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Copper-Catalyzed Aerobic Oxidative Cyclization Cascade to Construct

Bridged Skeletons: Total Synthesis of (—)-Suaveoline
a. Preliminary mechanistic studies

a) CuCly, air
CHCl3, 60 °C

HO 4 0
30 min, 80% conditions
N. or o PMP “PMP

2a PMP b) 6, CHsCN
60 °C, 6 h, 82% (X-ray)

R4 Conditions yield (4a)
0 X-ray of 6a
|/ CCDC 1888964

) CuCl, (0.2 eq)/CHCI/60 °C/18 hlair ~ 65%

Il) CuCl, (0.2 eq)/CHCI3/60 °C/18 h/Ar ~ 64%
Ill) CuCl (0.2 eq)/CH,Cl,/18 h/Ar 0%
IV) BF; OEt, or TiCly (2 €q)/CH,Cly/rt/Ar 0%
5 DAc V) CuCl, (0.2 eq)/TEMPO/CHCI4/60 °C/Ar 0%
b. Proposed reaction mechanism
7 HO
cd'cl
P O e s
“PMP_ air N.
CI@ cdcl| 4o 22~ PMP
PMP 2Cu'Cly
D DS
/ /0 slow @ — @ fast |
\/ ‘\_/ Cu Cl‘-/- OH
®N CIe catalytic catalytic A B
7 I PmP cycleB cycle A _NCuUCl
c v PMP
|>\ ocu'Cl, o
Gl ) OMe cu'Cl— cu'Cl,
4N ;" i -

Angew.Chem.Int.Ed., 2019, 58, 6420.

Asymmetric Total Syntheses of Schizozygane Alkaloids

—— C) Dearomative cyclization and Heck cascade for schizozygane alkaloids —

(our strategy)
R : R
Fe(NO3) =
e D TR u
14 @) 15 0
Pd
CO

schizozygane alkaloids

Heck/carbonylative
(2, 3,4, 5) lactamization cascade

J. Am. Chem. Soc., 2021, 143, 19975.



Asymmetric Total Synthesis of Sarpagine and Koumine Alkaloids

i N
O | o ketone c-allenylation O | o} skeleton rearrangement O R
— & ¢ S
N . N )
N \ bridged skeleton Il N - O | ‘

construction N
azabicyclo[3.3.1]Jnonane LG azabicyclo[2.2.2]octane (1) H
I

OH

3 key intermediate 2

OH tandem C-H oxidation and HO
cyclopropanol cyclization 6 Kulinkovich cyclopropanation COOH
: N > >
|~ N-PMP : | NH,
N ® bridged skeleton | PMP ”
H

construction

Iz
w

5a L-tryptophan

Scheme 1. Retrosynthetic analysis of sarpagine and koumine alkaloids. AngeWChem | nt. Ed’ 2021’ 60, 13105

Arylation of Cyclopropanol with Pyrrole: Asymmetric Synthesis of
Indolizidine 167B, Indolizidine 209D, and Monomorine |

B) Direct arylation of cyclopropanol with pyrrole (this work)

HO

(@]
0 R W RWA
R .
j)L oMe _ 2steps Fe(NO3)3 *9H,0
N N
NH; g\ D/
3

W
1 2
O 0]
[Fe] R\[/u\/ cadical | [Fe]
N cyclization N
W) C
1 Il

Org. Lett., 2023, 25, 2058.



IAAEZ Y& Kulinkovich Reaction

Scheme 92
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(R"0),Ti-- rR"0),Ti] (R™O),Ti.. A
o” R EtMgBr
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CHs

2 EtMgBr 2 i-PrOMgBr

\ / . “.
Ti(OF-Pr), - (R7O) zT*w R 0}2T{0 R
+

17 O,
/
H,0 21 gpg R
R_ ,OH Hi R. ,OMgBr
X — X
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EtMgBr N\ —\_.
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Chem. Rev., 2003, 103, 2597.
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Cyclopropanation Using gem-Dizincioalkanes

a) Matsubara, 2007
O

R1W)L R2 - CH2(ZF\|)2 e o 1«"4“'R2
25°C, 2-20 h R OH
OTs
45 43 46
(1 equiv) (3 equiv)

Reduction of Enone Derivatives

Stevenson, 1993 CrCl, (2.2 equiv)

0 NiCl, (2 mol %)
» A
R/QLH DMF R “OH

59 rt.,3-72h 60
(1 equiv)
JCTC'z \
ClLCr< .CrCl, CrCl,

o CCh cLer 0O

. B —_—
R/\)\ H RM\H " ,.,,,O,CrCIZ
61 62 63

Reductive Cyclization

Cottle, 1943

0
cl A

1
(1 equiv)

EtMgBr (3 equiv)
MgBr; (1 equiv)
FeCl; (0.14 mol %)

AL

Et,0 OH

r.t., 30 min 2
43%

Carbene Equivalents

a) Imamoto, 1986

0 Sm (2 equiv)
1 CHal5, (3 equiv)
R \'/U\Rz S . R2
X THF OH
0 °C, 20 min
22, X=Br, | 23
(1 equiv) 67-88%
b) Imamoto, 1987 LDA (1.2 equiv)
0 Sml, (2.5 equiv)
1 CHsl, (2. i
R \|)LR2 2l2 (2.5 equw)» AN R?
H THF/hexane (3:1) OH
24 -78°Ctort., 1h 25
(1 equiv)

Eur. J. Org. Chem., 2019, 1, 8.
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Reactions of Cyclopropanols with “Classical” Electrophiles

7A M O—M g
TMSRC‘I)O —> R! OJ\) —> JJ\/\

89 (R' = alkyl)

Transition Metal-Catalyzed Cross-Couplings of Cyclopropanols

[PdCI(allyl)], (3 mol %) 0

PPh3 (13 mol %)
Ar—QOTf + R 3 :
R PhH, 100 °C, 6 h

TMSO R?
1 94- 1 95 96
(1 equiv) (1 equiv) 46-85%
i[Pd(O)l T
™S, @
® o % - | Ar
Ar—Pd(ll) OTf R Pd(Il)’
R2
g7 98

Ring-Expansion Reactions of Cyclopropanols

b) Iwasawa, 1995

a Co,(CO)s (1.1 equiv) OAc
R THF, rt, 1-48h -
. then NEt;, Ac,O
re/ AcO R2
118 119
50-90%
‘COz(CO)g TNEt:;, AC2O

0
ASSH ,/\i 2
Co~ R! -
0-Co Co-Co ~R!1 Q:
I\

/e U o { j

0 0 4

RZ R2 R
120 121 122

Ring-Forming Reactions of Homoenolates
Cha, 2001

---- Et,AICI
H 2

DCM
-78 °C orr.t.

136

Orellana, 2011
Pd(OAc), (10 mol %)

TMSO_% PPh3 (30 mol %) O
X TBAF+H,0 (1.2 equiv) N
| =R : | =R
X ¥z MeCN ¥
L 80 °C, 15 min n
142 143
X=Br, | 90-91%

Eur. J. Org. Chem., 2019, 1, 8.
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Cyclopropanol Ring-Opening

Cha, 2000
Pd(OAc), (10 mol %) o
R1"‘"A py or DMSO (2 equiv) J]\/
“R? » R
146 PhMe, 80 °C, O, i
59-93%

Domino Sequences That Functionalize the
Homoenolate Carbonyl After Nucleophilic Trapping

Crimmins, 1990 ZnCl, (1.5 equiv)
(0] CuBrsSMe, 0

@)
OTMS (3 mol %) 2
|>< + 2 R
OFt / . v {\jﬁL
R1 HMPA (2 equiv) R
164 165 Et;0,0°Ctor.t.
(2 equiv) (1 equiv) 166

e .

R'—==—COR?2 ©
OI ..... [Zn] CuBl"SMez - EtO j\
o e

167 R’
168

Direct Trapping of Homoenolates as Electrophiles

Waymouth and Dai, 2016
[Pd(neoc)(OAC)]»(OTf),

(5 mol %)
HO\/R\’WV)YOH CO (balloon)
" BQ (2 equiv)
180 50 °C, DCE
lPd(II)
O_Pd(") O O*pd(“)
HO\/\)I\/l %
182 183

Eur. J. Org. Chem., 2019, 1, 8.
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[Ibophyllidine] [Aspidosperma]
IIVIe

hydrocarbazole
(+)-deethylibophyllidine core (+)-vincadifformine

(5) (6)

[Aspidosperma] [Melodinus]

(+)-N-methylaspidospermidine (7): (+)-tetrahydrokopsifoline D (+)-melotenine A
R'=Me, R?=H (10) (11)
(+)-aspidospermidine (8): R' =H, R = H

(+)-limaspermidine (9): R' = H, R? = OH



X Ph Ph R
OH OH x =~ /7~ oiser N X CO (2
\ [Ir(cod)CI,/L z Sc(OTH); 2 o, ‘
R2 + - : - fo) R2 o
" =0 PORY
R’ Ph [
2

R" 12 L R" 3 i 4 R¥= A Npp Carreira ligand

1

Me Bn PMB Bn Bn Bn
/ / / / / s/
N N N N N N
o H (o] H (o) H : (o) H : (o) H : 0] H 2|:
R3 R3 R3 R3 OMe R3 Br R3
4a: 81% yield, 95% ee 4b: 82% yield, 97% ee 4c: 75% yield, 94% ee 4d: 61% yield, 99% ee 4e: 56% yield, 95% ee 4f: 55% yield, 97% ee
Bn Bn Bn Bn Bn Bn
s/ / / / / /
N N N N N N
Cl
o° H cl o H Br o° H me O H c,, O H ome © H
RS R3 R3 R3 R3 R3
4g: 65% yield, 98% ee 4h: 51% yield, 97% ee 4i: 71% yield, 97% ee 4j: 42% yield, 99% ee 4k: 62% yield, 96% ee 41: 46% yield, 89% ee
R3
/Bn Bn Bn ) Bn
N N’ Br N’ OMe N N’
Br
(0] H 0 H (0] H (o) H (0] M
R3 R3 R3 R3 R3

4m: 60% yield, 97% ee 4n: 40% yield, 97% ee 40: 64% yield, 93% ee 4p: 51% yield, 96% ee 4q: 39% yield, 65% ee
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A

(0]

NS

Ph N OJLCFs B ]
121 (25.0 equiv) K . OCOCF,

( ’ i - (Cod)lr@-P'(OPh)
(coci)lrﬁp(oph)z oJ'LCF ko 2
\‘ 3 W\\Ph
K2b Phw k_2

12b (25.0 equiv) ko~170kq

regioselectivity. By a kinetic study of the oxidative addition
reaction of metallacyclic iridium complex K2b with branched
or linear allylic trifluoacetate 121 or 12b, respectively, the
branched substrate was found to react approximately 170 times
faster than the linear one (Scheme 21). According to the
principle of microscopic reversibility, it could be deduced that
the nucleophilic attack to form the branched product should
also be faster than that of the linear one, which was supported
by DET calculations (Scheme 22). Since, in the crystal

TS-linear-minor LG = OC(O)CF3

‘ \ TS-linear-major ‘ F\

S ~
PhO /\C‘ AGTHF 298K PhO \C
PhO~p . ‘ (AGgas 208K) ; | 4

\\ ; [AHgas 298K]

T7 kcal/mol

Int-rt-allyl

Int-r-allyl

brancE(i _|® . ® . branched
. A Lo "
PhO PhO / PhO / Plpgo LG}
PhO~p— " LG PhO~p—r —= _ PhOsp_p’ i cﬁ\r
| \\ I \ | \ -
oA~ OIS pp AU NS

Chem. Rev., 2019, 119, 1855.
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A

CO ®
Q. 3R ©0,COMe
P-N_ 7
oo L AP

[Ir(cod)Cl], + 2 L2

Jr—
~'| T P—0
(S.5,5,)-L2 RN |
I H,C. _N_ CH
| . R = 2-MeO-CgH,4 2N Y 9 s
2 7", Meo,co AT AT
Kic /___7/ \ﬂu
R
BH"CI‘HB >

/ Y, / w
120 o R Ir—p—
ﬁﬁ\\ / 3 /"--..Il / w - = —/l I O
HQCVNTCHE, H,C_N._CH, ;
Keb Ar  Ar At Ar < I~

+1/2 [Ir(cod)Cll, KSb K9

OH

[Ir(cod)CI],

(R)-L8

HX
H,0
A
//\ //\ TfO
N
OH C|I}|/O'> C|||3’O
Az o I
R I ~ VY .“‘6
P- 6 R P«
O N 071N
o o

complex K12a complex K13
X-ray X-ray
NuH
Nu
R/\,//" //\
N
Nu | /O
o 2P0 HX

S =

complex K12b

Chem. Rev., 2019, 119, 1855.
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Z:%

[Ir(cod)Cl], (3 mol %)
(S,)-L8 (7.5 mol %)

XH
RUC TN + RZN"0H
Z N
H X=0,NCO,Me
RZ = aryl, alkyl
238 239

It was surprising that, for the first time, the reaction with
linear allylic alcohols gave linear allylic substitution products
exclusively rather than the branched products. The formation
of the linear allylic alkylation products is likely due to a high

steric hindrance of the nucleophiles. Preliminary mechanistic

Y

Fe(OTf), (1.0 equiv)
Et,O, rt

240
71-97% yields
83-98% ee

allylic alcohol hydroxyl group. This process is among the only
limited number of examples where Ir-catalyzed asymmetric
allylic substitution reactions proceed via discrimination of
the enantiotopic faces of prochiral nucleophiles.”® Remarkably
different from the regular pattern seen in Ir-catalyzed
asymmetric allylic substitution reactions, nucleophile attack
takes place at the terminal allylic position probably as a result of
steric congestion at the C3 position of 32. In addition, the

Acc. Chem. Res., 2014, 47, 2558.
Chem. Rev., 2019, 119, 1855.



2.1 Table S1: Optimization of the sequential asymmetric allylic dearomatization/homo-Mannich reaction!?!
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2.1 Table S1: Optimization of the sequential asymmetric allylic dearomatization/homo-Mannich reaction!?!

Ph
oH condition | 1‘/\/_“ condition Il N'Me
o M Ve 122 @ R
) Ph
4p: R'= WA
Entry Condition I Condition II El;gl[g ee (%)l
1 L/2/[Tr(cod)Cl]o/Fe(OTH/ELO — 37 95
2 L-1/2/[Ir(cod)Cl]/Fe(OT),/Et,O _ 0 _
3 L-2/2/[Ir(cod)Cl]2/Fe(OTE)/ELO _ 0 _
4 1-3/2/[Ni(cod), ]/ Ti(O'Pr)y/CH;CN _ 0 _
5 L-4/2-1/Pdx(dba)s/Ti(O'Pr)y/CHCl, _ 0 _
6 1.-5/2-1/Pds(dba)s/Cs,COs/ THF _ 0 _
7 L-1/2-1/[Ir(cod)CI],/E:N/THF _ 0 —

[a] Condition I: 1a (0.10 mmol, 1 eq), AP (3 eq), metal (0.05 eq), ligand (0.11 eq). Lewis acid (1 eq) or base (2 eq).
solvent (3 mL), rt, 10-72 h. Condition II: metal (0.2 eq), solvent (3 mL), 1-10 h. [b] Isolated yield of 4a or 4p from
1a. [c] ee value of 4a or 4p, determined by HPLC analysis. [d] Sc(OTf); (1 eq) was used. AP: allyl precursor. DMF:
N,N-dimethylformamide. DCE: 1,2-dichloroethane.



2.1 Table S1: Optimization of the sequential asymmetric allylic dearomatization/homo-Mannich reaction!?!

P condition | ';-/\/ condition Il
S O R
1a l?’le I Me 2a -
4a: R'= WA py
4p: R'= WA
Entry Condition I Condition II El;gl[g ee (%)l
8 L/2-2/[Ir(cod)Cl]o/Fe(OTH)/Et,0 _ 25 58
9 L/2/[Ix(cod)Cl]o/Zn(OTE),/ELO _ 10 69
10 L/2/[Tr(cod)C1]/Ni(OTH)/ELO — 22 92
11 L/2/[Ir(cod)Cl]2/Sc(OTH)/EO _ 19 31
12 L/2/[Ir(cod)CI]/Fe(OTHy/Et:O CuCly/CHCl5/60 °C 26 94
13 L/2/[Ir(cod)CI]/Fe(OT),/E:O CuCly/DMF/60 °C 29 94
14 L/2/[Ir(cod)Cl]2/Fe(OTH),/EtO CuCl/EtOAC/60 °C 37 95

[a] Condition I: 1a (0.10 mmol, 1 eq), AP (3 eq), metal (0.05 eq), ligand (0.11 eq), Lewis acid (1 eq) or base (2 eq),
solvent (3 mL), rt, 10—72 h. Condition II: metal (0.2 eq), solvent (3 mL), 1-10 h. [b] Isolated yield of 4a or 4p from
1a. [c] ee value of 4a or 4p, determined by HPLC analysis. [d] Sc(OTf)s (1 eq) was used. AP: allyl precursor. DMF:
N,N-dimethylformamide. DCE: 1,2-dichloroethane.



2.1 Table S1: Optimization of the sequential asymmetric allylic dearomatization/homo-Mannich reaction!®!

oH condition | =z & condition II
Qb
\
Me Me
1a 12a 4a: R'= :'{/\Ph
4p: R'= ¥ F
Entry Condition I Condition II Ef;lf)lfg ee (%)

15 L/2/[Ir(cod)Cl]2/Fe(OT1)/Et2O Znl>/toluene/90 °C 0 —
16 L/2/[Ir(cod)Cl]./Fe(OTH)/Et,O Fe(OTf)s/1,4-dioxane/60 °C <5 —
17 L/2/[Ir(cod)Cl]2/Fe(OT1)/Et2O Cu(OTI1)/DCE/60 °C 61 95
18 L/2/[Ir(cod)Cl]./Fe(OTH1)/Et,O Sc(OT1)s/DCE/rt 26 95
19 L/2/[Ir(cod)Cl]2/Fe(OT1)/Et,O Sc(OTH)s/Et2O/rt 30 95
201 L/2/[Ir(cod)Cl]2/Fe(OTL)/Et,O Sc(OTH)s/Et.O/rt 81 95

[a] Condition I: 1a (0.10 mmol, 1 eq), AP (3 eq), metal (0.05 eq), ligand (0.11 eq), Lewis acid (1 eq) or base (2 eq),
solvent (3 mL), rt, 10—72 h. Condition II: metal (0.2 eq), solvent (3 mL), 1-10 h. [b] Isolated yield of 4a or 4p from
1a. [c] ee value of 4a or 4p, determined by HPLC analysis. [d] Sc(OTf)s (1 eq) was used. AP: allyl precursor. DMF:
N.N-dimethylformamide. DCE: 1,2-dichloroethane.



OH

Ph” X-"0H
b) [Ir(cod)Cl],

s i Carreira ligand c) Comins reagent
\ CO,Me ;) EtmgBr, Ti(OPr), \ Fe(OTfi ) KHMDS
> (o) H 5
N THF, 0 °C N then Sc(OTf), THF, -30 °C
| | Et,0, r.t. Ph™
R R .
13b: R=Bn 1b: R =Bn, 91% OO O 4b: R =Bn, 80% 14b: R = Bn, 90% (X-ray)
13c: R = PMB 1c: R = PMB, 90% SN 4c: R =PMB, 73% 14c: R = PMB, 87%
T
Carreira ligand d) OsO,4, NMO, CH;CN, r.t.
then NalO,4, 1,4-dioxane/H,0 (2:1), r.t.
R
DIBAL-H 7 R
a) H, f) Pd(PPh;),, LiCl, NEt, N A 4
DCM, -78 °C CO (balloon) e) allylamine, 4 A MS, CHCI3, r.t. N
98% O, 50 °C TfO ___then NaBH4CN, CH4CN, rt. g; Q
’ e [
82% %\/N and then Boc,0, NEt3, 0 °C to r.t. TfO H
Boc OHC

18

16b: R =Bn, 92%

16¢c: R = PMB, 88% 15b: R =Bn, 83%

h) TFA, DCM, 0 °C 15c: R = PMB, 89%

then PhMe, 120 °C
79%

/Bn i) HCI

N MeOH/DCM

/Bn /H
ﬁl Q 0°C to rt N j) PdIC, H, (balloon), HCI HoN
v D e -
then Grubbs II 7/ TH MeOH, r.t., 98% H\H
=/ N DCM, 40 °C N N
20 21

19 91%

k) DMSO, (COCI),, NEt,

Y

LDA, NCCO,Me, 34%

(+)-deethylibophyllidine
(3)



2.3.3 Table S2. Optimization of preparation of enol triflate(?I!]

Bn jBn Bn
N N N
conditions

0%@ > Tfo%@ TfO%@

PR 4b " PR 14b PR 14b’
entry  conditions T (°C) yiel(colﬁj(;ﬁj]l 4 yielzi()/(;)f[b}4b' tﬁeaicg i;j);s(;s(trill;ri%g
1 Comins reagent, KHMDS —78 50 42 25
2 Comins reagent, KHMDS —60 50 36 25
3 Comins reagent, KHMDS —45 60 28 25
4 Comins reagent, KHMDS -30 88 0 25
5 Comins reagent, KHMDS —15 46 0 25
6 Comins reagent, KHMDS 0 39 0 25
7tel Comins reagent, KHMDS -30 19 62 0
8 Comins reagent, KHMDS -30 43 21 1
9 Comins reagent, KHMDS 30 66 0 5
10 Comins reagent, KHMDS -30 71 0 10

[a] Reaction conditions: 4b (15 mg), base (3 eq), THF (1.4 mL); then Comins reagent or PhANTf, (2 eq) in THF (0.1
mL), 30 min. [b] Determined by 'H NMR using dibromomethane as an internal standard. [¢] Premixing 4b and

Comins reagent, and then added with KHMDS.



2.3.3 Table S2. Optimization of preparation of enol triflate(?I!]

Bn Bn Bn
N N N
conditions

o%@ > Tfo%@ Tfo%@

PR 4b " PR 14b P 14b’
entry  conditions T (°C) yiel(colA](;ﬁj]l 4 yielzio/(;)f[b}4b' tﬁeatf; ;b:v;;—:s(tlilrlriinn)g
11 Comins reagent, KHMDS —30 77 0 15
12 Comins reagent, KHMDS —30 86 0 20
13 Comins reagent, LIHMDS -30 27 52 25
14 Comins reagent, NaHMDS -30 43 38 25
15 Comins reagent, LIHMDS -30 26 54 60
16 Comins reagent, NaHMDS =30 37 42 60
17 Comins reagent, KHMDS =30 71 0 60
18 PhNTf;, LIHMDS =30 19 39 25
19 PhNTf,, NaHMDS -30 26 38 25
20 PhNTf,, KHMDS =30 72 0 25

[a] Reaction conditions: 4b (15 mg), base (3 eq), THF (1.4 mL); then Comins reagent or PhANTf, (2 eq) in THF (0.1
mL), 30 min. [b] Determined by 'H NMR using dibromomethane as an internal standard. [¢] Premixing 4b and

Comins reagent, and then added with KHMDS.



Bn

Cl  NH,-HCI, MeOH, r.t.

1) Pd(PPh3),

TfO H
OHC

15b: R =Bn, 83%

k) then, NaBH;CN

91%

q) LDA, NCCO,Me

(o] OMe
RO
A\

AT <y T

N 28
r) Pd(OH),, Hy, MeOH, r.t.
86%

(0] OMe
Me H

NS

(+)-vincadifformine (6)

THF, -78 °C

/
g‘ N Q EtSiH;, CO (balloon)

TfO

~ DMF, r.t.

84%

p) Ph;PCH;-Br
KHMDS

THF, -30 °C to 0 °C
63%

Me !'I
N

H

NH

(+)-aspidospermidine (7)

g»

HC H H
Cle

Q

53%;29

+)-aspidospermidine (8)

m) NaOH, DMF, 100 °C

-
’

61%

o) PhlO, DCM, r.t.

79%

t) Pd/C, H,
MeOH, HCI, r.t.

or Pd/C, Hy, HCHO
MeOH, HCI, r.t.

n) Pd/C, H2
MeOH, HCI, r.t.

93%

s) Ph;PCH;-Br
KHMDS

THF, -30 °C to 0 °C
98%




Bn MeO HO

/ Bn H
N 5 / aa) BBr;, DCM, -78 °C N/
u ) Ph;PMOM-CI, KHMDS N then NaBH,,, MeOH, 0 °C
.20 © o
THF, -30 °C to 0 °C H ab) Pd/C, H, H
99% N MeOH, HCI, r.t. N
24 30 85% ] o (+)-tetrahydrokopsifoline D (10)
(+)-limaspermidine (9) z) MsCI, NEts, THF, 0 to 65 °C
(v) Na, NH3, THF, -78 °C then NaBH;CN, AcOH, r.t.
oew 59%
(o)
HO OMe
H
/
w) PhlO, DCM, r.t. y) CeCl3-7H,0, Nal, CH3CN, 60 °C ") N Q
x) LDA, NCCOOMe, THF, -78 °C then NaBH,, MeOH, -78 °C H
51%, ZIE = 1:2.5 N

PhIO S {LH13E

Ph
MeO Ho—|<j
+H* / -H* N
H




/ /
N b) 34, Pd(PPhy),, DMF, 50 ° N 0 .
< ab) 34, Pd( o3)4, s 500 C Me < ac) TFA, DCM, 0 °C :O r.t. Me ad) vinylMgBr
__> then TFA, 0 °C to r.t., 63% _ K _ _ thentoluene, 65°C _ CeCl,
TfO N H SnBuj; (o) N H 83% o . o
B SO T 0
Boc O~ Me Boc 83%
16¢ 34 35 36 37

ae) TFA, anisole, 55 °C
89%

ah) HCI, MeOH/DCM

B ai) |, PPh, B 0°C to rt. af) MnO,, DCM
DCM, r.t. then Grubbs catalyst ag) LDA, NCCO,Me
44% DCM, 40 °C THF, -78 °C
72%
(+)-melotenine A (11) 40 19S-39 19R-39 38

56% from 38 18% from 38
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Cleavage of the PMB ether of 1

O-allyl O-allyl
Me—7—0 15 min Me—7—q OMe OMe
PMBO “21°c MO TfOH A ;
HO oac HO  oac .0 ——| of ROH
1 4 | R R R \\ C
TfO B
: : OMe OMe
Entry Reagent Amount (equiv) Solvent Yield (%) N OMe
a TMSOTf 0.05 CH,Cl, 50 + TfO A, ‘ ‘
b TMSOTf 0.1 CH,Cl, 54 5 R’O
c TMSOTf 0.2 CH,Cl, 51 H
d TMSOTf 0.4 CH.Cl, 27 OTf
e TMSOTf 2 x 0.05 CH,Cl, 63 \/<IO/Me E
f TMSOTF 0.1 CH,Cl,? 36 + TIOH —= etc.
g TfOH 0.1 CH,Cl, 50 — g0 Ar -
h TfOH 2 x 0.05 CH,Cl, 59 .
¢ Not dried.

Since yields of >50% can be achieved with only 10% of triflic acid
in an aprotic solvent, there must be a way for additional protons to
be generated during the reaction. We hypothesized that this pro-
duction of protons occurred via an intermolecular Friedel-Crafts
alkylation process (Scheme 2). Thus protonation of the PMB ether

If this mechanism (or a similar one) were active, we argue that
we could improve the process by adding a more electron-rich aro-
matic ring to react with the triflate D and generate additional triflic
acid more rapidly. This turned out to be the case. Addition of

Tetrahedron Lett., 2011, 52, 6051.
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