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Introduction of Kopsia alkaloids

R

- Shrub or small tree

- Southeast Asia, India, Southern China

- Wide range of biological effects: anti-
protozoal, cholinergic, antirheumatism,
anti-inflammation among others.

- Intriguing molecular structure

Images from www.excelsagardens.com and Wikimedia.

T.-S. Kam, K.-H. Lim in The Alkaloids: Chemistry and Biology, Vol.66, Elsevier, 2008, pp.1-111.
K.-H.Lim, O. Hiraku, K. Komiyama, T. Koyano, M. Hayashi, T.-S. Kam, J.Nat.Prod. 2007, 70, 1302.



Structure of Kopsia alkaloids

Some examples of Kopsia alkaloids

N N

3o |

N N
, MeO,C H N
OH MeO,C
Kopsine Kopsinine Kopsanone
Q —N
OH
N N
MeO,C CO,Me
Fruticosine Kopsinitarine E

- Hexacyclic to octacyclic framework

- Bicyclo[2,2,2]octane (in purple)

- Multiple contiguous stereogenic centers

- 2 all-carbon quaternary centers at C3 and C20
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Total synthesis of Kopsanone

Brief summary of the total synthesis of Kopsanone

1o

Iz

- Magnus, 1983, 14 steps

- Kuehne, 1985, 8 steps

- MacMillan, 2011, asymmetric, 11 steps
- Qin, 2017, asymmetric, 21 steps

- Ye, 2020, asymmetric, 19 steps

T. Gallagher, P. Magnus, JACS, 1983, 105, 2086.

P.J. Seaton, M.E. Kuehne, JOC, 1985, 50, 4790.

S.B. Jones, B. Simmons, A. Mastracchio, D.W.C. MacMillan, Nature, 2011, 475, 183.

L. Leng, X. Zhou, Q. Liao, F. Wang, H. Song, D. Zhang, X.-Y. Liu, Y. Qin, ACIE, 2017, 56, 3703.

X. Jia, H. Lei, F. Han, T. Zhang, Y. Chen, Z. Xu, P. Nakliang, S. Choi, Y. Guo, T. Ye, ACIE, 2020, 59, 12832.



Total synthesis of Kopsanone (1)

(1) (2)

1) Zn, AcOH
2) PhSCH,COCI
3) m-CPBA

Y

82%

1) KHMDS, allyl bromide

N
2) Benzene, 100°C
a8 -
72%

Mbs Diels-Alder

T. Gallagher, P. Magnus, JACS, 1983, 105, 2086.

TFAA

Cl3CCH,0COCI
Pr,NEt

Y

120°C, 50%

[4+2] cycloaddition

Y

78%
Pummerer rearrangement

O
PhS

Mbs
(8)

Cl3H,COOC~N
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Mbs
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Total synthesis of Kopsanone (1)

Toluene, 215°C

1) TsSNHNH, NaOAc, EtOH, 99%

2) m-CPBA

95%

Mbs
(13)

T. Gallagher, P. Magnus, JACS, 1983, 105, 2086.
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1) LiAIH,
2) DMSO, MDCC

Y

66%

Pfitzner-Moffatt oxidation

0 0y 0 0y
Ph=St PhiSt
- +
\ \
Mbs Mbs
15% 7%

(9) (10)
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SPh -

PhSOH TFAA, 130°C
_— >
) 70%
'?j Pummerer rearrangement
Mbs
(12)
N |

N MDCC = \O\

H O -
n_0O
S

Kopsanone I



Total synthesis of Kopsanone (1)

CHO 14 steps, 4.4% overall yield N
A\ —_—
N > N
PG H
Kopsanone
Key steps:

- Pummerer rearrangement to furnish the pentacyclic core
- Diels-Alder reaction to obtain the bicyclooctane

T. Gallagher, P. Magnus, JACS, 1983, 105, 2086. 10
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Retrosynthesis of (-)-Kopsinine & (-)-Kopsanone (2)

Mimic of biosynthesis

5

CO,

Kopsinine

%

CO,Me
Akuammicine Vincadifformine Kopsanone
Strychnos Aspidosperma Kopsia

S.B. Jones, B. Simmons, A. Mastracchio, D.W.C. MacMillan, Nature, 2011, 475, 183. 12



Total synthesis of (-)-Kopsinine & (-)-Kopsanone (2)
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A\ 3) (Et0),P(0)CH,SeMe /—SeMe N 1 ;Nap
N - N 20mol% | ) O
H tn, " N
63% N Bu' N
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2
S.B. Jones, B. Simmons, A. Mastracchio, D.W.C. MacMillan, Nature, 2011, 475, 183. 13

F. Gatta, D. Misiti, J. Heterocycl. Chem. 1987, 24, 1183



Total synthesis of (-)-Kopsinine & (-)-Kopsanone (2)

Boc
cHo 1) TMSI 1) COCly, NEt3 -45°C to RT N
Q 2) PhsPCHCH,Br then KO'Bu then MeOH, -30°C to RT
O N 58% 2) Pd/C, Hy O Q
Bn 69% N CO,Me
Bn
16
(16) (18)
SO,Ph N
— , 100°C Raney Nickel, EtOH, 78°C e 1N HCI, 130°C
oo 83% O N COMe
H

(-)-Kopsinine

H. N
N
200°C, neat \ e
O _ 74% N
N O H
L i H o
L _ (-)-Kopsanone
S.B. Jones, B. Simmons, A. Mastracchio, D.W.C. MacMillan, Nature, 2011, 475, 183. 14

C. Kump, J.J. Dugan, H. Schmid, Helv.Chim.Acta. 1966, 49, 1237.



Total synthesis of (-)-Kopsinine & (-)-Kopsanone (2)

N
—Boc ) i N
N 9 steps, 14% overall yield

AN 2 steps, 74%
i ® A
H — H

N COzMe

H

(-)-Kopsanone

V-Kobsini
(-)-Kopsinine (11 steps, 10% overall yield)

Key steps:

-  Biomimetic cascade reaction to an advanced intermediate

- Diels-Alder reaction to obtain the bicyclooctane
- Acid-mediated thermodynamic rearrangement from Kopsinine to Kopsanone

S.B. Jones, B. Simmons, A. Mastracchio, D.W.C. MacMillan, Nature, 2011, 475, 183. 15
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Retrosynthesis of (-)-Fruticosine

o o
-N -
NC Al
OH Aldol Acyloin condensation
p—— ——
N N CN
MeOQC
Fruticosine (A) (B) (©)
Mannich “
Isoxazole opening, HN Q CN HN
Regitz diazo transfer Cyclopropanation N
Pe N <
\ i ’
N N
H H

(E) (D)

(G) (H)

L. Leng, X. Zhou, Q. Liao, F. Wang, H. Song, D. Zhang, X.-Y. Liu, Y. Qin, ACIE, 2017, 56, 3703. 17
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H

(22)

0]
o
1) [RhCI(PPh3)s], o’

then sodium perborate, H,O

Total synthesis of (-)-Fruticosine

/ PPh, l\’

1) Boc,O, DMAP o g 0
2) LIHMDS, allyl chloroformate o) 0] [Pd,(dba)s],

Br \ O\N { / QN Reflux, 91%, 94% ee
3) KoCO3, { N ¢

Br Bocl: Br
69%
(23)

2) MsCl, NEt,
3) NaN;

87%

HN
1) PPhs H,O
2) NaBH, o
- o \ | N
Y
85% N
Boc': Br
(25) (26)
(+ 5% other diastereomer)
Troc~pN
1) FeCl, MeCN, reflux o
g \
2
) é)—o NN e
fN” \ Boc
—/ Ns .
N , pyridine (28)

91%

L. Leng, X. Zhou, Q. Liao, F. Wang, H. Song, D. Zhang, X.-Y. Liu, Y. Qin, ACIE, 2017, 56, 3703.
J.T. Mohr, D.C. Behenna, A.M. Harned, B.M. Stoltz, ACIE, 2005, 44, 6924.

Troc-Cl, Na,COj5

94%
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Total synthesis of (-)-Fruticosine

Troc~p Table 1: Optimization of cyclopropanation reactions.”
Troc~pN
Q—\&O Conditions Q@ Troc-n Tm:N/\‘\ ch'c_N/_} H
- —
N ;.- + &
P, o G ;% ~ @(@ﬂ
Boc Boc Boc Boc 30 (x.ra
(28) (29) 20 (X-ray)
Entry  Catalyst Solvent T[°C)/t Yield [%]
20 30
1 [Rh(OAd)] DCM 25/3 h trace 16
2 Rh(C,F,CO,), DCM 25/3 h none 23
3 CuOTf DCM 25/3h trace 22
4  Cu(OTf), DCM 25/3 h none 18
5 Cu(TBS), DCE 80/2 h none 15
6 [Cu(acac),] DCE 80/2 h 10 15
7 [Cu(tfacac),]  DCE 80/2 h 17 12
8 [Cu(hfacac),] DCE 80/2 h 22 13
9%l [Cu(hfacac);]  DCE 120/5 min 38 12
10 [Cu(hfacac),] benzene 80/2h 40 5
11 [Cu(hfacac),]  chlorobenzene  100/1 h 45 17
) 12 [Cu(hfacac);]  chlorobenzene  120/30 min 52 13
13 [Cu(hfacac),] chlorobenzene  130/15 min 49 15
14 [Cu(hfacac),]  1,2-dichloro- 150/10 min 34 13
benzene

[a] All reactions were performed with 20 mol% catalyst in 0.005 m

concentration in freshly dried and argon-sparged solvent.” [b] Heating
by microwave. acac = acetylacetonyl, hfacac = hexafluoroacetylacetone,
TBS =tert-butyldimethylsilyl, Tf=trifluoromethanesulfonyl, tfacac =tri-
fluoroacetylacetone.

L. Leng, X. Zhou, Q. Liao, F. Wang, H. Song, D. Zhang, X.-Y. Liu, Y. Qin, ACIE, 2017, 56, 3703.
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Total synthesis of (-)-Fruticosine

Troc~N HN
NG 1) CF3COOH
N Zn, EtOH/THF/AcOH CH,0, reflux 2) TMSCN, AICl,
N o} N O  55% over two steps 74%

Bo¢ Bot CF , Ot
(29) (30) (31)
0] HO_
NC_ [N NC_ [N |
Sml, THF 1) Concentrated HCI, 100°C
. e >
0,
\ 74% \ 2) A\
N CN , , H |
Acyloin condensation N\OH
(32) (33) S , EDCI, DMAP
81%
™M NaOH 15.5%
HO
AIBN, BuzSnH, reflux
35:36:37 11%:36%:30%
(36) (37)
DMP, 36% 1M NaOH, 79.4%

45% overall to (36)

L. Leng, X. Zhou, Q. Liao, F. Wang, H. Song, D. Zhang, X.-Y. Liu, Y. Qin, ACIE, 2017, 56, 3703. 20



Total synthesis of (-)-Fruticosine

CO,Me
HO_ o'y HO_
Triphosgene, then MeOH MeOH, pyridine, HZO
N N 70°C, 64% over two steps

|
MeO,C MeOZC
(38) (39)

(36)

1) NaBH,
2) Pb(OAc),

o
v

3) NaOMe
55%

|
MeOZC

(-)-Fruticosine

L. Leng, X. Zhou, Q. Liao, F. Wang, H. Song, D. Zhang, X.-Y. Liu, Y. Qin, ACIE, 2017, 56, 3703. 21



Total synthesis of (-)-Fruticosine

|
M602C

(-)-Fruticosine

N
H

Key steps:

- Enantioselective Tsuji-Trost rearrangement to fix one all-carbon stereocenter

- Cyclopropanation to construct the upper ring
- Sml,-mediated acyloin condensation to close the last ring

L. Leng, X. Zhou, Q. Liao, F. Wang, H. Song, D. Zhang, X.-Y. Liu, Y. Qin, ACIE, 2017, 56, 3703.
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Retrosynthesis of Kopsinitarine E

@)
Mannich
\ OH
COsMe
Kopsinitarine E
Q CO,Me
j/N 2 Radical promoted o
Br Dieckmann-like Semi-pinacol
OPG condensation rearrangement
A\ T—
N
\
Boc
(M)
0]
\
: :N
\
Boc

K. Nagaraju, D. Ni, D. Ma, ACIE, 2020, 59, 22039. 24



Total synthesis of Kopsinitarine E

1) LIHMDS, CO(OMe),

Qﬁ 2) K,COj5 acrylonitrile
N ’

48%

Boc Boc
(40)
HN
1) DIBAL-H
2) Py.SO3 DMSO, Et3N \ CHO
70% N
Boc’:
(43)

K. Nagaraju, D. Ni, D. Ma, ACIE, 2020, 59, 22039.

CN
0 HN
1) N|C|26H20, NaBH4
CO.Me NH,NH, \
2) Pd/C, H, ',\l
76% Boc
(41) (42)
0
1) CH3CO,Me, LIHMDS Br\)\N
then TESCI CO,Me
2) BrCH,COCI, Na,COj4 N \ OTES
o,
o ool
(44)
25

CO,Me



Total synthesis of Kopsinitarine E

0 o)
Br\)LN Br\)LN
COMe _DIBAL-H CHO
\ OTES 80% \ OTES
N N
Boc BocI;
(44) (45)
_ o _ 5
N N
-0 Prins 'OH
.
Qj\/ OTES — OTES
'I\l N
L Boc — Boé
(47) (48)
o} 0
Br\)LN N
'OH
CO,Me Sml,
\ > OTES
OTES ~
N 64% '/\l
Boé Boc
(44) (48)

K. Nagaraju, D. Ni, D. Ma, ACIE, 2020, 59, 22039.

0]
N
Sml, *OH DMP
e
85% \ OTES 87%
N
Boc
(46)
1) LDA, I,

2) AgCOg toluene, 110°C

v

65%

Semi-pinacol rearrangement

26



Total synthesis of Kopsinitarine E

1) TMSOCH,CH,OTMS,
TMSOTf
2) TBAF (i-PrO),Ti, Ph,SiH,
3) DMP 92%
4) L-selectride
47%
O O. O
N—\ 0 )/N—SOZPh N0
1 1
PPTs J KHMDS, PH g Ac,0, DMAP
w C - CIaAPe T
o]
89% N 82% N 94%
Boc Boc
(52) (53)
O
N—MO 0
¥ 1) TFA, 80°C N—>*0
2) Triphosgene, py, MeOH )
OAc >
N 64% OH
Boc N\
(54) COzMe

Kopsinitarine E

K. Nagaraju, D. Ni, D. Ma, ACIE, 2020, 59, 22039. 27



Total synthesis of Kopsinitarine E

o
Q 20 steps, 1.25% overall yield l}l/\\ 0]
Oy — . )
OH
N
! N
Boc CO,Me

Kopsinitarine E

Key steps:

- Sml,-mediated cyclization followed by a Prins-type cascade
- Semi-pinacol rearrangement to finish the core structure

- Titanium promoted reductive cyclization

- Intramolecular Mannich reaction

K. Nagaraju, D. Ni, D. Ma, ACIE, 2020, 59, 22039. 28
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Summary

Kopsia alkaloids:

Key steps being the construction of C20-C16-C17-C2 bridge using

Diels Alder (Magnus, MacMillan),
Sml,-promoted acyloin condensation (Qin), Mannich (Ma).

Few total syntheses in the literature.

CHO 14 steps, 4.4% overall yield N 0
A\ — > 26 steps, 0.8% overall yield
N —_— —_—
PG N ) >
N I
Kopsanone H MeO,C
N (-)-Fruticosine
N—Boc 9 steps, 14% overall yield N
N\ e 2 steps, 74%
—_— N
: — ;
N CO,Me
H
(-)-Kopsanone
(-)-Kopsinine .
(11 steps, 10% overall yield)
0 S
20 steps, 1.25% overall yield N> 0
\ > g
N > OH
Bod N

oc CO,Me

Kopsinitarine E
30



Thanks for your attention !



