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Photoenolization Diels-Alder Reaction: Introduction

Benzophenone to Benzopinacol
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Other methods for Dienol Formation
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Mechanism
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Examples of PEDA and Applications

Photochemical Synthesis of Estrone

hv

A 340 nm

Me-Cyclohexane HsCO
95 °C
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2,6- Dimethyl phenol prevents light induced decomposition of dienol
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Hybocarpone

hybocarpone (1)

OH O Me OH O Me OH O
) QU BOSH
HO OH OH HO OH
OH O OH O
christazarin (2) E—methylchnstazann (3) aureoquinone (4)

Figure 1. Molecular structures of 1 and related naphthazarin natural
products (2—4).

= [solated from lichen species Lecanora Hybocarpa in Lousiana woodland

= Cytotoxic against murine mastocytoma P815 transplantable tumor cell line IC, of 150 ng/mL

= Possible DNA intercalation/DNA damage pathway as viable mode of action

= Novel molecular architecture containing dinaphtho furantetraone skeleton possessing element of C,
symmetry

= (Closely structurally related to the naphthazarins



Tetralones as precursors to Hybocarpone and
Analogs

General form of tetralones (5)
required for potential library
synthesis

70

Figure 2. Potential hybocarpone 6 and hydroxynaphthoquinone 7 libraries
from tetralones 3.



PEDA Approach to Tetralones
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Figure 3. Proposed general synthesis of varied tetralones § via photo-
chemically induced benzannulation of o-methyvlbenzaldehvdes 8. EWG =
electron-withdrawing group.



Oxidative Dimerization of Ketone Enolate 15

Scheme 1. Construction of Dimer 16 and Unsuccessful Attempts
To Elaborate It to 19

OMe 0 OMe oH 'f'®
Me a. hv _ Me - OMe
MeO Me 0 MeO
OMe MEA")J\GME OMe
12 13 14
b. CrO4e2py
c. KOH, A

DMe MED

MeO Me d i LDA Me O MeQ

ii. FeCl, Me
O‘ ‘G —
MeO OMe OMe

MeO
16 15
(1.3:1 mixture of isomers) —X—

oxidation methods

@ Reagents and conditions: (a) 13 (6.0 equiv), Av, toluene, 4 h, 81%
(2:1 ratio of diastereoisomers, major 1somer shown); (b) CrOs-2py (6.0
equivy, CHaCla, 0—252C, 1 h, 86%:; (¢) | M agqueous KOH. EtOH, 90 =C,
6 h, 80%: (dy (1) LDA (1.1 equiv), THF, =78 =C, 1 h; (i1) then FeCls (1.1
equivy in DMF, =78 to 0 °C, 4 h, 32%. LDA = lithium diisopropylamide.



Ireland Claisen Rearrangement Approach -A Simple Model
System

Scheme 2. Construction of a Hindered Carbon—Carbon Bond via
Claisen Rearrangement on a Model System?

0
o NF TBSCI

e ——
17 R = cyclohexane ring
HO b. CH,N, HO—)
c. LAH
N = A
20 19

@ Reagents and conditions: (ay LDA (1.2 equiv), (TBS)XCL (1.5 equiv).
HMPA, THF, —7% “C, 2 h; then warm to 60 °C, | h; (b)y CH:M», ether, :
min; (¢) LAH (6.0 equiv), THF. 4 h, 45% for three steps.

|



Biomimetic Approach

OMe o Me 'f‘f‘- 0O  OMe

OMe 0 OHHO o OMme
21. protected form of hybocarpone (1)

ﬂ [Hydration]

@
o -2 [H]
[Dimerization]

OMe O Me OMe O Me
Me 4 Me
LR < *
MeO (_OH [Single Electron |MeO (o0
OMe O Transfer] OMe D‘""I-;
24: protected form of &- - 23 -

methylchristazarin (3)

Figure 4. Second-generation retrosynthesis of hvbocarpone hexamethyl
ether {21) bases on the oxidative dimerization of hydroxynaphthogquinone
24.



Possible diastereomers formed upon hydration/cyclization
event

o =
OMe O OH HO O OMe OMe 0 OHHO 5 Ome
R = Me: 0 kcallmal (21) R = Me: +17.3 kcal/mal (29)
R =H: 0 kcalimol (1) R = H: +15.8 kcalimol (30)
OMe O ’““}"E O  OMe OMe O '""? 'i“'E 0O OMe

8]
OMe 0 OHHO 5 opme OMe O O HO O OMe
R = Me; +22.3 kcal/mol (25) R = Me: +8.7 kcal/mol (31)
R = H: +19.6 kcallmol (26) R =H: +9.2 kcallmol {32)

OMe 0 Me "'i"e 0O OMe

=0

OMe O GH HO O OMe OMe O C”" HO O OMe
R = Me: + 38.3 kcallmol (27) R = Me: +59.1 kcalfmaol (33)
R =H: +36.6 kcal/mol (28) R=H +58.3 kcal/mol {34]

Figure 5. Calculated relative strain energies of the six possible hybocarpone
diastereoisomers (R = H) and their corresponding hexamethyl ethers (R =
Me) (see ret 21 for computational parameters).



Synthesis of Napthazarins 3,4

Scheme 3. Synthesis of Naturally Occurring Naphthazarins 3 and
4 via a Series of Selective Oxidation Reactions?
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Naphthazarins (Cont’d)

41 42
d. IBX
MaD MeQ O
e. KOH, air Me l I R
MeO OH
[Decarboxylation/ MeO ©
43R = Et aerobic oxidation] 24 R = Et
44: R = Me 45:R = Me
R= Eti f. BBry
HO O HO O Me
ROeE )
HO OH HO OH
HO O HO O
4: aureoquinone 3: 6-methylchristazarin

@ Reagents and conditions: (a) PbiOAc) (1.4 equivy, Av, AcOH, 2 h.
T1% (311 ratio of diastereoisomers); (by HCL, AcOH, 90 °C, 4 h, 72%: (c)
OsOy (001 equivy, NMO (3.0 equiv)y, THF —fBul [—]Hl—m (20:20:4:1 ).
12 h, 92%; (d)y IBX (3.0 equiv), DMSO, 25 °C, 0.5 h, 92%: (e) 1.3 M
aqueous KOH—THF (1:3.5), air, 1 h, 83%: (1) BBrs (10,0 equiv), CH2Cl5.
— T8 to 425 °C, 3 h, 40—350%. NMO = N-methylmorpholine N-oxide, and
IBX = |-hydroxy-1.2-benziodoxol-3( 1 H)-one 1-oxide.



Synthesis of Protected hybocarpone 21

Scheme 4. Synthesis of 1 via Successful Application of the
Oxidative Quinone Coupling Strategy?

OMe O Me MeO O Me ’“j‘e O OMe
Me . 2
MeO g ‘ OH 0
OMe O MeO OCHHOG OmMe
24 25

b. HE:I /

(2:3 ratio of 25:21)

21

Low yields for dimerization 36 % combined yield of 25&21 after
three iterations using recovered starting material.Longer reaction times and other reaction
variables did not affect conversion and chemical yields



Completion of synthesis

OH O O OH
1: hybocarpone

4 Reagents and conditions: (a) 24 in MeCN; then add CAN (1.0 equiv)
In degassed MeCN, —35 to 0 °C, sonication, 2 min: then 5 M aqueous
KOH, 0—25 *C, 10 min, 19% plus 60% recovered starting material, 21:25
ratio ca. 3:2: {by AcOH, CHClz, 5 min, =93%:; (c) AlBrs (1 M in CH>Brs.
25 equiv), EISH—CHCIz (1:2). 0 °C, 1 h, 60%. CAN = cerium ammonium
nitrate.



Synthesis of Hybocarpone Analogs

Scheme 5. Oxidative Dimerization of Hydroxynaphthoquinones 45

and 489
OMe O
g‘ Me a, CAN Me
MeO MeO
OMe O
45

“ Reagents and conditions: (a) 45 or 48 in MeCN; then add CAN (1.0
equiv) in degassed MeCN, —35 1o 0 °C, sonication, 2 min; then 5 M aqueous
KOH, 0—25°C, 10 min, 9% 46 plus 71% recovered starting material; 4%
49 plus 93% recovered starting nmlu‘idl' (b) PtOa(cat ), Ha (1 atm). EtOAC.
4 h, filter catalyst, then bubble in air, 2 h, 83%.

Two isomeric compounds

for 46 were isolated in 1:1
ratio. The other isomer
doesn’t interconvert in acidic
conditions. More prone

to decomposition



Substrate Scope For Intermolecular PEDA

Table 1. Benzannulation by Intermolecular Diels—Alder Trapping of Hydroxy-o-quinodimethanes Generated via Photoenaolization

t[h] Yield[%]

0 0 OH o 0 0 OH ©

dH ﬁ (Ijﬂ\ 14 53% 5 @fILH ”)\c:a @CI“JLUB 16 353
Me
12 13

Entry Aldehyde Dienophile Product i [h] Tield['.-'L]'Entry Aldehyde Dienophile Product

OH © OH o
3 u\ 0 O
o B
ﬁ‘:ﬁ : @Q o (Ef“ O
6 2 16
Me Me
HO
0 H
Q
32 33
a7 [Products were obtained as separable mixtures of

diasterecisomers. Major product shown, all products were
racemic. See footnotes for product ratios.]

MeQ O

0
MeQ HO
, Me ’ Me O Me : _}LDME

OMe
MeO

16 MeQ 29

MeQ Me
MeQ

MeQ

27

@ g-Alleylbenzaldehyde (0.5—2 mmol) and olefin (4—20 equiv) were dissolved in deoxyeenated toluene (0.03 M) in a Pyrex flask and irradiated at ambient
1-um|matun ireactions warmed on irradiation) with a 450 W Hanovia lamp at a distance of 5 ecm. Product ratios (endo:exo) as follows hx entry numer i1
ca. 4:1, (2) ca 4:1. (3) ca L () ea. 6:3:1.5) ca. 1511 (6) ca 201.(7) ca. 8:1, ¢ Product ratio determined by NMR spectroscopy.



Asymmetric Induction in PEDA

Table 3. Effect of (R)-BINOL—TIClz on the Diels—Alder Trapping
of a Photochemically Generated Hydroxy-o-quinodimethane?

Me O O Me OH O
(R)-BINOL-TICI, 5
H + | h !
Me Me v Me
14 15
amt of
WR-BINCL-TICl temp pet time yield
entry (equiv) (“C) (%) (h) (%)
| (.75 — 4} 23 |2 RING
2 0.05 —40) 0 12 204
3 0.20 23 5 6 45

4 A solution ofaldehvde 14 (0.2 mmaol), methy] vinyl ketone (4.0 equiv).
and (R)}-BINOL—-TiCl; were cooled to the indicated temperature and
irradiated (430 W Hanovia lamp) in deoxvegentated toluene. Workup and
chromatography gave pure 15 along with significant amounts of recovered
starting matieral. # The enantiomeric excess was measured by chiral HPLC.
The absolute configuration was not determined. © 30% recovered starting
material. @ 50% recovered starting material.



Intramolecular PEDA Approach to Hamigerans

0 —
.
\
o Pl
Moo«
Y
N
A
L

X = H: debromo-
hamigeran A (1)
X = Br: hamigeran A (2)

Figure 3. General scheme for the synthesis ol tricycles 36 from substrates
34 wvia the IMPEDA cascade via hydroxy-o-quinodimethanes 35,



Substrate scope of IMPEDA

Table 4. Synthesis of Tricycles 36 from Substrates 34 through Intramolecular Photoenolization/Diels—Alder Cascade via
Hydroxy-o-guinodimethanes 35 (See Figure 3)7

Entry Aldehyde Product t [min] Yield[‘&]l Entry Aldehyde Product t [min] Yield[%]
0
4 OH OEt o
45 o4 l no cyclization product
47a 56 48a
2
O
5 @\/\J no cyclization product
o9
47e

° GRS
3
0
E-52: R=H 64 R=H 20 g4 7 750
53: R = Ac 65: R = Ac 20 gob!
54: R = TBS 66: R = TBS 20  gabl

2 p-Alkylbenzaldehydes (0.1—0.5 mmoly were dissolved in deoxygenated toluene (0.05 My in a Pyrex flask and irradiated at ambient temperature {reactions
warmed slightly upon irradiation) with a 450 W Hanovia lamp at a distance of 3 cm. Products were obtained as separable mixtures of isomers. the ratio of
which was related to be the £:# ratios of the starting olefins. All products were racemic. Starting aldehydes and products shown are the major isomers.

b Starting olefin, E:Z = 25:1: product, C-10 epimers =25:1. © Starting olefin, £:Z = 20:1; product, C-10 epimers ca. 3:1. 9 Starting olefin. £:Z 1.2:1; product.
C-10 epimers 2.5:1.



Proposed Model to account for Stereoselectivity in (Z)-Olefin

Scheme 3. Stereochemical Course of the Intramolecular
Photocyclization with a Substituent at C-6 and the Observed
cis/trans |somerization of Reaction Substrate (£)-52

fe®

(fast)
[endo]

Z-52 (£)-67

@ [rradiation of (£3-52 Leads Predominantly to 64 in 94% vield (64:67
= 25:1). Irradiation of (£)-52 Leads Predominantly to 67 in 89% vield (67:
64 = 31



Hamigerans

OH O
Br O
Me
Me
H
X &
X = H: debromo- X = H: hamigeran B (3)
hamigeran A (1) X = Br: 4-bromo-
X = Br: hamigeran A (2) hamigeran B (4)
Ho HQ

X =H: debromo-
hamigeran C (5) hamigeran E (6)
X = Br: hamigeran E (7)

Figure 1. Molecular structures of selected hamigerans (1—7).12

= [solated from Hamigera Tarangaensis

in Newzealand

= Cytotoxic against P-388 leukemia cells
[4-bromo-hamigeran B, ICs, = 13.5uM

= Strong antiviral activity against herpes and
polio viruses

= Substituted benzenoid nucleus fused to
[4.3.0] or [5.3.0] bicyclic system



Retrosynthesis of Hamigerans

OH O

oH o 8 CO,Me
Br 0 r OH
Me | D Me
M
Me H _ e H
- [Decarboxylation]

.\.'\

A\ T\

3: hamigeran B 2: hamigeran A

[Photochemical
cyclization]

g w A
Me .rj s = N )

/. ]

Alkylation’ R" Horner-Emmons
71:R = Pr ~ B R=iPr
72: R =0OMOM 70 R = OMOM

Figure 4. Retrosvnthetic analysis of the hamigerans 2 and 3 based on the
mtramolecular trapping of a hvdroxv-e-quinodimethane (69 or 7).



Synthesis of 80 via Jacobsen’s Hydrolytic kinetic resolution

Scheme 5. Synthesis of Racemic Aldehyde 71 and Ilts
Photocyclization to 867

a. tBuLi, TMEDA,
QMe & (£)-78 or (S)-78
NH{Bu b.p-TsOH 0~

-

Me Me , / >
77 (£)-79 S —CH

(+)-79

;"\,I\‘ !N:

§_G" ‘\D }f_‘é S
0 H,0 0 c. LAH %_g_gv 2 <
L = [ A~F d. TBSCI -

-]
(1)-78 Jacobsenscal® (g5).78 (99% e.e.) (R.A)-1: M = (R,A)1; M = Co
(R,B)-2a: M = Co(0,CPh)(PhCO,H)
(R, R)-2b: M = Co(Q,CCH)(H,0) |

OMe O

OMe OTBS OMe QTBS Tokunga, M.; Larrow, J.F.;

Kakiuchi, F.; Jacobsen, E.N.
Science 1997, 277, 936-938

e. SO,epy-DMSO

i

Me N (with ()-80] Me
81 O




Photocyclization of 71

81
J f. PrMgCl-CeCl, OMe OTBS
OMe OTBS 0
g. SOCl,, py Me
h. Pd(OAC),, H,0 |
Me = -
83
OH [single isomer,
82 geometry unassigned]
i. PdiC, H,
j- H-W-E

® Reagents and conditions: (a) fBuli (2.2 equiv), TMEDA (2.0 equiv),
—T78 to —20 °C: then (£)-75 or (5)-75 (1.0 equiv), THF, =78 to 0 °C, 2 h.
69%; (b) p-TsOH (2.0 equiv), toluene, reflux, 2 h, 91%: {c) LiAlHg (2.0
equivi, THF, 25 °C, 0.5 b, 91%: (d)y (TBSYCL (1.1 equiv). EtaN (2.0 equiv).
[2 h. 899 (e) SOz+py (3.0 equiv), EtzMN (6.0 equiv), DMSO—CHaCl3 (1:
Ly, O 5C, 2 h, 94%: () iPrMgCl (2.0 equiv), CeCly (2.0 equiv), —78 to 0
“C, 1 h, 94%: (g) CHaCla—py (3:1), —30 °C; then add SOC1; 10,0 equivy,
[3.5:1 E:Z ratio] —50 to —20 °C, 0.5 h, 80%: (h) PdiOAc); (0.1 equiv), Cu{OAC)2 (2.0 equiv).
DMA—H:0 (10:1), Oq (1 atm), 16 hy, 81%; (1) 10% Pd/C, Hy (1 atm),
NaHCO; (solid, 5.0 equiv), E10OAc, 2 h, 95%; () (MeOpRpPiOyCH200:Me

B_E . 34 X f CH,0TBS — k. HFepy (3.0 equiv), NaH (3.0 equiv), THF. 60 °C, 3 h, 94% (mixture of £/7 isomers.
[ca. 3-51-1 ratio of 85: X = CHO0H —— | SO.e ca. 3.5:1): (k) HF-py (2.0 equiv), THF, 25 °C, 10 min. 91%: (1) SOz-py
C-10 isomers] 71 X=CHO —«—" 3*PY (3.0 equivy. EtsN (6.0 equiv), DMSO—CH2Cly (1:1), 0 °C, 2 h, 88%:; (m)

Ay, 450 W Hanovia lamp, Pyrex filter, benzene, 20 min, 91%. MOM =
methoxymethyl, and H—W—E = Hormer—Wadswaorth— Emimons reaction.



5-ept Hamigeran A&B

Scheme 6. Synthesis of the 5-epFHamigerans 88937

OMe OH O a. HCI. MeOH
Me D.0sO NMO

DMSO

OR O f.i. KOH

X 0 ii. nBu,NIO,
(L L =

88: X=H, R=Me

91: X=H,R =Me
d. BBr '
3E92:K=H,R=H d":EEPNHEas:mH,MH
9 NSl g3 x=Br,R=H & "°%TN 90: X = Br, R = H
[5-epi-hamigeran B series] [S-epi-hamigeran A series]

@ Reagents and conditions: (a) 1% HCI in MeOH, 25 =C, 0.5 h, 90%;
i) Os04 (0.1 equiv), NMO (3.0 equiv), THF—BuOH—HzO—py (20:20:
4:13. 12 h {a ca. 12:1 mixture of isomers). 92%: (c) SOz-py (3.0 equiv).
EtaN (6.0 equiv), DMSO—CH2Clz (1:1), 0 °C, 2 h, 88%; (d) BBra (10.0
equiv), CHaCla, —78 °C, 3 h, 96%: (e) NBS (1.05 equiv), iPraNH (0.1
equivy, CHaCla, 0 °C, 3 h, 90%:; (f) (1) KOH, MeOH, 70 ®C, 2 h; (ii)
#BugNIOy (2.0 equiv), dioxane, 100 °C, 1 h, 653%; (g) NBS (3.0 equiv),
DMF, 25 °C, 3 h, 92%. NMO = 4-methylmorpholine N-oxide, and NBS
= N-bromosuccinimide.



Photoisomerization of Tricyle 88

Scheme 7. Postulated Mechanism for the Photochemically
Induced Isomerization (Inversion at C-10) of Compounds 88 and

OMe O
OH

[Norrish Type-I
fragmentation]

[Retention] [Inversion]

[93% yield of an
equilibrium mixture

[No epimerization
of C-10 epimers

observed when

free phenol (88:95 ca. 1".3
counterpart of 88 ratio) when either
88 or 95 was

was irradiated]

irradiated)



Strain Energies of Hamigerans

OMe O OMe O
CO,;Me

Me
&
88 [natural] 96 [S5-epi-]
19.21 kcal/mol 18.57 kcal/mol

97 [natural) 98 [5-epi-]
19.65 kcal/mol 24 72 kcal/mol

Figure 5. Relative strain energies of 6,9-cis and 6,9-trans hamigeran-type
structures 88 and 96—98. See ref 34 for computational parameters.



Photocyclization of 72

Scheme 8. Synthesis and Photocyclization of Precursor 722
OMe OTBS OMe OTBS

b. Pd(OAc),, H,0
0
= Me
MOMO""

Me
RO
a. MOMCI [: B0: pTsOH: R =H 100
99: R = MOM
(> 98.5 % e.e. by chiral HPLC) c. H-W-E
~ = OMe OR

d. HF epy MeO._ 0O
9]
- - -mmmees Me._ .=
prolonged Me # Reagents and conditions: {a) (MON)CL (2.0 equivy, iPraNEL (6.0 equiv),
exposure - CHaClp, 25 °C, 12 h, 83%: (b) PA{OAC)z (0.1 equiv), CuiOAc); (2.0 equiv),
P MOMO'

DMA—H0 (10:1, Oy (1 atm). 16 h, 81%:; (c) (MeO)P{oyCH2C0:Me (3.0

- e equivy, NaH (3.0 equiv), THF, 60 *C. 3 h, 94% (mixture of £/Z isomers,

d. HFepy L_.. 101: R=TBS ca. 3.5:1); (d) HF+py (2.0 equiv), THF, 25 °C, 20 min, 91%: (e) SOz+py

1022 R=H (3.0 equivy, EN (6.0 equiv), DMSO—CH2Cla (1:1), 0 °C, 2 h, 92%: (1)

Ay, 450 W Hanovia lamp, Pyrex filter, benzene, 25 min: then 1% anhydrous
HCI in MeOH, 60 °C, | h, 85%.

e. SO,epy

OMe O OMe O

f.i. hy, |
OMe i, H® MeO.__-O
Me —- M
Me’ = 8. =
HO" MOMG"
72




Advanced intermediate 109

Scheme 9. Correction of the Stereochemistry at C-5 via
Base-Induced Epimerization and Elaboration toward the
Hamigerans 147

a. 0Os0,
104 b.i. E-memﬂxt-;ms 105: R = H
propene, 106: B = .
.. ' R = acetonide
ii. p-TsOH, MeOH
N c. i. DMP
imerization at o
[epime on at C-5] i. DBU
OMe Q: o{ o
d. iPrMgCl, T @ Reagents and conditions: (a) OsOy (0.1 equiv), NMO (3.0 equiv),
Cell, il THF—BuOH—Hz0—py (20:20:4:1), 12 h, 94% (ca. 12:1 diasterecselec-
- Me tivity); (b) (1) 2-methoxypropene (20 equiv), PPTS (0.3 equiv), CHzClz, O

“C, 005 ho (1) p-TsOH (1.0 equivy, MeOH, 0 °C, 0.5 h, 93%; (c) (1) DMP
(1.7 equiv), CH2Clz, 0 °C, 1 h; (ii) DBU (0.5 equiv), CHzClz, 0 °C, 10
min, 93% for two steps; (d) PrvigCl (2.0 equiv), CeClz (2.0 equiv), —78
0 to 0 °C, 1 h, 95%: (e) EGSIH (30 equiv), TFA (20 equiv), CHaCla, 25 °C,
97 [ hy 65%; (1) SOCI; (6.0 equiv) py—lutidine—CH,Clz (1:5:5), —50 to —20

[exo attack] Me

f. SOCI,, lutidine,
-50to =20 °C

Ohle
Me
Me Me

108 110 (endo, 11%)" 109 (77%
111 (exo, 6 %)* ( F




Unexpected Endo Attack Upon Hydrogenation

g. H,, vanous
catalysls
[see Tables]

[110 and 111 are not
reduced in any

) significant wa
112: [major product] g i 109 (77%)*
[H; delivered from

undesired endo face]

[local steric crowding on

+ exo face around C-6]
ME;\ ¢ T Me
M
Me OMe
1‘ G AE
113: [minor product] 114
[H; delivered from [steric bulk more remote

desired exo face] on endo face]



Hydrogenation Studies

Table 5. Attempted exo Reduction of Trisubstituted Olefins 109—111

OMe H,, catalyst!®

starting ratio
109:110:111 ca. 14:2:1

OMe B( 112

P60
OMe [ [H, delivered from] ([Hz delivered from ]

endo face] desired exo face]

Me

product distribution by "H NMR
spectroscopic analysis (%)

entry conditions 110 m ando-112 axo-113
I Pt)z, 3 atm of Ha EtOAC, 6 h B 3 71 20
2 Pd{OH )2, 3 atm of Ha, EtOH, 12 h 24 [0 S0 |5
3 [0 Pd/C, 50 atm of Ha, EtOAC, 6 h 40 7 33 19
4 Rh—AlxOz, 50 atm of Ha, EtOH, 48 h 7 3 6 21
5 Rh black. 20ratm of Hz, EtOH., 48 h negligible conversion to products
] IrPleyhex )z CODpyPFg, 10 atm of Ha, CH2Clz, 48 h negligible conversion to products

¢ A mixture of olefins (109—111, 0.05 mmol) was dissolved in the indicated solvent and stirred under Hz pressure (Parr bomb) for the indicated times,
at which time the catalyst was removed by filtration and product ratios were determined by 'H NMR spectroscopic analysis.



6-epi-Hamigerans

Scheme 10. Completion of the 6-epiHamigerans 116—1204

112

[Inseparable mixture: 110, 111,
112, 113 ca. 2:1:20:6)

e. i. KOH
OH O ii. nBu,NIO,
X O c. BBry
I Ko -
“
X H
—— 119: X = H [desired C-6 epimer not observed]
f. NBS ' ‘R=Me X =
= 120 X = Br C.EEF} —— 116: R = E,K-H
— MMT:R=H X=H
d. :;??\JH L 118: R =H, X=Br
2

@ Reagents and conditions: (a) 3 M aqueous HCI=THF (1:1), 80 °C, 4
h, 70%: (b) SOz+py (3.0 equiv), EtzN (6.0 equiv), DMSO—CHClz (1:1), 0
°C, 2 h, 93%; (c) BBrz (10.0 equiv), CH2Clz, —78 °C, 3 h, 93%; (d) NBS
(1.05 equivy, iPraNH (0.1 equiv), CH2Clz, 0 C, 3 h, 94%; (e) (i) aqueous
KOH, MeOH, 70 °C, 2 h: (1) aBugNIOy (2.0 equiv), dioxane, 100 °C, 1 h.
63%; (1) NBS (3.0 equiv), DMF, 25 °C, 1 h, 93%.



Hydroboration to set C-6 in 121

Scheme 11. Total Synthesis of 2 and 32

a. BH,sMe,5,
sonication;
OMe  H,0,, NaOH
-
109 121 [plus 6(R),7(5)
isomer, ca. 2:1 ratio]
b.i. PhOC(S)CI;
li. nBu,;SnH
28] >T
c. HJID OMe L;] 0
- d. PDOC = OMe
Me

Me




Construction of Hamigerans A and B

96

{-}-1: debromohamigeran A (-)-2: hamigeran A
g. Ba(OH),
OH O OH O
Br 0 h. NBS Br O
ME = ME
Me Me H @ Reagents and conditions: (a) BHz-Me3zS (40 equiv), THF, sonication,
B H A 40 =C, ¥ h, 68% (a ca. 2:1 mixture of two isomers favoring 121): (b) (1)
r .:*-" - PhOC(SIC] (2.0 equivy, py, 25 °C, 2 h (i) nBuaSnH (8.0 equiv), AIBN
-*\\ ~_\‘ (0.2 equiv), benzene, reflux, 2 h, 64% (two steps); (c) 1| M aqueous HCl—
THF (1:1), 80 °C, 1 h, 88%: (d) PDC (2.5 equiv), 4 A molecular sieves,

_ ) , . CHyCly, 3 h. 83%: (¢) BBr3 (10.0 equiv), CHyCla, —78 °C. 3 h, 94%: (f)
(-}-4: 4-bromohamigeran B (-)-3: hamigeran B 55 (105 equiv). iPraNH (0.1 equiv), CHaCla. 0 °C, 3 h. 95%: (2) Ba(OH)a

(15.0 equivy, MeOH—Hz0 (2:1), air, 25 °C, 2 h, 87%: (h) NBS (3.0 equiv),
DMF, 25 =C, | h, 94%. AIBN = azobisisobutvronitrile, and PDC =
pyvridinium dichromate.



Ring Contraction of Tricycle 96

Scheme 12. Oxidative Cleavage of Hydroxy Ketone 96 to
Diketone 122 and Ring-Contracted Ketone 1237

OMe O

a. KOH
b. nBu,N*10, A

OR O OR g
0 + Me
Me
Me M
H \ € H \
—-—\\ ..__..\
122 R = ME -:] c. BBrs c. BBI_3 [ 123-. H = ME
124. R =H = 125:R=H

@ Reagents and conditions: (a) aqueous KOH, MeOH, 70 “C, 2 h: (h)
ABugNFTI0y= (2.0 equiv), dioxane, 100 *C, 1 h, varied vields (122, 10—
50%, + 123, 10—40%): (¢) BBr3 ( 10.0 equiv), CH2Cly, —78 “C, 3 h, 86%.



Mechanism for Ring Contraction

Scheme 13. Proposed Mechanism for the Decarbonylative Ring
Contraction of 122 to 123

OrR O
© hv
Me — — -
Me H [Norrish Type-|
o fragmentation]
122, R = Me
124: R = H [does not ring-contract]
OMe O
Me [coupling]
il
B7%
Me H\ (B7%)
.--"'"\\ i

123 - 127



Synthesis of Hamigeran E

Scheme 14. Synthesis of 7 and Related Analogues 129 and 1324
MeO HO MeOQ O

: QHY H
[ .OMe a.MnO; o ©
E -
Me Me H Me OMe
R

123_\ 12
OR
H

H
0 RO O
0 OH
¢. H,0,, NaOH O,
M ME 22 - OH
e Me H Me

—

3: R = H: hamigeran B @ 131: R = MOM
b.MOMCI [0 & - mowm dHO [ ey

hamigeran E

OH O
Br O
Me bd.
Me >
E!er;
93

132: 5-epi-4-bromohamigeran E

@ Reagents and conditions: (a) MnOa (20 equiv), CHaCla, 23 °C. 2 h.
20%: (b (MONYCT (2.5 equiv), iPraNEL (3.5 equiv), CHaClz, 0 °C, 0.3 .
T6%, (c) 30% aqueous HzOp-dioxane—2 M aqueous NaOH (1:8:2), 0 °C,
[0 min, 70%: (d) 3 M aqueous HCI=THF (1:1), 25 °C, 3 h. 70%.



Conclusions

» Inter and Intramolecular PEDA reactions have been developed as versatile
synthetic methodologies for construction of polycyclic natural products such as
Hybocarpone and Hamigerans.

» Norrish Type I fragmentation pathway led to isomerization of 88 and ring
contraction leading to [3.3.0] bicyclic system 123

» Barium hydroxide mediated cascade pathway was developed to facilitate
interconversion to other members of Hamigerans

Our Approach Alternative approach

OR Cr(CO)s

OMe
O WOMe o
/\

Me

OR O

OR Cr(CO)5
MeOMe Nucleophlle
R OX|dat|on
H\
~ "

Hamigeran Analogs



