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DDiamondoidsiamondoids

 h d d d d l k l l hydrogen‐terminated diamond‐like molecules

 building blocks for nanotechnology
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DiamondoidDiamondoid phosphinesphosphines

 known diamondoid phosphorous containing compounds: known diamondoid phosphorous containing compounds:

Stetter H ; Last W D Chem Ber 1969 102 3364; Ohashi A ; Matsukawa S ; Imamoto T Heterocycles 2000 52 905; Antoni G ;

44

Stetter, H.; Last, W.‐D. Chem. Ber. 1969, 102, 3364; Ohashi A.; Matsukawa, S.; Imamoto T. Heterocycles 2000, 52, 905; Antoni, G.;
Schwertfeger, H.; Machuy, M. M.; Würtele, C.; Dahl, J. E. P.; Carlson, R. M. K.; Schreiner, P. R. Adv. Synth. Catal. 2010, 352, 609;
Goerlich, J. R.; Schmutzler, R. Phosphorus, Sulfur Silicon Relat. Elem. 1993, 81, 141; Goerlich, J. R.; Schmutzler, R. Phosphorus, Sulfur,
and Silicon Relat. Elem. 1994, 88, 241; Tewari, A.; Hein, M.; Zapf, A.; Beller, M. Synthesis 2004, 6, 935; Hesp, K. D.; Stradiotto, M. J.
Am. Chem. Soc. 2010, 132, 18026; Chen, L.; Ren, P.; Carrow, B. P.,. J. Am. Chem. Soc. 2016, 138, 6392.



DiamondoidDiamondoid primary primary phosphinesphosphines synthesissynthesis

 novel diamondoid primary phosphines obtained from their phosphonate homologues:

 substituted primary diamondoid phosphines obtained by desymmetrisation of the cage
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DiamondoidDiamondoid phosphinesphosphines characterisationcharacterisation –– Air Air stabilitystability

 Diamondoid primary phosphines
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B3LYP/6‐311+G(d,p)
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DiamondoidDiamondoid phosphinesphosphines characterisationcharacterisation ––
PostPost‐‐functionalizationfunctionalization of primary of primary diamandoiddiamandoid phosphinesphosphines

X‐ray analysis performed by Dr. Hélène Cattey (ICMUB)
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DiamondoidDiamondoid phosphinesphosphines characterisationcharacterisation ––
PostPost‐‐functionalizationfunctionalization of primary of primary diamandoiddiamandoid phosphinesphosphines
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X‐ray analysis performed by Dr. Hélène Cattey (ICMUB)

Unpublished results in collaboration with Dr. Jérôme Bayardon



DiamondoidDiamondoid phosphinesphosphines –– Application in catalysisApplication in catalysis

 Arylation of indole Arylation of indole

22 references on SciFinder
From 20.03.2017 
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600 references on SciFinder

 C 2 & C 3 arylation products mainly obtained by internal cyclisation and not direct arylation

Joucla, L.; Djakovitch, L., Adv. Synth. Catal. 2009, 351, 673‐714; Joucla, L.; Batail, N.; Djakovitch, L., Adv. Synth. Catal. 2010, 352, 2929‐
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Z C R Ch E J 2011 17 12706 12712 D L F R Zh B Shi W Ch S W Y ACS C l 2016 6 1062 1074

 C‐2 & C‐3 arylation products mainly obtained by internal cyclisation and not direct arylation
 4 on direct arylation of indoles in water
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DiamondoidDiamondoid phosphinesphosphines –– Application in catalysisApplication in catalysis

11 examples for C2 arylation

11 examples for C2 arylation with X=I, Br
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DiamondoidDiamondoid phosphinesphosphines –– Application in catalysisApplication in catalysis

10 examples for C2 arylation

5 examples for C2 arylation
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DiamondoidDiamondoid phosphinesphosphines –– Application in catalysisApplication in catalysis

 Selective arylation of free indole using water as solvent

 For ligand L1 the precatalyst/ligand ratio is 1:1, typical for diphosphines like L3

1212

Unpublished results 



DiamondoidDiamondoid phosphinesphosphines –– Application in catalysisApplication in catalysis

 pre‐catalyst optimization

Structure 
1

Structure 
2
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PdCl2 (5%) 87 5
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 base optimization

HN
  Br Pd2allyl2Cl2 (2.5%) 79 < 5
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I
   

KOAc 84 <2
33  CsOAc 84 9

HN
Br

Pd(OAc)2(5%)
 

PH2DiOH 
(2.5%) 

34  KOH 25 63
35  K2CO3 55 34
36  KHCO3 < 95 traces
37  NaOH 44 24
38 LiOH 34 34

1313Unpublished results 

 38  LiOH 34 34



DiamondoidDiamondoid phosphinesphosphines –– Application in catalysisApplication in catalysis

 Substrate scope

 Loss of selectivity with aryl bromides
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Unpublished results 



DiamondoidDiamondoid phosphinesphosphines –– Formation of Formation of organohybridsorganohybrids

 Porous crystals of PH diamOH by VD CA Porous crystals of PH2diamOH by VD‐CA

Growth (mild) conditions : VD‐CA, 65 oC, 30 min

Vacuum pump/
Argon

Current in

Current out
to multimeter

Spacer (ceramic)
Heating element
(boron nitride)

h ldCopper holder

Vapor Deposition under 
Controlled Atmosphere : VD‐CA
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Unpublished results 

Deposition by Mariem Keskes and Didier Poinsot
SEM images by Dr. Frédéric Herbst



DiamondoidDiamondoid phosphinesphosphines –– Formation of Formation of organoorgano hybridshybrids

Organometallic Chemical Vapor 
Deposition (OMCVD)

Si wafer

OMCVD

Si wafer

VD‐CA

1616Unpublished results 
Deposition by Mariem Keskes and Didier Poinsot
SEM images by Dr. Frédéric Herbst



DiamondoidDiamondoid phosphinesphosphines –– Formation of Formation of organoorgano hybridshybrids

e-

hν hv : monochromatic X-ray Kα (Al) = 1486.6 eV
 High vacuum environment 
 Resolution : z = a few nm, (x,y) = a few µm

EC = hν - EB

, ( ,y) µ
 EB is a function of the element  detect all the elements (Z>2)
 Gives information on chemical environment

δ+ δ-
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DiamondoidDiamondoid phosphinesphosphines –– Formation of Formation of organoorgano hybridshybrids

Survey spectrum after OMCVD, without aggregates

E t B f d iti Aft d itiEntry  Before deposition After deposition
1 KLL O/C  1.22 0.61 
2 O1s 2.4 1.8 
3 C1s 14.3 12.0 
4 P2p 1 1 
5 Pd3d / 0 15

1818Unpublished results 
Deposition by Mariem Keskes and Didier Poinsot
XPS by Prof. Bruno Domenichini

5 Pd3d / 0.15
 



DiamondoidDiamondoid phosphinesphosphines –– Formation of Formation of organohybridsorganohybrids

Application  sensors for gas absorption
in partnership with Prof. Eduard Llobert University Rovira I Virgili Tarragonain partnership with Prof. Eduard Llobert, University Rovira I Virgili, Tarragona
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Unpublished results 



ConclusionConclusion

 Synthesis of primary diamondoid phosphines  Air stability of primary dimondoid phosphines

Air Stability

 Excellent ligands compared to trivial mono or diphoshines  Organohybrids as sensors

Before OMCVD After OMCVD
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