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Total Syntheses and Methodologies

2014 2015
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Aromatic ene HO: HO oH
:ﬁ,\/ Lﬂon» A —_— Ege:jrfggt)ized T o}
_>
| H
‘BTN | HO .
H ~
H ol
}0
Aromatic ene reaction . o
omatic ene reactio (-)-jiadifenolide
o] R2 Epicolactone
CN CN
Nos—pN (o) + Rz\)\ — Nos—p WwWCO,Et
. CO,Et
R R1
/ / NNHTs
Construction of contiguous all-carbon qc stereocentres S
+
o OH
R
_ Diastereoselective addition of Grignard reagents to
N-sulfonyl hydrazones
N_
A\
N
H CO,Me

Biogenetically inspired synthesis
of indole alkaloids
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(= )-Conolidine - Micalizio

|
PhO,S
(£)-Conolidine 1 2 3 4
Key features:
- [2,3]-Wittig rearrangement
- Nucleophilic addition
- Cyclization
A
T

Nat. Chem. 2011, 3, 449. Gaich Group Seminar, Christa Gerlinger, 03.08.16 3
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PMB I;’MB I;’MB
| i
N N 1. KH, BuzSnCHjl N N 1. 7, Dess-Martin
~ PMB-CI, DCE, reflux THF . periodinane, DCM/H,0
HO HO * Me 2 -
A then NaBH,4, MeOH X 2. n-BuLi, THF =z 2.9, THF
Me 57% Me 76% Me
OH OH Li—/
2 6 7 8 \
. /
(E:Z2=12:1) PhO,S
9
PMB
| H
N 1. Na (Hg) amalgam N
2. MnO,, DCM CF3CO,H, then
z 74 3. ACE-CI, DCE, - 74 (CH,0),,, CH5CN
Me N 84°C Me y 80 °G
HO ) (43% 05s) o H 95%
PhO,S
1
10 " 5 9 steps from 2,
18% overall yield
PMB ()6 PMB
N N
8-steps 8-steps
- - HO —_—
HO NS Amano lipase PS S
vinyl acetate/hexanes
Me 4 A mol sieves, 18 h Me
(-)-1 40% 39% (51
2 90% ee >92% ee >92% ee 290% ee
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Loline alkaloids - Trauner

OH
N :> W " N, M

NH,
o—
N
NHMe 13
Temuline
(o) (norloline)
(|:HO
N‘Me
12 o-
Loline
N
14

N-formyl loline

Key features:
-Sharpless epoxidation

- Grubbs olefin metathesis

Nat. Chem. 2011, 3, 543.
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-transannular/deoxycarbonylative aminobromination

Gaich Group Seminar, Christa Gerlinger, 03.08.16



Universitit | =

Konstanz

A" NH,- Hel H
H — —
\)oi/ SAE ?H 8 iPrNEt c§> Grubbs Il wOH SOCl, o
NN = \/\<I NN N/W 807% , _>NEt
0 > CBzCl, Na,COs ° N "’OH .3 o
17 75% OH CBz / 99% /N H
15 CBz CBz
19 20
N
=\_uN; Br o , cl oy Ng :
LiN, Br,, MeOH z LiCI —> NaOH K,COj, u-wave o
— T —_— -
83% "1oH 97% + )IMOH 86% 11OH 91% N
h y N
CBz
Br 23
21 22 24
(|:|-|o
NH, N3 H,, Pd-C NHBoc NHMe acetic formic N<
H,, Pd-C Boc,0 LAH anhydride Me
0 o o] o} o}
N 90% N 93% N 96% N 81% N
13 24 25 12 14
Temuline Loline
(norloline)

Nat. Chem. 2011, 3, 543.

N-formyl loline
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*Hj/perpapuanone, Hyperibone L, epi-
Clusianone, Oblongifolin A - Plietker

Nat. Chem. 2011, 3, 938.

(o]
R3
(0] o
. A R’
25 R )
] LY 2
S v Ho R
e Framework v 30
v construction Ve
B . . Diekmann

a-Methylenation®
, .
Allylation ‘s » | condensatio
v Framework ., .
v : +, C-acylatio
N decoration K
N . ,'
LN 4 "
(o)
R 9

o)
RS R : - i RZ
yj\ """"" RO,C1, \\\\/(
Michael-Addition-

R1 . "nn
Knoevenagel condensation

27 Alkylation Cuprate addition -
Alkylation R!

o (o)
R2 29

R02C "

A
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a *51%

o)
b lss%

'

cdl 9%
) a
MeO '""Eﬁi‘\
R1b

28b

a *60% R1a= i{\)\

R 27a
bl 89%
o O o
MeO OMe
R 32,

cd ¢62% cd $63%

| R2b 0 I R2a
)”I, )’l"l,

R12 R1a
28a 28c

a) NaH (1.1 equiv), R*X (1.5 equiv), EtOH, 0 °C to rt, 15 h, then K,CO, formaldeyde, rt b) MeMgClI (2 equiv), dimethyl 1,3-acetonedicarboxylate (1 equiv),
MeOH, 0 to 60 °C, 15 h, ¢) NaH (1.1 equiv), MeLi (2.3 equiv). THF, 0 °C, 5 h, d) NaH (1.1 equiv), 18-crown-6 (0.1 equiv), R2X (1.5-2.5 equiv), THF, 0 °C to

rt, 15 h,

Nat. Chem. 2011, 3, 938.
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0 0 o .o o R?= '1{\/\
) R2a )l sz ) R2a
"’

"1y MeO
R = Me

R1b R1a R1a
28b 28a 28c

e¢ 95% e l 97% e lgs%

o o (o) (o) (o)
) R2a )l R2b )l R2a
"y, e "y, "y,

W w\ W\

§1b ﬁ1a |i1a
33b 33a | 33c

f¢77% fl%% f l%% f ¢81%
=
o R3b o R3a= H_{\)\

3a
)I R2a )l R2b R | )l R22 )l R2a I
"y, \\“‘ ) ' 1, \\““ 1y, A

MeO

e e Wi Wi

R3® = Me

éﬂ’ ﬁ1a ﬁ1a §1a
29b 29a 29c 29d

e) LiCl (2.02 equiv), Cul (2 equiv), MeMgBr (2equiv), Me;SiCl (2 equiv), THF, -78 °C, 5 h, f) KO-t-amylate (2 equiv), 1,3-dimesitylimidazolin-2-ylidene

hexafluorophosphat (0.1 equiv), Bu,N[Fe(CO),;(NO)] (0.1 equiv) , 2-methyl-3-butene-2-yl methylcarbonate (2 equiv), THF/MTBE, 0 to 80 °C, 20 h, f) KH
(1.1 equiv), 18-crown-6 (0.1 equiv), Mel (2 equiv), dimethoxyethane, 0 °C tort, 15 h

Nat. Chem. 2011, 3, 938. Gaich Group Seminar, Christa Gerlinger, 03.08.16 9
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i T3 G S 13 G S I
eO "y, \\\“‘J\ MeO "y, e ", aw MeO "y, ““J\

W\ ww W\ ww

R% = Me
§1a
29a 29d
31a 31b 31c 31d 31e
6% overall yield 21% overall yield 22% overall yield 22% overall yield 14% overall yield

g) KOtBu (2 equiv), R4-C(=CO)CN (3.3 equiv), THF, 0to 35 °C, 24 h

Nat. Chem. 2011, 3, 938. Gaich Group Seminar, Christa Gerlinger, 03.08.16 10
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Taxanes - Baran

Taxadienone (34)

Key features:
- 1,6-addition
- Mukaiyama aldol reaction

- Diels-Alder reaction

Nat. Chem. 2012, 4, 21. Gaich Group Seminar, Christa Gerlinger, 03.08.16 11



CHBr, 'BUOK; then

> _ < PhNMe,, 150 °C Mey 2
67% 7 N—me
35 36 Me
vinylmagnesium
(o) )
bromide z

75%

OEt o

37 38

1. LiAH,, Et0, 72%
2. KH, AcCl, 89%
3. Na, tBuOH, 82%

)

(+)-44
"Taxadiene"

Nat. Chem. 2012, 4, 21.

sBuLi, TMS-Cl
CuBry«SMe,
Me
’ \
86% / Ve

Me

39
Me 1. PhNTf,, KHMDS

2. MeyZn, Pd(PPhs3),

84% 02s

(+)-34
"Taxadienone"

MesAl (1.4 eq)
CuTC (2 mol%)
ligand 40 (4 mol%)
then THF, TMS-CI

89%, 93% e.e.

BF30OEt2,
CH,Cl,
-~
47%
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Me Me

72\

Me

Me

OTMS
LY

Acrolein (20 eq)
Gd(OTf)3 (10 mol%)
1:10:4 H,O/EtOH/PhMe
then Jones reagent
85%

42

Gaich Group Seminar, Christa Gerlinger, 03.08.16 12
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Decarboxylative allylic alkylations of lactams -
Stoltz

Pd,(dba); (5 mol%)

a Q (S)-t-BuPHOX or Q
R\N o /\/ (S)-(CF3)3-t-BUPHOX (12.5 mol%)> R\N “\\\/
Solvent (0.033 M), 40 °C

(+)-45 46

R =Ts, Boc, CBz, Fmoc, Ac, 4-OMe, 4-F-Bz, Bz

Solvent = THF, MTBE, Tol, Hex:Tol 2:1

( )
CF;

(0}

(4-CF3CgH,)oP N\\>

-
-
-
t-

Bu

(S)-(CF3)3-t-BuPHOX
\ J

Nat. Chem. 2012, 4, 130. Gaich Group Seminar, Christa Gerlinger, 03.08.16 13
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R R
N 0/\%
R2
n
47

a) a-quaternary s-lactams

(o} o
Bz N \\\\\/ Bz N ‘\\\\/ Bz
49 50
CN OSi(t-Bu)Me,
(o} (o}
Bz N \\\\\/ Bz N \‘\\\/
53 54

51

Pd,(dba)s (5 mol%)
(S)-(CF3)3-t-BuPHOX (12.5 mol%)
o

toluene (0.033 M), 40 °C

CO,Me

‘\\‘\/

52

b) other ring sizes and frameworks

CF;
(o]
W\ F Bz< W\ F
8

\
5

? F
" \/ Bz @\“\ \/
61 62

Nat. Chem. 2012, 4, 130.

Bz\N

o ﬂ[bo

Bz

=

(e]

63

60
(o]
W \/ Bz ~ N W \/
o
64
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0R1

N \\‘\\%

RZ

" 48

c) other N-acyl groups

(o) Ph o (o]
AC\N \\\\\/ PhO)J\N \\\\\/
65 o o 66
/(j)L N NNF
o
Ph 67
Cbz— R~
o o
N WNF 68
69
o (o)
\\\\\/

Gaich Group Seminar, Christa Gerlinger, 03.08.16 14



Nat. Chem. 2012, 4, 130.

Bz

MeOH, 23 °C
96%

N
"l,/Et
N
H

(+)-Quebrachamine (73)

N \\\\\/ LiOH*H,0O
—_—

i‘:(\/

LiAIH, HN W\ A

Et20 35°C
91%

72

(-)-Rhazinilam (74)

Gaich Group Seminar, Christa Gerlinger, 03.08.16
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Zaz‘lysea' enantioselective cope-
rearrangement of achiral 1,5-dienes—
Gange

R1 R1
5 mo'% 7 | 5 mol% 77
—_—
10.5 mol% AgPFg Ph N\__Ngz 20mol% AgSbFs o2
1,2-DCE 1:9 DCM:1,2-DCE
-35°C

76 78 79

R' = alkyl (93% e.e.), aryl (87% e.e),
Q | P(Ar)z(AuCl) methoxy (70% e.e.)
Y P(Ar),(AuCl) z"l-

OH

4 R?=-OTHP (73% e.e.), -OAc (82% e.e.),
(S)-3,5-xylyl-PHANEPHOS(AuCI), -OH (76% e.e.), -NPth (58% e.e.)
(PHANEPHOS = 4,12-bis(diphenlyphosphino)-
[2.2]-paracyclophane)
\_ J

Nat. Chem. 2012, 4, 405. Gaich Group Seminar, Christa Gerlinger, 03.08.16 16
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Daphenylline - Li

6n-electrocyclization/
aromatization
.

(o] .
Daphenylline (80) 7-e>.(o-t_r|g 82
cyclization
81
Au-catalysed
alkyne cyclization Pd-ca_talysed
(Toste-Conia-ene reaction) Michael addition coupling  ~._ .
OTBS T o Me O .

.~

T =Y

CO,Me
HO,C~ Co,Me
' N\
86 85 ' 0 OoTBS
. 84
ﬂ amide formation
o
o Mitsunobu ON
reaction — ﬁ
—> * HN—S
e Me Me o
\\\/N\ OH
o-Ns
87 88 89

Nat. Chem. 2013, 5, 679. Gaich Group Seminar, Christa Gerlinger, 03.08.16 17/
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1. K,COs, o
1. TBDPSOTH, p-thiocresol
o o) 2,6-lutidine, -78 °C 0 2. 86, HOBY,
89, PPhy, 2. Au(PPh3)CI EDC*HCI, NEt; .
DIAD, 0 °C AgOTf, MeOH 72% (02s) N e
86% 70% (2s, 29% N Me o CO,Me
Me O,N [ : Me of recouvered 87) No-Ns
OH — o A LN
88 =\ M o-Ns 90
HN—ﬁ 87 91 OoTBS
o]
89
K,COj3, 100 °C | 86%
1. KHMDS, PhNTf,,
_ - -78°C
hv (Hg lamp, 2.92, Pd(PPhs),,
500 W), 0 °C K,COs, 60 °C
~———— I
73% 02s
o o
/
83
° 84
92

18

Nat. Chem. 2013, 5, 679. Gaich Group Seminar, Christa Gerlinger, 03.08.16
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1. TMSOTH, NEt3,
-78°C
DBU, air, 60 °C 2. Pd(OAc),
67% 81% 02s
1. HF*py, 0 °C
2. 15, PPhg,
imidazole
Me H .O 1. Hy, Crabtree’s Me H O
Q catalyst (TMS)3SiH, AIBN,
Me\[ 2. LiCI*H,0, 160 °C 75°C
- e
N 9 86% 02s N 98%
C02Me
o
82
81 97
1. Pd/C, MeOH

2. LiAlHy, 40 °C | 66% 02s

Me H

=2

Daphenylline (80)

Nat. Chem. 2013, 5, 679. Gaich Group Seminar, Christa Gerlinger, 03.08.16 19
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il

Ehanfibe/ective silyl protection of
alcohols - Snapper

t-Bu H
Me H -
NY\N N __Me Il )—SEt
ARG e
N o t-Bu
100 101
R2 .OH R2 WOH R2 _OTBS R2 WOH
I + 1 20-30 mol% 7.5-20 mol% I + ]
R'"=VOH U T > R =on R R"’OH
R R 0.6-1.0 equiv TBSCI, 1.25 equiv i-PryEtN, THF, -15 to -40 °C, 0.6-1.0 h
98 99 102 103
Racemic Enantiomerically enriched
OTBS Me OTBS Me OTBS OTBS
OH OH Ph OH = YOH
Me
OEt OEt
104 105 106 107

Features:

-lower catalyst loadings and reaction temperatures
- shorter reaction times

Nat. Chem. 2013, 5. 768. Gaich Group Seminar, Christa Gerlinger, 03.08.16 2()
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Construction of contiguous all-carbon qc
stereocenires - Oo/

”—‘i.

o Pd,(dba)3*CHCI3 R2
CN (Pd 2.5 mol%) CN
Ligand 114 (5 mol%) WCO,Et

Nos— )\\0 - Rz\/\ »  Nos—p
N CO,Et .

R! toluene
/ /

108a-d 109 110a-d
R = alkyl, aryl, 4-CI-CgHy4, 4-MeO-CgH, p N
R2= alkyl, aryl, 4-Br-CgHy, 4-MeO-CgHg,, .
o o Ligand (114)
SONN
/Me
N+
(0] sz(dba)s*CHC|3 Ph
NO (Pd 2.5 mol%) CO,t-Bu
Nos—N o . 2 Ligand 114 (5 moI%)» Nos—p 111NO, A Ar22P
Ph _~
Me CO,t-Bu toluene, 0 °C, 8 h ZMe 1 2
A Ar' = B3-Naph, Ar© = 4-CF3CgHg
// \ J
111 112 113
Racemic (3 equiv) 99% yield, 94% e.e.

Nat. Chem. 2014, 6, 47. Gaich Group Seminar, Christa Gerlinger, 03.08.16 21
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Aromalfic ene reaction - Hoye

Minimal structural elements for an aromatic ene reaction:

Aromatic ene
reaction

:ﬁw —_— O s;zfggt)ized
—_—
'B‘\ ( i H
H ~
H
115 16

The only reported aromatic ene reaction(s):

C0; Aromatic ene
©: heat ©| reac’non
+
N, PhMe H ~
Y
117 15

119, 6% yield

Nat. Chem. 2014, 6. 34. Gaich Group Seminar, Christa Gerlinger, 03.08.16 22
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==\ X X
HDDA intra-molecular rearomatization
—- Z —_—
121

120 °C aromatic-ene
Me CHCI5/DCE H Ve
120 water 123
OAr OAr
CO,Me | | | | o o
o o (o]
o O MeO,C . o TeN (o] G PhN
O MeO,C i I O O
124 125 126 127 128
65% 86% 90% 81% 85%
R 0 o) Me o o TBS
(o] (o} (o} (o} o
PhN PhN PhN PhN
@ @ @ @ & ®
Z
129 OTBS 130 131 132 133 N
84% 77% Br 88% 73% 90%
o o o o
(o] NBoc (o]
o o o PhN
134 I OMe 135 I I I
85% 69% 55% B0%

Nat. Chem. 2014, 6, 34. Gaich Group Seminar, Christa Gerlinger, 03.08.16 23
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Examples of the HDDA / aromatic ene / Alder ene cascade:

v (o] 2% o
Triyne + A=B — “‘JJ Z _— "J’ Z
enophile B =4
”ﬁ/ Me
L A i A___H
B
138 139

145
Nat. Chem. 2014, 6, 34. Gaich Group Seminar, Christa Gerlinger, 03.08.16 24
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Biogenetically inspired synthesis of
Indole alkaloids - Oguri

NH, o)
N —_—
N + co,Me + ///\Br
H Br
150 151

152

///L&B,' Modular assembly

Common intermediate 154
S
N
[Cu(dppf)(MeCN)]PFg — _
1h ‘R
- . \ A
DHP N o
cyclization
\ y H COZMe
N
H CO,Me 155
DHP-vinylindole 155

Nat. Chem. 2014, 6, 57. Gaich Group Seminar, Christa Gerlinger, 03.08.16 25
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N
One-pot \
( Common intermediate h C|C25?g2ol N
in situ generation 48% (from 156a) H Co,Me CO,Me
X -5) Iboga-type 160
- [ ] N7 X
N ) 1) Hp, Pd/C, MeOH )
rt, 70% (from 156b) ;
———— ?co,Me
\ 2) NEtz, hydroquinone
toluene/CICH,CH,CI H
N 180 °C, 61%
I, COyMe ° | R' CO,Me J CO,Me
R 157: R = Boc Aspidosperma-type 161
156a: R' = H, R? = OMe _ - H
156b: R" = Boc, R? = OMe —
156¢: R' = Teoc, R? = Me 1) TBAF, THF, rt /
~ / > oTIPS
2) TIPSOTH, iProNEt, B
CICH,CH,CI, rt, B
29% (from 156¢) CO,Me

Andranginine-type 162

Nat. Chem. 2014, 6, 57. Gaich Group Seminar, Christa Gerlinger, 03.08.16 26
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57% 7-endo

N
H = Me

Ngouniensine-type 165

Nat. Chem. 2014, 6, 57.

One-pot
-

CICH,CH,CI
120 °C

s
Common intermediate
in situ generation
CO,Me One-pot
visible light
- [Ru(bpy)s]l(BF 4)2
N
CH2CI2/MeN02
rt
\ H
H CO,M 163
§ 2e y,

CO,Me |

"o /
@Qé
N co,me 166

21% 8-endo

“
”

H TCO,Me
Unnatural-type 167

Gaich Group Seminar, Christa Gerlinger, 03.08.16
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HO lactone formation oM

vinylogue
aldol addition (o)

Epicolactone 168 169 170

Key features:
-[5+2] cyclo-addition
- lactone formation

- vinylogue aldol addition

Nat. Chem. 2015, 7, 879. Gaich Group Seminar, Christa Gerlinger, 03.08.16 28
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Br OH o
HO HO HO
OH Four steps OH 1.5 mol% Cu, OH K3[Fe(CN)el, OMe o OMe
p aq. NaOH (75%) NaHCO; o
— HO +
OMe OMe 2. NaBH,, THF/H,0 OMe MeCN/H,0 HO
| (79%) >
OH (o] OH I
171 o So o
172 169 Epicoccine (170) 173 174 O
o
o] o)
HO HO, Ho |7 Ho |}
o OMe o OH OMe OH
Mgl,, quinoline, o AICl3 o
THF, 60 °C CH,Cl,
HO > HO :
J (75%) f HO | (96%) HO
yo }o o o o (o]
d 3 o] o]
173 168 174 175

Possible mechanism

169 + 170 ———

— Epicolactone (168)

Nat. Chem. 2015, 7, 879. Gaich Group Seminar, Christa Gerlinger, 03.08.16
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. Me
Double Michael o Z o
(o) : H o
formal [4+2]
(-)-jiadifenolide 177 180 181 182

(-)-jiadifenin 178 (-)-jiadifenoxolane A 179

Nat. Chem. 2015, 7, 604. Gaich Group Seminar, Christa Gerlinger, 03.08.16 30



Universitit [ —— B
Konstanz

Me 1. BTPP, NfF, 22 °C Me
CHO 2. Os, CHyCly, -78 °C> _ Me o. Me 1. Hydroxyacetone, Me o
M PhCHs, 120 °C

3. Mo(COJs, BugNBr, °o | T : >  Me

DCE, 90 °C o o 2. Si0,, 22 °C, =

35%, 3 steps EtOAC, CgH1a o
Mo Me fo) 45% 2 steps o

184 182

(+)-citronellal (183) 181

Five step route to (-)-177 from simple building blocks 181 and 182

LDA, 181, THF, 1. m-CPBA,
—78 °C, then 182 CH,Cl,, 22 °C
181  + 182 -100 °C 3
Ti(Oi-Pr)y, 2. Me4NBH(OAC)3,
LDA, 0 °C AC?H, THF
(70%, 20:1 d.r.) (75%, 20:1 d.r.
2 steps)
1. LDA, CBry
2. NaHMDS, 186
ﬁ
(50%, 2 steps)
PhOZSN\0
Ph H
186: Davis
oxaziridine

Nat. Chem. 2015, 7, 604. Gaich Group Seminar, Christa Gerlinger, 03.08.16 31



Addltion of Gignard reagents fo a—epoxy N-
sulfonyl hydrazones - Collart
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NNHTs\ P~ mger NNHTs\ NNHTs\
THF, -78 °C, (2.1 equiv) NP% U
(] o *
- OH OH
7
188 syn:anti >25:1 189
Proposed mechanism:
(_'i' R4=—MgX
NTS
NJJ“ TsN\\N
R’ R’
\ 9! WHR?) R*MgX \ {7 H(R,)
) -
(o}
2 : N R*
H(RY) R
“~MgX

Nat. Chem. 2015, 7, 1024.
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NNHTs NNHTs NNHT
o THE I\-A798X°C Ry RiMgX SR1
( o W ( R THF, temp.
n n o (60-95%) ~oH
190 191 192 103 R
R" = ethyl, isopropyl, vinyl, phenyl, tert-butyl (syn:anti, 3:1) R" = ethyl (R? = H), isopropyl, vinyl (R% = Me), phenyl

CuCl,, 3:1
acetone: sodium phosphate puffer (pH 7),
RZ=H
'
(72-86%)

194

Nat. Chem. 2015, 7, 1024. Gaich Group Seminar, Christa Gerlinger, 03.08.16 33
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