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Natural Products
More than half of the known alkaloids contain piperidine rings

" H
N Ho N
O HO™ “"OH
(-)-Coniine 1-Deoxyn(3i|:imicin (-)-Cermizine D

Me0,C™
(-)-Morphine \ (*+)-Yohimbine OH (-)-Emetine

Manzamine A

Bioactive compounds

Thousands of references in chemical and patent literature to piperidine derivatives

in clinical and preclinical research

Chiral aminoalcohol derived bicyclic lactams
Enantiomeric scaffolds for the synthesis of piperidine derivatives

Lanny S. Liebeskind
J. Org. Chem. 2008, 73, 882-888

In the enantiomeric scaffolding strategy, a conceptually simple core molecule of high enantiopurity that bears
tactically versatile functionality is constructed. The resident functionality enables the general elaboration of the
core molecule in ways that allow access to diverse families of important molecules.

Rq.,,

Manipulation of

lactam carbonyl R3 # H C-O Reduction

R3; = H a-Amidoalkylation

Enolate
alkylation

Diels-Alder
Dihydroxylation
Epoxidation

Conjugate additions

w W

H
HO N r\OH
5 N
I“-A N HO'
Me N-Me 0 O HO™ ™ "OH
Me OH
Metazocine [} (-)-Paroxetine (S)-Preclamol Miglitol
Analgesic \-o F Antidep Antipsychotic  OH Antidiabetic
Chiral aminoalcohol derived lactams. The cyclocondensation reaction
CgHs.,
6Hs ..!l?/\OH CeHs.,, CeHs,,
NH: o _H ) i o
/\j/ Toluene O NN o-N
- > UR . 8a[s
MeO,C reflux, Dean-Stark 1a 1b
86% 1a:1b 85:15 3% 13%
Jr ? Lactamization
CgHs .
CeHs., |/\ CgHs. ‘.
‘" oH ‘" oH /M H H
H,N H N._H HN__O cng 4
/\J/ = /\j/ = /\j‘<1 H R~ CeHs
RO,C RO,C RO,C o
Mixture of C-2 diastereomers
in equilibrium through the imine
0, H 0. H

X
MeO,C MeO,C
MeO,C R /r €0, R

Racemate
Enantiotopic A Diastereotopic —#

l l CeH l
CeHs,, C5H5,“. 6 5,

\ r—\o o, Nr:}o
8a

o. Rl O NS
8a Daa
VR i 7 &R
Me0,c”~ Me0,¢~

MeO,C MeO,C Racemate




Cyclocondensation reactions of racemic aldehyde-esters

CgHs., (\OH

NH,
(R)-Phenyiglycinol

Up to four stereoisomers can be formed

[e] H g
MeOzc/\%
6 A: Toluene reflux

2a:2b 80:20, 80%
Racemate

2a:2b 89:11, 79%

CeHs 1 CeHs,,,
—
0~ _N_.0 O N _°
R, U
S N
2a 2b I
70%. 9%

B: 1) Et,0, anh Na,SO,, 0°C, 1 h
2) 70 °C, 10-15 mm Hg

Yield of isolated lactam (Method B)

T

CgHs, w4
' oH \ H H
HN. _H HN_; O COR |
- > _H
| —— H TN CgHs
RO,C RO,C * s[+ o
H
CeHs CsHs CeHs CeHs CeHs CgHs CeHs CeHs
- 3 - -
O N ® O N_O 0O N_O° O N_° O N ® o _N_.O O N_© O N_°
Me
74% 70% 73% "% X 55% 75% Sco,Me  60% s 61%
Me OMe
5

Cyclocondensation reactions of racemic aldehyde-diesters

CgHs,
e OH CeHs,, CeHs,,
MeO,C  CHO NH; I'_\o o, Nr_\o
% (R)-Phenylglycinol O N
* R
—_—
MeO,C 3 Toluene, reflux, 14 h st S |
Racemate 4a:4b 80:20, 80% MeOC™ 4. MeO,C
" B 64% 16%
L CeMs ?
CgHs., “4
6h5 '(\OH
HN.__H HN. O H ool
| = MeO,C / sz
MeO,C MeO,C €3 g CsHs
MeO,C MeO,C
S /~oH
MeO,C  CHO N N
N
1
H
—_—
MeO,C 3 62
(S)-Tryptophanol 62%
Racemate Toluene, reflux MeO,C 6
Dean-Stark (15% of a diastereomer) 6

Enantiopure piperidines from chiral substituted bicyclic lactams

CeHs

s

7 \ LiAIH,

U AICI;, THF
o

OCH;

1) BH3-THF, THF

H
1
N
Ljﬁ 2) Hy, PdiC, MeOH
-
58%

Me0,C” g

Racemic or prochiral

CsHsY\OH

N 1) Hy, Pd(OH),/C N
CH;CH,CHO O s

7 @ 50% ()-3PPP
OH

2) HBr

|/\

OCHj, (Antipsychotic)
CeHs,,
o. N‘ 0 Ca, liq NH3 then
m Et;SiH, TFA
—_—_—
53%
4a

Two synthetic manipulations:

——

6-oxo-acids

Cyclocondensation

Reduction

Removal of chiral inductor {Debenzylation

For reviews, see:
Chem.-Eur. J. 2006, 12, 8198
Synlett 2011, 143

Nat. Prod. Commun. 2011, 6, 515
Chem.-Eur. J. 2011, 17, 7724

Enantiopure piperidine
derivatives

~

Indole alkaloids from chiral substituted bicyclic lactams

CeHs,, g CeHs s

MO RO
2a ent-2a |

(+)-Decarbomethoxytetrahydr

(-)-Tubifoline

(-)-20S-Dihydrocleavamine (+)-20R-Dihydrocleavamine (+)-Dasycarpidone

Oxindole alkaloids

Corynanthe alkaloids

E\ OMe E\ OMe
Me0,c” Meo,c”

MeOL™ 5R=Et
10R=H (+)-Dihydrocorynantheine  (-)-Dihydrocorynantheol (+)-Rhynchophylline (-)-Isorhynchophylline
8
8




Marine alkaloids: madangamines

Xestospongia
(Common name: barrel sponge)

Madangamine A

Isolated by Andersen in 1994 from the marine sponge Xestospongia ingens
Cytotoxic alkaloid that exhibits inhibitory activity against a number different tumor cell lines
Andersen et al. J. Am. Chem. Soc. 1994, 116, 6007-6008

Madangamines B-E

Madangamine F

21
Madangamine B~ No NSNS NN

s 32
. 21 27 28 30
Madangamine C \N-,’\/\/\/M
1
21 31
Madangamine D \N;v\/\/\/\/\ —
I kY
21 “
Madangamine E \N;\/\/\/\/\/ H ©OH
) 30
2007: Isolati f Mad. ine F fi th
=1998: Isolation of Mad B-E from the same sponge (Xestospongia ingens) - so'ation o7 Vacangamine T from e

marine sponge Pachychalina alcaloidifera

*No biological data have been reported =Cytotoxic activity against a number different

3-Alkylpyridine alkaloids isolated from marine sponges in the Order Haplosclerida

Madangamine A

Bis-3-alkylpyridines Ingenamine F

Andersen et al. J. Nat. Prod. 1998, 61, 267-271 tumor cell lines \
Berlinck et al. J. Nat. Prod. 2007, 70, 538-543 \
9 Saraine A Nakadomarin A 110
9 araine Manzamine A 0
Total synthesis of madangamine D. Synthetic strategy
Madangamine D
Construction of the diazatricyclic core
Assembly of the madangamine macrocyclic rings D and E
Ring-closing -~ ™\J Functionalized carbon chain
metathesis at the quaternary C-9 position Ster lective conjugate additi Ring-closing metathesis
CoHls (The C-12 stereocenter) CoHs (The carbocyclic C ring)
) CH,=CHCH,MgBr N
1) LiIHMDS, Boc,0 then, Cul, LiCl, TMSCI o 2nd gen. Grubbs
CeHsSeCl (93%) THF, - 78 °C CH,Cl,, 1t, 18 h
, »
* Witti Inati 2) H;0,, pyridine 82% (two st £-Bu0,C o
- Wittig olefination Functionalized C-3 position CH,CI, % (two steps) o2 80%
)
Stereoselective enolate alkylation Removal of chiral inductor
CgHs (The C-9 quaternary stereocenter) 1) Na, liq. NH;
nstruction of the diazatricyclic cor -33°C, 2 min.
Construction of the diazat cyclic core NaH, (CH;0),CH(CH,);Br 2) LiAlH,4 dioxane
TBAI, DMF, rt, 18 h reflux
90% 3) (Boc),0, CH,Clj, rt
CeHs 45%
R M\
Stereoselectivq\ O N_.©O
alkylation | )
RO,C” tBuO,C 4 O
Stereoselective X —4
conjugate addition o CgHs STEREOELECTRONIC CONTROL
Siface * (axial attack)
|l “Ring-closing The starting enantiomeric scaffold /
metathesis Nu Nu = organocuprates
11 12 12
1

12




Madangamine D
Construction of the diazatricyclic core

Madangamine D

The D ring of madangamine D

Madangamine D

[¢]
RCM and hyd ti
_ OH 1) MsCl, Et;N, CH,Cly, rt N, ™CPBA CHCly N and hycrogenation
= H T 3 —_—
; > H
Boc-N 2) NaN3;, DMF, 90 °C Boo-N Y 9 _NH |
16 7 D H 1
H 79% N
H 17 o H
4
OH T H
Intramolecular epoxide opening
(The piperidine A ring) Macrolactamization
-TsCl, EtsN,CH,CI.
Me;P, THF, 1 h p-1sC, EN,GHLL,
then, H,0, rt, 20 h 0°C,25h
——— e _—
40% from 17
(four steps) MACROLACTAMIZATION
D
NoMbs 1) TFA, CH,CL, H N Mbs
N
2) HOB, EDCI
CO,H o . . o (o}
13 H oY CH,Cl,:DMF 9:1 H 14
13 05mM 540, 14
Closure of the macrocycle D of madangamine D i
Closure of the macrocycle E of madangamines
Madangamine D
2. Macrolactamization
<~o <~o (\o
o [¢] \ © D
N-Ts
HIE, ALH e
NaH, THF, rflx, 30 min N
H N~1s  then, BnBr, n-Bu,NI H N-1s H N-1s
D DMF, r.t., overnight R 1) TFA, CH,Cly, r.t.,, 30 min D O H 3No
Boc — = B} > - 2 1. Stereoselective generation
2) CH,=CH(CH,)sCOClI, Et;N, . ]
H OH 80% H oBn  2) rt 2 ovel('nigll?ts 3 H OBn of the alkene Z isomer
20 21 o 92% 22
Ring-Closing Metathesis Model studies
(Closure of the D ring) . Ege . .
\ Stereoselective Wittig (Z)-olefination
1) Grubbs' 1st gen., 0.3 mM
N CH,ClI;, reflux, 12 h ®
1) HCI, THF, rt H ~Ts (90%, E/Z 1:2) o PPhs
. Br o
2) PhyP=CH,, THF, r.t.,, N 2) Hy, PdIC, EtOH, r.t., 24 h Ne 26 " CO,Me
overnight. ) o A OBn 3) Dess-Martin, CH,Cly, rt, 4h Ts X H uTs 1) Na, CyoHg N
80% 2 75% (steps 2 and 3) CO,Me 2)LiOH, THF, rt, 4n  H H
. —_—
N
[¢] KHMDS, THF, 0 °C to rt 3) EDCI, HOBt, AT
25 27 CH,CI,/DMF, rt
40% Z/E 10:1 overnight  50% %
15 16
15 16




The E ring of madangamines
Total synthesis of Madangamine D

e® PPh;
Br
26
N— ~
HY Ts CO,Me
N
NaHMDS, THF, 0 °C to 60 °C
O H o

70% ZIE 2.2:1

Chiral aminoalcohol-derived tricyclic lactams
Cyclocondensation of 2-cyclohexanonepropionate with (R)-phenylglycinol

° cH CsHsl,,l/\ CsHs'.,l/\
6Hs..,
Ro,c./\ﬁ 0 OH 0N S 0N S
+
Racemate 3a H 3b I:I

From 31, 70%, 33a:33b 80:20

31 R = H (Toluene, reflux, Dean-Stark)
From 32, 61%, 33a:33b 83:17

32 R = Me (CgHg, cat. p-TsOH, reflux, Dean-Stark)

1) Na, naphtalene, THF
2) LiOH, THF, rt, 4h
h LiAlH4, THF, rt, 3 h
— R R
3) EDCI, HOBt, CH,CI,/DMF, 68% Lactamization
rt, 0.02 M, overnight
75% .
Madangamine D CgHs CeHs CsH? " H4
[a] = + 101.3 (c 0.29, CHCI5) : P H y com /&‘CSHS
NOH NN —NI_\O Me Ny
Angew. Chem.-Int.Ed. 2014, 53, 6202 RO,C. ! ~ RO, C - RO,C H R\ 3[2
In vitro cytotoxic inhibitory activity
Pharma against tumor cell lines
Mar - COLON HT29 (Glso 4.4 pg/mL) Four stereoisomeric oxazolidines in
- PANCREAS PSN1 (Glsg 7.4 pg/mL) equilibrium through the enamine
Grupo Zeltia - LUNG NSCLC (Glsp >10 pg/mL)
- BREAST MDA-MB-231 (Glsg >10 pg/mL)
17 18
17 18
Chiral aminoalcohol derived tricyclic lactams . . . . .
Chiral aminoalcohol derived tricyclic lactams
Results
B o o
MeO,C_ ... N\ -COMe  MeO,C__--. L~ COz2Me
A
o) o) Y ;
) ~—— meso forms —> C, .
MeO,C -+, Ry MeO,C Ry Ry Ry 6Hs .. oH csHsl,_l/\ Ry CsHsl,_r\ Ri
(¢] o:
o NH; (1.3-2.6 equ) O N O~_N_S
Racemate R t MeO,C 2, CO,Me * m
acemate N z Toluene, Me,CHCO,H > >
Dean-Stark, 24-48 h a H b R
R, Racemate 38 R, = (CH,),CO,M 86% (a:b 76:24)
39 R, = Me.. 76% (a:b 74:26)
o 40R, = 70% (a:b 73:27)
R0,C Ry 41 R, =Bn., 72% (a:b 70:30)
(E:EH5 CeHs CeHs Average yield 76%; d.r. 2.8 : 1
CeHs., ~_OH
Ry 6Hs h,(\OH NN H,N/\/OH H‘N/\/OH ' .
0. MeO,C | Ry Mixture of isomers
NH, 2 — = [MeO,C. Ry MeO,C. Ry
= =3 34 R, = (CH,),CO,Me; R, = Me
Me0,C R, 35R,=Me; R, = H
. . 36 Ry =Et;R;=H
Mixture of isomers Ry Ry Ry 37 R: =Bn; Rzz =H RoOH
ARq=Alkyl; R;=H 3
B Ry = (CH,),CO,Me; R, = Alkyl ” NH,
Toluene, MgSOy,
CaHs, reflux, 24 h
H R, CeHs,, Ry ™
N_ 8 . 0 o o r 42 Ry = (CH,),CO,Me.......82% (a:b 75:25)
. | Reduction o™ Lactamization Me0,C ! 43R, =Me 78% (a:b 90:10)
Ry Removal of the Kinetic Mixture of isomers in 44R(=E 78:/" (a:b 78:22)
phenylethanol H Rz control equilibrium through 45R;=Bn 95% (a:b 85:15)
Enantiopure moiety Chiral tricyclic lactams Rz the imine-enamines Average yield 83%; d.r. 4.5: 1
ydrog 19 20
19 20




Chiral aminoalcohol derived tricyclic lactams
Results

Yield of isolated product after column chromatography

Chiral aminoalcohol derived tricyclic lactams
Mechanistic considerations

o

HOC _~ i e CeHs., R (\
OH
35 NH,

CO,Me
CsHs»,l/\ CeHs,, Me CsHs,,r\ Four stereoisomers
o N2 o NS O N2 ﬂ
C5H€ r
H
38a 65% 39a 56% 40a 51% HN O
HO,C._ . HO,C ot N
R| R R
1 G
- P - . . CgH,
Calculated yield of major isomer (ratio of isomers a:b determined by 'TH-NMR) ¢ iiR_\
HN p
HO,C HO,C N
R s R
E
21 22
Chem.-Eur. J. 2013, 19, 16044 21 22
Amaryllidaceae alkaloids Scelentium alkaloids Chiral aminoalcohol derived tricyclic lactams
OMe Results
Meo\©
OH
: CgH.
ini Om o] e CeHs., CeHs.,
Lycorine Pancracine O Crinine H Me R H OH s '(\OR* s, H R
Mesembrine MeO,C 2 (4.5equ) N N
—_— o i + 0
Toluene, AcOH, reflux —
Stemona alkaloids Mixture of i Dean-Stark, 48 h H
Single isomer
Aeruginosins o\s , :s 21 - ;zzcone 50 Ry = CH;CO,Me......62% worevereseneerce 0%
ER 48R, = Et 51 R; = Me 75% 6%
0, 3 49R. = Bn 52 Ry = Et 57% 20%
m ! 53 Ry =Bn 65% 20%
TN
Stenine 0? s
C3s -
51
Ny
Erythrina alkaloids ,‘, L
Aeruginosin 298-A CeHs.. ¥ e
(2 .r\oMe i l ?ca S p
/~9 MeO N v =0
Isolated from marine sponges N 0, o e \ :rl
OH and cyanobacterial waterblooms \eto u/n___ ? .-‘; %
u, e Crom
e sindopri 4 - H 2 | o
Et0,Ca N N 51 75% 52 57% 53 65% o NI p' =
e 0™ 3o
‘\.,_ Erythramine c{ -;7&
Perindopril *°
Treatment o_f hypertension 23 24
and heart failure 23




Chiral aminoalcohol derived tricyclic lactams
Results

From esters (a R, = Me)

CeHs. CgHs., CeHs,
ss,(\OH 65, 95,]/\)
NH; (1.3-2.6 equ) o O N A
+
Toluene, Me,CHCO,H Ry mR
Dean-Stark, 24-48 h a H

57Ry = 77% (a:b 70:30)
o 58 R = CgHs.. 82% (a:b 82:18)
R,0,C CO,R, 59 Ry = CH,0PMB......83% (a:b 70:30)

Average yield 81%; d.r. 3 : 1
Ry
Mixture of isomers
54a,b Ry =

55a,b Ry = CgHs
56a,b Ry = CH,0PMB

From acids (b R = H)

aR; =Me NH,
bRy=H
Toluene, MgSO,,
reflux, 24 h

60 Ry = Me.........84% (a:b 70:30)
61 Ry = CgHs......95% (a:b 86:14)

Average yield 89%; d.r. 3.5: 1

(1S,2R)~(-)-cis-1-Amino-2-indanol versus (R)-phenylglycinol
Better yields and stereoselectivity.

cO,Me CO,Me

Chiral aminoalcohol derived tricyclic lactams

Results

Yield of isolated product after column chromatography

cOo,Me

CO,Me

CeHs.,

59a 58%

- I . N 25 Chem.-Eur. J. 2013, 19, 16044 26
Difficult separation of diastereomeric tricyclic lactams by column chromatography. 25 26
Chiral aminoalcohol derived tricyclic lactams cis-Decahydroquinolines from chiral aminoalcohol derived tricyclic lactams
Mechanistic considerations on
o CeHs,, CeHs. H
' R, . R4 R R4
MeO,C CO,Me Y H ' H
. CeHs.,,. |/\OH 0N LiAIH, AICl, THF N H,, Pd(OH),, Boc,0, EtOAC N
—_— -
T NH;, R, "T8°Ctortsh ) R, or Hy, Pd-C, EOAc ) Ry
Four stereoisomers cis-Decahydroquinoline =
1} 39a Ry =Me, R, =H (Single isomer) R=Hor Boc
40aR,=Et R, =H
CeH CeH #1aR,=Bn,R;=H
RyCsHs csHs SRR i 38a Ry = (CHy).CO,Me, R, = H
[ 57a R = (CH,),CO,Me, R, = Me
§ 58a R = (CH,);,CO,Me, R; = CHs
59a Ry = (CH,),CO;Me, R, = CH,OPMB
OH OH OH
| ¥ }
H
O N NG OMe
°\/©/
H H H
R=H 85% R=H 65% R=H 60% R=H 53%
R=Boc 81% R=Boc 68% R=Boc 62% R=Boc 63%
H H
1y 1 H | H
N N N Overall yield from
chiral tricyclic lactams
H H H 38a-41a and 57a-59a
R=H 55% " 9
R=Boc 64% 45% 54%

Chem.-Eur. J. 2013, 19, 16044

2




cis-Octahydroindoles from chiral aminoalcohol derived tricyclic lactams
Unsaturated chiral tricyclic lactams. Preliminary studies
OH
CGHSI"HH R Boc
LiAlH, AICI; THF N Hz Pd(OH),, Boc,0 @
-78°Ctort, ight MeOH r, 18 h CgHs
CSHS,,(\ R o rt, overnig A CeHs. B "l/\ o CeHs
N o cis-Octahydroindole (\OH o N (o] EtO,C / ‘
(Single isomer) Q o Q o NH; O _N
[e] Jl\/\/u\/\/u\/\/lj\ —_— . + EtO,C
H EtO OFt Benzene, AcOH H
Dean-Stark
50 R = CH,CO,Me 62 63 25% o
51 R=Me 35% COEt  20%
:g ; - E‘n \\_ EtsSiH or Ph3SiH, TiCl, Na, NH3 THF, 2 min. 1) LIOH, H,0, THF COEt
CH,Cl, -78°C,2h EtOH, rt, 3 h
cis-Octahydroindolone 2) TMSCI, EtOH
(Single isomer) * rt, 16 h
90%
OH Overall yield from chiral tricyclic lactams 50-53 CgHs
. ° CeHs., oH ™y
0oC
S n Bocl u Bo? H 303 H Et0,C NH, O N
N N N N .
Benzene, AcOH, reflux
H Dean-Stark H
43% H 6% H 329 H o 48y 63 80%
62a
OH COzEt 62a:62b 80:20 CO,Et
H
| H 'f H
N N
o o o 29
H A 30
30% 85% 51% 45% 29 30
Chiral aminoalcohol derived tricyclic lactams Chiral aminoalcohol derived tricyclic lactams
Mechanistic considerations Results
CeHs
CeHs., )
o 6Hs |/\0H H. o CeHs.., oH
NH, EtO,C NH ON
EtO,C. EtO,C OH - . EtO,C 2
—_— —
R Benzene, AcOH, reflux
Dean-Stark a
63 A B
COLEt CO,Et CO,Et 64R =Me [ 89% (a:b 80:20)
65 R = (CHz)3CH3 70 R = (CH,)3CH;, .76% (a:b 80:20)
l 63 R = (CH,);CO;Me 62 R = (CH,);,CO;Me. 80% (a:b 80:20)
66 R = (CHZ),CH(O,C,H,) 71 R = (CHZ),CH(O,C,Hy,).....7T7% (a:b 85:15)
CoHs CeHs CeHs 67 R = (CH,);0TBDPS 72 R = (CHp)s0TBDPS..........51% (a:b 78:22)
Fam) 68 R = CgHy-p-OMe 73 R = CgHy-p-OMe 77% (a:b 78:22)
0 N2 Lactamization HN x O NI Average yield 75%; d.r. 4 : 1
EtO,C. EtO,C % OH ge i o; d.r. 4
B E— _
H
62a Mixture of isomers ¢ 05H5 C5H5
CO,Et CO,Et M equilibrium COEt o C5H5,,|/\0H
EtO,C. NH,
—— m m
Toluene, i-PrCO,H,
Racemate R reflux, Dean-Stark
CeHs CgHs,,
4 \/\o 74R = Me LG T TN T CO— 82% (a:b 80:20)
HN O O N 75 R = (CH,),CH3 79 R = (CHy),CHs, 75% (a:b 80:20)
MeO,C._ ., A 7a @ 76 R = CO,Et 80 R = CO,E... 78% (a:b 81:19)
) 77 R = CH,0PMB 81 R = CH,0PMB......... 76% (a:b 79:21)
R R 31 Average yield 77%; d.r. 4 : 1 32
31 J. Org. Chem. 2009, 74, 1794 32




Chiral aminoalcohol derived tricyclic lactams

Chiral tricyclic lactams. Synthetic transformations

CgHs CeHs
Results : * CEHS'(\OH R
0w N. 2 Hg, PtO, or Pd-C O N N Ha, PA(OH),, nH
MeOH LiAIH,, AICI; Boc,0, MeOH
7a —_—
THF, -70°C to rt or Hy, Pd(OH),,
H RS H R8 H MeOH H 15
. . 69a R = Me . . ) . R
Yield of isolated product after column chromatography 62a R = (CHp);CO;Me Single isomer Single isomer R'=H or Boc
72a R = (CH,)sOTBDPS R = Me X- Ray
CeHs CaHs csn5 CsHs CaHs CaHs C-5 Substituted cis-decahydroquinolines
0s N2 Overall yield from tricyclic lactam (Three steps)
R ?oc iBoc
I H H H
e N N N
69a 71% 70a 61% 62a 64% 71a 66% 72a 40% 73a 60%
CO,Me H Ve H H
OTBDPS R=H 44% 39% 40%
R =Boc 45% OH
OTBDPS
[ CeH . .
CaHg oHg o csHs J. Org. Chem. 2009, 74, 1794 An alternative route shorter but less efficient
™ Y %
0. N 0, N O, N Me CeHs CgH. From isomer cis
CO,Et 0N A ? Hy, Pd(OH),,
H H H LiAlH,, AICI; Boc,0, MeOH
78a  66% 79a 60% 80a 63% 1at 6% +
THF, -70°C to rt )
69a R = Me cis R trans R ﬁ
3333 62a R = (CH,);CO,Me 7-17 % of isomer trans Mlxture of isomers 1: % " 34
72a R = (CH,)sOTBDPS
Myrioneuron alkaloids
Chiral tricyclic lactams. Synthetic transformations
CgH CgH CeH A
5 ) 5 : 5 ::m:: rrnajor caHs,'(\OH B°ﬁ Myrioxazine B Myrionine R=H; X =0 Schoberine X=H. H
N H, PtO, somers a N H Hp, Pd(OH),, N N-Formylmyrionine R = CHO; X = O Myrionamide X = O
\T\/\‘\ MeOH m w __LiAH, ACI K/\D\ Boc,0, EtOAc (/\l:)\ Dihydroschoberine R = H: X & H, H
—» ’
“r THF,-70°Ctort
R H R H R
78aR = Me R = 90%, a:b 75:25 Single isomer
79a R = (CH,),CH3 R = (CH,),CHs....95%, a:b 88:12
80a R = CO,Et R = COE.......... 84%, a:b 92:8
vy LOH .
AR Myrioneuron nutans
Myrionidine Myrobotinol Myrioneurinol Myriberine A
Isolated from plants of the genus Myrioneuron R. Br. (Rubiaceae) in North Vietnam.
Overall yield from tricyclic lactam (Three steps) Some of them show inhibition on KB cell proliferation and remarkable antimalarial activities
?oc Boc
aH
I QD\A qgw
H Me
40% 43% 52% B. Bodo et al. J. Org. Chem. 2008, 73, 7565
(+)-Myrioxazine A - T ()-Schoberine
Org. Lett. 2012, 14,210 35 (-)-Myrionine ¢ (+)-Myrionamide 36
35

(-)-Myrionidine

36




Formal synthesis of Myrioneuron alkaloids

R20.C SiPhMe; NH, 1) HBF,, CH,Cl, Et,0
—_—
82 Toluene, MgSO,, 2) m-CPBA, KF, DMF
reflux, 24 h 5%
Mixture of isomers 70%
OH
./OH
LiAIH,, AICI; H§

THF,-78°Ctort

NG H,, Pd-C, AcOH
e
78% (/\O 75%
A

Chem.-Eur. J. 2013, 19, 16044 Four steps from 83

38% overall yield

B. Bodo et al. J. Org. Chem. 2008, 73, 7565

(+)-Myrioxazine A - S (-)-Schoberine

Lycorine alkaloids

Isolated from Amaryllidaceae plant species:
« Lycoris

«  Pancratium

*  Narcissus

« Galanthus

« Zephyranthes
*  Haemanthus

Several members possess potent biological activities:
+  Antiviral
+ Antineoplastic
+ Insect antifeedant activity
+ Plant growth inhibition
Disruption of protein synthesis

H H
[o}
H
$ d
y-Lycorane

Lycorine
(First isolated in 1877 from
Narcissus pseudonarcissus)

Kirkine

OMe

(-)-Myrionine * (+)-Myrionamide
(-)-Myrionidine 37 Lycoris radiata
37 1-Deoxylycorine Fortucine
- Wy
Total synthesis of (+)-a-lycorane - o .
y (+)-a-ly < e Amphibian alkaloids
o\ f ﬂ Dendrobatidae /
HO ° ﬂ (poison arrow frogs) =
CeHs.,,
’ OH "
o °> NH LiAlH, AICI; CeHs e H o oo H
MeO,C ot 5 THF overnight ), N — et S (\LNI)
Benzene, AcOH, reflux 0
86 Dean-Stark, 48 h 82% 88 H ) ) AN ) Il
Mixture of isomers 54% dr>95:5 CHs &
cis-195A
o\ (Pumiliotoxin C) 2-epi-cis-219A trans-269B 5-epi-trans-275B
(o)
Boc Enantioselective synthesis of Pumiliotoxin C
H,, PAOH, Boc,0 \ H HCHO, HCI
MeOH, overnight > N H;0,60°C, 2h Removal of chiral auxiliary
70% a) Stereoselective
° gs H 96% reduction of C-O bond
(+)-a-Lycorane |;| 5 b) N-Debenzylation sHs,'
~ 2N I/\
4a 11— 0 N2
Three steps from 87
30% overall yield H M:
Pumiliotoxin C H Me
Introduction of a propyl chain
39 (Eschenmoser sulfide contraction) 40
40

39




Marine alkaloids
Synthesis of the amphibian alkaloid pumiliotoxin C

The lepadins

CeHs,, CgHs, CeHs,,
‘-'/\ ‘/\ 1) Lawesson ¥
0 N R Hy, PtO, 0w N L2 benzene, reflux N2 1) Hy, PtO,, AcOH
MieOH 2) BrCH;COMe, CHCl;  — Me0,C7 X MeOH, 24 h
— —MeOH, 24h
06% 3) (MeO)3P, Et;N, CHCI; 2) Hz, Pd(OH),
H H H Boc,0, MeOH
90 Me Single isomer 91 Me 50% 92 Me 16 h H H H
X-Ray 54% w2 N . wo Nt
RO"3 RO™3
1) LIAIH,, THF "
Bog 1h,25°C Bog I H ‘
Meo.c” N 2) Dess-Martin, CH,Cl, Xy ~*.. N 1) Hp, PtO,, ~~ N 5
0% 2 a 2,5h, 25°C MeOH, 1 h HO
> > > ins A- i Lepadins F and G
03 H 3) CH,=PPh; THF H 2) TFA, CH.Cl, H Lepadins A-C X Lepadins D, E, and H epadins F an
Me 16 h, 25°C 94 Me 94% o Me
61% Decahydroquinoline cis-195A
o (Pumiliotoxin C) i
(-)-Lepadin AX=H, H;R= )l\/OH (+)-LepadinDR=H ° )‘i\/\/\/\
-)-Lepadin B X = H, H; R= H JLepadin ER = AN~ (+)-Lepadin FR = ~ ~F
Ten steps from 90 (-Lep o trLep A _ j\/\/\/\
15% overall yield (JLepadinc x=0;R= J_oH (#1Lepadin HR = I~~~ (-)-Lepadin G R = I~
J. Org. Chem. 2010, 75, 3794
41 42
42

41

Enantioselective synthesis of lepadins A-C.

Lepadins A-C
Synthetic strategy
we.2 N} R CeHs.,,
RO™ Cz-CH3° N 0 N2
3 0
m—) | i |/
(-Lepadin A ()-Lepadin B 1" Sopr "% 2 H
o R OPr
(-)-Lepadin AX=H, H; R= M oH
(-)-Lepadin BX=H,H; R=H X
o]
Stereochemical pattern of lepadins A-C (:Lepadin CX=0;R="_M_on
cis-Decahydroquinoline C-2/C-3 cis Pl
C-3/C-4a cis Flatworms
C-4alC-5 trans Prostheceraeus vittatus Tunicates
(Didemnidae) Clavelina lepadiformis
First isolation (Clavelinidae)
Introduction of the Introducti f th
Lepadin A: Bert Steffan (1991) from the tunicate Clavelina lepadiformis (North Sea, methyl at C-2 hr;/(ri(:o;:;l I:t"c?:a °
Helgolan island) Boc Eoﬁ Boc. . Boc
Lepadins B and C: Raymond J. Andersen (1995) from the flatworm Prostheceraeus o Tfo ] Ve 1 N N
vittatus (North Sea, Bergen, Norway) ) ) ) Ho 1

OPr OPr OPr OPr
Biological activity
Lepadins A and B exhibit significant in vitro cytotoxicity against several human cancer cell lines

43 44
44

Lepadin B is a potent blocker for neuronal nicotinic acetylcholine receptors (nAChR's) a




Enantioselective synthesis of lepadins A, B and C

Enantioselective synthesis of lepadins A, B and C

Removal of the phenylethanol moiety of chiral inductor

The starting enantiomeric scaffold
CeMs.,, ?oc Ii!oc ?oc
1) AICI5, LiAIH
O NP )THFav 7Is oClort Ny 1) TIPSCI, DMF o N 1)LHMDS, THE T _N.}
0T © imidazole, rt -78°C,2h
] o | -
) 2) BF;-Et,0 H 2) RuCl3:nH,0, NalO4 H 2) Comins' reagent H
% 3) Pd(OH), H 97 MeCN, CCl, H,0 98 THF, r.t., 75 min. 99
CeHs, OTSE 2 Hy OH OTIPS OTIPS
1) “ehs ‘(\OH CaHls., Boc,0, MeOH ¢34, 86% 7%
0, NH; ) o 54% overall yield from
Toluene, reflux [o) N . .
Dean-Stark tricyclic lactam 96
MeO,C oTSE 2 Ha, PtO; MeOH i
60% 95 OTSE
. Inversion of the p .
Introduction of the C,-Me and C,-OH C-3 configuration rotecting groups
Boc Boc ?oc ?oc
i H . 1) Dess-Martin H 1) Acz0, DMAP H
Me,CuLi, M, N 1) BH3-SMe, THF d Me.,, N ,
i THE Y] N ecto it CHoCly, 1t . EtN,CHcl,  Mew N
—_— R R
o 0 2 come o o -78°Ctordt. ) 2) Me3NO, THF, reflux 7 NabH, MeOH,  Ho [ 2)TBAF, AcOH  AcO™ 1
. ight o
lj NaH, DMF, 80 °C f A COMe KRB 0N SMe cOo,Me Srermet 100 OoTIPS hromss oTIPS sy 102 omps  THR40°C 629, 103 OH
—_——— . % from
o 2)T6,0,EDIPA o Pd(dppf)Cl;CH,Cly, 031:303 0\/\3"\"@3 58% overall yield from
oc Toluene:H20 3:1, 100 °C is-decahyd inol 08
CH,Cl,, - 78 51% 86% (gram scale) cis-decahydroquinolone
45 46
45 46
Enantioselective synthesis Chiral amino-alcohol derived lactams as versatile scaffolds for alkaloid synthesis
of lepadins A, B and C
OH | H
From 104 ~~n N
Ref. 1
H
Me
Madangamine D Pumiliotoxin C
Boc Boc From 104
| H | H m | H
Me.. N 1) Dess-Martin, CH,Cl, Me.., 1) TFA, CH,Cl e
—»
AcO™ 2) KHMDS, THF HO™ 2) K,CO;3, CHCIy HO™ . . . Myrioxazine A
w0z on 9 05% Chiral amino-alcohol derived
/\/\%\/E;?E‘ bicyclic or tricyclic lactams
104 X=H,H 60%
o/ \o or 9 105 X = (OCHy), 57% Lepadin B H
% P-OEt (+)-o-Lycorane H
Okt X W H
Me.,
H
From 105 I H
Me., HO'
Ref. 2 Schoberine
o
Ref. 1: C. Kibayashi J. Org. Chem. 2001, 66, 3338 ° .
Ref. 2: D. Ma J. Org. Chem. 2006, 71, 6562 OH Lepadin B
Lepadin A
Lepadin C
Chem. Commun. 2013, 49, 11032 o 47 48
47 48




