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Introduction

e Palhinine-type alkaloids, as members of the
Lycopodium family

Palhinine A Palhinine D Skeleton of Palhinine-type
2010 py Long et al. 2013 py Yu et al. Lycopodium Alkaloids
Org. Lett. 2010, 12, 3922 Fitoterapia 2013, 91, 74

Figure 1. Lycopodiaceae Plant and Known palhinine-type Lycopodium Alkaloids.

https://en.wikipedia.org/wiki/Lycopodiaceae

Although no activity was observed in preliminary studies, scarcity in nature
precludes extensive biological evaluations of these alkaloids.
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Challenge
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N-substitution ring_dosing metathesis This work
Inevitably twisted and transannular strain [3+2] cycloaddition

Figure 2. Designed Strategies for Assembly of the Nine-Membered Azonane Ring Embedded in the Framework of
Palhinine-type Alkaloids
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Retrosynthesis
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Synthesis of 4
©/ NaH (1.1 equiv)

(1.1 equiv) PhS I(CH2)30BN (1.2 equiv) PhS
> >  BnO

p-TsOH (1.0 equiv)

NaH (1.1 equiv) DMF
0 °C, 30 min 0°C,1h
25°C, 1.5 h 0°Ct025°C, 1h
THF 52% yield

84% yield
Br\/@

NBS (1.2 equiv)
CH,Cl,

reflux, 4h
98% vyield

78°C 0 25 °C
overnight r, 24 h

O
_ Br\ij
1
: O ,
M-CPBA (1.05 equiv) (0.1 equiv) 2 (1.05 equiv)
> BnO NaH (0.1 equiv) AN PPhs (1.05 equiv) N
CH2Clz HO™™""0H DMF " O/\© CH,CI | O/\©
2%12
4

rt, 24 h imidazole (1.26 equiv
(1. auiv) I(CH2)30Bn

75% yield Org. Lett., 2008, 10, 5497

p-Toluenesulfonic
acid
(p-TsOH)

meta-Chloroperoxybenzoic
acid
(m-CPBA)

N-Bromosuccinimide Benzyl
(NBS) Bn

O

%._OH Br O
5 o{fo ©/yf c|\©)LO,OH Org. Lett. 2012, 14, 3696.



Synthesis of 8

(1.5 equiv) (0.1 equiv) NalOy (5.0 equiv)
BnO : —>  BnO~ T, — _ .~
TiCly (1.2 equiv) NMO (5.0 equiv) 25 ¢, 1h
CH,Cl, = 25 ¢, 5h 1h
4 o o ()2

78 °C, 1h 111 ) THF/H,0 83% yield

82% yield
I

o /L\/OTBS o) TBSCI (1.5 equiv) O
BnO~ " (2.0 equiv) N BnO” """, Imidazole (2.0 equiv) N BnO” ",
o7 CrCl, (3.0 equiv) TBSO . DMF TBSO
B DMFE ()71 84% yield (+)-8
(~ 1:1dr) 0 Ctort 15 h ( 1:1:1:1 dr) ¢ 1:Ll:1:1 dr)

76% vji

6% yleld Benzyl Trimethylsilyl 4-methylmprpho|ine tert- _ o
Bn) (TMS) 4-oxide Butyldimethylsilyl imidazole
( (NMO) (TBS)
K
o d N d HN—  Org. Lett. 2012, 14, 3696
g s % "é K/\N ) . , 14, .
| ) |
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tert-butyldimethyisilyl 2-iodoallyl ether

x.__OH

_A_OH

(CH3)3SICl (1.2 equiv) |

+ i +
> CH3 3S|]20 NacCl
CH4CN /‘\/OH (CH2)

Nal (1.2 equiv)
H,0 (1.0 equiv)
rt, 1h
S7% yield

44

I
Base /J‘\/OTBS

Solvent

Synthesis 1988, 366

https://www.synarchive.com/protecting-group/Alcohol_tert-Butyldimethylsilyl ether




Synthe3|s of 12

TMSOTf (2.3 equlv) OTMS O TMSCI (6.0 equiv)
BnO™ """, NEt; (3.5 equiv) R BnO~ """ Pd(OAC)2 . BnO™ ", NEt; (6.0 equiv) .
TBSO COHZC'Z TBSO COH?’CN TBSO EMF
OTBS 0 c,1h OTBS 25 c,10h OTBS %0 c,4d
(+)-8 (-9 68% yield (+)-10
~ ~ (2 steps)
( 1:1:1:1 dr) ( 1:1:1:1dr) (" 1:1:1:1dr)
OTMS OBn N OTMS
BnO N H BnO
TBSO P-xylene TBSO
OTBS 180 ¢, 2d OTBS
(H)-11 65% yield 12 (+)-11
~ (2 steps) - - _
(" 1:1d) ¢ 1:ldr)
Benzvi tert- Trimethylsilyl
(Bn)y Butyldimethylsilyl  trifluoromethanesulfonate Palladium(ll) acetate Trimethylsilyl xvlene
(TBS) (TMSOTY) (Pd(OAC),) (TMS) P-xy

)OKO- Pd?’ '%'éi— /O/ Org. Lett. 2012, 14, 3696.
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Synthesis of 16

OBn (CH20H), (20.0 equiv)
y H,SiFg (30% ag. 6.0 equiv) PPTS (0.1 equiv)
CH3CN rt to reflux, 5 h
0 Ctort 63% yield
overnight 14
95% yield (< 1:1dr) ¢ 1:1dr)
H, — N
Dess-Martin MgSOa (3.2 equiv)
periodonane
(2.2equiv) Pd(OH)2/C (20%)

NaHCOj (5.0 equiv) MeOH

H,O (2.2 equiv) rtto 50 C, 45 min

CH,Cl, uant. ,
o ) 15 g 16a (minor) 16b (major)
0 Ctort, 30 min (z 1:1 dr) B B
tert- I Dess—Martin
Butyldimethylsilyl B(%nnz)y ! Pyridinium E;tg?g)nesulfonate periodinane
(TBS) (DMP)
O

%%l{— ©fff /@ 0 @H @%%\ J. Am. Chem. Soc. 2017, 139, 4282
/=0 9



Synthesis of 20

NH,OH-HCI (2.0 equiv)
NaOACc (4.0 equiv)

N-BulLi (2.5 equiv)
[MePPhs] Br” (2.2 equiv)

THF
0 ¢, 30 min

64% yield

then _78 OC to rt, 30 min

17
 1:1dr)

NaBH;CN (2.5 equiv)

Dess-Martin

periodonane
(1.2equiv)

NaHCO3 (2.4 equiv)
CH,Cl,
rt, 30 min

81% yield

EtOH/H,0 CF3CO,H (5.0 equiv)
(Viv = 5:2) _ Fon .
rt, 30 min 40 ¢, 30 min
19 .
99% yield 90% yield
(z/IE = 111)
. . Dess—Martin Sodium
Trlphe?g:l)orr:o)sphme periodinane acetate
8 (DMP) (NaOAc)
6
Cres
0
l’\o>\ )J\O- Na*

00 Y

J. Am. Chem. Soc. 2017, 139, 4282
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Synthesis of 22 Building Block

microwave
HCHO (aq.) (100 equiv) (300 W)
CH2C|2 0'C6H4C|2
t, 12 h 150 ¢, 1.5h

Nitrone-olefin 3+2 cycloaddition
1,3 dipolar cycloaddition

several and different
pathways

palhinine A palhinine D
from 22, 23...to 26 from 22, 27 to 31

J. Am. Chem. Soc. 2017, 139, 4282
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Palhinine A (the Blue Pathway)

N-,, ©9® N’ Dess-Martin
- periodonane
Mel (102.0 equiv) Zn (10.0 equiv) (2.0 equiv)
oH THF H ACOH/THF/H,0 NaHCO3 (4.0 equiv)
12 h O (viviv = 2:1:1) CH,Cl,
30 oc, 8h rt, 30 min
22 23 81% yield 96% yield
L-selectride (5.0 equiv) 2N HCI (10.0 equiv)
THF ] MeOH
"78°Cto0 C, 2h 80 c, 2h
92% yield 89% yield palhinine A
Dess—Martin Lithium
periodinane trisiamylborohydride
(DMP) (L-Selectride)
@)
o i-Pr  H_ i-Pr
0 >\\ >_é<2< ® J. Am. Chem. Soc. 2017, 139, 4282
/ |
-0 HaC CH,

b e
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Chemo- and Stereoselective Reduction

L-selectride (5.0 equiv)

Y

THF

78 Cto0 , 2h

92% yield
25 26
Lithium trisiamylborohydride
(L-Selectride)
i-Pr  H_ i-Pr
8P
J. Am. Chem. Soc. 2017, 139, 4282
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Synthesis of 31 (the Red Pathway)

. @) @g\ g\ Dess-Martin
(184.9 equiv) Br 3 periodonane
gy O Zn (10.0 equiv) (2.0 equiv)
acetone H AcOH/THF/H,0 - H NaHCO3 (4.0 equiv)
1 O (viviv = 2:1:1) o) CH.Cl,
overnight 30 OC 8 h rt, 30 min
22 - - :
57 88% yield o8 99% yield
L-selectride (5.0 equiv) p-TsOH (2.0 equiv)
78 Cto0 C acetone/H,0
THF (V/V = 101)
2h 60 C
75% yield
y 30 4h 31
0 .
Dess—Martin Lithium p-ToﬁJSeéoegl',Fﬁ‘lgnic
periodinane trisiamylborohydride acid
(DMP) (L-Selectride) (p-TsOH)
o)
o pr H_ ipr o J. Am. Chem. Soc. 2017, 139, 4282
O é@ @ \Y /OH
// >\ >7 _< Li

)
>l-o HaC CH ke
o bT{ %-PrJ\CHs * I 4
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Palhinine D (the Red Pathway)
-

RuCl; (2.0 equiv)

L
-

CH,CN/H,0
(viv = 5:1)
90 ‘c. 10h
64% yield

J. Am. Chem. Soc. 2017, 139, 4282
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Conclusion
* First report on total synthesis of palhinines Aand D
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Thank You For Listening

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiw6sGdk6vgAhUOUt8KHYC6DLkQjxx6B
AgBEAI&url=https%3A%2F%2Fdepositphotos.com%2F41441791%2Fstock-illustration-cartoon-
chemist.html&psig=AOvVaw21koLylquOx5EKHaDb_W1s&ust=1549677893534548
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Details About Deprotection of N-allylamines

To promote C=C migrations in water
Chem. Eur. J. 2007, 13, 6590

Chem. Commun. 2005, 4086
Tetrahedron Lett. 2003, 44, 8693
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Palhinine Related Products

Mo(CO)s (5.0 equiv)

\

CH,CN/H,0
(viv = 9:1)
85 C
75% yield

p-TsOH (2.0 equiv)

acetone/H,0

(V/V = 101)
98% yield 3-epi-palhinine A

p-Toluenesulfonic acid
(p-TsOH)

O  oH

S/
W
oL
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