 (d, JCP = 9.6 Hz), 127.9 (d, JCP = 6.7 204 

Hz), 127.8 (d, JCP = 7.7 Hz), 127.5, 81.4, 58.8 (d, JCP = 22.0 Hz), 57.0 (d, JCP = 205 

7.7 Hz), 32.9 (JCP = 2.9 Hz), 24.8, 24.7, 24.5, 24.4; 31P{1H} NMR (CDCl3) δ: -12.6 206 
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(br s), -19.7 (s).  Anal. calcd. for C42H46NBO2P2 (669.58 g·mol-1): C, 75.34; H, 207 

6.92; N, 2.09.  Found: C, 75.48; H, 6.86; N, 2.06. 208 

 209 

2.3.6. N-((diphenylphosphino)(2-(diphenylphosphino)phenyl)methyl)-N-(3-210 

diphenylphosphino)propyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-amine (2f) 211 

Yield: 189 mg (35%); mp 107-110oC.  1H NMR (CDCl3) δ: 8.04 (ov dt, J = 7.8 Hz, 212 

J = 4.1 Hz, 1H, Ar), 7.52-7.48 (ov m, 2H, Ar), 7.29-7.22 (ov m, 19H, Ar), 7.19-213 

7.01 (ov m, 11H, Ar & CHP), 6.90 (dd, J = 6.9 Hz, J = 2.8 Hz, 1H, Ar), 6.30 (ov 214 

dd, J = 7.8 Hz, 1H, Ar), 3.18 (m, 1H, CHH), 3.08 (m, 1H, CHH), 1.66 (m, 2H, 215 

CH2), 1.29 (m, 2H, CH2), 0.84 (s, 6H, pin), 0.67 (s, 6H, pin); 11B NMR (CDCl3) δ: 216 

23 (br); 13C{1H} NMR (CDCl3) (selected data) δ: 81.9, 57.9 (d, JCP = 24.0 Hz), 217 

46.3 (JCP = 5.8 Hz), 27.6 (JCP = 5.3 Hz), 25.1 (JCP = 11.5 Hz), 24.6, 24.3; 31P{1H} 218 

NMR (CDCl3) δ: -9.8 (br s), -15.0 (s), -19.5 (s).  Anal. calcd. for C53H55NBO2P3 219 

(841.74 g·mol-1): C, 75.63; H, 6.59; N, 1.66.  Found: C, 75.11; H, 6.66; N, 1.72. 220 

 221 

2.4. General synthesis of metal complexes 222 

A toluene (5 mL) solution of ligand (0.20 mmol) was added dropwise to a stirred 223 

toluene (5 mL) suspension of the appropriate [MCl2(coe)]2 (0.10 mmol) and the 224 

reaction mixture was stirred for 18 hours.  The resulting precipitate was 225 

filtered by suction filtration and washed with hexane (2 × 5 mL) to afford the 226 

metal complexes as white solids. 227 
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 228 

2.4.1. Palladium complex 3a 229 

Yield: 131 mg (84%); mp 260-262oC.  1H NMR (CDCl3) δ: 8.14-8.06 (ov m, 4H, 230 

Ar), 7.67-7.33 (ov m, 18H, Ar), 7.12 (br t, J = 6.9 Hz, 1H, Ar), 6.63 (br t, J = 8.2 231 

Hz, 1H, Ar), 5.84 (br s, 1H, CHP), 0.98 (s, 6H, pin), 0.89 (s, 6H, pin); 11B NMR 232 

(CDCl3) δ: 21 (br); 13C{1H} NMR (CDCl3) δ: 138.8 (d, JCP = 6.7 Hz), 137.0 (d, JCP = 233 

10.5 Hz), 135.2 (d, JCP = 11.5 Hz), 134.7 (d, JCP = 8.6 Hz), 133.0, 132.7 (d, JCP = 234 

10.5 Hz), 132.6, 132.0, 131.7, 131.2, 129.7 (d, JCP = 11.5 Hz), 129.4,128.5 (d, 235 

JCP = 12.5 Hz), 128.0 (d, JCP = 7.7 Hz), 127.6, 127.0, 126.2, 125.8 (d, JCP = 9.6 236 

Hz), 125.6, 121.8, 121.2, 83.8, 72.0 (dd, JCP = 30.7 Hz, JCP = 23.0 Hz), 24.6, 237 

24.3; 31P{1H} NMR (CDCl3) δ: 66.2 (s), 18.1 (s).  Anal. calcd. for 238 

C37H37BCl2O3P2Pd (779.77 g·mol-1): C, 56.99; H, 4.78.  Found: C, 56.71; H, 239 

4.78. 240 

 241 

2.4.2. Palladium complex 3b 242 

Yield: 149 mg (87%); mp 284-286oC.  1H NMR (CDCl3) δ: 7.88 (br m, 2H, Ar), 243 

7.66 (t, J = 7.6 Hz, 1H, Ar), 7.51-7.18 (br ov m, 22H, Ar), 6.91 (dd, J = 8.2, 7.8 244 
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Hz, 1H), 6.78 (br m, 2H, Ar), 5.89 (br m, 1H, Ar), 5.54 (br m, 1H, CHP), 1.01 (s, 245 

6H, pin), 0.89 (s, 6H, pin); 11B NMR (CDCl3) δ: 23 (br); 13C{1H} NMR (CDCl3) δ: 246 

140.8 (br m), 135.6, 134.9 (d, JCP = 10.5 Hz), 134.0 (d, JCP = 10.5 Hz), 133.5, 247 

132.0, 131.5 (d, JCP = 1.9 Hz), 131.2, 130.9 (d, JCP = 1.9 Hz), 129.3 (d, JCP = 248 

11.5 Hz), 129.1, 128.6, 128.4 (d, JCP = 13.4 Hz), 128.2 (d, JCP = 11.5 Hz), 127.7 249 

(d, JCP = 10.5 Hz), 125.9 (br m), 125.4 (br m), 124.7 (br m), 123.5 (br m), 83.6, 250 

67.4 (br m), 25.2, 23.6; 31P{1H} NMR (CDCl3) δ: 66.4 (br s), 14.8 (s).  Anal. calcd. 251 

for C43H42NBCl2O2P2Pd (854.88 g·mol-1): C, 60.41; H, 4.95; N 1.64.  Found: C, 252 

60.13; H, 5.12; N, 1.55. 253 

 254 

2.4.3. Platinum complex 4a 255 

Yield: 151 mg (87%); mp 295oC (decomposition).  1H NMR (CDCl3) δ: 8.18 (ov 256 

dd, J = 8.7 Hz, J = 4.1 Hz, 2H, Ar), 7.98 (br t, J = 8.7 Hz, 2H, Ar), 7.63 (t, J = 257 

6.9 Hz, 1H, Ar), 7.56-7.26 (ov m, 17H, Ar), 7.10 (t, J = 6.9 Hz, 1H, Ar), 6.57 (ov 258 

dd, J = 11.5 Hz, J = 8.2 Hz, 1H, Ar), 5.94 (s, JHPt = 13.3 Hz, 1H, CHP), 0.97 (s, 259 

6H, pin), 0.88 (s, 6H, pin); 11B NMR (CDCl3) δ: 21 (br); 13C{1H} NMR (CDCl3) δ: 260 

139.1 (d, JCP = 6.7 Hz), 136.8 (d, JCP = 10.5 Hz), 135.0 (d, JCP = 11.5 Hz), 134.8 261 

(d, JCP = 8.6 Hz), 133.0 (d, JCP = 8.6 Hz), 132.4 (d, JCP = 7.7 Hz), 131.8 (d, JCP = 262 

15.3 Hz), 131.1, 129.4 (d, JCP = 11.5 Hz), 129.1, 128.3 (d, JCP = 11.5 Hz), 127.7 263 

(d, JCP = 7.7 Hz), 127.4, 126.6, 126.2, 125.9, 125.6, 125.1 (d, JCP = 6.7 Hz), 264 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
To be submitted to the Journal of Organometallic Chemistry 

14 
 

121.8, 121.2, 83.8, 70.3 (dd, JCP = 41.2 Hz, JCP = 16.3 Hz), 24.6, 24.2; 31P{1H} 265 

NMR (CDCl3) δ: 41.5 (d, JPP = 22.2 Hz, JPPt = 3600 Hz), 0.4 (d, JPP = 22.2 Hz, JPPt 266 

= 3420 Hz).  Anal. calcd. for C37H37BCl2O3P2Pt (868.44 g·mol-1): C, 51.17; H, 267 

4.29.  Found: C, 51.00; H, 4.24. 268 

 269 

2.4.4. Platinum complex 4b 270 

Yield: 157 mg (83%); mp 270oC (decomposition).  1H NMR (CDCl3) δ: 7.91-7.81 271 

(br ov m, 4H, Ar), 7.77 (t, J = 6.4 Hz, 1H, Ar), 7.64 (t, J = 7.8 Hz, 1H, Ar), 7.49-272 

7.30 (ov m, 16H, Ar), 7.21-7.17 (ov m, 2H, Ar), 6.88 (ov dd, J = 11.9 Hz, J = 7.8 273 

Hz, 1H, Ar), 6.79 (br m, 1H, Ar), 6.70 (br m, 2H, Ar), 5.88-5.72 (br ov m, 2H, 274 

Ar), 1.04 (s, 6H, pin), 0.88 (s, 6H, pin); 11B NMR (CDCl3) δ: 23 (br); 13C{1H} NMR 275 

(CDCl3) δ: 147.4 (br), 140.8 (br), 135.4 (br), 135.2 (d, JCP = 10.5 Hz), 134.3 (d, 276 

JCP = 10.5 Hz), 133.1 (br), 132.2 (br), 131.9, 131.5, 131.3, 130.6, 129.1 (d, JCP 277 

= 9.6 Hz), 128.4, 128.2, 128.0 (d, JCP = 11.5 Hz), 127.6 (d, JCP = 11.5 Hz), 278 

127.3, 126.6, 125.4, 124.3, 123.2, 83.5, 66.3 (br), 25.3, 23.5; 31P{1H} NMR 279 

(CDCl3) δ: 39.1 (s, JPPt = 3460 Hz), -1.8 (s, JPPt = 3520 Hz).  Anal. calcd. for 280 

C43H42NBCl2O2P2Pt (943.55 g·mol-1): C, 54.74; H, 4.49; N, 1.48.  Found: C, 281 

55.01; H, 4.56; N, 1.43. 282 

 283 
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2.5. General procedure for the microwave assisted cyclisation of alkynoic acids 284 

with palladium and platinum catalysts 285 

A CDCl3 (0.5 mL) solution of alkynoic acid (25 mg) was added to a CDCl3 (0.5 286 

mL) solution of the desired Pd or Pt catalyst (5 mol%).  The reaction mixtures 287 

were heated under microwave conditions at 100oC.  At regular time intervals, 288 

the reaction mixtures were monitored by 1H and 13C{1H} NMR spectroscopy to 289 

determine the progress of the reaction.   290 

 291 

4-pentynoic acid (selected NMR data): 1H NMR (CDCl3) δ: 5.10 (ov qt, J = 2.4, 292 

1.5 Hz) (IIIa), 4.73 (ov td, J = 2.4, 2.4 Hz) (Ia), 4.30 (ov td, J = 2.8, 2.4 Hz) (Ia), 293 

3.15 (ov dq, J = 2.4, 2.4 Hz) (IIIa), 2.86 (m) (Ia), 2.66 (m) (Ia), 1.97 (ov dt, J = 294 

2.4, 1.5 Hz) (IIIa); 13C{1H} NMR (CDCl3) δ: 177.1 (IIIa), 175.1 (Ia), 155.7 (Ia), 295 

153.4 (IIIa), 99.2 (IIIa), 88.9 (Ia), 34.2 (IIIa), 28.1 (IIIa), 27.8 (Ia), 14.2 (IIIa). 296 

 297 

5-hexynoic acid (selected NMR data): 1H NMR (CDCl3) δ: 4.98 (t, J = 3.8 Hz) 298 

(IIIb), 4.61 (s) (Ib), 4.27 (s) (Ib), 2.61 (t, J = 6.1 Hz) (Ib), 2.55 (t, J = 7.6 Hz) 299 

(IIIb), 2.46 (t, J = 6.1 Hz) (Ib), 2.26 (m) (IIIb), 1.87-1.82 (ov m) (Ib & IIIb); 300 

13C{1H} NMR (CDCl3) δ: 169.5 (IIIb), 168.0 (Ib), 155.5 (Ib), 150.2 (IIIb), 100.1 301 

(IIIb), 93.6 (Ib), 30.5 (Ib), 28.6 (IIIb), 26.4 (Ib), 25.2 (IIIb), 19.0 (IIIb), 18.6 (Ib). 302 

 303 
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NMR spectra of the cyclized products were consistent with reported literature 304 

values, 5-methylenedihydrofuran-2(3H)-one (Ia) and 6-methylenetetrahydro-305 

2H-pyran-2-one (Ib) [13], 5-methylfuran-2(3H)-one (IIIa) [14], and 6-methyl-306 

3,4-dihydro-2H-pyran-2-one (IIIc) [15]. 307 

 308 

2.6. Crystallographic data and structure refinement summary 309 

Crystals suitable for Xray crystallography were grown from saturated solutions 310 

stored at RT: Et2O (2a,b), hexanes (2c,d), THF (3a), CH2Cl2:Hex (2:1, 4a), and 311 

CH2Cl2 (4b). Crystals for investigation were covered in Paratone®, mounted into 312 

a goniometer head, and then rapidly cooled under a stream of cold N2 of the 313 

low-temperature apparatus (Oxford Cryostream) attached to the diffractometer. 314 

The data were then collected using the APEX3 software suite [16] on a Bruker 315 

Photon 100 CMOS diffractometer using a graphite monochromator with MoKα 316 

(λ = 0.71073 Å) radiation. Data were collected at 170 K (2a,b,d, 3a, and 4a,b) or 317 

198 K (2c).  APEX3 software was used for data reductions and SADABS [17] 318 

was used for absorption corrections (multi-scan; semi-empirical from 319 

equivalents). XPREP was used to determine the space group and the structures 320 

were solved and refined using the SHELX [18] software suite as implemented in 321 

the OLEX2 [19] program suite.  Validation of the structures was conducted 322 

using PLATON [20].  Crystallographic information has also been deposited with 323 

the Cambridge Crystallographic Data Centre (CCDC 1870262-1870268).  324 

Copies of the data can be obtained free of charge via 325 

www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge 326 
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Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK fax: + 327 

44 1223 336033 or e-mail: deposit@ccdc.cam.ac.uk). 328 

 329 

3. Results and Discussion 330 

We have found that addition of Ph2PBpin to 2-diphenylphosphinobenzaldehyde 331 

(1a) and the related aldimine derivatives (1b-f) proceeded at room temperature 332 

without the need for added base or catalyst to give selective formation of the 333 

corresponding diphosphines (2a-f, Scheme 2) in moderate to high isolated 334 

yields (35-89%).  All new diphosphines have been characterized by a variety of 335 

analytical methods including multinuclear NMR spectroscopy and elemental 336 

analysis.  By 1H NMR the C(H)=E resonance at 10.50 ppm (E = O) or ~ 8.8 ppm 337 

(E = NR) seen in the starting aldehyde and aldimines disappears upon 338 

reduction of the double bond.  Additionally, the broad 11B resonance at 34 ppm 339 

for Ph2PBpin shifts to around 22-23 ppm for all ligands indicative of 340 

coordination of the Bpin group to the heteroatom [5].  The broad peak for 341 

Ph2PBpin at -63.5 ppm observed by 31P{1H} NMR spectroscopy shifts 342 

significantly downfield upon reduction of the double bond with the new 343 

diphenylpshosphide group appearing anywhere from +1.2 ppm for the bulky 344 

2,6-diisopropylphenyl derivative (2c) to -12.6 ppm for the cyclopentyl derivative 345 

(2e).  Coupling between the two inequivalent phosphorus atoms is only 346 

observed in 2a where the 31P{1H} NMR spectra shows two doublets at 6.8 and -347 

20.0 ppm with a coupling constant of 4JPP = 24.1 Hz.  This value is well within 348 

the range for four-bond couplings and even longer range couplings (i.e. nine 349 
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and ten bonds) have been reported in related diphosphines [21].  Compound 2f 350 

is unique in that it is a triphosphine with three distinct resonances in the 351 

31P{1H} NMR spectrum at δ: -9.8, -15.0, and -19.5.  No coupling is observed at 352 

room temperature (or even -40oC) presumably due to the flexible nature of the 353 

pendant alkyl phosphine chain.  Compounds 2a-d were also characterized by 354 

single crystal X-ray diffraction studies, whereupon the molecular structures of 355 

2a and 2b are shown in Fig. 1 and 2c and 2d can be found in the supporting 356 

information section, and confirm the selective formation of one product where 357 

the Bpin group has added to the heteroatom of the double bond.  Bond 358 

distances and angles are fully consistent with those reported in related 359 

structures [5].  360 

 361 

Scheme 2. The phosphinoboration of 2-diphenylphosphinobenzaldehyde and 362 

related aldimines to generate novel ambiphilic diphosphines 2a-f.  363 

 364 
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 365 

   (a)     (b) 366 

Fig. 1. The molecular structures of 2a (a) and 2b (b) with ellipsoids shown at 367 

the 30% confidence level. Hydrogen molecules have been omitted for clarity.  368 

Selected bond distances (Å) and angles (o) (2a): B1-O1 1.3669(16), B1-O2 369 

1.3638(16), B1-O3 1.3536(15), O1-B1-O2 114.94(11), O1-B1-O3 120.43(11), 370 

O2-B1-O3 124.62(11); Selected bond distances (Å) and angles (o) (2b): B1-O1 371 

1.3725(19), B1-O2 1.3753(19), B1-N1 1.4161(19), O1-B1-O2 113.87(12), O1-372 

B1-N1 124.37(13), O2-B1-N1 121.75(13).  373 

 374 

With elementally pure diphosphines in hand, we decided to investigate their 375 

ability to ligate late transition metals using the organic-soluble complexes 376 

[MCl2(coe)]2 (M = Pd, Pt; coe = cis-cyclooctene) [8].  As expected, reactions with 377 

2a gave the corresponding complexes 3a and 4a in high isolated yields (84 and 378 

87%, respectively), along with loss of the labile cyclooctene ligand (Scheme 3).  379 

The 31P{1H} NMR data for 3-4a and 3-4b show one distinct product with 380 
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chemically inequivalent phosphine atoms.  For instance, two resonances are 381 

observed in 4a at δ 41.5 (d, JPP = 22.2 Hz) and 0.4 (d, JPP = 22.2 Hz) with 195Pt 382 

satellites of JPPt = 3600 and 3420 Hz, respectively.  As expected, no significant 383 

change in the 11B NMR data is observed, suggesting little or no interaction 384 

between the Lewis-acidic boron and the metal atom in solution.  Complexes 3a, 385 

4a and 4b have also been characterized by single crystal X-ray diffraction 386 

studies, the molecular structures of 3a and 4b are shown in Fig. 2, while the 387 

isoelectronic structure of 4a is provided in the supporting information section.  388 

Once again these solid-state studies confirmed the bidentate nature of the 389 

diphosphine ligands and no appreciable interaction of the boron group with the 390 

metal centre or these ancillary ligands was observed.  All crystal structures are 391 

centrosymmetric due to the racemic nature of the diphosphine ligands.  Bond 392 

distances and angles are consistent with well-known related diphosphine metal 393 

complexes [22].  Unfortunately, attempts to generate the corresponding 394 

complexes from ligands 2c-f, derived from the bulkier aldimines, resulted in a 395 

complicated mixture of products and isolation of the expected products proved 396 

unsuccessful at this time.  This result was somewhat disappointing as 2f 397 

should be an interesting and potential tridentate ligand and current studies are 398 

focusing on using this compound to coordinate to rhodium and iridium 399 

complexes.  400 
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b: E = NPh

M = Pd, Pt

 401 

Scheme 3. Addition of diphosphines 2a,b to [MCl2(coe)]2 (M = Pd, Pt). 402 

 403 

   (a)     (b) 404 

Fig. 2. The molecular structures of 3a (a) and 4b (b) with ellipsoids shown at 405 

the 30% confidence level. Hydrogen molecules have been omitted for clarity.  406 

Selected bond distances (Å) and angles (o) (3a): Pd1-P1 2.2452(4), Pd1-P2 407 

2.2390(4), Pd1-Cl1 2.3644(4); Pd1-Cl2 2.3446(4), B1-O1 1.365(2), B1-O2 408 

1.362(2), B1-O3 1.369(2), P1-Pd-P2 91.531(16), Cl1-Pd1-Cl2 93.565(16), O1-409 

B1-O2 115.67(15), O1-B1-O3 120.06(15), O2-B1-O3 124.27(15); Selected bond 410 

distances (Å) and angles (o) (4b): Pt1-P1 2.2242(18), Pt1-P2 2.2433(12), Pt1-Cl1 411 

2.3429(18); Pt1-Cl2 2.3349(14), B1-O1 1.347(10), B1-O2 1.364(9), B1-N1 412 
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1.438(10), P1-Pt1-P2 93.33(8), Cl1-Pt1-Cl2 88.58(8), O1-B1-O2 114.7(7), O1-413 

B1-N1 122.7(6), O2-B1-N1 122.6(7). 414 

 415 

Finally, we decided to examine the potential of using these new complexes, 3-416 

4a,b as precatalysts for the hydroboration of aldehydes using HBpin.  417 

Unfortunately, unlike many Lewis-acidic metal centres [1], these complexes 418 

failed to facilitate these reductions.  We then decided to examine the potential 419 

of these complexes to catalyse the cycloaddition of alkynoic acids [23] as this 420 

area of research is of considerable recent interest as the resulting cyclic 421 

lactones are important in natural products and specialty chemicals with 422 

applications in pharmaceutical, agricultural, flavours and fragrances industries 423 

[24].  We were delighted to find that these new complexes, along with the 424 

precursor [MCl2(coe)]2 (M = Pd, Pt) starting materials, were effective in 425 

catalysing both 4-pentynoic acid and 5-hexynoic acid to give the corresponding 426 

exo-dig cyclic lactones (Table 1).  Reaction progress was monitored by 1H NMR 427 

spectroscopy and conversion of the starting alkynoic acid was determined by 428 

integration of product resonances relative to 1,2-dimethoxybenzene as an 429 

internal standard.  Reactions were performed under microwave conditions and 430 

monitored at regular time intervals to a maximum of 8 hours.  Formation of the 431 

expected product I with a negligible amount of the endo-dig product II in some 432 

instances was seen.  It is interesting to note, however, that significant amounts 433 

of the unusual product III were also observed in these reactions.  Compound 434 

III was characterised by 1H and 13C{1H} NMR spectroscopy and compared to 435 
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readily available commercial products.  Known [PtCl2(coe)]2 proved to be the 436 

most efficient precatalyst showing complete conversion of 4-pentynoic acid at 437 

RT after a period of 24 hours.  Unfortunately, none of the other metal 438 

complexes tested showed complete conversion under these conditions thereby 439 

necessitating the use of microwave radiation to facilitate the cyclisation.  4-440 

Pentynoic acid was completely converted using [PtCl2(coe)]2 as the precatalyst 441 

after 1 hour at 100oC (entry 7) giving a mixture of the exo-dig I and endo-dig 442 

products II and III in a 41:1:58 ratio while 5-hexynoic acid (entry 10), required 443 

8 hours of heating and resulted in a similar product distribution albeit I and III 444 

are the only products seen.  Of the platinum complexes tested only the 445 

combination of 4a and 4-pentynoic acid (entry 8) showed complete conversion 446 

and in this case the exo-dig isomer was the predominant product formed in a 447 

ratio of 60:40 (I:III).  Diminished conversions (22-41%) were observed using 4a 448 

and 5-hexynoic acid and 4b proved to be a poor catalyst with both alkynoic 449 

acids (entries 9, 11, and 12).  The palladium compounds behaved similarly 450 

with respect to conversion and product distribution to their platinum 451 

anologues where [PdCl2(coe)]2 (entry 1) and 3a (entry 2) both showed complete 452 

conversion of 4-pentynoic acid to I and III while 3b (entry 3) was not able to 453 

completely convert the alkynoic acid.  Cyclisation of 5-hexynoic acid at 100oC 454 

for 8 hours gave low conversions (<20%) for all palladium complexes.  The 455 

appearance of dark oily solids upon completion of the reaction leads us to 456 

believe the compounds were decomposing during these reactions.  While 457 

numerous metal complexes are known to facilitate the cycloaddition of these 458 
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substrates [24], the formation of III has not yet been reported with these 459 

terminal substrates.  Indeed, α-angelica lactone III is the major product 460 

observed in the cyclisation of the internal alkyne but-2-ynoic acid using 461 

[PdCl2(NCMe)2] [24x].  α-Angelica lactone is a biologically-active molecule used 462 

in the food-flavouring industry and is traditionally prepared from the catalyzed 463 

dehydration and cyclisation of levulinic acid [25].  In this present study, while 464 

other pathways are certainly plausible, one possible mechanism for the 465 

formation of III in these reactions could proceed via initial oxidative insertion of 466 

the O-H bond of the acid [24c] with concurrent coordination of the alkyne to 467 

the metal centre to form a transient M(IV) intermediate (Scheme 4).  This 468 

intermediate could subsequently undergo insertion of the triple bond into the 469 

metal hydride bond followed by a β-hydride elimination step which would 470 

afford a metal hydride allene species.  Palladium allene intermediates have 471 

previously been proposed to be important intermediates in the palladium-472 

catalysed cyclisation of alkynoic acids to form vinyl dioxanones bearing 473 

quaternary allylic carbon atoms [19c].  Following this step, selective insertion of 474 

the metal-hydride into the central allene sp carbon atom with a final reductive 475 

elimination step would generate the unusual endo-dig lactones.  At this stage 476 

we also cannot rule out a similar mechanism involving a M(0)/M(II) redox cycle.  477 

Although we were unable to get exclusive formation of these unusual products, 478 

future work in our lab will focus on using Pd(II) and Pt(II) complexes to 479 

generate these potentially important products, the results of which will be 480 

reported in due course. 481 
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 482 

Table 1. Catalysed cyclisation of alkynoic acids using Pd(II) and Pt(II) 483 

complexes.a 484 

 485 

 486 

Entry  Precatalyst  n conversion  I II III 487 
1  [PdCl2(coe)]2  1 100   18 0 82 488 
2  3a   1 100   63 0 37 489 
3  3b   1 69   80 0 20 490 
4  [PdCl2(coe)]2  2 17   45 0 55 491 
5  3a   2 19   100 0 0 492 
6  3b   2 12   55 0 45 493 
7  [PtCl2(coe)]2  1 100b   41 1 58 494 
8  4a   1 100   59 0 41 495 
9  4b   1 41   95 0 5 496 
10  [PtCl2(coe)]2  2 100   40 0 60 497 
11  4a   2 22   97 0 3 498 
12  4b   2 25   78 0 22 499 

 500 

a Reactions carried out in CDCl3 for 8 h at 100oC using microwave radiation 501 

with conversion and product ratios determined by 1H NMR spectroscopy. b 502 

Complete conversion of this reaction occurred after 1 h. 503 
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 504 

Scheme 4. One plausible pathway for the formation of endo-dig cyclic lactones 505 

III.  506 

 507 

4. Conclusions 508 

In this preliminary study, we have investigated the addition of a simple 509 

phosphinoboronate ester, Ph2PBpin (pin = 1,2-O2C2Me4), to 2-510 

diphenylphosphinobenzaldehyde (2-Ph2PC6H4C(O)H) and related aldimine 511 

derivatives (2-Ph2PC6H4C(NR)H).  Reactions proceed smoothly without the need 512 

for a catalyst or additive to generate the corresponding diphosphine ligands 513 

bearing a pendant Lewis-acid Bpin group where the phosphide fragment has 514 

added to the aldehyde (or imine) carbon atom and the electron-deficient boron 515 

group has added to the electron-rich heteroatom.  All new compounds have 516 

been characterized fully including single crystal X-ray diffraction studies on 2a-517 
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d and confirm the regioselective nature of these addition reactions.  Preliminary 518 

studies show that some of the new diphosphines ligate to Pd(II) and Pt(II) metal 519 

centres.  Using these new metal complexes, as well as the starting materials 520 

[MCl2(coe)]2 (M = Pd, Pt, coe = cis-cyclooctene), as precatalysts in the cyclisation 521 

of alkynoic acids gave the corresponding exo-dig cyclic lactones as well as the 522 

unusual endo-dig cyclic lactones not traditionally observed in these reactions.  523 

For instance, reactions of 4-pentynoic acid also afforded significant amounts of 524 

α-angelica lactone, a biologically-important compound traditionally prepared 525 

via the catalytic dehydration and cyclisation of levulinic acid.  Future studies 526 

will focus on examining other Pd(II) and Pt(II) complexes as potential 527 

precatalysts for the cyclisation of alkynoic acids, the results of which will be 528 

reported in due course.  529 
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Graphical Abstract 702 

The phosphinoboration of 2-diphenylphosphinobenzaldehyde and related 703 

aldimines with Ph2PBpin is presented as a facile methodology for generating 704 

novel diphosphines.  Preliminary catalytic alkynoic acid cyclization studies 705 

using the metal complexes are presented.  706 
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