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1. Introduction

Aromatic acetylenes are capable of giving rise to unique
structures as well as electronic properties due to their skeletal
persistency and richr electrons. Traditionally, the coupling
of terminal acetylenes has been the most common method
to build such framework%.The Sonogashira reaction is
perhaps the most populait is very versatile yet suffers
from a few drawbacks. Somewhat chemically labile terminal
acetylenes must be used, the homocoupling of which results
in diyne byproducts. The products are contaminated by
residues of transition-metal catalysts and occasionally dif-
ficult-to-remove colored impurities. Alternatively, elimination
reactions can be employed. The elimination of substituted
carbon-carbon double or even single bonds is a traditional
mode of generating carbertarbon triple bonds. Many _ , _ _
classical elimination protocols are employable for construct- Junzo Otera was born in Hyogo, Japan, in 1943. He received his
ing molecular architectures of structural interest. Moreover, undergraduate as well as graduate education at Osaka University.

liminati . Iso h b f Immediately after earning his Ph.D. degree in 1971 he became a research
newer elimination reactions also have been emerging 10 qhemist in Central Research Laboratories of Kuraray Co. In 1979 he moved

satisfy the needs generated by the increased sophisticatiory Okayama University of Science as Associate Professor and has been
of molecular designs. Since the Sonogashira protocol hasFull Professor since 1986. In the meantime, he has served as a visiting

already been documented elsewhere, elimination-based synprofessor at many universities in Japan, the United States, France, Spain,
theses of aromatic acetylenes are the subject of this reviewand Australia. Since 2005 he has had a chair at Hunan University in

to show the usefulness of this old but still growing China as a Chief Scientist. His research interests are focused on aromatic
methodology. In the next section the general features of acetylene chemistry, Lewis acid catalysts, and green chemistry.
elimination processes are summarized; their applications tobe noted that this review deals wifhrelimination only.
furnish structurally complex or interesting aromatic acety- Althougho-elimination of geminal dihalides also gives rise
lenes will be described in the subsequent section. It shouldto acetylenes, this reaction involves the rearrangement of

10.1021/cr050560m CCC: $59.00 © 2006 American Chemical Society
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Scheme 1

Pd(OAC)g R! L ’ Pd(OAC)2 R!
+ = 02

EtOH/H,0 R 2 " dioxane/H,0 o)

R-C=C-R2 + HyO R?

intermediary carbenes, and thus, elimination is not the key occurred with a chloro olefin derived by the Wittig reaction
step leading to acetylenic bontfs. of chloromethylene triphenylphosphorane (eq'31,4-
Dehydrobromination is also feasible. Thus, a bromo-1,2,3-
triene was transformed into a diyne upon treatment with

2. Elimination Reactions BnMesNOMe (eq 4)12

2.1. Simple Alkenes

H Cl H H _
c=c.  + c=c n-C4Hgli  R-c=C-H
As described later, alkynes are usually derived from R H R (o ®)
functionalized alkenes, yet nonactivated carboarbon HsC.__CH,
double bonds have been converted into the corresponding R = @[
triple bonds on occasion. Dehydrogenation can be effected CHa

in the presence of oxygen by use of Pd(CA@)mobilized
on oligop-phenyleneterephthalamide in 70% ag. H&IO

EtOH/HO (Scheme 1§.The reaction is not always selective Bn(CH3)3N60H3

because a ketone is formed as a byproduct in some casesy Br - HBr
1,2-Diarylethenes and 1,4-diaryl-1,3-butadienes underwent — Ph———=—-pPh
dehydrogenation upon treatment with t-BuOK in DMF under P Ph 48-91%
air (eq 1)/
Wittig reactions ofo-chloroarylmethylphosphonates were
NO. NO, followed by dehydrochlorination to furnish aromatic acety-
2 lenes in one pot (eq 3¥. Analogously, a-iodomethylene
O O triphenylphosphoranes were used for the synthesis of pro-
piolic acids (Scheme 3) and acetylenic ketones (Scheme
t-BuOK
= Il (1)
n DME n Scheme 3
O O . KoCOs |
n=1or2 PhgP._CO,C,Hs _RCHO _ | o
15 L r\lf > C0,C,Hs
_ H,O/MH* - .

A novel formal elimination of a Cklunit occurred when
isopropylidene moieties were treated with NaN®AcOH/
H,O (eq 2)% Thus, various terpenylalkanolamines were
converted into ethylidyn&-nitroso compounds.

4).15 1-Aryl-3,3,3-trifluoropropynes were obtained from
1-chloro-1-(trifluoromethyl)alkenes, which were available by
reaction between aldehydes and 1,1,1-trichloro-2,2,2-trifluo-
roethane in the presence of zinc powder and acetic anhydride
R NaNO, o (eq 6)*¢ Acetylenic sulfones were accessible by dehydro-
>=<H ag. AcOH @ chlorination ofa-sulfonyl chloroalkenes (eq 7.

I
I

OPh

| 2 t-BuOK
1,2-Dehydrohalogenation of haloalkenes is one of the most XC_ Gl Br. CN. NO.. MeO
classical and popular ways to generate acetylenic bonds. The =% B, L, MOz Me
simplest is treatment of haloalkenes (mostly bromoalkenes) X O — O v (5)
with a base. A variety of bases are employable, the relevant
references on this issue have already been covered in the ZnAC.O
handbook by LarocR,and only fundamental aspects are ArCHO + CCI,CFs 2 ArCH:CClCFst'Buﬂ.aArCECCFS ©)
mentioned herein3-Bromostyrene was lithiated by BuLi to t-BuOH
give phenylethynyllithium (Scheme 2 A similar reaction

(o]
2.2. Haloalkenes y C iP\‘OPhY <:> CHO

1. n-BuLi
I 2. ArCHO
Scheme 2 (E0),PGHSO-Ph THF, -78°C
CeHsCH=CHBr + n-CyHoli CeHsC=CH “
[n-C4HoLi | . COH* [’:tc=0:glo Ph +BuOK ArCECSO,Ph  (7)
LT CgHsC=CL CeHsC=CCO.H 2
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Scheme 4
o RCHO
K>CO3 (2equiv)
+
MeOH, 60°C, 6h +RCHO O
Phslh)kph Phsp% S
I Ph

Dehydrochlorination of trichloroethylene is an important under phase-transfer conditions (eq 30)his method was
means to access chemically labile dichloroacetylene underalso applied to cyclic compounds. For example, cyclo-
basic conditions (eq 8). Hence, various bases were em-octatetraene derivatives were transformed into diefigne
ployed: KOH in ethylene glycdlf2 LiN(SiMejs),,8b and triene-yne (Scheme 7! This type of reaction found
PhCHNEt;™CI~,18¢ KOH/MeOH 8 etc.
dibromoalkenes, which are converted to acetylenes upon
exposure to BuLi. Unfavorable side reactions can be sup-
pressed by addition of Bi.?° Dihalotosylates, prepared by a number of applications for producing compounds of

addition of dihalomethyllithium to aldehydes followed by structural interest and will be discussed later in greater
tosylation, may be directly transformed into acetylenes by detail.

Scheme 7

c.:l base
CI-C=C-CIl — CI-C=C-Cl
' -HCI

Dehydrobromination ofgemdibromoalkenes is a very
useful method to obtain terminal acetylenes (eé’Q)reat-
ment of aldehydes with CRIPPh affords the desiredem

reaction with MeLi (Scheme 5}.This process was modified

Scheme 5
TsCl {IsQ
RCHO + CH2X2 e )\( )\(
MelLi H R H* R
L e
H

using the trichloromethyl anion generated from trichloro-
acetic acid (Scheme 6.

80-90% 80-95%

RCHO

R=CgHs, n-CyH;s, O/

2.3. Dihaloalkanes

RCH=CBr, RC=CH or RC=CR' (9)

Double dehydrobromination of alkanes with vicinal

bromines is a more versatile alternative to dehydrobromi-
nation of haloalkenes because the dibromides are readily
accessible by bromination of alkenes. A variety of acetylenes

were prepared by treatment of 1,2-dibromoolefins with KOH

R' Br, KOH/Oct,NBr
R-C=C-R' (10)

H R
r—C-C—Br
H R H

R = aryl, alkyl; R'= aryl, H

H\ ’
L=C
R

Reaction of benzyl bromide with CHBNaOH/TEBA
affords bromo acetylenes in one pot (eq #*1Jhe reaction
proceeds via 1,1,1-tribromo-2-arylethane intermediates. Treat-
ment of 1,1-dichloro-1,2-diarylethanes with KOH in alcohol
gives the corresponding acetylenes (eq22)hese results
indicate that polyhaloalkanes substituted at geminal positions
also serve as precursors for acetylenes.

XOCHZBr
[X*@*CHZCB@} — XOCEC—Br

KOH
alcohol

NaOH/CHBr/TEBA

(1)

XCgH4CH,CCl,Ph (12)

XCeH,C=CPh

2.4. Heteroatom-Substituted Alkenes and Their
Equivalents

Alkenes substituted with various heteroatom functional
groups can undergo elimination. The well-knoveyn

Scheme 6
TsCl/
TEA/
cClcooNa ¢ paBco 'S¢
RCHO + CCI;COOH R)\'<CI R Cl
DMF cl ( cl

Meli

)\/CI _,\

Cl

Cl
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Scheme 8 in the case of cyclododecyne. Reaction of aryl ketones
R SOuAr and 2-chloro-3-ethylbenzoxazolium tetrafluoroborate in the
PhSeSOAr + RC=CH A presence of BN furnished acetylenes directly (eq 7).
PhSe  H This reaction is applicable to both terminal and internal
o R SOAr acetylenes, and formation of enolate intermediates plays
oxidation =~ "PhSeOH  pc=csounar a key role. Use of ENCRCHFX (X = Cl or CRy) in
Phse\\o H combination with KF generated enolates which spontane-
ously underwent elimination to furnish acetylenic ketones
Scheme 9 (Scheme 11%°
O.OCOzH . /_@*802_ R Scheme 11
B =
H  SePh RC—CH,COR' + KF == |RC=CH-COR' + KHF* ERNCRLCHRX
1. Csl 0 o - KHF,
i-Pr.NEt, DMF 0 COR'
2. H,0, or MCPBA QOCOZCHZG = A-g=C’ .
0 o_ M ——> RC=C-COR' + ELNCCHFX + KHF;
CF ©
ELN™ CHFX

elimination of selenoxides was utilized for the conversion
of alkenes into alkynes (eq 13)This method was applied

to the synthesis of acetylenic sulfones (Schen*s 8jhd the 1. LDA
precursorsp-selenosulfones, were attached to solid supports 02 CIPO(OEY,

to give immobilized acetylenic sulfones (Scheme?9). OPO(OE)
2

Elimination of vinylstannanes by use of Pb(OAe&)¥fords . =
terminal acetylenes (egs 14 and 1%). iin\ 12 I(;Df;:I g equiv) iji\/(m)
aqhul =

1. m-CPBA 85%
-Se
Ar i 2. DABCO, PhH HO% (13) Et
HO 2h, 95°C ArCOCH,R + O\ EWN,
»—Cl CH,Cl,
80% 93% o g,
H H Et
Pb(OAC), m (14) N et
N0 _Ar | _» arc= N
o N o 1 ©:o>_ AIC=CR + @ =0 (17)
mn BF4' ~49% o)
SnBuj CH R” "H
64%

TBSO SnBu, Vinyl triflates are also useful compounds for the synthesis
S~ Pb(OAc), of acetylenes. Thus, treatment of these compounds with LDA
o - gave internal acetylenes in reasonable yields (eq3%18).

OTHP . Alkenyl triflates with a 1,2,3-benzotriazolyl group at the
OTHP TBSO H vicinal position underwent elimination to give the corre-
. (15) sponding acetylenes, which were further derivatized by
lithium and magnesium reagents (Scheme?312).
, /\/\/\/
oTHP OTHP
oTf . R
63% R1\)\‘$R2 LDA, -78°C 1 — R, (18)

Elimination of enol ethers can be employed for acetylene

synthesis. In particular, enol phosphates smoothly undergo Reductive elimination of alkenes with vicinal heteroatom
elimination with LDA, offering a convenient means for functional groups is also a versatile approach. Fluorinated
the conversion of methyl ketones into terminal acetylenes alkene phosphonates derived from fluorinated alkanoyl
(eq 16)3 This protocol has found numerous applica- chloride and triethyl phosphite were converted into fluoro-
tions®2 but failed to afford internal acetylenes when higher alkylacetylenes upon treatment with TBAF (eq 39j-Ar-
alkyl ketones were subjected to the same conditions (Schemeylsulfinyl alkenyl phosphates or triflates were transformed
10) 3 Allenes were produced as the major products exceptinto acetylenes by action of t-BuLi (eq 2%)Use of the

Scheme 10
OPO(OEt),
1.LDA, -78°C =
o} 2. CIPO(OEY),
M~~~ _T8C—RT 1510, EZ  LDA ~——
opoey,  THF78°C

i 86%
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Scheme 12
Het-Li
or o
R'MgBr R—=-R
j’\ BtCH,TMS Q 1,0 QTf 2NaOH B_— R
R” al R)H 2,6-Lutidine R T B
Bt Bt R'MgBr l
Ly n
Bt = N
N
\
Scheme 13
1.BUL/TMEDA
H )
PhS. _sph 2RCHO )O><R MeCIEGN PN LGty
—_— A '——R
R™ 'H Bhs”spn R
SPh
Scheme 14
sulfonyl analogues is more flexible because these substrates
are readily available from sulfonyl ketones (eq 21Alkene s "
disulfides, available from dithioacetals and aldehydes, were Vs
reduced to acetylenes with lithium naphthalenide (Scheme I’BPE
4

13)4* Norbornyne was generated by reactionjesilylnor-
bornenyl iodonium salt with TBAF (Scheme 1%)This
highly reactive acetylene was trapped with 2,3-dihydropyran.
Adducts obtained from LIC(TM3)nd arylnitriles eliminated
LIN(TMS), upon heating in refluxing benzene to yield the
corresponding acetylenes (eq 22).

O 1.P(OEt);
RCF,ccl 2 Bubi=Cul
R H
f\f =C( T?L’ R—C=C-H (19)
£ P(O)OEt), 0°C—RT 2h
or OPO(OEt
as)  SOLFs( (0E2)
):g t-BuLi R—— R (20)
"o R=Alkyl, CI
R'=Alkyl, Aryl
NaH/
cBaru II:;JA 0o (EtO),P(O)CI
)J\+ R—CH,-SO,Ph —> SO,Ph
R
1
_P(OEY),
o — R-C=C-R @1)
R)\f,«SOgPh
R
R
C(TMS) . ROCEC—TMS
TMS-N__! 2 22)
HTHR) R = H, F, Br, OMe, t-Bu

Intramolecular elimination of 3-lithiobenzothiophene pro-
vided o-ethynylthiophenol derivatives (eq 23).
u C=CH
O Ox
) SLi

Ay A |
‘B*@

i o

Acetylenic esters were prepared by taking advantage of
the strong extrusion power of phosphine oxide from-exo
ylides (eq 24)> This methodology was applied to the
synthesis of diynes (eq 2%) perfluorophenyl- and trifluo-
romethylacetylenes (Scheme 1538ethynyl ethers (Scheme
16)/° and ethynyl phosphonium salts (Scheme #7)he
protocol was modified by the use of triflates, which
underwent elimination by exposure to sodium amalgam
(Scheme 183*

8 ®
(CSHS)SP_|C|_COZCH3 A (CgHs)sP—C—CO,CH,4
° y
0-C-R e‘ij‘F‘ (24)
— (CgH5)sPO  + R-C=C-CO,CHs3
EtsN
R'-C=C-COCI + PhsP=CHR2 —~ Ph,P=CR2-CO-CZ=CR'
(25)

— PhyPO + R2-C=C-C=CR!

Oxidation of 1,2-bis(hydrazone)s, which are obtained from
the corresponding-diketones, furnishes the corresponding
acetylenes (eq 26%.When o,3-epoxy ketones were com-
bined with tosylhydrazine, acetylenes were produced in one
pot (Scheme 19% The reaction proceeds via a hydrazone
intermediate. The tosylhydrazone of benzoin acetate or
benzoate was converted into diphenylacetylene upon treat-
ment with a base (eq 27).The mesyloxy (eq 28) and
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Scheme 15
CgFsCOCI o
(CHPOHR  —2 727 (CeHelgP—CR 110> RCZCCAFs + (CaHeaP=0
O_CCGF5
® R= C6F5 or C6H5
+ (CgHs)sPCHoR
cr
Scheme 16
RCOCITHF
CoHoPCH,Onr _CeHsLifetherTHE v 1) 5 ~pioa -(CGH5)3;CH20ArCI' (CeHg)sP. O ~(CeHs)sPO L
(Ce 5)3CI_ PO — e aB50°C [ (CeHs)sP= r 20°C—60°C >=< 2502700 R—=Oar
62-78% ArO R 10 torr
28-40%
Scheme 17
A
P(CeHs)s . @
Ar-C-Cl + (CgHs)gP=C=P(CeHs)s — | Ar-C-C(® ci® OPCets)s_ Ar-C=C~-P(C¢Hs)3 c®
o} O P(CgHs)s
Ar = CgHs; p-CH30-CgHy; a-CyoH7
Scheme 18 added to this reaction mixture to provide acetylenes without
H o o ® isolation of the intermediates. Elimination was also combined
R'-C” + R2.CO-Cl —~ R*—(I:'—(I?—RZ + (R1-CH2-PPh3>CI@} with the Peterson reaction (Scheme 23Jhis protocol was
®pph, PhsP” O applied to the synthesis of a variety of aromatic acetylenes,
which will be one of the main subjects of the next section.
(CF380,),0 R'-C=C-R2
- © ©0s0,CF
PhsP~ O-SO,CF,4 s Cucl/
. NH,-NH, Pyridine/O, ~
2% Na/Hg R1-C=G-R2 + PPhy + 2 CF,S0;Na R‘-g—g—F@ —_— R‘—g—g—Fﬁ —— R'-C=C-R?
THF (e)e} N N o6
HoN NH, (26)
methylthio (Scheme 28 groups at the3-position of the OR
hydrazone also act as leaving groups. R Base B
Ph-C—C-Ph—— Ph-ﬁj?—Ph —
2.5. Double Elimination of Nucleophilic Addition N H ON_H
Products NH oN?
Ts °*
Nucleophilic addition, such as aldol reaction, produces 1,2- Ph—C=C~Ph _. ph-C=C-Ph  (27)
substituted motifs. Double elimination of the resulting func- N 1
tions can lead to carbercarbon triple bonds. A highly versa-
tile double-elimination protocol was developed by taking CHoR GH
advantage of sulfone anion chemistry (Scheme®2An a- . KOA ¢
- iti c (28)
sulfonyl carbanion underwent addition to aldehydes, and the —
resulting aldolates were trapped with acetic anhydride, dihy-
dropyran, TMSCI, or CIP(O)(OEt) Exposure of this inter-
mediate to a base such as t-BuOK, LDA, or LIHMDS led to A<C AcO
acetylenes. Later, these steps were integrated into a one-pot R=0s8CHzorR=F
procedure (Scheme 23 .Thus, the initial aldolates were Reaction of 1-arylmethylbenzotriazole with imines in the

trapped by TMSCI or CIP(O)(OEt)and additional base was presence of t-BuOK furnished diaryl acetylenes (Scheme

Scheme 19
Ry Ry Ry Ry
Ri R R L R1,
M—Rs + CyH/SONHNH, — =20 3 — N)\ 3 —= RCEC-H + C=0 + GH;SOH + N,
0 0O I< ko Il 0 Rs
N N
C,H,SO, C,H;S0,
Scheme 20
ITi X H MelLi
R1'COOLi + RZ.CI:_SCHS —_— RL&—é—SCH(; or n-BuLi-TMEDA R1‘CEC—R2
H R2
R' = R? = CgHs
R1 = 3,4‘(CH30)206H3; R2 =H
X=0 R' = CgHsCH,CH,; R2 = H
X =N-NHTos R = CH3(CH2)7; R2=H

R = CHa(CHp)s; R2 = H
R‘ = CSH11; R2 =H
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Scheme 21
SO,Ph
802Ph+ R2 SOgF’:;2 2 n 50,Ph
R & TR — R — RJ\/RZ — R——=——R?
OH OLv
Lv = Ac, THP, MOM, TMS, P(O)(OEt),
Scheme 22 provided acetylenes upon flash vacuum pyrolysis (ecf29).
SO,Ph R2 Photochemical [2+ 2] cycloreversion of indan adducts
qo * M R R? releases polyynes (eq 3%).The same technology was
l o T employed for the generation of cyclic polyynes (Scheme
64
SO,Ph SO.Ph 25):
2
R1J\/R2 R? R . R2
o OLv R A (29)
4> R'-C=C-R?
Scheme 23
R? R2 R
RSCHO
R‘J\/\sozph R«k\ — e Vs .
l T | R———=———-R (30)
RZ TMS ) =—R R=TMS, TBDMS,C=C-TIPS
R2  TMS J\/ﬁ/ﬁs R®  s0,Ph
1
R " 50,Ph ? PRS0, | N

24)80 The reaction proceeds by elimination of aniline

Jee

Decarbonylation of ketene adducts is also an effective

followed by benzotriazole. Esters can also be utilized as yoyte. Thus, solution-spray flash vacuum pyrolysis of cy-
electrophiles in place of the iminés.

2.6. Fused Cyclic Compounds

clobutenediones led to polyynes (egs 31 and®%32)his
subject was summarized in a review arti¢ded cyclopro-
penone unit is also a suitable precursor. By means of 3V,
ultrafast laser irradiatiofYf or thermolysis in the presence

Cycloelimination of annulated rings is another effective of alumina®’9 various diarylacetylenes and even aliphatic
means to increase the degree of unsaturation. Release of ringcetylenes were accessible (eq %3Ethynol, which is
strain of cyclic hydrocarbons is exploited as a driving force considered as a possible constituent of flames, planetary
for this type of reaction. The ketene/anthracene adducts wereatmospheres, and interstellar clouds, was generated by
thus transformed into acetylene/anthracene adducts, whichphotolysis of 3-hydroxycyclobutene-1,2-dione (Schemé®26).

Scheme 24
Bt PhN=CHPh Bt NHPh  t+-BuOK |[Bt NPh
Li | —m——— >—< _ =
/[R>_ '} R Ph DMF,85~»C[R: :Ph]
Bt
R> ‘
t-BuOK
[Bt>—K] PAN=CHPh Bt pp Bt.__ _NHPh
R THF, 25°C -PhNH R Ph
t-BuOK
DMF, 85°C
Bt. =
[ >=CPh R—=——Ph
R -Bt
Scheme 25

[2+2] cycloreversion

P
e /

\
: Y

cyclo-Cqg (n=1)
cyclo-Cyy (N=2)

n=1 (+diastereomer)
n=2 (+diastereomers)



5394 Chemical Reviews, 2006, Vol. 106, No. 12

Scheme 26

O 0] 0 0 (0]

) N
- -CO

H OH H OH co H OH

H

mw H
H

Orita and Otera

Scheme 29
NC. _SNa NC__s
2NaCN+2CS, a‘r’eft%» I +o5 COCL_ I co
et NC” “SNa NG S
600-800°

NCC=CCN +CS,+COS+S

Thermolysis of 1,2,3-selenadiazoles provides acetylenes

Heteroatom-substituted acetylenes were obtained by 9as{schemes 30 and 319.This protocol is employed widely

phase pyrolysis of the corresponding cyclobutane-1,2-dione

precursors (eq 34%.
O o]
SS-FVP
7  \\
(i-Pr)sSi Si(i-Pr)g
(i-Pr)gSi————=—=—=—=—Si(i-Pr); (31)
SS-FVP
650°C
(31%)
TBDMS TBDMS
TBDMS—=1.TBDMS (32)
Arl Ar2 .
hv or Al,Os/o-dichlorobenzene, A
2 Ar'-C=C-Ar2  (33)
-CO
(0]
X, 0
C-C A
A . x-c=c-Xx +2CO
/6_(';\\ X-C=C-X (34)
X O

(X =Cl, SCH3, SeCH3)

The RambergBacklund reaction is known to create
unsaturation. Disubstituted thiirene dioxides which were
prepared froma,a-dichlorosulfones were used for the
synthesis of acetylenes (Scheme ?7)se of sulfides in

Scheme 27

base base
—— —

RCH,SO,CCI,R RHC\_S/CC'R
RS R
Ny’ — RC=CR

O,

place of sulfones gave acetylenes by the action gPRimd
t-BuOK in THF (eq 35)! Triphenylphosphiren oxide
underwent a similar reaction to give diphenylacetylene
(Scheme 28% Pyrolysis of 4,5-dicyano-1,3-dithiol-2-one

Scheme 28
P e S| e
(PhCHB),PPh T —
Ph o
Ph Ph poat
—2%- PhC=CPh
Ph’P\o

furnished dicyanoacetylene in 57% yield (Scheme29).

PhsP/-BuOK

ArCH,SCCl,Ar ArC=CAr (35)

Scheme 30
Ar. N.
¥ ONH  560,/AcOH
R,CH2 ¢=0
NH, Ar
N, A
Jv\ N Ar——R
R Se

for the synthesis of acetylenes and will be described later in
more detail. Diazotization of 5-aminoisoxazoles that bear at
least one electron-withdrawing group by reaction with
sodium nitrite in AcOH/HO affords substituted acetylenes
(eq 36)7° Vacuum pyrolysis of perfluoroalkyl-1,2,3-triazine
gave a fluoroalkyne (eq 37§.Treatment of isoxazol-5-ones
derived fromg-keto esters and hydroxylamine with sodium
nitrite and ferrous sulfate in aqueous acetic acid affords the
corresponding acetylenes in moderate to good yields (Scheme
32).77 A review on this subject has appearédlkynyl oxime
ethers were prepared by exposurerathloro oximes to LDA
(Scheme 33¥? This reaction probably involves azacyclo-
butadiene intermediates. It should be noted that a review
dealing with thermal and photochemical nitrogen-cyclo-
elimination is availabl&®

R R'

NI | NaNO, — R (36)
*0” "NH, AcOH
F

Rfﬁ)\er

NN R—=—F + RCN + N, 37)
N

Ri=CF(CF3)>

3. Aromatic Acetylenes through Elimination

3.1. From Haloalkenes

Dehydrochlorination of chloroalkenkfollowed by sily-
lation was employed to synthesize bis(diy@é) quantitative
yield (Scheme 343! The same reaction wit yielded 4,
which was transformed into tetrayrie(Scheme 35). The
o-chloroarylmethylphosphonate protocol described in section
2.2 was further extended to pyridine derivatives (eq8).

— 2eq. t-BuOK
N\\/:/>*CH(CI)P(O)(OPh)2 E——

N T X

(38)

The potential of the dehydrobromination protocol can be
exemplified by making reference to the synthesis of cy-
clooctapolyene derivatives, although these compounds are
not aromatic. Treatment of bromocyclooctatetraene with
t-BuOK in ether generated the corresponding acety&ne
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Scheme 31

Scheme 32

OMe

Ph

which was derivatized to various compounds (Schemé&?336).
Bromination of cyclooctadiene furnished a mixture of

CeHs

o S
O
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CeHs

CeHs

CeHs
CeHs

CeHs

CeHs

-CO

38). Reaction of this compound with TPCP gaik which
could also be directly obtained frof

3.2. From gem-Dibromoalkenes

Generation of a terminal alkyne unit frogemdibro-
moalkenes (CoreyFuchs protocol) has been widely used.
Diederich made use of this method for constructing tetra-
ethynylethene frameworks. For example, a freans
enediyne unit.2 was successfully obtained by simultaneous
conversion of bigfemdibromoalkene) (Scheme 3%)0On
the basis of this technology, various enediynes with a free
trans or cis unit were synthesized. A frets-enediyne
building block with TIPS-terminated ethynyl groups was
trimerized to hexaethynylhexadehydro[18]annuleh@&
(Scheme 40§¢ On the other hand, the trans counterpart was
transformed into conjugated carbon rods with a persilylethy-
nylated polytriacetylene backbone (Scheme®4Tetraethy-
nylethenes bearing electron-donating and -withdrawing groups
were prepare@® Tetrabromidel4 was transformed into
dibromide 15 by treating with LDA followed by TMSCI
(Scheme 42). This dibromide was treated with LDA to give
mono-deprotectet6, which was converted into trans doror
acceptor-substituted chromophofiegand18. Irradiation at
A = 366 nm induced the isomerization df7 into 19
Treatment ofl4 with LDA followed by BusSnCl afforded
bis(stannyl)enediyn®0 (Scheme 433§ Coupling of this
compound with R)-21 provided optically active photochemi-
cal switch R,R-22. By use of16 another type of photo-
switchable tetraethynylethen28 and 24 were synthesized
in which reversible conversions take place between the

diastereomers of the corresponding tetrabromide (Schemedihydroazulene and vinylheptafulvene structures upon pho-

37)8 Treatment of this compound with t-BuOK yielded two
isomeric dibromides, which were transformed into yne
bromide7 upon treatment with t-BuOK/18-crown-6. Further
reaction for a prolonged time afforded diyBewhich was
finally converted into cyclooctatetraene. ReactiorY ofith
tetraphenylcyclopentadienone (TPCP) afforded add,ct
dehydrobromination of which led to acetyleh@ (Scheme

toirradiation (Scheme 44Y.
The geminal dibromoalkene unit was used for generating
unsymmetrically substituted hexaethynylbenz2Bewhich
was transformed into carbon netwd2k (Scheme 453*
Spirocyclopropanated oligocyclic diacetylenes are of inter-
est because the HOMOs of the cyclopropane ring are close
in energy to ther MOs of an acetylene unit, resulting in

Scheme 34
CI_CI
. SiMe :
SiMes Pd(PPho)/Cul ’ 1.sec-BULi/THF SiMes
iperidine — N CISi
H— /\\ =——H / — \( \ 2CISiMes SiMe,——= /\\ ———=——SiMe;
CpCo & % sive cl CpCo {
SiMes 8 SiMe,
1 2
Scheme 35
. 1.KOH/Ethanol . .
SiMe; SiMe, 2.CuCITMEDA/O, SiMe; SiMe,
SiMe, — = \ Acstone SiMe;—>—=—== =S sive
IMes ¢ = \\ SiMe;—< ———SiMe; 3T % — — — — \X 3
CpCo CpCo/ CpCo/I/ \/.CpCo
SiMeg Cl SiMe, SiMeg 5 SiMeg

3
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Scheme 36
CeH
HSCB CeHs 6'15
—
o}
CeHs HsCo CeHs = CeHs
(2 | (30
CeHs -CO, 72% 87%
CgHs 6 CeHs
CgHsN |K/A
e N(CzHs)z
38% 5%
I (0
I'll
N
CGHS
Scheme 37

precursors30, which were finally converted into the desired

- . o B + Br o cyclic acetylenes31. A similar strategy was applied to
Br- “Br Br- Br synthesis of pentayn&2 (Scheme 47§

3.3. From vic-Dibromoalkanes

Br Br Br Br As described in section 2.3, Wong and Sondheimer
_,\O + O/ — ©| preparecgsymdibenzo-1,5-cyclooctadiene-3,7-diyr&3[ and
Br symdibenzo-1,3,5-cyclooctatrien-7-yn84) with recourse
7

to the double-dehydrobromination procés®y the same

procedures, Wong synthesized dinap8b8* benzo/naphtho
- |©| - @ 36,°* and benzo/phenanth®¥®> analogues. He then devel-
" se@se
Scheme 38
CgHs 35
TPCP
Br\©| +-CO Br .O CegHs —
20CC
7 9 CeHs ;
30 %‘ KOC(CHs)s ©
18-Krone-6 —
I_O
CeHs
@e Shs
CeHs 37
10 Cels oped a rich cyclooctene chemistry by making use of these
+TPCP strained acetylené§ Reaction of dichloroketene witB3 or
~100% | " 34 provided adduct$8 or 39, which was converted into
CeHs CeHs cyclobutendioneO or 41 upon hydrolysis (Scheme 48)28
tpcp  Cets CeHs 1,3-Dipolar cycloaddition 084 with phenyl azide furnished
]©| ‘.O triazole 42° These bent acetylenes underwent smooth
~100%  CgHg CeHs N
8 CgHs CgHs N~ "N-Ph

11

strong conjugation. In the de Meijer&cott procedure, OOO

simple dehydrobromination of geminal dibromoalkene played

a key role. As shown in Scheme 46, exposure of dibromide 42

2710 t-BuOK furnished monobromo diethynylcyclopropane Diels—Alder reaction with benzofuran and 1,3-diphenyl-
28 and 29.%2 These building blocks were coupled to give isobenzofurafi*%9%Deoxygenation of the resulting adducts

Scheme 39

Br.__Br
| Ph Me,Si Ph

= o H Ph
= 1. LDA, Et,0, -78°C N = N _—
H 2.TMSCI, 20 °C N MeOH, K,CO, ><
H s
85 % 99 %
/
= | pZ NV
Ph Ph SiMe, Ph 4, H

\
4

Br Br
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Scheme 40
TIPS BrB'  TIps
X A
i
H
Z Z
TIPS Br” “Br TIPS
TIPS 13 TIPS
Scheme 41
1. CuCl, TMEDA, O,
2. PhC=CH (2 equiv)
H CHCl, 20°C, 2d
Scheme 42

Br Br Br. Br : :
(i-Pr)sSi (i-Pr)Si (i-Pr)sSi H
S N X ZF
H H -
H
S Z N,
B Si Si(i-Pr); MesSi Si(i-Pr)s
5

Br ; (i-Pr)s  MesSi
14 1 16
R' R!
(i-Pr)3Si (i-Pr),Si
N4 N4
Me;Si Si(i-Pr)3 H Si(i-Pr),
R! R
(i-Pr)sSi (i-Pr)3Si O
hv X Z
gz X
. = A
Si(i-Pr)3 (i-Pr)gSi O
1
O,N 17 R' = NMe, NO
18 R' = N(Cy2Hps)2 19 2

with low-valent titanium induced aromatization. As a re- by German workers (Scheme 49).Thus, reaction of33
sult of combining cyclooctene building blocks and benzo- with diazomethane furnished bis43pyrazolene49, photo-
furans, a variety of benzo-fused tetraphenyled8s-48 lysis of which effected stepwise dinitrogen elimination to
were synthesized. Cyclopropenation 88 was reported afford dibenzo@,ddicyclopropag,dicycloocteness0. The
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O failed, but reaction with t-BuOK in benzene furnished
diethynylbenzen&4. Another route involving monobromide
O 55 was also establisheé®
The double-dehydrobromination method was applied
.O to the synthesis of a number of larger cyclic compounds.
The trimer of phenylacetyler&/ was obtained by treatment
O of tetrabromide56, which was derived from bis-ylide and
o-phthaldehyde (Scheme 5%). A similar strategy was
O employed for the synthesis of tolanophanes (Schem®&%52)
46 and tetradehydrocyclodecabiphenylenes (Schemé®s3).
Kawase and Oda synthesized cyclic phenylene ethy-
nylenes. The smallest members ofretacyclophena-
ynes were obtained according to a sequence of McMurry
coupling—bromination-dehydrobromination (Schemes 54

O0.00 0.0 and 55)!06.107A tetrayne derivative with methoxy groups
O O proved to be a good ionophore for alkali metals except for

Cs".19%8 Metacyclophane-bearing biphenyl units were also

O 58 R =OMe or H

5 48
prepared (Scheme 58 This compound exists as awliéso

platinum analogué&1 was prepared by reaction 88 and equilibrium mixture in solution. Using an analogous strategy,

Pt(CH=CH,)(PPh),.1* [2.n]paracyclophane+rynes (N]JCPPA) 59 were synthe-

sized!% [6]CPPA gave an inclusion complex with hexam-

(PhgP),Pt . Pt(PPhg),

51

Bromination o-divinylbenzene gave tetrabromidg2 59 n=1,234
(Scheme 50}%? Exposure of this compound to t-BuOK in
BuOH provided dibromides3. Further clean elimination  ethylbenzene, while [8]CPPA accommodated four toluene

Scheme 43 B B !

I r L.

P Si(i-Pr)3 BusSn Si(i-Pr), OO

= \\ OMe
H OMe

nT CO
4 Z

; 1

(i-Pr)sSi B “Br (i-Pr)sSi SnBug 2

/7  \

14 20
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Scheme 44
H Si(i-Pr)s Ar Si(i-Pr)g
X F X F Ar = p-Me,NCgH,(68%)
_a Ar = p-NO,CgH4(76%)
Ar = p-MeOCgH,(32%)
N - Z N Ar = CgHy(65%)
(i-Pr)3Si 16 SiMeg (i-Pr)3Si SiMeg Ar = thienyl(64%)
c) b), ¢)
MesSi Si(i-Pr)g Ar Si(i-Pr)g

trans-Ar = p-Me,NCgH4(69%)
trans-Ar = p-NO,CgH4(52%)
trans-Ar = p-MeOCgH 4(54%)
trans-Ar = CgH5(78%)
trans-Ar = thienyl(45%)

NC 24 NC

aReaction conditions: (a) [Pd&PPh)z, Cul, BuNBr, (i-Pr);NH, THF, 4-MeN-CgHal or 4-O,N-CgHal or 4-MeO-GHal or Phl or iodothiophene, 28C,
45 min to 15 h. (b) KCO;, MeOH, THF, 20°C, 60-90 min. (c) [PdCIPPh),], Cul, BwNBr, (i-PrNH, THF, 20°C, 1-17 h. All steps were usually
performed in the dark to prevent trans cis isomerization.

Scheme 45
t+-Bu t-Bu
tBu /l ' 1. GBr,, PPhg,
A Bu CHyCly
CHO 2 sio, B cBr, PPh
O *+ OHC—=—CH(OEY, ~ 55~ _—t _ UBry, PPhy
> (-CO) OEt  (40%) CH,Cl,
Bu W B4 OEt (73%)
t-Bu
t-Bu t-Bu
H
CuCl,
LDA TMEDA
THF (-78 °C) acetone, O,
(40%) H
25
t-Bu
n=0 (25%)
26 n=1+n=2(13%)
Scheme 46

T™MS H
T™MS T™S T™S // y
Y/ A . . 2
Br
75% 93% _ 95% 74%
CHO AN A\
28 Br 29 Br

X Z
N4
m
m=0, R =SiMes, X =Br n =2 (95%)
m=0,R=H,X=Br n=3(92%)
m=1,R=X=H n =4 (90%)
m=2,R=X=H n="5(31%)

30

3333

31

3333
o~NOO,
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Scheme 47

c™™~"g, + NaC=CH —~

CIW\H o
Cl - .
/\/\/\/CI ﬂ%?
H H

<1 _ D> 1 _ > .
o:( >:O BrQC:\/ >:CBr2
H H H H
1 _ D> / - \
/ AN
Br Br \\ //
R R
Lit
“CuSPh T
AN
T™S
Scheme 48

oL o o. 0
33 38 4—0
o\ o o. 0
s@e
34 39 M

Scheme 49

Orita and Otera

Scheme 50
Br H
C :CHCHZBr _—CHBr ~B
CBrCHBr C[\CBr—CHZ-Br Z
H Br

52 / 53
@G& S (14
N
N
N
X
/ i ) \

. X .

Scheme 51
PhaRy _PPhy
"
O—=<0
VAR 7\
HC CH  BrycCl, BrHC ~ CHBr t-BuOK/THF

56
Q
//C C\\
c’ c
¢ C=C \
= =

Scheme 52
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Scheme 53
+ +
(Ph)sP P(Ph)z (Ph)aP\ /P(Ph)a
t-BuOK/DMSO
() e 1

CHO CHO O
L,

CHO CHO

2eq./DMSO

ca.20h add.

|

Br,/CCl, Br OR Br I Br

t-BuOK/THF

1. 8 equiv Bry, CHCl,
2. 10 equiv t-BuOK, THF, RT |

HC : CHO

o

Chemical Reviews, 2006, Vol. 106, No. 12 5401

Scheme 56

CHO
O TiCly/Zn-Cu
X DME
g
CHO
X ‘
g

1. Brg/CsHs
2. +-BuOK/THF

l X
o

X = H(44%)
X = OMe(79%)

moleculest!! Cgo was much more soluble in CHEIn the
presence of [6]CPPA, indicative of formation of an inclusion
complex!? Actually, the complex with bis(ethoxycarbon-
yl)methanofullerene could be isolated. The cyclophanes
with 1,4- and 2,6-naphthalene units were also synthesized
(Scheme 5732 Through combination of &, [N]CPPA, and

Scheme 57

their 1,4-naphthalene derivatives, formation of a double-
inclusion complex with onion-type structure was sug-
gested*

3.4. From Heteroatom-Substituted Alkenes and
Their Equivalents

Elimination of alkenyl phosphate was employed for the
synthesis of tetraalkynylmethanes. Bunz et al. made use of
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two elimination reactions for the synthesis of tetra- al. reported a new route to dibenzocyclooctadiedigne
alkynylmethanes: the alkenyl phosphates furnished the 33 by use of simultaneous eliminations of alkenyl tri-
ethynyl groups and the dibromopropane moieties the prop-flate and 1,2-dibromoalkane (Scheme &3)They used
argyl groups (Scheme 58} Tetraethynylmethane was

Scheme 60

Scheme 58

_TMSCH,N,
o- POEt)2 T o
o- P(OEt

c [ R= CH I . I _Brp _ tBuOK _ O
e § // o
R
Br Br // __— §><\\ a3

BT\ \ _ %hllsc,.lclzgmpound for the synthesis of cyclophd@te(Scheme

R . o
R < H (8250 - Through recourse to the intramolecular elimination of
R;CI-(ia (4‘;)%) 3-lithiothiophene derivatives as described in section 2.4,

thienyl acetylenes were prepared in one pot from tetrabro-

aReaction conditions: (a) 2.1 equiv of LDA;78 to 20°C, 1 h, then mOthlenOth'Ophene (SCheme 623'

/%/%
\/

2.2 equiv of CIP(O)(OE}) 3 h. (b) 4.3 equiv of LDA~78 to 20°C, 2 h, A variety of aromatic polyynes were obtai_ned by taking
then 5 N HCI. (c) 2 equiv ofBuLi, then CHyl. (d) 2 equiv of B, CH,Cl, advantage of the extrusion of phosphine oxide from-exo
—78°C. (¢) R= H, 11 equiv of NaNH in liquid NHs, then 5 N HCl  yjides (Scheme 63}° This reaction was also employed to

(67%). (f) R= CHjy, 45 equiv of KNH in liquid NH3, 8 h, then 5 N HCI

(18%). prepare cyanoacetyletd, an intermediate in the synthesis

of pyrrole fungicide62 (Scheme 64)2

synthesized again by recourse to two kinds of elimina- 3.5. Double Elimination Reactions

tions: the dehydrobromination of bromoethene was fol-

lowed by elimination off-sulfonyl hydrazone, which is According to the one-pot double elimination @fsubsti-
an equivalent of alkenyl sulfone (Scheme 59)Wudl et tuted sulfones which are derived framsulfonyl carbanions

Scheme 59
BuLi B
X (CH,0)y Brr™SoH  CHyC(OED, '
-95°C EICO.H e COEt
Z X Z X 0 TMs /
™S ™S ™S ™S /
™S
] CBry o
X CBrz PPhy 89% 77%

92%

1. LDA, Ph,S, (88%)
T™S 2. DIBAL (88%)

I 3. MCPBA (81%)
LDA, TMSCI 4. TrisNHNH, (90%)
__w/~__CO,Et
TMS//// NNHSO,
TMS/
™S / SOzPh

99%

™S H
L | |
tli e K,CO;4 N
TMS // A " MeOH // A H
™S

53% 85%
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Scheme 61

aReaction conditions: (a)-dichlorobenzene (ODCB), 11C, 1 day.

(b) Neat, 250°C, 1 h. (c) ODCB, 150C, 3 days. (d) Neat, 358C, 4 h.

Scheme 62
Br Br Br Br
-t — b —
S S S IS
R:SiMe3
R = SiMet-Bu
SiMe,t-Bu
Br. =
7\
R™ °s” "SBu
R = SiMe,t-Bu
R=H
Scheme 63
Ph—=—"( )—=—Ph (44%)
PheR. O - \ 7/
Ph B Ph FVP, 500 °C
N O O — P (27%)
O  PPh,
EtOZC%Q%COZEt (36%)
PhsP. O

- EtO,C— (42%)
EtO,C B CO,Et

H FVP, 500 °C
d bph, /@\(‘7%) \
\ EtO,C——  §  TSCO,Et CO,Et

EtOZCCOZEt (31%)
+
HCOzEt (5%)
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Scheme 64
Fo _F
Fo_F
o><o o><o
@9 SOCl, o PhyP=CHCN
C=OH 0% @5—0 58%
Fo _F Fo _F
o><o O><O
O fPhs A
C-C-c=N Cc=Cc-C=N —
91%
61
OH
e N
F+O \ /)
o} CN

62

and aldehydes (see section 2.5), Otera and co-workers
developed diverse ways to access aromatic acetyléhes.
o-Phenyleneethynylene oligomers were obtained by use of
acetal sulfones3 as a key building block (Scheme 65§.

Scheme 65

n=
n=
78% n=
n=
n=

33353

1,6-Diphenyl-1,3,5-hexatriyne was prepared from phenyl-
propargyl sulfone and phenylpropynal as shown in Scheme
66.1230|n this procedure, MeOK, TMSCI, and LIHMDS were

Scheme 66
_ MeOK (1.2 equiv; i . i
Ph—=— + Ph——cHO (1.2 equiv) MegSiCl (1.1 equiv)
SO,Ph ) THF -78°C — RT,2h
(1.2 equiv) 78°C,2h
LiHMDS (10 equiv) Ph—=———=——=—-Ph
0°C—RT,4h 78%
Ph—=— + Ph—==—CHO + MesSiCl MeOK (1.2 equiv)
. i THF
SOPh (1.2 equiv) (11equ) - 78c, 2h—RT, 2h
LiHMDS (10 equiv) Ph————=——"=—Ph
0°C—RT,4h 64%
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added successively, but a simpler method was found laterwere coupled to provide all combinations of chloro-, bromo-,
in which MeOK and LiIHMDS were added in this order to and iodo-substituted diphenyl acetylenes (Scheme'?89).
the mixture of the sulfone, aldehyde, and TMSCI. Other

triynes and bis(diyne)s were also accessible (Schemes 67

and 68)!?* These materials exhibited high degrees of scheme 69

birefringence.

(i) BuLi
cheme on-ac@
(iii) CIP(O)(OEY), X
SO,Ph Bra 1\ SO,Ph (iv) LIHMDS Bra A\ =|=
F = O—/ $ =
— THF — \_7
(1.1 equiv)
Br X
THF | 1) LDA == X = 2-Cl, 74%: 3-Cl, 84%: 4-Cl, 85%
J— — = 2-Br, 83%: 3-Br, 89%: 4-Br, 82%
2) MeOOTCHO \_7/ =2-1, 78%: 3-1, 84%: 4-I, 82%
IP Et Br
S)C. (O)NOEN, 2 X = 2-Cl, 85%: 3-Cl, 88%; 4-Cl, 82%
4) LIHMDS — = 2-Br, 82%: 3-B, 82%: 4-Br, 86%
\ 7 = 2-1, 81%: 3-1, 81%: 4-1, 83%

R1 / \ — — — QORZ

(R'=F, R?=CH3) 68%
(R'=F, R?=C3Hy;) 74%
(R'=CF;, R?=CH,3) 39%

Employment of LIHMDS for the initial aldol reaction enabled
the use of iodobenzyl sulfones (Scheme 70). On the basis
of this technology, higher homologues of unsymmetrical
arylene ethynylenes were synthesized (Scheme!?71).
Dihalotolanes thus obtained worked as useful building
The present double-elimination protocol tolerates var- blocks for tailor-made phenylene ethynylenes through transi-
ious functional groups, thus providing functionalized aro- tion-metal-catalyzed coupling reactions (Schemes 72 and
matic acetylenes. In particular, halogens survive the reac73)1?> 2,2-Dibromodiaryl acetylenes were transformed
tion to give halogen-substituted arylacetylenes. Thus, into the corresponding diformyl derivatives, which reacted
halogen-substituted benzyl sulfones and benzaldehydeswith bisphosphonium ylide to give magazine-rack molecules

Scheme 68

1) LDA (2.4 equiv)
CHO

2) =

Z .
OHG Z (1.0 equiv)
3) CIP(O)(OEt), (2.4 equiv)

4) t-BuOK (20 equiv)

CsH110 7 N\ /_< — -
e oo == Y e OCsH
64%

@2equiv)  SO,Ph

LDA

CIP(O)(OEt),
_ PhSO, t-BuOK _

(EOLPOO, B /—@oomn

oo~ S~ OP(0)(OEY,
S

0,Ph

PhSO,

R'=Me, R?=C,,H,5) 66%
R'=Me, R2=neo-Pent) 65%

R'=Me, R2=s-Bu) 64%

(
(
(
(R'=H, R?=s-Bu) 59%
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Scheme 70 Scheme 72

(i) LIHMDS CgHys
Sonogashira / Sonogashira coupling

. X
(ii) ==
OHC@ | B :—@cg—«w O

(iii) CIP(O)(OEt), X J = [Pd, Cu]
N\ SO,Ph (iv) LIHMDS N\ . F _/ — /7 80%
= THF = \_7
| CBH13
X
_ [F X = 2-Br, 61%: 3-Br, 82%: 4-Br, 76% :—@
- 7/ =2-, 60%
I [Pd, Cu]
X
=|= 75%
__ X = 2-Br, 79%: 3-Br, 83%: 4-Br, 86%
= N\ / =2-, 71%: 3-1, 75%: 4-1, 73%
X

| _/[F X = 2-Br, 84%: 3-Br,78%: 4-Br, 84% _
— \ 7 =2-1, 72%: 41, 76% | = O
Pd, C
Oy=w et
85%
Scheme 71 Q = O Br

X
® .
c * <:> PhSO 7 N\ - -

2 = — =
PhSO, CHO O /S N/ <\ />

Y
Sonogashira / Suzuki-Miyaura coupling
— == o

O=r= = N
—— Br ——
85%

64 (Scheme 74¥?” Treatment of this compound with Go
(CO) furnished64-Co,(CO) complex?® Functional group

toleration led to the synthesis of arylene ethynylenes contain- O
ing heteroaromatic ring'€? A variety of molecular wires with QB(OH)z [Pd] \
thiophene, pyridine, and ferrocene subur@its-76 (Chart A

1) were synthesized. 79% O — O O

A convenient and high-yielding synthesis of octadiene
diyne 33 was realized by subjection of 2-formylbenzyl
sulfone to the double-elimination reaction (Scheme?%). ) , !
Reaction 0f33 with Co,(CO)s afforded33-Co,(CO) com- in an argon matrix. The existence 80a was confirmed
; ; ; by trapping with furan (Scheme 822 On the other
plex!3! Diels—Alder reaction of33 with cyclopentad]- y trapping

: hand, [14]annulene30b was stable enough to be char-
acenaphthylenone smoothly occurred to give addiict .
(Scher%e 7y6).32 Gleiter et aI.y used3 for the Eiynthesis of acterized by*H NMR spectroscopy:™ By recourse to
beltene78 (Scheme 77)3 the same technology, [12,12]paracylophanedodecaynes

] ] 81 were generated in a matrix at low temperature (Scheme
In cases where phenyl sulfones react sluggishly in the 83)138
double-elimination reaction, the corresponding sulfoximines Decarbonylation of cyclopropenones, which has been
can be employed. For instance, binaphthyl derivai®  priefly discussed in section 2.6, was utilized for the synthesis
was obtained by this technology (Scheme 78)This of aromatic acetylenes. Thus, photolysis of 2-alkoxy-3-
compound gave enantiopure double-helical aromatic acety-arylcyclopentenones, prepared from cyclopropenium ions,
lenes upon complexation with silver and copper (Scheme provided acetylenic ethers (Scheme 8%)West made
79) 1% The sufoximine version was also successfully applied use of this method for obtaining an acetylene with an-
to the synthesis of chiral acetylenic cyclophanes (Schemethrylphenol moieties82 (Scheme 85§7:14° Oxidation of
80).136 82 with PbQ, afforded quinone83. Acenaphthyne84
was also synthesized through this technology (Schem&386).
. This highly strained acetylene underwent various derivati-
3.6. From Fused Cyclic Compounds zations. Reaction with oxygen in a matrix gave acenaph-
thoquinoneB5, and warming to room temperature afforded-
Tobe et al. extended their cycloreversion protocol (see decacylene§6). Trace amounts of water trapp8d to give
section 2.6) to the synthesis of cyclic aromatic acetylenes. acenaphthenon&7, while reaction with methanol afforded
Thus, dibenzoannulend&® were prepared (Scheme 8%). ester88.
The [12]annulene80a was unstable and, hence, detected  Gleiter et al. made use of the selenodiazole protocol (see
by mass spectroscopy and UVis as well as FTIR spectra  section 2.6) to generate carbecarbon triple bonds in
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Scheme 73

Mizoroki-Heck/ Sonogashira coupling
MeO,C

Z>Co0Me =
[Pd]
Br ——
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MeO,C

[Pd, Cu] — _
77% /_\ — Ve § />

Mizoroki-Heck / Suzuki-Miyaura coupling
MeO,C

I Z>C00Me

il s S
O Br 79%

MeO,C
QB(OH)g —
- O—=
75%

Sonogashira / Negishi coupling

)

[Pd, Cu]
O c 81% \
D=
@—ZnBr O

[Pd] AN

O=0

the synthesis of superphanes and beltenes. Diacet@@ne

was prepared from 5-cyclodecynol (Scheme 87)Sub-

jection of the C-11 higher homologue gave a mixture of

Orita and Otera

90 and 91 (Scheme 88). A variety of superphanes were
obtained from89 as shown in Scheme 89, whereas reac-
tion of the mixture of90 and 91 gave superphan@? to-
gether with93 and 94 (Scheme 90). Analogously, cyclo-
pentadienone superphan8% and 96 were synthesized
as shown in Scheme 9% An extension of this tech-
nology enabled to the creation of belt-like macrocycles
(beltenes}* The diyne precurso®7 was prepared via
the selenodiazole protocol, and treatment of this compound
with [RCpCo(COD)] afforded beltene38 and 99 (Scheme
92).

4. Conclusion

Elimination pathways are as useful as the coupling of
terminal alkynes for the synthesis of aromatic acetylenes.
In general, the former reactions are promoted by a base
while the latter are promoted by transition-metal catalysts.
The advantages of the elimination protocols are as follows:
(1) the reactions can usually be carried out on a large scale,
(2) the products are free from transition-metal catalyst
residues, (3) the carbercarbon bond formation betweer?sp
or sp carbons followed by generation of sp carbons
facilitates formation of cyclic compounds, and (4) no
manipulation of sometimes unstable terminal acetylenes is
needed. On the other hand, the disadvantages lie in (1) the
necessity for a somewhat large amount of base and thus (2)
no tolerance for base-sensitive functional groups. Moreover,
elimination reactions are essentially not atom economical.

As is apparent from the examples in section 3, only a
limited number of the elimination reactions among the many
possibilities given in section 2 can be actually employed for
the synthesis of complex aromatic acetylenes due to the lack
of general applicability under diverse conditions. Hence,
further invention of elimination reactions that are really
practical is highly desirable.

R R R R

Scheme 74
R R R R
Br Br
R R L R R
o =
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Scheme 75
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PhSO,

O=CCQ0—-CC0

SO,Ph 33



Elimination Strategy for Aromatic Acetylenes Chemical Reviews, 2006, Vol. 106, No. 12 5407

Chart 1 C/His CsHys

& Y&
70
e
L
C7H15 C7H15
s = = =
E//:\/:\/:\/:@ 71
o 7 Fe
C;Hys CrHis =
R R
e—H=-Ot=0—2% &
e = =
@e . n H @ 7M45, N
C7'|'|15 | C7||'|15 | C7Hys
S—=A )= U=\ )= ,==
F
é 071}15_/ | L c7|>15_/ | L 07H>15_/ "
75n=1
76n=2
Scheme 76
Scheme 77

OO = [CpCo(CO),]
J_I0 "
ACzo 33
T 100 °C
33 (50-80%)




5408 Chemical Reviews, 2006, Vol. 106, No. 12
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RT, 93%. For X= ClI, [Pd(dba}]-CHCls, Cul, PPh, EtN, 90 °C, 65%.
(b) BuNF, AcOH, THF, RT. (c) Cu(OAg) pyridine, RT, 79% for X=H,
75% for X = Cl. dba= transtrans-dibenzylideneacetone.

Scheme 84

Ar. Cl 3eq Ar OR Ar
o o &
ACl, | — AICI4 —
al RO" OR
Ar OR
? hv . Ar———OR
(@]
Scheme 85
Cl - Cl
AC, .
-40°C A\ AICI,
e oL O

t-Bu :
t-B




Elimination Strategy for Aromatic Acetylenes

N i N, © . © O
OO Q-
hvl Ar,15k

dimer + H,O
m/e 318

Scheme 87

::Co::; :::Co::,
Co
NHQCONHWMNNHCONHZ
Co Co
— m N GS:SQ N
CQL%"C@

89

Scheme 88

Cp
¢
| OoH HO ) OH
c
op &
Co d)
— 0 & o —N= =N
NH NH

(:.)O CIDO
NH, NH,
Cp Cp
; Se
Co Co N
— N N + N (b N
N S
~Se Se
e o
d; Co

Chemical Reviews, 2006, Vol. 106, No. 12 5409

Scheme 89
@
Co Co
('30 (0]
Y ar) [
a
Co 85 Co
b c &
o |—
89 o
MeO,C”  CO,Me ld icbé
@
Co
zh
Fe
oc” | "co
cO
(a) CpCo(CO),
(b) CpCo(CO),;, MeCO,—==—CO,Me
(c) Cp*Co(CO),
(d) Fe(CO)s
Scheme 90
Cp
Co

5

\ % <
90 a @ +
c.v ;

3 @% s@%ﬁ\

91 (a) CpCo(CO),/c-octane

Scheme 91
0. o] (o]
& & &
' 0 7' 0 7' o
o) (o] o)
83 & =
A T
& /'/
_— / /|\ \ —_—
0 Ogo

P
95 96



5410 Chemical Reviews, 2006, Vol. 106, No. 12

Scheme 92
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