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Skeletons of diterpenoid alkaloids
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Isolation: Aconitum, Delphinium, Consolida, Spiraea...
over 1200 species

Representative members of the diterpenoid alkaloids
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Total Synthesis of the Atisine-type Alkaloids
Me
Me OH mk
19
N
1 N O\) [o}
atisine-type DA atisine azitine spiramine C, 19S
Hayase (1963, 1967), Masamune (1964) Ma (2018) spiramine D, 19R
Wiesner (1966), Kabuto (1988, 1990), Xu (2016)
Wang (2012)
Me OH Me OH
=N— N~ OH
,;l N HO\)
R isoatisine isoazitine dihydroajaconine
hetidine-type DA hetisine-type DA Baran(2014) Wang (2012) Xu (2016)
Qin (2016)
Baran's Synthesis of Isoatisine (2014) P.s.Baran et al. J. Am. Chem. Soc. 2014, 136, 12592
1. EDCI, HOBY, NH,OH 4. Colacac)y, EtsSiH, O, 7. NaBH,
Me 2. LiAIH, Me 5. Amberlyst ® 15 Me Me 8. TCDI, DMAP Me OAc
- - 9. (TMS)3SiH, AIBN 3
e 3. P(O)(OEt),Cl e 6. Ac,0, DMAO . o (TMS); _ e "
HO o - NH NH ¢ ] - NH e
| dr.=1:1 | 40% yield |
OH P(O)(OEY), OH retro-aldol/aldol P(O)(OEY), [o) only one diasteromer reacts P(O)(OEt);
(~)-stevoil core intermediate
10. PIDA, I, hv
Sudrez reaction
Me 11. Martin's sulfurane

13. ethanolamine
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Qin's synthesis of dihydroajaconine and gymnandine : 19, PAIC.H \
. : 17. PIDA 2 R
Y. Qin et al. Angew. Chem. Int. Ed. 2016, 55, 392 : Me OH 45 Sml2 Me o 20. PPhaCHBr Me
: — > ot
Me OH Me OH : “ma Ry Ry =-S(CHpss- N~ R?
: C02Me Ry, Ry = COzMe CO,Me
N— OH N : -S(CH,),S-
HoO__J Et : 21. DMP, MeCN/
! N i : CH,Cly/H,0
gymnandine ' 20 12/H2
dihydroajaconine : 22. NaBH,
: 3. KOH, NoH,
CO;Me 1. PhCH,NH,, HCHO 3. LiAIH, : 24 isatoic anhydride
2. PPhyMeBr Meozcﬁ/cozm 4. MOMCI HOHzcﬁ’CHZ‘)MOME Me 25.NaNO,, Cucl, Hel Me
> —_— '
o N N { HO™ N~ OH N~ OH
CO,Me Bn Bn . z OH CO,Me
: 26b. Et;SiH
: BF3eEt,0 © I j
5. (COCI),, DMSO : o7b.S (3) 2 26a. Cp,ZrHC -
6. NoH,, NaOH, 150 °C : e
: TBHP
7. NaBH, d.r.=1:5
8. Pd/C, H, BF3eEt,0 :
Meﬁ)ﬁnzomom 9.CICOMe  Me CH,OMOM  MesNO  Me CH,oMOM | OH 27a. AZADO, CuCl, air e
N— -~ \-OH -~ L Me 28a. Sml,, then AcCl
| N N ' b [
CO,Me 1 ) : N— OH = N
: N~ OH /
Bn Bn ; Bz Ac  OH
: 29a. NaH, CSy, Mel
10. Ac,0 : 222- gpéﬁf'é%' on 30a. AIBN, nBu;SnH
11. Nal, AICl5 E - BreHUHY 31a. Red-Al
12. DMP ' 32a. SeO,, TBHP
! Me OH Ve OH 33a. DMP H
13. PhyPCH,Br : \ 34a. NaBH,, CeCl; Me
: h
Me CHO 4 PPhs, I, Me N\ ! N~ OH N OH
“OAc ——————> b — : Ho\) I N
N N : Et Et
COzMe CO,Me dihydroajaconine gymnandine
15. nBuLi Rt QM Ll Lllllllllllllllllssssssssssssssssssssssss
+ 16. HCI = OH . . .
> N— R2 : Qin's hetidine skeleton synthesis
] .
CO,Me :
O OMe Sq OMe R1, Ry = —=S(CH,);S— Me BF3eELO o
y OMOM  BF3eEt,0 oMoMm 5 o _sors HZO CH,Cl, "
—> H : N e
: N
HS _~_-SH : | \
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Ma's synthesis of atizine and navirine C §Me 15. L,A,H4 Me 0 16. LiNHs| Me o
D. Ma et al. Angew. Chem. Int. Ed. 2018, 57, 6676 : j j :l
9 : N’\ o) N o
! H NH H NHLi
Me
o :
Me OH l;l E
\ by Me
" . © Me 0 Me 0 Me
azitine navirine C NMe, H ] ] ]
: N= o N o)
: H NH NHLi
1. imidazole, TBSCI :
OH 2. PPh;CH,OMesCl OTBS ; 17. TsOH
3. NaBH, _ : 18. PPhsMeBr
OMe 4. SOCl,, pyr. OMe
CHO 5.M MgCl CN : 19. Se0y,
g 6. -BuMgCl OMe ! Me TBHP Me OH
T : —
oL 2000, 2, 1477 | O Mg oTBS | = N
CN CN : "
H azitine
1. NaBH,, CeCl; e e e e e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeceeseeeeeeeeeeeceeceeceeceeeeaeennan
> : 16. Pd/C, Hy,
H AcOH
0 OH then AcCl; : 1. Mn(dom)s, then
then NaBH : TBHP,
4 i Me o) PhSiH; Me HCHO. o 0
: Oy j NaCNBH,
i CoN [ CN
: CN [o] N (o}
7. Martin's o : HN I\III
9. Sml, sulfurane, H H €
o) 10. (CH,0H), then TBAF OMe :
OAc /! < OAc | : 17. TsOH
Ac on 0 8. PIDA, MeOH cN oTes 18. LIHMDS,
then 105 °C 5 Comin's
IMDA : reagent
: 19. Pd(PPhs),
11. DIBAL-H : BuaSNCH,OH
12. Swern [O] : Me
; N o 20. MsCl Me 0
| 21. NaH, hordenine
: Me ¢ N
13. TosMic, 14. LDA, : ) 0
] t BuOK NC ] Mel 0] navirine C Me
T : NMe.
Van Leusen CN oy o— 2
reaction :
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Total Synthesis of the Hetidine-type Alkaloids
skeleton synthesis Me o OAc OAc
R. Sarpong et al. Angew. Chem., Int. Ed. 2013, 52, 4854 Me Me
N P. S. Baran et al. J. Am. Chem. Soc. 2014, 136, 12592 N— Me =y~ =y~
) Y. Qin et al. Angew. Chem. Int. Ed. 2016, 55, 392 K/o OH OH OH
D. Ma et al. Angew. Chem. Int. Ed. 2018, 57, 6676 tedi tal imidi tal )
e M. Zh tal A . Ch - Int. Ed. 2018, 57’ 937 septedine alassimidine alassamine
hetidine-type DA ang et al. Angew. Lhem. in Li (2018) Zhang (2021) Zhang (2021)
Li's Synthesis of septedine
A. Lietal. J. Am. Chem. Soc. 2018, 140, 9025
OMe MOMO OMe OMe
o 1. (MeO),CH,, PTSA ONOM MOMO 5 TBAF 8. [Ir(cod)Cl],, (b),
2. MeONMeHCI 4. (a), n-BulLi 6. DMP Zn(OTf),
no - Zteomene _h@ne
OEt | - - 9. PTSA
3.TBSO(CHWMBr  orps o Ty magnesium -y el 10. Na/NH
romide > Carreira polyene 3
cyclization 11. PPTS,
ethylene
0’> glycol
12. TPAP, NMO HO o
15. LIHMDS J 14. HCI (aq.) 13. vinyllithium, MOMCI SR
— / - -
o
MOMO anionic D-A MOMOJE o
reaction
16. HCI (aq.)
17. DMP
18. PPh;CH4Br OMe
ses 21. NH,OMesHClI 24. H5lOg
19. Se0,, TBHP 29 m-CPBA 25. t-BuOK, Mel
20. Crabtree cat. [o) 23. Pd(OAC)z, PIDA o /N_OMe 26. HC|O4 (aq.) Me o
— 7 — 7 - 7 > — © @
o o] Me o=~ Me o= Me |1 PhsP
OAc OH (a)
21a. m-CPBA 27. H,NCH,CH,OH
22a. H5l0g NaBH,, neat
23a. t-BuOK, Mel
24a. HCIO, (aq.) OO
0
\
Me o] PN [
25a. H,NCH,CH,OH NaBH, neat holl o
N—% Me
I\/O OH
i (b)
septedine
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Total Synthesis of the Hetidine-type Alkaloids
skeleton synthesis Me OAc OH
R. Sarpong et al. Angew. Chem., Int. Ed. 2013, 52, 4854 Me Me
g . 52,

N P.S. Baran et al. J. Am. Chem. Soc. 2014, 136, 12592 N—E Me Sl S

) Y. Qin et al. Angew. Chem. Int. Ed. 2016, 55, 392 K/o OH oH OH

R D. Ma et al. Angew. Chem. Int. Ed. 2018, 57, 6676 i o i

hetidine-type DA M. Zhang et al. Angew. Chem. Int. Ed. 2018, 57, 937 sfip(t;:;g;’ t;::;z"(‘z'g'z';‘; Z‘:E’:;a('z“(;;‘:)
Zhang's synthesis of talassimidine and talassamine
M. Zhang et al. J. Am. Chem. Soc. 2021, 143, 7088 3 a
o 0

1. SOCly, then n-BuLi 4. NaBH,
Br (5)-4-benzyl-2- 5. n-BuLi,
oxazolidinone n- Bu3SnCI
COOH i -
MeO 2. (HCHO);, TiCl,
3. TIPSOTf TIPSO Bn“

OMe  11. TiCly, H,0;
Mel, t-BuONa MeO YV

-
z Aot \ o
o~ N oTIPS N

12. NaBH,, MsClI
13. NaOMe

14. 1,, DIBAL-H

OMe {5 TSNHNH,, Rhy(Oct)s Me

OMe 16 DIBAL-H Me

E = CO,Me

SnBuj
/©/j/\ 6. Pd(PPh3)4

TIPSO

OMe

8. BnBr
9. PPh3CH3;0MeeCl
10. Sml,

- .
s N _..n\
OTIPS o OTIPS 1 OTIPS
Bn
26. Ac,0
27. ZnBr,, MnO,
OH OH
Me 26. ZnBr, MnO, M€
OH Boc OH

Me OAc
\NA
OH

talassimidine talassamine

19. Pd(OH),, Hy;

Boc,O

24. SeO,
25. NaBH,

TIPSO

7. TEMPO, NaCIO,

methyl glycinate,
AgOAc, DBU

UL, 1L
MeO OH MeO

NS
N> co,Me

20. HF, DMP
e 21. pyrrolidine, Me
o AcOH, MsCl
N N
\ ..,\ \
Boc c OTIPS Boc OAc OMs
22. KOH, then

W 23. LilNH,

Boc OH

Tebbe reagent

Bo

o

c0|-|E
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Total Synthesis of the Hetisine-type Alkaloids

N

hetisine-type DA

nominine
Natsume (2004)
Gin (2006, 2008)

spirasine IV
Zhang (2018)

spirasine Xl

cossonidine
Zhang (2018)

Sarpong (2018)

H
R = H: (+)-davisinol
R = Bz: (+)-18-benzoyldavisinol
Ding (2021)

Gin's synthesis of nominine

D.Y. Ginetal. J. Am. Chem. Soc. 2006, 128, 8734
D.Y. Gin et al. Chem. Eur. J. 2008, 14, 1654

2. DIBAL-H Me
Me 1. AIEt,CN; 3. Zn(CN),,

o o Ph _Ph
__TBAT.TRO _ _ Pd(PPha) cHo

LT
(92:8 er) \/

Me’
enantio-

specific Me

0 CN \
O Ag Me Ve
Me Q/\N*N/O
OMe 2. NaN; OMe on OMe 5 TFA 7 Ph_:\,_g,h e
_teBul OMe 3. ':AC%'H N3 € oM
MeO € (o] e
O > 4. PBuj,
OMe CI\)I\ OMe

(S,S)-NHC
NaBH(OAc
N OMe Staudinger-
|
Me

ol 6. THF, 180 °C
aza-Wittig
reaction
10. DIBAL-H

racemic

12. Na, i-PrOH 11. Ph3PCHyeHBr
OMe —-=———— OMe
OMe
13. MeOH, r thermodynamic r
pyrrolidine equilibration
7. NaBH,
14, PPhyCH,eHBr 5 SOtk
15. Se0,, TBHP Me : '
—_——

n-BuzSnH

1 (desired isomer)




Hu Lab Group Meeting Synthesis of Bicyclo[2,2,2]octane Diterpenoid Alkaloids

Chen Peng
01/11/2025

Total Synthesis of the Hetisine-type Alkaloids

N

hetisine-type DA

nominine
Natsume (2004)
Gin (2006, 2008)

spirasine IV

spirasine Xl
Zhang (2018)

cossonidine
Zhang (2018)

Sarpong (2018)

R = Bz: (+)-18-benzoyldavisinol

H
R = H: (+)-davisinol

Ding (2021)
Sarpong's synthesis of cossonidine

R. Sarpong et al. J. Am. Chem. Soc. 2018, 140, 8105

OMe OMe o
, A 0 6110°C i B 8. LiAlH,
P OH 1. Me,SO, S 3. t-BuLi, (HCHO), MeO,C 7. PdIC, H, 9. TPAP, NMO
HO = —_—, > oM —_— A —_— —_—
2. Fe(NO3)3 € 4. LiAIH, Y
Na/NH, 5. TBSCI : H -
TBSO 880~ TBSO
E= COzMe
15. TBAF B
16. TEMPO, PIDA, meo\ O r
NH,OAc 13. Pd(PPh3), H
17. LIHMDS, Mel 14. hv, DCE OMe PhSiH, OMe
0‘\ (DIH)
Me>(‘ !
Me Nl H /
N 850" o 7
)
18. Co,B, BHy Me
OMe _19- LiAH, 20. n-BuLi, hv 21. Na/NH;
OMe OMe
MeO OMe
AYe - 28. Se0, Me 27. LiaiH, Me
=N N / N Me—N/\I < <
\o° \=N
MeOppy ABNO NMI

cossonidine

12. CsF, MeCN
™S OMe

22. pyrrolidine
—_—

25. Ph3PCH,eHBr

-

26. [Cu(MeCN),]OTT,
MeOpbpy, ABNO, NMI

10. [Rh(PPhs),]Cl,
TMSCHN,

850"
11. LIHMDS, then l
NC

Br

Me

23. HBr/AcOH
24. K,CO3, MeOH

Me
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Total Synthesis of the Hetisine-type Alkaloids

N

hetisine-type DA

nominine
Natsume (2004)
Gin (2006, 2008)

spirasine IV
Zhang (2018)

spirasine Xl
Zhang (2018)

cossonidine
Sarpong (2018)

H
R = H: (+)-davisinol
R = Bz: (+)-18-benzoyldavisinol
Ding (2021)

Ding's synthesis of (+)-davisinol

H. Ding et al. J. Am. Chem. Soc. 2021, 143, 10576

O 4 LDA DBALH

2 2,2-DMP, PPTS

EtO,C CO,Et
M

11. BzCN
12. TEMPO,
NCS

—

13. PMBNH,,
then NaBH,
|
OH 14. TBSOTT, Et3N
BzO then DDQ BzO
—_—
N
(o)
PMB H

4. Ac,0, DIPEA

; Y\©/OTBS 3.LDA Lir
(S)-CF5-HBTM °>{°

OH
HO Ac)—O
HO (o)
H

15. TCDI
16. AIBN, n-BuzSnH
then TFA

9. Sml,
10. PhyPCH4Br

acid work-up

OH
BzO

H

(+)-18-benzoyldavisinol

5. L-selectride
PhNTf,
Kinetic

resolution

17. K,CO3, MeOH  HO
—_—

6. Pd(PPh3)y,
LiCl, CO,

Sn(CzHs)s,
then TBAF

7. PIDA, MeOH

8. Co(acac),,
TMDSO, O,

OH

F3C S
-
H
(+)-davisinol (S)-CF3-HBTM
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Total Synthesis of the Hetisine-type Alkaloids
%@( we MY ocosBu we ST ocoer we MM on
N
1 — — —
R N N N
. H H H
arcutines . L. -
arcutine arcutinine arcutinidine
Li (2019) Qin (2019) Qin (2019), Sarpong (2019), Li (2019)
Qin's synthesis of arcutinine and arcutinidine
Y. Qin et al. J. Am. Chem. Soc. 2019, 141, 9712
M
4. MelLi; ©
1. Hantzsch ester 2. MelLi then 6. PdCl,(MeCN),;
ii L- prollne 3 TMSCN CICO,Allyl then MOMCI o
—_—
M62804 KzCO3 OMe OMOM 5. Pd(PPh3)4, -:,,CN OMOM
OomMom then MOMCI Me
o
7. LiAlH,
7\ TN 8. TsCl, Et;N
- _ 9. TMSTOf
N N
11. TBAF DAF Me
OHH OHH 12. DMP
Me OH 16. CHy(NMey), 0 0O o 13. TFA 10. Pd(OAc),, TMSO _~
Ac0 OMe 14. PIDA DAF 3
B —— OMe B ——— B —— OMe
N 17. NaBH(OMe)3 B 2.5:1 d.r. _NHTsOMOM
H H e
Ts H Ts Mom palladium-catalyzed ~Me

18. 'PrCO,H, EDCI aza-Wacker reaction
19. Li/naphthalene

Me ocopr ve T or

20. PHIO, PhMe

f N=
H H H

(+)-arcutinine (R = Prc0O)
21. NaOMe
(x)-arcutinidine (R = H)

10
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Total Synthesis of the Hetisine-type Alkaloids

%@, ve T ocossu ve T ocoipr ve T om
N
— —
N lNg 2
H

1 —
R N
3 H
arcutines . . I
arcutine arcutinine arcutinidine
Li (2019) Qin (2019) Qin (2019), Sarpong (2019), Li (2019)

Sarpong's synthesis of arcutinidine

R. Sarpong et al. J. Am. Chem. Soc. 2019, 141, 13713
OMe

MeO
OMe

Me 5. AICls

/I:‘é 1. BnNH, J:lé 2. PPh3, AcOH 4. TOH _ .
Me —_— —  » 0
OMe
OMe 3 DBU, THF < 0Z >N oH AN onc
Bn

wittig reaction o

BnN
"™ o
6. Rh/ALLO3, H,
7. BF30E1,0,
Et,SiH
13. MeOH then H H H
Sml, Me Me e
oo 14. Amberlyst® 15 QAc 10. TMS QAc 3. LiAIR, Qe
Me 1] |I COMe 15 pvp 11. Pb(OAC), 9. Ac,0 o
N 00 5 N OMe N OMe
Bn H >\\\ Bn H Bn H
N o
Bn H ‘ome \ HOJ\/ OMe OMe
16. Sml,
KO,C. N
17. 725NN 00oK
Me 19. LIAIH, OH HoO OH OH OH
Me CO,Me ~ CO,Me  20. Mn(dpm)s, Me 23. MsCl Me e
18. InCI3, Ph,SiHCI PhSiH3, O, 24. DBU, Nal 25. Se0,
B ————— —_— — =
N 21. Pd(OH),/C, H, N N N
Bn H H Bn H H 22. NCS, DBU a HH H )
arcutinidine

1"
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Total Synthesis of the Hetisine-type Alkaloids

%@, ve T ocossu ve T ocoipr ve T om
N
1 — — —
R N N lNg 2
H H H

arcutines

arcutine arcutinine arcutinidine
Li (2019) Qin (2019), Li (2019) Qin (2019), Sarpong (2019), Li (2019)

Li's synthesis of arcutine, arcutinine, arcutinidine

A.Lietal. J. Am. Chem. Soc. 2019, 141, 13718
1. PPhs, Bry

o
O 2.NaBH,, CeClj Br 4. TBDPSCI CHO /> OTBDPS 7. vinyllithium, OTBDPS 9. LIHMDS;
3. Candida antarctica 5. t-BuLi, DMF lo) 6. BF3eEt,0 MOMCI TBAF
- > + EE— > H
H O 8.HCIO4 (ag.) J\/
OH OTBDPS - —
> CHO 0\) MOMO
1. PPhs, Br,
2. HOCH,CH,OH, PTSA 3. Pd(PPhj),, vinyl magnesium bromide
o| 11.SnCl, o 10 SOCI2 pyr.
=o
12. Mn(acac),, O @ MOMO MOMO
PhSiH;

13. RuCl3, NalOy4
14. PPh3CH,eHBr;
then TMSOTf

16. 520,
™SO H 15.LDA, MeOTf, e O 17. LiAH, 19, NH,OHsHCI me N ow
then TBAF 18. CrOze2pyr. then NaBH4 %‘% 20. TiCl3, NaBH3;CN
e, — g ﬁ >/> >
o o N
H H No M
o

R = H, arcutinidine
i |
21.'PrCO,H, DCC ) 21|Buco,H,

AR -
R = CO'Pr, arcutinine Dce

R = COBu, arcutine

12
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Total Synthesis of the denudatine-type Alkaloids
OMe
OH OH OH
Me OH OH Me OH Me OH OH o Me OH OH
Me OH OH OMe ®
N N N N OH 0 N OH
1 1 1 7N
R Et Et Et N OH ©0 Et
Et
denudatines lepenine gymnandine cochlearenine cochlearenine paniculamine
Fukuyama (2014) Qin (2016) Sarpong (2016) Sarpong (2016) Sarpong (2016)
Fukuyama's Synthesis of the lepenine
T. Fukuyama et al. J. Am. Chem. Soc. 2014, 136, 6598
OMe 2 DIBAL-H OMe OMe 5. MsCl OMe
OMe 3. vinylmagnesium 6. O3, NaBH,
OH 1. PPhz, DEAD - 4. (Et0)3CMe, reflux 7. PivCl
chloride (o] 3
+ —_— o » EtO,C OH EtO,C OMs
MeO,C Me ‘o -Clai
2 OH )": N Me J.ohnson Claisen/ ooy /\Me ooy
MeO,C Me Claisen rearrangement |
OH .
OPiv
8. LiOH (aq.) 10. vinylmagnesium
9. TFAA chloride
11. AgOTf
OH 15. BH3, H,0, OMe
M 16. DIBAL-H
e 17. EtNH,, NaBH(OAC), oM p
AIIoc\N OMe _ then AllocCl S 14.BHT, 160 °C 12. DIBAL-H
|
13. DCC, DMAP
Et H )
OH OMs JL
HOzC Me
Mannich | 18. DMP
reaction | 19. Pd(PPh3),
o TBS, 27. DMP TBS, 29. NaBH,,
om 20. KOH then NaBH, OH o 23. TBSOTf \O OH 28 KHMDS \O OH CeCl, oH OH
Me - s 21. PIDA, MeOH Me - OMe 24-Sml, Me HCHO ~ Me O  30.TBAF  Me OH
= OMe > —_— > e
N 22. ethylene (70 bar) N OMe 25.Red-Al N OH N N
L ke 26. BH3, NaBO, Bt Et Et
lepenine
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Total Synthesis of the denudatine-type Alkaloids

OH OH OH
OH OH OH OH OH OH
Me Me Me
OH OH OH °\"/<I
OH
R Et Et Et

denudatines

© 0 Et
lepenine

gymnandine
Fukuyama (2014)

Qin (2016)

cochlearenine -ethyl 1u-hydroxy-17-veratroy|d|ctyzme paniculamine
Sarpong (2016) Sarpong (2016)

Sarpong (2016)
Sarpong's Synthesis of the denudatine-type alkaloids

R. Sarpong et al. J. Am. Chem. Soc. 2016, 138, 10830
MeO

11. Red-Al
TE O 8 PhNTh, MeQ ¢ cN MeQ ¢ oN 12. DMP Me@ /_9"‘ Me@ /.9°N"'2
LiIHMDS 10. [Rh(cod)OH], \ 13. Ph3PCHyeHBr A 14. Rh(PPh),Cl \
—_— —_— —_— —_—
9. NaCN, Cul o OMe _ Me ZN<g
B Pd(PPhs), iH (Me0):B omom i H MG omom OMOM :H Meo oOmOM
TBSO TBSO L TBSO 850" 850"
E= COzMe E= COzMe E= COzMe
15. PIDA
MeOH
16. TBAF
OMe OMe
21.Nal, Zn MeO /g /&
%o MeOome | 22 HC| 2 MO omom 19. MsCl e / NH 17.(COCl),, 0
/o 24. heat 23 PIDA, MeOH 20 KH A 3 DMSO A '
-
18. KOH,
MeO MeO MeO = CH20 :

25. PhzCHyeHBr o
then HCI (aq.)
26. PPh3COOLi

MeO
27. HBr/ACOH 30. Pd/C, H, OH OH
then NaOH (aq) 31. |_.A|H4 Me OH OH 32. H,0, Me OH OH OH 0|-|
> ®
28, ACZO N OH
29. KOAC MeO et

N OH
/N
©0 Et

cochlearenine paniculamine

-ethyl 10( -hydroxy-17-veratroyldictyzine
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