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Virgaria nigra F-5408

Isolated and characterized: 1987

(—=)-vinigrol

Activity:

* Antihypertensive

* Inhibits PAF-induced platelet aggregation in human plasma @ ICs; = 33 nM
(PAF = platelet activating factor)

* TNF (tumor necrosis factor) antagonist; TNF involved in human inflammation
process

Chemical Interest:

* Before first total synthesis (2008): 17 publications (including Corey, Paquette,
Barriault) & 4 PhD dissertations

* Challenging diterpene system: 8-contigious stereocenters, compact caged
structure

Hashimoto, M.; et al., JOC 1987, 52, 5293. Okuhara, M.; et al., J. Antibiot. 1988, 41, 25. Okuhara, M.; et al., J. Antibiot. 1988, 41, 31.



Synthetic History

48

Phil Baran, Scripps Research Inst. Louis Barriault, Univ. of Ottawa

2008 — Total Synthesis 2012 — Formal Synthesis Jon Njardarson, Univ. of Arizona
2013 — Total Synthesis

4

Chuang-Chuang Li,

Krishna Kaliapgan,tl)ndian Inst. Tech. Tuoping Luo, Shenzen Grubbs Inst. - Southern
ombay , Peking Univ. : . '
2014 - Formal Synthesis Feb. 2019 — Total Synthesis Univ. Sci. & Tech.

Sept. 2019 — Total Synthesis

Baran, P.S.; et al., JACS 2009 131, 17066. Barriault, L.; et al., ACIE 2012, 51, 2111. Njardarson, J.T.; et al., ACIE 2013, 52, 8648. Kaliappan, K.P.; et al., Org.
Lett. 2014, 16, 5540. Luo, T.; et al., JACS 2019, 141, 3440. Li, C.-C.; et al., JACS 2019, 141, 15773.



Brief Overview of Synthetic Attempts

Barriault, 2005
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Other Strategies: ° iPr © iPr
-RCM (decalin and cyclohexane) — BF3eOEt; H.,,
-ring contraction (e.g. Ramberg-Backlund) 7 >
N CH,Cl,, -78 °C ]
\ H J

99% yield

Paquette, L.A.; et al., JOC 2003, 68, 6096. Paquette, L.A.; et al., JOC 2005, 70, 505. Paquette, L.A.; et al., JOC 2005, 70, 510. Paquette, L.A.; et al., JOC 2005, 70,
514. Barriault, L.; et al., JOC 2005, 70, 8841. Barriault, L.; et al., Org. Lett. 2007, 9, 1545.



Baran’s Synthesis of (£)-Vinigrol (2009)
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Baran, P.S.; Maimone, T.J.; Shi, J.; Ashida, S., JACS 2009 131, 17066-17067.



Baran’s Synthesis of (£)-Vinigrol (2009)

1. LDA, Tf,0, THF,

OTBS MeOoCuny, o -78 °C to rt, 2h MeO,Cry 5
iPr .
MeO,C AICl5, CH,CI, ~.OTBS 87% yield (brsm) WwOTBS
+ \”\ > . . . - N\ /
TBSO ipr 78 °C to -45 °C, 4h 2. vinyltributyl tin, LO|CI,
65% yield, dr ~ 2:1 o) Pd(PPh3)s (10 mol%),
THF, reflux, 3h
90% vyield
o [ omgcl ]
DIBAI-H, CH,ClI,, Jl MaCl z _
-78 °C, 30min; H= "y ipr M9 _ IE)EI'BS
> WwOTBS >
then DMP, CH,Cl,, j toluene, -78 °C to 105 °C, \ /
rt, 30min N\ 1.5h; then acidic workup
80% vyield (over 2 steps) 75% vyield - -
O

1. LDA, Mel, THF,
iPr -78 °Cto 0 °C, 3.3h

DMP wOTBS 2. TBAF, THF, 50 °C, 3h
CH,Cly, rt, 30min | 3. Me,NBH(OAC)s,
92% yield H ACOH/MeCN/THF (1:1:1), H

rt, 1.5h
72% vyield (over 3 steps)

Baran, P.S.; Maimone, T.J.; Shi, J.; Ashida, S., JACS 2009 131, 17066-17067.



Baran’s Synthesis of (£)-Vinigrol (2009)

OH OMs

iPr 1. MsCl, pyridine,
wOH 0 °C, 2.5h

Br\r/N\OH

Br
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i 2. KHMDS, THF, KHCOj3, EtOAc,
0 °C to rt, 35 min L | rt, 045 min
85% vyield (over 2 steps) 88% yield
1. NaH, CS,, Mel, " _
1. DIBAI-H, CH,Cl,, -78 °C, 1h THF, 0 °C to rt, 15h e, iPr

95% yield 88% vyield
>
2. Crabtree's catalyst (20 mol%), 2. o-dichlorobenzene,
B(OiPr)s, H, (1 atm.), DCE, 80 °C, 8h 180 °C, 3h Br” ) ~©
87% yield 96% vyield
B ] _ 1. COCly, NEts,
LiAlH,4, THF, Me., iPr CH,Cl,, -20 °C, 20min
0 °C to rt, 12h; 76% yield
> r
then formic acid, 2. AIBN, nBu3SnH,
CDMT, NMM, DMAP, |H2N HO toluene, 100 °C, 2.5h
CH,Cl,, rt, 1h - - 91% yield L _
81% yield ,emmmmmmmmmm———— .
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Baran, P.S.; Maimone, T.J.; Shi, J.; Ashida, S., JACS 2009 131, 17066-17067.



Baran’s Synthesis of (+)-Vinigrol (2009)
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Baran, P.S.; Maimone, T.J.; Shi, J.; Ashida, S., JACS 2009 131, 17066-17067.



Baran’s Synthesis of (£)-Vinigrol (2009)

M Me 1. OsO4 (10 mol%), NMO,
€, acetone/H,0 (3:1), rt, 12h o _
Me 95% yield i. Tris-hydrazine, CH,Cl,, rt, 5h
= >
y | 2. TEMPO (10 mol%), NaOClI, ii. nBuLi, (CH,0),, TMEDA/THF (2:1),
® Lo KBr, 5% aq. NaHCO4/CH,Cl, (2:5), -78 °C to t, 3h
0 °C, 1.5h 51% yield
85% yield
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Baran, P.S.; Maimone, T.J.; Shi, J.; Ashida, S., JACS 2009 131, 17066-17067.



Luo’s Synthesis of (—)-Vinigrol (2019)
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Luo, T.; Yu, X.; Xiao, L.; Wang, Z., JACS 2019, 141, 3440-3443.



Luo’s Synthesis of (—)-Vinigrol (2019)

H, (1 atm.), Me trichloroacetyl H Me
PtO, (0.2 mol%) chloride, zinc dust O\\ NaOMe, MeOH
> Me > Me
Me EtOH, rt, 0.5h Me Et,O, 0°C tort, 24h  ClI rgﬂux, 2h
~90% vyield + Cl Me 58% yield (2 steps)
10% full reduction
Me
ome  Me 1. LIAIH,, Et,0, Me MgBr Me  Me
" 0 °C, 30min o CeCls, THF HO Me
€ Me
MeO,C > O
2. TMSI, MeCN, X\ .78 °C, 2.5h N
Me rt, 5h Me 95% yield, d.r. 7.3:1 Me

94% vyield (2 steps)

KH, 18-crown-6, Q i _ (+)-lIpcBH5 (2.9 equiv.),
78 °C Me., LiAIH, Me.,, THF, 0 °C, 4h; then
> > >
97% yield, d.r. 3.4:1 A 75% yield acetalaldehyde (20 equiv.)
o (+22% other t 20h:
. M ) )
diastereomer) ®  pinacol, CH,Cl, 40 °C, 12h
71% yield
C é"C'l """ E Me o gH iPr
: CIJ\{’C' : ’ ? Me,
cl o Me H
E trichloroacetyli . v
:  chloride Me (+)-IpcBH, (pin)B I\:/Ie
17% yield

Luo, T.; Yu, X.; Xiao, L.; Wang, Z., JACS 2019, 141, 3440-3443. Mehta, G.; et al., J. Chem. Soc., Chem. Commun. 1994, 2759.



Luo’s Synthesis of (—)-Vinigrol (2019)

2N OH iPr
Et,0,-78°C, 2h;  Mey,

then |,, THF, 30min;

then NaOMe, MeOH,
rt, 1h
92% yield

Zweifel olefination
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Luo, T.; Yu, X.; Xiao, L.; Wang, Z., JACS 2019, 141, 3440-3443.



Luo’s Synthesis of (—)-Vinigrol (2019)

LDA, -78 °C to
0 °C, 2h; then
/\LI iPr CO,Me
o . 1di OM
Et,0, -78 °C, 2h; Me,,, DMP, pyridine MeOzc)%/ e
r r
then |y, THF, 30min; CH,Cly, rt, 3h 2h, rt; then
then NaOMe, MeOH, 95% yield DBU, 40 °C, 24h
rt, 1h 67% yield (2 steps)
92% yield
i Me i Me I\_/Ie
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N , > 9 ,
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200 °C, MW Sy tro-[4+2] come _ 1442
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> [~ L —
3x cycles of 6h Me Mé
52% yield o) o)

(+20% SM)

Luo, T.; Yu, X.; Xiao, L.; Wang, Z., JACS 2019, 141, 3440-3443.




Luo’s Synthesis of (—)-Vinigrol (2019)

Me 1. H, (1 atm), Pd/C,
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e 0, i
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Luo, T.; Yu, X.; Xiao, L.; Wang, Z., JACS 2019, 141, 3440-3443.



Luo’s Synthesis of (—)-Vinigrol (2019)

Me 1. Hy (1 atm), Pd/C,

Me M

Me,, y o Ve NaOAc, MeOH, 30 °C, 24h

e o)

O, (1 atm), TPP, hv CO,Me 99% vyield

COsMe 2

L T\ 7 ~ L~
CHCI3, 2h, rt Mé 0O 2. Burgess reagent, pyridine,

Me 87% yield o~ 0 °C to 30 °C, 8h

60% vyield, 6:1 olefin isomer
(+19% SM)
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Luo, T.; Yu, X.; Xiao, L.; Wang, Z., JACS 2019, 141, 3440-3443.



Luo’s Synthesis of (—)-Vinigrol (2019)

Me Me, Me 1. Hy (1 atm), Pd/C,
Me,,, " ‘e Me NaOAc, MeOH, 30 °C, 24h
e o)
O, (1 atm), TPP, hv CO,Me 99% yield
7" ~ /7 -
CHCI3, 2h, rt Mé 0O 2. Burgess reagent, pyridine,
Me 87% yield o~ 0 °C to 30 °C, 8h
60% vyield, 6:1 olefin isomer
(+19% SM)
Me
Me Me Me,,,
Me,,, Me,,, 1. DIBAI-H, CH,ClI,, -78 °C, 3h
Me Me 88% vyield OH
S COZMG / COzMe -
I + | 2. 0O, (1 atm.), TPP, NaHCOg, C.DCI3, Me H OH
Me HOH Me HOH rt, 3d; then PMejs, 0 °C, 30min HO 604 mg
57% yield (-)-vinigrol
1 gram scale
M
Me/,’ ©
Me
OH
+ Y
Me H
HO 10%

Luo, T.; Yu, X.; Xiao, L.; Wang, Z., JACS 2019, 141, 3440-3443.



Li’s Synthesis of (—)-Vinigrol (2019)
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Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)
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Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)

O — —
Cl Cl Cl
Cl
C|)l\/
1. LHMDS, THF, -78 °C, 2h O
54% yield A
> | — |
v N0 2. DIBAI-H, CH,Cl,, -78 °C, 1h v~ O v~ O
Ve 74% yield Ve Me
Me\_/Me Me_Me
Me\_/Me NP i
Bra A \ nBuLi, CH,O (g) oH
- | > B
Mgo, Cul, THF, 0 °C, 1h - (@) THF, -78 °C, 1.5h o
94% yield I\=/Ie 82% yield (96% brsm) z
Me
e \
Ph ® ©
D-méph Me_Me PhsP-Me Br
Me. Me N  OTMS z 1. nBuLi, THF, -78 °C to rt, 20h Me._Me
H (5 mol%) (\rOH 65% yield (2 steps), 94% ee s
aq. formaldehyde, o0 © 2. PhsP, CBry, CH,Cly, rt, 4h
toluene, pH 7 buffer, used crude 86% yield
L rt, 90h

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.




Li’s Synthesis of (—)-Vinigrol (2019)

O — —
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1. LHMDS, THF, -78 °C, 2h o
54% yield A
> | —_— |
v N0 2. DIBAI-H, CH,Cl,, -78 °C, 1h v~ 0 v~ O
Ve 74% vyield | e | Ve
Me\_/Me Me_Me
Me\_/Me NP i
Bra A nBuLi, CH,O (g) oH VO(acac), (4 mol%)
| N\ > | N\ >
MgP, Cul, THF, 0 °C, 1h ~ 0 THF, -78 °C, 1.5h 5 TBHP, CH,Cl,, 0 °C to rt, 4h
94% yield I\=/Ie 82% yield (96% brsm) H 92% yield
Me
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P~
O
o
Me OH

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)
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Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)

O o —
Cl Cl Cl
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1. LHMDS, THF, -78 °C, 2h O
54% yield A
| — |
Y” S0 2. DIBAI-H, CH,Cly, -78 °C, 1h v~ O v~ O
Me 74% vyield | Me i Me
Me\_/Me Me_Me
Me\_/Me NP i
Bra A nBuLi, CH,O (g) oH VO(acac), (4 mol%)
> |\ > B >
Mg®, Cul, THF, 0 °C, 1h ~ 0 THF, -78 °C, 1.5h S TBHP, CH,Cl,, 0 °C to rt, 4h
94% yield |\=/|e 82% vyield (96% brsm) H 92% vyield
Me
MevMe MevMe
- / < /
Boc,O, DMAP,
O CH2C|2, rt, 2h, O
=z - =z
o then AgSbFg (5 mol%), 0
S TFE, rt, 12h Z 0. CF
Me 85% vyield Me “~~~"3

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)

Me_-Me Me\-/Me
H _ P2
hydroquinidine (20 mol%) o)
0] ©
Z > =~ |
4A M.S., PhCN [0.006M], 170 °C, 18h NS
T 10 40% yield (1g scale) H 8
Me O~_-CF3 | Me B >10g made on
35 parallel runs
Me various amine bases tried, as well as

acids, just heat, various solvents, MW
heating, efc.

H N
HO™ 2
N
MeO

hydroquinidine

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)

Me-Me Mo~ e
- / - /
hydroquinidine (20 mol%) 0
0] ©
74 > z | ......
4A M.S., PhCN [0.006M], 170 °C, 18h D
T 10 40% yield (1g scale) H g)
Me O~_-CF3 | Me B >10g made on
35 parallel runs
C-0 bond | Smlz, Li/NH3,
cleavage Na/NHs, or
Li/EtNH»
Me
Me., Me
Me Wolff H,, Me
= CO,Me rearrangement - O
B SEEEEET PP PR ~
N
Mé Me OH 2
HO

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)

Me._ Me Me\_/Me
P N~
hydroquinidine (20 mol%) ')
z © > ~ | ©
4A M.S., PhCN [0.006M], 170 °C, 18h D
T 10 40% vyield (1g scale) H g)
Me O~_-CF3 | Me B >10g made on

35 parallel runs

(PPh3)3RhCI (1 mol%), H, (1000 psi), IBX (5 equiv.), DMSO,

rt, 30h; 80 °C, 2h; then
r
then BH3eTHF, 0 °C to 80°C, 4h; NaHCO3/Na,S,05 quench,
then H,O,, NaOH, rt, 12h rt, 5h
71% yield 72% yield

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)

expected pdt
Me,,, iPr

IBX (2 equiv.), . . .
DMSO, 80 °C, 2h 30% 30% 10%

DMP, Parikh-Doering,
Jones, PCC, Ley, Moffat, exclusive
Corey-Kim, Swern product

IBX (5 equiv.), ]
DMSO, 80 °C, 2h 12% 72%

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)

Me._ Me Me\_/Me
P N~
hydroquinidine (20 mol%) ')
z © > ~ | ©
4A M.S., PhCN [0.006M], 170 °C, 18h D
T 10 40% vyield (1g scale) H g)
Me O~_-CF3 | Me B >10g made on

35 parallel runs

(PPh3)3RhCI (1 mol%), H, (1000 psi), IBX (5 equiv.), DMSO,

rt, 30h; 80 °C, 2h; then
r
then BH3eTHF, 0 °C to 80°C, 4h; NaHCO3/Na,S,05 quench,
then H,O,, NaOH, rt, 12h rt, 5h
71% yield 72% yield

Me/,' Me’h

1. LHMDS, Mander's reagent,

Sml,, THF/H,0O Et,0, -78 °C, 3h CO,Me
r r
0 °C, 30min Me 2. PhSeBr, CH,CI,, rt, 1h Mé \
85% yield HOH 60% vyield, 2 steps (77% brsm) HO
)
NCJLOMe

Mander's reagent

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.



Li’s Synthesis of (—)-Vinigrol (2019)

Me,,, Me,,,

iPr 0, (1 atm.), TPP,

LDA, THF, -78 °C; then hv, NaHCO3;, MeCN, rt, 16h;
COLM ' ’ ' , 3 , 1 ;
2lvle > OH -
M DIBAI-H, 3h M then PMe3, THF, rt, 1h
° HO 63% yield ® Loh 60% yield
+
Ph Ph
OH
C4-epi-vinigrol Ph Ph
5% yield
(—=)-vinigrol TPP

Li, C.-C.; Min, L.; Lin, X., JACS 2019, 141, 15773-15778.
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Phil Baran, 2008
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