Problem Session (9) 2023.9.2 Haruka Fujino

Propose a reasonable plan for the asymmetric synthesis of (—)-serratinine from commercially-available
compounds.

Make maximum efforts to consider chemo- and regio-selectivities and functional group tolerance.
Cite proper references, if necessary.
Submit your synthetic plan to hfujino@mol.f.u-tokyo.ac.jp as a ChemDraw file if you want to share and discuss it in

the whole group seminar.
Submission due date: Aug 28 (Mon), 10 am

(-)-serratinine




Problem Session (9) - Answer - 2023.9.2 Haruka Fujino

Topic: Synthetic Plan of (-)-Serratinine Proposed by Inoue Lab Members and Synthia™
1. Introdution

1-1 Serratinine-type Lycopodium alkaloids

8- deoxyserratlnlne R1 R%=H
serratine =0OH,R2=H
serratanidine R1 R2 = OH

serratezomine A

o) serratezomine B
(seco-serratinine type)

* isolation of (-)-serratinine

from Lycopodium serratum

Inubushi, Y.; Ishii, H.; Yasui, B.; Harayama, T.; Hosokawa, M.; Nishino, R.; Nakahara, Y.
Yakugaku Zasshi 1967, 87, 1394.

* bioactivities of (-)-serratinine

unexplored

(cf. Serratezomins B has cytotoxicity aganinst murine lymphoma L1210 cells.
Morita, H.; Kobayashi, J. J. Org. Chem. 2002, 67, 5378.)

» structural features of (-)-serratinine
a unique 6/5/6/5-taracyclic core
two contiguous tetra-substituted stereocenters

1-2 Proposed biogenesis of Lycopodium alkaloids
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(-)-serratinine
(serratinine-type) Pati, S. P. Future J. Pharm. Sci. 2020, 6, 9.
1-

Inubushi, Y.; Ishii, H.; Yasui, B.; Harayama, T. Tetrahedron Lett. 1966, 14, 1551.



2. Past Total Syntheses of serratinine and related serratinine-type alkaloids

Inubushi Group (1974, (¥)-serratinine)

1. MOMCI, NaH 4. HWE rxn.
HO @ OH 2. [H] MOMO oMom - HCI o) o)
3. CrO5-2Py 6. FeCly
o) o) ] —
H 55% (6 steps) o
o)

OMe

YI-1 YI-2 Et vI-3

7. butadiene, A

8. Zn-AcOH 14. HslOg 17. Hy, RhCI(PPh3)3
9. NaBH, OAc 15, pasic Al,O3 OAc 75%

10. Ac,0O 16. HWE rxn. o 18. NaBH,, CoCl,
11. Ac,0 66% (3 steps) EtO 19. NCS then

12. OsOy4, NaClOj3 CuCl (cat.)

13. hydrogenation 20% (2 steps)

Diels—Alder reaction Yi-4 YI-5

20. LiBHy4, 74% 23. KOH, 87%

OAc 21. p-TSC| AcO B OAc 24. CI"O3, H2804 HO o
22. KOAG ¢ r—(H 40% ( '
50% (2 steps) N 25. NaBHy, 18% N

OAc
YI-6 (*)-serratinine

Harayama, T.; Ohtani, M.; Oki, M.; Inubushi, Y. J. Chem. Soc., Chem. Commun. 1974, 827.
Harayama, T.; Ohtani, M.; Oki, M.; Inubushi, Y. Chem. Pharm. Bull. 1975, 23, 1511.

Zard Group (2002, (*)-13-Deoxyserratine)

1. AllyIMgBr 6. i-BuO(CO)CI then
2. TBSOTf TBSO 4. Coy(CO)g then TBSO Cl -
2,6-lutidine NMO-H,0, 89% N 5225
> 96% (2 steps) dratC7=93:7 X5 OH
HO 7
\N 3. n-BuLi N\ \ 8- CrOs, HaS0, {H  7.BzCI
then HMPA 97% b 81% (2 steps)
THPQ Br  THPQ Pauson-Khand reaction
SZ2Z-2 (0]
SZZ-1 83% SZZ-3 SZZ-4
¢ TBSo B TBSO \
A " 8. n-BugSnH " 9. TBSOTf
(2 equiv) 83%
.H  ACCN .H  10. LiAlH,
tandem radical 11. n-BuyNF ¢
cyalization (58%, 2 steps) HO
SZZ-6
NC
N\\N
SN ;.
ACCN

(¥)-13-deoxyserratine

Cassayre, J.; Gagosz, F.; Zard, S. Z. Angew. Chem. Int. Ed. 2002, 41, 1783.
_o. Zard, S. Z. et al. Tetrahedron 2008, 64, 4803



Yang Group (2010, (-)-8-Deoxyserratinine)

4.
BrMg 0
CuBr 0 6. PCC
1. Hy0,, NaOH S then S 7.(HOCHy),
2. NaSPh TMSCI p-TsOH
then AllyBr O 93% 88% (2 steps)
3. m-CPBA / 5.2 M aq. HCI 8. AllyIMgBr, 100%
53% (3 steps.) 75% 9. SOCl,, pyridine
(+)-pulegone YYR-1 YYR-2 80%
10. 9-BBN = 13. NaNaph, 96% 16. KOH
N 14. TFAA; \  17.CrO3, H,SO,

90% (2 steps)
viH  18. NaBH,4, 90%

then H202 <\O
0)

11. PPhs, I, 2 M aq. HCI

0]
(i H 70% (2 steps) ( LH 70% (
N

12. TsNH,, 60% Ts/N 15. Shi epoxidation o
YYR-3 YYR-4 60% FsC YYR-5

<\o
0

Yang, Y.-R.; Shen. L.; Huang, J.-Z.; Xu, T.; Wei, K. J. Org. Chem. 2011, 76, 3684. o
(-)-8-deoxyserratinine

Lei Group (2012 and 2014, (-)-serratinine) 8. Allyl MgBr, Cul then
O
1. Li, NH3, 73% 3. CBS reduction A
2. O3, MeOH then 15 4. TBDPSCI, 69% |
Cu(OAc),'H,0 dratC8=6.7: 1 8 f\
6 O  FeSO47H,0 O 5.Se0,, Dess—Martin O ©OTMS N~ XL-3
58% NaHCO3, 65% Boc
B ———_ B ———_ B —
6. n-BuyNF, 80% 9. Dess—Martin [O]
(+)-carvone XL-1 7. TMSOTf, 81% XL-2 44% (2 steps)

11. OsO,4 13. SOCl,, Et3N
OTMS (0] OTMS NalO,4, 93% 'OTMS  then H,0
®) / 12. NHC catalyst ' H quant.
10. Cs,CO3, 61% 12 EtsN, 42% . 14. NaBH,, 88%
NBoc benzoin condensation v o
XL-5 XL-6
HO
1. |(CH2)3|, CSZCOZ O\ .
then Boc,0, 37% (-)-serratinine
2'. PCC, SiO,, 89% fl
XL-7 “NH, N™ XL-3

Boc

Li, H.; Wang, X.; Lei, X. Angew. Chem. Int. Ed. 2012, 51, 491.
Zhang, J.; Wu, J.; Hong, B.; Ai, W.; Wang, X,; Li, H.; Lei, X. Nat. Chem. 2014, 5, 4614.
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Taniguchi Group (2013, (t)-serratine)

1. Bno/\\\

3. H,, PA(OH),/C 5. VO(acac),

4. citric acid t-BuOOH
Pd(PPh3),Cl, MeOH 6. PhSH, Cs,CO3
I Cul,, 98% BnO\TMS;m . 88% (2 steps) HO\\HO/”“ 76% (2 steps)
A, P o
TT1 TMSO / TT-2 TT-3
70%
HO 7. H,, Raney-Ni AcO 10, AllylBr AcO

\ .
\ \
. \
Y [\

15 78% In, Al

HO ~'SPh 8. TBDPSCI, 93% AcO 11. 9-BBN then AcO
’ TBDPSO
HO\\/---- 'H 9. Ac,0, Bi(OTf)3 vor—H NaBO5-4H,0 TBDPSQ oy H
9 2% (2 st
0 89% o 82% (2 steps)
HO
TT-4 TT-5
TT-6

12. Amberlyst 15 AcO AcO HO
13. NsNH,, PP ke

DMEAD 16. m-CPBA, 52% 18. IBX, DMSO

75% (2 steps) O 17. PhSH, K,CO5 ACC=T\ /19 KOH PN
14. n-Bu,NF 95% A/c H " 799% (2 steps) A/

_— > N‘.\

15. PhsP, DMEAD Ns

78% (2 steps) OH O

0 TT-7 TT-8 (*)-serratine

Meo 04

/ N=N I\ Zaimoku, H.; Nishide, H.; Nishibata, A.; Goto, N.; Taniguchi, T.; Ishibashi, H.

DMEAD O}_o OMe Org. Lett. 2013, 15, 2140.

Our original synthetic plans are closed to to the public.
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