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Solanoeclepin A-combating hunger
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Potato cyst nematodes Cyst nematodes Potatoes affected by
on potato’s root Cyst nematodes

* Cyst nematodes are parasites that live on and destroy plants such as soybeans, potatoes
* Damage caused by cyst nematodes are worldwide. (> 50 countries reported)

* Mechanisms have been figured out and Chemists were needed.

Tanino K, Miyashita M etc. Nat. Chem. 3:484



Total Synthesis of Solanoeclepin A

d - Coupling
- : CO,H reaction 4 CO,H
< Q'> Stereoselective
o = Simmons—Smith
CO-H Intramolecular ¢ N_i reaction
Glycinoeclepin A (1) Diels—Alder __ 0 Base-induced
reaction ey Q O:H intramolecular
e e
Isolation: 1) Masamune, T. s . cyelization
olanoeclepin A (2)
Nature 1982, 297, 495.
2) Masamune, T. J. Chem. Isolation: 1) Mulder, J. G., CT Int. Appl. WO 93
Soc. Chem. Commun. 1985, 02 083 (1992) (Chem. Abstr. 118, 185844z).
222. 2) Schenk, H. et al. Croat. Chem. Acta 72, 593—-
50 ug out of 113 kg 606 (1999).
dry roots of kidney bean

e Agricultural chemicals and nematicides kill plants as well.

e Hatching stimulation could be an alternative.

e Four hatching stages, stage Il are root infectious and detrimental.
e Spreading stimulus over potato files after harvest.



Total Synthesis of Solanoeclepin A

. ON . CN _ CN  TBHP _ CN
LS Me,Al 1) DBU, CH,CI, Ti(Oi-Pr), : TMSOTf
mCPBA Al(OTf), 67% for 3 steps MS4A 2,6-lutidine
—_ O > _— =
CH,Cl, (CH,CI), - 2) CH,=CHMgBr ‘o CH,Cl, Y 0H (CHLCI),
AcO AcO AcO 1 O CeCly, THF ~  92% N thenHF-Py 5 X 'O
96% 97%
3 4 5 6 7 8
1) DIBAL, THF CO,Et
2) TBSOTH, 2,6-Iutidine . CN TBSO_ CN
CH,CI, s LDA then : 1) DIBAL, THF
93% for 2 steps _ TBSCI, HMPA 1) DIBAL, CH,Cl, 100% R
3) mCPBA, (CH,CI), THF : ! 2) (Et0),P(O)CH,CO,Et A 2 5 .CONMe,
(S)-epoxide 9 74% 150 OTBS 99% TBSO OTBS NaH, THF : - A
(R)-epoxide 9' 14% 0 06%for 2steps  TBSO  OTBS BB
9 10 11 CONMe,
Et,Zn, CH,l,, CH,Cl,
H, CH,OH H, CH,OBn 100% (dr = 94:6)
TBSO_ 7 T ou 1) HF+Py, THF : 3, 1)BOMCI DIPEA
H 1) NaH, BnBr 1) 0-NO,C¢H,SeCN g 2) TBSCI, imidazole : TBAI, CH,Cl,
TBAI, DMF BusP, THF DMF . 99% N
- 3 2) TBAF, THF 3 2) H,0,, THF - - 3) DMP, CH,Cl, . 2) t-BuOCH(NMe,),
TBSO OTBS 75% for 2 steps TBSO OTBS  88% for 2 steps  TBSO OTBS 4) HF+Py, THF o) OH DMF
12 13 14 86% for 4 steps 15
H, CH,OBn
Tf,0
2,6-(t-Bu),Py
CH,Cl,

0 OBOM 92% for 2 steps




Total Synthesis of Solanoeclepin A

H, CH,OBn
MeO 8 W _
e /A - OTMS :
O HO 1) PPTS TMSO ' Bu,SnF
47 Bl ; DMF, H,0 y PdCL,[P(o-tol);], = MeO
> MeO - > MeO - -
THF 2 2) TMSCI - DMF
OBOM i idazole, DMF o) otf OBOM 449,
™S 94% for 3 steps
18 19
" 1) CH,CO,H, H,0 %
: 3o, Mo - 1)SeO
Me,AIClI 62% for 2 steps ) 2

1,4-dioxane, H,O

2) Cu(OAc), o
MeOH
74% for 2 steps

—_— s >
diethyl ether 2) DMP, CH,ClI,
Me O

90%

DIBAL IBX
—_— R
toluene CH,CI,

DMSO

43% for 2 steps QO




Total Synthesis of Solanoeclepin A

1) OsO,, pyridine T %
t-BuOH :

TMSCI 45% (68% based HO TMSCI
07 imidazole on recovered 28) ! imidazole
. > = >
DMF 2) NalO,, CH;CN OBOM . DMF
90% o) 70% for 2 steps
OMe
29
CH,OH
TMSCI
H, imidazole
Pd(OH), DMF
then aq. THF B B
THF a ™ OTMs ™ OTMs

88% for 3 steps

TMSO

NaClO,, NaH,P04

2-methyl-2-butene B 3 M HCI
> OTMS >
t-BuOH, H,0 CH3CO,H, H,0
63%

97% for 2 steps

35 Solanoeclepin A (2)



Total synthesis of solanoeclepin A

* First total synthesis of solanoeclepin A
achieved in 0.18% vyield and 52 steps from 3-
Me cyclohexenone. (average yield 88.6%)

 The synthetic sample is only 65% as effective
indicate a cofactor maybe responsible for
hatching stimulation.



Conolidine-fighting chronic pain

a HO_ N MeO MeO
I
=
O{ N-Me 0, O,’
_ H
HO™ o) o)
Morphine Hydrocodone Oxycodone

Common opioid analgesics morphine, hydrocodone and oxycodone. Although extremely effective,
well-known side effects are obvious such as addiction, depression, nausea and constipation

N5 N~5
Hlj He? R
Me HO
1 2 3
Conolidine Pericine Stemmadenine
(R=CO,Me)

Conolidine, are rare alkaloids derived from plants used in traditional Chinese medicine.
Conolidine itself can be isolated in just 0.00014% yield from the stem bark of T. divaricata.

1) Kam, T.-S., Pand, H.-S., Choo, Y.-M. & Komiyama, K Chem. Biodivers. 1, 646 (2004).



Synthetic design and total synthesis

Excision of C5 l
(1) Hy0,
> —_—
(2) (CF;C0),0,-5°C
then dilute NaOH
3 4 5
H
N IIDMB
20 15 N /N
197 — HO, I — HO. s |
MeH M9
Me Me
6 7 (S)-8 9

Conolidine

Bohn L. M.; Micalizio G. C. etc. Nature Chemistry, 2011, 3, 449.



Total synthesis of conolidine

FI’MB IIDMB FI’MB
N N (1) KH, BuzSnCH,l N N (1) 10, Dess-Martin
~ | PMBCI, DCE, reflux THF 20 periodinane, DCM/H,O
HO N > HO ) > *  Me o~ >
then, NaBH,, MeOH (2) n-BuLi, THF 197 (2) 12, THF
9 76%
Me 57% Me o Me o OH Li—(’t@
9 8 10 (Ez=12:11) 11 N
PhO,s 12
PMB
I H
N N
(1) Na(Hg) amalgam CF.CO =
F H, then NN
~ 7 (2) MnO,, DCM . y ) L /J
Me N (3) ACE-CI, DCE, e 4 (CH,0),, CHCN  [He P i &6 N
HO | 84°C o N 80°0 M
PhO,S (43% over 5 steps) H 9592 1
13 7 (x)-Conolidine
9 steps 9-steps from 9
18% overall y|e|d 18% overall yield
PMB PMB
| (£)-8 |
N N
HO ~ - _ > HO, Relative potencies (ED.,, mg kg™")
'Arlnanci I'tp‘?se PS Drug Phase 1 Phase 2
Me e e Me (—)-Conolidine sulfate 5.6 (4.0-7.8) 6.0 (3.7-9.7)
. sieves, 18h .
40%° 39% Morphine sulfate 4.6 (3.3-6.4) 2.4 (1.7-3.2)

(292% e.e.) (292% e.e.)



Loline alkoilds-new bottle with old wine

O- O- e Loline has been known over 100 years
N N e Heterocyclic structure

e No specific bioactivity reported

e Two total synthesis reported

Temuline (2) N-acetyl

(norloline) norloline (3)
@) H @) N
T m CL 1 NHAc Introduction: Ideal synthesis (Baran)
N

O- O~ N \,\]T > Atom-economic (Trost, 1991)

N N >~  » Step-economic (Wender, 2009)

O- » Protecting group free (Baran, 2007)

N-formyl N-senecioyl Lolidine (6) N » Redox-economic (Baran, 2009)
loline (4) norloline (5)

Cakmak, M.; Mayer, P.; Trauner, D. Nat. Chem. 2011, 3, 543.



An efficient synthesis of loline alkloid

a /\/\ °
o o g NPHZNECI on OH soci Io
H 9 i-Pr,NEt : N
W _>SAE W 2 . \/Y\N/\/\ G_»rubbs I —»Et N2 (j: :SO
Ref. 22 O - CbzCl, Na,CO, OH Cbz (86%) \ “'OH 993<y N O
7 8 (75%) 10 / P
99% e.e. cbz ‘1
N
= _N 5 oW N CLouNs K2CO4 i
LiNg 3 Bry MeOH d§ oy LiCl—> NaOH t@ oy towave
(83%) . OH (97%—’) H+ (86%) N (91%)
Br~
/
Cbz 44 14 15 16
b HO ¢
NH, H,. Pd-C, NHBoc NHMe
2
o_ H2’ Pd-C BOCZO O_
N (90%) 93% (96% (81 %)
Temuline (2) 16 Loline (1 N-formyl loline (4)
(norloline) X-ray crystal

structure of 14

10 steps
One protecting group




DOS as a reaction discovery approach

O

M(OTf),
< amine
HO\ - o —_—
MeO DTBMP
toluene
2 60 °C
Entry Amine M(OT¥),, Reaction % yield Entry Amine M(OTY),, Reaction % yield
(reaction time 5:6 (reaction time 5:6
conditions) conditions)
1 La(OTF)3 7h 913 6 La(OTH)% 20h 62:25
MeOONHz @ Zn(OTh; 29h 9:76 Me0~©—\ Zn(OTf)} 60 h 0:57
NH: @ MgoTHS  16h 13:82
MeO
2 La(OTf)3 3h 84:0 7 La(OTf)% 24h 66:32
oo - Zn(OT),  24h 6:80 ALY Zn(OTH,  60h 02
° > (b) Mg(OTHS  36h 1874
MeO
3 La(OTf)3 29 h 89:2 8 o La(OTf)% 20h 49:20
QNHZ © Zn(OTH,  29h 8:65 7NN, () Zn(OTH);,  60h 0111
Mg(OTf);  20h 12:37
4 La(OTf);  36h 87:0 9 / La(OTf)}
F@—NHz @  ZnOTH; 29h 10:88 MeO—Q—NH @  R=PMP
7 (74%)
5 La(OTH)3 4d 400 10 N La(OTH)3
Fsc—QNHz @ ZnOTh; 48 h 10:61 Ho ) R=Bn
8 (75%)

*La(OTf)5 (10 mol%), DTBMP (60 mol%), amine (1.1 equiv.). 'i'Zn(OTf)z (10 mol%), DTBMP (60 mol%), amine (1.1 equiv.). *La(OTf)3 (50 mol%), DTBMP (1.5 equiv.), amine (2.0 equiv.). *Mg(OTf),
(50 mol%), DTBMP (1.5 equiv.), amine (2.0 equiv.). DTBMP, 2,6-di-tert-butyl-4-methylpyridine; PMP, p-methoxyaniline.

Porco, J. A.; Snyder, J. K. etc. Nat. Chem. 2011, 3, 969.



[3,3,1]nonane-triones-classical chemistry rules
trans 1 "7 77Tt TTTomsssm-----q Thiswork froommmmmmmmmmmmmmmmmmo

No synthesis reported

Total synthesis reported

| ! cis
1 (e :
o) : | o]
: : i
O R 7 : 0 . R3
() 1 O \ I
s O R ! O
it . I Ph™ HO ~ ! ; 1
R R2 : ' R R
HO | ! HO R2
I
I HO - . I
. Oblongifolin A (1) Hyperibone L (3) .
No synthesis reported : o o : No synthesis reported
“““““““““““ Inhibition of tubulin assembly Inhibition of human tumour cell replicaton -~~~ -~~~ ~-~-~-~-=~-=~~=-
l
O : )
|
N | |
| RS
m
2 © A : o)
IE © ' )
Ph™ HO S : ) F
I R4 HO R 7
Hyperpapuanone (4) : )
No synthesis reported epi-Clusianone (2) * Selected antimicrobial activity against : Total synthesis reported
Bacillus cereus |
_____________________ * Anti-HIV activity Staphylococcus epidermidis o
7« Low cytotoxicity Micrococcus luteus :
I * Inhibition of human tumour cell replication | o
O I« Antispasmodic activity 0 I
R3 |« Vascorelaxant activity |
I * Antianaphylactic activity I
< o 7 : » Selected antimicrobial activity against: :
- 0 ;o Leishmania amazonensis (leishmaniasis) |
= R I Staphylococcus aureus I R
R* | Staphylococcus mutans (dental caries) | )
HO R? I Trypanosoma cruzi (Chagas disease) I R* 7
l l
| I
I I

Nicole Biber, Katrin Mows, Bernd Plietker Nature Chemistry 2011, 3, 938.



Retrosynthetic analysis-classical chemistry rules

0]

A 0
T
)
p
N
o

(6] (0]
)J\/U\ Ry
D RN
Vi \\\ R3
, \\ N o 7
,/.’ \\\\ R1
o-Methylenation \\\\ I
. R2
Allylation 1o HO
; Framework 1 I
" : construction Dieékmann
0 .‘ ; - . condensation
11

v decoration
\ \\
‘M

Rt Vv
Michael addition—
Knoevenagel condensation
Alkylation

~ - -

Rodeschini, V., Ahmad, N. M. & Simpkins, N. S. Org. Lett. 2006 8, 5283.



. o ; 0

O O o O O o
Meo)‘\iji‘\we Meo%we

Rib 9 Ria 10
iii, iv l 59% over two steps ii, iv l 62% over two steps iii, iv l 63% over two steps
R2a = ‘?,?/\)\
O 522 O (0] O o2 O O O 522 O (@)
R R R
)l'h, )l":. )l"'.
MeO ) MeO ) MeO )
R% = Me
R 11 R'a 12 U RWa3
Y l 95% v l 97% v l 96%

| UoljeolyisIang

¢ uoneodyisianQg



6% overall yield

4
21% overall yield

22% overall yield

22% overall yield

14% overall yield

€ uonesyISIanQg

t UolesyIsIeAIq



Summary

e 5 publications in 2011 (multi-targets wl <10
steps, single target shd biological test)



Enantioselective synthesis of taxanes-scale it up

a  Retrosynthetic analysis of Taxol by an 'oxidase phase pyramid'

AcO O HO O Higher [O] state

OH Same OH
[O] state A
<:> HOw ‘Level 11
O 3
'Level 9'
1 2 4
Taxol Taxol [O] state Level 7
BzHN (¢} (="level 11" 5
_ : 'Level 6'
R Ph - Me Me
2 'Oxidase phase pyramid' C: Shapiro/aldol/ Me
oH Diels—Alder / \ Me ‘
b Representative taxanes of varying [O] state H % o NMe
20

D: later-stage
1,4-addition at Me

X __ ~“Me
'Taxadlenone 14 2/3
o
2-acetoxybrevifoliol [O] state ~ Taxinine E or J [O] state Yunnanxane [O] state 19 21
(="level 9") (="level 7') (="level 6") X =HorR3Si

¢ Di . . . . Figure 4 | Initial synthetic investigations towards the synthesis of
isconnection of 'taxadienone’ (6) ) ) i

MegAl taxadienone (6). Disconnection A: an RCM approach would require many

more steps in building the taxane framework. Disconnection B: the required

aldol closure simply did not proceed. Disconnection C: a Shapiro reaction,

followed by aldol and Diels-Alder reactions, is strategically similar to the

successful synthetic route, but the stereochemistry at C8 could not be set

" Meon ! (+)-6 (+)7 stereoselectively. Disconnection D: conjugate addition at C8 to install the
.SC;T:E)Tgmponen conping 'T(axalldiefrif;e' Taxadiene methy! unit did not proceed, because only the undesired conjugate addition
= 'level 4' (="level 2')

* Enantioselective
* Minimizes concession steps

onto C14 occurred.

Mendoza, A.; Ishihara, Y.; Baran, P. S. Nat. Chem. 2012, 4, 21



Me Me
O Ph Me Me
a. CHBr3, ‘BuOK; then o )=Me Y
Me.  Me  pnNMe, 150°c  Me . BT P=N Me
) ( > 7/ \ 0 >----Me Me
Me Me (67%) Me Ph o
Me Me Me
8 (commercial) 10 (known) (+)-13 (+)-15
b. *BuLi, TMSCI, c. MezAl (1.4 equiv.),
CuBry*SMe; Me CuTC (2 mol%), Me M
O a'’. vinylmagnesium Z ligand 13 (4 mol%), °
bromide (see ref. 45) 7 N\ Me then THF, TMSCI 7/ \ Me g
(75%) (86%) Me (89%, 93% e.e.) Me
OFEt O [decagram scale] O [gram scale] OTMS
9 (commercial) 11 (known) 12 (-)-14
d. Acrolein (20 equiv.),
Gd(OTf)3 (10 mol%),
1:10:4 H,O/EtOH/PhMe;
then Jones' reagent (85%)
[gram scale]
Me
f. PhNTf,, KHMDS; e. BF3°OEty,
CHJCl,

g. Me,Zn, Pd(PPhs)s

<

(47% (+)17

(84%, two steps)

H Me [gram scale] + 29% undesired
O diastereomer) . O
16 (2:1 d.r., mixture of
(+)-6 (+)-17 (>99:1 d.r. at C1)  [gram scale] isomers, major

) H ) .
Taxadienone diastereomer shown)

b. KH, AcCl (89%)
c. Na, 'BuOH (82%)

[gram scale]

First lab-prepared 7 (>1g)
7 steps for 6 in 18% vyield
10 steps for 7

L
ol

H
o) Me

>1 g of (+)-7
(+)-6 has been
'Taxadienone' prepared to date Taxadiene




Marinomycin A-macrolide not my favorite

OH TBS(? OMOM /L

Ester

formation

formation

Cross Olefination
metathesis

HO

Marinomycin A (1)

Potent MRSA and VREF antibiotic (0.13 uM) 6
Isolate from marine actinomycete near La Jolla Nicolaou, K. C. et al. J. Am. Chem. Soc. 2007 129, 1760.

TBSO  OMOM

X

/L NaH, DME /'\

TBSO  OMOM 0~ "o Et0,CCH,P(O)(OEt), TBSO  OMOM 0~ ~o

L
’

4 Cat. Hoveyda-Grubbs Il

.
Y

CHCly, 40 °C o 0°CtoRT
J\ 80% 63% 20a/20% 20b
MOMO 19 MOMO

1. n-BuLi, p-MeOCgH4SH, 1 2
R'=CO,Et, R“=H
\)\/k/”\ 0°C,to RT 20a 2

2. m-CPBA, -78 °C to RT
50% 20a / 38% 20b

o) O\A (2 steps)
MeO

MeO~;3 I~ /L 1. DIBAL-H, CH,Cl,, -78 °C
1 (0]
21

20b R'=H, R? = CO,Et

TBSO OMOM (6] 2. TPAP, NMO, 4A MS, CH,Cl,, RT
\/\/\ 0

0
o ] : W 3.6, NaHMDS, THF, ~78 °C
88% (3 steps)
MOMO o o)<




Vmax = 1,732 cm™

TBSO OMOM

At

MOMO

Vmax = 1,655 cm™!

1. TBAF, NH4F

THF RT _H O|\/|O|\/|
2. NaHMDS

TMSE-OH

THF, 0°c MOMO OTMSE

81% (2 steps)

MOMO  OTBS

-

OMOM

//\%4%\//

TMSEO,C

=z

23

HO
:
0”0

OH

H

OH OH

Marinomycin A (1)

OMOM
=
/\/A)\_I/Y\\/Y\j, Mom-ci MOMO i NN

22, NaHMDS, then 21
THF, 0°C

82%

OMOM

NMVYJ

I-PrgNEt MOMO OTBS
: OMOM
CHZCIZ, 0°C :
=z /\/\/
94%
MOMO TMSEO,C
24 OMOM
1. TBAF, NH4F, THF, RT
34% (2 steps) 2. 2-bromo-1-ethylpyridinium
tetrafluoroborate
NaHCO3, CH,Cly, RT
OMOM
MgBr2 momo /VA)\_(\‘/\\/YJ
n-BuSH oMb
O
= OMOM
CH3N02 H
OH Et,0, RT

619
& MOMO

P. A. Evans et al. Nat. Chem. 2007 129, 1760.

OMOM



Strained terpene synthesis-Tail-to-Head cyclization

a Head-to-tail polycyclization

+
+
H \/N/\ R X
n or [O]
then HT

“]* Non-stop: complete
charge propagation

* Reproducible in
bulk solvent

Polyisoprenes * Extensively studied

_| and used in synthesis

Albicanol Aplysin-20

b Tail-to-head polycyclization
°* Non-stop: complete
charge propagation

—OPP
Pz H — |t _ H [* Never reproduced in
PPO bulk solvent

J° Under-explored

Polyisoprenyl =
diphosphates Tal@ ---------- > Head

H
B-Funebrene (1a) Cumacrene (2) Taxa-4,11-diene

S. V. Pronin, R. A. Shenvi Nat. Chem. 2012 4, 915.



a Previous observations

= = Z
HO
Farnesol (ref. 20)
or
Nerolidol (ref. 23) Mono-. bi- and
tricyclic
AN 7 7 sesquiterpenes
OH Coulombic attraction, 3: Bisabolenes Non-selective (see traces A-C,
rapid E1 elimination reprotonation Fig. 3)

b Immobilized anion to allow full charge propagation

Aspartate-rich
motif

Four steps
Multlgram M
scale
(42% overall)

5: Cyclase active site: 6: Frustrated Coulombics: 7: Epoxy nerolidol mimic
anion immobilization no E1 elimination? (farnesene oxide)

Figure 2 | Mechanistic comparisons of bulk solvent and cyclase active sites. a, Bransted acid cyclization leads to an ion pair that rapidly undergoes Sy
elimination if cyclization is disfavoured. b, Cyclase active sites sequester the pyrophosphate anion, a strategy that could be mimicked in bulk solvent by
non-dissociating ligands on a Lewis acid.

S. V. Pronin, R. A. Shenvi Nat. Chem. 2012 4, 915.



Lewis acid

(0] —_—
X Z Z Solvent,
temperature
7 8-10
+ C6-C7
MeAICly, H hydride :
MeAICI = Shift Identical
7 ——— —_— + —/, to7(S)
CH,Cl,, L;AI0 pathway
—78°C
6(S)-Bisabolyl cation 7(R)-Homobisabolyl cation
C6-C7
hydride
shift
Hydride
"H  Cc-Cbond "H C—C bond C—C bond transfer
H €<—— H B _— —_—
G -
L3AIO + L;AIO L3AIO L A_IO
3
a-Acorenyl cation 7(S)-Homobisaboly! cation B-Acorenyl cation
Elimination
or 51;2 bond, Hydride
i i hift
hydride shift hydride shift shi
H
- H 2,4-DNP, ' 2,4-DNP, y—~H
MgSO4 MgSO4
H + H - + /i
— H CH2C|2 CH,Cl, H & H
H
OH CHO CHO CHO
8a 9a 10a 11a




a Total syntheses of p-funebrenes and p-cedrenes

a. n-BulLi,
| TMEDA, THF )(acac),
HO HO\)\/\)\/\/k \Q\/\)\/\)\
Et,0, 25 °C; TBHP, PhH
Methyallyl geranyl-Br (89%)
alcohol 52%
(52%) c. (CICO),,
DMSO, Et3N 90%. 2 st
d. HsCPPh,Br, (90%, 2 steps)
NaHMDS
H i ) e. MeAICly/
H H f. LiAIH,4 Me,AICI o
H - <
g. ArSeCN, (28% aldehydes X Z Z
BusP; H,0, + 16% alcohols)
(78%) 7
(B-Funebrenes) (B-Cedrenes) (2.0:1.0
1a,b 20a,b 20a,b:1a,b) 9,10
b Total syntheses of cumacrene and dunnienoic acids
a. PhSeCl,
NCS O c. LDA, TMSCI OTMS
A ——— )]\/\)\/\)% ™S i /‘\/\)\/\/L%, ™S
acetone ) TisLi, cul, -~ Z Z s
HMPA
(65%, 2 steps) 23: E/Z=1:1 24: E/IZ=1:1
d. NBS;
(73%, 2 steps) vinyl-MgBr,
HMPA
h. MsCl, Et3N;
then LAH
(67%)
e. EtAICI,
© TMS
i TEMPO (40%) X = e
N8C|02,
NaClO
CO,H
17:R=0OH
) f. TBSCI
22: Dunnienoic | 2: Cumacrene (63%) 25'R = OTBS‘—_I 16: E/Z =11
acids 17 R = OH | g. TBAF




Summary

e 5 publications in 2011 (multi-targets wl <10
steps, single target shd biological test)

e 4 publicationsin 2012 (old TMs play efficiency;
simple TMs play concept; bioactivity unness. )



. Tatanans A-C-enoug

Me

Tatanan A (1)

13 steps for Ain 13% yield
12 steps for B (4% yield) & C
(8% yield)

Extensive biological study
proved no antidiabetic activity Tatanan C (3)

Retro OMe

[3,3]-sigmatropic [3,3]-sigmatropic

transposition transposition

—

MeO

Xiao, Q. Zakarian, A. et. al. Nat. Chem. 2013, 5, 410.



Synthesis of tantanans A

Ph
b OMe H™" Ph
0 OMe
OMe N. B o
1. TiCly, Et3N \
MeO 2. MsCl, Et3N; BH3+ Me,S CH3CH,COCI
0% DBU THF, 10 °C MeO Py, 0°C
70% 98% 99%

MeO o MeO ce. 93% MeO O oH
MeO OMe MeO MeO OMe

1. Hy, Pd-CaCO3-Pb, MeOH
2. PPhg, |2, ImH, CH20|2
3. 3,4-dimethoxyphenoal,

1. LiAlHy4, THF
2. (COCl)y, MeySO0; EtsN
3. CBF4, PPhg, CH2C|2

LDA, THF, —78 °C;

Me3SiCl
—78to 25 °C 4. LDA, (CH0),, THF K,CO3, acetone, 50 °C
—_— >
70% 68% 84%
d.r. 7:1
10 1
— OMe —
MeO OMe
1. NaH, Mel, THF
MesAl, PhMe 2. Pd-CaCO3-Pb
100°C, 2 h [3,3]-shift H,, EtOAc
e — ———— Tatanan A
OMe 2% 83%
MeO
(60% OMe
OMe b.r.s.m.)
Z “Me dr. 311 MeO OMe
Ar  TS-12 B 13

Minimization of A4 3-strain



Acidic or oxidative MeO
electrophilic or radical \/OMe
MeO OMe ndition
conditions OMe
—X—
(0)
MeO
OR
OMe
MeO OMe A 3
. R = Qi 7
14: R = Si('Pr)3 (PhSiHy) . .7
15: R=H 3=
PhI(OAC),
CH2C|2 ,’/

AcO™

MeO

MeO




features of design:

Redesign of synthesis

® Dearomatization with z-allyl palladium complex

@ Diastereotopic group differentiation (DGD)

MeO o}
SDGY\/ . 7,\ > 0BuY
Li ¥
' MeO Me—I
OMe 9
18 19

SDG = stereodirecting group

@® Conjugate addition to set the acyclic stereotriad



MeO O
SDGW 7,\ NOBu
= TV T
! MeO

18 19

SDG = stereodirecting group

1. NaH, CHgl, THF
2. Hy, Lindlar cat. Tatanan B

Pd(dba), (20 mol%)
P(OPh); (48 mol%)

CHZCIZ, 25 OC, 12 h EtOAc (24%)
R —— + —_—
84% (92% b.r.s.m.) 78%
Tatanan C
d.r. 6:3:2
(48%)
see Table 1

34: R = CH=CH,, R'=H

32 33
35:R= CH2CH3, R'=CH3




AcO,

Yohimbinoid-on the shoulder of giants

OMe

CO,Me

1. Cyclization
2. Lactonization
3. Epimerization

Woodward®-11

NH

MeO

4: Yohimbine (a-CO,Me)
5: Corynanthine (3-CO,Me)

MeO

9: Venenatine (p-CO,Me)
10: 16-Epivenenatine («-CO2Me)

MeO

OMe

1 High blood pressure

6: Pseudoyohimbine

11: Rauwolscine

Direct cyclization

OMe
7: Excelsnin

MeO

12: Alstovenine (-CO,Me)
13: 16-Epialstovenine (a-CO;Me)

Stork12.13

NH

MeO

MeO
8: 9-Methoxy-3-epi-a-yohimbine

OR?

R' R2=CH, or CHs
R% = CO,Me, H

14: Berbanes



BnO

= MEOZC

TBSO
19

BnO COzMe
: O

22

lely

Retrosynthesis and precursor assembly

PhMe,100 °C

BnO

(>10:1 endo:exo)
89%

20

BnO

Pb(OAc),, CH,Cl,
o \F
82%

’

i. Pd/C, Hy, EtOAC
ii. 1% HCI/MeOH

BnO COzMe
: 0

>
Y

MgSOy,
KCN, MeCN

iii. BsCl, pyr., DMAP
82% (three steps)

IA\r\/\NH2

21

BnO
0]
_~ MeO,C
= ~
TBSO
18 19 20

i. TBSOTf, Et3N, CH,Cl,
ii. Oxone, NaHCOg,
(1:1:1) CH,Cl»:H,0:Me,CO

iii. 1% HCI/MeOH
85% (three steps)

Y

16a: Ar = indole, 90%
16b: Ar = 4-(OMe)-indole, 81%

ORTEP representation of 16b

16¢: Ar = 6-(OMe)-indole, 87%

Tantillo, D. J.; Sarpong, R. et. al. Nat. Chem. 2013, 5, 126.




Indole effect in stereoselectivity

Table1 | Role of the indole nucleophile in the stereoselectivity of the Pictet-Spengler cyclization.

BnO BnO

A: 10% 1 N HCI/THF

Y

B: 160 °C, MW, MeCN

16a: Ar = indole
16b: Ar = 4-(OMe)-indole
16c¢: Ar = 6-(OMe)-indole

() R
23a-23c

BnO

24a-24c

Entry Aryl amine Method* Diastereomeric ratio (B:o)
1 16a (R=H) A 1.0

2 16b (R =4-OMe) A 1.0

3 16c (R=6-OMe) A 1.0

4 16a (R=H) B 1.3

5 16b (R =4-OMe) B 1.1.8

6 16c (R=6-OMe) B 1.8

ORTEP representation of 23b-HCI

*Method A: 10% 1N HCI/THF, room temperature (r.t.). Method B: MeCN, 160 °C, microwave.
Ratio determined by NMR analysis of the crude reaction mixture.




Solvents effect in cyclization

Table 2 | Solvent effects in the Pictet-Spengler cyclization.
BnO

COMe
~=COyallyl
Conditions
‘\\CN H >
N
MeO
16b
Entry Solvent Temperature (°C)* Additive Diastereomeric ratio (B:a)*
1 THF rtS HCI' 1.0
2 MeCN 82! - n/r
3 MeCN 160 - 11.8
4 Acetone 160 = 251
5 i-PrOH 160 - 11.3
6 i-PrCN 160 - 1.4:1
7 PhMe 160 - 1.8:1
8 PhMe 160 Imidazole 1.1.6
9 PhMe 160 DMAP 1.2.0
10 MeCN 160 DMAP 1.4
1 MeCN 160 Nal 110

*Reaction carried out in a microwave reactor in a sealed vial unless otherwise noted. "When HCl was an additive more than 2.8 equivalents were employed. The conditions were 10% 1N HCI/THEF.
*Ratio determined by NMR analysis of the crude reaction mixture. SReaction carried out in a sealed vial under a N,, atmosphere. 'Reaction carried out in a sealed vial in an oil bath.

Same key reactions

Same solvent system surely produced similar yield! (65% vs 72%)
very similar substrate



Trioxacarcin A-Myers is Myers

OPMB

-0
CHs/\;©;<< “0TBS
o

MOMO

BuOLi,
(CH30)280,

Modular components of similar synthetic complexity: 5
Convergent coupling reactions: 4

Linear steps: 11

70% CH;O0 OPMB
CH;O OPMB . o
- | K20504, NalOy, 67% . CHs0
OO‘ i BrBcat o8BS CH30 H
CHy™ X ‘OTBS i Bu,SiCl,, EtsN, HOBt
MOMO OH O 55% (two steps) tBu/ "’tBu
19 20 i Rhy(OAc)4, 82%
e h it
Graphical schematic li EtsN-3HF, 32%
Q Q CHsQ
H O.CH
T o, one | CHOTNAGSE o opue
CHs71:07>~0ac * M oH G
(6} (@)
- >
Q OH H OH Osp-d’ otes
5 1
- i TMSNTF,, 58-78%
i DDQ, 95%
CH30
(@]
- CHIO, oy CH3 H3O i CH3C A
HOT
%
3 H
- - . O 0TBS sph
3 OAc
22 23
) J\Hsﬂo




Daphenylline-classic total synthesis

1 Methyl homoseco- 2 Methyl homo- 3 Daphnilactone A
daphniphyllate daphniphyllate

CO,Me

Mer -
HO
OAc
5 Daphmanidin E Calyciphylline B
CO,Me O O
RO Me H m
vo XNl v =2
e
I N
N
N m=1or2
6 Calyciphylline A 7 Daphnicyclidin A 8 Daphenylline 6,n,5-bridged tricycle

Zhang, Q. et al. Org. Lett. 2009, 11, 2357.



Retrosynthesis

6m-electrocyclization/
aromatization >~

Me H Me H o s

A =,

8 Daphenylline 10

© Radical
cyclization

Au-catalysed
alkyne cyclization

OTBS
+ Y l _L- /Cone C Y
7 "', N
HO,C CO,Me NH : Tl/‘_
10O OTBS
14 13 ! 9
\L)/ Amide formation
O o)
O,N

<
(0]
IJ
T
wmw=
+

N : I Me
N O
\\/N\O-NS OH

15 17 16



Forward synthesis

a
i. KHMDS, PhNTf5,
-78°C
ii. 22, Pd(PPh)s,
K,CO3, 60 °C
i. TBDPSOTHT, =
o o 2,6-lutidine, -78 °C 73% (two steps)
17, PPhs, ii. Au(PPh3)Cl, O o —\
DIAD, 0 °C AgOTf, MeOH 0, 0 OTBS
- > X 9 /B \ 23
Me
Me 86% v Me 70% (two steps, 29% N Me Me 0
OH \/ N\ of 15 recovered) \o-Ns 22
o-Ns
16 B . hv (Hg lamp,
15 20 500 W), 0 °C
i. K,CO3,
p-thiocresol 72%
ii. 14, HOB, (two
: t
EDC-HCI, Et;N | steps) 1o, ! \OTBS
L 12 _
O
Y,
K>COg3, 100 °C
COMe ¢ DBU, air, 60 °C
(@)
869
/o 67%
OTBS \
0 OTBS
25

21

ORTEP of 9a (desilylated 9) 9

Lu, Z.; Li,Y.; Deng, J.; Li, A. Nat. Chem. 2013, 5, 679.



hv, 0 °C

N\
o) OTBS

Norrish type |
fragmentation

-

OTBS

0O-0 bond cleavage/

719
% recombination

26 R =TBS
HF-py, 0 °C ,—_>27 .

92%

Final game

OTBS

ORTEP of (+)-27

i. TMSOTT, Et3N,
o -78°C
ii. Pd(OAC),

e
’

81% (two steps)

N\
o OTBS 0
25 30

OTBS

i HF-py, 0°cC 93%

ii. I2, PPhg, (two steps)
imidazole
Me H O (TMS)3SiH, AIBN,
75°C
YN 98%
o) COzMe
31

i. Hy, Crabtree's
catalyst

ii. LiCI-H,0, 160 °C

Y

19 steps from 16, which takes 9 steps to make.

ORTEP of 10

- P

8 Daphenylline

86% (two steps)

i. Pd/C, MeOH
ii. LiAlHg4, 40 °C

66% (2 steps)



Summary

5 publications in 2011 (multi-targets wl <10
steps, single target shd biological test)

4 publications in 2012 (old TMs play efficiency;
simple TMs play concept; bioactivity unness. )

5 publications in 2013 (classic total synthesis,
efficiency could be low if TMs are complex)

Conclusion and summary



Conclusion

How to sell your chemistry

Sell it big and sell the concept

Efficiency - the most eye-catching feature

Are you sleepy?






Answers to questions

Semi pinacol rearragement

CN

[1,2]-vinyl

LA=TMSOTf shift
>

M@ M H
e
H H | @ Me
- Me H
/) 4/\H( —> OH - /) )ﬁ | OH
PMBN._ PMBN

PMBN
: PMBN
favored E-selective disfavored E-selective
OMe OPMB
Me
wo o I LT
oS ‘OTBS
MeO ~ \+'H o\S,,o O
, |
5 tBu" “tBu



