©
2016 2018

Nucleophilic Additions to Cyclic N-Acyliminium lons: Inverse Stereoselectivity
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Cyclic alkaloids often have high biological activity, and development of
their stereoselective synthesis is one of the most important issues in this research area. In this
study, the stereochemistry in the reaction of the N-acyliminium ion intermediates generated by the
indirect cation pool method was investigated. As a result of research focusing on the inverse
stereochemistry phenomena, we show the generality of this phenomenon. In addition, some control
experiments were conducted for the elucidation of mechanism of this phenomenon, and applications

were also examined.



X= ﬂ Nu =

Chem. Eur.
J. 2002, 8, 2650 2006, 64, 1010 Electrochemistry 2010, 78, 202
N-

: ” NMR IR
J. Am. Chem. Soc. 1999, 121, 9546
ArSSAr " ArS+
J. Am. Chem. Soc. 2006, 128, 7710
N- 6

AVHALD M OFAVT—)ik

ESBRELE g
AS=SAT  ———— %, =
(Ar=pFCHy) —78°C ArS—SAr

R\/j\ ot R\/j RL
ArS o Nu~
'\N SAr ﬁ’ '\N . > '\N Nu
)\ -78 °C )\ -78°C
0~ “OR ArSSArl - 07 OR' '

N-7IIA 2= L
A+ 2T—

R'=tBu, Bn



Mg

R

h _~_-SnBu3 (2.5 equiv)
N CHCla =78 °C, 10 min
|
Boc

R =Me : 95%, cis/ trans =4/ 96
R =Ph :99%, cis/ trans = <1/>99

A~ SnBu3 (2.5 equiv)

5 6 Me Ph
5 6
trans cis
R R
fj /\/MgBr (2.5 equiv) ('j\/\
CH,Cl,, =78 °C, 10 min
;Trl/ oLl | N N
Boc Boc

R\(j\/\
N X

I
Boc

R =Me: 90%, cis/ trans =98/ 2
R =Ph :97%, cis/ trans =98 /2

CH,Cl,, =78 °C, 30 min

_~_-SnBu3 (2.5 equiv)

R=Me : 67%, cis/ trans =96/ 4
R =Ph : 98%, cis/ trans = >99 / <1

R
_~_MgBr (2.5 equiv) \(j

X
R N CH,Cl,, =78 °C, 30 min
Boc

R=Me :87%, cis/ trans =96 / 4
R =Ph :94%, cis/ trans =72 / 28

ArSSAr

Grignard

DFT

CH,Cl,, —90 °C, 1 h N 1IN
Boc

R =Me : 90%, cis/ trans =4 /96
R =Ph :91%, cis/ trans =2/ 98

1) BuyNBr (2.5 equiv)
-78 °C, 10 min

RN
RNy o~ MeBr25 equiy RN h
Boc Boc
CH,Cly, =90 °C, 1 h
R =Me : 60%, cis/ trans =9 /91
R =Ph : 56%, cis/ trans = 34 | 66
inversion of stereochemistry
N-
cis
trans
—
-~LH3
+ M= _-Mg
B
< Br Br
R &\f
Grignard F—~p-F~7"¢
e CH,
6 N



monomorine epimer

epimer monomorine
/\/STB% 1) BHz* THF (2.5 equiv)
/(j (2.5 equiv) N N THF, 0°C.3h N
+z o o’ ) S 1
N CH,Cly, -78 °C Boc 2) 3 M NaOHaq., H,0, Boc OH
Boc 30 min . n3h 9
87%, cis / trans = 96 /4 83%

NaBr (1.0 equiv)

BusNCI (5 mol %) CeCl- (2.0 equi
TEMPO (5 mol %) g Tv| 3c(| ) Oeq”"’_)
NCS (1.0 equiv) N uMgCl (2. equg) BU
CH,Cl, — sat.NaHCO3aq. ) | THF, -78°Ctort, 3 h N

0°C,1.5h Boc 0 Boc OH

Y

TFAA (5.0 equiv)

DMSO (7.5 equiv) 1) EEA é?xc;eszs)h
CH,Cly, 78 °C, 30 min Bu 2L, 1L, o
then EtsN (15 equiv) N 2) Hy (1 atm)

Boc % Pd/C (0.1 equiv)
78% (2 steps) MeOH, rt, 24 h

< 65% (2 steps)
cis/trans =94 /6

1) BUNBr (25 equi) /(j 1) BHy THE (25 equiv) D
—78 °C, 10 min ;
! ‘u, THF 0°C,3h - ‘,
D [ A .

\ 2) %/MgBr Boc 2) 3 M NaOHagq., H,0, Boc OH
Boc (2.5 equiv) o i _ n3h 70%
CH,Cly, —90 °C, 1 h 60%, cis /trans =9 /91

NaBr (1.0 equiv)

BuyNCI (5 mol %) CeCl3 (2.0 equiv)
TEMPO (5 mol %) n .
NCS (1.0 equiv) - /(lel"/ﬁ BuMgCl (2.0 eq”ﬁJ “, Bu
\ 1 Y

CH,Cl, — sat.NaHCO3agq. THF, —78 °Ctort, 3 h )
0°C,15h Boc

TFAA (5.0 equiv)

DMSO (7.5 equiv) 1) ('EIE‘A é:%xt;(teszs)h
CH,Cl,, =78 °C, 30 min ., Bu 22>
then Et3N (15 equiv. '}l /\n/ 2) Hy (1 atm)
o) 2
Boc PdIC (0.1 equiv)
72% (2 steps) MeOH, rt, 24 h
cis

NBoc

Koichi Mitsudo,* Kazuki Yoshioka, Takayuki Hirata, Hiroki Mandai, Koji Midorikawa, and Seiji
Suga*
1,10-Phenanthroline or Electron Promoted Cyanation of Aryl lodides
Synlett 2019 in press.
DOI: 10.1055/s-0037-1611793
Koichi Mitsudo, Yuji Kurimoto, Kazuki Yoshioka, Seiji Suga*
Miniaturization and Combinatorial Approach in Organic Electrochemistry
Chemical Reviews 2018, 118, 5985-5999.
DOI: 10.1021/acs.chemrev.7b00532
Koichi Mitsudo, Yuji Kurimoto, Kazuki Yoshioka, Seiji Suga*
Combinatorial electrochemistry for organic synthesis
Current Opinion in Electrochemistry 2018, 8, 8-13.
DOI: 10.1016/j.coelec.2017.10.026
Koichi Mitsudo, Junya Yamamoto, Tomoya Akagi, Atsuhiro Yamashita, Masahiro Haisa, Kazuki
Yoshioka, Hiroki Mandai, Koji Ueoka, Jun-ichi Yoshida, Seiji Suga*
Stereoselective Nucleophilic Additions to Cyclic N-Acyliminium lons Using the Indirect Cation Pool
Method: Elucidation of Stereoselectivity by Spectroscopic Conformational Analysis and DFT



Calculations
Beilstein Journal of Organic Chemistry 2018, 14, 1192-1202.
DOI: 10.3762/bjoc.14.100
Hiroki Mandai,* Kazuki Fujii, Hiroshi Yasuhara, Kenko Abe, Koichi Mitsudo, Toshinobu Korenaga,
Seiji Suga*
Enantioselective Acyl Transfer Catalysis by a Combination of Common Catalytic Motifs and
Electrostatic | nteractions
Nature Communications 2016, 7, 11297.
DOI: 10.1038/ncomms11297

§ ( ) 407
( ),2018 12 6
Seiji Suga, Nucleophilic Additions to Cyclic N-Acyliminium lons ( ), The 13th
International Symposium on Organic Reactions ( ),2018 11 21-24

, N-
42 , ( ),2018 6 28-29

, N-
98 , ( ), 2018 3 20-23

Seiji Suga, Stereoselective Synthesis of Substituted Piperidine Derivatives Using the Indirect Cation
Pool Method ( ), 7th German-Japanese Symposium on Electrosynthesis, ( )
2017 9 14-15

41 , (  ),2017 6
2223

( ) ( ),2017 3 28

97 , ( ),2017 3 16-19

Seiji_Suga, Junya Yamamoto, Tomoya Akagi, Masahiro Haisa, Koichi Mitsudo, Stereoselective
Nucleophilic Additions to the N-Acyliminium lons: Elucidation of Stereoselectivity By Spectroscopic
Conformational Analysis, ECS 229" Annual Meeting, San Diego, USA, 2016 5 29 -6 3

website
http://achem.okayama-u.ac. jp/reacteng/

o

SUGA, Seiji

8 50291430



