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Scheme 2. Preparation of 5/5/5/5 Tetracycle via Tandem Nazarov Cyclization/Double Ring Expansions Reaction
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HORNER-WADSWORTH-EMMONS OLEFINATION

0
0 b / solvent (I:I) ?e ?JL 4 (I?
| ase / solven RS R
RU Pl R — o | RUPLOR L RipS R + RVPL P
R1 i R1 o R1 o R1
base: NaH, KH, R R*=H,
KHMDS, NaHMDS alkyl, aryl
LIHMDS, KOt-Bu
R' = aryl, alkyl; R? = alkyl, aryl, COR, CO,;R, CN, SO,R ——> Horner-Wittig reaction
R' = O-aryl, O-alkyl, NR,; R? = aryl, alkenyl, COR, CO,R, CN, SO,R —> Wadsworth-Emmons reaction
Mechanism: */#**"
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anti addition DJ \O l‘:S)m addition r
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4 OR' - OR' ° -
74, ro”
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H R?
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Kani RO P & RO P @
nt v 4
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cis M R3 . MO trans
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NAZAROV CYCLIZATION

O
General scheme for Nazarov cyclization: _ loss of proton R R
o LA -
. . conrotatory or
protic acid or R R disrotatory
Lewis acid R ring-closure
or - T
light (hv) R? R®
divinyl ketone or pentadienyl cation nucleophile "
precursor therof L _
Thermal and photochemical Nazarov cyclization:
O
protic acid or
RIS ~rAl light (hv) Lewis acid
R R4 disrotatory ring-closure conrofatory ring-closure
R2 RS
fully substituted divinyl ketone
32-37,15,10

Mechanism:

conrotatory
ring-closure




Table S1. Optimization of the Tandem Nazarov Cyclization/Double Ring Expansions Reaction with Compound 7 @

O @)

OMe Reaction conditions

7 6 (desired) 6' (undesired)
) |
Entry  Substrate Reaction conditions Conversion e e 117 27 ICl; (0.1 equiv.), DCM, reflux 100% 87%,15:1
|
1 7. E1Z 2:1 Al{OTf)5 (0.1 equiv.), DCM, RT 33%, 4.1:1 I 18 (Z)-7,1.04 InCly (0.3 equiv.), DCM (0.5 M), BO°C, 12 h 100% 92%, 15:1
2 7, EIZ 211 Sc(0Tf)5 (0.1 equiv.), DCM, RT 42%, 3.21 b s
I 19 (E}-T InCl3 (0.1 equiv.), DCM, reflux 50% 43%, 15:1
3 7, EIZ 2:1 Zn{OTf); (0.1 equiv.), DCM, RT n.d. :
20 E)T7, 2. InCly (0.3 equiv.), DCM (0.5 M), 80°C, 46 h 359 20%, 15:1
4 7. E1Z 2:1 Cu(OTf); (0.1 equiv.), DCM, RT 1%, 171 | (E}7.2049 nCls (0.3 equiv.) (0.5 M) e °
| 21 (E}-T InCly (0.1 equiv.), PTSA (0.1 equiv.) DCM, RT  100% 20%, 1.9:1
5 7, EIZ 2:1 Fe(OTf); (0.1 equiv.), DCM, RT 49%, 2:1 |
InCl3 (0.1 equiv.), :
G 7, EIZ 241 Sn{OTf); (0.1 equiv.), DCM, RT 18%, 2.6:1 | 2 (E}T (PhO):PO2H (0.1 equiv.), DCM, RT 2% 46%, 2.51
. : I
7 7,EiZ2:1 In(QTf)3 (0.1 equiv.), DCM, RT 52%. 4.3:1 S (E)-7 FeCls (0.1 equiv.), DCM, reflux 81% 29%, 4.4:1
8 7, EIZ 21 InCly (0.1 equiv.), DCM, RT 31%, 9.5:11 |
24P (Ey7.10g hv (365 nm), DCM (0.2 M), RT, 10 h n.d.
g 7, EiZ 21 InCly (0.1 equiv.), AgBF, (0.3 equiv.), DCM, RT 44%, 4.6:1 |
| 25 (E}7,1049 hv (254 nm), DCM (0.2 M), RT, 10 h n.d.
10 T, EIZ21 InCly (0.1 equiv.), AgSbFg (0.3 equiv.), CHCls, RT 2%, 31 :
. . ) INCly (0.3 equiv.), DCM (0.05 M), . o e
11 7, EiZ 2:1 InCl; (0.1 equiv.), AgNTf (0.3 equiv.), DCM, RT 79%, 251 | 2 (E}7,0.249 hv (365 nm), 80°C, 24 h 75% 58%, 15:1
12 7, E/Z 2:1 InCl; (0.1 equiv.), DCE, RT 40%,9.6:1 | .
s (E)7.1.0¢ InCls (0.3 Bquw;:,DEM (0.21 M), 71% 67%. 15:1
13 7, EIZ2:1 INCly (0.1 equiv.), GHCly, RT 47%, 7.4:1 : hv (365 nm), 80°C, 48 h
14 7, EIZ 211 InCl3 (0.1 equiv.), CCl,, RT n.d. I 2 The reaction was run on a 0.2 mmol scale in solvent (1.0 mL) for 12 hours. All yields were
: : . . ., . 1 b ey, :
.5 e InCls (0.1 equiv.), DCM, reflux 53%, 15:1 I |solate(_1 yields, while t_he ratio _of 6:6 was determined by 'H NMR._ (E)-7 was recycled in
I 54% vyield, (Z)-7 was isolated in 45% vyield. ¢ (E)-7 was recycled in 31% yield, (Z2)-7 was

16 7,E/Z2:1,20g  InCl; (0.3 equiv.), DCM (0.5 M), 80°C, 46 h 48% 40%, 15:1 | isolated in 58% yield. n.d. = not detected.



Scheme S1. Proposed Mechanism for Formation of 6 and 6’ from (Z)-7
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Scheme S2. Proposed Mechanism for Formation of 6 and 6’ from (E)-7
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Scheme 3. Total Synthesis and Structure Revision of iso-Phomopsene

a. LiCl, DMSO, H,0
180 °C

65% vyield
gram-scale

c. MOMCI
DIPEA, DCM
d. NaBH,4, MeOH
>

88%, 2 steps
gram-scale

DIBAL-H

—>
-40 °C to rt.
reduction

Me

e. HONH,*HCI
pyridine, 120 °C

86% vyield
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Me Me
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(o]
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f. SOCl,, DCM
-40 °C

wiH 76% vyield
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OMOM fragmentation
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cyclization
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then
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KRAPCHO DEALKOXYCARBONYLATION

Krapcho dealkoxycarbonylation:
0 EwG._ M

MX (= 1 equiv - MOH
EWG%L 3 | ( “ ) _ | Ewe >_\{_5:: _-MOH R?<R2
OR dipolar aprotic solvent

rRT R2 H,0 R' R? Decarboxylated
carbanionic product
intermediate

+ CO; + R3¥-X

EWG = CO;-alkyl, CO,-aryl, CN, CO-alkyl, SO,-alkyl, SO-aryl; R2 = H, alkyl, aryl: R* = Me, Et; MX = NaCN, KCN, LiCl, NaCl,
NaBr, Nal, Lil-H,0, Na,C0O4'H,0, NasP0O,412H,0, Mey;NOAc ; solvent: DMSO, DMF, DMA, HMPT

Mechanism: '%'7 %1819

o.c-Disubstituted esters:

O 1y EwG._ M
D - S
EWG._« c{] , Sn2 - CO, EWGV\@\_/\P A X
R o EWG _2 A o R' R?
R! R2 CN -R3-CN ‘: ) R" R - OH Decarboxylated
R" R carbanionic product
intermediate

(.D 2 3 O
EWG._« DR3 oc BACE EWG Lg OR - H20 3
: N ’ D CN “NC” OoR® Thon OG0 *RIOH

R! RZ?



RUBOTTOM OXIDATION

Rubottom & Hassner (1974):

o]
OSiMe, 1. MCPBA (1 equiv) R o
R solvent / = 25 °C R2
WP R2 2.H;0® or OH
- M3 OH
. c-Hydroxy ketone
acyclic
silyl enol ether or aldehyde
Oxidation of 2-trimethylsilyloxy-1,3-dienes:
' 0
DS'ME33 1. mCPBA (1 equiv) ,
xR solent/<25°C R
2. EtzNHF / DCM OH
R1 Rg R1 2
2-trimethyl- o-Hydroxy enone

silyloxy-1,3-diene

Me3SiO 1. mCPBA (1 equiv)
solvent /<25 °C
2.H;O" or OH
)n
cyclic

silyl enol ether

Asymmetric modification:

1. chiral oxidant

OSIRs  oivent /<25 °C

-

OH

In

Cyclic o-hydroxy
ketone or aldehyde

R1
EERY. 2. hydrolysis

acyclic or cyclic
silyl enol ether

0
1
R \H\Rz
OH

Enantio-enriched
o-hydroxy ketone

R'3 = H, alkyl, aryl, substituted alkyl and aryl; SiR; = SiMes, SiMe,(t-Bu), SiEt;; solvent: CH,Cl,, pentane, toluene; n = 1-3;
chiral oxidant: Davis' chiral oxaziridine, Shi's D-fructose derived ketone/Oxone, (Salen)manganese(lll}-complexes/NaQCl or PhIO

Mechanism: '°""
TMSO R’
= S Itmso
R - ArCOO
0 -
5 J\ R? O
H™+*"0" “Ar silyloxy
peroxyacid epoxide

R +H®

——

oxocarbenium

TMSO

OH

R1 1.4-silyl 0 R
migration « hydrolysis
——
_H® RZ  OTMS
c-silyloxy
ketone




BECKMANN REARRANGEMENT

1 ) . R’ X
R . xs Bronsted acid >:Nf xs Bronsted acid
R2 k}{ or Lewis acid R? or Lewis acid
R'is anti to X R? is anti to X

R', R? = alkyl, aryl, heteroaryl; X = OH, OTs, OMs, ClI

- 28.19,22-24 29-31
Mechanism: *%'° 93

R‘l“x . EE) R /—\\ - H—E]:—E o
_C=N J\ ~c=N : - o 1 , A
R? ~ae 27 v E [1,2]-shift R°-C=N—R' =—> R?-C=N-R
‘:I} R &"}?f oA @
oxime H
RZ . ,
120 - l.\:rCZN_W - H@ . RH}C:H—W _ tautomerization
(or H-O-E) H™ P y-0
o H




Table S2. Optimization of the Beckmann Fragmentation with Compound 5 2

MeCN (0.2 M), 60°C, 12 h 8 The reaction was run on a 0.2 mmol scale, all yields were isolated

yields. n.d. = not detected. b The reaction was run on a 2.0 mmol scale.
6 SOCI, (1.0 eq), CHCI; (0.1M), RT, 1 h 40%

N,OH
Me M
© ? Me ||
& Reaction conditions>
:_\\\\“ -llllH
Me U‘OMOM
5
I
I
Entry Reaction conditions Yield of 16 '
I
I 0
1 TsCl (2.0 equiv), pyridine (0.5 M) 179, : 7 SOCI; (1.0 eq), DCM (0.1M), RT, 1 h 46%
8]
80°C,2h : 8 SOCl, (1.0 eq), DCM (0.1M), 0°C, 1 h 44%
< H>S0, (8.0 M, 3.0 equiv), 120 °C, 1 h n.d. ' 9 SOCI, (1.0 eg), DCM (0.1M), -40°C, 1 h 71%
I
TFA (1.0 equiv), DCC (3.0 equiv) 0 I b °
3 DMSO/Benzene(1:1 0.1M), RT, 12 h 31% : 10 SOCI; (0.7 eq), DCM (0.1M), -40°C, 1 h 73%
a
. TFA (1.0 equiv), CH(OMe)s (20 equiv) o0, : " SOC; (0.5 eq), DCM (0.1M), -40°C, 1h  65%
THF (0.2 M), reflux, 12 h ° |
. , |
5 Acs0 (1.5 equiv), PTSA (1.5 equiv) n.d. I
I
|
I
I
I



h. LIHMDS, HMPA, Mel «Me i pio, H, (1 atm)

g. DMP, DCM, r.t. THF, -78 °C to r.t. Me wH TFA/EtOAC, r.t.
N r

> >
OMOM then DBU, 40 °C OMOM ' then 6 M HCI, MeOH e OH
88% yield 77%, d.r. > 20:1 '
2 steps, gram-scale Me
19
Li,CO3, MeOH j. LIHMDS, PhNTf,
DMP, DCM THF, -78 °C to r.t.
0] v
63%, d.r. > 20:1 then Pd(PPh3),
280 mg-scale MeMgBr, r.t.
- 66% yield
iso-phomopsene (3)
revised structure
19
Mf NOE effect H7 .
H H H MeD NOE effect
= Me Mzeo = Me Mg
Me H Me H
Me Me
iso-phomopsene (3a) iso-phomopsene (3)
originally proposed revised structure

structure



DESS-MARTIN OXIDATION

KBrO ACOH - Ac,0

H,SO 100 °C \ OAc Aco OAC
/ 20Uy \ D\‘ OH / QCD\] N e

| |’EE |—OAc _I_‘f‘ OAc
X ; e

COOH Oxone Ac,0,
\ (1.3 equiv) / o) 0.5% TsOH 0 O
2-iodobenzoic H,0, 70 °C, IBX 80 °C. 2h DMP
acid 3h |

DMP R-CHO DMP RR'C=0 DMP RR'C=0
A) R-CH,-OH ——— B) RR'CH-OH ————= C)RR'C=N-OH ———
Aldehyde Ketone ) Carbonyl
1% alcohol 2% alcohol oxime
Mechanism: *'"?"%
OAc R OAc
ACD\\ | o o I>_DH ﬁCD\l D - =] 9]
'I'\D OAc R { - AcO )L
. D _ + .
- AcOH 1\404( - AcOH r_;R b RI
0 arbony
O compound
DMP diacetoxyalkoxy iodinane

periodinane



Scheme 4. Total Syntheses of Phomopsene and Methyl Phomopsenonate

c. PhSeCl, LIHMDS

THF, -78 °C to -20 °C

then aq. H,O, (30%)

pyridine, DCM, 0°C
72% yield

e. PtO,, H, (1 MPa)
EtOAc, 90 °C

57%, d.r. > 20:1
2 steps

a. PtO,, Hy (1 atm)
HOAC/EtOAC, r.t.

«~Me y (TMSOCH,),, TMSOTY
+ Me wH DCM, -40 °C to r.t.
: O 88% yield

then DMP, NaHCO;, Me
DCM, r.t. Z
Me
21
69% vyield, d.r. > 20:1 13% vyield
O/ O\ d. MeMgBr, Cul (0] 0] O‘ O‘
TMSCI, NEt; then Pd(OAc),

THF, -40 °C
-

z ik favorable
Me
24

unfavorable
steric hindrance

MeCN, r.t. Me
—»

O O f. NH2NH2'H20
Me
o Na, glycol
Me H 160 °C to 210 °C
Me ; O then 6 M HCI
acetone, r.t.
Z = 0, ;
e Me 66% yield

Me
Me Me T\/Ie Me
- - S7 C3-epi-25
61% yield 14% vyield

«Me g. NBS, AIBN, CCl,, 78 °C

wH  LiBr, Li;CO3, DMF, 130 °C

h. Znl,, Et3SiH, DCE, r.t.
50% yield for 2 steps

26 phomopsene (1)



23-24

(PhSeU)2

0,5 eg
N =1/2 Hy0 —PhSeOH
H

SaOPh
(1) (6)

Tetrahedron Lett., 1982, 23, 4949.



Table S3. Optimization of the 1,4-Addition with Compound 24 2

Reaction conditions

> +
C3-epi-25
. - Yield
Entry Reaction conditions
25 C3-epi-25
1 Cul {3.0 equiv) nd. 799

MeMgBr (3.0 M in Et;0, 6.0 equiv)

Cu(OTf); (3.0 equiv)
? MeMgBr (3.0 M in Et,0, 6.0 equiv) n.d. 449,

CuTc (3.0 equiv)

3 MeMgBr (3.0 M in Et,0, 6.0 equiv) nd. 27%
4 CuBrMe.S (2.0 equiv) nd. T
MeMgBr (3.0 M in Et;0, 6.0 equiv)
Ni(acac); (3.0 equiv)
’ MeMgBr (3.0 M in Et,0, 6.0 equiv) n.d. 68%
Cul (3.0 equiv)
° AlMes (1.0 M in toluene, 6.0 equiv) n.d. 61%
7 Cul (3.0 equiv) n.d. n.d.

Me,Zn (1.0 M in hexane, 6.0 equiv)

8 The reaction was run on a 0.2 mmol scale in THF (1.0 mL) at 0 °C for 12 hours, all yields were isolated yields. n.d. = not detected.



OTMS Pd(OAc)

O
2
il /u\/\
3
R‘])\V\RZ + WDCDZR MeCN "'R1 R2 +H3{]TMS + C02 + AN
1 2 3

\>
/’
8

HPd(allyl) é’ﬁ’dLn'DR:i OTMS
% 23

P

j\/\ R )\\*/\Hz
Rl A N\R? 1)
3

tn ROTMS
0 H 0‘*Pd>
.
RI/H*RE < R1)~\/\R2
25

Tetrahedron Lett., 1983, 23, 5635.



WOLFF-KISHNER REDUCTION

~NH;
N platinized porous plate
R1JLR2 KOH / heat / - Nz
Kishner (1911
hydrazone ( )

Huang-Minlon modification (1946):

X

85% NH,NH,»-H,0 / KOH

R' "R?  ethylene glycol / heat
ketone or

aldehyde

Mechanism: ****

R1

i NH, | H
N~ 2 EtOH/NaOEt N NHE
J\ - 180°C N T
1 2 sealed tube
R" 'R . R1JJ\R2 o
Wolff (1912) )
L hydrazone - semicarbazone

Cram modification (1962):

1. distill off the excess H H DMSO Nz
reagent and water X KOt-Bu/t-BuOH
- 2 —nif-
2.180-200 °C /- N R™ "R*| room temperature R'” “R?
Alkane hydrazone

L hydrazone -

The rate-determining step is the proton capture at the carbon terminal. This process takes place in a concerted
fashion with the solvent-induced proton abstraction at the nitrogen terminus to form a diimide that undergoes a loss of

Na.
— I? T+
u al
N i® > N.
N M MoH/ROH R :fo”N"H MH_ Rl ros N SoH
A “ | | ol O [T /Ii
R" 'R O—H- O—H---Aso O™ R | R? - N
hydrazone R r1 R? ® Rl
diimide




e'. NaBH,, MeOH g'. NBS, AIBN
0 CCl,, 78 °C

O/ O\ THF, 0 °C
«Me  d'.TMSCN, KOH Martin's Sulfurane «Me  LiBr, Li,CO4
H : . 0 0 [

Me WH H,O/dioxane, 95 C> DCE, 40 °C > Me wH DMF, 130 °C
Me (o) 75%, d.r. > 20:1 o f. Pd/C, H, (1.0 atm) Me D h'. H,SO,4 (Conc.)

MeOH, r.t. MeOH, 95 °C
?\/Ie 6.0 M HCI, acetone, r.t. ?\/Ie C=3N 51% for 2 steps

91% for 3 steps 28

Z>0Ac, TBME
Novozym 435

“OAc

(-)-13, 47% vyield (+)-29, 49% yield
99.7% e.e. 92% e.e.

|

lipase resolution

Me E
—} Me
7\/Ie Me > 2
Me CO,Me
(-)-phomopsene (+)-methyl (+)-iso-phomopsene
(-)-(1) phomopsenonate (+)-(3)
(+)-(2) revised structure




Table S4. Condition Screening for Cyanogenation of Compound 24 @

TMSCN (3.0 equiv)
base (3.0 equiv)
1,4-dioxane/H,0 (9:1), 95 °C
-

C3-epi-27
Entry Base Yield
27 C3-epi-27
1 MNaF n.d, 32%
2 KF n.d. <5%
3 CsF <5% 65%
4 TBAF n.d. 12%
S NaOH 71% <5%
& KOH 75% <5%
7 Na,CO4 <5% 66%
8 KzCOs <3% 8%
L Cs,C0, <5% 72%
10 CsOAc n.d. <5%

2 The reaction was run with 24 (0.1 mmol, 1.0 equiv.), TMSCN (0.3 mmol, 3.0 equiv.) and base (0.3 mmol, 3.0
equiv.) inl,4-dioxane/H,0 (9:1, 0.5 mL) at 95 °C for 6 hours, all yields were isolated yields. n.d. = not detected.



Martin's Sulfurane

1 + (CH;);COH _}i

(CeH;).S0 +

(CH;):C=CH: + 2RrOH <—

CiH, OC(CHy),
S + RgOH

/ |
CeHs ORp
3

TJ,

C¢H; OC(CHy);
S

+

CsH a/ _QRF

liIORF
4

J. Am. Chem. Soc., 1971, 5003.
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