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Introduction
« Daphniphyllum alkaloids

Isolated from a genus of evergreen plants. >300 members

anticancer, antioxidant, and vasorelaxation properties as well as elevation of nerve growth factor.

Chinese herbal O
medicine wo.
N

daphenylline
Nat. Chem., 2013, 5, 679.

Himalensine A
2016

longeracinphyllin A
J. Am. Chem. Soc.’ 2017, 139, 14893
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Himalensine A

IMDAF core

Intramolecular Diels-alder furan reaction

IMDAF core

J. Org. Chem., 1999, 64, 3595
Acta Chim. Slov., 2009, 56, 527
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Retrosynthesis

key disconnections:

radical cyclisation

disatereoselective hydrogenation

o O

O, mediated C-H oxidation
Himalensine A

chemoselective lactam reduction

B 1%
prototropic Me Me
Diels-Alder shift 0O o o
, , QN (\>\N
‘ O
R >:O
‘ O
— R ]
IMDAF catalytic, enantioselective, 2 C-C bonds, 5 stereocenters )T
Tricyclic COreé construction 7

Note: label with bule color



Synthesis of (5)

o TMSO

— C(?ZMe ~">0TMS

(1.4 equiv) HO LiCl (5.0 equiv) © 0 (4 equiv)
O NaH (1 equiv) MeO,C 1 M HCI N TMSOTf (0.04 equiv)

CO,Et - g g
é/ 2 THF Me DMSO Me Me CH2C|2
60 C,3h EtO,C 130 ¢, 5h EtO,C EtO,C rt, 14 h
72% 75 % 90 %
1 2a 2b

Krapcho decarboxylation

C/)/\o ol/\ o pyridine (1.09 equiv) ol/\O
2 M KOH cyanuric fluoride (1 equiv)
Me THF/MeOH (y:y = 5:1) Me CHCl, Me
° rt, 30 min
@] OEt 60 C,24h (@) OH @) E
3 95 % 4 5
. Trimethylsilyl Trimethylsilyl  2,4,6-trifluoro-1,3,5-triazine .-
trifluoromethanesulfonate (TMS) (Cyanuric fluoride) pyridine
(TMSOTY) y
F. N_ F
O Z
A
—gi—O—g—CF3 -g-éi— \N(\ E/ | P

¢ ' ¥ ” 4




Synthesis of (7)
Bl
A ek SN
o PTSA (0.15 equiv) [ Mn
wisewn (30

¢
(1.09 equiv) | N\
> @\N

Me NaHMDS (1.09 equiv) >:0 Acetone o
THF
0=\, )T rt, 5d )T
r, 1 h 86%

75 % (for 2 steps)

NaN3 (1.2 equiv)

=0
/ZI
=z
7, +
2
/‘U:O
b

Cl~ >

@ DPPA (10equw) Q )J\ J<

| - |
O > o)
©/ Acetone ©/ COOH Et,N
t-BuOH
A tert-butyl furan-2-ylcarbamate
96 % diphenyl phosphorazidate reflux, 18 h
Synthesis’ 2004, 8, 1303 (DPPA) 92 %

Curtius Rearrangement
J. Am. Chem. Soc.,1972, 94, 6203
J. Org. Chem., 1999, 64, 3595
Tetrahedron Lett., 2007, 48, 1939

Sodium bis(trimethylsilyl)Jamide  p-Toluenesulfonic acid
(NaHMDS) (p-TsOH)

0]
\g N’ji \\S\E)OH 5
Na /i :




Synthesis of (8)

 Intramolecular Diels-Alder furan reaction (IMDAF) core

/" Ph N3 CF3
Bifunctional

Iminopho::fc\o:annae Ph)\/
(BIMP)

Me  Organocatalysts HN CF, H O

o =P O

O
[ > LU (0 Lue)
O >:O >

PPh, (7.5 mol%)

O
O
)T toluene 7< \\é O

7 60 C,24h
84 o5 92:8 dr, and 90% ee

(S)-8-exo

Enantioselectivity 6 pages for details
Put prime for the page number
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Mechanisms for Step (7) to (8)

* Prototropic shift then Intramolecular Diels-Alder furan
reaction (IMDAF) o B

‘B

( "
o Me H CF, H O H o)
L0 O '
[+ Clw) . (Gl
O >
O O
Ph™ ™ +  PPh, )T toluene 7< L 0 7< | 0
HN o
CFs 7 60 C, 24h
o
84 % (S)-8-exo (R)-8-endo
_PPh
)Fi)N CEF'3 @B | Diels-Alder
—— Ph 5)(@\ . ot
HN O o)
CF;
0

Me Me H H
O © O \ ,
catalyst formation in situ as base (@:B) \ O N\ O Mell 5 MeI' "
Do Do s iy
o — G Y - d
)=0 )=0 —<SN N
O O
)T +HIB

)T e o)§O o)§O

LA A
71

Prototropic shift



More details About Prototropic Shift/BIMP

Bifunctional Iminophosphorane Organocatalysts

N, CF3

th

|m|nophosphorane super base

PPh,
Ph CF,
PPh,
Ph"

E— .

N
CF;

H-bond donor @

catalyst formation in situ as base (G:)B)

0 Yoo
N—r
D
Yo FsC CF,
0

rate-
I|m|ted

© 5 mol%, Good reactivity, Enantioselectivity, Easy and scalable, Metal free



More details About Prototropic Shift/BIMP

Me HN CF, H O

H
O o o
(\>\N 5 mol%o) @@
° PPh 1%)
- 3 (7.5 Mol% wie
)T toluene 7<O\\<O O

7 60 C. 24h
84 %

Me Me H ’
o N 0 o o
\\, Diel-Alder @@ @@
N O + N @) > +
Db e r O .

< B > T

(S)-TS Major (R)-TS (S)-8-exo (R)-8-ex0

T
O
Y

(S)-8-exo




Intramolecular Diels-Alder furan reaction (IMDAF)

Ph N; CF,

Q
(.B Ph)\;/
Me  H AN CF,
0 ¥ /o 4
D\N (5 Mol%)
O

Steric strain around quaternary Me-group

O ?
o>: PPh; (7.5 mol%)
)T toluene
7 60 C, 24h
84 0% (S)-8-€x0 Major (S)-8-endo
G:)B ‘ Diels-Alder

o Me g) O\ .
D DDA T
O >:O O 0

O
)T +H(B )T +G:>B

(S)- TS
Prototropic shift

Transannul strain

10°



Bifunctional Iminophosphorane Organocatalysts

HCI Boc,0 (1.01 equiv) DMP (8.77 equiv) Ph Ph
. . COOMe
NH; NEt3 (2equiv) NHBoc BF30Et; (0.06 equiv) PhMgBr OH
HO A __O_ ., HO__A__O_ _ g
Vj)( THF \/j)( Acetone OXN\BOC Et,0 0. N_gge
rt, 14 h rt, 2.5 h 82%
95 % BIMP-1 88% BIMP-2 BIMP-3
H, Ph Ph o Boc,0 (0.86 equiv) oh
Pd(OH)2 OH NaOH (9.42 equiv) NEt;3 (0.95 equiv)
- /_84 - Ph)\_/\OH g Ph)\.AOH
HCO,H O. NH MeOH/H,O : CH,Cl, :
o x NH; NHBoc
60 C,48h reflux It
BIMP-4 BIMP-5 75% BIMP-6
Di-tert-butyl tert-Butyloxycarbonyl Phenylmagnesiun

2,2-Dimethoxypropane

pyrocarbonate protecting (DMP) bromide

(Boc20) (Boc) (PhMgBr)
L i L

S A K oo W

(a) Arkivoc, 2010, 108. Ollivier, A.; Goubert, M.; Tursun, A.; Canet, |.; Sinibaldi, M. E.
(b) Org. Synth., 2000, 77, 64. Dondoni, A.; Perrone, D.

(c) Tetrahedron: Asymmetry, 2006, 17, 388. Dave, R.; Sasaki, N. A.

(d) J. Am. Chem. Soc., 2013, 135, 16348. Nuinez, M. G.; Farley, A.J.; Dixon, D. J.
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Bifunctional Iminophosphorane Organocatalysts

Ph

Ph)\AOH

IiIHBoc
BIMP-6

Ph

Ph)\_AN

NH,
BIMP-9

3

TsCl equiv
(4.13 equiv) Bh Bh

NEt; (2.61 equiv) )\A NaNj3 (1.09 equiv) )\A
CH,Cl, > Ph - OTs DME > Ph : N5
NHBoc o NHBoc
rt, 16h 50 C, 16h
83% BIMP-7 24% BIMP-8
CF5
HO
CF, Ph N3 CFj
O R Ph)\/
Amine to Amide HN CF,
(Coupling) O

BIMP Organocatalysts

p-Toluenesulfonyl  Trifluoroacetic acid
chloride (TsCl) (TFA)
v Cl

O
3 i OH
SO

(d) J. Am. Chem. Soc., 2013, 135, 16348. Nufnez, M. G.; Farley, A.J.; Dixon, D. J.

O

TFA (15.51 equiv)

CH,ClI,
rt, 3h

12°



Synthesis of (10)

Ph N3 CFs
Ph)\;/
HN
o Me CFk;
@) O
N (5 Mol%)
)=0 PPh; (7.5 mol%)
)T toluene
7 60 C, 24h
84 %

Himalensine A

H O
H
@@ TFA (10 equiv)
N ¥ CH,Cl,
O\\< 0) rt, 5h
O
8

Trifluoroacetic acid
(TFA)

O

i OH
E

OH O

(L)

HN—({ H
o)

Ho
Pd(OH)2

NaHCO,
rt, overnight

63 %

13



Synthesis of (15)
/Br

OH O : OH O O HO
(1.50 equiv)
ﬁ@ NaHMDS (2.10 equiv) ﬁ@ LiAIH, (2.0 equiv) MeOH G@
DMF - THF - HCl
HN H 0 OC, 15 min Q\/N H 10 OC, 15 min rt, 1 h Q\/N H
O O 95% ©
10 11 12
O . . OTIPS - OTIPS
MsCI (0.15 equiv) 2,6-lutidine (2.5 equiv) BusSnH (2.0 equiv) Bu,Sn
EtsN (0.28 equiv) G@ TIPSOTf (2.0 equiv) @@ AIBN (0.4 equiv)
CH,Cl, CH,Cl, toluene N o
N H . N H o
rt, 5h = 5 rt, overnight = 5 90 c. 2h
' @)
95% 86% 80%
13 14 15
Sodium bis(trimethylsilyl)amide  Methanesulfonyl chloride  Triisopropylsilyl trifluoromethanesulfonate 2 6-Lutidi 2,2'-Azoisobutyronitrile
(NaHMDS) (MsCl) (TIPSOTY) -o-Lutidine (AIBN)
~ A . O N
/gI\N’él\ H,C-5—Cl FsC— s o-\s|(4< | Y 7< N><
NP o) 6 =

14



Mechanisms for Step (14) to (15)

OTIPS
AIBN (0.4 equiv)

BuzSnH (2.0 equiv)

@ toluene

N H o
= 90 C

O
80%
14

Mechanism:

_CTTIN"S 5
NE v7< 9 C
OTIPS
.SnBu3 + @@ _—
N— *H
= 0
14

OTIPS

BusSn N
\\K o
N

Himalensine A

/\\rﬁ—/‘SnBu3
2 NEC4< *  N=N

OTIPS

(L

TS

2,2'-Azoisobutyronitrile
(AIBN)

Triisopropylsilyl

> NEC%H *t  .SnBug

OTIPS

TS 15
+ 'SnBU3

(TIPS)




Synthesis of (17)

OTIPS

HolAr ) (1:2)

CSA (1.05 equiv) Crabtree’s catalyst (0.20 equiv)

’

CH,Cl, CH,Cl,
0 c. 30 min t, 1h
97% 92%
15 . 16 17
Protometalation
Protodestannylation
Triisopropylsilyl  Camphor-10-sulfonic acid () Crabtree Cyclohexyl
(TIPS) (CSA) catalyst! (Cy)
Y, H P
SO, =
& ° h ) (O
>7)\ % Cy3P7|r\5

1. (1,5-Cyclooctadiene)(pyridine)(tricyclohexylphosphine)-iridium(l) hexafluorophosphate

16




Mechanisms for Step (16) to (17)

OTIPS OTIPS
H2/Ar(g) (1:2)

Crabtree’s catalyst (0.20 equiv)

CH,Cl,
r, 1 h
92%
16 17
Mechanism:
OTIPS
®_ O
Q-
' N
D /S
Cy3P/ \\
O ~ |
L XN _
16
Triisopropylsilyl Crabtree Cyclohexyl
(TIPS) catalyst! (Cy)

B Oy O

CySP’



Synthesis of (20)

OTIPS
Oxygen
NBS (1.05 equiv) p-TsOH (5.94 equiv)
CH,CI, reflux, 24 h
rt, 5 min pyridine
82% 65%
17 18

NaHMDS (1.20 equiv)

Y

PhNTf, (2.5 equiv)

— o
78 C, 30 min
THF
19 20
Triisopropylsilyl N-Bromosuccinimide p-Toluenesulfonic acid  Sodium bis(trimethylsilyl)amide  N-Phenyl-bis(trifluoromethanesulfonimide)  Trifluoromethylsulfonyl
(TIPS) (NBS) (p-TsOH) (NaHMDS) (PhNTf;) (OTH)

F.CO,S. _SO,CF
Br O, oH ~d L SRt VIt
- i

Y \ S _Si. Si_ e
5y o~ joR o) o



Synthesis of (24)
-

(2.98 equiv)
O ,
Pd;(dba)s (0.15 equiv)
OTf DTBPF (0.3 equiv) IMHCI )
N NMP THF \[
rt, 30 min r, 5h
© 96% 87%
20 Negishi Coupling 21 2
2
cP oH
®N o)
QVN\/ TMDS (10.74 equiv) o O
(0.49 equiv) Vaska's catalyst (0.1 equiv) formic acid \ ,
EtOH, Et3N - toluene - MeOH %
60 C,6h 60 C, 10h N
75% 67%
. 24
Stetter Reaction 23
Tris{dibenzylid?lr;zil(c:;:r;s)dipaIIadium(D] ‘I,1'-Bis{di—ten-t}LE;%IBpgoFs;phino}ferrocene t?}.—;:t]w N-Methy(l-;;py}rrolidone Vaska's catalyst? ‘I:1,3,S—Tetﬁm%lgi.rldisiloxane Formic acid
O Zn O T PR | 0
<;/K/\ Br THF <O\/K/\ZnBr ([ [ :"? (,_Bu),p..a:”—} %E— SN HoH H oH

rt, 3h

19

2. Bis(triphenylphosphine)iridium(l) carbonyl chloride



I\/Iechanlsms for Step (23) to (24)

Vaska's catalyst (0.1 equiv)

TMDS (10.74 equiv) formic acid
toluene MeOH
60 C,10h
67%
Mechamism:
o © B o O ]
Vaska's catalyst (0.1 equiv) formic acid
\K \K +  HOSiMe,
TMDS (10.74 equiv) MeOH
toluene ,
@) OSiMe,
23 hemiaminal iminium
intermediate ion _
o 1,1,3,3-
formic acid , 5 . . . .
Vaska's catalyst Tetramethyldisiloxane Formic acid
MeOH (TI\/I DS)

Cl
Q — _diodin j\
co H H H”  OH

L 2
2. Bis(triphenylphosphine)iridium(l) carbonyl! chloride

20



Conclusion

* First total synthesis of (—-)-Himalensine A in 23 steps.
(Highly efficient and scalable steps)

e First enantioselective IMDAF reaction.

Ph N; CF,

Ph/l\w/)
H HN
CF

O O
(5 Mol%)

PPh; (7.5 mol%)

toluene

60 C 24h
84 %

Himalensine A



Thank You For Listening

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiw6sGdk6vgAhUOUt8KHYC6DLkQjxx6B
AgBEAI&url=https%3A%2F%2Fdepositphotos.com%2F41441791%2Fstock-illustration-cartoon-
chemist.html&psig=AOvVaw21koLylquOx5EKHaDb_W1s&ust=1549677893534548
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Mechanism for (1)
 An acid-catalyzed Dieckmann-type reaction

Scheme 2. Preparation of the Model Substrate 9a

Ph———CO,Me OH O
6a MeO,C

. NaH LiCl .
O - =
THF reflux PN DMSO, 120 °C Ph
EtO,C

79% EtO,C 83% EtO,C
7 _ 0O o _ 8a 9a
|
Ph
i oj“\o Et _

Org. Lett., 2011, 13, 664 2 5



Mechanism for (2)

» Krapcho decarboxylation

LiCl
DMSO

150°C

O

R)H + CO, + CHsCI

R!

™

O

Jb(@ 5
O T R™ ™

R*

https://en.wikipedia.org/wiki/Krapcho_decarboxylation

260



Mechanism for (5)

Nat. Prod. Rep., 2015, 32, 605
https://en.wikipedia.org/wiki/Cyanuric_chloride

21



DPPA and Curtius Rearrangement

O

- (@]
P NaN3 (1.2 equiv) N, * B /@
Cl- >0 R N0
© O
: Acetone
rt, 4 h ©/
96 % diphenyl phosphorazidate
Synthesis’ 2004, 8, 1303 (DPPA)

COOH Et3N
t-BuOH
reflux, 18 h
92 %

Curtius Rearrangement
J. Am. Chem. Soc.,1972, 94, 6203
J. Org. Chem., 1999, 64, 3595
Tetrahedron Lett., 2007, 48, 1939

DPPA (1.0 equiv) 0

tert-butyl furan-2-ylcarbamate

https://blogs.yahoo.co.jp/organicchem12/1373185.html

2
PhO-F~Nj,
FhO (DPPA)
NEt, .
0 R'OH
R—{ - )-oR
OH R -NH
D D S G "’D'l
— -l P
R—e_‘ ,NEs . R—/(_f_/ PhO-F~Ng —= RA 0
O-H 0 PhO ( O-F,-OPh
+N, OPN
R:;‘JH o
0 - OR \ RT@_:
WP L . )
R -NH R foH R N*



Details about Mechanisms for Step (7) to (8)

29



Iridium-catalyzed

23

Mechamism:

o O

OSiMe;

hemiaminal
intermediate

TMDS (10.74 equiv)

Vaska's catalyst (0.1 equiv) formic acid
toluene MeOH
60 C,10h
67%

TMDS (10.74 equiv)

Vaska's catalyst (0.1 equiv)

=

toluene

formic acid

MeOH

iminium
ion

HOSiIMe;

Organometallics 2019, 38, 852 30



Protodestannylation

OTIPS OTIPS
BusSn
CSA (1.05 equiv) w
N o CH,Cl, YN o
0 30 min
O < o
97%
15 16

— —%
Bu Bu OTIPS

o ©
SOzH -0
o — ; § ‘0
o
O o- 5h- BU

OTIPS 3 GQ
o\\ O@ O\\ OH BusSn
S\\/ + S\\ + \\[ o
(@) (@) E— R
O O N \

o
o}
OTIPS

S"B“s Chem. Soc. Rev., 2017, 46, 4329-4346
B ; Organometallics, 1982, 1, 586—590
J. Organomet. chem., 1980, 201, 233.
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Mechanisms for Step (18) to (19)
0 o [ - o o )

Oxygen Me
p-TsOH (5.94 equiv) . Me\[ c) DABCO, air Me\i o
reflux, 24 h N g N
0
oyridine 4 CoMe 9% J CoMe
65% gram scale
18 19 \I.\Am. Chem. Soc. 2017, 139, 14893. Li, J.; Zhang, W.; Zhang, F.; Chen, Y,; Li, A. j
Plausible Mechanism: ) i ) )
y-radical combination with oxygen and Kornblum DelLaMare rearrangement
Oxygen
p-TsOH (5.94 equiv)
reflux, 24 h B
pyridine
18 B TS-1 TS-2 B 19
DelLaMare rearrangement
R R' R R' p-Toluenesulfonic acid  1,4-diazabicyclo[2.2.2]octane
| | B | | (p-TsOH) (DABOC)
R—C—0O—0—C—R' - R—C + H—O—C—R' o)
| | N\ \._OH

M R o > Jor ®

https://en.wikipedia.org/wiki/Kornblum%E2%80%93DelLaMare_rearrangement

33




	Slide Number 1
	Introduction
	Retrosynthesis
	Synthesis of (5)
	Synthesis of (7)
	Synthesis of (8)
	Mechanisms for Step (7) to (8)
	More details About Prototropic Shift/BIMP
	More details About Prototropic Shift/BIMP
	Intramolecular Diels-Alder furan reaction (IMDAF)
	Bifunctional Iminophosphorane Organocatalysts
	Bifunctional Iminophosphorane Organocatalysts
	Synthesis of (10)
	Synthesis of (15)
	Mechanisms for Step (14) to (15)
	Synthesis of (17)
	Mechanisms for Step (16) to (17)
	Synthesis of (20)
	Synthesis of (24)
	Mechanisms for Step (23) to (24)
	Conclusion
	Thank You For Listening
	Slide Number 23
	Slide Number 24
	Mechanism for (1)
	Mechanism for (2)
	Mechanism for (5)
	DPPA and Curtius Rearrangement
	Details about Mechanisms for Step (7) to (8)
	Iridium-catalyzed
	Protodestannylation
	Slide Number 32
	Mechanisms for Step (18) to (19)

