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K. C. Nicolaou: Hopeahainol A and Hopeanol
(Racemic!)
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3 Nicolaou, K. C., et al. (2009). "Total Synthesis of Hopeahainol A and Hopeanol." Angewandte Chemie International Edition 48(19): 3440-3443.
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K. C. Nicolaou: Hopeahainol A and Hopeanol

(Racemic!)

o
OMe HO OMe OMe
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2 OMe o

—»
3. TBAF
THF, 0°C, 30 min
79% (2 steps)
R=TBS
R=H

suggested
4. p-TsOH inconsequential diastereoselectivity

CH,Cl,, 25°C, - erased in next step
48 h, 65% — —

MeO OMe OMe MeO.
| = —_— |
€] 6. Ac,0
5. KO'Bu,

1. DCC, DMAP o
CH,Cly, 25°C, 12 h, 95%
<N
TBSO

A
Z

OMe =

MeO
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2. THF, -10°C, 10 min

O W EC

OMe OMe

—|— DMAP,
Ty PSS

0, 0 °

0°C to 25°C, 4 h J 0y OMe 1h,quant. RO
then e © R=H

sat. aq. NH,CI - J R=Ac
76% 7
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8

O

single diastereomer
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K. C. Nicolaou: Hopeahainol A and Hopeanol

(Racemic!)

MeO. | N OMe OMe
Z

_—— —_—
8.SnCl,
/@ -u.|u|©\ CH,Cl,
OMe -40°C to -20°C
RO Q/L%O OMe 62% (2 steps)
single diastereomer
1:1dor.
8 but different reactivities
in next step —
9
[ — . 10. sat. ag NaHCO;|
9. IBX 25°C, 1h, quant.
DMSO R=Ac
25°C, 24 h, 66% p g; H
. 3,
CH,Cl,,
-78°C to -20°C,
24h, 84% 13 OH
_
—_—
12. NaOMe,
MeOH,
25°C, 60 h,
80 % o
hopeanol
15 OH i 16

sio,

7
but different reactivities : I\

in next step OMe

GRS

,/”/, ri\ pushed apart by lactone
o 0%

hopeahainol A )

OH
14

5 Nicolaou, K. C., et al. (2009). "Total Synthesis of Hopeahainol A and Hopeanol." Angewandte Chemie International Edition 48(19): 3440-3443.
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K. C. Nicolaou: Sporolide B

HO
z Sl oH "o OH
OH OH
0o Me gl Cl
o O OH o; Oj ;Me O OH
(0] (0]
(0) o
MeO o ©OH MeO o OH
sporolide B sporolide A

OBn

[4+2] cycloaddition _
lide B
sporolide Z \

12 oxygen atoms

10 stereogenic centers
13-membered macrolide ring
Chlorobenzene nucleus

Indane structure
Cagelike-struktrure connected by 2 oxygen bridges and one ester bond

Biosynthesis: Bergman cycloaromatization?

Bergman

= :
I —_— —
S —_—
A

6 Nicolaou, K. C., et al. (2009). "Total Synthesis of Sporolide B." Angewandte Chemie International Edition 48(19): 3449-3453.
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K. C. Nicolaou: Sporolide B

P Q  oBn OTHP g
o MeO o
1. NaBH,, CeCl;, MeOH, -78°C, 1 h [Luche] 4. DIBAL-H, toluene, -78°C to -10°C, 1 h, 95%
OTBS 2. NaH (60% in mineral oil), THF, 0°C, 30 min; OTBS 5. DHP (3,4-dihydro-2H-pyran), TsOH-H,0, CH,Cl,, 0°C, 30 min OH
then BnBr, TBAI, THF, 0°C to 25°C, 16 h, 18 6. TBAF, THF, 25°C, 3 h 19
17 95% (two steps)
3. [PdCl,(PPhj),] (0.05 equiv), Et;N, CO, MeOH,
70°C, 3 h, 95%;
OTHP OBn OTHP OBn
> >
7. DMP, NaHCO3, CH,Cl,, 25°C, 30 min, 83% (three steps) 9. NaBH, , CeCl;, MeOH, -78°C, 1 h
8. 1, CH,Cl,/pyridine, 25°C, 15 h, 80%; ! 10. TBSCI, imidazole, DMAP, CH,Cl,, 25°C, 3 h, 94% (two steps) !
20 [¢] 21 OTBS
=\
o) Cl Cl o)
> | OBn + MelLi OBn
11. TMS-acetylene , [PAdCl,(PPhs),], Cul, Et,NH, 25°C, (Cl—=—Li) > i =Z
16 h, 98%; ! ] ) . } -

12. Et,AICI, CH,Cl,-25°C to 25°C, 2 h, 99% / 14. C|s-1,2»d|§hloroethylene, MelLi, EtZO,OO C, 30 .mln /
13. DMP. NaHGO... CH.Cl,. 25°C. 1 h. 79% / OTBS then starting material added, Et,0, 0°C, 10 min / OTBS

: ' 3 V2 a T™MS 22 15. DMP, NaHCO,, CH,Cl,, 25°C, 1 h, 93% (two steps) R 23

OAc OBn
> ¢l Z
16. DIBAL-H, toluene,-78°C, 30 min, 81% /
17. K,CO3, MeOH, 25°C, 1 h, 99% / OTBS
R=TMS H
R=H 24

18. Ac,0, EtzN, DMAP, CH,Cl,, 0°C, 30 min, 98%

7
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K. C. Nicolaou: Sporolide B

/\///
HO'

/9 OH
/9 O 189
O, >
-
1. MePPh3Br, KHMDS, THF, 0°C, 30 min M OTBS 5. TBAF, THF, 25°C, 16 h, 99%
H e o ! o - . ) s s 8
then add SM, THF,-78°C to 0°C, 30 min, 98% z 6. DMP, NaHCO,, CH,Cl,, 25°C, 1 h, 78%

Sen U C R=TMsS OBn OMe 7. NaClO,, NaH,PO,, 2-methyl-2-butene, tBuOH/H,O, 25°C, 30 min, 96%

) AE_H beta. (BUOH/H.O. 25°C. 8 h. 96% 8. 189, EDCI (1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride),

- AD-mix-beta, tBu 20, , , o DMAP, CH,Cl,, 25°C, 3 h, 73%;

25 3. TBSCI, Et;N, DMAP, CH,Cl,, 25°C, 8 h, 99% 26 2¥2 v

4. tBuOK, Mel, MeCN, 0°C to 25°C, 16 h, 95%;

Y

9. Pb(OAc),, benzene, 75°C, 1 h, 89%

OH
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K. C. Nicolaou: Sporolide B

Y

2. Ac,0, EtsN,
DMAP, CH,Cl,,
0°C, 30 min,
92%

3. aq. HF, MeCN,
25°C, 30 min,
then MeOH, 25°C, 3h,
74%

%m

1., [Cp*RuCI(COD)],
DCE, 25°C, 30 min,
87%

Cp ci

TBSO

OBn OMe

33

AcO

cp ]
P “Ru Y
cl”

OBn

OBn

OTBS

4. Ag,0, CH,Cl,,
25°C, 30 min,

Bn —
Cp* Cl
u.-- R” OTBS
OMe |
o
OH
0
OBn
30
Cl OAc
Qest
OH
TBSO
Gl oac
et
o 8
OBn OMe OAc
HO
34
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K. C. Nicolaou: Sporolide B

AcO
= Cl
H Q OAcOBn
OH
O Bno. Me I > -
—i0 5. toluene, 110°C, 1.5 h, 6. TESOTS, Et;N, CH,Cl,,
! 40% 30 min, 95%
o MeO (o] (based on 50% recovered starting material)
35 36

Y

7. Hy/Pd(OH), (10% on carbon),
EtOAc, 25°C, 4 h, 92%
R=Bn
R=H

8. PIFA (phenyliodine(lll)bis(trifluoroacetate)), 38 39
PMBOH (4-methoxybenzyl),

K,CO3, MeCN, 0°C, 30 min, 75%

9. DMP, CH,Cl,, 25°C, 1h, 90%
10. aq. HF (40%), 25°C, 2h, 85%

Y

12. DDQ, CH,Cl,/H,0, 25°C,
5h, 70%

13. DBU, CH,Cl,/MeOH,
40°C, 4h, 78%

14. tBuOOH, DBU, CH,CI,,
40°C, 3 h, 63%

11. Me,NBH(OAc),;, MeCN, 25°C,
2h, 85%

10 Nicolaou, K. C., et al. (2009). "Total Synthesis of Sporolide B." Angewandte Chemie International Edition 48(19): 3449-3453. Universitat Konstanz



H. Tokuyama: (+)-Haplophytine

Me Semipinacol-type rearrangement

aq. NaHCO;3

(+)-haplophytine
oxidation /
Semipinacol-type

rearrangement Friedel-Crafts Alkylation

Fischer Indole Synthesis

Iz

N H O
Z mCPBA \f

OMs CO,Me H

6 stereocenters, 5 quaternary
Highly congested carbon-carbon bond adjoining the two halfves of the molecule
Bridged ketone structure (left)
Aspidosperma alkaloid (right)

11 Ueda, H., et al. (2009). "Total Synthesis of (+)-Haplophytine.” Angewandte Chemie International Edition 48(41): 7600-7603. Universitat Konstanz



H. Tokuyama: (+)-Haplophytine

o
(o] OMs
NPhth
>
COzEt 1. (S)-1-phenylethylamine, benzene, reflux 3. NaBH,, CeClj;, EtOH, -78°C ":,
2. ethyl thioacrylate, THF, 0°C 4. MsCl, EtzN, Me3N-HClI, toluene, 0°C to RT, (2 cycles), 90% (2 steps)
43 then AcOH, EtOH/H,0, RT, 5. 1Zn(CH,);NPhth, [PdCI,(PPhy),] (10 mol%), toluene/THF, RT to 43°C, 83%; 45 CO,Et
74% (2 steps), 97.8% ee
[asym. Michael addition (d'Angelo)]
d )
o
> NPhth >
> >
6. TMSO(CH,),0TMS, TMSOTf, CH,Cl,, -78°C to RT =, 8. MeNHNH,, EtOH, reflux
7. LiCl, Li,CO3, M.S. (4 A), DMPU/HMPA, 70°C, 67% (2 steps); / 46 9. NsCl, Et;N, CH,Cl,, 0°C to RT, quant. (2 steps);
CO,Et
OH l;ls
NsHN N
OH N
> o > QHC >
10. O3, CH,CI,/EtOH (4:3), -78°C o 11. MesS0O,Cl, CH,Cl,/pyridine, 0°C; o) 14. 1m HCI, THF, 50°C (ester, ketal)
then NaBH,, pH 6.5 buffer, -78°C to RT, 12. PCC, Celite, CH,Cl,, RT, 79% (2 steps) <’ CO.Et 15. PhSH, Cs,CO;, MeCN, RT to 50°C (Ns) o CO,Me
87%; </ CO,Et 13. Cs,CO43, M.S. (3 A), 70°C, 87%; (o] 2 then evaporation, then silica gel, CH,Cl,, reflux (cycl.)
then TMSCHN,, NH,CI, MeOH, RT, 83% (4 steps)
48 49 [Mannich-type cyclisation + esterification] 50

12 Ueda, H., etal. (2009). "Total Synthesis of (+)-Haplophytine." Angewandte Chemie International Edition 48(41): 7600-7603. Universitat Konstanz



H. Tokuyama: (+)-Haplophytine

~ NO,
N . - ! . . N
H 1. POCl;, DMF, 0°C to RT N 3. LiAlH,4, THF, 0°C to reflux H
then 1m KOH, 0°C to reflux 4. succinic anhydride, CH,Cl,, RT n
OBn (o] C i OBn CH,Cl, OB
2. MeNO,, NH,OAc, reflux, 88% (2 steps) 52 5. SOCI,, MeOH, 0°C to RT,
51 [VilsmeierHaack+Henry] 71% (3 steps);
0:8:0
PhTNH
| Ph" “NH,
NN >
6. Hy, Pd/C, CH,Cl,/MeOH, RT H 9. (R,R)-TsDPEN-Ru(ll) complex, HCO,H/Et;N, DMF, 0°C
7. MsCl, Et;N, CH,Cl,, 0°C, 86% (2 steps) OMs 54 CO,Me [Noyori asym.red.]

8. POCIy, CH,ClI,, reflux [Bischler-Napieralski]

_— >
11. NIS, CH,Cl,, RT

10. CbzCl, iPr,NEt, CH,Cl,, 0°C, 67% (3 steps), 96.6% ee

Allyl | Allyl

OMe

OMe

Y

12. N,N-diallyl-2,3-dimethoxyaniline, AQOTf, CH,Cl,, -10°C,
61% (2 steps; trans/cis 2.4:1-2:1)
[Friedel-Craft]

13. LiOH-H,0, MeOH/H,0, RT

14. SOCI,, DMF, CH,Cl,, RT
then iPryNEt, RT, 59% (2 steps)

[via Ketene]

15. [Pd(PPhj),], N,Ndimethylbarbituric acid, CH,Cl,, reflux, 94%
16. FmocCl, NaHCO3, 1,4-dioxane/H,0, RT, 97%,;

18. piperidine, DMF, RT, 96%

19.'AmONO, 6M HCI/MeOH/MeCN (3:2:2), 0°C
then SnCl,, conc. HCI, -10°C to 0°C, 77%

E R =NHFmoc
R = NHNH,

N

iAmMONO:
o~ So

Y

Al

_Allyl

NCbz

OMe

OMe

o o)
N

MsO

‘Meo ‘ R

oM

61 ©

17. MCPBA, NaHCO3, CH,Cl,, RT, 84%;

L
-

CO,Me

NHFmoc
OMe

13 Ueda, H., et al. (2009). "Total Synthesis of (+)-Haplophytine."

Angewandte Chemie International Edition 48(41): 7600-7603.
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H. Tokuyama: (+)-Haplophytine

Cl:bz
N
o) o) /\ N
N
/", L
MsO. * >
1. 50% aq H,S0,, 1,4-dioxane, 0°C, 80%
(o] CO,Et [hydrazone]
MeO' NHNH, 2. pTsOH, tBuOH, 80°C
OMe

[indolenine]

61+ 50 62 63

Y

3. benzeneseleninic anhydride, THF, reflux, 61% 4. BBr3, pentamethylbenzene, CH,Cl,, -78°C to -25°C, 67%
5. HCHO, NaBH;CN, AcOH, CH,CI,/MeOH, -78°C to RT, 55%

CO,Et [red. amination + reduction]

6. 1M NaOH, MeOH, 60°C
7. K,[Fe(CN)gl, NaHCO,, tBUOH/H,0, 0°C to RT, 70% (2 steps)

14 Ueda, H., et al. (2009). "Total Synthesis of (+)-Haplophytine.” Angewandte Chemie International Edition 48(41): 7600-7603. Universitat Konstanz



K. C. Nicolaou: (+)-Haplophytine

Me Semipinacol-type rearrangement

(+)-haplophytine

TBSO
(0)
oxidation/rearrangement

oxidative coupling A CO,TMSE

HO N
OH CO,Me

Suzuki-Miyaura coupling

6 stereocenters, 5 quaternary
Highly congested carbon-carbon bond adjoining the two halfves of the molecule
Bridged ketone structure (left)
Aspidosperma alkaloid (right)

15 Nicolaou, K. C., et al. (2009). "Total Synthesis of (+)-Haplophytine.” Angewandte Chemie International Edition 48(41): 7616-7620. Universitat Konstanz



K. C. Nicolaou: (+)-Haplophytine

HO

|
OH CO,Me

—_—
e — .

like Tokuyama
AcCl instead of MsCl

SX-NO2

instead of Vilsmeier-Haack + Henry

L
-

3. K,CO3, MeOH, 0°C, 20 min
4. Cs,CO4, BnBr, DMF, 23°C, 1 h, 70% (two steps)

5. Cs,CO3, Mel, DMF, 23°C, 12 h, 65%

L
Y

9. mCPBA, NaHCO;, CH,Cl,, -5°C, 12 h, 78%;

then 23°C, 1 h, 23%

,CO,Me

OMe

OMe

SM, Indoline (see above), PIFA, MeCN, -30°C, 36 h,

Y

6. aq. LIOH/EtOH, 23°C, 20 min

7. (COCl),, DMF (cat.), PhH, 0°C, 0.5 h
8. iPr,NEt, PhH, 0°C to 23°C, 1 h, 60% (three steps)

10. DDQ, PhH, 75°C, 12 h, 63%.

,CO,Me

OMe

OMe

2. Cs,CO,, Mel, DMF, 23°C, 2 h, 76%;

Universitat Konstanz

16 Nicolaou, K. C., et al. (2009). "Total Synthesis of (+)-Haplophytine." Angewandte Chemie International Edition 48(41): 7616-7620.



K. C. Nicolaou: (+)-Haplophytine

N _ -
Cbz (\g Cbz OTBS
J TBSO | [
N o
(e) (o] | (0]
N 75 Z Co,TMSE
BnO >
O O | 1. LiTMP, MeOBPin, THF, -100°C, 15 min 3. NaH, Mel, DMF, 23°C, 0.5 h, 87%
R=H = R=H
MeO NTTR & R -gein \ CO,TMSE N
M

eO CO,Me 2. lodide (see above), [Pd(dppf)Cl,] (0.2 equiv), MeO R 4. Tf,0, DTBMP, CH,Cl,, 23°C, 0.5 h
PhyAs, TIOEt, DMSO, 23°C, 1 h,
67% (two steps) _ _J

Y
g
o)

74

5. NaBH,, CH,Cl,/MeOH, -78°C, 2 min,
76% (two steps)

6. HF-py, THF, 23°C, 0.5 h BnO.
7.NaH, CS,, THF, 0°C t0 23°C, 1 h
CO,TMSE then Mel, 23°C, 1 h, 70% (two steps)

CO,TMSE

8. nBu,;SnH, AIBN, PhH, 85°C, 2 h, 32%

CO,TMSE

17 Nicolaou, K. C., et al. (2009). "Total Synthesis of (+)-Haplophytine.” Angewandte Chemie International Edition 48(41): 7616-7620. Universitat Konstanz




K. C. Nicolaou: (+)-Haplophytine

1. TBAF, THF, 23°C, 2 h
then K4[Fe(CN)g], NaHCO3, tBUOH/H,0,
CO,TMSE 0.5h, 71%;

2. BCl3, pentamethylbenzene, CH,Cl,, 0°C, 1 h, 58%;

f
3. TESOTH, 2,6-lutidine, CH,Cl,, 23°C, 0.5 h, 68%
4. aq. CH,0, NaBH;CN, AcOH, MeOH, 238C, 0.5 h;

5. K;[Fe(CN)g], NaHCO,, THF/tBuOH/H,0, 23°C, 15 min

6. TBAF, THF, 23°C, 0.5 h, 42% (three steps)

haplophytine

85

18 Nicolaou, K. C., et al. (2009). "Total Synthesis of (+)-Haplophytine." Angewandte Chemie International Edition 48(41): 7616-7620. Universitat Konstanz



J. K. Cha: Cyathin A3 und Cyathin B2

OMe

OMe
) o Kublinkovich cyclopropanation
Grob fragmentation —_—

Br
of cyclobutanones

MeO
OH

Pummerer

NG, m— Epoxidation/Mitsunobu
H /5
H, * OH
iPr —

RCM Br/\”/\ ~MgBr

Prins-type reaction

TFAA PhCO,H [Mitsunobu after epoxidation]

Starting material o

MeO

TfO O { °
MeO +
[Pd]/CO/MeOH Triflic anhydride EtAICI,

e
<

[

p

2 suprafacial [1,2] H shift

T

19 Kim, K. and J. K. Cha (2009). "Total Synthesis of Cyathin A3 and Cyathin B2." Angewandte Chemie International Edition 48(29): 5334-5336.

J
E§E>O/ )
\

n
Snider, B. B., et al. (1998). "Synthesis of (+)-Allocyathin B2 and (+)-Erinacine A." The Journal of Organic Chemistry 63(14): 4732-4740.
Paquette, L. A. and T. M. Heidelbaugh (1998). "Studies directed to the synthesis of the antifungal antibiotic aleurodiscal. Enantioselective construction of an advanced beta-D-xyloside congener.*
Synthesis (Stuttgart): 495-508.

Snider, B. B., et al. (1980). "Lewis acid induced conjugate addition of alkenes to .alpha.,.beta.-unsaturated ketones or aldehydes." Journal of the American Chemical Society 102(18): 5872-5880.
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J. K. Cha: Cyathin A3 und Cyathin B2

o RO o o
OMe 88
OMe Br
MeO "y "y
- . -
1. EtMgBr, Ti(OPr),, Et,0, -78°C to 0°C, 2. CH,Cl,, 2,6-lutidine, TMSCI,0°C, 1 h, "’(\Br 4. Zn dust, PrOH/water, 12h, reflux, 85% "wZ

2h, 55-75% z4j/°H ~ OMe )

. . = Pr Pr
[Kulinkovich] E R=TMS
86 87 3. Dimethylacetal, TMSOTY, TiCl,, 2,6-lutidine, 89 90

CH,Cl,, 3h, -78°C to -20°C, 78%

Br/\”/\ 92

6. Ti(OPr),, PrMgBr, Et,0, -45°C, 80%

Y
Y

5. LHMDS, p-MeOCgH,CHO, THF, -78°C, 80%

HO_ __p-MeOCH,

OH
2
7. CH,CI,, ethylene,Grubbs cat.(2nd gen), reflux, 2.3 h, 8. Thiophenol, AIBN, 100 °C, 7 h, 52%
88% [RCM] [Thiol-ene rct.]
H 9. PPhy-Br,, CH,Cl,, triethylamine, -78 °C to rt,
pr 94 2h, 52%

[Grob fragmentation of "cyclobutanones"]

Davis' reagent
[o]

AN

Ph SO,Ph cHo

Y
Y

10. K,0s0,42H,0, K3Fe(CN)g, K,CO3,
(DHQD),PHAL, Methanesulfonamide,
t-BuOH/water/CH,Cl,, 5°C, 1 week

11. Pb(OAc),, pyridine, MeOH, Pb(OAc),

13. Davis’ oxaziridine, rt, CH,Cl,, 2 h, 96%
R =SPh
R = S(O)Ph
[diastereomeric mixture]

99

0°C,1h 14. TFAA, THF, rt, 3 h, 80-95%
12. [RhCI(PPhj)], toluene, 100°C, 15 h [Pummerer]
[Wilkinson]

59% (3 steps)

20 Kim, K. and J. K. Cha (2009). "Total Synthesis of Cyathin A3 and Cyathin B2." Angewandte Chemie International Edition 48(29): 5334-5336. Universitat Konstanz



J. K. Cha: Cyathin A3 und Cyathin B2

CHO >
16. L-Selectride, THF, -78°C, 1 h
17. VO(acac),, TBHP, toluene, -40 °C to -15 °C , 3h
18. TBDPS-CI, imidazole, DMF, 0°C, rt, overnight
19. DBU, benzene, rt, 18 h, 61% (4 steps)

15. Ac,0, pyridine, DMAP, rt, 5 days
then Hg(OCOCF,),, 2 h, 70%

\J

21. TBAF, THF, rt, 2 h
22. 1.0 M solution of KOH in methanol,
THF/Methanol, , 1 h, 60%

20. PPhg, PhCO,H, DIAD, THF, 0°C, 1h, 85%
[Mitsunobu]

21 Kim, K. and J. K. Cha (2009). "Total Synthesis of Cyathin A3 and Cyathin B2." Angewandte Chemie International Edition 48(29): 5334-5336. Universitat Konstanz



M. Christmann: Englerin A

RCM

Yamaguchi esterification

acylation

Barbier

transannular epoxide opening

LiAIH,

mCPBA, CH,Cl,, 0°C to 25°C

trans,cis-nepetalactone
(catmint)

b
Y

MCPBA, CH,Cl,, 0°C to 25°C

cis,trans-nepetalactone
(catmint)

Ring contraction of a epoxylactone into a formyl lactone

Me 4 © Me , QOMe

T

22 illot, M., et al. (2009). "Total Synthesis and Absolute Configuration of the Guaiane Sesquiterpene Englerin A." Angewandte Chemie International Edition 48(48): 9105-9108. Universitat Konstanz



M. Christmann: Englerin A

Me
1. Zn, ag. NH,CI, THF, 0°C to 25°C,

3h, 93%
[Barbier]

MeO OMe

\J

3 Me 2. LiAlH,, THF, 0°C to 25°C
Me

z 14 h, 98%
OH

>
3. cat. pTSOH*H,0, CH,Cl,, 25 °C, r.t.,

1.5 h, 95%
93%, d.r. 5:1 105

Mes/N N‘Mes
_Cl
C(';/T (20 mol%)
Ys" pn
4.1BX, DMSO, r.t., 2h, 96% 5. DBU, PhMe, 25°C, 23 h??, 6. MePPh,Br, nBuLi, THF, : © 7. CH,Cl,, reflux, 36 h, 98%
70% 0°C, 1.5 h, 95% 0-+Me
110 Me
d.r. 3:1
o
Cl)J\/OTBS
113
8. aq. HCI, MeOH, 25°C, 9. pyridine, CH,Cl,, 25°C, 10. mCPBA, CH,Cl,, 0°C, 11. 55°C, CHCl3, 90%
23 h, 88% 1h,91% 2h, 90%
o]
NS
OH
117

12. 2,4,6-trichlorobenzoylchloride,
Et;N, 4-DMAP, PhMe, 80°C,
7h, 60%

[Yamaguchi esterification]

Y

13. TBAF, THF, 0°C to 25°C,
1.5h91%

23 Willot, M., et al. (2009). "Total Synthesis and Absolute Configuration of the Guaiane Sesquiterpene Englerin A." Angewandte Chemie International Edition 48(48): 9105-9108.
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S. F. Martin: Cribrostatin 6

radical cyclization

homolytic aromatic substitution

1,2 addition

H
@l{?,Me

2. CH4CN, 70°C,
92%

1. nBuli, -78° to 0°C
then TsCl, 0°C to RT,
95%

L X
4. 35 min, CH;CN, reflux

: //
alkylation | (
/ Eto’ o
+ | > —
Me >
b’ HO
N
H

Me (o]
= );( 123 Me
) EtO o =
3. nBuLi, THF, -78°C o EtO

[:;}‘Me

then addition of squaric acid derivative,

78°C 10 0°C
122 62%

o OH

Me Me

EtO . C»’Me EtO N‘),Me
OH N OH \ T\/l
126 127
??!

5. Pd/C, 80°C, 4h, 26% (2 steps)
[dehydrogenation]

\j

o}
Me N
EtO { N»,Me
o} N
128

24 Knueppel, D. and S. F. Martin (2009). "Total Synthesis of Cribrostatin 6." Angewandte Chemie International Edition 48(14): 2569-2571.
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J. Mulzer: Kendomycin

Photo-Fries-Route

"o
I

TBDPSO

(o]
L
Bn (o]

N
S 9
Intermediate o o

29 linear steps

[o)
) OMe

RCM-Route

low yields, undesired 13,14-Z-olefin
/ OH
7

‘n,, 2 o
= HO
.\‘\\
=
[e} 23 linear steps
MOMO
| =
o)\/%o OMe
Intermediate
hindered rotation

25  Magauer, T., et al. (2009). "Total Synthesis of the Antibiotic Kendomycin by Macrocyclization using Photo-Fries Rearrangement and Ring-Closing Metathesis.* Universitat Konstanz
Angewandte Chemie International Edition 48(33): 6032-6036.



J. Mulzer: Kendomycin

0 N OH

o - s

Zaa) T TBDPSO ~ o

1. LHMDS,HMPA,TBSCI, -78°C to reflux
[Claisen-Ireland]
TBDPSO 2. LIAIH,, Et,0, 0°C, 84% (d.r. 4:1, 2 steps)
OMe MOMO OMe
OMOM
129 130

h

3. EDCI, DMAP, DMAP*HCI,CHClIj, reflux, 20 h, 55%
[Boden-Keck conditions]

[Photo-Fries]

HO  ome O OMe OMe

5, NaBH4, MeOH, RT, then 0.5 M HCI
6. TsOH, toluene, 60°C, 71% (2 steps)

OMe

Intermediate

134

26 Magauer, T., et al. (2009). "Total Synthesis of the Antibiotic Kendomycin by Macrocyclization using Photo-Fries Rearrangement and Ring-Closing Metathesis.* Universitat Konstanz
Angewandte Chemie International Edition 48(33): 6032-6036.



J. Mulzer: Kendomycin

ph Ph

0 o\% 0
% T
oS¢ ©

OH
N P Ph z
/\/\MgBr

\‘\\\
- /i

1. Et;,0, -78°C, 52%, d.r. 50:1, 86% ee

4, .
1, p ’ z o
o

2. DMAP, EDCI, CH,Cl,, RT, 81% =
[Duthaler-Hafner-crotylation] =

135 oL 136

137 MOMO
~
XA Ticp)L

le)

OMe

’ o
3. LHMDS,HMPA, THF,TBSCI, -78°C to RT, DMFmicrowave irradiation (180°C, 10 min)
[Claisen-Ireland]

4. LiAlH4, Et;0, 0°C, 89% (d.r. 4:1, 2 steps)

138

OMe

Y

5. MsCl, CH,Cl,, 0°C
6. LiAH4, Et,0, 0°C, 89% (2 steps)

OMe
140 141

«

Grubbs Il catalyst (20mol%), CH,Cls, reflux, 16 h, 62%, E only!

9, Ny(COOK),, ACOH, CH,Cly, 40 h, reflux, 60%
10. 3 M HCI, MeOH, RT, 96%

OMe
142

Intermediate

134
27 Magauer, T., et al. (2009). "Total Synthesis of the Antibiotic Kendomycin by Macrocyclization using Photo-Fries Rearrangement and Ring-Closing Metathesis.”
Angewandte Chemie International Edition 48(33): 6032-6036.
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J. Mulzer: Kendomycin

>
1. TESOT(, EtzN, CH,Cl,, 0°C, 82%
2.1BX, DMF, RT, 24 h
3.0.1 M, HF, MeCN, RT, 30% (2 steps)

OMe

Intermediate

134 143

28  Magauer, T., et al. (2009). "Total Synthesis of the Antibiotic Kendomycin by Macrocyclization using Photo-Fries Rearrangement and Ring-Closing Metathesis.* Universitat Konstanz
Angewandte Chemie International Edition 48(33): 6032-6036.



K. C. Nicolaou: Hirsutellone B

Ramberg-Bécklund

Grignard addition ~ amide formation/ Stille coupling
epimerization/
hemiaminal
formation
0 Et Al'Et
9, —Al OH M
= CO,Me 00, H Iy CO,Me
> S A~ co,Me —_—
. _ 2
Me" 1. ELAICI, CH,Cl,, -78°C to 25°C, 12 h, 50% - B N
N N [epoxide opening/ Diels-Alder cascade] Me* R HH
™S < y’\\ f\\ N s Me
144 - 145 146 - 147

Synthetically challenging:

13-membered strained p-cyclophane

29 Nicolaou, K. C., et al. (2009). "Total Synthesis of Hirsutellone B." Angewandte Chemie 121(37): 7002-7006. Universitat Konstanz



K. C. Nicolaou: Hirsutellone B

etherification

L
Y

¥
benzylic oxidation

SAc

Y

2. NaOMe, MeOH/THF, 25°C, 36 h
3. aq 35% H,0,, Na,WO,, THF/MeOH, 0°C to 25°C, 2h, 79% (2 steps)

dihydroxylation...

1. Znl,, AcSH, CH,Cl,, 25°C, 6 h, 68%

SAc SAc SAc

@/
H

Y

4. CF,Br,, KOH/AI,05, CH,Cl,/tBUOH, =°C to 25°C, 2h
5. LHMDS, NCCO,Me, THF, -78°C to -50°C, 0.5 h, 61% (2 steps)
[Ramberg-Backlund]

30 Nicolaou, K. C., et al. (2009). "Total Synthesis of Hirsutellone B." Angewandte Chemie 121(37): 7002-7006. Universitat Konstanz



O. Baudoin: Coralydine

Me
MeO
N
MeO
161 OMe
OMe
(o]
1
o-bq 158
N3
Me OTBS
MeO.
Me Me SN
MeO. DPPA MeO.
CO,Me > NH, > 1160
e
1. NaOH, MeOH/H,0, reflux, 90% 3. CH,Cl,, 20°C, then DMF, 160°C, 52% O
MeO 2. DPPA, Et;N, toluene, reflux, MeO OMe
then aq. HCI, 80°C, 69%;
157 [Curtius rearrangement] 158 159 OMe
Me OTBS Me
MeO. MeO.
X 9@
> MeO > MeO
4. NaBH,, MeOH, 20°C (d.r.=6:1), 68% 5. nBuyNF, THF, 20°C, 86%
OMe 6. HBF,, then PPh;, DIAD, THF, reflux, 63% OMe
160 OMe 161 OMe
Alternative for Bischler Napieralski
R, R, R, R,
CO,Me R, R,
| a Me > X CO,Me > X NH,
P 1. Pd(OAc), (10 mol%), P(tBu); (20 mol%), I P 2. NaOH, MeOH/H,0, reflux | P
Br K,CO,, DMF, 140°C, 72-80% 3. diphenylphosphorylazide, Et;N, toluene, reflux, then aq. HCI, 80°C;
- [Curtius]
[Pd® catalysed C-H activation]
162 163 164
A - - R,= CF3;,0Me, H
2
V4 =
_ I\\ \ _ \,/lN : I\\ Ny R,= Me, nPr
4. ArCHO, MgSOQ,, CH,Cl,, reflux — >—H 5. DMF, 160°C [6TT-electrocyclization] -
Ar electrocyclic ring-opening XX kAr 53-73% Z Ar A r S u b St .
Dihydroisoquinolines
Precursor for Ph y pyr, fU ran
165 166 Isoquinolines/ 167

tetrahydroisoquinolines

Subst.: CF3, Cl

31 Chaumontet, M., et al. (2009). "Synthesis of 3,4-Dihydroisoquinolines by a C(sp3)H Activation/Electrocyclization Strategy: Total Synthesis of Coralydine.”

Angewandte Chemie International Edition 48(1): 179-182.
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L.-Z. Gong: Asymmetric catalytic Darzens reaction

H 0
- d
= {“"CONHPh — > \\‘Aw,/o
R N + R
2
NHPh
o}
> WAY
R “CONHPh
170

(o]

o
H}\ (0] chiral LA 0
NHAr * > A
I HJ\R R CONHAr
N>
Proposed reaction mechanism:
H (R)-binol/Ti(OiPr), H TLAl~~o
R O. (LA%) R O.
ArHN LAY 5 PhHN LA e
H % H
o
”)LNHPh
N,
Scope' (R)-binol/Ti(OiPr), (10 mol%)
(o] o (LA¥)
CH,Cl,, M.S. (4A), 0°C
o, K
| H” R R; = Ph
2
N2 R, = Ph, Ph-R, pyr, styrene, vinyl, ynals
168 169 Yields: 65%-95%
ee: 88%-99%
(o] (o]
VAN

NC R
\©\ CONHPh

Yield: 95%, ee: 99%
171

(o]

/\
\I\“ “CONHPh

Yield: 62%, ee: 98%

174

“’CONHPh

AN
S
o

Yield: 81%, ee: 97%
172

o}

2
CsH11/

Yield: 66%, ee: 88%

v ‘s,
/©/\\‘ ‘CONHPh
O,N

Yield: 52%, ee: 95%
173

\“A"/
P CONHPh

175

32 Liu, W.-J., et al. (2009). "An Asymmetric Catalytic Darzens Reaction between Diazoacetamides and Aldehydes Generates cis-Glycidic Amides with High Enantiomeric Purity.”

Angewandte Chemie 121(35): 6625-6628.

Universitat Konstanz



C.-M. Che: Multiply substituted Indolines/ Tetrahydroquinolines
by Pt(ll) catalysed Tandem reaction

R3 R3 R6
R3 R! o o R3 -1 RS
N K,PtCl, (1 mol%), 4A M.S.,
§ ' R4JH/U\R6 MeOH, 40-65°C =
eOH, 40-65° 4
\\ R® n=1,2 l}l =
R2 ’ R! R2
Proposed reaction mechanism:
o} o]
RG
1 — OH OH
H’ pt! & o RS R4 R® ) R
— —_— ‘__‘
\ r}l K,\ OIH ¥ A
X 176 R! N* N
R* h1 h1
177 178 179
?7?! L -
pt! \HZO -H,0 +H,0
RS HO RS [ -0 R® ]

0:<_>
z
\
= py)
© =
w
p)
'S
zZz
o
A I
'S
3
(@)
A I
'S

N N*
\ H,O \
R’ R’ R?
182 181 180
33 Liu, X.-Y. and C.-M. Che (2009). "Highly Efficient and Regioselective Platinum(ll)-Catalyzed Tandem Synthesis of Multiply Substituted Indolines and Tetrahydroquinolines.* Universitat Konstanz

Angewandte Chemie International Edition 48(13): 2367-2371.



C.-M. Che: Multiply substituted Indolines/ Tetrahydroquinolines
by Pt(Il) catalysed Tandem reaction

Scope:
OPh
N ot
N
N M
A Yield: 99% O
184 N o o
N
PhO |:> Q /\@ FiC J\)k@\
N CFs3 Yield: 94% cl
b (13:1)
N
%
Yield: 51%
MeO
(o] [o]
N
Q
C@O >0
Yield: 90%
0@ : o
N
H/\©\ )J\/U\
(¢]]
Yield: 99%
Cl
186
34 iy, X.-Y. and C.-M. Che (2009). "Highly Efficient and Regioselective Platinum(ll)-Catalyzed Tandem Synthesis of Multiply Substituted Indolines and Tetrahydroquinolines.* Universitat Konstanz

Angewandte Chemie International Edition 48(13): 2367-2371.
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