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Introduction




Structural properties
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» Molecules with chiral axis leading to “extended tetrahedral” shape.
» Two sigma and two pi bonds with central C being sp-hybridised.

» Has hybrid character of an olefin and an alkyne thus show reactions of both
olefin and alkyne.



Spectroscopic properties
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HC=CH H,C=CH,

73.8 ppm 122.8 ppm




Spectroscopic properties
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<

v=1960 cm1and 1050 cm 1

HC=CR H,C=CHR

2260-2100 cm 1 1620-1680 cm 1



Allene in synthesis
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» Considered a chemical curiosity for a long time.

 van't Hoff predicted the correct tetrahedral structure of allenes and higher cumulenes
in 1875 but most chemist had their doubts.

* First reported synthesis was in 1890 and was initially an attempt to disprove the
existence of this class of compound.?

1) J.H. van’t Hoff, La Chimie dans I'Espace, Bazendijk: Rotterdam, 1875

2) B.S.Burton, H. von Pechmann, Ber. Dtsch. Chem. Ges. 1887, 20, 145



Allene in synthesis
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AcO

Peridinine

* More than 150 natural products have allene functionality.

« All allenic natural products isolated until now are chiral and have been isolated in
non-racemic form.

« Structures of many natural products having allenes were wrongly assigned which
were corrected once IR and Raman spectroscopy became prominent.

* From 1984-2004, more than 8000 papers have been published on allenes.

1) J. H.van’t Hoff, La Chimie dans I'Espace, Bazendijk: Rotterdam, 1875; 2) B.' S. Burton, H. von Pechmann, Ber. Dtsch.

Chem. Ges. 1887, 20, 145. Modern Allene Chemistry- N. Krause, A. S. K. Hashmi



Allenes as precursors in total synthesis




Allenes as precursors in total synthesis

* Cycloaddition reactions: [2+2], [4+2] and miscellaneous
* Transition metal-catalysed cycloadditions
* Transition metal-promoted cyclisations

* Acid-catalysed rearrangements

* Allenoates




Cycloaddition reactions

* [2+2] cycloaddition
Periplanone B: American Cockroach pheromone

O
hv ether MgBr
[2+2] ) KH, 18-crown- 6 H
72% 48% 2 steps
2:1dr
1) 175 °C
PhCH;
2) hv, PhH
5-cis 5-trans
15 periplanone B

S. L. Schreiber, C. Santini. . Am. Chem. Soc. 1984, 106, 4038



Cycloaddition reactions

* [2+2] cycloaddition
(£)-Gibberellic Acid: Plant growth hormone synthesised industrially.

—— 03, MeOH
CH20|2, hv NaHCO3
-70 °C, 69% -70 °C, 86%

H
CO,H
(x)-Gibberellic Acid

K. Kanematsu. Tetrahedron Lett. 1989, 30, 971



Cycloaddition reactions

* [2+2] cycloaddition
(£)-Subergorgic Acid: Isolated from Gorgonian coral, show cardiotoxic properties.
o)

1) MsCl, pyridine
2) NaBH,4, MeOH

2) L-Selectride
3)0804, NaIO4

COOH

T

(x)-Subergorgic Acid

C. lwata. J. Org. Chem. 1988, 53, 1623



Cycloaddition reactions

* [4+2] cycloaddition: Allene as diene component
cis-Dehydrofukinone

= _~__OR , _~__OR
| 1) nBuLi 1) MeLi
N 2 o ) 2) H,0 )l
OR 3

O

Y
/

R =SiMe,tBu

H
OR
ELAICI - . N
c:t2:1 X
51% o

cis-Dehydrofukinone

H. Riech. J. Am. Chem. Soc. 1986, 108, 7791



Cycloaddition reactions

* [4+2] cycloaddition: Allene as diene component

(+)-Sterpurene: A metabolite of fungus responsible for silver leaf disease in trees.

HO
y = PhSCl |Ph(O)S 38 h S(O)Ph H
7 e EtsN . 70 % AN , N
[\ | Q\ : [
74 “ H H

(+)-Sterpurene

W. H. Okamura. J. Am. Chem. Soc. 1989, 111, 3717



Cycloaddition reactions

* [4+2] cycloaddition: Allene as dienophile component
(—)-Dysidiolide: Phosphatase inhibitor

BnO BnO

TBDMS j

TBDMS

H tol, 120 °C
+ /U\ >
)\6 COOEt sealed tube
30%

M.E. Jung. J. Am. Chem. Soc. 1999, 121, 3529

(-)-Dysidiolide



Cycloaddition reactions

* [4+2] cycloaddition: Allene as dienophile component
Euryfuran: isolated from marine sponges.

PGO PGO PGO
m tBuOK, tBuOH> | N .
83 °C
O @] (@] @) @ @)
; :0:/ ~
OPG
— —_—
R o -
N
HO

Euryfuran

S. Soejima. Heterocycles, 1991, 32, 1483



Quiz Time

Ph
R
Meo OR_.— mCPBA
SnBu3 >
N—pmp
MeO O
o

N
MeO N >;,\’1 48h, 92%
Me

CO,Me




Cycloaddition reactions

* Miscellaneous cyclisation/cycloaddition
(pL)-Rocaglamide: Potent insecticidal, anti-fungal, anti-inflammatory and anti-cancer

activities.
OR Ph
MeO — mCPBA _
SnBus >
N PMP
MeO o OMe
(bL)-Rocaglamide
4 pi
CON
@ OH
Ph RO
OR O +
MeO \.§< H MeO \ Ph
SnBU3 >
N -SnBusX AN PMP
PMP MeO o
MeO O ©

A.J. Frontier. J. Am. Chem. Soc. 2009, 131, 7560




Cycloaddition reactions

* Miscellaneous cyclisation/cycloaddition
Vindoline: Precursor to anti-cancer drug Vinblastine

o
N
NNy | TPB.230°C
O R
N .\ 0
MeO Me >/N 48h, 92%
CO,Me Vindoline
[4 + 2]
O
N N,
A [TIIO ""Et
MeO N N MeO
Me

D. L. Boger. Org. Lett. 2015, 17, 5460



Transition—Metal Catalysed Cycloadditions

* (-)-a-Kainic acid: Possesses neuroexcitatory properties.

O Me Me
MeLi. ZnCl,, Ni(COD), HO,C
Ti(OiPr)4 57% R
O}/O \\\\\‘{\j HOZC\ H
= -)-a-Kainic acid
R Y N o (-)-a-Kainic aci
o4 _—COR
//N NiLn
o Y
\\”\'H
H

J. Montgomery. J. Am. Chem. Soc. 1999, 121, 11139



Transition Metal Catalysed Cycloadditions

*Testudinariol A: Isolated from skin and mucus of marine mollusc.

Testudinariol A

10 mol% Ni(COD),, ZnMe,

Ti(OiPr)4, THF, 0 °C 62%

@)
Y

J. Montgomery. J. Am. Chem. Soc. 2002, 124, 9366




Transition Metal Catalysed Cycloadditions

* Hydroxymethylacylfulvene: Potent anti-tumor agent.

Me
Me Mo(CO)s, DMSO Me CHOH
NG toluene, 110 °C X o
Me S 10 min, 69%  Me Med
HO
HO G1Bs OTBS o)

Hydroxymethylacylfulvene

J. Petersen. J. Am. Chem. Soc. 2000, 122, 4915



Transition Metal Catalysed Cycloadditions

* (+)-Aphanamol:

(+)-Aphanamol

0.5 mol% [Rh(CO),Cl],
0.1M, toluene, 110 °C

30 min, 93%
OBn
Oxidative Reductive
addition elimination
Ln
N N Rh
RhLn Rotation and strain —
driven cleavage
H H OBn

OBn

P. A. Wender. Org. Lett. 2000, 2, 2323




Transition Metal Catalysed Cycloadditions

* Guanacastepene A: Good activity for vancomycin resistant pathogens

Guanacastepene A

10 mol%
Rh[(CO),ClI],

e
' o

toluene, CO (1atm)
80 °C, 65%

R = SiMe,Ph

K. M. Brummond. Org. Lett. 2003, 5, 3491



Transition Metal promoted cyclisations

* Pseudopterane (-)-Kallolide

Pseudopterane (-)-Kallolide

)| MsCl, EtsN )| Pd(PPh3); )|

\ CH,Cl,, -78 °C CO, ROH

N H .
HO' "N 100% MO N 75% N
COOR
R= CHQCHQSiMeg,
R=H
Ph;P AgNO5
MeCN 73%
87% >
COOR
R= CH,CH,SiMe3 (85:15) Pseudopterane (—)-Kallolide

R=H

J.A. Marshall. J. Org. Chem. 1996, 61, 5729



Transition Metal promoted cyclisations

* Clavepictines: Show anti-fungal, anti-cancer and anti-tumor properties

Y H
W NH
iPrySio’ AOON i .,
3 ] AgNO3 I-Prssio\ + IPr3SIO
™
o CotHi7 CoHt
. 48% 7%
Et3S|O CGH17 OSIEt3 OSIEt3
H
WV N
RO
™
NN
CeH13

R= Ac (Clavepictine A)
R= H (Clavepictine B)

J.K. Cha. J. Am. Chem. Soc. 1999, 121, 10012




Transition Metal promoted cyclisations

* Clavepictines:

H e [
e — b

OSiiPr, \l( H
_ y _
'TI H Me H
Me rgt Y PrsSio s
OSIIPr3 /\‘\\ ¥
— Y —J

Y OSiiPr;

H
MwH
S .
N
Y
OSiiPrs

J.K. Cha. J. Am. Chem. Soc. 1999, 121, 10012



Acid Catalysed Rearrangement

* (+)-Methylenomycin: Active against Gram-positive and Gram-negative bacteria

~ (CF5CO),0, 2,6-lutidine PhSH, Et;N SPh

TP i THF, 0 °C, 859
_ o o) 5 —_—
CH,Cl,, - 20 °C, 75% oTHP ,0°C, 85%
OTHP

Y

dr4.5:1

(x)-Methylenomycin

S. Trehan. J. Org. Chem. 1989, 54, 46



Allenyl Organometallic intermediates

OBn O ——H OBn OH
= C
WJ\H Bu3Sn/_ Me= W\/
Me BF4°OEt, (88%) Me Me
94:6 dr

1) Hy, Pd/C

N-CbZ CF3COOH

CHy 2

H pr— )
O

HiC OH

(+)-Homopumiliotoxin 223G

J. A. Marshall. J. Org. Chem. 2002, 67, 2751; C. Kibayashi. Tetrahedron Lett. 1998, 39, 2149



Allenoates

COOEt ? /COOEt
M _ = or COOMe
N CoOMe K2COs, 4AMS, Qﬂ/ COOMe N
H 78% g
I OMe I OMe OMe
L - OMe

OMe

OMe
(-)- Lasubine I

W. Zhu. Org. Lett. 2001, 3, 3927



Quiz Time

o. Me

| NBu,OAc
’ O Me CH,Cl,/H,0

> A _ > B
85%
O

R = COOMe




NBU4OAC
CH,Clo/H,0

Betamethasone

D. R. Andrews. Tetrahedron Lett. 1996, 37, 3417




Allenes in natural products




Synthesis of methyl (R,E)-4-methyltetradeca-2,4,5-trienoate

* Insect pheromone from dry bean beetle

_.\\\\/COZMG

H
methyl (R,E)-4-methyltetradeca-2,4,5-trienoate

o i)OHC MeO,C
[ NCZQN j
S COzMe L8 9 pwgcl, 78°C
, p-Tol > p Sy -
o y ii) Ac,0, 40% brsm AcO [ “p-Tol 10 min, 81% ee ax_COyMe
8117 95% - =
2 steps CeHqy H 0 H N

methyl (R,E)-4-methyltetradeca-2,4,5-trienoate

K. Sakai, Tetrahedron, 2002, 58, 2533



Synthesis of methyl (R,E)-4-methyltetradeca-2,4,5-trienoate

Mn(CO) \ Mn(CO)
I Mn(CO)2 H Mn(CO), CgHq7 | 2
CgH17 THF CgH17 DBU : H _| H
E— > —_— : o# + o—_<
\— CHO \—==_CHO 51%, 2 stops 082'? CHO H>= cHO
exo endo
98 : 2
= Q. HN— = = j
4 o), H,N-NH O H e 4 Mnco), CH.COCO.H Han(co,
>:. | H - >:o_l:\\ + >:._:_\\\:NNHR 3 2 - >: _I_.\
CHO = NH,NHR CgH | “H AcOH/H,0
CgHq7 ( 2 ) 87 NNHR\ CsgHi7 95% CgH47
35% 35%
H>: '\:"“(\c\;ﬁ)Z (MeO)le\’IOEHzCozhie H \Mn(Cg)z FeCls, -20 °C
— a i 0 X _CO,M
CgH17 CHO >95% ee 85% .:\\\/ oMe
71% CgH17 | H
CO,Me

M. Franck Neumann, Tetrahedron Asymmetry, 1998, 697



Synthesis of Peridinine

AcO

Peridinine

* Highly oxidised C-37 nor-carotenoid.
* isolated from the planktonic algae dinoflagellates which causes red tides.

* It has an allene and a ylidenebutenolide function in the main conjugated polyene
chain.

* solated in 1890. However correct structure assigned in 1971 and first total synthesis
in 1993.

S. Katsumura. Angew. Chem. Int. Ed. 2002, 41, 1023



Synthesis of Grasshopper ketone.

NGO
— \OH
i) H HO

Grasshopper ketone

C. H. Eugster. Helvetica Chimica Acta, 1990, 700



Synthesis of Peridinine

ot 1) CO, Pd(PPh3), i) (-) DET, Ti(OiPr),, CHO
MeOH, Et;N, 97% OH TBHP, 92% de, 99% "0
e . o) - ~\\
TBSO i) LiAlH,, 87% TBSO i) (COCI)Z,tDMSO, TBSO
quant.

|
CHO / W\COzMe
i) [CICH,PPhs]+CI

v,

TBSO SO tBuggt;0 HO PA(PPhg), Cul o
i) MnO,
i) Ac,0O
iii) NaBH,4
85%
H

i) MBT, PPhg, DIAD
78%

O N -
{ < DN WOH
S $ :© i) (NH4)6M07024, H20, ACO N
S 89%
OH

S. Katsumura. Angew. Chem. Int. Ed. 2002, 41, 1023




Synthesis of Peridinine

i) O _TBS
q DIPEA, allyl
PPhsBr - bromide
i) '0,, TPP, ho TBSO 70%
73% HO

I) CBr4, PPh3
i) TBAF

i) Pd(PPha), MnO,

ii) HCOOH
49%

S. Katsumura. Angew. Chem. Int. Ed. 2002, 41, 1023




Synthesis of Peridinine

NaHMDS

—_—

O N
72
/,S—<S]©

Peridinine

S. Katsumura. Angew. Chem. Int. Ed. 2002, 41, 1023



Synthesis of (=)-Kumausallene

o) OH
Mes3Si)sSiH
BnO” Y~ “COSePh (MesSi)y 50 come = Bro — Vi O
O 70% 2 Br Br
CO,Me 0 o) .
0
Br  Br
H o H H i) BF30OFt, HH H H o H H
Et z . EtCH(SiEt;)CH=CH, > O ) | - O ]
N [ EH 3 85% o \“\\H i) FeCl, BnO N
s HOH Br ii) CBry, PPhg o’ Br i) SO3.py, DMSO o H Br
350/0 Up tO 95% 251 dl’

(=)-Kumausallene

P. A. Evans Angew. Chem Int. Ed. 1999, 38, 3175



Synthesis of Isolaurallene

o H 7

LiCuBr, _ hPPTS
57%

Isolaurallene

M. T. Crimmins. J. Am. Chem. Soc., 2001, 123, 1533




Thank You...
Questions or Suggestions???




