
@1.

Fi’ergamon
TetrahedronLetters 39 (1998)43-46

TETRAHEDRON
LEITERS

Preparation

Takashi

of 2-Iodo-l,3-butadienes from l-Trimethylsilyl-2,3 -butadienes

and their Functionalizations

Nishiyama, Tomoyuki Esumi, Yoshiharu Iwabuchi, Hiroshi Irie, and
Susumi Hatakeyama*

Faculty of Pharmaceutical Sciences, Nagasaki University, Nagasaki 852, Japan

Received 18September 1997;revised 16October 1997;accepted 17October 1997

Abstract: Successive treatment of l-trimethylsilyl-2,3-butadienes with iodine and tetra-n-
butylammoniurn fluoride in the same flask affords 2-iodo-1,3-butadienesin good yields and their
palladium-catalyzedcarhonylationand alkynylationallows introductionof ester and alkynyl groups to
tbe 2-positionbearingan iodineatom leadingto various2,3-disubstituted1,3-butadienes.
O 1997ElsevierScienceLtd.Allrightsreserved.

In the courseof searchfor the syntheticutilityof l-~imethylsilyl-2,3-butadienes,I we have recentlyfound
that additionof iodineto l-trimethylsilyl-2,3-butadienes1 took placeat -78 T at the terminaldoublebond to

give vic-diiodoallylsilanes2 quantitatively.zInterestingly,it was also found that vic-diiodoallylsilanes2 thus
formed decomposedgradually to 2-iodo-l,3-butadienes3 above –30 OC.~ These findings allowed us to

envisagethat successivetreatmentof 1 with iodine and tetra-rr-butykurtmoniumfluoride (TBAF)in the same
flask would produce2-iodo-l,3-butadienes3 effectivelyas depictedin Scheme 1. Exploitationof a general

practicaJmethodfor the preparationof substituted2-halo-1,3-butadienessuch as 3 is importantbecause few
methodsare availablefor this pttrpose.4 We now report an efficientmethod with broad applicabilityfor the

preparationof 2-iodo-1,3-butadienes3 from l-trimethylsilyl-2,3-butadienes1 and their conversionsto various

2,3-disubstitutedl,3-butadienes.
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Experimentationwasundertookas shownin Scheme2 andthe resultsweresummarizedin Table 1. Nine

2-substitutedl-trimethylsilyl-2,3-butadienesIs weresynthesizedin goodyieldsby the reactionof bromidesor

tosylates5, freshlypreparedfrom4, withMeqSiCH2MgClin the presenceof CuCNand LiC1. It is importantto
note that use of CUCNand LiCl turnedout to be crucialfor effectingy-attackof Grignardreagent leading to

exclusiveformationof 1.6 The precedentmethodTusing LiCuBr2or CuBr often gave a mixtureof 1 and the
correslnnding alkyne produced by competitiveet-attack of the Grignard reagent. l-Trimethylsilyl-2,3-

butadienes1 thusobtainedwere then allowedto reactwith iodinefollowedby TBAFat –78 ‘Win CH2C1Z.It

was found that initiallyformedvic-diiodoallylsilanes2 smoothlyunderwentF- mediatedeliminationnmetion
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giving 2-iodo-1,3-butadienes3in good to excellentyieldsexcepttwo examplesshown inentries6and8. A

typicrdprocedureis describedfor the synthesisof2-iodo-3-phenyl-l,3-butadiene3 (R = Ph). To an ice-cooled
suspension of CUCN (6.9 g, 77 mmol) and LiCl (6.5 g, 153 rnmol) in THF (100 ml) was added
Me$iCH2MgCl(1 M in E~O,77 ml, 77 mmol). Afterbeingstined at O‘C for30 rnin, the mixturewas cooled
to–78 “Canda solutionof freshlyprepared3-bromo-l-phenylpropyne(5.0 g, 26 mmol)in THF (20 ml) was
added. After 1h at -78 “C,the reactionwasquenchedby the additionof sat.NH~C1.The reactionmixturewas
dilutedwith AcOEt,washed with water, dried over MgSOQ,and concentratedin vacuo. The residue was

purifiedby silicagel colurm chromatography(n-hexane)to give l-trimethylsilyl-2-phenyl-2,3-butadiene1 (R =
Ph) (4.8 g, 92%). To a stirredmixtureof 1 (R = Ph) (4.8 g, 24 mmol)and NaHCOJ(2.9 g, 35 mmol) in
CH2CIZ(50 ml) at –78 ‘T was addeda solutionof 12(9.0 g, 35 mmol) in CH2C12(150 ml). After 10 rein,
TBAF(1 M in THF, 35 ml, 35 mmol)was addedand the mixturewas stirredat –78 %2for 1 h. The reaction
mixturewasdilutedwithAcOEt,washedwith 590 Na2SzO~and water, driedover MgSOd,and concentratedin
vacuo. Theresiduewaspurifiedby silicagel columnchromatography(n-hexane)to give 2-iodo-3-phenyl-1,3-
butadiene3 (R= Ph) (5.7 g, 93%).

Scheme2. (a) CBr4,Ph3P,CH2C12,O“C or n-BuLi,TsCI,THF, -78 ‘C; (b) Me3SiCH2MgCl
(3 equiv.), CUCN(3equiv.),LiC1(6equiv.),THF,-78 ‘C; (c)12(1.5equiv.),NaHC03,(1.5
equiv.),CH2C12,–78“C,then1Mn-Bu4NFinTHF(1.5equiv.),–78“C.

Table 1 Preparationof 2-substitutedl-trimethylsilyl-2#-butadienes
and3-substituted2-Iodo-l,3-butadienss

Yielda(Yo)

entrv R x 1from 4 3 from 1

1 Ph

2 BnOCH2

3 Bu

4 Ph(OBn)CH

5 C5Hll(OBn)CH

6 Me2(OMe)C

{0 Hz
7 :1

8 Me3Si

9 Me

Br

Br

Br

Br

Br

Br

TsO

TsO

TsO

92 93

87 98

89 87

94 95

87 91

77 0

84 88

75 Oc

65b 60b

a) isolatedyield. b) the isolatedyielddecreasedbecauseof
its volatility. c) 4-iodo-l-trimethylsilyl-2-butyne was
producedin variableyield (-50%).

Having developed a new practicalmethod for the preparationof 2-iodo-1,3-butadienes3, we then

examinedfunctionalizationof the 2-positionbearing an iodine atom leadingto various 2,3-disubstituted1,3-



butadienes. Table2, Table3, andTable4 showthe resultsofpalladium-cataiyzedscarbonylation,aikynylation,
and cross-couplingreactionsof 3. It can been seen that both carbonylationand aikynylationnmctionsworked
well. However, introductionof an substituentby cross-couplingreactiongave unsatisfactoryresults and the

dimerictetraene10wasmostlyobtainedin moderateyield.

Table2 Preparationof 3-substituted
2-methoxycarbenyl-1,3-butadienes’

\/H \/
I ‘ )-(02Me

3 6

entw R Yieldb(%) of 6

1 Ph 78

2 BnOCH2 76

3 Bu 72

4 Ph(OBn)CH 64

Table3 Preparationof 2-alkyny1-3-phenyl-
1,3-butadienesa

\/v //
PI P

3 “’K
,\\

R

entry R Yieldb(%) of 7

1 Me3Si 96
2 CH20H 80

3 Bu 96

4 Ph 95

5 C5Hll(OBn)CH 96 a) the reactionwasconductedusingaikyne
(1.1 equiv.), (Ph3P)2PdC12(0.03 equiv.),

a) the reaction was conducted using
(Ph3P)4Pd (0.03 equiv.), Et3N (2

CUI (0.06 equiv.), Et3N (2 equiv.) in
THF at room temperature. b) isolated

equiv.)in MeOHat roomtemperature yield.
underCO (1 atm). b) isolatedyield.

Table4 Creas-couplingreactionsof 2-iodo-3-phenyl-l,3-butadiene

3 8 9 10
Yieldb(%)

entry RM (1.5 equiv.) Methoda 8 9 ‘ “ 10
1 MeMgBr A 36 36 0

2 MeLi B o 0 63

3 rr-BuLi B o 0 57

4 mBu&nCH=CH2 c o 0 52

a) A: (Ph3P)4Pd(0.03equiv.),THF,roomtemperature;B: (Ph3P)4Pd
(0.03 equiv.), benzene, reflux; C: Pd2(dbah.CHC13(0.03 equiv.),
THF, 50 ‘C. b) isolatedyield..

Furthermore,we examinedreactionsof 2-iodo-3-phenyl-l,3-butadiene3 (R = Ph) with benzaidehydevia

metailation. As can be seen from Table5, 3 (R = Ph) reactedwith bezaidehydein good yields aithoughthe

regioselectivity of the reaction was dependent on the reaction conditions. In this particular case,

dienylmagnesium9andchrornium]ospeciesturnedout to producethe allene12exclusively.
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Table5 Reactionof 2-iodo-3-phenylbuta-l,3-dieneswith
benzaldehydevia metallation

\/

Pv I
= p~:h +- :+

3 12

entry Conditionsa 11 : 12b W% (Yo)c
1 kBuLi (2 equiv.),Et20, –78‘C 36: 64 83

2 t-BuLi (2 equiv.),Et20, -78‘C 26 :74 90
CUCN(0.1 equiv.)

3 Mg (1.5 equiv.),ZnC12(0.03equiv.), O: 100 87
(CH&.Br2,THF, reflux, then , -40“C

4 CrC12(2 equiv.),NiC12(0.01 equiv.) o : 100 75
DMSO,roomtemperature

a) PhCHO(I.0 equiv.). b) determinedby ‘HNMRanalysisof the
mixture. c) inseparablemixture.
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