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Selected natural products containing seven-membered ring skeleton

(-)-colchicine

pseudolaric acid B

@)
H
@)
H " "
Me H

furanether B harringtonolide

rameswaralide

OH
HO \
OH ve %7 e
Me
] H
oH
cyclocitrinol

Among them, the most famous molecule is Colchicine, which is a commonly used drug in

the treatment of gout.
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Main type of intermediates involved in [5+2] cycloadditions

OAC f‘s AN
OH //O R']:_\ | t \
II O/\i§:o I \*,,' N _
_ RZ&NTS
@)

pyridinium- and
quinolinium-mediated
[5+2] cycloadditions

Oxidopyrylium-mediated
[5+2] cycloaddition

=
[5+2]cycloadditions =

of vinyl cyclopropanes (VCPs) [: //

formal [5+2] cycloadditions
of vinylphenols, alkylidenes ||
and arylanilines OH/NHR

seven-membered rings
via [5+2] cycloadditions

[5+2] cycloadditions of
3-acyloxy-1,4-enynes (ACEs)

O

OJLR

B
=z

(@) H. Pellissier, Adv. Synth. Catal. 2018, 360, 1551. (b) K. E. O. Ylijoki, J. M. Stryker, Chem. Rev. 2013, 113, 2244. (c)
K. Gao, Y.-G. Zhang, Z. Wang, H. Ding, Chem. Commun. 2019, 55, 1859. (d) L. Min, X. Liu, C.-C. Li, Acc; Chem.
Res. 2020, 53, 703. (e) X. Liu, Y.-J. Hu, J.-H. Fan, J. Zhao, S. Li, C.-C. Li, Org. Chem. Front. 2018, 5, 1217.
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Main type of intermediates involved in [5+2] cycloadditions

Wyt PN

| 2)\/ NTs

pyridinium- and
quinolinium-mediated
[5+2] cycloadditions

OX|dopyryI|um-med|ated
[5+2] cycloaddition

\/\/ seven-membered rings

via [5+2] cycloadditions

[5+2]cycloadditions =z \/
of vinyl cyclopropanes (VCPs) [: //

formal [5+2] cycloadditions
of vinylphenols, alkylidenes ||
and arylanilines OH/NHR

[5+2] cycloadditions of
3-acyloxy-1,4-enynes (ACEs)

O>=O

R

X
- y

(@) H. Pellissier, Adv. Synth. Catal. 2018, 360, 1551. (b) K. E. O. Ylijoki, J. M. Stryker, Chem. Rev. 2013, 113, 2244. (c)
K. Gao, Y.-G. Zhang, Z. Wang, H. Ding, Chem. Commun. 2019, 55, 1859. (d) L. Min, X. Liu, C.-C. Li, Acg; Chem.
Res. 2020, 53, 703. (e) X. Liu, Y.-J. Hu, J.-H. Fan, J. Zhao, S. Li, C.-C. Li, Org. Chem. Front. 2018, 5, 1217.
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From 2008 to 2021, Natural products were synthesized by [5+2] cycloaddition
reaction as a key step

shikoccin
O-methylshikoccin
epoxyshikoccin
O-methylepoxyshikoccin

cerorubenic Acid-lll rabdo-hakusin
pharicin A vinigrol phomarol
pseudolaric acid B harringtonolide colchicine preuisolactone A cerorubenic Acid-lll
frondosin A
2007 | 2013 2017 2019 2021
............... | >
1885 2010 2015 | 2018 2020
first observation of englerin A vellosimine  cyclocitrinol stemarin
[5+2] cycloaddition
o-pipitaol epicolactone rhodomollanol A
furanether B santalin Y

For reviews, see: (a) K. E. O. Ylijoki, J. M. Stryker, Chem. Rev. 2013, 113, 2244. (b) L. Min, X. Liu, C.-C. Li, Acc. Chem. Res. 2020, 53, 703. (c)
X. Liu, Y.-J. Hu, J.-H. Fan, J. Zhao, S. Li, C.-C. Li, Org. Chem. Front. 2018, 5, 1217. (d) L. Min, Y.-J. Hu, J.-H. Fan, W. Zhang, C.-C. Li, Chem.
Soc. Rev. 2020, 49, 7015. (e) K. Gao, Y.-G. Zhang, Z. Wang, H. Ding, Chem. Commun. 2019, 55, 1859. For selected examples, see: (f) J. Hu, Z.
Jia, K. Xu, H. Ding, Org. Lett. 2020, 22, 1426. (g) B. Wang, Z. Liu, Z. Tong, B. Gao, H. Ding, Angew. Chem. Int. Ed. 2021, 60, 14892. (h) J.
Gao, P. Rao, K. Xu, S. Wang, Y. Wu, C. He, H. Ding, J. Am. Chem. Soc. 2020, 142, 4592. (i) X. Liu, J. Liu, J. Wu, G. Huang, R. Liang, L. Wa.
Chung, C.-C. Li, J. Am. Chem. Soc. 2019, 141, 2872. (j) L. Min, X. Lin, C.-C. Li, J. Am. Chem. Soc. 2019, 141, 15773. (k) J.-H. Fan, J.-J. Wang,
F. Li, G. Wang, Q. Guo, L. W. Chung, C.-C. Li, CCS Chem. 2021, 3, 348. (I) X. Liu, J. Liu, J. Wu, C.-C. Li, J. Org. Chem. 2021, 86, 11125. (m)
A. J. E. Novak, C. E. Grigglestone, D. Trauner, J. Am. Chem. Soc. 2019, 141, 15515. (n) B. M. Trost, Y. Hu, D. B. Horne, J. Am. Chem./Soc.
2007, 129, 11781. (o) B. M. Trost, J. Waser, A. Meyer, J. Am. Chem. Soc. 2007, 129, 14556.
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Intramolecular [5+2] cycloaddition

EtO0,C CO,Et

OTBS  MeOT, 40 °C:
:

O CsF, 25 °C

R =H, Me, Bn, allyl

R'= OMe, F, Cl 1,5-dipolar 2

40-90% vyield

Intermolecular [5+2] cycloaddition

R3
, 0
R OH MeOTf, 40 °C
N\ + | | >
Nh“ o0~ “Me Me,NPh, 25 °C

3 4

R' = Me, Bn
R2=H,F, Cl
R3=H, Me

This is the first dearomative indole [5+2] cycloaddition with an oxidopyrylium ylide

G. Mei, H. Yuan, Y. Gu, W. Chen, L. W. Chung,C.-C. Li, Angew. Chem. Int. Ed. 2014, 53, 11051 S
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Type Il intramolecular [5+2] cycloaddition

R3
R R Me Me
Z N=-R?®

2 Me N Me
R? X H
OAc =6 (TMP, 1.5 equiv.)
W\ »
7
U R MeCN
R8 100 or 160 °C

Q
6, acetoxypyranone -

B OTBS TBson
. 2

o) 0 0
7a, 90% 7b,88% 7¢,92% 7d,92%
dr = 1.6:1 dr = 1.3:1 dr > 20:1 dr > 20:1

OTBS

O O
7e¢,90% 7f,91% 79,61%
dr=1.3:1 dr=1.7:1

10
G. Mei, X. Liu, C. Qiao, W. Chen, C.-C. Li, Angew. Chem., Int. Ed. 2015, 54, 1754,



[5+2]
bridged bicycle

OBn OBn O Me OBn 9)
OH 7 steps " VLOEt Me
—_— e
S = U S U
MsClI, iPr,NEt
Me  OH 46% (CoB/Cgoa = 8:1) Md CO,Et
8 9 10

pyranone

K. C. Nicolaou, Q. Kang, S. Y. Ng, D. Y.-K. Chen, J. Am. Chem. Soc. 2010, 132, 8219. 11
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OBn @)
Me 4 pto,, H,

é
@ 2. Pd/C, H,

Me COEL 80% (2 steps)
10

K,CO3

92%

77% (2 steps)

(x)-englerin B (13) (x)-englerin A (14)

K. C. Nicolaou, Q. Kang, S. Y. Ng, D. Y.-K. Chen, J. Am. Chem. Soc. 2010, 132, 8219. 12
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Total synthesis of harringtonolide

Me

O\ > Me
X;O

0]

l
i H

harringtonolide (23)

— 3

acetoxypyranone
M. Zhang, N. Liu, W. Tang, J. Am. Chem. Soc. 2013, 135, 12434.

( [5+2] cycloaddition
' H —
R S NAT
< G Rl— | Aoy,
< Yz BN
_ “CO,Et O & ~o
[ ~OH - 4H
H H

OR

17, R =TBS

OH

1. MeMgBr, THF
>

RO\ >

3. K,COg3, EtOH
78% (3 steps)

w 2
HO E

<

74

Me

18, R = TBS

13
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18, R = TBS

1. TESCI, TEA
-

2. MMPP

(o) H
e}
[ i

Oxidopyrylium-mediated [5+2]cycloaddition | ¢

PhS I—(-\LDA 0O
H PhS HH
PhSH, BF3eEt,0 @) 3 LDA, HMPA 4 5
> ) LARO M > S [rody e
Me H ~>=0 68% (2steps) Me H ~=0
S\ 1' substitution | H O . _ [ 0]
H anionic ring-opening process p H
) _ :' --------------------------- (-)- -------------------
H H ' @) 9
> / > :
3. Sml, ' M .0
~_ _ARO_ z—Me ~ _ARO z—Me 0 g
N )Y DMPU AN : O
Me H 7;0 Me H 7;0 O‘OH
MRS 70% (3 steps) [ ~O 3 ;
" ) 21 tMMPP = magnesium monoperoxyphthalate;

M. Zhang, N. Liu, W. Tang, J. Am. Chem. Soc. 2013, 135, 12434.
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OTES @) @)
H . N N
/N 1. Oy, TPP, light \ HO M Pb(OAc),, benzene \ o\
~_ARO _3Me NN\ Ve . NENF Ve
= 3 Me e} 52% Me
M X7 o 2.DBU =0
| o~  3.TSOH, CDClg I e [T~o
H H H
H 0
21, R =TBS 34% (3 steps) hainanolidol (22) harringtonolide (23)
Oy, TPP, light TSOH, CDCl4 :
H OTES 0 OT58
base \':O > bBU - = E
& ERO\ =— Me Kornblum-DeLaMare ERO\ =— Me
Me H ~=0 rearrangement Méyo™\ H ~=0 ; O O
B (T
24 25 E\TPP: Tetraphenylporphin'f
15

M. Zhang, N. Liu, W. Tang, J. Am. Chem. Soc. 2013, 135, 12434.
N. Kornblum, H. DeLaMare, J. Am. Chem. Soc. 1951, 73, 880.
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E PFL [5+2] cycloaddition of pyridinium and quinolinium ylides R g

.......................

Rh-catalyzed [5+2] cycloaddition of pyridinium ylides

3

R
| X N=N Rhy(esp), (1.5 mmol%)
R -
R

3 benzene
R
26 27 28
N:N\NTS N, [Rh(11)] [Rh]
S < U _NTs A NTs
27 30 31
N”N‘NT A
5 ~ S I . | N | N
N R 27 1 ” +_ +
I _ —_— R N (‘NT — R1 N _ - R N/
1 N 2 ZNIs
R N Rhy(esp)s R[R/h]_ o X _NTs R2™ ~NTs
33
26 isolable3azzomethine
COoMe CO,Me CO,Me CO,Et
— COsMe — CO,Me = CO,Me = CO,Et
~ AN AN AN
\N_NTS \N_NTS \N_NTS \N_NTS
h; h; Ph Ph
Me Me Me
29a, 82% 29b. 80% 29¢, 88% 29d, 83%

D. J. Lee, H. S. Han, J. Shinand E. J. Yoo, J. Am. Chem. Soc. 2014, 136, 11606. L7
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.......................

Gold-catalyzed [5+2] cycloaddition of quinolinium ylide

Y N
|
] ~,,-Ph AUCI (5 mmol%)  R'T Wl
] / +/ + é. N N / \
N ' - Ts
I NT Ts THF, 25 °C RZ'K\_
R? S NTs o
1,4-diazepine
..... isolable a¥8methine 35 35, 8198%yield
I Ph
(] / / N % ’Ph
N !I's =° '}l

36% Au (1)

[Au] Ph
- - |
N\
N j;,\(’ Ts
NI A
)4\N,Ph
|
R2 \N N Ts
L Ts _ [Au] Ph
C 1.1 N N /N\
R4+ + TS
y/ ltl/ B

34
N. De, C. E. Song, D. H. Ryu, E. J. Yoo, Chem. Commun. 2018, 54, 6911. 18
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.......................

1
R Fischer indole synthesis ] i
ring-expansion

vellosimine (R' = R? = H; 58%) (43)
N-methylvellosimine (R' = H, R? = Me; 52%) (44)
10-methoxy-vellosimine (R' = OMe, R? = H; 63%) (45)

[5+2] cycloaddition
h\
7 7 @) \n/ O
|J:\

Me

Aggarwal’s chiral ketene equivalent oxidopyridinium

S. Kriger, T. Gaich, Angew. Chem., Int. Ed. 2015, 54, 315. 19



'ProNEt

77%

TMSCH,N,, n-BulLi

OH
Me £ N
YT A
37 38
Aggarwal’s chiral
ketene equivalent
H
5 steps N
i N OMe
H S
Me

MeQOH, silica

80%

Y

Me

07N

vellosimine (R' = R? = H; 58%) (43)
N-methylvellosimine (R' = H, R? = Me; 52%) (44)
10-methoxy-vellosimine (R1 = OMe, R? = H; 63%) (45)

[5+2] cycloaddition of pyridinium and quinolinium ylides R NN

.......................

oxidopyridinium R@\ N-bridged
y (NH;

N
> '

Z "OMe -
X AcCl, MeOH; H,O
41 Me

Fischer indole synthesis

phenylhydrazine

S. Kriger, T. Gaich, Angew. Chem., Int. Ed. 2015, 54, 315. 20
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= PI- L [5+2] cycloaddition of pyridinium and quinolinium ylides { ™ _

.......................

Ring expansion

TMSCH,N,, n-BuLi

MeOH, silica

80%

TMSCHZNZ»-\n_BuLi

H. Liu, C. Sun, N. Lee, R. Henry, D. Lee, Chem. Eur. J. 2012, 18, 11889.
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Me O + Me Me O
OH + OH OH
- -
| @) Me @) Me | 07 Y Me
Me™ Me B Me®™ Me D
Me OH N
o Me S\ OH Me S OH
tetralin
—_— —_— Me + .& Me
O Me concerted N
| reflux _ H
Me~ "Me fashion Me Mme Me pme

perezone (50)

I

LA, 0°C

a-pipitzol (51) B-pipitzol (52)

57%, 1:1 thermal
98%, 9:1 BF3eEt,0O

36%, 1:3 AICl;eSMe,

DCM \

(@) J. M. Sanders, Proc. Chem. Soc. 1906, 22, 134. (b) F. G. P. J. Remfry, Chem. Soc. 1913, 103, 1076. (c) F. Walls,
J. Padilla, P. Joseph-Nathan, F. Giral, J. Romo, Tetrahedron Lett. 1965, 21, 1577. (d) F. Walls, J. Padilla, P. Joseph-
Nathan, F. Giral, Tetrahedron 1966, 22, 2387. 23
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Oxidative dearomatization-induced (ODI) [5+2] cascade reaction

k(')Ac
Pb(OAc);
]
\HO R ACO HO R
R3 Pb(OAc), (1.05 equiv.) RS R?
R?
R4
X R* CHCls, -40°C S
5
RS 56 R 57
53
dipole umpolung
‘\(l)Ac
(Pb(OAC),
O
R3 >
N
LY
@) OAc @) OAc @) OAc
Me Me Me Me Me
N\ AN N\
57a, 61% 57b, 54% 57¢, 52% 57d, 65%

J. C. Green, T.R.R. Pettus, J. Am. Chem. Soc. 2011, 133, 1603. 24
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Oxidative dearomatization-induced (ODI) [5+2] cascade reaction
OH O

MeO PhI(CF5CO,),, HFIP, 0 °C H

| 0
blcyclo[3 2 l]octane

A\ ODI-[5+2] /_\ Pinacol-_type_
\ cycloaddition @ 1,2-acyl migration /__\
> o > @
HO ) o
OMe MeO

58 - 59 - 60

0O 0O O O O

H H H Ve H H
Ph Ph Ph
0 o) o) O Me O
Br Me
60a, 85% 60b, 67% 60c, 63% 60d, 82% (20:1 dr) 60e, 76% (10:1 dr)

C. He, J. Hu, Y. Hu, H. Ding, J. Am. Chem. Soc. 2017, 139, 6098. 25
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__________________________________ f
OAc formation

Total Syntheses of Pharicinin A, Pharicinin B, 7-O-Acetylpseurata C, and Pseurata C
enone
Me

OAc
o stereoselective

diketone reduction

OAc
ODI-[5+2] cycloaddition
N Me \)
| 7 Me \, OH Me - - 7
Meoﬁ Me 1,2-acyl migration
HO OH OH
pharicinin A (61) 62
_ Me Eschenmoser-Tanabe
1,2-addition . Li Me = SN fragmentation <
)
4 LiO * ’
AcQ® X L~ 0
OMe Me Me
64

1. 1BX, DMSO

Jig
1. HbN™ "NHNH,eHCI, NaOAc
r r
2. H,O,, NaOH 2. Pb(OAC),
85% (2 steps)

Eschenmoser-Tanabe
fragmentation

C. He, J. Hu, Y. Hu, H. Ding, J. Am. Chem. Soc. 2017, 139, 6098.

26
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X
1. HoN™ "NHNH,eHCI, NaOAc
y
2. Pb(OAc),
Eschenmoser-Tanabe
fragmentation
NHR 1
acid, base J— Nl R? acid, base // R
or heat . (@ or heat R2
()
X )y R2 - N2 O
(@]
X = 1 or more 70 7 72
y = 0 or more n=0or1

S

¢ C N,
R TN

Base - N%
*N”.. :N°..°R - N7 (R
I I () P PR //
o — g —> ¢ ~ — + INEN: + R
. |‘ ‘.. e cee? N
CSee? Ceo? - O— O

C. He, J. Hu, Y. Hu, H. Ding, J. Am. Chem. Soc. 2017, 139, 6098. 27
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. . OAc
1. H,, SiO,, Lindlar cat. PhI(CF5CO,), OH
OMe y Me
K2COs, HFIP Me e @ Me
68 2. n-Buli, . L ) 75
73 74, 0-OH : B-OH = 3:1 bicyclo[3.2.1]octane
Me ODI [5+2]/1,2-acyl migration cascade
OAc OAc
1. DMP, NaH003> 1. Ac,O, DMAP p-TsOH
Me > Me
2. NaBHj, MeOH Me " ihDHILAZ p—Me 2. NCS, TBACI, TEMPO Me oA Me  retro-aldol
* S fragmentation
83% (2 steps) HO &4 85% (2 steps) HO) 9
2.5:1 (at C12) 76 77
OAc OAc OAc
OH CoH transannular
—— > Me
Me —~— Me 1 Me
Me ] aldol cyclization Me \&A
Mﬁ Me Me oA & Me
O @) HO
78a 78b 79

steric repulsion

C. He, J. Hu, Y. Hu, H. Ding, J. Am. Chem. Soc. 2017, 139, 6098. 28
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Total Syntheses of Pharicinin A, Pharicinin B, 7-O-Acetylpseurata C, and Pseurata C

OAc OAc
@]
1. L-Selectride Me
Me Me T on Me > Me oA
M& 2. methylene blue HO
HO O,, hv, MeCN; OH
79 then TCCA pharicinin A (62)
LIOH| 94%
singlet oxygen ene reaction Phl(OAc), 92%
TEMPO v
OAc OAC QAc
@) o) v O
Me Me3SnOH e ‘
Me —\OH - Me Me T Oa Me et
e Me /
96% HO
HO HO OH
pseurata C (82) 7-O-acetylpseurata (81) pharicinin B (80)
29

C. He, J. Hu, Y. Hu, H. Ding, J. Am. Chem. Soc. 2017, 139, 6098.
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Total Syntheses of Pharicinin A, Pharicinin B, 7-O-Acetylpseurata C, and Pseurata C

OAc OAc

1. L-Selectride @)
Me > Me :
Me ~\oA Me 2. methylene blue Me Meoﬁ
O,, hv, MeCN;
HO 2 HO OH
79

then TCCA
: , pharicinin A (62)
singlet oxygen ene reaction
L-Selectride TCCA
-H,O
OAc OAc
/\ 0-OH
Me 0, Me
Me oA oY » >
HO” ene reaction HO allylic hydroperoxide
S — o
~ XR \
Os_N_-O
- =/
<O O> - <\ 0 » {77 T f
2 -, N
— [4+2] [2+2] l_k)(R cm e
O
\_ TCCA )
M. Prein, W. Adam, Angew. Chem., Int. Ed. Engl. 1996, 35, 477. 30

Fisher, T. J.; Dussault, P. H. Tetrahedron Lett. 2010, 51, 5615.
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E P N L [5+2] Cycloaddition of vinyl cyclopropanes : [>//_//

[5+2] cycloaddition of vinyl/allenyl cyclopropanes
R1

R2 R R?
[Rh(CO),Cl], (5 mol%)
VA . o - D\
;v/§ dioxane, 80 °C
Z
85 86
Me Me Me Ph Me JPr
TsN TsN TsN
86a, 80% 86b, 62% 86¢,78%
Me Me Me Me
TsN NsN MsN
86d, 73% 86e, 78% 86f, 75%

In 2017, Yu group discovered that vinylcyclopropane can reacted with allene by rhodium(l)-catalyzed intramolecular [5+2]
cycloaddition to synthesize the challenging bicyclo[4.3.1]decane skeleton 39

C.-H. Liuand Z.-X. Yu, Angew. Chem. Int. Ed. 2017, 56, 8667—8671
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F v
=P-L [5+2] Cycloaddition of vinyl cyclopropanes |

[5+2] cycloaddition of vinyl/allenyl cyclopropanes

Y4[Rh(CO),Cl], Me y
' o
/ 2
Rh(CO)CI v o
X B
>V 1

reductive cyclopropane
elimination cleavage

insertion

C B 33
C.-H. Liuand Z.-X. Yu, Angew. Chem. Int. Ed. 2017, 56, 8667—8671

4
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[5+2] cycloaddition of vinyl/allenyl cyclopropanes

co Me MeO,C—N MeO,C—-N
2 100 °C o2 0
o —>» o} + [[
’ 0
Ph 89a © 89b

homopyrrole

COzMe
?OzMe COzMe .
. |’| _100°c, coaMe
WD Lo \
87 90 91 CO,Me
homopyrrole
0) 80 °C ©
(2 0 0 > o .
0]
93 (@]
94a

homofuran

Proposed mechanism

; 5 7 8 , 2 2 g
4/ 6 42N6 R——R 3
— T P —> 3 1
3 X1 3 X7,
2 2 R'87 R R8 7R
= masked
X=0,NR 1,5-dipoles cencerted [5+2] transition states [5+2] products

............

(a) F. W. Fowler, Angew. Chem., Int. Ed. 1971, 10, 135; (b) R. Herges, I. Ugi, Angew. Chem., Int. Ed. 1985, 24, 594.

(c) P.-J. Cai, F.-Q. Shi, Y. Wang, X. Li, Z.-X. Yu, Tetrahedron 2013, 69, 7854
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Hetero-[5+2] cycloaddition of vinyl aziridines and vinyl oxiranes

R
/R R _Rh
Rh catalyst \ NTs
X - v NTs —_— X
MTS — =

(E)or (Z2)-95 96, up to 99% ee
up to 99% ee chirality-transfer strategy

J.-J. Feng, T.-Y. Lin, H.-H. Wu, J. Zhang, Angew. Chem., Int. Ed., 2015, 54, 15854.

/——=R' R’
X [Rh(NBD),]BF, (5 mol%) 770 R?
\ O > X _ SR3
2 DCM or DCE H
3
97 R 98 (X = C(CO,Me),, R' = Ph, R?=R3 = Me), 72%
99 (X = C(CO,Me),, R' = Me, R? = Me, R® = H), 75%
100 (X = NTs, R' = Ph, R?=H, R® = "Pr), 72%
J.-J. Feng, J. Zhang, ACS Catal., 2017, 7, 1533.
o)
O. Pd,(dba)s-CHCl3 (2.5 mol%) NSO
R TT80, N » R v 2
: + Z N
NN \ DPEphos (7.5 mol%), TBAB (10 mol%)
oL /
101 102
103 Ar

............

Y. Wu, C. Yuan, C. Wang, B. Mao, H. Jia, X. Gao, J. Lia, F. Jiang, L. Zhou, Q. Wang, H. Guo, Org. Lett. 2017, 19, 6268.
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Organometallic Radical Cyclization

Addition \
0

O&*—M
e
O>x ya———— Acylation oMo
HOC A O\ —> Ho Me ———
H CO,Me
Me Me Me® g OH
pseudolaric acid B (104) 105
=\ PTBOPS  15.5] cycloadditon
TBSO wwn "n .
X > TBSO
Me H
106

: —» :

||| + OQA/OTBDPS — T |||

TMS 109 ™S 107

108

OTBDPS
Rh(C49Hg)(COD)ISbFg (10 mol%
sl - O)> TBSO)Q;?'""/ ), pseudolaric acid B (104)
88%, 15:1 dr me”
106

B. M. Trost, J. Waser and A. Meyer, J. Am. Chem. Soc. 2007, 129, 14556. 36
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e P " L [5+2] Cycloadditions of 5-carbon organo-metallic complexes gﬁﬁﬁ‘m”;

Co(CO)3}

Me Me Me Me  _ Me Me
Me . Me PFG Me + Me PF6 Me + Me PFG
Co R—R' Go  R? 60 °C Co  Re
— > R — ;
< DCM, rt R
=N y
R" = Me, Et, Ph :
2 1 ’ ’ R R ]
R® R R, R? = H, Me R R
110 R'=H, Me, OEt, "Pr, TMS 111 112, 26 - 99%
B Me 7] Me
OH Me Me Me Me
R2 Cp*Co(CH,CH,),, HBF4¢OFEt, Me” |, Me KPFg, H,0 Me” |, Me FPFe
| | > Co —_— Co
R acetone, -78 °C | Y -
113 RZQ
pentadiene L R i R2 R
110
Me B . x . N Me
Me Me _ Ce* Cp A Ce Me Me
+ -
PF C
Me d Me F'6 /CI?_ /;l:-o\ - _0 Co Me 1 Me PFe
o 0
4 7 R 7\ N L
R R R R — "
2 1 R R '
R
R - A B c D - R s
110 alkyne coordination insertion transannular cyclization

This process can be considered as a novel “interrupted Nazarov” cyclization, in which the cationic intermediate is intercepted
prior to the electrocyclization.

R. D. Witherell, K. E. O. Ylijoki, J. M. Stryker, J. Am. Chem. Soc. 2008, 130, 2176-2177.
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R
X + IQ/R - cycloheptane derivatives
l/
(OC)3sCdE—Co(CO), (OC)3C0=—Co(CO)3

118 * 119 1 ?0

B O IPS . + 1
OTBS Cor (OTBS QTIPS
M N R
© + Me™ ™
q
B (OC)3CO_CO CO (OC)gCO'/__CO(CO)?, _
A B intramolecular oxonium trapping
O OTIPS OTIPS OTIPS OTIPS
) )‘Qph /w\/ )W
(OC)3C04—CO(CO)3 (OC 3Co—Co(CO OC)3C0—C0 (CO); (OC)3C0—C0 CO)3
120a, 69% 120b, 77% 120c, 76% 120d, 86%

M. Kudo, F. Kondo, H. Maekawa, T. Shimizu, M. Miyashita, K. Tanino, Tetrahedron Lett. 2014, 55, 1192.
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furanether B (129)

OTIPS
@) Me
H Co(CO
——> Me Go(CO)s Me + |( s
Me (\ \
Co(CO)s Co(CO)3
H Y OTIPS Y5,
OTIPS

K. Mitachi, T. Yamamoto, F. Kondo, T. Shimizu, M. Miyashita, K. Tanino, Chem. Lett. 2010, 39, 630. "
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[5+2] Cycloadditions of 5-carbon organo-metallic complexes | rﬁﬁ

Co (00)
OTIPS
Co(CO)3
S
0 Me I Co(CO)3
0] 7 steps
M Me OBz 123
o 2

Me

121

*
EtAICI,, DCM
OTIPS
122

1. TMSOTf, EtsN
2. CF3C0,Ag, 2,6-lutidine

H OH H O
Me (0O CAN Me o
v .
> Me CO(CO)3 Me \
3. DIBAL-H H CH3CN, H0 ¥ Y
34% (4 steps) / \
OTIPS (@]
125 126
NaBH4, THF-H,0
> Me .@
then aqg. HCI

91% (2 steps)

’ o)
1. DIBAL-H
a0,
H

’
- e 0 Zp
2. Tf,0
3. LIBHEt,
OH OH
127

43% (3 steps)
128

furanether B (129)
K. Mitachi, T. Yamamoto, F. Kondo, T. Shimizu, M. Miyashita, K. Tanino, Chem. Lett. 2010, 39, 630
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Summary

EPFL
=
l"‘/’ OAC "‘\
Oxidopyrylium-mediated:" /o Pyridinium- and quinolinium-mediated
[5+2] cycloaddition ' | [5+2] cycloadditions
”~...-O—"¢" o ;“‘
/ “‘
Q 'R1 an N
A
|“‘ Z&N'I"S":

~ .
~ -
-------

Me —Xzo
LH

vellosimine (R =
N-methylvellosimine (R1

10-methoxy-vellosimine (R1

R? = H; 58%) (43)
H, R? = Me; 52%) (44)

OMe, R2 = H; 63%) (45)

harringtonolide (23)

(£)-englerin A (14)
[5+2] cycloadditions
of vinyl cyclopropanes (VCPs)

pseudolaric acid B (104)

This seminar mainly introduce five kinds of strategies to synthesize 7-membered ring and its application in natural product
As you can see, every strategy has unique feature, but these two strategies are most commonly used in total synthesis
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Scheme 23. [5 + 2] Cycloaddition via Group Elimination

O
() on2er Do, (N
0 MeOH  MeO 2] Ac.O, py 0
DAc
Q i 134 °C
\ CDC
gsaglad ﬂ.lh-a
<
o - O O~

5 00 R! MeO,C—=— EDEM&
dimerization
product B2 u:lr

42% (R' = R? = CO,Me)
35% (R' = H, R2 = S0,C,Fy)
9% (R' = H, R? = CHO)

45



=Pr-L

proposed mechanism (with R' = R?=R*=R®=R% = H, R® = Piv):
t-Bu

Scheme 36. Intramolecular [542] cycloaddition of inverted

3-acyloxy-1.4-enynes and alkvynes. 16



acid catalyst

-H,O
R1
H\@./H
N_. _R3
| e N
g

ene-hydrazine

Fischer indole synthesis

arylhydrazone

R2
R1\_2
riC h N—R®
I
L s
N
H
+
R1
RQ
| = —
R4-—— /N—R3
=
N
H

ene-hydrazines

1. 3.3]
2. - NH,H

1.[3,3]

2. - NH,H

Substituted indole
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Eschenmoser-Tanabe fragmentation

Synthesis of cyclic alkynones: Synthesis of acyclic alkynones and alkynals:
~NHR
N ~NHR
acid, base N .
or heat . R acid, base
- ( or heat
-MN 0 =
2 N,
x =1 or more . R2 :
Cyclic alkynone Acyclic alkynal or
y =0 ormore ) - n=0or1 alkynone

R = tosyl, 2,4-dinitrophenyl; R-2=H, alkyl; when RZ =H, then the product is an alkynal, and when RZ= alkyl, then it is an alkynone

L |

Ts = p-toluenesulfonyl

+ N=N + Ts

Cyclic alkynone
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Eschenmoser-Tanabe fragmentation

T T =
=M -+ W= =—
— I,E N=N + X=(C=0

et
TABLE . o,p-Epoxyketone derivatives and thermolysis products
o, f- Semi- Oxadia- Acetylenic Isolated
Epoxyketone carbazone zoline carbonyl yield (%)
X
| "
0 rl'thCDNHR }.:; O
0 & 44°71*
Dﬁv ¢ \ Q w

| 6 R=H 13 X=0 20

T R = CgHs 14 X = NCgH:

MCsHs
MMNHCOMHC H; ["Eﬁ 0
-ﬁrf\Tﬁ':HO 518

0 O - “ '
, 8 15 21
H,C CiH CH, CHy HC ™~

HyC ?L/Ja N ‘ 3,647
’ AN v It o
\ )
MHCOMHR ¥

3 9 R=H i6 X = NH i

1 R = CgHs 17 X = NCgH;

MacAlpine, G. A.; Warkentin, J. Can. J. Chem. 1978, 56, 308.
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Table 1. Optimization of the ODI-[5+2] Cycloaddition/
Pinacol-Type 1,2-Acyl Migration Cascade”

OH O 8]
MeO oxidant MeQ
z — = H ‘& + +
solvent, 0 °C 0
. 0 I OCH(CF3)2
12a 13a 14 15
yield (%)"

entry oxidant solvent 13a 14 15
1 Pb(OAc),* CHCl, 7 15
2 PhI(OAc), CHCI, 16 30
3 PhI(OAc), TFE 42 23
4 PhI(OAc), HFIP 63 <5 18
5 PhI(CF,CO,), HFIP 78 <5 <5

“Unless stated otherwise, the reactions were performed with 12a (0.2
mmol) and oxidant (1.1 equiv) in solvent (4 mL) at 0 °C for 20 min.
“Isolated yields. “Run at —40 °C for 10 min. TFE = 22,2
trifluoroethanol, HFIP = 1,1,1,3,3,3-hexafluoro-2-propanol.

J. Am. Chem. Soc. 2017, 139, 6098-6101
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Heterolytic fragmentation

H r*O—OCI
}"'XOR

H

~0
_|_
:L’{J\DF{

ocl

Scheme 4. Mechanistic possibilities.

Fisher, T. J.; Dussault, P. H. Tetrahedron Lett. 2010, 51, 5615.
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