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> Introduction

Schisandracea

1: propindilactone G 2: schindilactone A
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3: rubriflordilactone A 4: schilancitrilactone B




Oxidative heterocoupling
O of enolsilanes

1: propindilactone G (a—H17)
1a: C17-epi-propindilactone G (B-H17)
(originally proposed structure)
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» Retrosynthetic analysis of propindilactone G
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» Synthesis of the bromoenone 14

9 a) A, toluene, TFA, -10°C, 7 h
OTIPS 88% (98% ee)
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b) AlMe3, MeMgBr, 80%
c) DMP, 93%

-

d) MeMgCl, 84%
e) KHMDS, P(OMe)3, O,
then TESCI, 90%

l f) IBUOK, CHBrj3, -20 °C
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~ OTIPS
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r atetone, rt
Br (57% in 2 steps)
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» Synthesis of the tetracyclic ring fragment 17

a) Pd(PPh;),Cl,, Cul, DIPA

=—TMS, 88%

Bng/\/g

CeCls, 81%

¢) Co(CO)s, 67%

-

Me 16 TMS

l e) AgF, 85%




» Synthesis of ketolactone 6
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a) Pd(OH),/C, Hy, 98%
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¢) Ac,0, EtzN, 91%

d) LIHMDS, 84%

le) Martin's sulfuran, 83%

f) Pdydbag, CHCl3, "BuP
HCOOH, DIPEA

6 =56%
6a=22%
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g) DBU
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» Synthesis of compound 22

a) TIPSOT,
—EGN

Y

then CAN, DTBP, 92%

(dr=2.0:2.0:1.1:1.0) g\/\/OTIPS




» Synthesis of compound 23, 24, and 25/26

b) KHMDS
60%

(PhO)ZOPYCOZEt
B

Me

(25/26 = 1.5:1, 60%)




» Total synthesis of (+)-propindilactone G (1)

a) 0sO,, NMO, 81%
25/26 >

propindilactone G (1)




» Strategic bond disconnections of schindilactone A

Pauson-Khand
RCM reaction

reaction @) A==,

Dieckmann-type
condensation

Coupling reaction Carbonylative
annulation

schindilactone A (1)
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» Synthesis of ketoester 9

\ o)

) )l OTBS  b) MeMgBr, THF,
OTBS a) Et,AICI, toluene, 65%  MeO -78°C to 0 °C, 78%
0 + o Me -
G 0
M )k/\COOM
e s e 4 5

c) KHMDS, THF,
-78 °C to 0 °C,
then P(OMe)3, O,
d) TESOTT, 2,6-lutidine,
CH,Cl,, 0 °C, 95%
Q OTES
e) KO'Bu, CHBrsj, H
__ petroleum ether, -20 °C T

f) AgCIO,4 H,0, CaCOs, OTBS

acetone, 82% to 2 steps

g) (1-tert-butoxyvinyloxy)-(tert-butyl)dimethylsilane,
PdCl,/[{P(o--tol)3},], CuF,, THF, 75 °C, 85%
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» Synthesis of intermediate 13

a) But-3-enylmagnesium bromide,
THF, 0 °C, 88%

10b (22%
/( )

b) KHMDS, THF, -78 °C,
then MoOPH, -78 °C, 62%

¢) BnOC(=NH)CCls, Et,0,
TfOH(cat.), 65%

d) Vinylmagnesium bromide,
THF, 0°C, 77%

A

e) Grubbs |l catalyst, MgBr,,
CH,Cl,, 30 °C, 65%
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> Total synthesis of the intermediate 18

a) KHMDS, but-2-ynoic pivalic anhydride,
toluene, 0 °C, 78%

b) [Coy(CO)g], TMTU, PhH,
70 °C, 74%

c) MeONa, MeOH, RT
d) TMS-imidazole, CH,Cl,,
RT, 91% for 2 steps

e) KHMDS, THF, -78 °C,
then Mel, -78 °C, 88%

f) DIBAL, CH,Cl,, -78 °C,
g) DMP, NaHCO3, CH20|2,
RT, 70% for 2 steps

13



> Total synthesis of the intermediate 20

h) Vinylmagnesium bromide, THF,
-78°C, 88%

Y

18 19

i) TBAF, AcOH, THF,
RT, 93%

j) LiAIHy(OMe),, THF,
-78 °C, 60%
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» Total synthesis of the (*)-schindilactone A (1)

a) Pd(OAc),, lilgand A, CuCly,

CO, THF, 70 °C, 78 %

2

ligand A

ot

b) LIHMDS, THF, -78 °C,
then Mel, 80%

c) LiTMP, THF, -78 °C, then a saturated
solution of NH,CI, 76%

d) Ac,0, Sc(OTf)s, CH5CN,
RT, 90%

e) Pd(OH),, H,, EtOAc, RT, 90%
f) LIHMDS, THF, -78 °C to 0 °C,
g) DMP, NaHCO3, CH,Cl,,

RT, 60% for 2 steps

schindilactone A (1)
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Propinadilactone G

Asymmetric DA reaction
Co-mediated PK reaction

Pd-catalyzed reductive hydrogenolysis reaction

20 steps.

Schindilactone A

Silver-mediated cyclopropane rearrangement
RCM reaction

Palladium-catalyzed carbonylative annulation

Dieckmann-type condensation

Schindilactone A 29 steps.
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Propindilactone G (1) and compounds 2-4 (Chart 1) represent a novel
group of nortriterpenoids isolated from various species of Schisandracea
family by Sun et al. The species are widely distributed throughout Southeast
Asia and North America and used as traditional Chinese herb medicines in
China for liver protection and immune regulation.

The intriguing chemical structures and potential biological activity of the
nortriterpenoids, in combination with their scarcity in nature, which limits their
further biological investigation, have spurred considerable interest among the
chemistry community, resulting in the total syntheses of schindilactone A (2)
in 2011 by Yang et al., the total syntheses of rubriflordilactone A (3) in 2014
by Li et al., and the total syntheses of schilancitrilactone B (4) in 2015 by

Tang et al.
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In conclusion, the total synthesis of (+)-propindilactone G (1) was
accomplished for the first time in 20 steps (longest linear sequence) starting
from (buta-1,3-dien-2-yloxy)triisopropylsilane 9 and (E)-ethyl 4-oxobut-2-
enoate 10. The key steps in this synthesis were an asymmetric DA reaction, a
Co-mediated PK reaction, a Pd-catalyzed reductive hydrogenolysis reaction,
an oxidative heterocoupling reaction of enolsilanes, and an OsO,-mediated
dihydroxylation. This work demonstrates the power of the PK reaction for the
stereoselective construction of cyclopentenone bearing an all-carbon
quaternary chiral center, and the oxidative heterocoupling reaction of
enolsilanes for the concise ligation of cyclopentenone core 6 with its side

chain.
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The true structure of 1 was revised in accord with our finding, and the
originally proposed structure has been reassigned as C17-epi-(+)-
propindilactone G (1a). The application of the synthetic propindilactone G and

its analogues as probes to study their biology is currently underway in our

laboratories, and will be reported in due course.
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» The thiourea/palladium catalyzed carbonylative annulation reaction

a) Pd(OAc)s,, ligand A, CuCl,,
CO, THF, 70 °C, 78 %

HCI
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