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ABSTRACT: Herein, we describe the convergent enantioselective total
synthesis of himalensine A in 18 steps, enabled by a highly enantio- and
diastereoselective construction of the morphan core via a palladium/hydroxy
proline co-catalyzed desymmetrization of vinyl-bromide-tethered cyclo- o 12 oxamples

hexanones. The reaction pathway was illuminated by density functional 3 applied in synthesis
theory calculations, which support an intramolecular Heck reaction of an in himalensine A of natural products
situ-generated enamine intermediate, where exquisite enantioselectivity arises

dual palladium/chiral
amine catalyst system

e enantioselective
& diastereoselective

from intramolecular carboxylate coordination to the vinyl palladium species i

in the rate- and enantio-determining carbopalladation steps. The reaction /}"' En Xj
to_lerates diverse N-Fle'nvatwes, all-carbon quaternary centers, and trisub- Br “<R2 up to 99% wel g

stituted olefins, providing access to molecular scaffolds found in a range of RL,)\/NPG up to 99% ee

complex natural products. Following large-scale preparation of a key 4 g scale

substrate and installation of a f-substituted enone moietvy. the rapid
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B | Synthesis of morphan core by desymmetriza tfon
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Retrosynthesis of himalensine A
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Table S2. Catalyst screening.

0 0 0 0
Rj > HaC v> HiC.. \/_j> HyC ‘:g
\( s \( . 3 ( . \(
N N N N
Ts Ts Ts Ts
5a S28 $33 15
Entr Catalvst Pressure  Hydrog. d.r. 15
Y Y (bar) (%)  (528:533) (%)
12 Pd/C (10 mol %) 1 15 1:3.0 40
2 Rh(PPhs)sCl (5.0 mol %) 1 38 1:2.3 14
3 [Rh(dppb)(nbd)]ClO4 (5.0 mol%) 1 20 1:2.5 2
4 [Rh(dppb)(nbd)]ClO4 (10 mol%) 1 14 1:5.2 <1
5 [Ir(cod)(PPhs)py]PFs (20 mol%) 1 18 >20:1 82
6 [Ir(cod)(PPhs3)py]PFs (5.0 mol%) 9 86 >20:1 14
Mn(dpm)s (10 mol%), PhSiHs (1.0 equiv), _
7 TBHP (1.5 equiv), i-PrOH? 08 <1:20 <1
() Q
8 Rh(cod)Cl; (5.0 mol %), PPh3(10 mol%), 1 74 201 24

AgBF4 (15 mol %)

Rh(cod)Cl; (2.5 mol %), PPhs(5.0 mol%), ,
3 AgBF. (7.5 mol %) 1 69 >20:1 20

Rh(cod)Cl; (5.0 mol %), PPh3(10 mol%),

10 AgBF; (15 mol%)

9 53 51 2

Reagents and conditions: Catalyst, Hz (1 bar), CH,Cl;, r.t., 5=16 h. ’EtOAc used as a solvent. Yields
were determined by analysis of 'H NMR spectra of crude reaction mixtures.




Stahl’s condition
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Table S4. Conditions screening for oxidation to enone.

OTMS O 0O
HgC\Kw HgC\(w chfw
N TCHy N CH B N CH;
Ts Ts Ts
S29 S34 18
Entry Startir_tg Reagents and conditions Observation
material
1 S34 Pd(TFA)2(DMSO)2, 02, AcOH, 80 °C No reaction
2 529 Pd(TFA)2(DMSO)z, Oz, AcOH, 80 °C Hydrolysis of enol ether
3 S34 IBX, EtOACc, 100 °C Traces of product
4 529 IBX, EtOAc, 100 °C Traces of product
5 S29 IBX, MPO, EtOAc, 100 °C Traces of product
6 S29 Pd(OAc)2 (20 mol%), p-benzoquinone Traces of product
7 S29 Pd(OAc)2 (20 mol%), 02 DMSO, NazHPQO4, 90 °C Traces of product
8 S29 Pd(OAc)z (20 mol%), Oxone, DMSO, NazHPOa, 90 °C 25%
9 S29 Pd(OAc)2 (50 mol%), 02, DMSO, Na2HPO4, 90 °C 56%




Keck & Boden (1985):
DCC (3 equiv), DMAP (3 equiv)

DMAP-HCI (2 equi O
HO OH (2 equiv)
CHCls, reflux, 16h
0 95%
15-hydroxypentadecanoic acid 15-hydroxypentadecanoic
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Keck macrolactonization:
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HD - -
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0 slow syringe pump addition of substrate \[N Medium- or
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KRAPCHO DEALKOXYCARBONYLATION (KRAPCHO REACTION)
(References are on page 617)

Krapcho (1967):

Krapcho (1970):
Me
O 0 NaCN 0 H KCN
)I\rll\ (= 1 equiv) )H R z OTs (2.3 equiv)
EtO OEt EtO
DMSO, 160 °C R L DMSO, 90 °C
Me 4h: 75% Me q OTs  Rr=co,Me
Me
Krapcho dealkoxycarbonylation:
0 VX (21 squiv EWG XH
=1 equiv - MOH
EWG. « 3 EWG?&@ —_— R‘l R2 + 002 + Ra-_x
OR dipolar aprotic solvent P
R! R2 H,0 R" R Decarboxylated
carbanionic product

intermediate

EWG = CO,-alkyl, CO5s-aryl, CN, CO-alkyl, SO5-alkyl, SO5-aryl; R1-2 = H, alkyl, aryl; R3 = Me, Et: MX = NaCN, KCN, LiCl, NaCl,
NaBr, Nal, Lil-H,0, Na,C05-H,0, Na;P0,4-12H,0, MeyNOAc ; solvent: DMSO, DMF, DMA, HMPT
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g 1 Q2
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a-Monosubstituted esters (R? = H):
& O 3 ] 0
0O OR
EWG o Bac2 = J§ H,0
OR? —— » EWG -t + R3
R?{ﬁfecm Q&CN NC” “OR® Thon™ ©CO + ROH



TEMPO or 1-Me-AZADO

. .
PhI(OAc)z, CHaClp (1M), rt
loading yield (%) / time (h) @
amount (mol%) TEMPO 1-Me-AZADO N-o°*
10 95/1.5 96 /0.1 AZADO (2)
1 4216 93/0.7
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J. Am. Chem. Soc., 2006, 128, 8412.
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