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Part I : Macrolactam Synthesis via Ring-Closing Alkene—Alkene NS
Cross-Coupling Reactions
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Part I : Macrolactam Synthesis via Ring-Closing Alkene—Alkene
Cross-Coupling Reactions

Previous work:"?
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Part [ : Macrolactam Synthesis via Ring-Closing Alkene—Alkene | ‘\g: S/
Cross-Coupling Reactions

1
:~"‘R N [Cp*RhCl,); (2.5 mol %)
2| H NaBARF (40 mol %)
R | Cu(OAc),*H,0 (2.5 equiv) -
Acetone (0.01M), 100 °C, 24 h, air

(o]
1
R', R?= aryl, alkyl, H R', R2=ary| alkyl, H
2a (72% 2b (69% 2c (69%
R' = Me, 2f (38%)
OMe, 29 (39%)
o]
Zd (63%) 2e (51 %)
R
=F, 2i (48%)
“°Propyl, 2j (53%)
"Propyl, 2k (55%)
2h (eo% 21 (58%

2m (44% Zn (33%) 20 (42% 2p (49%
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Part I : Macrolactam Synthesis via Ring-Closing Alkene—Alkene —
Cross-Coupling Reactions
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N [Cp"RNhCl;], (2.5 mol %)
H NaBARF (40 mol %)
' o
| Cu(OAc),eH,0 (2.5 equiv)
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O
R'= Ph, Naphthyl
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Part I : Macrolactam Synthesis via Ring-Closing Alkene—Alkene ) S
Cross-Coupling Reactions

Scheme 5. Proposed Mechanism

[Cp*RhCl,), ———"= Cp*RhCl, o
NaBARF 0 :z'ua Ph \
2Cu(0Ac) + AcOH_ 0.5 Cu(OAc), > LR H
Reductive elimination/

Re-oxidation |Cp*Rh(OAc)]| BARF|

2 Cu(OA0), A
eh AcOH
[Cp*Rh(IINH][BARF] —=="~ Rh(I)Cp* + HBARF
f-H elimination Rhy L \ 0
+
Me Me M 1 \

o) Me%\ / HN
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\

\ L = B: \RF
TFPB|™
\Ilgraror) \ /O I !

insertion Ph HN

Coordination B




Introduction

Part II: Zelkovamycins B—E, Cyclic Octapeptides Containing Rare Ami :
Acid Residues from an Endophytic Kitasatospora sp.

A I Isolation
A Y O Hyco . _
- j/ ’ e Four novel Cyclic Octapeptides were
N HN
/

/Yg isolated from an endophytic Kitasatospora sp.
~ m/o(

o o
j\/N \ﬁ H Biological activities:

HN
A e Zelkovamycin E displayed potent inhibitory a
HO O .. : . .
, . ctivity against HIN1 influenza A virus.
elkovamycin B
H HIN1
o N A L 4
j/ \I/<N HCO Ry Compounds ECso(uM)  CCso(uM) SI
~ HN
N Zelkovamycin B Not tested >100 Not tested
R2 v& (o) R o / .
‘o HN N Zelkovamycin C ~ Not tested >100 Not tested
HN J
j‘/(HJJ\/N\n)_\[( Zelkovamycin D 34.840.1 >100 >2.9
0 O
Zelkovamycin E 0.3+£0.05 44 8+2.0 149

Zelkovamycin C, Ry = CH3, R, =H, R3 = OH

Zelkovamycin D, Ry = CH;, R, = OH, R; = H ribavirin 15.4+0.9 >100 >6.5
Zelkovamycin E,R{=R,=R;3;=H

M. L. Gan. et al, Org. Lett. 2020, 22, 9346-9350. 7
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/\(go (o] 0 /N X o /
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H ’.’( HN NJI\/NT]):\"/§O H’\ i OTBS
° <HO O H = 0 .. O OTBS
o O O
Zelkovamycin B U
H,CO
NH, OH H,N s
HO. M HO . PN O )—<\ L o
oTBS NH, N o i N
- ~
O OTBS o] NH, HO” =0 N N OH
Pd,(dba); CHCI Ph
2 Ts 2:o|u e):‘ . 3 = _Ts 1) HClin dioxane NHTs 1) acgl'_l"g'g; NHTs
}"O + |N ,,,,,,,,,,,,,,,,,,, /N » HO — eon,

> o s NG s » MeO A
o\/\\/ \)\¢ 2) oxidation H 2) dihydroxylation H oTBS
Ph OO . " o 3) TBSCI 0 OTBS
\

Y. J. Zhang. et al, Org. Lett. 2015, 17, 6230—6233.
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Part I1I: General Method for Enantioselective Three-Component Carb
of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis

PSS Gioclbsae Souy
S @ O ;Hl @ LT T

' ' ' ' enantioenriched lead compound of Piragliatin
readily accessible starting materials a-arylated carbonyls p g

Me
)
CF; %\ : Me
'Bu -0
2 F OH
\ . o 0o

N, . \J Ph
Cent

N “Br enantiodeterming step flurbiprofen analog
triplet, tetrahedral

nickel(ll) > 60 examples, up to 97% ee

L. L. Chu. et al, J. Am. Chem. Soc. 2020, 142, 20390—-20399. 9
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Part I1I: General Method for Enantioselective Three-Component Carboaryla
of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis

B) Prior work on Ni-catalyzed three-component alkylarylation of acrylates

Baran (2015)
o) o 9 Q o
Ni
R R
BnoJ\/ E)LO—N - BnO)j\'/*
R R
R Ph R
PhZnCI-LiCl 0o racemic

Molander, Nevado, Martin, Chu (2019-2020)

o} N °
)J\/ —»hv \ﬂl ‘
RO S alkyl—FG Ar—X RO alkyl

FG=0COCO,Cs,  x=| Br Ar
BF;K, [Si], Br racemic

C) Prior work on enantioselective three-componet alkylarylation of
alkenes via Ni-catalyzed reductive coupling (Chu and Nevado)

Nevado (2020)
|
H R | L*Ni Ry
Ry NF 3>|/ —>© 0 Rs
hi Ro R 4 )j\ Rs
o s TDAE, THF o N R
1 H 4

up to 96% ee

10
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Part I1I: General Method for Enantioselective Three-Component Carbodrsation
of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis
(0]
(0]
i e VG CF ey ooy P tBuo)ki/\,Bu
‘BuO : N NiCl,(Py), (10 mol%): _
Me | P (S,5)-L1 (13 mol%) - |
Me BF,K N CFy acetone/ethyl acetae N CF3
Me 2 415-420 nm LED enantioenriched
3 20°C, 24 h product 4
Entry Chiral ligand Yield ee
1 (5,5)-L1 82% 95%
0 0 0] o]
2 (5,5)-L2 21% 7% /\): > \H ):NHN],
N NYNC YN “
3 (5.5)-L3 60% 86% Me Me " "
Me Me L2R=Bu;L3R=Ph;L4R=Bn;
4 (S,9)-L4 76% 72% (S,9)-L1 L5R='Pr; L6 R=Cp;L7 R=Cy;
(R,A)-L8 R = iheptyl
5 (S.5)-L5 60% 82% oN Me_ Me
0 o o} 0, O
6 5.5)-L6 83% 88% %\( 7 N
09 T O,
7 (S,5)-L7 87% 88% iy SR . n
8 (R,R)-L8 74% -88% L9 L10 L
S,5)-L9, (5,5)-L10,
9 (5519, (55) 5%~T8% 3%~ 24%
(S)-L11
11

L._L. Chu. etal J Am. Chem. Soc.2020, /42, 20390-20399.
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Part I1I: General Method for Enantioselective Three-Component Carb
of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis

0
O Ir[dF(CF bpy)(PF
B OF (P 09y PFo) 'Buo)ki/\ o
o : o% :

Me | > (S,5)-L1 (13 mol%) ~ l
Me+BF3K N™ "CF3  acetone/ethyl acetae N” “CF,
Me 2 415-420 nm LED enantioenriched
3 20°C, 24 h product 4

Variations from the

Entry . Yield ee
“standard conditions”

10 10 °C, instead of 20 °C 80% 95%
w/o [Ir], [Ni], (§,5)-L1,
11 0% —_—
or light

" "BuOCOCO:Cs, instead of

frace -
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IfdF(GF )ppyl,(bpy) (PFe) o P PO F
. . (3 moi%%) oo J\/“n | o o
NiCl{Py)s (10 mol%) y ™ ] > (
)v By —BFyK - - Mo T ’ P \H o
BuO - -

. N N
(S5.5)-L1 (13 mol%) N,‘llr N /
A Acetonelethyl acetate -+ N F Me X’ °x Ma
415-420 nm LED, 20 °C S
anyl alkyl enantioenriched s
alkene bromide  triflucroborate product R
Aryl bromides Heteroaryl bromides
Bu _Bu
Bu Bu g g _Bu _Bu
vor b vor LY e oy
o . 0
o | O o . GO ) 0 ‘ N o y
o o 0 COMe
§ 72%, 97% ee 6 70%, 97% ee 7 70%, 92% ee 8 61%, 92% ee 4 82%, 95% ee 21 70%, 92% ee
_Bu R-T) _Bu JBu B _Bu
Bu0 ) -
'BquH BuO\’H/ 'BtOﬁH BuOH WH 7 Ny mo\r(’
o N
© CoM © [ . CHO o : N °e SNF ey I o N
O ! - - 4 Cl

9 73%, 90% ee 10 67%, 93% ee 11 719%, 93% ee 12 62%, 92% oo 22 58%, 95% ee 23 71%, 94% o0

B _'Bu 2

)) Cl
mo\“/[ v ¢ BuO ) S ) faqu[ ) ( ¢ | Y BHO\H) A _-OMe K — =~
| O o *‘.

o | l o o Py i | L . L ,
13 73%, 92% ee 14 78%, 91% ce 15 65%, 94% ee 16 56%, 94% ce 24 60%, 91% ce 25 55%, 91% ece
_Bu _Bu _Bu _Bu

B0 ) C B0 ) F oA BuO BuO -
o ‘ N N
[¢] N (¢} N, \/ ‘\_-,/ (o] N e [+] N S
17 54%, 92°% ee 18 56%, 90% ee o l . 26 77%, B8% ee 27 T7%, B6% ee
e o AN
=N
_Bu _Bu . '\: By By
MW/[ A MW\J A \,,./:'\’v euo\rH‘ Ay aqur L
X-Ray for 28 S | ‘ O,Mo
o ‘ en o e d Y o | NZ S OMe o g '
19 53%, 85% ee 20 619%, 83% ee 28 56%, 82% ee 29 56%, 80% ee

13
L.L.Chu. etal J Am. Chem. Soc. 2020, /42, 20390—-20399.




Scope of 3° alkyltrifluoroborate
o} o] o
Me
BuO N ‘BuO >
= =
] ]
N CF, N CF,

30 61%, 96% ee
o]

BuO

2 Nig

CFq

36 41%, 90% ee

31 85%, 94% ee

37 55%, 91% ee
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N7 cF,

39 55%, 90% ee

(d.r. 1:1)
acrylate
0 o} o}
Ar,, Pt Ar,, _R Ar,, , OH
@ 0" @ o o o7 M,
Bu Bu Bu
, 44 R =Cy, 90%, 90% ee p
%, 90% %, 87% ' ' %, 90% %, 86%
42 89%, 90% ee 43 91%, 87% ee 45 = "Bu, 81%, 90% ee 46 82%, 90% ee 47 70%, 86% ee
acrylic acid internal acrylate acrylamide
0 o} o 0
Ar,,, Ar,,, _Me Ar Ars,, Ar,,
¢~ TOH @ SO ¢ NH, €
o 2
‘Bu Me ‘Bu “Bu Bu ‘Bu
o 50 16%, 87% ee 51 92%, 15% ee of o
49 52%, 84% ee (dr. 6:1) (d.r. 24:1) 52 84%, 83% ee 53 81%, 61% ee
vinylsulfone vinylphosphonate vinylamine
0 0 0 0 H H
Y N i A N_ _H A N._ _CH
Ar,, S Me Ar, _S Ar,, P—0Ft ., L% 3
“ ~ (3 e\ y g
J'/ \© /r ot /( \n/ j T
0 0
‘Bu Bu Bu Bu Bu

55 82%, 90% ee

56 81%, 81% ee

57 89%, 91% ee

L.L.Chu. etal, J Am. Chem.

58 76%, 89% ee 59 35%, 90% ee

Soc. 2020, /42, 20390-20399.

40 67%, 95% ee

CFy

N7 CFy

41 56%, 90% ee

o]
Ar,,
70
Bu
48 81%, 88% ee

(d.r. 1:1)

vinyl ketone

(o]
Ary,, Me

‘Bu

54 42%, 64% ee

vinyl ether

Ar,,J/O\n/Ph
o}

60 50%, 78% ee

Bu

14
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Part I1I: General Method for Enantioselective Three-Component Carboa¥s:
of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis

WROO0
o & ooy @

enantioenriched

readily accessible starting materials a-arylated carbonyls

> the factors controlling the regioselectivity;

> the factors controlling the enantioselectivity;

> the preference of the three-component carboarylation over the
direct arylation of the generated alkyl radical(chemselectivity).
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Part III: General Method for Enantioselective Three-Component Carboagylation
of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis

enantioenriched Il
a-aryl carbonyls ( ’NI
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Part III: General Method for Enantioselective Three-Component Carboagyl
of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis

L CFs —#
® oK
\% COZMe \[) 4
7N @" N, (H
NI ‘Bu “Ni~~ CO,Me
(N/ \Br (N/ I\Br 2

2G-Ts-F'R.BCF? 2G-TS-F'S-B°F?




Introduction

' ) . ) y , : g ! S TRI THT 6T T8 183 ISLINT L : ! ! i \‘.
Part III: General Method for Enantioselective Three-Component Carboags
of Alkenes Enabled by Visible-Light Dual Photoredox/Nickel Catalysis

Ph Bu
* N/,‘ |
Ne Nitl—igy Kk, R ks (N('[T“m
N Bu' (N
Br 5.8 N Br Br
A '10-0 Fa
F A 3G
’4 6 0.0 A '22 9
k4l55 E) 1 ks‘-127
k>

« N
g « N,
<N¢N|I Br C (N"Nil_Br
H -12.1 H
~35.5 -47.4

Origin of Chemoselectivity of the Model System
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Total synthesis of (-)-penicimutanin A “
and Related congeners

OMe

penicimutanin A

T. Xu et al, Chem. Sci. 2020, 11, 656—660. 19
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Education & Current job:

-Ph.D.: 2011, Peking University
-Postdoctoral Fellow: 2015, University of Texas at Austin
-Professor: 2015-now, Ocean University of China

Research Interests & Areas:

4 Natural Product Synthesis

4 Complex ring system structure methodology

21
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Isolation

e Penicimutanin A, isolated from a marine-derived
fungal strain identied as Penicillium purpurogenm
G59 1n 2018.

Biological activities:

e Penicimutanin A demonstrated in vivo antitum
or activity in murine sarcoma HCT116
tumor-bearing Kunming mice.

Structural features

e Labile C2 hemi-aminal ether.

e Diketopiperazine fused hexapyrroloindoline.

e Fully oxygenated cyclohexane ring contains an
acid/base-sensitive cis-bisoxirane moiety.

penicimutanin A

H.J. Zhu. et al, Eur. J. Med. Chem., 2018, 158, 548. 22




hemi-aminal
ether
formatlon

aza-Claisen/ diaste_reo
cyclization sele_c_tnve
penicimutanin A (1) addition
9 OH
\ NH
HN Ph (o)
N
o (0]
l CbzHN H
Me Me 4 o 5

oxidative
dearomatization
(o)

NHBoc NHCbz

23




Synthetic Route

15t generation Route of Synthesis of Fragment 2

CO,Me
OMe 1) TFA NHFmoc
OMe Me NHBoc  2) EDCI, FmocPhe \
NHBoc LiHMDS, HMPA 76%
86% | i
Me Me 9

l Et,NH

- Me y -
e
~ \ S W
NH NH  conditions
N Ph D N
N
H

(0]
2 - sp? hybridized

24




Synthetic Route

25t generation Route of Synthesis of Fragment 2

(0] —
o Me OH oM
NCS cl o >=/_ \ e
ome DABCO M 13 NHBn,
\ — OMe =~ o N o
NHBn
N 2 2 NHBn, AICl;
H N |
1 12 Me” e 14
Me Me Meerwein- [ Me T
Me CO;Me 1) CAN, 66% M CO,Me Eschenmoser Me
2) Boc,0, 69% ¥ -Claisen /4 CO,Me
NHBOC -— NBn, <€
(o] (o] d.r.=2.5:1 u NBn,
N N o N
N N 54% N
szo then 16 15
NaBH,CN
46%
(0]
Me — Me — e
Me COzMe | .FmocPhe Me CO,Me NH
HATU, TEA NHFmoc Et,NH N on
NH N Ph —>
72% for N H
H H H H o) 2 steps H 0
18 19

M. Voyle. et al, Tetrahedron Lett. 2000, 41, 4657.
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Synthetic Route

CbzHN

Synthesis of Fragment 3
C(+):Pt(-), Phl
I=10 mA, TFE 1) NaBHy,, 64% 1) Luche(dr=3:1)
2) TESOTH{, 71% 2) mCPBA
——
H 51% for 2 steps
OTES

0]
/U\/_Q_OH LiClO,
(0] Y
H 5%
NHCbz
7 CbzHN CbzHN OTES
DMP | 80%
- o
1) Pd/C, H, HO ,('.':e\o
2) (COCl),, 25 )\
3) TBAF, AcOH fo) '- Me LDAtC:CI3 o
(o) o o_—0 acetone
47% for 3 steps d.r.=10:1
72%
CbzHN OTES
CbzHN _
23
o
CGH13\/\/\)k
- H OH
Me Me 25
26

M. B. Meyers. et al, J. Am. Chem. Soc. 1963, 85, 3702




Synthetic Route

Completed total Synthesis of penicimutanin A

o
e
NH PTSA, 4 MS, 60 °C
MeCN/AcOH CGH13\/\/\)J\
> Y

26%(77% brsm)

+
T z
h
=
1nn
1nn

penicimutanin A (1)

27

M. J. Dai et al, Curr. Org. Chem. 2016, 20, 1850.




Summary

penicimutanin A

longest liner 10 steps

28




The End

Thanks for your attention!
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Synthetic Route

o sz((zdba)3' (zH)Cla . E | S O A T
5 mol % | : \/ - _Ts
- . =
Yo NS L2 (7.5 mol %) T~ SN g N
O + | =~ 0 :
\M R./| toluene, 20°C, 15 h \/v N o' r— \/\v
R 2 26 examples R D Me
1 up to 99% vyield 3 ' L2 3kk?

99% ee, > 20:1 dr .
° 60% yield

10:1 dr, 70% ee




Synthetic Route

R,—=N o=
TIOH (5 equiv)

0 1,2-DCE, 130 °C, R ( F '
H 2-3h \—>
R. 0 r—\ 18 examples
q 0,
o 0 80 °C J.‘,Ti/ up to 93% yield
—_— \\
q " ,
N Neat condltlonR OH OH
y 1 e =
[;_ /= NAI precursor SN 0 X\
: R, \
X=C,0 0 Xp

TIOH (5 equiv)

1,2-DCE, 90°C, *
12 h 8 examples
up to 81% yield

32




Synthetic Route

OH VOSO,, TBHP O
-
)\/OH CH.CN, H,0, 69% 20
H,0.]|.OH,
H,0~ U “OH, |°%

0

‘ttBUOOH
<
HoO. ]

/Y"‘-
R1+ ‘\/ HZoon\ H
tBuOH
N —~Ro
(<,
| R
>0 0.
\HQO’U

R1>r/
R
(1)

33




Aza-Claisen/cyclization

(0]

NH

Lewis
| acid

o) -
\ HN Ph NH NH NH
N Q \ > “HN Ph — > N Ph
(o) N HN\‘h /
H

Me Me -

= P

L

~

e A heat .t o | -
I

2
3 Pl R-NZTN
o —_— R N oemmme \ S
e T— ~
a \/ 6 4 . 6 a \\ 6
[

transition state

(S) /L 1.LIHMDS, Tol. | )" J = (s
o) N'(S)Ph  _78°¢. 30 min 5 *aN(S/Ph ‘o
» o | e 2l L@l J, )
"0 2.100 °C, 8h oL N s
| 77% for 2 steps L = Ry ©

34




Supporting Materials

L3 v | | . I o D \ \'/ \\
Meerwein—Eschenmoser—Claisen rearrangement -
. HaC \
NCS HsC CH, o
N\ 1,4- d|methylp|perazme CH3 A
- Q“S_ —
N en N
H R H
HO
10 CI3CCOOH 13
DCM
Entry C3 substitution % Yield of 112 % Yield of 122 % Yield of 132
1 R =H only 3-chloroindole formed nd® nd Quant.
2 R=CH;3 37.7 2.6 nd
3 R = CH,CH,NPhth€ 85 nd nd
4 R = CH,CH,N(CH3)Nos? 74 nd nd
CH, O were replaced by a hydrogen, which can be lost as a proton to the
NSt 1,4-dimethylpiperazine media, the corresponding ion pair will result in 3-chloroindole 13.
N However, in the absence of a C3 proton, dimethylallyl alcohol re-
H O NCS . . . . .. .
10 acted with this ion pair and caused an addition to occur, leading
to, a precursor for an ensuing Meerwein-Eschnmoser-Claisen rear-
HoC | rangement, after the loss of an equivalent of HCI (path A). In our
HaC

immediately even at ambient temperature into its corresponding
0 rearranged oxindole product 11. The primary driving force for this
thermodynamically driven downhill process is accountable based
on the fact that an amide bond is generated in the event. In con-
trast, if the ion pair 14 is encountering the oxindole 11 itself as a
nucleophile, especially promoted in the presence of basic compo-
nents in the reaction mixture, the mechanistic cascade is projected
to lead to formation of a different oxindole 12.'% In the case of C3
methyl substitution, this dimeric adduct was indeed observed, al-
beit in low conversion, and was structurally characterized using

cl o . . .. .
5 indole 11 ©f§CH3 ;\;‘ experience and of others, this allyloxyimidate 15 was transforming
-~ N/
H

Path B

11 12

Meerwein-Eschenmoser-Claisen
rearrangement




Supporting Materials

O V/\\\ U~ ”~ \\ -
”~ ' -
I -0 ) ) /o\-'/"\\\ R ',C'\\ /‘\X
b~ 0. > \,\V/.}V.U.R - 0 -
R Vel \ 5 s O —— i N
Ny N\ \R / ‘ \\v/ NN R
|

Cl‘.a- Cat (
N HN
W R
; ; 11K 2 0
\
O
" | N - S A0
™ N
s \l - ] ‘R (O H
0 Q.
+ H
iy ¥ R =
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Supporting Materials

: : . : " 3T LBD SR I 18T (IRl L : y ! /.‘\
reductive amination % iy

Me CO,Me NaBH5CN Me CO,Me
46%
—_——
NHBoc NH
© N H
N H
17 18
Me
Me ,— Me ,~— CO.Me
2
Me CO,Me HOTf CO,Me Me
NHBoc NHBoc — > F SNH, 5
) o ,)—OTf N/) oTf
H TI0,S. . SO,CFs N
17
Me —
Me c02MG
B E— NH
NH /4\
N H N.) "

37




oxidative dearomatization

O

%Q‘ OCH,CF;

Ph—I Ph—1_
"OCH,CF;
i . O
8 conditions 19
Entry” Conditions Time Yield” (%)

1 LiClO, (1 eq.), I = 2.1 mA, PhI (1 eq.) 8 h 38
2 LiClO4 (10 eq.), I = 6.1 mA, Phl (4 eq.) 4h 64
3 LiClO4 (10 eq.), I = 6.1 mA, Phl(4eq.) 6h 65
1 LiClO,4 (13 eq.), I = 10 mA, PhI (5 eq.) 6 h 65
5 LiClO4 (15.6 eq.), = 10 mA, PhI (6 eq.) 3 h 65
6° LiClO, (13 eq.), I = 10 mA, PhI (5 eq.) 4+6h 82
74 LiClO, (15.6 eq.), I = 10 mA, Phl (6eq.) 5+5h 85

“ All reactions were run with LiClO, as the electrolyte, Phl as the additive
and a C(+)/Pt(—) anode in an undivided cell on a 0.31 mmol scale using

2,2,2-trifluoromethylethanol (TFE) as the solvent at a concentration of

0.04 M at ambient temperature for mcllcated hours with a C()nstant
electrical current unless otherwise noted. ” Isolated yields. ¢ The
electrlcal current was stopped after 4 h but stirring was continued for
6 h. ¢ The electrical current was stopped after 5 h but stirring was
continued for 5 h.
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oxidative dearomatization
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oxidative dearomatization

6506

Table 1. Direct anodic oxidation of methoxyamide 1a

0 (0]
HN C.C.E. N\OM
OMe e
solvent-LiClO4
OMe o
1a 2a
Entry Solvent Product (%)
1 MeOH 12
2 TFE 67
3 MeNO, 32
4 MeCN 16

Anode: glassy carbon beaker, cathode: platinum wire, CCE, 2.5 F/mol.

A. mechanism of spirocyclization

¢OCOR
OH Cl.
(0] Ph
S
|
Ri ] PhIOCOR), R
7 NuH ~F
! g NuH

- phenoxyiodine

Y. Amano, S. Nishivama | Tetrahedron Letters 47 (2006) 6505-6507

OCH,CF,

W

OCH,CF,
D

Figure 1. A plausible structure of the oxidant D.

unidentified; however, the hypervalent structure [D]
was conceivable, based on the report of similar iodoben-
zene derivatives generated under electrolytic conditions’
(Fig. 1). In addition, the mixture was submitted to EI
mass spectroscopy, which revealed a fragment ion at
m/z 303 (PhIOCH,CF;"). A similar ion, m/z 317
(PhIO,CCF;*), was also observed in the EI mass of
PIFA.

0 0
— RT® . R+ |
Ph “Nu
-OCOR NuH j

phenoxenium ion

NR'

NuH = CO,H, OH, NHR, CONHR, .;_N)L

NHRZ 40



LUCHE REDUCTION

Formation of alkoxyborohydrides:

|
H—B—H + nR—OH

RO

acyclic o,3-
unsaturated ketone

(HRO  OR (H)

@\/"?@—H

OR(H)

NaBH4 (=1 equiv)
solvent/ <0 °C

1
~
O----
\
2

Supporting Materials

HO H Q CeCly7H,0 HO H
>1 equiv
R X R2 ( quiv)
)n NaBHy4 (21 equiv) )n
Acyclic allylic Cyclic o.B- solvent/ <0 °C Cyclic allylic
alcohol unsaturated ketone alcohol
alkyl, aryl; n = 1-3; solvent = methanol, ethanol, isopropanol
© C63+ ©
BH4.5(OR), BH4.5(OR), n=0,1; p=n+1
R1
R1
H—OR S ROH H OH
1 e —— H O _—
L \
Ce* \
R2
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iodinane

DESS-MARTIN OXIDATION
OAc R OAc R
i OH AgC
\I\@ ¢ R'>_ L\IIC)OCGR' -AcOe |
T Ohe o H CH e
3
- AcOH ‘\_,Oﬂ/ - AcOH
0 e
(@) @)
DMP diacetoxyalkoxy
periodinane

o)

A

R R

Carbonyl
compound
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Removal of the PMB ether
OH
o]
NC. cl [ - NCIAQ,CI
Nc’I [”CI Ol NC™™F "CI
0 i OH
N - . .
~F ; - e
“OMe - rO
Charge-Transfer
O Complex
Hz). o °
. H-O P R L"_‘
Ro%z%:l\ MO | Ro? N | - rom + m
A } 3) {:;"/ . -
= 150Me H A oMe Fone
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