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Site Selective Functionalization

Overall 1184 new drugs from 1981 - 2006
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63% drugs are based on natural products!

- Derivatization

“N” Natural product. “ND” Derived from a natural product and is usually a semisynthetic modification.
“S” Totally synthetic drug, often found by random screening/modification of an existing agent. “S*” Made by total synthesis, but the pharmacophore is/was

“NM” Natural product mimic.

Newman D.J., Cragg G.M., J. Nat. Prod. 2007, 70, 461.

from a natural product. /



Site Selective Functionalization

Diverted Total Synthesis (DTS)

Radicol

Cyclopropanradicol
Pochonia chlamydosporia (fungi)

Enzymatic Modifications

N— PikC P450

oY
Hom hydroxylase
Y, ~

Pikromycin

Inherent Chemoselectivity (IC)

C7H15 O COZMe

Bryostatin 69%
sessile marine animal in Bugula genus (plant)

Genetic Engineered Biosynthesis

NH Q 0
. \MJ\ )J\ Salinispora tropica_
+ J TOH + OH
8

9

Wilson, R.M., Danishefsky S.J., J. Org. Chem. 2006, 71, 8329. (DTS)
Wender P.A., Hilinski M.K., Mayweg A.V.W., Org. Lett. 2005, 7, 79. (IC)
Mortison J.D., Sherman D.H., J. Org. Chem. 2010, 75, 7041. (Enzymatic Modifications)

McGlinchey R.P., Nett M., Eustaquio A.S., Asolkar R.N., Fenical W., Moore B.S., J. Am. Chem. Soc. 2008, 130 7822. (Engineered Biosynthesis)




Site Selective Functionalization

Site-Selective Bromination of Vancomycin

H,O : MeOH(5: 1)
1, 2.0 equiv NBP

1.0 : 1.0 : 1.3 no catalyst

(0] B H (0]
CHN\E)J\”/'\H/N\‘)J\OH
. . (¢] 2 o
1.0 : 14.6 : 2.8 Y

NI 15

100 mol%

Bo

NHAc O Me
Ac-Lys(Ac)-DAla-DAla-OH

Pathak T.P., Miller S.J., J. Am. Chem. Soc., 2012, 134, 6120.




Site Selective Functionalization

Site-Selective Deoxygenation of Ery A

1.) 19 (10mol%)
S
1.) CI)J\O/Ph

N=\
g/N— (10mol%)

2.) BuzSnH, AIBN 2.) Bu3SnH, AIBN

oMe 18
N  HN—
o) _5':0
Ne HN
N N NHBoc )-"Me
N

19

Jordan P.A., Miller S.J., Angew. Chem. Int. Ed., 2012, 51, 2907.




Functionalizing Rh-Complexes

Artificial Rhodium Enzymes
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[Site Selective Functionalization]
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http://www.proteopedia.org/wiki/index.php/Urease (17.06.2015)




Functionalizing Rh-Complexes

State of Art

Dirhodium(ll) Carboxamidates Dirhodium(ll) Ortho-Metalated Arylphosphines Dirhodium(ll) Phosphonates
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MeO,C ’\'l/ C')/ PhaP 4 0 O
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2 /th/—/th/
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Dirhodium(ll) Carboxylates
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Pirrung M.C., Zhang J., Tetrahedron Lett., 1992, 33, 5987. Ball Z.T., Accounts Chem. Res., 2013, 46, 560.

Doyle M.P., Winchester W.R., Hoorn J.A.A., Lynch V., Simonsen S.H., Ghosh R., J. Am. Chem. Soc., 1993, 115, 9958. (S-MEYP)
Davies H.M.L., Bruzinski P.R., Lake D.H., Kong N., Fall M.J., J. Am. Chem. Soc., 1996, 118, 6897. (S-DOSP) Estevan F., Herbst K., Lahuerta P., Barberis M., Pérez-Prieto J., /
Organometallics, 2001, 20, 950. Candeias N.R., Carias C., Gomes L.F.R., André V., Duarte M.T., Gois P.M.P., Afonso C.A.M., Adv. Synth. Catal. 2012, 354, 2921



Functionalizing Rh-Complexes

State of Art

Ar0,s—N
C12H2s
Rh,(OAC),
P Qo 2 gy
Rh—RH
H 5N reflux, PhCI AR
27 o7} Ar=p-(C2H25)CeHy
COLH 29
28 69%
A
o=o
h<Rh~
030" |
0_,0
Peptide \/
is-Rhy(OAC)(tf _MES(H=4
cis-Rhg(OAc), (tfa), AcN-YGKAAAADAADAKAAAAK-CONH,
30 H,0, 50 °C, 4 h a1
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)\ CO,H . . Peptide
(l)/ (l)/ . O O Ligation O O
RhRHh T e 1
7 reflux, PhCl /R’lh—/Rh /th—/th
32 33 34

Davies, H.W.L., Bruzinski P.R., Lake D.H., Kong N., Fall M.J., J. Am. Soc. Chem. 1996, 118, 6897.
Zaykov A.N., Popp B.V., Ball Z.T., Chem. Eur. J. 2010, 16, 6651.




Functionalizing Rh-Complexes

Linker Reguirements:
_— R -
Q . Stability
H02C H H
RhLO Rhdo Hl_gh conversion
|| > — ] Mild conditions
RhtO Rh+0
,  PhCI reflux, 4 h
32
35 4
// Br @) Cbz © OMe
Rh10 oBn NH
Rh+0 | Rhbo Th o) Il?h o
Rh10
RhT0O Rh1O Rh{0 RhTO
4
36 * 37 39 ¢ 41 ‘ 43
81% 45% 74% 1%
AcOH ! i .
Phc = ?Ir\]/I(;I;l Pa/C, Hy Pd/C, Ha : ZF(OBPurm)K;IRNHZ
Rh1O = 3 CH,Cl,, MeOH : €
> CH,Cl, 2Llp, Me CH,Cl,, MeOH ;
Rht+O PhCl, reflux, 3 d
2
Nj
3 0 H
Rhlo OH NH, 0O N,
| Rh+O R
Rh{0
Rh+0 | RhTO
RhtO RhTO Rh{O
‘ 40 ¢ 4 4
38 44
102% 42
90%

Linker of compound 39 was synthesized by Jan M. Schiimann.




Functionalizing Rh-Complexes

Optimization of Postfunctionalization

Acyl Equivalent (8 eq.) Time [h] Solvent Yield 45 [%)]

F
oF F
48 CH2Cl2 n.d.2
T
F
F
oF " 24 DMF 64
T
F
(o]

O

)LO/D 24 DMF >99%
(¢}

o O

P 24 DMF 64
0
PR 24 DMF 0b
OH

Scale: 40.7 pmol 42, 326 umol acyl equivalent, DIPEA, 5 mL solvent.
a: 22 mg isolated mixture of mono-, di-, tri, tetraacylated (ESI-MS).
b: DIC (326 umol), mixture of mono-, di-, triacetate, acetate on complex (exchange, ESI-MS).




Functionalizing Rh-Complexes

Postfunctionalization

0 O
N EDAC - HCI ? NH;
HO Boc —M N\O)J\(N\Boc Rh+0O Boc L-Phe-OSu Rh o
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Functionalizing Rh-Complexes

Linker Scope

F|(h o) Cbz-L-Phe-OH Th O. HN-Cbz Pd/C, H, ||2h o) NH,
§>— _—
RhtO PhCl, reflux, 4h  Rh o:>__<t—ph MeOH/CH,Cly, 11,24 h  Rh Oj>_—<t—ph
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Functionalizing Rh-Complexes

Linker Scope Th 0 Cbz-L-Pro-OH Th 0>> (j PAIC, H, Rh10 (j
—_— e ™
o> PRCI, reflux, 4h Rn10” N MeOH/CH,Cly, rt, 24 h ||Qh o>> N
H

Rh
4 Cbz ~4
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Rhioﬁ (j ]
Rh+O
@ J,
55
F2
o
or—o
Th 039“. (j /Rbélj{h\/
RhTO N O Q HN OO NH
@ 4 00
54 F1 R R
26
2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 160 9‘0 E;O 7‘0 éO FLO 4‘0 310 2‘0 1‘0 ‘0 -‘10
f1 (ppm)




Functionalizing Sn/S-Clusters

LOEWE-Project - Block B3 — Modifying Peptides

!

Functionalizing Sn/S-Cluster

 Functionalization can tune properties of chalcogenides
« Adamantane is a highly rigid and symmetric cage structure
—> Affecting of aggregation by introducing steric restrictions

[ Catalysis\

[ Conductivity ]

[Thermoelectrica ]

[Cytotoxic Agent?]

Barth B.E.K., Tkachenko B.A., EuRner J.P., Schreiner P.R., Dehnen S., Organometallics, 2014, 33, 1678. @7
Zheng N., Bu X., Feng P., Nature, 2003, 426, 428. Wang L., Wu T., Bu X., Zhao X., Zuo F., Feng P., Inorg. Chem., 2013, 52, 2259.

Yuhas B.D., Smeigh A.L., Samuel A.P.S., Shim Y., Bag S., Douvalis A.P., Wasielewski M.R., Kanatzidis M.G., J. Am. Chem. Soc., 2011, 133, 7255. 14




Diamondoid-Functionalization

56 57

N2H3
NoH3 NoH3 NyH3 :253
H3N» 3Nz
NoHs NN 0

How to functionalize further the Cluster?

Functionalized [ Postfunctionalization ]
hydrazides

Barth B.E.K., Tkachenko B.A., EuRner J.P., Schreiner P.R., Dehnen S., Organometallics, 2014, 33, 1678.




Functionalizing Sn/S-Clusters

Concept of Postfunctionalization

O _NoHy C O<_NH 66
O““Sn§
“"\'\(\w W
Ns Ns o N-=-§h—]
H | n
64 65 /OJ\;N‘BOC 0w _NH% y
R
o] ~Boc
N=N 0
67
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Synthesis of the Building Block

O~_OH O+_OH
_—
—_—
71 72
52%
(5 steps)

1) socl, H
P O+_N.
20 °C > rt, 24 h o
2.) NoH, - HyO H
73
80%
Os_N.
H,N-NHBoc NHBoc
EDC " HCI, HOBt, Et;N
CH,Cly, 1t, 24 h
74
> 99%
0 _nH HO
PhCHO

DMF/CH,Cl,, 1t, 24 h
76

(0) NoH5
1.) HCI/Dioxane, rt, 1 h
2.) DIPEA, CH,Cly, rt, 10 min 84
91%
unstable
"HCI
@) NoH5

HCI

Dioxane, rt, 1 h

64
H 95%
N.
N7 >Ph
77
> 99%

crude




Preparation of the Staudinger Reagent

o} o} 0 o}
[CH20], PBr NaH, BH3PHPh,
3 ’ ®
Hge —2 K I, A8,
78 refiux, 5 79 80 DMF, 0 C"rt, 24 h 81 BH3
38% 84% 48% ©
j‘]\ ® EtOH )CJ’\ NaOH W
o]
PN S _— PN PN I _Ph
S PPh S PPh + AL
Lh.2  PhMe, 100°C, 24 h 2 MeOH,rt,2n 1S~ PPhz * HST PPhy o+ HST TP
81 © 82 o
85% 83 84 85
NaOH
MeOH, rt, 2h
Boc-L-Ala-OH
@ EDCHCL, HOB, EtsN H\j‘J\ ® H\j)\ 0] H 9 Ph
N ’ ’
HS |I3Ph2 BOC/N - S/\Fl,th + BOC/N - S/\Pphg—> BOC/N\.)J\S/\llj/Ph
BHs CH,Cly, 1t, 72 h = BHs : : S
87 88 89
86
46%
Boc-L-Ala-OH
DIC
CHQClz, rt, 24 h
0

Nilsson B.L., Kiessling L.L., Raines R.T., Org. Lett., 2000, 2, 1939. Saxon E., Armstrong J.l., Bertozzi C.R., Org. Lett., 2000, 2, 2141.
Saxon E., Luchansky S.J., Hang H.C., Yu C., Lee S.C., Bertozzi C.R., J. Am. Chem. Soc., 2002, 124, 14893.

Soellner M.B., Nilsson B.L., Raines R.T., J. Org. Chem., 2002, 67, 4993.

Kdhn M., Breinbauer R., Angew. Chem. Int. Ed., 2004, 35.




Outlook

« Scope of the Linker %)

HoN
N Th o
%-"‘\ RhTO
Ph

N
H2 4 4

98

« New chiral adamantane based Catalysts
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