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Hierarchy of diamondoids

<1 nm 1-2 nm millimeters

- lower diamondoids - higher diamondoids * natural macroscopic
diamondoid

:> unknown properties
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The adamantane scaffold in catalysis
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,Polishing“ of diamondoids

1) isolation from crude oll 2) diamondoids as catalyst 3) chiral diamondoids
as catalysts
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Unselective functionalization of diamondoids

« large number of different C-H bonds: selective functionalization is rather difficult
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Unselective functionalization of diamondoids

« ,classical diamondoid chemistry“: unselective reactions in electrophilic media (Br,, HNO,, H,SO,...)

CBry, NaOH/H,0

Br
) Br
CH20|2, Bu4NBr,
23°C, 24 h . . Br

1% 23% 56%
OH
1) HNO,
2AH0
+ +
HO
7% 18% 24% 40%
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C-H bond activations: ,umpolung“ of diamondoid reactivity

classical approach C-H activations
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C-H bond activation: an alternative approach of functionailization
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E> traditional side for modification
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|:> C-H bond functionalization
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Selectivity trends in C-H bond activations

inductive effects conjugation and hyperconjugation
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» unselective for diamondoids: OH
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P OH How can we achieve
+ . . .
selective C-H activations?
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Concept of directing group in C-H bond activation

« pioneered by Breslow in 1973 « selective functionalization of steroids

reagent

M4
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Milestones of modern nitrene chemistry

~NAct
?*NHR

C-H amination

« 1980s Breslow, Muller and Mansuy: transition metals as catalyst (Mn, Fe, Rh)

« 2000/2001 Che/Du Bois breakthrough: in situ generation of iminoiodinanes

[Ru], [Mn] [Rh] J<
Phi(OAc), ~_O.__NH, Phl(OAc), HN
H + NH2R > NHR R \[O]/ —» R
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Proposed mechanism for dirhodium-catalyzed C-H amination
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Oxidative conversion of carbamates to oxazilidinones
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solvent screening: catalyst loading:
J—Rhode et al. 2006

L—A~Aa~a~a

O
Entry Solvent Temperaturg (°C) (e:pPhROAC),, Eg®, [RhZ(OACZ% (mol %) (e:p)?
O~ "NH, [Rhy(OAC),4] (10 mol %) O \NH
1 CH,Cl, 50 1&149,Cl,, 50 °Q@, 4 h no catalyst -
2 EtOAC 8:92 69% 48:52
3 Benzene 130 1:99 3 2.5 24:76
4 Toluene 130 44:56 4 4.0 19:81
5 Chlorbenzene 130 1:99 S 5.0 1:99
a) product ratios determined by "H-NMR spectroscopy, 6 7.5 1:99
b) using 10 mol % [Rhy(OAC)4].
. . 1
[ — a) product ratios determined by 'H-NMR spectroscopy.
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Nitrene insertion on diamondoids: a robust and scalable method

j\ Phi(OAc),, MgO, Jf
O~ "NH, [Rh2(OAc),] (5 mol %) O™ “\H
CH,CI,, 50 °C, 16 h
80%
2.00 g (10.0 mmol) scale
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Nitrene insertion on diamondoids

Entry Starting alcohols Carbamates Products
1) ClsCCONCO, j\ Phi(OAc),, MgO, o 1 1N
OH  CHCL23°C, O “NH, [Rn2(OAck] oA oH o N, a0
CH,Cl,, 50 °C, 16 h
2\ 2h H\KH pAY) /K(NH 1 % % 77% % 83%
v 2) KZCO3, MeOH, RSN WV
23°C, 16 h 0 0
OH o)kNH2 0J<NH
2 @\«NHBn @\‘(NHBn EL(NHBn
98% 50%
0 o o
o o
OH OANHZ o//<NH
3 84% 83%
o o
OH OANHZ 0J<NH
4 83% 89%
oTBS oTBS oTBS

HZL

o)

5 OH 0 81% i 72%
ﬂ (e}
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Multifunctional adamantane derivatives

1) Br2/H20,
70°C, 16 h OH
2) SOCl,. MeOH

HO @) 81% MeO

O
© O
>
O
)
OH PhI(OAC)z J<NH
o [Rhy(OAC)4],
MeO O
OMe
O
OMe OMe OMe
« ,dual model imaging“: provide complementary information for better diagnosis
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Nitrene insertion on diamondoids: secondary carbamates

Entry Starting alcohols Carbamates Products
(6]
HZN\(O HNJ<O
OH o)
1) CI3CCONCO, j\ PhI(OAc)z, MgO, o 1 g @ o0 @ 40%?
OH CH,Cl,, 23 °C, NH, [Rh2(OAc)4],
2h i CHClp, 50°C, 16 h NH o NH, 0
2\ — 2\( - o T HNJ(Q
~w ane 2) KoCOg, MEOH,  wiv  nin — o,
23°C,16h 2 &/ g 91% &iﬁ * 16%
% N % .
OH 2
r HNKO
Y OH 7 Y07 UNH, > Yo
P PN ﬁ\HN{\
@]
HO Q 0
NH
O)\NHZ g
JUSTUS-LIEBIG- _ a) using 25 mol % [Rhy(OAc),]. b) conversion determined by "H-NMR.
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Optimization studies

H,N \(O JE Entry Solvent Catalyst Loading (mol %) Temperature (°C) (e:p)
5 [Rhmgo  ANT7
@ PhlI(OAc), 1 CH,Cl, [Rhy(OAC)4] 2.5 50 80:20
2 CHCl, [Rho(OAC)4] 5.0 50 77:23
®
R R 3 CH.Cl, [Rhy(OAC)4] 10.0 50 71:29
R Carbamate, R
g—?% r PhI(OAG), d %Rh 4  Benzene [Rhy(OAC)4] 10.0 100 62:38
REC| 30 @ ——— “RA L\/<O
3.0 { Oxidation 0 OO 5  Chlorbenzene [Rhy(OAc)] 10.0 100 65:35
ﬁ,o R ﬁ’ R
R R 6  Benzene [Rhy(OAC)] 10.0 130 51:49
[Rh;(esp).]: [Rh;(OAd)4J: 7 Benzene [Rhy(OAda)]  10.0 130 89:21
8  CH,Cl, [Rho(esp),] 10.0 50 45:55
9 Benzene [Rhay(esp),] 5.0 50 24:76
0.1 7 o\(?h
Ori i ~0 O g o 10 Benzene [Rhy(esp)s]/Zn 5.0 50 24:58
Re) "0
Ox,.0 Ox-0
1 Benzene [Rho(esp)s] 7.5 130 9:91
12 Benzene [Rhy(esp),] 10.0 130 1:99
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Secondary carbamates: undesired side reaction

HoN O Q
2 [Rha(esp)z], MgO X HzN{\(D
O  PhI(OAc),, Benzene, O 0 HNo AT 0
g 130 °C, 16 h g @ oxidant g
- + -
-CO,
o/ i i 0 — NH3
< 30% isolated yield > 60%
[Ag.(BPhen),]:
He et al. 2007:
AgOTf, BPhen, Phi(OAc),,
o CH,Cl,, 50 °C, 16 h
- O)J\NH 0 w10
: 2 90% ﬁ HN—(
PN o)
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Attempts to obtain enantiomerically pure amino alcohol

» derivatization to obtain HPLC standard:

3o

OH

NH KOH, Dioxane/ NH,
@ H,0, 70 °C, 16 h @’
- H
99% OH NH, A0, CH,Cly, DMAP, o NY
23°C, 18 h @
_ o
OH 0

NH2 BOCQO, CHQC|2, Et3N,

H
NHBoc
23°C, 18 h @*

OH OH

NH, CbzCl, CH.Cl,, Et3N, NHCbz
gy B
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Attempted classical resoluion

on Entry Equ. of R -mandelic acid  on Soda/en% ~ee? o
NH- varlous SO vents, | NH-O | NH,
I~ resolufion ‘ o) I 2
T =T ya
1 OH 1.0 acetone -
chiral pool:
(R)-Mandelic acid NaOH
2 0.5 ac%td)*pﬁitrmaﬁ -
30 min
99%
o)
3 0.5 2-propanol -
O)( CDI, CH,Cl,, prop

NH DMAP, 23 °C, OH
3 16 h ~NH;
4 0.5 e -
50%

determination of ee

a) ee was Jetérmiirtéd by Chiralpack IA HPLC.
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Attempted enantioselective nitrene insertion

0]

&

JUSTUS-LIEBIG-

)J\NH

2 [Rhy(S-DOSP),], MgO, CH,Cly, NH 0
PhI(OAC),, 50 °C, 16 h 0
. N Yo
sz O\Rh/R

[Rhy(S-DOSP),]:

X0
Q

0]

61%
no ee
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Attempted separation of diastereomeres

Boc-Phe-OH,
i BocHN BocHN

OH EDC-HCI, HOBt, CH,Cl,, OH H oH H
NH2 Et3N, 23 °C, 18 h N\“)\Ph \\\Nje\ph
0] + (o)
58%

0]

0 O 0
e Dt Tl 0L
o — gy
Uk ) R

F
o T F Buli THF MeO
v A i -78°C,2h @\/i 0 OO Q o
AP F - N//<O ' nA

« Eamesetal.:

Ph MeO F F L/ o
OO i Ph" Ph)\/
© L F syn:anti 95:5, 65% syn:anti 95:5, 61%
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Attempted kinetic resolution of oxazilidinones

E o) Entry Chiral active esters ard
Ao
oF F 07Ny F
? o) F OQ oM 1 of F
ol : I n-Bui, THF, ) € 2.12:1 (5)
NH 2 ~78°C,2h 0 F
i 1 64-69% 4+ F
4-69% o)
MeO of F /Z( o .
O
F 2.13:1 (4)
3 0 F
F
5
3.71:1 (4)
3 2+3 4.21:1 (5)
a) diastereomeric ratio was determinded by 'H-NMR.
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Separation of enantiomers through preparative chiral HPLC

-
L, o LA
@) NH 60 mg per injection O NH @) 'NH
> +
separation of enantiomers
Chiralpack IA HPLC
- fast screening of diamondoid amino alcohols
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Outlook: catalytic asymmetric organozinc additions to carbonyl compounds

« 1980s Noyori developed DAIB:

o HO H
R X H toluene X
L +  ZnMe, Ry _

. upt to 95% ee
» 5 step synthesis:

¢ N
—_— Oko : OH\

« proposed transition state:

si face addition

/

N /

AN N
L: /ZOH > @BH\

0] 3 steps 2 steps Lo
slow decomposition air stable?
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Summary

 nitrene insertion of tertiary diamondoid carbamates  + multifunctional scaffolds: ,dual modeling imaging*

I

(@) NH
NHH ’ 2% 0
H
H 0
/I )
Lo/ 0

7 examples, up to 89% yield

« separation of enantiomers through chiral HPLC « chiral ligands to explore dispersion interactions?
A7
P/
o g 0 0
OJ<NH 60 mg per injection o%NH oJ{NH N/ @N <
e ey e
+ L\¢/'J

separation of enantiomers

JUSTUS-LIEBIG- Chiralpack IA HPLC
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