Problem Session (5) 2021. 9. 11. Takahiro Watanabe

Please provide each reaction mechanisms and explain the stereoselectivities.

Fe(acac); (1.5 eq.)
PhSiH; (5 eq.) Q
N

EtOH/(CH,CI),
(9/1,3mM), 25 °C. 16 h

2 1. NaBH3CN (8 eq.)
i-PrOH/AcOH (4/1), 25 °C, 88%

2. Raney Ni (400 wt%), Hy
EtOH, 80 °C, 92%

3. CbzCl (2.5 eq.), Ko,CO3 (5 eq.)
CH,Cl,, 25 °C, 97%

4. NaH (5 eq.), imidazole (2 mol%),

THF, 25 °C; CS, (3 eq.), Mel (3 eq.), 93%
5. toluene (0.003 M), 150 °C

60% (as a major isomer)

* Enantiomers were separated after step 3.

1. KOH (10 eq.)

THF/MeOH/H,0 (1/1/1), 70 °C
2. toluene, 108 °C, 2 steps 95%
3. A (10 eq.), DBU (3 eq.), MeCN

25 °C, 73% (brsm 92%)

Sm|2, BF3'OEt2 (5 GQ)
MeCN, 25 °C

63%

* Sml, was added until 6 was consumed 7
and its equivalent was not mentioned.
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Problem Session (5)-Answer-

Topic: Total synthesis of (-)-pseudocospinine and (-)-strempeliopine by Boger's group

0. Introduction

2021. 9. 11. Takahiro Watanabe

Boger group has achieved divergent total synthesis from common intermediate 4.

CO Me
kop3|foI|ne D

CO2Me
(-)-kopsinine

-y

/

COzMe

4 (key mtermedlate) /jz ; ;

COsMe
(-)-pseudocopsinine

(-)-strempeliopine

Synthesis of common intermediate: [4+2]/[3+2] cycloaddition cascade ")

OTBS

o-DCB
180 °C

1%

_N2

(-)-deoxoapodine

CO2Me

(-)-minovincinine




Please provide each reaction mechanisms and explain the stereoselectivities.

Fe(acac); (1.5 eq.)
PhSiH3 (5 eq.) Q
N

EtOH/(CH,Cl),
(9/1, 3 mM), 25 °C, 16 h Cbz

Cbz
CO,Me CO,Me

1 2 3
20% 60%

Zeng, X.; Shukla, V.; Boger, D. L. J. Org. Chem. 2020, 85, 14817.

00
EtoH AN PhSiH; PhSi(OEt)H,

Fe'(acac)s NN Fe'(acac),(OEt) N Fe'l(acac),H

Fe'(acac),H

stereoselectivty
at C20

Fe''(acac),

mechanism

N ; N :
Cbz Cbz z Z
CO,Me CO,Me CO,Me CO,Me
9 (minor) 10 (major) 2 (minor) 3 (maijor)

discussion 1-1. stereoselectivity at C20 (indoline ring is omitted.)

minor




discussion 1-2. mechanism of quenching the generated radical

Na,HPO,, PhSiH; |1 o
- Soj'/ YJ\OMe _ TBSO orte
o] C,H50D or CzDsoDL J radical quenching b
68%, respectively
\)J\OMe >99% D incorporation &3 E2 E4
E2
=0 “Felll
. _ o
Fe(dibm)z \ o

The proton derives from ethanol. 2
-> three possibilities for quenching the product radical are conceivable.

Mechanism (a): stepwise ET/PT pathway

EWG R EtOH EWG R
Fe'l(acac), + \:/>< — Fe”'{acac) S — Fe''(acac),0Et + \(><
H

Mechanism (b): CPET pathway

EtOH

EWG R | EWG R
Fe'l(acac), + \./>< LR Fe'l(acac), + \‘/x — Fe'acac),0Et + \||_|/><

Mechanism (c): protonation from an organometallic complex

OR' OR'
EWG R EtOH EWG &
Fe“ acac),; + v | T~ . ot
( )2 \/x (acac)zFe'”(EtOH} or (acac)gFe'"(EtOH) e''(acac), + \H(><

Holland et al. mentioned (a) was unlikely.

[Fe'(acac),]* + e- -> Fe'l(acac),; EreiyFeqn= -0-48 V (in EtOH, measured by cyclic voltammetry)
MeCH"® (C02M9)+ e- -> MeCH- (COZMG) EFe (IyFe(y= =-1.04V (|n MeCN)

~.Fe'l(acac),+MeCH"(CO,Me) -> [Fe'(acac),]" + MeCH(CO,Me); Eiqia= ~ - 0.56 V (13 kcal/mol) -> uphill
Though solvents are different, electron transfer from Fe!l to the generated radical will be kinetically unfavorable.
(They conducted DFT calculation and predicted it is more uphill (35.0 kcal/mol) in EtOH)

In contrast, activation barriers in (b) and (c) were calculated as 9.4 kcal/mol and 11.0 kcal/mol, resptectively, so
path (b) or (c) is more likely than path (a).

(b) concerted proton-coupled electron transfer path

M602C concave COzMe
. Fe'l(acac),(EtOH),
| en H* =
' Fe'(acac),OFt ‘
H 2 H
10 EtOH 3

(c) protonation from an organometallic complex

(acac),Fe''— 5 OMe
MeO,C \ concave

Fe'l(acac), EtOH




2 1. NaBH3CN (8 eq.)
i-PrOH/AcOH (4/1), 25 °C, 73%

2. Raney Ni (1300 wt%), H,
EtOH, 80 °C, 92%

3. CbzCl (2.5 eq.), K;CO3 (5 eq.)
CH,Cl,, 25 °C, 92%

4. NaH (13 eq.), imidazole (2 mol%),

THF, 25 °C; CS, (19 eq.), Mel (19 eq.), 90%
5. toluene (0.003 M), 150 °C

58% (as a major isomer)

* Enantiomers were separated after step 3.

RR Raney Ni
NaBH3;CN H,
— (from convex face) -toluene
O Ring strain will be
12 larger if a hydride attacks 13 _,

from below face.

CbzN -
‘O~ OTBS
MeO,C r'|7
_ In ref 5), it is mentioned 15 J
imidazole works as a

catalyst for alkoxide formation. step 3

elimination
direction




discussion 2. Elimination direction of Chugaev reaction

@)
{P\@/ﬂ\w OTBS A
j\ COxMe CO,Me CO,Me
s7 > SMe 19-Bn/19-Cbz
R=Bn (18-Bn)  benzene, 130 °C, 6 h* 33% (5-Bn) 62%
R = Cbz (18) toluene, 100 °C, 48 h 58% (5) 30%

* Sealed tube was used.

Examples of (xanthate) ester pyrolysis 4

O Ph A Ph Ph Ester pyrolysis occurs at 300~400
H . + °C and we cannot apply these
“0 results to 18.

. E5 E6 E7 The acidity of eliminated proton is
H R R = C(S)SMe 88% 12% increased in 18, so 5 became a
) R = C(O)Me 87% 13% major product.
CO,Me A CO,Me CO,Me
: - U
"0
E8 E9 97% E10 3%
H
O}\ (conjugated) (unconjugated)
3 H H
(3) P
MeO O\H/ (46% conversion  MeO MeO
E11 o) in total) E12 75% E13 25%
- (Exocyclic olefin was primarily
HO H generated.)
HO
E15 (2 steps >61%) E16 (2 steps 7.5%)

-> In general, the influence of functional groups has been mainly attributed to their effect on the stability
of the resultant olefin ((1)~(3)). Exocyclic olefin was primarily generated in (4), and internal olefin would
be unfavored in the entire molecure due to the strain (1,3-allysic strain, for example).

- Bn case:

OTBS
H

/{b\_\“ C|02Me VS.
§ Ph 0,

“‘minimize 1,3-allylic
E strain 19-Bn

1,3-diaxial-like interaction -> less favored than 19, though 5-Bn has a tetrasubstituted olefin

- Cbz case:

OTBS
H

no such a interaction as Bn case,
H\F \\( COMe so tetrasubstituted olefin was primarily generated as usual manner.

5



1. KOH (10 eq.)
THF/MeOH/H,0 (1/1/1), 70 °C
2. toluene, 108 °C, 2 steps 95%
3. A (10 eq.), DBU (3 eq.), MeCN
25 °C, 73% (brsm 92%)

anti-periplanar

Y

Ho

o)

step 2



Sm|2, BF3'OEt2 (5 eq)
MeCN, 25 °C, 1 h

63%

* Sml, was added until 6 was consumed
and its equivalent was not mentioned.

* stereoselectivity at C19
* regioselectivity
BF3 attack on indole C2 or C3

H+

ostereoselectivity
OBF3

OBF4
(BDE of H-CH,CN: 402 kJ/mol

H-CH,CgHs: 370 kd/mol)
-> Hydrogen abstraction of 30 from MeCN will be unlikely.

discussion 2. Radical additon to C2 or C3 of indole

N)H
A attack on C2

N S
Cbz OBF3
29

attack on C3

<€--------

@)




Stereoselectivity at C19:

@cave

CbzN n H
H_J
H > CbzN X -

HO o
29 30 7

Regloselectlve addition of electron-deficient radicals on indole C2©)
TS3

5.0 kecal/mol :
3e B FsC. H

TS3 [ 220
141 keatimol VI
N
H
r‘ _\-‘-N

30"

3f

@ s -22.2 keal/mol
-1, Skcalfrnol N TS2

TS2 . )
OJB 11.2 kcalfmol E H 4.2 kcal/mol -,
— 2e s

F S—
‘*q;\ i @ H
; H
m\ 0 kealimol e ‘ Oy,
0 kcal.fmol O ib
/228 N
= L~ = H
-
2f
-26.1 kcal/mol

-74 kcal.‘mol
M06-2X/CC-PVQZ(-g)

-> Intermolecular attack on indole C2 is kinetically and thermodynamically favored.
The equilibrium between 31 and 29 will be conceivable.

(0] O
generation of
/\N recovery of N more stable
R aromaticity . R benzyl radical

©
bz OBF4
31 29

oz

o

N

o

T
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