Problem Session (2) 2023/05/06 Wentao Wang

Please provide the mechanisms of the reactions below and explain regio- and stereoselectivities.
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Problem Session (2) - Answer 2023/05/06 Wentao Wang
Topic: Total Syntheses of Cephalotaxus Alkaloids

0. Introduction
Isolation: Cephalotaxus genus
MeO Biological activities: antileukemic, antitumor
Structural features: azaspiranic tetracyclic core
Total syntheses: > 30 examples
Weinreb (1972, racemic)"
Semmelhack (1972, racemic)?

Li (2011, racemic)® = 200125_PS_Shu_Nakamura

Kim (2019, asymmetric)®

Beaudry (2019, asymmetric)®) = 200125 PS_Shu_Nakamura
Kim (2021, asymmetric)® = Problem 2

Sakai (2021, asymmetric)”)

Fan (2023, asymmetric)® = Problem 1

1. Problem 1
An, X.-T.; Ge, X.-M.; Liu, X.-Y.; Yang, Y.-H.; Zhao, X.-H.; Ma, X.-Y.; Peng, C.; Fan, Y.-J.; Qin, Y.; Fan, C.-A.
J. Am. Chem. Soc. 2023, 145, 9233.
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1-2. Disscusion 1: Rh-catalyzed asymmetric formal [3+2]-cycloaddition

O OTBS Q
MeO R=§—N
N®
<NO 0
2 $ $
R O--Rh--O H R 0--Rh--O H R 0--Rh--O _ H
H: - \ R He \ R He “%-Bu R
ST e LT e e i T
t-Bu R>9'H'R.h"o t-Bu Bu R>9H/R.h 0 tBu t-Bu R>9H'Rh"o LB
A N e, O YOTBS
Rh'l(S-PTTL),'® MeO
orthogonal S = acetone or EtOAc N®
to avoid ol
steric repulsion N©

t-Bu R gty b e IBsY s .
E R__H E
t-Bu S : |
12a or 12b 12a 12b ! 0--Rh--0 !
unfavored eclipsed stronger 4d-2p back-donation | T :
conformation but no 2p-1T,, interaction | H_<\ O >_ H !
: OfRh-- :
| H O !
. AMR=H l
EWG | |
orthogonal 0 OTBS Coli)ll:;(r?:ar E |-A2§ = COZI\tAed”C) E
to avoid MeO ®@ stabilization '._e_cf |_p_sie_ _’_99TF_’L_’ _e_____JI
destabilization (o) OTBS
= — MeO
~Rhy —
(0] (0]
RH [ R|h "R H oTBS 1
b’ : \é /
t-Bu S t-Bu Me
12c or 12d 12¢ 12d
favored staggered weaker 4d-2p back-donation
conformation®” but strong 2p-Tr5, interaction



o OTBS o E OMe |
MeOx\ @ MeO | @) I
OTBS | MeOx\ @ :
=< 1 !
@ @ : :
- ! S .
| Rh .
y g " y« ﬁ o 1S =
~R . -R . hQ | ' ! |
By © i t-Bu t-Bu S tBu 0=""~8 |
12¢ or 12d (favored) 12¢’ or 12d (unfavored) . A3 (staggered, X-ray)'™
@)
N2 )
@)
unhindered I
chlral pocket
12c (favored) 12d (unfavored)
B 1 [ Rk
NN
o O hlf;atltpe \éo interaction?
MeO
S & M
o \R\ eO
@)
TBS
09
TS1a (unfavored) TS1b (favored) 13
OTBS /TBS
H
AN
MeO
[Rﬂ H =
O™ BN,
13b (favored 13a (unfavored

1-3. Disscusion 2: alternative mechanisms of MnO,, oxidation ...
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(Contmued) Corresponding benzoquinone products were obtained
(aII products are stable under these conditions)
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1-4. Disscusion 3: 1,2-hydride shift and intramolecular aldol reaction
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Table 1 Conditions for Aldol Reaction?®
BP bulkiness time yield of 6
DABCO less bulky 1h 68%
Et3N bulkier 1h 58%
K>CO3 / 2h  noreaction

a) in CH,Cl,, at rt; b) 1.5 equiv



2. Problem 2
Kim, J. H.; Jeon, H.; Park, C.; Park, S.; Kim, S. Angew. Chem. Int. Ed. 2021, 60, 12060.
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