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Frondosin B

Br
a. (S,S)-Noyori catalyst (0.01 eq.), Br
o HCO,HNEt3 rt, 7 days, 91% 0 c. TBCP, 1,4-dioxane, rt to 90 °C, 5 h, d. Pd(PPhs),, Cs,COs3,
| / b. TBSCI, imid. DMAP, DCM, rt, 5 h | / then AgNOg, acetone, water, rt, 8 h o THF/H,0, 70 °C, 4 h
'
2 v’ T MeO.
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: Br Br | BF3K
....TBCP___. 4
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o f. PhsPCH3Br, nBuLli, B
h. HF pyridine THF, 0 °C, 82% e. Cul, MeCN, NEts, r
i. DMP, 89% g. PtO,, Ho, benzene, 95% 80°C, 18 h, 77%
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(0] OoTBS
j. BusP, DCE, rt,
5 min, 98%
MeO MeO
! k. Pd/C, H, EtOAc, 2 h, 979 I
o] | ,\,|e,\,|g|3r2'CeCI ¢ 7% o m. TiCly, Me,Zn, DCM, n. NaSEt, DMF,
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ol
fo} 9 HO 10 frondosin B (12)

D. L. Wright et al, JACS, 2014, 136, 4309-4315 4



Related

a. nBuLi, THF, — 78 °C 30 min,
then CeCls, — 78 °C, 1 h,

14,-78° 0
MOMO then add 14, —78 °C, 1 h, 85%

Br
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a. 20 mol% (S,S)-cat 20,
crotonaldehyde
HF, EtOAc, rt, 83%

MeO. ) -
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N MeO

B(OH),

93% ee
21

b. 22, tBuLi, THF,

« L,
NN
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b. MgBry, Ac,0, DCM, rt to rfx, 5 h, 99%
¢c. mCPBA, DCM 0 °C to rt, 30 min, 89%

o

d. TFA, DCM, 0 °C, 20
min, 97%

e. K,CO3, MeOH, rt, 1h,
then 3 M HCI, 0 °C to
rt, 10 min, 85%

f. nBuLi, DMF, THF,
—78°Cto—-40°C, 99%

g. AICl3, DCM, — 40 °C to— 10 °C,
then conc. HCI, MeOH, rfx 88%
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Mandelaide A, part 1

( a. 5 mol% [Ir(cod)Cl],,
10 mol% 27, allylacetate b. I, NaHCO3, MeCN,
o 0,
20 mol% 3-nitro-4-chlorobenzoic acid, '_F‘I;%Oc';l:fsg é’ i
e R o c. , 2,6-lutidine,
Cs,CO3, 1,4-dioxane, 90 °C, 71% OH OH DCM. 0 °C. 96%
OH OH > | = |
S
26 0 28
MeO PPh, >29:1 d.r., 99% ee
MeO. PPh,
. O 27 | o
o
N OTBS
W -
(o) CO,Me e. LDA, BH3, THF, 0 °C to rt, 96% AuXx v " : o
f. 3 mol% 32, methyl acrylate DCM, 83% o N
R b~ g. DMP, NaHCO3, 0 °C to rt, 77% Z \c‘:\ | 30
proposed structure of Mandelalide A o - -€
\ J 31 d. LDA, LiCl, THF,
. Mes=NSAN~ pes OTBS 0°Cto 45 °C, 76%
h. CHI3, CrCly, THF, -8 °C, 23 T
aqg. serine workup, 72% CI'R'u_ 32
OTBS !
_<’
|
CO,Me
o = i. propynl sodium, B(OMe)3,
10 mol% [Pd(dppf)Cly], CO,Me
o THF, 70 °C, 81% - j. Me3SIOK, Et,0, 80%
r
34
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A. Firstner, J. Willwacher, ACIE, 2014, 53, 4217-4221



Mandelaide A, part 2

a. TBDPSCI, imidazole, DCM, 0 °C to rt 94%

b. 8 mol% [Co,(CO)g], CO (1 atm),
N-TMS-morpholine, EtOAc, 74%

c. (E)-prop-1-en-yllithium, THF, — 25 °C,

cl)>/\OH acidic quench at -78 °C, 83% -
37
a. 5 mol% [Cu(MeCN)4]BF4, 5 mol% 2,2'bipyridine,
5 mol% TEMPO, 10 mol% N-Methylimidazole,
MeCN, air, 94%
BnO\/\/OH r
39

f. TBDPSCI, imidazole, DCM, 0 °C to rt, 87% BnO

g. 30 mol% CSA, DCM/MeOH, 0 °C. 97%

BnO.

12 mol% PhgP=S, DCM,
—40 °Cto—-20 °C, 83%

h. N-(phenylselenyl)phtalimide, TFA,

TBDPSO

o

46

b. (R,R)-41, 5 mol% Sc(OTf)3, DCM,
-78°Cto 0 °C, 82%
c. TESCI, NEt3, DMAP, DCM, 0 °C to rt, 90 %
:
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e. iPrCHO, 35 mol% Sml,,
THF, =50 °C, 78%

BnO

i. BugSnH, AIBN, toluene,
80 °C, 93%

j. Pd(OH),/C, H, (1 atm),
EtOH/EtOACc, 88%

d. 8 mol% 50,
38, DCM, reflux,
79 %

|. 48, NaOMe, THF, —78 °C,
then 47, — 78 °C to — 50 °C, 93%
m. DIBAL-H, toluene, —78 °C, 97%
- 0=
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)l\n/ll'!’(OMe)z
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Mandelalide, part 3

a. allyl alcohol, H,SO4 (cat.), c. NaH, Mel, DMF, 0 °C to rt, 64%;
reflux, 78 % d. trifluoroacetic acid/H20 (20:1); o
OH b. butane-2,3-dione, MeC(OMe)s, O/W e. Ac,0, DMAP, Et3N, CH,Cl,, |
pTsOH (cat.), MeOH, reflux, 72 % N | 0°Ctort, 68% (o)
(®) o AcO
(o] > [0} :
HO o AcO oM
HO OH e 53
OH OMe i 0
51 52 e. Se0,, HOAc, 1,4 dioxane, reflux, 86 %
f . CIsCCN, Cs,CO3, CH,Cl, 98 %
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o v OTBDPS OMe
/ / TBDPSO  OH r
49
a. DCC, DMAP, CH,Cl,,64%
b. DBU (25 mol%), MeCN, 50 °C, 91%
+ c. 55 (10 mol %), molsieves, toluene, 72 %
r
R LT T R OoTBS
' : d. Zn(Cu/Ag), THF/MeOH/H,0O
- CeH,OMe (1:1:1), 45 °C, 88%;
: ||| : e. pTsOH-H20 (cat.),
. . Sceonenan L, 00
OTBS ! Physio” | osiPh, o4 TESOTT (30 moh). cHeClz
! Ph,SiO ! molsieves, — 50 °C, 89 %; .
; ' g. K,CO3, MeOH, 0 °C, 80 %; HO v~ “OMe
M e mcccmcmcmcm—————n= ‘. h. HF-pyridine, pyridine, THF, OH 25
0°Ctort, 80 %
proposed structure of Mandelalide A

\. J




Halichlorine

a. Pd(OAc),, (iPrO);P,
THF, rfx, 80% OPMP

! ; OPMP
: ' OPMP 59
' ' H c. O3, iPrOH, DCM, -78 °C,
: : 2 T""S\J\/mc 0.__N then Zn, TMSCI, 78°Ct00°C o _ K
' : t >
! b. MSH, DCM, rt, then silica
: ! 58 H 61 H 62
. ' Y2
! ' ~, /NHZ
: ' o d. NaH, CbzCl, THF, rfx, 87%
| : e. LiBHy4, quant.,
60 f. TBDPSCI, DMAP, NEt; DCM,rt
g. CAN, MeCN, H,0, 0 °C, 79%
OH
: (o]
j. Ha, PA(OH),/C,
I. TBAF, quant. MOMO HOACc, EtOH, rt MOMO
m. 0-NO,PhSeCN, nBusP, THF, rt, _ k. TFAA, DIPEA, h. SO pyridine, NEtz, DMSO c
then mCPBA, t, 99% DCM, 0 °C, 80% N i. 64, NEt,, LiCl, THF, rt, quant. bzHN
n. PPTS, 86% H - -
CbzHN o o TBDPSO )
e mmmmm———- . MOMO\/\)I\/P\\OMe 63
' 1y oM
! N, 0 o o OTBDPS TBDPSO H 65 64 ©
: Y :
' O,N :
1 MNBA 1
HO N e ’ HO X
s. Grubbs 2, DCM,
N _N p. 0-NO,PhSeCN, nBusP, THF, rt, X/N rfx, quant,
TFA” 0. HG2, PhMe, 60 °C, 72% TFA then HyO,, rt, 99% MeO,C t. HF pyridine, rt, 93%
H > H > H > NP
TBDPSO TBDPSO g. NaBH,, EtOH, rt, TBDPSO u. NaOH, THF, MeOH,
N | r. 70, K,CO3, MeCN, 60 °C, 84% H20, 50 °C
Z v. MNBA, DMAP,
o z MeO,C o THF, rt, 56%
68 CI OTBDPS cl OTBDPS \[]/7; Cl OTBDPS 7
69

H. Arimoto et al, Chem. Asian J., 2014, 9, 367-375 9
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Med-Chem 1

Boc
N N
z .
X B(OH)Z Br a. Pd(dppf)Cly, Nay,COs3, b. H, (50 psi), PtO,, HCI, MeOH
| . THF, 60 °C, 79% NN c. Boc,O, DCM, 5 °C
— O.N r r
N
72 2
73 O,N 74 H,N 75
d. chiral HPLC
— ?oc ] Boc
N \ ?oc
f. NaN3 DMF, 100 °C N
o Naa G THE 35 °G e. MTBE, 60 °C, 93%
- CO,Me
/ [lq NN NO, 76
=N 79 78 H,N
NO, CHO
77
h. Boc,O, pyridine,
NH4HCO3, DCM, rt
i. SiO, plug, 50%
I|30c |;|
N N
j. pPTsOH, THF, H,0,
7 N 65 °C, 86% 7 N
—N —N
niraparib, PARP-inhibitor
80 (anti-cancer)
NH, NH, 81
(o) o

A lot of people, Org. Process Res.

Dev., 2014, 18, 215-227 (Merck)
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Med-Chem 2

Oyg-ONa
B . |
o /o HO (o]
a. Me3SOl, KOtBu, DMSO/THF, rt
, b. ZnBr, (25 mol%), PhMe, rt NaHSOx: H,0. rt
CO,iPr - CO,iPr 3 . CO,iPr
B 82
r
Br in PhMe 83 Br g4 adueous solution

H N c. ATA-302 (35 wt%), PLP,

| N iPrNH,, pH 10.5 buffer,

N H g7 DMSO, 45 °C, 44 h

o] NHtBu H H
f. 5 mol% CuBr, TsOH N N_ _O
10 mol% 88, d. NaBH,, BFs,
Ko,CO3, 110 °C THF,0°Ctort
74 ',“ -€
=N N e. TsOH, IPAc,
89 B 86 50 °C, 90 % 8
Nz r Br 57%, 99% ee
NHtBu OH 88
(o]

A lot of people, Org. Process Res. Dev., 2014, 18, 215-227 (Merck) 12



Med-Chem 2

CF;
c. [Ir(OMe)(cod)], N
CF b. DMAD, K,COg3, 4,4'-di-tBu-2,2'-bipridine, -
CF3 a. MSH, DCM 3 NH DMF, 30% NN N (Bpin),, hexanes, 80 °C, quant> Z N \ CO,Me
- - =
N SN2 CO,Me °\|I3 X
_ = lo) 94 COzMe
PN 92 CO,Me
H,N S,
90 MR T e 3 2 d. 0,
e. N82803,
f. ag. NaOH, 89%
CF;
g. Tf,0, DIPEA,
Z N’N o CF, h. cPrB(OH),, Pd(OAc),, CF,
\ CataCXium A, K3POy,
N N Z N’N\ toluene/water, 80 °C Z N’N
CO,H -€ \
cl _>=o - A 2 i. 1 M NaOH, then 1 M HCI, 86% P COH
N - j. NCS, DCE, 50 °C, 69% HO
. iy 26 95 COH
against Hepatitis C
97 iH
H\
E tBu tBu @\P/\/\ E
: a \ CataCXiumA !
: —N N '
dtbpy :

Even more people, J. Med. Chem., 2014, 57, 2107-2120 (GlaxoSmithKline) 13
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Krische Transferhydrogenation Mechanism
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110 OH OH
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J. F. Bower, M. J. Krische, ,,Formations of C-C Bonds via Iridium Catalyzed Hydrogenation and Transfer Hydrogenation®, Top.

Organomet. Chem., 2011, 34, 107-138




Transferhydrogenation examples

2 mol% [Cp*IrCly],,
2 mol% NaHCOs3,
toluene, reflux,

NH, 17 h, 76% N/\
o -

5 mol% [Cp*IrCl,],, 10 mol% K,COs3,

OH
toluene, reflux, 20 h, 71%
r
NH

2 N HO__ -~ ~_-CH o
H 115 ° 11e
111 112
K. Fujita, T. Fuji, R. Yamaguchi, OL, 2004, 6, 3525-3528
2 mol% [Cp*IrCl5],,
. 2 mol% NaHCOs3,
OH 5 mol% [Cp*IrCl,),, 10 mol% K,COs3, xylene, reflux,
toluene, reflux, 20 h, 99% 10 h, 97%
A\ NH, ’ N
t N > H
NH, H "7 N QL 119
113 114 d- H,N

K. Fujita, K. Yamamoto, R. Yamaguchi, OL, 2002, 4, 2691-2694 0. Saidi, A. J. Blacker, M. Farah, S. P. Mardsen, J. M. J. Williams, ACIE, 2009, 48, 7375

4 mol% [Cp*IrCl,],, 5 mol% dppf
2 mol% K,COs,
toluene, reflux,

OH 24 h, 93% N
o H
PhsP=NPh (1.1 eq.)

120

121

G. Cami-Kobeci, J. M. J. Williams, Chem. Commun., 2004, 1072-1073

0. Saidi, J. M. J. Williams, ,Iridium-Catalyzed Hydrogen Transfer Reactions”, Top. Organomet. Chem., 2011, 34, 77-106 16



Other Iridium examples

Cl

Cl ' Br
BPin, + 2 3 mol% [Ir(OMe)(cod)],, dtbpy, hexane, rt o. +H, E mein
I B | : N Bpin CN
122 123 d by steri ti 0o 124 : 12
gouverned by sterics mostly 82% \ 88% 5 83%
. 126
....................................................................................... b e e e
cl
1 Q
O‘B |
[
o]
-H,
. N H Ny, \Bpin pmmmm- .
Ny, I aanBpin - COoD Nis,, . nBpin : : My e\ et )
N r 1 1
CN(T Bpin ~—— CN’ | ~~~Bpin CN’ \Bpln —>CN, |\BP"" o HBP'" ;
+ COD L Seaaaas
i B B in Bpin
Bpin pin p 131 \‘
127 128 129 130 B,pin,
O,N
2 mol% [IrCl(cod)],, 4 mol% dtbpy, HN
/ﬂ Bopiny, hexane, 100 °C, microwave
3
MeSi— | > AN 3 IOy
] then 2 mol% Pd(OAc), aq. K3PO,, 133, MeSi N \ \
132 Boc % S- ° 9 inici
133 NO, 4 mol% S-Phos, nBuOH, 100 °C, 78% 14 éoc M. J. Gaunt et al., ACIE, 2008, 47, 3004-3007 rhazinicine
o 135
J. F. Hartwig, Acc. Chem. Res., 2012, 45, 864-873 17



Other Iridium examples

allylic substitution

[irCl(cod)l, 137, 3 mol% [IrCl(cod)],

benzylamine, THF, rt, 10 h> NHBn E OPMB 13 mol% ligand OPMB
' 16 mol% Zn(OTf),, DCE, rt
NS P4 '
Ph” X-"oco,Me Ph 138 '
: SIMe3
136 OO bll: 99:1, 95% ee : D ]
o ' Tz
137 ~=P—N ' = H
— ' o = 141
ot ' °>P'" )
. d.r.:9:1, er.: 98:2, 73%
favours branched product, ' E. Carreira et al, ACIE, 140 O
J. F. Hartwig et ak, JACS, 2002 124, 15164 works with harder nucleophiles then Pd ! 2013, 52, 12166-12169
....................................................................... B T T T T T I T I I
2.5 mol% [IrCl(cod)]y,
10 mol% P(OPh)g,
Ph Et,MeSiH, 68% Ph_ o
* OCF N
| /\n/ 6’5 . J. P. Morken et al, OL, 2002, 4, 2537
142 NPh 3
o 143 Ph “,
144
= OC¢Fs Phw 142 n\NPh lo) Ph\ (o]
I 143 OC¢Fs len N +
LrCl ———3» LJr-H ——» /\r — e Lyir-Cl
- i OC4F -Et,MeSiOC¢F5 3
Et,MeSiCl 6" 5 ., 145
145 146 ol IrL, 148 Ph &

\ -

J. F. Hartwig, Acc. Chem. Res., 2012, 45, 864-873 18



Atom Transfer Cascades
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Ligudentatol

a. 150, LDA (2 eq.), THF, -78 °C, 78 % fo) o
b. K,CO3, Mel, acetone, 60 °C, 87% d. cat. (PhSe),, visible light,
Br c. PhSeCl, NaH, THF, — 40 °C, 93% oM DCM, 0 °C, 88%
o e '

152

e. LDA, NBS, THF, -78 °C,

“ o o SePh
\[\\ )J\/U\ \[\\“ \[
OMe |
149 150 151
f. H,O,, THF, pyridine, rt,

_ — then Me,S, DBU, rt, 50%

(o] (o]
(o] (o]
MeO o
H g. NaCl, aq. DMSO, MeO
< 200 °C, 82%
-

W
| 155 W
W
I : I 154 \ﬂ
via stabilized radical _] | 153

(ent)-ligudentatol
T. Yoshimitsu et al, Chem. Asian J., 2014, 9, 1506-1510

SePh

a. Yb(OTf)z, hv, DCM, 2 h, 71%
SePh 156 >
07 “NMe, o H

7" ~NH,
D. Yang, Q. Gao, O. Lee, OL, 2002, 4, 1239-1241 o
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