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Seco.
seco-steroids are structurally rather

close to their parent compound, they
exhibit one or more C-C bond scissions
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Ranging from fungi and
plants to bacteria and algae,
seco- and abeo-triterperoids

are widespread in Nature.

Abeo-
Rearrangements affecting the ring
of the original tetracyclic framework
and even involving the side chain
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Preposed reasons of the C-C bond scissions
« cation mediated fragmentation (grobs fragmentation)

« oxidation or photochemical reaction (like VD3)

» unusual cascade cyclization (marine or furgal species)

Mentioned synthesis works of the seco-triterpenoids in this Pre.

Nakiterpiosin
A ring seco
CD rings abeo

OH

Me, 20 OH

HO" OH

(+)-Calcipotriol
B ring seco
Me

‘OH  Aplysiasecosterol A R=H Pinnigorgiol B
Me C ring seco R = Ac Pinnigorgiol E
Me
H . OH
Path | & OH & o R HO O_3 Me [ N
(o] Me,,
fragmentation X H* A ,
_ > —_— A
Me Me i gibbosterol A o
S
H unusual Me Me =N ~Me
cascade HO Physalin B o Schilancitrilactones B
o [e) cyclization CD rings seco Me AD rings seco
—_— B A
(_/ </ Me Me BC rings abeo (o]
Me Me Me
Me Me Me H
[C] o H,0
—_— 5 — Ho,C Me” meH
(o) HO H Me S
Me' Mme 7 = Pripindilactone G
Me” me Me Me b Rubrlﬂqrdllactone A A ring seco
Me A ring seco AB ri b
azadirachtin rings abeo

Philipp, Synthesis, 2019, 57, 2039




Qiyang Wang

Seco-triterpenoids

Hu Lab @WestlakeU

I. Nakiterpiosin

Background

1. proposed structure, this work revised it

2. exhibit cytotoxicity against P388
murine leukemia cell line (Glsp=10ng/mL),
but molecular target is unknown

3. only 0.4mg was extracted from 30kg sponge

Structure feature

* C-nor-D-homosteroids family (firstly isolated)
« preplex chiral centers

« involve halogen atoms

« unstable hemiacetal

C-nor-D-homosteroids

Retrosynthetic analysis :
Carbonylative

+ cross-coupling

>< *y Me;Sn g

A,Brings Photo-Nazarov D ring
cyclization

Me

o o o) o
/ 1. CDI, NH(OMe)Me 4 3. isopropenylMgBr
— > \ = N,Me —
OH 3 Ru-[(S,5)-TsDPEN] . 4. Me,AICI
0 HCO;Na, H;0 OH OMe 5 Arso,CI
DMAP

Me
OTf

Me Me
@ 0 6. 0so4, NMO >< *o 8. PhNTY,
7. LiBr, acetone
ArSOs ‘ KHMDS

Synthesis of Nakiterpiosin (20 steps)

OTIPS
Me 1. Ti(OPr)4, (-DET 67 e
Br X"Noy BuoH = Br
R
2. TBSCI, imi. 4. Bi(OTf)3
3. (Ar'0);AIMe 5.Ir cat, H,
Yamamoto epoxide 6. DMP
rearrangement 7. NaBH4
8. TBSOTf
Lutidine

P(OPh);

12. Sn;Meg
Pd(PPh3)4

cl_ _cCl
Me 7 0
Me3Sn ; :

13. Pd(PPhj)s
CO, CuCl

14.hv
15.iPr,NH

16. TFA
17. NalO4

18. BF3+OEt,
Et3SiH
19. TBAF

Nakiterpiosin

C. Chen, JACS, 2009, 7317, 1410
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Il. Calcipotriol (Dovonex)

Synthesis of Calcipotriol (16 steps)

Me., 20 OH Background
» most successful commercialized VitD analog OH
« treat psoriasis, an autoimmune skin disease 3. Baping, Cu(OAc),
X . 2 ; 1 PIDA chiral Box Ilgand
« traditional approach to synthesis CD rings is
degradation of VD, causing CD rings are hard
to decorate at C20 2 TESCI the" NaBOs, TBAF
» scalable synthesis to avoid semisynthesis Me OTES
« build a platform to gain more VD analogs
>3000 analogs
HO" OH
o] 1. [o)
. Y 2. Sharpless
Prominent synthetic approaches /\coz‘eu dihydroxylation
—
[ POPh; e R _ " DBU, DMF CO;'Bu 3 pTsA
Pd-cyclization =

OMe
Me
3 reduction
I: CO,Et COyEt
i 10. NaHMDS 8. AcOH
e Sm— B —
| PhNTf; 9. PPh3, C,Clg
ring expansion Sonogashlra o D|:EA
) reriux
HO"

11. Pd cat. Cul, DIPEA

H Sonogashi

ra

N
)
V

HO™"

A ring fragment

12. LiOH
OTBS
COR' coM,, /\/‘W
MHAT
13. NHPI, DIC
14. Ni(ll), 2,2'-Bipy
Nal, AgNO3
dr1:1
15. Lindar's, H,
Me Me 16. TBAF
: X OTBS
OH (o]

OTBS
5. NaBH4
6. TBSOTf, Lutidine
X~ “OH 7.80Cl, Z 0TBS
Me OH 8. K,CO3 Me
A ring fragment
CO,'Bu CO,H
o 4. Nysted
iy 2
Me Ti(O'Pr),Cl, 3 °><Me
Me 5. LiOH fo) Me
6. NHPI, DIC
Ni(ll), 2,2"-Bipy
Nal, AgNO3;
Me
— Me
| CO,Et
CO,Et ZNco,Et
7. Fe(dpm)3

(+)-Calcipotriol

4.TMS

MgBr

PhSi(0'Pr);H,
-

Baran, PNAS, 2022, 119, e2200814119
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lll. Aplysiasecosterol A

Aplysiasecosterol A

Background

» a 9,11-secosteroid isolated from sea hare

» possess a unique ftricyclic y-diketone core

« 8 consecutive steregenic centers

« high oxidation state

« de novo synthesis

« chiral resources involving CBS cat., AD-mix-p
and sparteine

Retrosynthetic analysis

Me,
HO OH

Me
Br
=0
OBn
Me
o "o

Reformatsky type
reaction

y Me Me
HOW Me

Me

Synthesis of Aplysiasecosterol A (19 steps)

M e 1-AD-mixp MsNH,  ¥° Me e e Me e

ge € 2. acetone, TsOH o 4.03,NaBH4“B°\/\/\)<
HOWM - | i 0 : FRS)

€ 3. ArSeCN, PBus 07< 5. TIBOH, PPh;, DIAD 07(

m-CPBA, TEA

s Me Me

Me 6. *BuLi, sparteine Me

oTBS
PInB/\/\/

Aggarwal borylation

Zweifel-Evans
Me me olefination  ping

7. 'BuLi, MeONa, I,

Me
Me s TBAF

. AcOH -
H - o el
L o Sy S
9. DMP
M Me /\)L
o Me " Me BnO Br

OTBS
1. CBS reduction

E
0 0 5. Me 9’}_ o HQ
/ 2.71BSCl, imi. ~0 )\/B*o E é\\/}
i — <
Me  3.Cy,BH,NaBO; ~/ Me /M e

Sakurai allylation

o 4.DMP OTBS OTBS
6. aq. HF
7. BnOH
CSA

8.DMP o
12. KHMDS, TMSCI 9. TMSOTY, TEA
13.NBS 10. IBX, MPO

- 2 Me

14. 03, DMS 11. (TMS)3SiH, V-40 :

Br

Me

15. Et3B, air, Bu3SnH
prepared aldehyde

16. Burgess reagent

Me
Me ve

BnO ¥
H [o]

" e

Me
17. Fe(dpm);
—0 Ph(’Pr)SiH,
4 —_———
OBn  48.aq. HCIO,
Me 19. Pd(OH),/C, H,

Li, JACS, 2018, 740, 9211
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IV. Pinnigorgiols B and E

Me,
RO
e

Structure feature

« the same tricyclic y-diketone core
« 8 consecutive steregenic centers
« the chiral resource is ergosterol

« bioinspired semisynthesis
R=H pinnigorgiol B
R = Ac pinnigorgiol E

Proposed biosynthetic pathway

a-ketol
rearrangement

vinylogous
a-ketol
rearrangement

I
<

protonation

hemiketal formation

Essential acyl radical cyclization

9 0
Me - Me
"-., semipinacol
rearrangement .o @’
HO I
OH:

OH (o]
oxidative
cleavage

acyl radical Me (o]
cyclization HO { f
then protonation (o] 0
OH

Me
pinnigorgiol B

Synthesis of pinnigorgiol B (15 steps)

Me
1. TBSCI

2. K,0s04, K]FE(CN)G
hydroquinine

TBSO

5. MsCl, TEA

<

6. CaCO3, TEA

semipinacol
rearrangement

TBSO

7. O3, NaBH4
8. Ac;0, then DMP

Me
j Me 3

9. TMSI, HMDS, Py
Me 19. 05, DMS

-

11. TMSI, HMDS, Py

12. NBS TBSO @
SH
13. DIC, DMAP
then HF
AcO Me, Me
\l Me $
o “ Me

e
14. AIBN, Bu3SnH

M
o 4 H
15. K;CO3, MeOH HO (o)
(o} s/\/©
I

Gui, JACS, 2021, 743, 4886
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V. physalin B

Synthesis of the DFGH ring systhem (25 steps)

(o]
Me 1. heat 2. DIBAL-H Me
=z 3days 3. H804
+ — —_— >
N OMe OMe 4. MOMCI “'OH
DIPEA PH
OPMB (o} PMBO 5. Luche PMBO OMOM
synthesis of the
DFGH ring system 6. DIAD, PPh;
PNO,PhCO,H
7. K,CO3, MeOH
Background Structure feature 8. BusSNCH,
* belonging to the Solanaceae family, * a 13,14-seco-16,24-cycloergostane skeleton oTBS OTBS NaH
mainly in species of the genus Physalis spp. « terrifled chiral centers 13. TMSN3 9. MeLi Me
* no report for total synthesis currently X . then I, Py 16 TBSCI
* Due to the fast growth of the plants, * complex fuse rings system (8 rings) - - SnBus
an approach for extraction has been » extremely high oxidation state Me - 14. MeMgBr 11.DDQ 0)
established i > H : Fe(acac) H i 12. MnO i H
« various oxygen functional groups 3 g 2 : :
* the potent anti-inflammatory and yg Sromp O omom NMP O OMOM PMBO  OMOM
immunosuppressive agents
15. TMSacetylene
"BuLi, CeCl;
Retrosynthetic analysis of the DFGH ring systhem oTBS S OMc
o]
Me H 16. m-CPBA 0 19. m-CPBA
0 Me) O tal —_>» O (o}
N i fo:r:leatalon Me 17. K2COs Me" 7 S 20.HPE Py
A0 — H o o o won  1&-DMP Z ""',O-'-‘.OM 0M21. CISO,CH.Cl Me 00 i
HONANO - —_ ™S Il
lactone
Me \\ 5 ; formation
a-ketoester
precursor 22. LiOH
Beayer-Villiger M
0 oxidation e
. 0_\ 24.HPLC HO_:
e tio!
Me & o seperation
Diels- HO £
OMe Alder 9 DME //
o] H Me\\
+
PGO
\\_//_OPMB a-ketoester

precursor 1:5.9

Sodeoka Angew, 2009, 48, 3862
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VI. Schilancitrilactones B and C

Schilancitrilactones B

Schilancitrilactones C

Structure feature

* nortriterpenoid family

« 7 consecutive chiral centers

* 3 lactone rings

« 3 cis-fused five membered rings
« relatively high oxidation state

Background

isolated in 2012 by Sun and coworkers
from the stems of Schisandra Lancifolia
Schilancitrilactones C showed anti-HIV
biological activities but B is not bioactive
chiral resource: carvone, chiral ligand

Retrosynthetic analysis

radical addition
iodination

BusSn

(o)

radical
cyclization

Aldol

Synthesis of Schilancitrilactones B and C (17 steps)

COH 4. LK Me
1. H,0,, NaOH 5. NaBH4 Me (o]
Me 2.H;804aq e 6. AIBN o
B
Bu3;SnH
GRS | 7.PPhs, I
Me 0 imi. |
Me Me 2. TFA Me
n 1. PPh;CHCO,'Bu )\_)\\ 3. Br, .
B —————— -
fo) o (o] o = 4. TEA (o] (o) =
o C0,'Bu 5. Sn,Bug SnBuj
Pd cat. organotln compound
OBz 3. Pd cat, base
1. TPP, O; then H chiral dlanlne 4 NaH
© thiourea O ligand, MeOH Mel
2. BzCl 5. NaBr

oz ° \FMe
o 6. BrCH;COz‘Bu
LDA
o]

7. TFA

double Tsuji-Trost

12. CuCly,
o EDC
14. m-CPBA
Me —————————>»
15. NaOMe
NiCl2:6H,0

16.ICI

o
Q A 17. BuzSnH, AIBN
9% Me = 2 36% Me* Z “Me prepared organotin

Tang, Angew, 2015, 137, 10120
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VII. Rubriflordilactone A
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Structure feature

« nortriterpenoid family
« contain a benzene ring
« 2 lactones

« relatively high oxidation state

Synthesis of Rubriflordilactone A (19 steps)

" 1 CBS reduction

2. TMS- acetylene HO

S
3. EtC(OMe)3
| l 2-nitrophenol
—_—

4. LiOH

0 (o] (o]
S J\L |
e Me \J CO,Me 1 Cu cat. }\\NJL.., 2. EtSLi Me)l:@\
_— e
Background Pr—— MeO,C otas > YeZnh Pdeat yeo.c oTBS
< . S . . ligand
* a bisnortriterpenoid isolated from Schisandra rubriflora by Sun and co-workers 7'59.,2nee
« the strategy of 6p electrocyclization and oxidative aromatization is applied OTBS M. e 4. MeMgCl
« chiral resource CBS cat., Chiral Box ligand p o 5. KHMDS
%ﬁ J—Me 0Oy, P(OMe);
N N/ 6. TESOTf
7 Lutidine
NHMs MsHN
. . 7. CHBr
etrosynthetic analysis 3
R yn naly 9. PdIC, H, 'BuOK
10. LIHMDS 8. AgClOy4
PhNTf;
= 11. Ac0, Sc(OTf); >99% ee after
V'"Y'?QOUS 12. LIHMDS recrystalization
Mukaiyama -
Aldol 13. Et3SiH
BF3-Et,0
 — O Y 14.Pd cat. Sn;Mes 0
0 SnMe; Me
H : 15.Pdcat.CuTC “+H 16. air, heat |,
—*
17. LiAIH(O'Bu); O
Me 18. DAST
Me' me Me' MeH
TIPSO
Me
o
Stille o
(———= H &l
Me  19. BF3-Et,0 |Bussn

Li, JACS, 20114, 136, 16477
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VIII. Pripindilactone G

Structure feature
* nortriterpenoid family
* a unique 5/5/7/6/5 pentacycliccore

« relatively high oxidation state
+ 2 lactones

Background

« isolated fromvarious species ofSchisandraceafamily by Sun et al
« the structure of (+)-propindilactone G has been revised by this study
« chiral resource only is Hayashi ligand

* munipulating the stereocenters C13, C17 and Cyo is a big issue
« de novo synthesis

Retrosynthetic analysis

organocatalysis

H | + / Dlels Alder
Ll — .
EtOZC

EtO,C TIPSO
Me' MeH

Synthesis of Pripindilactone G (20 steps)

2 2. AlMe
EtO,C,, OTIPS < 3 EtO,C., OTIPS
i . y 1. TFA 2L, MeMgBr g
H Me
Eto,c” TIPSO |\/> é\r 3. DMP
AT (o] 0
N 4. MeMgCl
o OTES 4009 gram 5. KHMDS
9% on 0,, P(OMe)s
then TESCI
8. Pd cat.
Cul,DIPA
TMSacetylene OTIPS
™S «——— ¢
9.CeCl3
MeH Jk/\
10. Co,(CO)g  Me MgBr
dr=238:1
11. AgF

o HO, Me
S 12. Pd(OH),, H,

—_—
0 0 13. m-CPBA
Ve’ meH M M sulfurane Me” et
17. Pd cat.
nBl.I3P
DIPEA
HCO3H

18. TIPSOTY, TEA H
PO(OPh),
then CAN, DTBP
Me” “CO,Et oTIP p o
19. KHMDS 2:1: Me,

Me' MeH

DBU reacts with
Me the epimer(41%)

Me’ MeH NMO Me' MeH
remained dr = 1.5:1

Pripindilactone G

Yang jacs, 2015, 137, 10120
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Suggested further reading ...

Kadcoccinic Acid A Trimethyl Ester
Trost, J. Am. Chem. Soc. 2021, 143, 12286

Schindilactone A
Yang, ACIE 2011, 50, 7373

Me M';

SchiglautoneA
DING, ACIE 2018, 57, 15567

ent-abudinol
Hardcastle J. Am. Chem. Soc. 2010, 732, 5300
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