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Diamondoids I‘M}_
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» hydrogen-terminated diamond-like molecules

adamantane
diamantane

triamantane

[121] tetramantane

» building blocks for nanotechnology
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Diamondoids Higher Diamondoids ~ Crystalline Nanodiamonds  \jicrometric diamond ~ Natural diamond
<1 nm . 1-4 nm >4nm . >1 m (CVD) > 1 mm (macroscopic)
(organic synthesis) (petroleum) (detonation chemistry)

J. E. Dahl et al. Science 2003, 299, 96.; H. Hopf, Angew. Chem. Int. Ed. 2003, 42, 2000; P. R. Schreiner et al., Angew. Chem.Int. Ed. 2008,
47,1022; P. R. Schreiner et al., Angew. Chem. Int. Ed. 2010, 49, 9881; J.-C. Hierso et al., New J. Chem. 2014, 38, 28; P. R .Schreiner; A. A.
Fokin; J.-C. Hierso et al., Chemistry of Organo-Hybrids; John Wiley & Sons, Inc.: 2014, p 69. 3
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Diamondoid phosphines I‘M—,

» known diamondoid phosphorous containing compounds:

PH, %\
@ PH %\PH
p-Cl PH
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5 cataCXium® ABN 6 MorDalPhos 7 cataCXium® A 4b cataCXium® AHI

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.; Wirtele, 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.,. . Am. Chem. Soc. 2016, 138, 6392. 4



Diamondoid primary phosphines synthesis I‘M—,

» novel diamondoid primary phosphines obtained from their phosphonate homologues:

PH,
_LiAH, E
H,0MHCl ,

| ) I

/ L /

POCI,

R R
p— N~

® = H, PHy, OH, CI, Br

PH, PH, PH>
@\ % % Cl Br PH;
9 (92%) 10 (80%) 11 (56%) 12 (76%)  13(79%)  14(82%)  15(85%)

» substituted primary diamondoid phosphines obtained by desymmetrisation of the cage

Moncea, O.; Gunawan, M. A.; Poinsot, D.; Cattey, H.; Becker, J.; Yurchenko, R. I.; Butova, E. D.; Hausmann, H.; Sekutor, M.; Fokin, A.

A.; Hierso, J.-C.; Schreiner, P. R. J. Org. Chem., 2016, 81, 8759.



Diamondoid phosphines characterisation — Air stability M
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» Diamondoid primary phosphines
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12 PH,

[I=7PH;
OH
B3LYP/6-311+G(d,p)

Moncea, O.; Gunawan, M. A.; Poinsot, D.; Cattey, H.; Becker, J.; Yurchenko, R. I.; Butova, E. D.; Hausmann, H.; Sekutor, M.; Fokin, A.
A.; Hierso, J.-C.; Schreiner, P. R. J. Org. Chem., 2016, 81, 8759. 6



Diamondoid phosphines characterisation —
Post-functionalization of primary diamandoid phosphines
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BnBr

toluene, A
OH OH
12 16 (16%)
e
X-ray analysis performed by Dr. Héléne Cattey (ICMUB)
I
PH, O 3P
CHgz-l
R
C6H6 dry, A
OH OH
12 17 (50%)

Moncea, O.; Gunawan, M. A.; Poinsot, D.; Cattey, H.; Becker, J.; Yurchenko, R. I.; Butova, E. D.; Hausmann, H.; Sekutor, M.; Fokin, A.
A.; Hierso, J.-C.; Schreiner, P. R. J. Org. Chem., 2016, 81, 8759. 7



Diamondoid phosphines characterisation —
Post-functionalization of primary diamandoid phosphines
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BH3

POCI, PH2 Re B 88%

@ LiAH E BHyDMS @ ¢l 90%
4 3

' home T Chocn, it il OH  85%

’ ’ ’ PH, 85%

® =H, Cl, OH, PH,

Me- P/Me

n-BuLi, Me-I
78 Cto r.t decomplexation
R “"‘”R
! J

! - /
~~~~~~~~

R=Cl overall 70%

Unpublished results in collaboration with Dr. Jérome Bayardon

X-ray analysis performed by Dr. Héléne Cattey (ICMUB)
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Diamondoid phosphines — Application in catalysis I‘M—,
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» Arylation of indole

Q_XN From 20.03.2017
C-3 Arylation \ 22 references on SciFinder

_____________ . N
H
Qe g
et e 2 ytaton: U
N~ H <——=1C-2 Arylation , N\ Ar 26 references on SciFinder
}_| """"""" H
. N-Arylation %
R | N 600 references on SciFinder
\
Ar

» (-2 & C-3 arylation products mainly obtained by internal cyclisation and not direct arylation
» 4 on direct arylation of indoles in water

Joucla, L.; Djakovitch, L., Adv. Synth. Catal. 2009, 351, 673-714; Joucla, L.; Batail, N.; Djakovitch, L., Adv. Synth. Catal. 2010, 352, 2929-
2936; Sandtorv, A. H., Adv. Synth. Catal. 2015, 357, 2403-2435.; Islam, S.; Larrosa, |.,, Chem. Eur. J. 2013, 19, 15093-15096; Huang, Y.; Lin,
Z.; Cao, R., Chem. Eur. J. 2011, 17, 12706-12712; Duan, L.; Fu, R.; Zhang, B.; Shi, W.; Chen, S.; Wan, Y., ACS Catal. 2016, 6, 1062-1074;
Lane, B. S.; Brown, M. A.; Sames, D., J. Am. Chem. Soc. 2005, 127, 8050-8057; Lebrasseur, N.; Larrosa, |., J. Am. Chem. Soc. 2008, 130,
2926-2927; Lu, G.-p.; Cai, C., Synlett 2012, 23, 2992-2996; Ackermann, L.; BarflRRer, S., Synlett 2009, 2009, 808-812; Cusati, G.; Djakovitch,
L., Tetrahedron Lett. 2008, 49, 2499-2502. 9



Diamondoid phosphines — Application in catalysis m .
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C3-arylation cat. Pd(QAc)./dppm

H,O
11 examples for C2 arylation
N
—\ R .
A X N Pd(Amphos),Cl,, TCPA N\ b%e \R
+ | 1R - \ / +
N = NaOH, 80 °C, 24 h N N
H H,O—EtOH (5:1) H
1a 2 N
H

3

11 examples for C2 arylation with X=I, Br

Joucla, L.; Djakovitch, L., Adv. Synth. Catal. 2009, 351, 673-714; Joucla, L.; Batail, N.; Djakovitch, L., Adv. Synth. Catal. 2010, 352, 2929-
2936; Lu, G.; Cai, C., Synlett. 2012, 23, 2992-2996
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Diamondoid phosphines — Application in catalysis IM;'Q f‘r&;'\\
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Pd(OAc), (2.5 mol %) y R
c-CgH11CO-Ag (1.5 equiv) N —
H,0 (0.5 M), 30 °C, 16 h Me
(1.5 equiv) 3

10 examples for C2 arylation

X =NMe,NH, O, S Up to 98% yield

5 examples for C2 arylation

@ ODDMA + Reusable

@® rd + Aqueous Media

Islam, S.; Larrosa, |., Chem. Eur. J. 2013, 19, 15093 — 15096; Duan, L.; Fu, R.; Zhang, B.; Shi, W.; Chen, S.; Wan, Y.; ACS Catal. 2016, 6,
1062-1074.
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Diamondoid phosphines — Application in catalysis
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» Selective arylation of free indole using water as solvent
H Pd(OAc), 5%
QAL+ e — et Q_L Q—S RE
N H r KOACBeq N |
H,0, 100 °C, 40h
1eq 1.2 eq C2-arylation C3 arylatlon (<5%) R =4-H, 4-Br
mol% L' 12 3
0 45 45 45
L N 2.5 85 - 33
@ @ @f \© 5 90 44 83
10 85 50 60
L1 12.5 95 35 -
» For ligand L' the precatalyst/ligand ratio is 1:1, typical for diphosphines like L3
Unpublished results
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Diamondoid phosphines — Application in catalysis

» pre-catalyst optimization
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Structure  Structure Pd source (molar %) Ligand Base nNMRyield NMRyield
1 2 (molar %) C2(%) C3(%)
' Pd(OAc);(2.5%) 80 7
Pd(OAc); (5%) PH,DIOH  KOAc 86 <2
PdCl, (5%) (2.5%) 87 5
NP | Pd(allyl)Cp (5%) 81 <1
Pd,allyl,Cl; (2.5%) 79 <5
» base optimization
Entry Structure Structure Pd source Ligand Base #NMRyield NMRyield
1 2 (molar %) (molar %) C3(%)
32 I KOAc <2
33 CsOAc 9
34 KOH 63
35 Pd(OAc)2(5%) PH,DiOH K,CO4 34
36 (2.5%) KHCO, traces
37 HN _~ NaOH 24
38 = LiOH 34
Unpublished results
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Diamondoid phosphines — Application in catalysis

» Substrate scope

Pd(OAc), 5%

H
Q——& L oa PH,DiOH 2.5%
—Ar
N H base 3 eq

H H,0, 100 °C, air,
40h

1eq 1.2 eq

85% (40) 23%

» Loss of selectivity with aryl bromides

R+
= Br

, 4-CF3,4-CN, 4-OMe

R = 4-H, 4-F
2-COOMe, 2-Cl

oM ‘a@e
Qﬂw Qﬁ Qﬂ
C2 arylation C3 arylatlon N arylatlon
98% (30) 39% 74% (45)
R= C2% C3% indole%
4-H 20 23 53
4-F 38 20 42
4-CF; 42 16 42
4-CN 67 <5 31
4-OMe 39 20 41
2-COOMe 25 22 53
2-Cl 10 <2 90
Unpublished results
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Diamondoid phosphines — Formation of organohybrids

" OMBC:
» Porous crystals of PH,diamOH by VD-CA

Growth (mild) conditions : VD-CA, 65 °C, 30 min

Vacuum pump/ | |

Argon
Current irf @ Spacer (ceramic)
Current ouE L )) Heating element ZOTm ‘.m’
to multimeter (boron nitride)
_— SEM x 500 SEM x 2000
Copper holder

Vapor Deposition under
Controlled Atmosphere : VD-CA

A—l

4um 2
Unpublished results SEM x 5000 SEM x 10000

Deposition by Mariem Keskes and Didier Poinsot
SEM images by Dr. Frédéric Herbst 15



Diamondoid phosphines — Formation of organo hybrids I@a ]E 68

Pirani gauge
Vacuum

Flowmeter

Organometallic Chemical Vapor

‘
? ____! % substrate Nitrogen Nedle DePOSition (OMCVD)
Wiﬂ_y I trap valve

Furnace

|
|

| Sublimation
| chamber
|

Si wafer Si wafer

Deposition by Mariem Keskes and Didier Poinsot

SEM images by Dr. Frédéric Herbst Unpublished results 16
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Diamondoid phosphines — Formation of organo hybrids I‘lj'd']:j PU
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Electron Analyser

lenses
(variable V)

multipliar
detector

switchable ancdes T Sampile
(thermonic emission ——  (grounded)
electron source)

Computer Readout

.
» hv : monochromatic X-ray Ka (Al) = 1486.6 ¢V hv #“W ﬂ
» High vacuum environment '.i {ax @ ;I ? f.-l
> Resolution : z = a few nm, (x,y) = a few um .":TLE?J;"
» Ej is a function of the element =» detect all the elements (Z>2)
» Gives information on chemical environment ) E-=hv-Eg
5 M—— 06
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Diamondoid phosphines — Formation of organo hybrids

L x 10’
..l Survey spectrum after OMCVD, without aggregates |
= ; 2] F;
L N4 e | on P L e
U, WP | o a
05 oo I :
il V818 2
prwnd e | D E
- . . ; C Y e,
1400 1200 1000 800 600 400 200 0
Binding Energy (V)
Entry Before deposition After deposition
1 KLL o/c 1.22 0.61
2 (OJ 2.4 1.8
3 Cis 14.3 12.0
4 Py 1 1
5 Pd3q / 0.15

Deposition by Mariem Keskes and Didier Poinsot .
XPS by Prof. Bruno Domenichini Unpublished results 18



Diamondoid phosphines — Formation of organohybrids I@a ]: e

Surface analysis
XPS H H H H

\Pd/ \Pd/
AN AN
PH PH HP
OH

I
HP
OH
Application = sensors for gas absorption

in partnership with Prof. Eduard Llobert, University Rovira | Virgili, Tarragona

_Si wafer

OH

Unpublished results
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» Synthesis of primary diamondoid phosphines » Air stability of primary dimondoid phosphines
HOck 2 Air Stability
@ LiAIH,
)1 HOHc )

® ®

(R) =H, PHy, OH, CI, Br

» Excellent ligands compared to trivial mono or diphoshines > Organohybrids as sensors

mol% L' 12 3

© © 0 45 45 45

BN p 25 85 - 33
@@ ©/ \© 5 90 44 83
10 85 50 60

12.5 95 35 -

L1

Before OMCVD After OMCVD

20
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