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[2+2] Cycloadditions of allenes

[242] Cycloaddition of allenes with enones.
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Total synthesis of Muscone by a intermolecular [2+2]

cycloaddition
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Synthesis key structure of Bielschowskysin by a
Intarmolecular [2+2] cycloaddition
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Synthesis of the bicyclo[2.1.1] hexane substructure of
Solanoeclepin A
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Formal synthesis of (x)-pentalenene
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Phosphine-catalyzed [3+2] cycloadditions
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Phosphine-catalyzed [3+2] cycloadditions
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Synthesis of Aspartic acid analogues through [3+2]
Cycloadditions
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Synthesis of (+)-geniposide through [3+2]

Cycloadditions
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Enantioselective [3+2] cycloadditions
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Phosphine catalyzed [4+1] Annulation
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Plausible mechanism of [4+1] annulation

[4+2] annulation
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Phosphine-promoted [3+3] annulations of aziridines
with allenoates
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i, 72 h EtO,C
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entry R R? product yield (%)° dr (trans/cis)®
| H (1b) 2-MeC¢H, 3b 88 90:10
2 H (1c) 3-MeC¢H4 3c 82 86:14
3 H (1d) 4-MeCgHy 3d 64 89:11
4 H (1e) 2.4-Me,CgHj3 Je 82 81:19
5 H (1f) 2.5-Me,CgH, 3f 08 92:8
6 H (1g) 4-FCeH,4 3g 76 88:12
7 H (1h) 2-CICgH4 3h 46 97:3
8 H (1i) 3-ClCgHy 3i 86 83:17
9 H (1j) 4-CIC¢H, 3j 84 90:10
10 H (1k) 3-BrCgH, 3k 38 83:15
11 H (11) 4-BrCgH, 31 73 88:12
12 H (Im) 2-naphthyl 3m 38 85:15

Ohyun Kwon etc, J. Am. Chem. Soc, 2009, 131, 6318-6319



Suggested mechanism of [3+3] annulation
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[4+2] and [4+3] Cycloadditions of allenes
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» catalytic cycloadditions through metallacyclic intermediates
» catalytic cycloadditions through zwitterionic intermediates
* reactions promoted by lewis-base catalysts

* reactions promoted by transition metal catalyst
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Transition metal catalyzed [4+2] cycloadditions
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Enantiospecific Rh-catalyzed [4+2] allene-diene cycloadditions
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Metal catalyzed [2+2+1] cycloadditions of allene-diene
cycloadditions
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Rh-catalyzed cascade cycloadditions of bisallenes

p—" ",

K
E » i E
17‘ E@/\tdgeh
(2)

trans-[RhCI{CO)PPh,).]

M (8 mobh)
toluene, reflux, 2 h
1a 69 %
[Rh'] E=CO,Me

Shengmin Ma etc, Angew. Chem., Int. Ed., 2005, 44, 5275-5278.



[4+2] cycloadditions of vinyl allenes and alkynes
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[4+2] cycloaddition of vinylallenes and 1,3-diene
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Hetero [4+2] cycloaddition between allenes and enones
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Hetero [4+2] cycloaddition between allenes and enones
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catalytic cycloadditions through zwitterionic intermediates

Reactions promoted by Lewis-base catalyst
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Lewis-base catalyst [4+2] cycloadditions
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Synthesis of (=)-Hirsutine through Imine-Allene [4+2]
annulation
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Ohyun Kwon etc, Org. lett., 2012, 14, 4634-4637



Asymmetric [4+2] cycloadditions between allenonates

and imines
|Ts
RoMNgs XD;I 5% ( R)-1 HUCOQH
\Hr P O-Et CHClo, r.t. e CO.B

entry R ee (%)° cis:trans isolated yield (%)
1 Ph 08 91:9 03 OO
2 3-MeCsHs 98 03:7 98
3 3.4.5-(MeO)3CgsH> 96 06:4 86 P—t-Bu (A)-1
4 4-(MeO)CgHy 08 03:7 42
5 ‘-1--C1C5H4 96 91:9 90
6 3-BrCsHy 99 89:11 98
7 2-(NO,)CsHy 68 06:4 98
8 2-CICeHy 60 79:21 75
9 2-naphthyl 99 03:7 96
10 2-furyl 97 87:13 98
11 3-pyridyl 97 91:9 76

Gregory C. Fu etc, J. Am. Chem. Soc, 2005, 127, 12234-12235



[4+2] cycloadditions of allenoates and ketones
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Ph p-MePh 11:1 66%
Ph p-CIPh  25:1 85%
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Song Ye etc, Org. lett., 2010, 12, 4168-4171



[4+2] cycloadditions of butadienoates with aldehydes
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Ohyun Kwon etc, Org. lett., 2008, 10, 429-432



All carbon [4+2] cycloadditions of allenoates

/=<CN . COMe ,, (10 mol%) MeO,C,  CO,fBu
Ar CN CO,tBu THF, RT, 24 h :g
3 4a AF 5

Entry  Ar (5) cisltrans”  Yield (%) ee (Yo)?
1 C¢Hs (5a) 86 : 14 92 08
2 4-CF3-CgHy (5h) 84 : 16 89 93
3 4-Ft-C¢Hy (5¢) 82 :18 91 08
4 4-OMe-CgHy, (5d) 83 :17 89 95
5 4-F-C4H, (Se) 82 :18 92 95
6 4-Br-CgH, (51) 78 : 22 88 95
7 3-Cl-C¢H, (5g) 85:15 96 99
8 3-Br-C¢H, (5h) 85 : 15 94 99
9 3-Me-CgH, (5i) 81:19 93 08
10 2-F-Cg¢H, (5)) 71:29 89 95
11 2-Me-CgH, (5k) 76 : 24 90 99
12 2-Ethynyl-C4Hy (5I) 77 : 23 85 01
13 2-Cl-C¢H, (5m) 75 : 25 95 08
14 3.4-Cl-Cg¢H; (5n) 82 : 18 92 08
15 2-Furyl (50) 60 : 40 86 93
16 2-Thiophenyl (5p) 79 : 21 93 97
17 2-Naphthyl (5q) 87 : 13 94 97

’~

F;C

OSi(TMS);

NH

PPh,

21

CF3

Yixin Lu etc, Chem. Sci., 2012, 3, 1231-1234
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y-substituted allenoate [4+2] cycloaddition

Ph

J

o

N
Bz

0 PPh3 (20%), toluene, rt
T }OH 23, 87%, dr> 955
S

o 22 O0CO,Et
PPh, (10%), THF, 60°C
=N CO,Et
"PPh, OF'h Ph
Speci dask -
| Zwitterionc intermediate. | Ph 24, 98%
o)
pFlh3 o PPha PPh3
E H shlﬁ
.[ II!
—/E
Ph—/ / 3 addition “ @'\’%Z
PPh,
D o J PPha
=L o'
N N
C
1 E = CO,Et

Arnaud Voituriez etc, Org. lett., 2013, 15, 4002-4005



Allene as 4C-atom component in [4+3] cycloadditions

o
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Ohyun Kwon etc, J. Am. Chem. Soc, 2011, 133, 13337-13348



Allene as 4C-atom component in [4+3] cycloadditions
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catalytic cycloadditions through zwitterionic

Intermediates
Reactions promoted by transition metal catalysts

Intermolecular [4+3]

Me Me
Phr TJ)K(‘Q— H O

0 N}LG
}—N 4 @ f7 PR (32,32%) Ph \ |
g\) CuOTF (25 %) s 0
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f 33
Acetona, CHaCls, -78%C 91%, 99% es
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O |
oA o Se Qe
N — ...._ N /
R \[l -45°C ,|

\
| =3
ﬁ
_2ao“}

endog: .X
2b Qo

Richard P. Hsungetc, J. Am. Chem. Soc, 2005, 127, 50-51



Synthesis of the azatricycle core of parvineostemonine
through [4+3] cycloaddition

ZnCl; (2 equiv)
-45 °C, CH,Cl;

Boc
BOG DMDO (6 equiv) 0 Aw
M.S.4A o D
Ph'«‘/ H 07)\

93%, d.r. 95:5
F'Cyg

PCY::,
(20 mol%) o
> O
07)\

CH,Cl,, 40 °C, 48 h
7)\ 36%

B 0
0] 0‘(
BT
Ph Ph o

1,3-dipolar

G‘}Z

parvineostemonine

Richard P. Hsung, Org. lett., 2007, 9, 1275-1278



Au and Pt-catalyzed intramolecular [4+3] cycloadditions of

Hi
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X

R5
R® a4 R*
[M] l
[M]
~An R
X 2
\_.S\_IZEHE
L ”

3
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KX

X =CR,, NR, O, ...: R = alkyl groups

allene-dienes

R R4
36whenR'=H

[M]: PtCI, or
Pr Pr
iPr ﬁalu ‘Pr
'Bu ‘erU
L
P—Au-Cl { AgSbFg

{JohnPhosAuCl)

e

Me

TS for 34

Ry, Ry, R = Me

Fernando lopez etc, Angew. Chem. Int. Ed, 2008, 47, 951-954



Au catalyzed enatioselective intramolecular [4+3] cycloadditions
of allene-dienes

- >"F’h
)\H = OP ) 1
ales iy v
/-\( ar (5 mol%) N
TsN R (R,R,R)-37: Ar = 9-anthracenyl (
- no-
T\ / AgSbFg (5 mol%) g
CH,Cly -15°C -> 1t
n R? R? yield ee
1 H Ph 74%  95%
1 Me Me 78%  95%
1 Me iPr 76%  95%
2 Me Me 95%  98%

Fernando lopez etc, Angew. Chem. Int. Ed, 2011, 50, 11496-11500



Au catalyzed [4+3] cycloadditions in natural product

synthesis
RO —.==
Ar
———— MeN RO o OR Ar
Boc \ :
transannular [4+3] H
Cortistatin A, 1 2

[L-Aul 1 2-H shift O
allene activation deauration
[L .Au]
['— A“] 1,2- alkyl shift/
— deauration

o)
N/
generation _/

of a cationic [4+3]

intermediate

Benjamin W. Gung etc, chem. Eur. J. 2010, 16, 639-644




Au catalyzed intramolecular [4+2] cycloadditions

R [IM]: PICl,, or
' r
)\ R H R Pr ‘Pr
; R? = R2 —
2 B
XM M.. X R or X M M
RS "R RS ) ﬁf .
\ / H k Pr Au Pr
3 4
R » R R R3 =3 lerAUCl} Cl If.AngFa
34 36 when R'=H B
[4+3] rEu\I .
P—Au-Cl f AgSbFg
.

R' Bu o R!
)\Rz /@, P-AwC H | {JohnPhosAuCI)
a4 By 5 [AGSbFs
R

X
\—\\_;\f'R [4C+2C] :

34', R, R? = alkyl groups 43
X =CRy, NR, O, 4
[4+2]
[Au] Me  Me Me Me
Me O‘j @
Au Fitt| Au
,;,L_ [ ]% [Au] [ ]MEHE v
q/ Me 4 l Mf—‘ 1,2-H shift
Me [4+3]
N\ / \ f'
ring
1b* W' contraction |_[F'"-'] <ﬁ

H ap

Fernando lopez etc, J. Am. Chem. Soc, 2009, 131, 13020-13030



Au catalyzed intermolecular [4+2] cycloadditions

Q

X
{ R
N/go RE~\ R [Au] (5 mol%) — \’J
%Jf + _\|f > R? R4
1 CH,Cl, _

/.
f/ 49 [4+2] |, 50
R' R3
Z:E>937
X =0, CH, R?, R*=H, Ph, Alkyl, OMe,.. 52 - 99% yield
R'=H, CH, R3=Me, H
Pr 'Pr
[Au]: AuCl or N. N
Pr Au 'Pr
|
(IPrAuCly CI/ AgSbFg
T 2
- 3 J
N /A = g WP
e —— + Q/ N ’/ + \.,__-
1d 2a 3da 4da N
A B

L — (Au] O}”O /QO “5
/l\/NJ - |

| A (A

o .

Fernando lopez etc, chem. Sci., 2011, 2, 633-637




Au catalyzed enantioselective [4+2] cycloadditions

o 0
§_
Ve r}\‘:’ 54 (5 %) A 7 N\)

R? \ / R4/ AgNTf, (5%)

. 2IIH- sull '4

R1_// + ‘\_( = R<I 'R
CH,Cl, -50 °C

49 R®
50 RS
] R'" R? R® R* vyield ee
94

N—Ad H H H Ph  88%  99%®°

NN H H  Me Ph 8% 95%

Cy Au H Me H Ph  85%  94%

Cl H H H Me 71%  91%

OO H Me H Me 56% 87%
Me Me H Ph 51%  91%P

54, Ad: 1-Adamantyl 4 Carried out at -78°C; P Carried out at 10 °C

Fernando lopez etc, J. Am. Chem. Soc, 2012, 134, 14322-14325



conclution
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=
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CHClj, rt or refl X O o
1 3 Ux 4 Y
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% OR! ® D‘e’
Der, 0 RsP”~ ™7 “OR!
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Iﬂ ArCHO ArCHO i
Ar De )
Y@\}rf\cozm P
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3' PR4 3
ArCHO R = bulky 1 R # bulky

PR3 ‘ R1OH Ar O (8] —}\
DDEH F'Ha (-,__‘ e P H3
Ar = - Ar 0. .0
W Af o o R 1 O {-E)PHS
O0y© | 4 =
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Ar 210
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