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CHAPTER l

GENERAL　＝NTRODUCTtON

Bromine chioride（BrCi）has been reported to be obtained

bY directcombinationofbromine and chlorine．1－4）This

bromine chloride was characterized bY SPeCtrOPhotometric or

pressuremeasurements′5－7）butis a rather unstabie compound′

and so has not been obtainedin the pure state．　＝tis highiY

dissociatedin the vapor phase andin s01utionr while the

dissociation constant for the f01lowing reaction（Schemel）

in carbon tetrachioride s0lutionwas shown to be O．145±0．006．5）

2BrCl　三　号　Br2　＋　C12

Scheme l

Such a highinstabiiitY Of bromine chioride（the heat of

formation of bromine chloriae has been estimatea as O．3　kcal／

m015））provides somedifficultiesinstudyingits chemical

reactions．　Nonetheless，bromine chioride has been used as an

bromochiorinating agent of alkenes and alkynes．　As with the

Other eiectrophilic additions to alkenes，the reacti？n Of

aikenes with a mixture of bromine and chiorine can occur to

give the bromo chloro compounds（Scheme　2）．
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white et al．8）have established the third order kinetics

（first orderin alkene and second orderin bromine chloride）

for the addition of a mixture of bromine and chiorine（Within

theinitiaiconcentrationrange O・4－0・8m01dm－30fBrClin

acetic acid s01ution）to alkenes such as cinnamic and

CrOtOnic acids，aS f01lows：

Rate＝k【alkeneHBrCl］2

They have also reported the order of reactivitY Of the

interhaiogens and bromine to alkene as f01lows：

＝2《＝Br〈Br2〈＝Cl〈BrCI

The kinetic studies have shown further that bromine chloride

adds to aikenes4×102times faster thanbromine．

Hansonetai・9）reportedthekineticsofBrCiandBr2

addition to substituted cinnamic acids to be second order，

first order in aikenes and first order in BrCi in carbon

tetrachloride or chioroform as the s01vents．　The rate of

BrCi addition has been reported to be muchlarger than that

Of Br2　addition．　Such an enhancement of rate of BrCl

addition maY belargeiY due to the existence of a permanent

dip01emoment（リ＝0・57D）7）inthemolecule′inwhichbromine
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is positivelY P01arized′　thus greatly faciiitating the elect－

rophilic attack to alkene．

The rate of addition of a mixture of bromine and chlorine

（With the total concentration of halogens constant）to cis－

Cinnamic acidin carbon tetrachloride－aCetic acid s01ution

was greatestwhen【Br2］／lC12］was unitY．8）The kinetic form

Of the reaction was the same as that for the otherinterhaioq

gens（工Cl and　＝Br）and for bromine，but not for chlorine．

These results show that the reaction of a mixture of bromine

and chlorineinv01Ves a different attacking reagent（BrCl），

not bromine and chlorine alone．

The reaction of a mixture of bromine and chlorine to cyclo－

hexenein the presence of ethYiene oxide has been reported

to givei－brom0－2－（2－Chloroethoxy）cYClohexane（l），Whereas

that to ethYlenein the presence of cYClohexene oxiae gave

onlYl－（2－bromoethcxY）－2－ChiorocYCiohexane（2）・iO）

〔エ…：H2。H2CI C工；：H2CH2Br
（1） （2）

＝n this reaction the bromine atom adds to the carbon atom of

the aikene′　Whiie the chiorine atom adds to the carbon atom

Of the epoxide．　These results show that the bromine chloride

is an attacking reagent to aikene．but not bromine or

Chlorine．　similar resuits have been found in the reaction
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Of propene and　2－methylpropene with a mixture of bromine and

chlorineinthepresenceofethyleneoxide・ll）

Meanwhile，the reaction of aikenes with a mixture of N－

bromoacetamide and hYdrogen ch10ride（or N－＼Chioroacetamide

and hydrogen bromide）has been known to proceed by prior

formation of bromine chloride which adds subsequentiY tO

alkenes．
12，13）

AcNHBr　＋　HCl　言＝きAcNH2BrT　＋　Cl　享＝三　AcNH2

〉＝C＼
＋　BrCl　　　－　　＞

＋　BrCl

similarlYr Wilbur eta1．14）have reported thatcYClohexene

giVeS bromochiorinated adducts upon the reaction of bromine

Chioriae preparedin situ from the reaction of N－Chioro－

SuCCinimide and bromideion（Scheme　4）．

P空〇十〇二…
Scheme　4．

A mixture of bromine and antimonY（ZH or V）chloride was

Shown to TeaCt With aikenes to giVe the bromo chloro

compounds（Scheme5）．15）
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SbCl5　＋　Br2　く・∴一号　BrCl　＋　SbCiqBr

SbC14Br　と　∴＞　BrCi　＋　SbCl3

C6HlO　　＋　　BrCl　　　　＞　C6HlOBrCi

Scheme　5．

CrYStalline bromine chloride complexes such as pYridine

bromine chloridecomplex16－18）andpolyhalideions（Br2Cl

orBrC12－）19′20）maybeusedaS bromochlorinati叩a冒e此S tO

alkenes・　Zt has been reported that these reagents can be

readilY PreParedin stable forTnS under the normal conditions．

PYridine bromine chloride complex（呈）was reported to be

PrePared from bromine chloride and excess pYridine．
16）

Dichlorobromate（1－）ion（生）Can be prepared from the reaction

of chiorine andbromideion．20）chlorodibromate（1－）ion（5）

WaS also reported to be prepared by treating bromine with

Chlor土de　土on．
19）

C5HSN－BrCl

（3）

（CH3）ヰNBrC12　　　　（CH3）ヰNBr2Cl

（旦）　　　　　　　　（旦）

The structure of poIYhalideion such as　4　has been confirmed

fromvibrationaispectroscopY21，22）andreported tobe a

linear and symmetricaiion，Similar to tribromideion．

【Cl－Br－Cl】

As has been described，there are numerOuS methods to

PrePare bromine chloride and the reaction of alkenes with
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bromine chioride has been reportedin the

literatures．15・19，23－26）

walden23）has reportedin1897thatthereactions of

fumaric and maieic acids with bromine chloride giVe the

COrreSPOnding bromo chioro conpounds，i．e．，meSO－　and d1－2－

brom0－3－Chlorosuccinic acids，reSPeCtiveiY，in an anti

stereospecificmanner．Buckles et ai．24）reported that the

addition reaction of bromine chloride（preparedin situ from

the reaction of bromine and chlorine）to cYClohexene and

trans－Stilbene t00k placein an anti stereospecific manner，

but，that to cis－Stilbene gave a mixture of dl－　and mes0－1－

bromoq2－Chlor0－1r2－diphenylethanein a stereoselective manner。

SimiiarlY，the reaction of cis－　and trans－1－PhenYIpropenes

With bromine chloride gave a mixture of threo－　and erYthr0－

2Tbrom0－1－Chlor0－1－Phenyipropanes（Scheme6）・19）

Ph H

＼　　／

′＝C＼
CH3

Phヽコ′H3
H／＼H

BrCl

】‾，　‾　一一＞

CH2C12

trans－aikene

Cis－alkene

3HC
＼
　
H

㌣
プ
よ
＼
hP

91．5宅

21．0宅

Scheme　6．

＋　　Ph

8．5篭

79．0宅
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Thus′　the stereochemistry of addition of bromine chloride to

alkenesis considered to be dependent on the structures of

alkenes emploYed．

Tablel shows the product composition of addition to some

alkenes with bromine ch10ride，PreParedin situ from the

reaction of bromine and chiorine．　Theis01ated yields

appeared to be somewhatlow due to the contamination of

dichioro－　and dibrcmoaikanes・　The formation of these bY－

PrOductsis undoubtedly due to the attack of both bromine and

Chiorine which are formedin an equiiibriunWith bromine

chioride（Scheme7）．5）

．2BrClF＝三Br2＋Cl2．㌧＝！
／　＼

上＿　　【一↓

＼　　／
C＝C
／　＼

jc－Cぎ　ゴーCぎ二㌔ぺg
Scheme　7．

日nsYmmetrical aikenes such as stYrene′　tranS－Cinnamic acid，

andl－PhenYipropenes giVe the Markownikoff adducts bY the

reaction with bromine chloridein a regiOSPeCific．manner。

On the other hand′　the reaction of1－hexene，methyl crotonate，

and methylisocrotonate with bromine chioride afforded the

regiOSeiective Markownikoff adduct，Whiie that of methYl

acrylate gave the regiOSeiective anti－Markownikoff adduct．

These resuits show that the regiOChemistry of addition to
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Tabie l．　Product Distributions for the Addition of

Bromine Chloride to Some Alkenes．

Aikene s。lvent　　　％Ma）　％aM可　Yieid／％　Ref。

CH2＝CH2

CヰH9CH＝CH2

CyClohexene

C6H5CH＝CH2

（t）PhCH＝CHPh

（C）PhCH＝CHPh

（t）PhCH＝CHCH3

（C）PhCH＝CHCH3

（t）PhCH＝CHCO2H

CH2＝CHCOOCH3

（C）CH3CH＝CHCOOCH3

（t）CH3CH＝CHCOOC王i3

CH2C12

cclヰ

CHC13

C王iC13

CHC13

CHC13

CH2C12

CH2C12

CHC13

CH2C12

C32C12

CH2Cl之

61　　　　39

100　　　　　0

100　　　　　0

100　　　　　0

100　　　　　0

17　　　　83

93　　　　　7

70　　　　30

ヽ

′

　

　

　

　

　

）

b

 

C

9

　

　

　

′

0

　

　

　

′

0

3
　
　
　
9
　
　
　
5 24

67　　　　　24

52d）　24

73．5e）24

60f）　19

60g）　19

31h）　24

89b）　26

85b′土）26

91b′j）26

a）M＝Markownikoff adduct．　aM＝anti－Markownikoff adduct．　b）

Yieids were detemined bYIH NMR anaiysis．C）trans．d）

erYthr0．　e）a mixture of　68％　of threo－　and　5．5％　of erYthr0－

bromo chioro adducts．　f）a mixture of　91．5％　of erythr0－　and

8・5％　of threo－bromo chioro adducts．　g）a mixture of　21％　of

erYthr〇一　and　79％　of threo－bromo chioro adducts．　h）erYthro．

i）threo．　j）erythro．



10

alkenes with bromine chiorideis dependent on the structures

Of alkenes employed．

Simiiar results have been reported for the bromoclorination

Of aikenes with bromine chioride preparedin situ from the

reactionof SbClS andBr2（orSbCl3andBr2）inCCiq．＝5）

Meanwhile，there are several studies on the stereochemistry

Of bromination of alkenes with moiecuiar bromine．　Roiston et

al．27）found that the aadition to ci計and trans－2－butenes

With brominein various s0iventsisin an anti stereospecific

mannerr while the addition to cis－　and trans－1－PhenYIpropenes

isin a nonstereospecific manner although anti stereospecific

addition product was formed mainiy．A similar stereochemisd

try has beenobservedbYFaheY etai・29）for thebromination

of trans－aneth0ie．Buckles etal．30）also reported that the

reaction of trans－Stiibene・With bromine t00k placein an

anti stereospecific manner，While the addition to cis－

Stiibene t00k piacein an stereoselective manner．

These resuits show that the stereochemistry of the addition

islthe same for both bromine and bromine chioride（Tablel）．

itis quite reasonable to consider that the reactioninterme－

diateis nearlY the same for both bromine and bromine

Chloride addition．　Thus，the studY Of the addition of

bromine chioride to aikenes would giVe a furtherinsightinto

the addition mechanisms which couid not be observed in the

reaction of sYmmetricai electrophiles such as bromine．
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The mechanism of the eiectrophilic addition of bromine to

alkenes has been widelYinvestigated from both the kinetic

and the stereochemicalpoints ofviev．31，32）Ztis weli

known that the nature of the reactionintermediate of addition

Varies with the structure of the alkene and the reaction

mediumr27128）namelYrangingfromastronglYbridgedbromonium

ionoftYPe（6）oriqinaliYPOStuiatedbYRoberts etal・33）to

a weakiY bridgedion of the type（7）or an open carboniumion

iikeintermediate（8）．

Br

＼△／
／　＼

（6）

＼式／
p√「

（7）

V
C
／
hh

P

r
　
／
　
＼

B

I

C

（堅

Anintermediate of tYPe（6）is believed to beinv01vedin the

bromination of alkYl－Substituted ethYlenes′Which giVeS OniY

the anti stereospecific productirrespective of the reaction

mediumT27㌦hiieinthereactionofphenyl－Substituted

ethyienes，the unsymmetricai bridgedion（7）or open carboniun

ion（8）must beinvolvedin ordef to rationaiize the nonstere一

〇SPeCific course of the addition，Whichleads to syn as weli

as to anti－adducts and depends on the reaction mediun．
28）

The existence of a bridgedion（6）andits structure are

weiisupportedbY StereOChemicaidata，31，32）kinetic data34）

and theoreticai caiculations．35）Furthermore，thereis
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direct evidence for the existence of haionium ions such as

those which areinvoivedin the chiorination，bromination，

andiodination reactions of aikenes．Olah et al．36－39）have

reported the data oflH and13C NMR spectra for some threed

membered cyciic bromoniunions．　The addition of the highly－

p01arized compiex′　BrCN－SbF5rin SO2　t0　213－dimethy1－2－butene

gives a bridgedion（9），39）whoselH N氾SPeCtr皿is

identicai with theion prepared by theionization of　213－

dibrom0－2，3－dimethYibutane（Scheme8）．36）These results are

COnSistent with theidea that a bridged bromoniumion（9）is

formedin the reaction of　213－dimethY1－2－butene with bromine・

SO2

（CH3）2C＝C（CH3）2　　＋　　BrCN－SbFS

且
（CH3）2C－C（CH3）2　＋　CNSbFS．

（9）

l sbFS

（CH3）2（；－C（CH3）2　‾‾　　　＞　（CH3）2C－C（CH3）2　＋　SbBrFS

SO2
Br

（9）

Scheme　8．

Theisoiation of the stabie adamantyiideneadamantane alkonium

tYPe Tr－COmpiex（10）has also been reportedin the reaction

Of adamantYlideneadamantane with brominein CCiq，SO2，HFd

SO2　0r FSO3H－SO2　S01ution．
39）
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（10｝

ThelH and13c NMR spectra of severai aikyi－Substituted

ethYlene bromoniumions have shown severai structurai possib－

iiities for the bromoniumion whichis dependent on the

aikYl－Substituent as f0110WS：the static sYmmetricai bridged

ionin which the C2－Br bondiengthis equai to the C3PBr

bondlength（10）；the static unsyTnmetricai bridgedionin

Which the C2－Br bondiengthis not equal to the C3－Br bond

length（11）；the bromoniumionin equiiibriunWith a pair of

open－Chainbromoalkeniumions（12）．40）

八／R3
C2－C3

＼

（10）

Rl
＼

／
R妄

Rl
＼

／
R2

昌之＿レR3
＼
Rヰ

一　　　　三

号　‾　　　－

八／R3
2－C3
＼
Rk

（12）

／
R2

Br

R＼盃了R‡
＼Rq

（11）

一一　　　＞

く∵ Rメ2－で
R2　　　　　　　Rq
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Meanwhiier the regiO－　and stereochemistries of the products

formed bY electrophilic addition of bromine chioride（or the

Otherinterhalogens）to aikenes are dependent on the

StruCture Ofintermediate at the product－determining stepl

thusin turn depend on the structure of the cationic

intermediatesirnmediateiY PreCeding the product－determining

SteP・＝f theintemediate has a sYmmetricai bridged structuQ

re such as（10），nuCieophiiic attack of chlorideion can

OCCur OnlY On the face opposite to the eiectrophile・Such a

backside attack of nucieophiieis anaiogous to the SN2type

mechanism and consequentlY the addition productis formedin

an anti stereospecific manner．　The additions arein a non岬

regiOSPeCific manner since the attack of nucieophile can

OCCur at bot串Carbon atoms of the bridgedintermediate（10）

（Scheme　9）．

Br

Rl笠Rヰ・
t

・Cl

50篭

Scheme　9．

h
7
㌦
勘
71
イ
／
し

3
C
I

R
l
＼

R

エf theintermediate has an unsYrnmetricai bridged structure

（11），nuCieophiiic attack of chlorideion can occur oniy at
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the opposite to the electrophiie similar to the attack on10．

The additionisin a regiOSeiective manner since the attack of

nucieophiie onli can occur predominantlY at the carbon atom

bearing a more positive charge development（SchemelO）。

Rl
＼

C

∠ ニ…三二二
C

（11）

‾　　一一一ラ

Br

R震R－
l

Cl

maコOr

Scheme lO．

k
T

R

㌣
パ
ソ
イ
　
r

R
　
ヽ
I
B

IR＋

rOn・
ュ
m

王f theinternediate has an open carboniumion－iike strue巨

ure（12），nuCieophiiic attack of chiorideion can occur at

both faces and hence both sYn and anti addition products are

expected（Schemeii）．

Cl
RU LR3
C　一　一一一rC

訂　＼Rヰ

1

三二二二≧

↓

3
　
　
　
　
　
　
　
止
．

r
R
／
＼
R

B
　
　
－
　
　
C （望）

SYn and anti adducts sYn and anti adducts

Scheme ii．

The additionisin a regiOSPeCific Markownikoff manner since

the attack of nucleophiie on12　can occur oniy at the carbon

atom bearing a positive charge●
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Thus，in order to gain furtherinformationin more detaii

On the electrophiiic addition of bromine chioride（and bromine）

to alkenes，itis necessarY tO have more experimental data on

the regiO－and stereochemistries of the addition products．

Duboisetai・41）havereportedthattheproductdistribution

On the addition of severai methY1－Substituted ethylenes with

brominein methan01（Scheme12）．

Rミ／R3　Br2

R㌔＝C＼。「忘ナ

Br

R苛」／R3＼ H
Br

Rl＝CH3′　R2＝R3＝H　　　　39．3

Rl＝R2＝CH3′　R＝H　　　15．3

Rl＝R2＝R3＝CH3　　　　　18．6

＋

R

R

1
＼
パ

Br

／
＼

I
C

OCH3

49．4

84．7

81．4

Scheme　12．

R3　　Rl
＼

OCH3

C－C

／I　＼
H R2l　、R

Br

ll．3

0

0

These resuits show that the regiOChemistrY Of the addition

is dependent on the methYLSubstituentr therefore methYid

Substituent affects the structure of a cationicintermediate．

Zt has aiso been reported that the bromochiorination of

PrOPene With bromine chioridein aqueous hYdrochioric acid

giVeSl－brom0－2－Chioropropane and2－brom0－1－Chioropropanein

theproportionof54：46．42）Thus，theintermediate formed

in the reaction of propene has been shown to be neariY

SYmmetricai bromoniunion－like（辺），Whereas that of2－

methYIpropene or2－methY1－2－buteneis an unsymetrical
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bromoniumion－like（11）or an open carboniumion－like（12）．

As showninTabiei，Heasleyetai・25）reportedthatthe

addition of bromine chioride t01－hexenein CCik giVeS a

mixture ofl－brom0－2－Chioro－　and　2－brom0－1－Chiorohexanes

（Scheme13）．

BrCI

CkH9CH＝CH2　－－－　　　＞

CClh

Br

C苗等H‾CH2　＋
C1

61篭

Scheme13．

Cl
t

CヰHgCH－CH2

I

Br

39篭

Such nonregiOSpeCific addition aiso suggests that the

intermediate of the reaction ofl－hexene with bromine chior主de

in CChis a neariY Symetricai bridged bromoniumionpiike

（13）。

≡＼八／≡
／C－C＼

CヰH9

（13）

Howeverr oniY Very few sYStematic studies have been carried

Out On the regiOChemistrY Of the reaction of aikY1－Substituted

ethYlenes with bromine chioride．

Data on the regiOChemistrY Of bromochiorination of phenYl－

Substituted ethyienes with bromine chioride are aiso verY

limited．Buckies et a1．24）found that the addition of bromine

Chioride to stYrene OCCurSin a regiOSPeCific manner，giVing
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2－brom0－1－Chior0－1－phenYlethane（Tablel）・The addition of

bromine chloride t01－Phenylpropenes was also found to take

Placein regiOSPeCific and stereoseiective manners・
19）

The bromochiorination of stYrene With a mixture of SbClS and

Br2（or SbCl3　and Br2）gave onlY the regiospecific

班arkownikoff productr　2－brom0－1－Chlor0－1－PhenYiethane・
15）

These reports show that theintermediate from the reaction of

stYrene derivatives with bromine chiorideis an unsymmetrica－

liY WeakiY briaged benzYlic bromoniumion－like（14）or an

OPen Carboniumion－like（15）．

一

　

　

l

ヽ
／
h一P

／
2
＼

（14）

し．…三
ph／＼

（15）

Meanwhile，Ruasse etai．43，46）havemeasured the rates of

bromination of severai trans－Stiibene derivatives in methanoi

and reported that the reaction proceeds via one′　twot or ail

threeintermediates′　dependent on the substituents and、the

S01vents（Scheme14）．

Br Br Br

ⅩC6Hk一CH－CH－C6HヰY XC6HヰーCH－CH一・て6HkY XC6H4－CH－CH一く：6HヰY

Scheme14



R01ston et al．44）have measured the rate of bromine

addition to some styrene derivativesin acetic acid．

Correlation with HamettIs o substituent constants gave p

Of－4・21・This vaiue shows that the rate－determining transi鵬

tion state has anunSymmetrical charge distributiont mOSt Of

the charge being developed at phenY1－Substituted carbon CI

W土地1土七七1e delocal土zat土on on C2　0r brom土ne atOm（14）．Tb土s

COnCiusionis supported bY the verY Smaii secondarYisotope

effect（kH／kD＝0・98±0・Ol）Observedin the bromination of trans－

1－PhenYIpropene－α－dlin acetic acid．45）

However，anSWerS tO the structure of the reaction

intermediate may await further work for the regiOChemistry of

add土tion．

There are severailiteratures on the regiO－and stereochem瓜

istries for the addition products of unsYrnmetrical eiectrophip

iic reagents suchasinterhalogens（BrF，”＝F，＝Ci，and＝Br），47）

pseudohaiogens（ⅩNCO：Ⅹ＝Ci，Br，Or Z；ⅩN3：Ⅹ＝Ci，Br，Or＝），47）

suiphenYIchioride（PhSCi），48）and seienenYIchioride（PhSe－

cl）48）to aikenes．Alithese resuits avaiiablein thelitera－

ture for the reactions of a variety of unsymetricai reagents

With some aikenes are summarizedin Tabie　2．　These data were

CarefuilY Selected from studies′in which the product proport－

ions appeared to be under kinetic controi．

＝tis apparent that the reaction of aikenes with these

eiectrophiies proceeds via formation of a positivelY Charged
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Table　2．　Product Distributions for the Addition of some

UnSyTnmetricai Eiectrophiiic Reagents to Alkenesin CH2Cl2

Alkene　　　　　　％Ma）　　％aMb）　configuration

Addition of＝CIC）

CH3CH＝CH2

土－PrCH＝CH2

t－BuCH＝CH2

（Z）－C2H5CH＝CHCH3

（E）－C2HSCH＝CHCH3

（Z）－C6HSCH＝CHCH3

（E）－C6H5CH＝CHCH3

65

30

0

33

36

100

100

35

70

100

67

64

0

0

Add土t土on of工Brd）

threo

erytbrO

threo

erythro

CH3CH＝CH2

C2HSCH＝CH2

i－PrCH＝CH2

七一BuCH＝CH之

（Z）－C2HSCH＝CHCH3

（E）－C2HSCH＝CHCH3

（Z）一C6H5CH＝CHCH3

（E）－C6H5CH＝CHCH3

C6H5CH＝CH之

（Z）－aneth01e

（E）－aneth01e

65

45

15

0

40

45

100

100

100

100

100

35

55

85

100

60

65

0

0

0

0

0

threo

erythro

threo

erythro

m土Ⅹturee）

mixturee）
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Tabie　2（continued）

Aikene　　　　　　％Ma）　　％aMb）　configuration

Addition of C6H5SClf）

CH3CH＝CH2

C2HSCH＝CH2

エーPrC三三＝C三iZ

t－BuCH＝CH2

（Z）－CZH5CH＝CHCH3

（E）－C2H5CH＝CHCH3

32

25

0

0

36

32

68

75

100

100

64

68

threo

erythro

Additionof4－CIC6勘SCig）

C6HSCH＝CH2

（Z）－C6HSCH＝CHCH3

（EトーC6HSCH＝CHCH3

threO

erytbrO

Additionof2，4－（NO2）2C6H3SCih）

（Z）－anethole

（E）－anethole

mixture土）

m土Ⅹturej）

a）M＝Markownikoff adduct．　b）aM＝anti－Markownikoff adduct．

C）Ref．47．　d）Ref．47．　e）The ratio of threo and erYthro

adduct was not reported．　f）Ref．48．　g）Ref．48．　h）Ref・

49．Zni，1，2，2－tetraChioroethane as the soLvent．i）threo：

erYthro＝70：30．　j）threo：erythro＝5：95．



22

intermediate to give addition products（Scheme15）．

＼C＝C／
／　＼

＋　　　ⅩY　　　　＞
R、∧／
C－C

／　＼

（16）

yC、
レ

（17）

Scheme15．

R　芋／
Y－→＼C＿C

／I　＼
Y

Whether a bridgedintermediate（蓮）or a carboniumion℡iike

intermediate（17）isinv0ivedin the addition of these

reagents，depehds primariiv on the structures of aikenes。

GeneraliYl the addition of these reagents to aikYl－Substituted

ethylenes proceedsin nonregiOSpeCific and anti stereospecific

manners・　PhenY1－Substituted ethYlenes have been shown to

react with these reagents to Yieid a mixture of regiO－　and

StereOChemicaiisomers dependent on both the structures of

aikenes and the electrophiies emploYed・　As shownin Tabie　26

the reaction of cis－　and　ヒrans－1－PhenYipropenes with工Ci and

ユBr occursin a regユOSpeCific mannerl Whiie the reaction of

Styrene and cis－1－PhenYIpropene with　4－ChiorophenYIsuiphenYユ

Chloride proceedsin a nonregiOSPeCific manner・The reaction
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Of aneth01es with　＝Br and　2，4疇dinitrophenYisuiphenYI chioride

takes piacein a nonstereospecific manner aithough the anti

addition productis formed mainiY．

Thus′　the reaction of aiiphatic sYStemS With electrophiles

normallY gOeS through a bridgedionintermediate（16），but

that of phenYl－Substituted ethyienesisin a borderiine case

（16　0rヨコ）・When tbe phenyl ring has an electron releas土ng

Substituent such as methoxy groupT thereis sufficient

Stabiiization to permit formation of carboniumion（17），

giVing a regiOSPeCific but nonstereospecific prodtict．

Table　2　Shows that the amount of product of the Markownikoff

Orientation decreases as the size of substituent increases

from ethYl，isopropYi to t－butYi．　Thus．the regiochemistry

Of addition of eiectrophiies to aikYi－Substituted ethYlenes

aepends on the steric effect of the substituents．

Depending on the reaction conditions．the ratelaw for the

ionic bromination of aikenesis expressed by the wh01e or a

Part Of equation as f011ows：

一dtBr2】

50）

＝k2【Br2日A］＋　k3tBr2］2【A］＋　k3．【Br3　日A］
dt

【A】＝【Alkene】

Equationi・

工n aqueous media，methanoi，Or aCetic acid as s01vent，atlow

bromine concentration（less than3×10－3moldmP3）andin the
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absence of a bromideion，OniY the first term（k2lBr2日A日in

equation（1）makes a significant contribution to the observed

rate・　The first term represents the reversible formation of

Charge－tranSfer complex（18）fo110Wed bY rate－determining

S01vent－aSSisted bromine－bromine bond cieavage（AdECl tYPe

mechanism）（Scheme16）．　Evidence for such a specific r01e

of s0iventis avaiiabie from the work of Dubois et ai．51）

Who found alarge s0lvent deuterium－isotope effect for the

bromination of1－Pentenein methanoi．

〉＝く＋Bご2∈三洋く一竺ラ
（18）

＞
顎

〉－C、
Br

Scbeme16．

声（馳（SOH）n
（主旦）

Br
l′

＋篇ぺ、
OS

Zn s0iventsincapabie of such s0ivent assistance，the second

term（k3【Br2】2【A日in equation（l）becomes dominant even at

lowbromine concentration．52）under such reaction conditions′

the second bromine moiecuie may assist the bromine－bromine

bond cieavage bY forming both cationicintermediate（19）and

tribromideion（Scheme17）．
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＼　／
C＝C
／　＼ ＋Br22萩ユ典Br3

（19）

一一＞ ＼。＿3㌢

／去r＼

Yates etai・53）reportedtherates of ring－Substituted

StyreneS under both dominant second－Oraer（k2tBr2日Al）and

diminant third－Order（k3lBr2】2【A］）conditionsin acetic acid。

The given p vaiues（vs・0＋）for eachprocess早re VerY Simiiar

（for k2．P＝一4．8；for k3．P＝－4．6）．　Such results suggest that

a simiiar cationicintermediate（19）isinvolvedin both

reactions（k2　and k3　PrOCeSS）．

The mechanistic expianation for tbe third term（k3一【Br3】

lA］）in equation（l）is stiii not entireiY Settled・　The

reiative reactivities of the reaction of bromine and

tribromideion with a varietY Of aikenesin protic soivent

havebeenstudiedbYthegroupsofBei1，54）Yates，27）Dubois・55）

andBuckies56）and a number ofmechanisms have been proposed。

These are following：CataiYSis bY bromideion（20）；electrophilic

addition of tribromideion（21）；nuCleophiiic addition of

tribromideion（22）．
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r
　
／
　
＼

・

－

B

・

…

－

C

（20） （21）

Br

l

Br

l

Br

〉LC、
R

（22）

Dubois et ai．55）have foundthat thepiots of the ratio

kBr－／kBr2VerSuS the reactivities of severai substituted

ethyienes are curved dependent on the substituentst and

interpreted this resuitin terms of two competing mechanisms。

Oneinv0ives nucleophiiic attack of tribromideion on the

unreactive aikenes（22），While the other undergoes via a

Siow attack of bromideion on the charge－tranSfer complex（20）。

Buckles etal・30）reportedthatthebrominationofcis－

Stiibene with brominein dichioromethane giVeS a mixture of

threo－　and erYthr0－1，2－dibrom0－1，2－diphenYlethane，Whereas

the reaction of brominein the presehce of bromideion giVeS

Oniy one componentin an anti stereospecific manner・　These

resuits are consistent with the assunPtion that the

bromination of aikenes with tribromideion occurs by a

bromideion cataiYZed mechanism（20）．

The kinetic of the reaction of cYClohexene with tetrabutY1－

ammOnium tribromideinl，2－dichioroethane has been

investigatedbyBeiiucciet ai．57）TheYhave reportedthe
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the difference between the reaction of tribromide ion and

that of molecuiar bromine．　Theiatter reaction proceeds

through a cationicintermediate formedin the rate－determining

SteP（Schemei7），Whereas the formerinv01ves the rated and

PrOduct－determining nucieophiiic attack on the charge transfer

COmPlex（23）withiittie charge aeve10pmentin the transition

State（AdEC2－tYPe meChanism）（Scheme18）．

ヽ／　　　Br＼レ
躯Br－Br→　t　＋　N㌔r－
／C＼－B諭壬

、、

小Br

（墨）

simiiariy，Beiiucciet al．57）aiso carried out a kinetic

StudY On the reaction of cYClohexene with pYridine bromine

COmPlexinl，2－dichloroethane and fouムa that the reaction

Of this reagentinvolves a rate－　and product－determinig

nucieophilic attack on the charge－tranSfer complex（23）as

Shownin Scheme18．　A similar AdEC2－tYPe meChanism has aiso

PrOPOSedin the reaction of substituted cYCiohexenes with

PYridine dibromide or pYridine hYdrobromide dibromide

（PyHBr3）．58）

HeasieYet ai・19）have reportedthe reactionofl－PhenYト

PrOPeneS With various brominating（or bromochlorinating）
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reagents such as Br2．PYHBr3，PyBr2′　BrCi，PYBrCi，and

MeヰNBr2Ciin dichioromethane．　The addition of haiogen

COmPlexes t01－PhenYIpropenes proceeds nearlYin an anti

StereOSPeCific manner，Whereas that of m01ecuiar bromine（or

bromine chioride）was found to proceedin a nonstereospecific

mannerT although the anti addition product was mainlY formed・

TheY have discussed the differences of the mechanisn between

the reaction of m01ecuiar haiogens ana haiogen complexes as

f01lows：One POSSibie explanation for these differencesis a

fundamental mechanistic change，inv0iving a tYPe AdECl

mechanism（Scheme17）with the m01ecuiar haiogens and a tYPe

AdEC2　meChanism with the compiexes（Scheme18）．　TheY

PreSented another possible expianation for the resuits

Obtained with these reagents・　The differences between the

reaction of moiecular haiogens and the haiogen complexes

resuit from the fact that with m01ecular haiogens tw0　0r mOre

haiogen moiecuies participatein the transtion state（second

Order），Whereas the reactions with haiogen compiexeslimit

the avaiiabiiitY Of haiogen andimpose a first－Order mechani－

Sm．　＝n other words，the function of the compiexes wouid be

t01imit the concentration of free haiogen・　The two mechani亜

SmS are Shown in Scheme19．
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＼　　／
C＝C
／　　＼

＼C＝C／

BrX（h土gh concn）

X

l

梓く竿も〉聖Ⅹ1（BrX）n
（24）

Br2Ⅹ　or PyBrX

／　＼（10W BrX concn）

anti－　and syn－adducts

＞

Scheme19．

Br

〉凸′Ⅹ＼
（25）

anti－adduct

TheY have suggested thatr the structures of the anionsin the

intermediates constitute the reai differences between the two

mechanisms．　while the anionin the reaction of BrX wouid be

a trihaiide（or poiYhaiide）ion（23），the anionin the

reaction of haiogen compiex would be a simpie halideion（25）。

ThereforeTion pair　255hould be muchless stable thanion

Pair　24　and would quicklY COliapse to the anti－adduct before

OPening of the brominiunion couid occur．　The greater

StabilitY Of the anionin　24Would resultin anion pair of

alongerlifetimet thus permitting bromoniumion ring opening

and accompanYlng Syn－adduct．

As described above，the stereochemistry of the bromination

（or bromochiorination）reaction of alkenes wouid be dependen七
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On the brominating（or bromochlorinating）reagents and the

reaction conditions．　However，definite answers to the

mechanistic questions（Or structures of the reaction

intermediates）maY aWait further stereochemical and

regiOChemicalinvestigations′　Since the systematic studies

of the reactions of various alkenes have not been carried out．

Furthermore，the bromochiorination of aikenes with above

reagents usuailY giVeS the bromo chloro compounds with a

COnSiderabie amount of bY－PrOducts（particuiariYin the

reaction with m01ecuiar bromine chioride）（Tabiel）．　＝tis

Veryinteresting to find a new bromochlorinating reagent to

Meanwhilet Wilbur et al．14）reported thatthe reactionof

CYCiohexene with NCS and bromideionin aprotic soivents

yieids two major addition products（1－brom0－2－Chioro－

CYCiohexane andl，2－dibromocYClohexane）（Scheme4）・The

Yieid of．the bromo chioro adauct was reported toincrease

with the increase of the amount of added chioride ions．

From this resuitT theY SuggeSted that bromine chioride

PreParedin situ from the reaction of NCS、and bromideionis

Stabiiized bY an aSSOCiation of the added chlorideionsin

S01ution（Scheme　20）．　However，the mechanistic approach of

addition of BrCl2　WaS nOt Carried out．
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2BrCl　く二三　Br2　＋　C12

BrCi　＋　Cl‾≡二三　BrC12

BrCl　＋　Br‾妄＝＝≡　Br2CI

Br2Cl‾言＝＝三Br2　＋　CI

Scheme　20

Simiiar evidence for such stabilization of BrCl bY the added

Chiorideion can be obtained from aninvestigation bY dela

Mare etal・59）Theyhavereportedthe reaction3－6－Substituted

Ch0lest－5－eneS With bromine chioridein deuteriochioroform

giVeS bromo chioro compounds with a considerabie amount of

both dibromo and dichioro adducts，Whereas the reactionin

tetraphenylarsonium chioride giVeS OniY bromo chloro compounds

indicating no formation of dibromo and dichioro adducts。　Th皇s

resuit suggests the presence of dichlorobromate（1－）ion

（BrCl2）．A dichlorobromate（L－）ion was also suggested to be

inv0ivedin the bromochlorination of propene with bromine

chiorideinhYdrochioric acid．42）

Thus，dichlorobromate（1－）ion wouid be verY effective

bromochiorinating reagent to alkenes．　However，nO Chemicai

reaction with stable quaternary ammonium dich10rObromate（i屯）

has been carried out aithough such dichiorobromate（1一）ion

has been accepted as anintermediate of the bromochiorination

Of aikenes．
14．42．59）

The reaction of alkenes with RqNBrC12　may PrOCeed via BrCi
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as a possibieintermediate on assuming the foiiowing

equilibrium（Scherfte　21）．

R川＋Br－　＋　Cl2言＝竺RqN＋BrCl了言＝±R沌＋cl．＋　BrCI

Scheme　21．

Addition to Conコugated Dienes．

As with the addition of the general electroて）hilic reagents

to ccnjugated dienes，addition of bromine（or bromine chioride）

to con］ugated dienes can occur to giVe a mixture ofl，2－　and

l，4－additionproducts．60－63）

Zn the addition of bromine（or bromine chioride）t01，3瓜

butadiener atleast three reactionintermediates having

different charge distributions maY be considered to beinvoived。

The possibleintermediates are as f01lows：

（26）

Br

C－C＝C

（27）

Br

／、、、、⊥
C剛Cニ＝ニC二二二C

（28）

＝ntemediate（26）is a bromoniumion with symmetricai bridging．

＝ntermediate（之7）shows the charge as essentiaiiYlocaiized on

the secondarY Carboniumion．　＝ntermediate（28）represents the

Charge as highly delocalized across the bromine atom and the

adjacent ailYiic sYStem．

Bellucci et al．64）have established the third－Order kinetics
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（first一〇rderinl，3－butadiene and second一〇rderin bromine）

Of addition tol，3－butadiene with m01ecular bromineinl，2－

dichloroethane and dichloromethane（Equation　2）．

－d［Br21

＝kldieneHBr2］2 Equation　2．

dt

These results fit wellinto the general mechanism of

bromination of alkenesin aprotic s0lvents ofiow p01arities

（Scheme　22）．

Br2

CH2＝CH－CH＝CH2　＋Br2　妄＝三　CH2＝CH－CH芋CH2
Br2

ノーフ竿
CH2＝CH＝CH－CH2　＋　Br3　　　三・CHZBrCHBrCH＝CH2　＋　CH2BrCH＝CHCH2Br

12宅

Scheme　22．

88篭

The second order dependence on bromineiP equation　2

indicates the intervention of a second m01ecule of bromine at

the rate－determining transition state．　This rate－determin主ng

transition state probabiY COnSists of a bromine－aSSisted

heteroiytic fisson of the Br－J r bondin aninitiailY fomed

diene－bromine charge－tranSfer complex to glVe anion pair

involving a covaient，Cationicintermediate and a stable Br3

10n・　Ztis suggested that the moderateincreasein rate

COnStant On PaSSing from dichloromethane to the siightlY mOre

POlar1，2－dichioroethane as s01ventis consistent with the
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ionicintermediate of this process（Scheme　22）・The predomiq

nance of thel，4－adduct over thelr2－adductis considered to

suggest a delocaiized carboniumion（28）than a bromoniumion

intermediate（塾Or Zl）．

机eanwhilet Heasley etai・61）reportedthatthebromination

ofl，3－butadienein methan01glVeS　4－brom0－3－methoxy－1－butene

as the principal product（Scheme　23）・

CH2＝CH－｛H＝CH2　＋Br2　－－－－－－－－＞　CH2－｛H－＜fi＝CH2　＋　CH2－－CH＝CH－CH2

MeOHよr AMe　　去r A的e

63篭 4．3亀

＋　CH2－－CH－CH＝CH2　＋　CH2－CH＝CH一・一CH2

t t t l

Br Br Br

22亀 10号

Br

Scheme　23．

No anti一班arkownikoff adduct（3－brom0－4－methoxY－1－butene）was

Obtained．　From these resuits．they suggested that the

intermediate in the bromination of butadiene in methan01is

best described by31with slight delocalization of the charge

across the allYlic sYStem．　Such a partiailY bridgedinterme－

diate（21）was suggested for the reaction of conjugated dienes

With N－bromosuccinimidein moist dimethyl sulfoxide，Where

thel，2－additionproductwas obtainedmainiy・65）For

example，the reaction of　2－methY1－1，3－butadiene with NBSin

moist dimethYI sulfoxide gave oniY One COmPOund（1－bromop2d

methY1－but－4－en－2－01）in94％　Yield．
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The product distributionin the reaction of m01ecular

bromine chloride（BrCi）with cYCIopentadiene，2－methY1－1，3－

butadiene，Cis－and trans－113－Pentadienesin dichloromethane

was reportedbyHeasleY etal・19，66卜ThereactionofBrClto

dienes was reported to give very compiicated products・For

example，theionic bromochiorination of　2－methy1－1，3－

butadiene with BrClin dichloromethane gave four products

along with considerabie amounts of dichloro and dibromo

adducts（Scheme　24）．

CH3　　　　　　　　　　　　　　　　　　　　CH3　　　　　　　　　　　　CH3

I t l

CH2＝C一一CH＝CH2　＋　BrC1　－　－＞CH2－C一・一CH＝CH2　＋　CH2＝C仙CH一一CH2

l I

Br Cl

15．5篭

CH3

t

＋　CH2－て＝CH－CH2

t l

Cl

10篭

Br

CI Br

l宅

CH3

t

CH2－C＝CH岬CH2

1　　　1

Br

73．5宅

Cl

Scheme　24．

Such a predominant formation ofl，4－addition products（1，4『

adduct：1，2－adduct＝84：16）Shows that the reaction

intermedaite in the bromochlorination with BrCl is similaご　tO

that of bromination with Br2（Scheme　22）．

Meanwhiie．the product distribition can be shifted to favor

thel，2－addition products bY uSe Of such milder brominating

agents as the pYridine－bromine complex or tribromideion
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（and pYridine－bromine chioride complex as the bromochiorinating

agent）・19，58・67）whentetrabutylarnmonium tribromideis used

as the brominating agentinlr2－dich10rOethaner thelr2－

additionproductwas obtainedin95％yieid（Scheme25）・58）

CH2＝CH－CH＝CH2　＋（CヰHg）kNBr3　→　CH2－CH－CH＝CH2　＋　CH2－｛H＝CH一・てfI2

1I I I

Br Br

95篭

Scheme　25．

Br Br

5毛

Similariy，the reaction ofl，3－butadiene with brominein the

PreSenCe Of excess pyridineinl，2－dichioroethane was reported

to qiVe a mixture of　3，4－dibrom0－1－butene andl，4－dibrom0－2也

butene（1，2－adduct：1，4－adduct＝87：13）with a considerable

amountofN－（4－brom0－1－butene－3－Yi）pyridiniumbromide（41％）。64）

Belluccietal・64）suggested thatthekineticbehavior and

the product distribution observedin the brominatioh一〇f

butadiene，in the presence of tetrabutylarnmoniunbromide（or

in the presence of pyridine），Can be explained on the basis

Of the mechanism as shown in Schemes　26　and　27．　These two

mechanismsinvoive rate－　and product－determining nucieophilic

attack on the charge transfer（29，30，Or　31）withiittle

Charge developmentin the transition states（AdEC2－type

mechanism），Similar to that proposed for the bromination of

CyClohexene under the same conditions．
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CH2＝CH－CH＝CH2　＋　Br‾N等　盲＝三CH2＝CH－CfI

Br噌N毒

（星空）

竿2TCH＝CH2＋Br‾咤
Br Br

Scheme　26．

CH2＝CH－＜H＝CH2　＋　C5HS　一⊥Br－Br

甘

CH2＝CH－CH

聖誓い∴〔
∃rNC5H5（型）→竿ぺ”‾くH＝CH2

1
Br＋NCSHS馳

甘

CH2＝CH－CH圭舅
rB

SHS

r

 

C

B
1
－
⊥
朗

＋

（31）一→　CH2－CH－CH＝CH2　＋C5H5N

l l

Br Br

Scheme　27．

As with the reaction of bromine，the bromochlorination of

dienes with pYridine bromine chioride complex gave

predominantlylr2，additionproducts・16，66）Forexampie，the

reaction of　2－methY1－1，3－butadiene with pYridine bromine

Chloride complexin the presence of excess pYridinein

dichloromethane gave a mixture ofl，2－adduct（60％）andi，4－

adducts（40％）（Scheme28）．19）
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CH3

t

CH2＝C一一一一・七H＝CH2　＋　C5H5NBrCl

CH2C12

CH3

一一CH＝CH2　＋

1

53．5篭

竿3　　　　7H3
CH2＝C－．・てH－CHz　＋　CH2－C＝CfI．・CH2

r

I
B

l
一

I
C

C1

8．5亀

Scheme　28．

Br

C
　
－
　
B

＋

CH3

I

H2－・C＝CH－CHz

r

31宅

Cl

Such a predominant formation ofl，2－addition productsis

expiained on the basis of the mechanisminv0iving siow attack

Of chiorideion on the charge transfer complex（32）as shown

in Scheme　29，Simiiar to the addition of pyridine bromine

complex to dienes（Scheme27）．19，66）

CH2＝CHーCH＝CH2　＋CSH5NBrCi言＝三CH2－てH－CH＝CH2
ヽ　　　　　　　　′

、、＋ノ

、Bf Cl
■

l

l

NCSH5

仁廷）

Scheme　29．

As described above．the product distribution（the ratio of

l，2－aaauCt tOl，4－adduct）from the bromochiorination（or

bromination）of conjugated dienesis considered to be

dependent on the bromochlorinating（or brominating）reagents

and the reaction conditions．　However，definite answers to the
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mechanistic（Or the structures of the reactionintermediates）

questions have to await further reglOChemicalinvestigations

for the reaction products．since the regiOChemical studies on

the bromine chloride addition have not been carried out．

＝f theintermediateis a alkene－bromine chioride charge

transfer complex（i3）withlittle development of positive

Charge on the carbon，nuCleoロhilic attack of chloriaeion

Can be on either side of carbon atoms of the intemeaiate in

the reaction of conjugated dienes with dichlorobromate（1－）

ion（Scheme　30）．

CH2＝CHphCH＝CH2　＋　BrClT　く二三　CH2＝CH－CH三二
r

　

⊥

B
I
C

1　－　　　→

CH2＝CH‾くH‾CHZ＋CH2＝CH‾CHIH2暮I‾　　　‾　l

CI Br Br CI

Scbeme　30．

There are a few works on the reactions of con］ugated dienes

With the other unsyrnmetrical electrophiiic reagents such as

interhalogens′　PSeudohaiogenes and sulphenYi chiorides。

47ァ48）

Zng01detal．68）reportedthatthe reactionofiodinebromide

（ZBr）with1，3－butadienein dichloromethane at－35　0c afforded

predominantiy the1，4－adduct，1－Chlor0－4－iod0－2－butene，

together with somel，2－adduct，3－Chior0－4－iod0－1－butene．
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No anti－Markownikoff adduct，4－Chlor0－3－iod0－1－butene was

Obtained．　Reaction ofiodineisocyanate（＝NCO）with

COnコugated dienes was reported to giVe OnlY thelT4－addition

product・69）Thereactionof4－ChlorophenYisulphenYIchloride

With con］ugated dienes at　25　0cinl，1，2，2，－tetraChloroethane

WaS repOrted to giVe Predominantly the Markownikoffl，2－

adduct・49）For examplef the reactionof113－butadienewith

this reagent gavel，2－adauctiniOO！Yield（Scheme　31）・

CH2＝CH・｛H＝CH2　＋　4－CIC6H－SC1－－－－－＞CIC6HヰSCH2－CHCiCH＝CfI2

Scheme　31．

Muller etal。70）Studied the reactionof conjugateddienes

With methane－　and phenylsuiphenyi chioridesin dichioromethane．

The reactions of both reagents with dienes also gave

predom土nantlvlr2－add土と土on products・　They found that the

reaction ofl，3－butadiene with methanesuiphenyl chloride

gave a smail amount of the anti－Markownikoff adduct（Scheme

32）．

CH2＝CH－CH＝CH2　＋　CH3SCi
CH2C12

H2－CfI－CH＝CH2　＋　CH2－｛H－CH＝CH2

1　　　　　t l

CH3Cl

95篭

Scheme　32．

CI SCH3

5宅



41

Addition to Aikynes

The reaction of bromine chloride（BrCl）to aikYneS Can

OCCur tO give bromo chioro compounds（Scheme　33）・

－C≡C－　＋　BrCl　　　　　＞　　－CCl＝CBr－

Buckles et ai・24）reported that the reaction of diphenYl－

acetylene with a mixture of bromine and chlorine gavel－brom0－

2－Chioro－l，2－diphenYlethenein alow Yieid（Scheme　34）・

C6H5C≡cc6H5　＋　BrCi

CH2C12

C6H5

＼
C＝C

／
Cl

Br

／

＼
C6H5

Scheme　34．

The reaction of1－hexyne and bromine chioridein carbon

tetrachloride vas shown to give a mixture of（E）－1－bromo膚2－

Chioro－　and（E）－2－brom0－1－Chior0－1－hexenes（Scheme　35），

Whereas the reactionin methan01gave regiOSPeCific Markowni市

koff adduct，（E）－1－brom0－2－Chlor0－1－hexene aiong with a

considerable amountof1，1－dibrom0－2－hexanone（Scheme36）．25）

BrCI

CqH9C≡CH　　－　　　　＞

CClu

C叫H9

＼C＝C／

C了　＼H

90亀

Scheme　35．

CuH＼C＝C′1
／　　＼
Br

10宅



BrCI

CqH9C≡CH　一一一　　　　＞

CH30H

C叫H9　　　　Br

）C＝C（・
CI H

31篭

Scheme　36．

2rBHC

n
n
C9HuC

The treatment of bromine chloride with ethy13－butYnOatein

CClk WaS rePOrted to giVe the reglOSPeCific Markownikoff

adquctin a stereospecificmanner（Scheme37）．71）

BrCI

CH≡CCH2CO2C2H5　・一一一一　　　〉

CClヰ
〉＝C′H2CO2C2H5

Br

H　　ヽ1

Scheme　37．

The reaction of phenylacetYlene with a mixture of copper（＝王）

Chloride and brominein CH3CN was shown to giVe a mixture of

（Eト2－brom0－1－Chioro－　and（Z）－2－bromo－トchlor0－1－Phenylethenes

along with alarge amount of dibromo and dichioro aaducts

（Scheme38）．72）

CuC12　＋　Br2

C6H5C≡CH

CH3CN

Yield：61篭

C6H＼C＝CノBr

cl／＼H

9ユ宅

Scheme　38．

＋

C6H5 H

＼　　／
C＝C
／　　＼
C1

9亀

Br

Ail these results show that the regiO－　and stereochemistries
●
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Of the addition of bromine chloride to aikynes are dependent

both on the structure of aikYne and on the reaction medium

emploYed．　However，the data for the bromochlorination of

alkynes with bromine chioride are rather meager．

Meanwhile，the addition of bromine to alkYneS Can be’found

in standard text b00ks．While the dibromo adducts are usualiY

三〇rmed as productsin the brom土nationin aprot土c solvent．

brominationin hYdroxviic s01vent such as methan010r acetic

acid resultsin the formation of s01vent－incorporated products

（Scheme　39）．Bromoalkynes are sometimes fomedin the

bromination of terminai acetYlenes．

M≡CH　＋　Br2

SOH

M（Br）＝CHBr　＋　M（OS）＝CHBr

＋　R－C≡CBr

Scheme　39．

The mechanism of the eiectrophiiic addition of bromine to

alkYneS has been widelYinvestigated both from the kinetic

andstereochemicalpoints ofview．73）Ztisweliknownthat

the structure of the additioninte士mediate depends both on

the structure of the alkyne and on the reaction medium，and

atleast three reactionintermediates having different charge

distributions canbeinv01ved．73）Thepossibieintermediates

are as f0110WS：
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A
Cl＝C2

＼

34

Br

＋　　／

－Cl＝C2
＼

36

＝ntermediate（34）is a sYmmetricai bridged bromoniumionin

Which the C1－Br bondlengthis equal to the C2－Br bondiength；

＝ntermediate（35）iliustrates an unsyrnmetrical weakiY bridged

ionin which the chargeisiocaiizea mainly on one carbon；

＝ntermediate（宣長）is an open vinyl cation．

Meanwhile，the regiO－　and stereochemistries of the

electrophilic addition of bromine chloride（or the othe3：

interhalogens）to alkYneS are dependent on the structure of

the product－determining transition states whichin turn

depends on the structure of the cationicintermediate fomed

immediately before the product－determining step・　＝f the

intermediate has a syrnmetrical bridged structure such as　三建，

nucleophilic attack of chlorideion can occur oniY On the

face opposite to the eiectrophile．　ConsequentiY，the product

is formed bY anti stereospecific addition．The additionis

COmPletelYin a nonregiOSPeCific manner since the attack of

Chlorideion can occur on both carbon atoms of the bridged

intermediate（34）（Scheme　40）．
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A
C1　－－　　＞

ヂ≡こ＼三三（

R㌔＝。／
／　　＼
CI R2

Scheme　40．

Rも　′1

三二／＼三三

＝f theintermediate has a weaklY bridged structure such as

33，nuCleophilic attack of chioriaeion can occur oniY from

the opposite side to the electrophile similar to the attack

On　34・　The additionisin a regiOSPeCific manner since the

attack of chlorideion on　35　Can occur predominantlY Oniy on

One Carbon atom with the more positive charge development

（Scheme　41）．

三三二
十′′′

．′

c c

Scheme　41．

Zf theintermediate has an open vinYi cation－like structure

（36），nuCieophiiic attack of chユOrideion can occur at both

faces and hence both sYn and anti addition products are

expected（Scheme　42）．　The addition occursin a regiOSPeCific

manner．
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3＝く‡→。き＝Cく…＋
CI Rl－C＝C

Rも　　′2
C＝C
／　　　＼
Cl Br

Meanwhiie，Pincocketai・74）reported that the rateiaw

for theionic bromination of alkYneS Can be correiated with

the wh01e or a part of equation（3）depending on the reaction

COndit土ons．

ーd【Br2】

＝k2［Br2日A】　＋　k3【Br2】2【A】　＋　k3－［Br3　日A】
dt

［A】＝alkyne

Equat土on　3．

＝n acetic acid as the s01vent，atiow concentration（less

tban3×10－4m01dm－3）andin the absence of abrom土de土onr

OniY first term（k之【Br2日AH in equation（3）makes a

Siqnificant contribution to the observed rate．　At a bromine

concentrationof approximateiylx10－2m01dm－3T both thek2

and k3　termS COntribute to the overail rate equation．　Zn

the presence of added bromidei．0n．the t叫rd term（kB，lBr了】

lA］）becomesimportant．

Under conditions where overaii second－Order kinetics are

f0110Wed′Pincock et a1．74）have studied the effectof the

StruCtureS Of aikynes on the rate of brominationin acetic

acid．The rates for the ring－Substituted phenylacetylenes
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are correiatedweilwitho＋vaiuesl giVing p vaiue of－5・17・

This data clearlY SuggeSt that the bromination of phenyl－

acetylenesin acetic acidis an electrophilic reaction・

Furthermorer theY have reported that the reaction of phenvl一

acetYlener　4－methYiphenyiacetylene′　andl－PhenyipropYne With

brominein acetic acid giVeS nOnStereOSPeCific dibromoaikenes

and regiOSPeCific s01vent－incorporatea proaucts with

班arkownikoff orientation．　For exampie，the reaction ofl－

PhenYIpropyne with brominein acetic acid gave（Z）－　and（E）－

1，2－dibrom0－1－Phenylpropenes andl－aCetOXY－2－brom0－1－Phenyl－

PrOPene（Scheme　43）．

C6H5C≡CCH3　＋　Br2　　－－　　－〉

AcOH

C6Hく　ヂ3
C＝C
／　＼
Br Br

14篭

コ
一

B
／
C
I
C

こ

こ
ヽ
ノ
二

6C

＋

59篭

＋　C6Hぅ（OAc）C＝C（Br）CH3

27毛

Scheme　43．

Thus，both the rate and the product data for the addition of

bromine to phenyl－Substituted acetYlenes are consistent with

an AdE2tYPe meChanisminv01ving a vinvI cationicintermediate

（37）as shownin scheme　44．



Br2

Ph－C≡C－R　一一　　一一　う

AcOH

6＋　／
ph－C≡≡C

ヽ

ヽ

ヽ

phC触）＝C（⊥
Br

蝕C（Br）＝C／
＼
Br

Ehrlich et al．75）Studied the kinetics of the addition of

bromine to phenYipropi01ic acid，its anion，andits ethYl

esterin　75％　aqueous acetic acid．　The reaction of the acid

is characterized bY the first term（k2lBr2日A日in equation

（3）・The reaction of phenYIpropi01ic acid anaits anion with

bromine gave smail amounts of cis－　and trans－CL，β－dibromo－

Cinnamic acids and extensive decarboxylation products，aS

Weil as products formed by soiventincorporation（Scheme　45）．

Br2

C6H5C≡CO2H　‾　　－一一＞　cSH5（Br）C＝C（Br）CO2H　＋　C6H5C≡CBr

AcOH

2．2宅 17．7篭

0

日
＋　C6H5（Br）C＝＝CBr2　＋　C6H5－C－Cf！Br2　＋　C6H5（OAc）C＝CBr2

4ち．0号 18．1宅

Scheme　45．

17．0宅
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TheY have suggested that the bromination of phenYIpropi01ic

acid andits anioninv0lves the electrophiiic attack of

bromine on the alkYneS and proceeds through an open vinYI

Cationic interTnediate（38）as f0110WS：

＋　′02
C占H5一・・C＝C

＼
Br

（38）

一一一　　＞　C6H5－C≡C－Br　＋　C02

Meanwhiie，the reaction ofl－hexYne Or　3－hexYne With

brominein acetic acid was shown to giVe the anti stereospec－

ific adducts．74）No soivent－incorporatedproductwas

Observed．　These resuits suggest that theintermediatein the

reaction of aiky1－Substituted acetylenes with bromineis a

CYClic bromoniumion－iike（33）．

The mechanistic expianation for the thira term

（kヨTlBr3　日A］）in equation（3）has stiil not been settied．

Two mechanisms have been proposed to expiain the k37　term．

Oneinvoives the electrophilic attack of tribromideion（39），

whiie theotheris abromideionca土aユYヱedprocess（40）・74－76）

Br

C三≡三C
＼

＼6＋　了′
■‾1■　－　－　－　－■■■■

（39）

R
Br・‥Br一一一Br
′

ヾ＋　，′‘
C芸C
ノ　　　＼

（40）

Br一一一Br6
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When the bromination of phenylacetyiene14－methYiphenY1－

acetYlene，and1－PhenYIpropene with brominein the presence

Of added bromideion was carried，the anti stereospecific

productwas formedpredominantlY．74）For example，the

reaction of phenylacetylene with brominein the presence of

excesslithium bromidein acetic acid gave one compound，（E）－

lT2－dibrom0－1－PhenYlethenein an anti stereospecific manner

（Scheme　46）′　Whereas the reactionin the absence oflithiun

bromide gave a mixture of（E）－　and（Z）－dibromoaikenes

（Scheme　47）．

Br2／Br
C6H5　　　　　Br

C6HうーC≡CH　一一一一一　　　＞

AcOH

Scheme　46．

＼C＝コ／

Br2

C6H5－C≡CH　一一　　一一一一＞　C6H5－C＝C－Br　＋

AcOH

C63C＝Cくr
19宅

Scheme　47．

C6H）C＝C′ご＼
Br H

42宅

＋　C6H5（OAc）C＝C（Br）H

14宅

Based on the marked decrease of the bromoacetate and the
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increase of anti addition product（Scheme　46）it was suggested

that the bromination of phenY1－Substituted acetylenesin the

PreSenCe Of bromideioninv01ves a bromideion catalYZed AdE3

type mechanism，PrOCeeding through a transition statelike

Ag・74）Ehrlich etal．75）aiso conciudedthat thebromination

Of aikYneSin the presence of bromideion occurs by a bromide

ion cataiYZed mechanism．

These product distributions formedin the reaction of

aikynes with brominein the presence of bromideion also maY

be rationalized on the basis of alternative mechanism，

inv0lving the rate－　and product－determining attack of bromide

ion on a7T－COmPlex such as　皇主（Scheme　48）．

R－C≡CH　　＋ Br3七M訂Br　　－　　＞
Br

l

Br

（生主）

Scheme　48．

R Br
＼　　／
C＝C
／　　＼
Br H

As described above，the product distribution（regio－　and

StereOChemistries）in the bromination（or bromochlorination）

Of aikYneSis considered to be dependent both on the

StruCture Of aikynes and on the brominating（presumablY

including bromochiorinating）reagent empioYed．However，

definite answers to the mechanistic（or the structures of the
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reactionintermediates）questions may have to await further

regiO－　and stereochemical works for the addition products，

Since onlY a few sYStematic studies have been carried out on

the reaction of alkYneS With bromine chloride under various

COnditions．

＝f theintermediateis a Tr－COmPlex（41）withlittle charge

development on the carbon，nuCieophiiic attack of chloride

ion can occur on both carbon atoms of the intermediate in the

reaction of phenYl－Substituted aikYneS With dichiorobromate（1－）

ion（Scheme　49）．

〆（＼

Ph－C…C－R　＋　BrCi2‾ごPh－C妄C－R CI
Br
l

Cl

Ph Br
＼　　／
C二C
／　　　＼
CI R

Schene　49．

ph Cl

＋　＼C＝／
／　　＼
Br R

There have been a few studies on the regiO－　and stereochemi－

Stries for the addition products of unsymmetrical electrophilic

reagents such asinterhaiogens（BrF，工Cユ．andユBr），77）

pseudohaiogens（ZNCO and＝N3）．77）sulphenYlhaiides，78）and

seienenYlhaiides78）to aikYneS・

1tis apparent that the reaction of aikYneS With these

eiectrophiies proceeds via a positiveiY Chargedintemediate

to give addition products（Scheme50）．
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R－C≡C－Rl　＋　ⅩY　一一　　　＞

言、／予＝C（R・

R′＝＼R・Y＼Rヽ＝了
（望）　　　了　＼R．

＋　　／

R－C＝C′　　Y‾→　R（Y）C＝C
＼
Rl

（生三）

Scheme　50．

Ⅹ

／

＼，
R

Whether a bridgedintermediate（42）or an open vinYI cation－

iikeintermediate（生⊇）isinvolvedin the addition of these

reagents′　depends both on the structure of alkvne and on the

electrophiie emploYed．

Dear79）has studied the adaition of brornine fiuoride

（preparedin situ from the reaction of anhYd．rous hYdrogen

fiuoride and N－bromoacetamide）t01－hexYne，3－hexYne，1，4－

dichlor0－2－butYne，and phenYlacetylene．　＝n the case・Of

terminal aikYneS，the addition of BrF occurredin the

regiospecific Markownikoff manner（Scheme　51）．

M≡CH　＋　BrF　一一一一　　＞　R（甘）C＝C（召r）H

Scheme　51．

The reaction of phenYlacetylene andlr4－dichior0－2－butyne was



54

in the anti stereospecific manner，Whereas that ofl－hexYne

and　3－hexYne gaVe a mixture of the（E）－　and（Z）－isomersin an

anti stereoseiective manner．For example，the addition of

BrF t01－hexYne gaVe　95％　of（E）－1－brom0－2－fluor0－1－hexene and

5％　of（Z）－1－brom0－2－fluor0－1－hexene．

Tendiletal・71）reportedthatthe aaditionofiodine

Chioride（工Ci）to ethY13－butYnOate gives oniY the

regiOSPeCific Markownikoff aaduct，Whereas the addition of

iodine bromid．e（工Br）gives a mixture of二的arkownikoff and anti－

Markownikoff adducts．　Addition of　＝Cl t01－OCtYne，PhenYl－

acetYiene′　and alkYiphenYiacetYienesin acetonitriie has been

reported t0　0ccur regio－　and stereospecificailY tO giVe

（E）－iodo chloro adducts（Scheme52）．80）

R＿C三C＿R，＋　工Cl＿→　ヽ＝C／

CHヨCN c了　＼R－

R＝Ph，R■＝alkyl or重言　R＝alkyl，R＝H－．

Scheme　52．

The high anti stereospecificitY Of the addition of ZBr has

beeninterpreted as evidence for the fomation of a cYCiic

iodoniumionintermediate（44）．

工

′′‘＋＼
′　　　　　　　　ヽ

C三三C

R／　＼R・

（44）
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The addition ofiodineisocYanate（＝NCO）to phenyiacetYlene

was shownt00ccurintetrahydrofuran・81）Howeverr the

addition product was notis01ated，but the work－uP Of the

addition product with hYdrochloric acid Yielded acetophenone

（Scheme　53）．

H20

Ph－＜三CfI　＋　＝NCO→Ph－C＝CH＝　　　　　＞　C6H5COCH3

品C。　HCI

Scbeme　53．

This resultindicates that the addition of　＝NCO to phenY1－

acetYlene giVeS the Markownikoff adduct．　The reactions of

diphenYlacetylene，2－OCtYne，and　4－0Ctyne With　＝NCO were

shown to give addition product・69）

The addition ofiodine azide　にN3）t01－PhenYIpropYne and

Phenyl（1－hydroxycYCiopentYl）ethyne was shown to give the

regiospecific anti－！4arkownikoff aaaucts（Scheme54）．82）

C6H5C≡CR　＋　＝N3　－　　＞　CGfI5C＝＝C（N3）R

R＝CH3　Or R＝1－hYdroxYCyClopentYI

Scheme　54．

Thus′　the regiOChemistry of addition of ZN3is opposite to

that normaiiY found for the addition of other pseudohaiogens

andinterhaiogens．
77）

SulphenYI chlorides react with alkynes to giVe a mixture of

Markownikoff and anti－Markownikoff adducts．・dependent both on

the structure of aikYne and on the reaction medium．
83－87）
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Generaiiy，the addition of sulphenyl chiorides to alkynes

takes piacein the anti stereospecific manner（Scheme55）・

RSCl・M≡C－RT→cy＝CG・Ry＝く：
Scheme　55．

This reaction has been weil rationaiizea on the basis of

AdE2mechanisminv01vingathiirenimionintemediate（毀）・88）

R

巨
／＼
C＝C

了　＼R・
（45）

schmid et a1．83，84）have reported theproductdistribution

for the addition of　4－ChlorophenvIsulロhenYi chioride to

unsYmmetricai aikynesinl，1，2，2－tetraChloroethane（Scheme

56）．

SAr

A瓜＋M≡C－R・→。才＝くR，
Ar＝4－CIC6Hい （竺）

Scheme　56．

R Cl

・ArJ二㌔．
（47）

Their resuits show that the orientation of additionis

dependent on both the steric and electronic effects of the

Substituent．　Thus，the reaction of aikYl－Substitutさd

acetYlenes（R＝aikyl，R■＝H）gave the regioselective anti－
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Markownikoff adduct（旦1），Whereas the reaction of phenyl－

Substituted acetYlenes（R＝Phenyl，RT＝H or alkyl）gave the

regioselective Markownikoff adduct（46）．

As with the addition of suiphenYI chiorides，the addition

Of seienenYI chiorides to alkynes gave a mixture of two

regioisomers（48　andi2）．dependent both on the structure of

alkynes andon the reactionme出Ⅷ（Scbeme57）．78）

RSeCl　　＋　R－C≡C－RI　　　　＞

。〉＝く…R＋RS〉C＝く：
（生β）

Scheme　57．

（49）

Generaiiy，the addition of seienenYI chiorides occursin an

anti stereospecific manner．　Both the kinetic data and

PrOduct analysis seem to suggest that the aaaition reaction

invoives a product－determining attack of chiorideion on a

bridged selenireni皿ionintermediate（50）．78）

R
l
S
′
■

e
＼

C‾‾‾●●‾一c cl

／
R

、ニノ

（50）
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With the background of aii accunulated works on electrophi－

lic additions of various eiectrophiles to alkenes，dienes，

and aikynes bearing various substituentsin different media，

the author has carried out a sYStematic studY On the bromoch－

lorination of aikenesT COnコugated dienesT and aikYneS With

dichiorobromate（1－）ion and m01ecuiar bromine chioride．

＝n the second chapter，the author describes the aetails of

the products obtained from the addition of dichlorobromate（1－）

ion and m01ecuiar bromine chioride to various aikenes，also

the mechanistic aspects of these reactions．

工n the third chapter，the author describes the bromochlorid

nation of conjugated dienes with dichiorobromate（1－）ion．

＝n the fourth chapter，the author describes the bromochiorp

ination of various aikYneS With dichiorobromate（1－）ion and

m01ecular brOm土ne chlor土de．
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CHAPTER　2

BROMOCHLOR＝NAT＝ON OF ALKENES W＝TH D工CHLOROBROMATE（1－）工ON

AND MOLECULAR BROM＝NE CHLORZDE

2・l・SYnthetic Utility for Bromochlorination of Aikenes

With Dichlorobromate（1－）＝on

工n the generaiintroduction′it was shown that quaternary

ammon土um d土cblorobromate（1－）はヰNBrC12）土s prepared by treatm－

ent of quaternary arnmoniumbromidewith chiorine．1）No chemical

reaction with RqNBrCi2′　howeverT has been tried although a

dichiorobromate（1－）ion has been accepted as anintermediate of

the bromochlorination of aikenes．2，3）

The reaction of aikenes with RkNBrC12maY PrOCeed via BrCl as

a possibleintermediatet on assuning the foilowing equiiibrium

（Schemel）：

RqN＋Br－＋Ci2＝＝三RqN＋BrCiT三＝三RqN＋ci－＋BrCi

Scheme i．

The authorinvestigated the reaction of stYrene With chlorinein

the presence of tetrabutyiarnmoniunbromide and the addition of

RJ．NBrC12　tO aikenes．　The author describes here the details of

the reaction products Db土ained from the reaction with stYrenet

the sYnthetic utiiitY for the bromochiorination′　and aiso the

meChanistic aspects of this reaction．
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Resuits and Discussion

A solution of an excess amount of stYrene（ia）in chioroform

WaS treated at15　0c with a chioroform s01ution of chiorine

COntaining various amounts of tetrabutYlammoniunbromide・The

reaction mixture was directlY Subjected to GLC analysis．The

reaction products were a mixture of1－Chior0－2－PhenYiethvlene

（2），1，2－dichior0－1－PhenYiethane（3），2－brom0－1－Chlor0－1－

PhenYiethane（4a），andl，2－dibrom0－1－PhenYiethane（5）with

recoverY Ofia（Scheme　2）．

C6HSCH＝CH2

1a

C12／Br
C6HSCH＝CHCl　＋　C6HSCHCiCH2Cl

旦　　　　　　　　　　＿i

＋　C6HSCHCICH2Br　＋　C6HSCHBrCH2Br

旦皇　　　　　　　　　旦

Scheme　2．

As was expected，the formation of the bromo chioro ad己uct（4a）

WaS markedly de妄）endent on the amount of a bromideion aadea

（Tabiel）．The amount of4aincreased proportionaliY With the

increase of bromideions until the number of bromideions

reached that of chlorine．　Further addition of bromideions

moderateiY decreased the amount of　4a with the formation of

the dibromoalkane（5）．consequentiY，itis apparent that

aimost aii the added bromideions wereincorporatedinto the

adduct up to the equimoiar amount of broTnideions to that of

Chlorine・Ztisユ叩PDr土an土to皿O土e土ha上土he ratios of2　to　3

Were neariY COnStant regardless of the numbers of bromideionsp
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and prettY Ciose to that of the addition product of chiorine

intheabsenceof bromideions（EntrYi，Tabiel）・4）＝n

addition，OniY the bromo chloro adduct（4a）was formedin a

regiOSPeCific manner without contamination withl－brom0－2－

Chior0－1－PhenYlethaner regardiess of the nunber of bromide

iOnS．　The structure of the adduct（4a）wasidentified bY

COmpar土son o至土tS13c andlH NMR spectra With those o王an

authentic sampie pr甲ared fromi，2－aibro王n0－1－PhenYlethane and

sncl互．5）

＝f the bromochioroalkane（4a）was formed bY theinitial

attack of chiorine，giving dichioride（3），and f0110Wed bY

either subsequent attack of a bromideion on　3　0r a　2－Chloroql－

phenYlethYication6）as anintermediate，theratios of呈to

3　would be dependent on the amount of ammoniumbromide．

The present observations areinconsistent with the above

mechanism and strongiY SuggeSt that the fornation of　4ais

through a quite different mechanism from that of the process

givingl and3．The most plausibie process giVing　生亘WOuld

inv01ve an electrophilic attack of BrC10r dichlorobromate（1－）

ion（BrCiT）instead of chiorine．Zn fact，the reaction of

BrCl to the same aikene has been found to Yieid only竺皇in a

regiospecificmanner＿7）

On the other hana，itis weli known that the addition of

m01ecuiar BrCi to　alkene gユVeS bromochioroaikane together

With considerable amounts of dibromo and dichloro adducts
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formed bY the attacks of bromine and chiorine，Which arein

equiiibriumWith bromine chloride．7・8）No dibromo and

dichioro adducts were foundin the present reaction bY uSing

an equim01ar mixture of chiorine and bromideion（EntrY　7．

Tablel）・The resuits suggest that this reactioninv01ves a

different attacking species′　nOt m01ecuiar bromine chloride．

A simiiar result was ais00bserved for the reaction of　3－β一

七ごま王1uoroacetOⅩy－5－Ch01estene w土th BrCl土n也e pごeSenCe O至

tetraphenYlarsonium chioriaer Which gave the bromo chioro

adductsin good Yields without anY formation of the dibromo

anddichioro adducts．9）＝naddition，the kinetic data for

the addition reaction of bromine to alkenesin the presence

Of a chiorideion have suggested a dichiorobromate（1－）ion

as the reacting species．3）Thus，a dichiorobromate（1－）ion

WOuld be the reactant and bromine chioride wouid not be

inv01vedin the process giVin9坐．A aichiorobromate（1－）ion

WaS aiso suggested to beinv01vedin the bromochlorination of

cYClohexenewith NCS and a bromideion．2）

As mentioned abover an equim01ar mixture of chlorine and

bromideions wouidbe a very effective and convenient

bromochlorinating agent・Furthert several quaternary

amoniumdichlorobromates（1－）were found to be easiiYisolable．

The bromochlorinations of alkenes were also triea with the

isoiated saits・The reaction of stYrene（1a）with

tetrabutYlammoniumdichiorobromate（1－）（6）in chloroforn
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COmPleted within a few minutes at O Oc，giVin　生旦in a neariY

quantitative Yieid（Scheme　3）．

C6HsCH＝CH2　＋　BrCl2

1a　　　　　　　　6

CHC13
C6HSCHCICH2Br　＋　C1

4a

Scheme　3

TetramethYiammonium and phenYltrimethylarnmoniun

dichiorobromates（1－）（7　and　8）Were aiso useful for the

bromochlorination of alkenesT regardless of theirlower

S0lubilities．　The reaction ofia with　6　was examinedin

SeVerai different solvents with a wide varietY Of p01arities・

Reactionsin dioxanet carbon tetrachlorideT ethYl acetater

dichloromethaneTlr2－dichioroethaner and acetic anhYdride

gave　4ain simiiar Yieids．ThusT the usual aprotic solvents

Can be empioYed as the reaction medium．　Meanwhile，the

reaction oflain acetic acia g己Ve生（65％）andl－aCetOXY－2－

brom0－1－PhenYlethane（9，35％）．＝n methan01，the maコOr PrOduct

WaS　2－brom0－1－methoxY－1－Phenyiethane（10，80％）．

Zn order to study the sYnthetic merit and the mechanism of

the addition of dichlorobromate（1－）ion to alkenes，the

reactions of　6With a varietY Of aikenes were examined・The

results are giVenin Tabie　2・＝n analogY With the reaction

Ofia，the reactions with met吋i trans－Cinnamate（ib）．indene

（塾）．and vinYi acetate（ld）in chioroform gave the

COrreSPOnding regiOSPeCific Markownikoff adductsin g00d

Yields・Addition to methYl acrYlate（主卓）gave regiospecific
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anti－Markownikoff adduct（4e）（Scheme　4）．

cH2＝CHCOOCH3　－－皇→　CH2CICfiBrC00CH3

CHC13
1e 4e

Scheme　4．

meanwhiie，addition ofi to such aikenes as propene（lf）T

3－Chloropropene（lg），and allYi cYaniae（lh）gave both

Markown土ko三三　and antユーHarkown土kof王　adducts（4　and　4－）

（Scheme　5）．

cH2＝CHCH2Ⅹ　ニー＿生→

CHC13
1

f：Ⅹ＝E

CH2BrCHCICH之Ⅹ　＋　CH2CICモミBrCH2Ⅹ

A

g：Ⅹ＝Cl h：Ⅹ＝CN

Scheme　5．

41

Aithough attempts to separate two regioisomers（4　andi］）

Were unSuCCeSSful，the orientation of halogen atoms was

eiucidated on the basis of chemical shifts of the carbon

bearing bromine and chiorine atomsin13c N班R，Sinceit has

been observed that the carbon atom bearing a chlorine atomis

deshieldedreiative to theonebearingabromineatom・10）The

StruCtureS Of two regioisomers（4　and　4t）have been determined

bY COmParison of their13C NMR spectra with those of the

COrreSPOnding dibromo and dichloro compounds・Selected13C

NMR spectra of dihaioaikanes arelistedin Tabie　3．　The two

regioisomers from the reaction of　3－Chioropropene（1g）were

identified by comparison of their13C NMR spectra with

those of the authentic samples・
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Table　3．13c chemical Shifts for1，2－Dihaloalkanes

in cDCl3（6　value）

CIH2XC2HYCH3

X Y CI c2

Br Br

CI CI

Br CI

CI Br

37．6

49．5

37．5

49．6

45．7

55．8

55．4

46．3

CIH2XC2HYCH2CN

Br Br

CI cI

Br CI

CI Br

34．2

45．9

33．5

46．1

42．5

53．3

53．0

42．1

The reaSOn for the formation of anti－Markownikoff adaucts

is　unCertain；howeverrit maY be attributed to the combined

effects of p01ar and steric effects．　A simiiar orientation

has aiso been foundin the reactions of these alkenes with

otherbromochiorinating agents．11，12）

Additions to methyl trans－Cinnamate（lb），indene（lc）．

CYCiohexene（ユi）41：is－and trans－2－butenes（ユj andijT）with

6in cHC13　gaVe anti stereospecific products・SimilarlYt

anti stereospecific productsr threo－　and erythr0－1－bromo℡2虚

Chior0－1，2－diphenYlethanes（4k and　年足）were obtained from
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Cis－and trans－Stiibenes（lk andlk一），reSPeCtivelY（Table2

and Scheme　6）．

Br

Ph

ヽ＝C／
／　　＼
H

Ph

Ph H

ヽ＝C／

H／　ヽh

p

Z
L
l
C

l

p
■
一
n
＼

h

l

C
＼H

H

Br

p章二Ph
CI

Scheme　6．

The s0ivent effect on anti stereospecific addition was

examined．　The reactions oflkin dichloromethane，1，2－

dichioroethane，aCetic anhvdride，and nitromethane gave threo

isomer（lk）free from erythroisomer（4kf）．＝n contrast，it

has previousiY been reported that the addition of moiecular

bromine chioride tolk－in chioroformis anti stereospecific，

whiie thatof主kgives considerable amounts of皇妃．7）

Furthermore，th台　StereochemistrY Of bromine addition t01k

hasbeenknowntobedependenton the s01vents・13）Thus′

the mode of the reactionis very differentin the additions

to迎With旦＿and with BrCi（and Br2）．　Therefore．the present

results cannot be expユained on the basi．S of any accepted

mechanism for the additions of bromine and bromine chioride。13t14）
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The compieteiY anti stereospecific addition with6　can be

expiained by assuming an AdEC2－tYPe meChanisminv01ving a

rate－　and product－determining attack of a chlorideion to a

three－CenterboundT－COmPiexintermediate（11）′15）as shown

in Scheme　7；a Simiiar mechanism has been suggestea for the

additions of Br3　andBr2Cl to aikenes anddienes．14・16）

＝ノ±こCl　→　4k　＋　Cl

M
n

＼
′

′

上
′
∫
Ul
t

pb Pb　　　　　　　　　　　‡）b

＼＿　＿／　　　　　　　　　　　＼

′＝CL　＋BrC12亭＝±
H

C
パH
l　／

ヽ　′

Br
l

1

－Cl

旦

Scheme　7

The product obtained from diethYl maieate（l色）and

fumarate（1旦一〉　was the same compound，diethyl erythr0－2－brom0－

3－Chiorosuccinate（4且T）．　Simiiar resuits were ais0　0bserved

for the reaction of dimethYl maieate（1m）and funarate（imT）

With　6in chioroform（Tabie　2）．　The reactions with these

electron－deficient aikenes proceeded only on heating and the

maleate was found to isomerize td the fumarate under the

reaction conditions（Scheme　8）．

H

＼
C＝C
／　　＼
ROOC COOR

BrC12
－－－－　　－　　さ
く

ROOC
＼　　／

H／　ヽ。。R

Scheme　8．

BrC12

－　　　　　－－－－さ
erythro

PrOduct
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On the other hand，fumaric and maleic acids have been known

to react with BrCi，Yielding erYthro－　and thre0－2－brom0－3－

chlorosuccinic acids，reSPeCtivelY・17）The differenceof

SuCh stereochemistrY Of addition would be additionai evidence

to support the assumption that the reactantin the reaction

Of　6　土s not BrCl but BrC12．

When comparea with other bromochiorinating agents′　the

merits o王quaternary amon土um dichlorobromate（1－）become

evident（Tabie　4）．Aithough the formation of bromochioro－

alkanes by the use of a mixture of bromine and chlorine has

beenweilknown・7）theyieldsappearedtoberelativelYloY

due to the contamination of dichioro－　and dibromoalkanes．

Certain01efinic substances with BrCI preparedin situ from

N－bromoacetamide and hYdrogen chioride also giVe undesired

bY－PrOducts，5）as was the case for amixture of N－Chioro－

succinimide（NCS）andabromideion．2）AlthoughpYridine－

BrCIcomplexi4，18）andamixtureofBr2andSbCiS（or sbCl3）ii）

Were rePOrted to be effective bromochiorinating agents，the

PrOducts were usuallY COmPlex・Tetraalkyiarnmonium

dichiorobromate（l一）Can be handied easilY and can be used as

a verY COnVenient bromochiorinating agents・Simple purifica申

tion of the product provides pure bromochioroaikanein nearly

quantitative Yieids．
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Ail the meiting points and boiling points are uncorrected・

NMR spectra were recorded on aJEOLJNM FX－60Q spectrometer，

using TMS as theinternal standard．Mass spectra were

recorded on aJMS－D－300Mass spectrometer・The GLC analYSeS

Were Performed on a Yanako GCG－550T with a Siiicone DC　550

（25％）－Celite545（2m）C01umn（A）or Yanako G－180gas chroma－

tograph with a High vacuumSiiicone grease（25％トCelite　545

（2m）C01umn（B）・Aii the organic starting materials′

including the s01Ventsr were distiiied or recrYStallized

before use・Chiorine was passed through water and sulfuric

acid．

Synthesis Of Quaternary Ammonium Dichlorobrornates（1－）．

QuaternarY arnmOniumdichlorobromates（1－〉　were prepared by the

knownprocedure・l）To asuspensionof tetrabutYlamonium

bromide（32．2　g，100　rnm01）in carbon tetrachioride（200ml）was

added120　mm010f chiorinein the same s01vent（200　ml）at　0－5

0c with stirring．The crystaiiine tetrabutYiarnmonium

dichlorobromate（1－）（6）was filtered and washed with CC1－（500

ml）・Yieid38・5g（98％）；mP66－67　0C．Further purification

WaS unneCeSSarY for the subsequent experimentsr but small

amOuntS COuid be工eCrYStaiiized from acetic acid to giVe a

PrOduct of mp66・5－67　0C・This salt has been alreadY rePOrted′

butmeltingpointwas notrecorded．ユ9）similarlY，tetramethyl－

ammOniumdichlorobromate（1－）（7）was prepared by the treatment
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Of tetramethylammoniumbromide with chlorinein acetic acid。

Yield85％；mP162－163（lit，l）160－163Oc）．PhenYltrimethyl－

ammoniumdichlorobromate（1－）（8）was prepared from phenYl－

trimethYlaTnmOnium bromide and chiorinein chloroform．　Yield

90宅7　mplO6－108　0C．

The Reaction of StYrene（la） with Chlorine in the Presence

〇三　でetrabutvlammonium Bromide． 王ⅩPeriments were carriea out

by add土n冒　20　ml o王　chlor土ne s01ut土on　土n chloro三〇m（0．16　m01

dm－3）in thepresenceofvarious amounts of tetrabutylammonium

bromide（0・55－4・73mm01）to　6．4mm01ofユ旦（in　30mi of the

Same S01vent）at15　0c with stirring for10　min．After the

reaction completed，the mixture was washed with aq Na2CO3　and

Water，and dried over MgSO叫．　The s0lvent was removed bY

evaporation．　The relative amounts of products were determined

by measuring the peak areas of GLC on the c01umn（A）atiOO Oc

With hYdrogen as a carrier gas（50mi／nin）．Retention times

（in minutes）were：虫，l；三，3・2；呈，7・8；坐，12・8；呈，14・

The resuits are giVenin Tablel．

The Reaction of StYrene（la）with　6． Generai Procedure：

To a solution ofla（3．12　g，30rnm01）in chioroform（100　ml）

WaS added旦（11．8　g，30　mmol）at O Oc over　20　min with stirringe

The mixture was stirred for an additiona110－20　min，then

WaShed with fiveiO0－mi portions of water to remove the

ammoniunSalt，dried over Na2SOk，and the s01vent was．evaporaァ

ted・Distiilation afforded　5．6　g（85％）of pure　4a：bp　80鴫81Oc



／lmHg（lit，5）106－107。C／、6rnmHg；lHNMR（CDCl3）6＝3・82，

3．83（2H．2d，J＝8．3　and　6．6　Hz，CH2Br），5．03（lH，q，J＝8．3

and6．6Hz，CHCl），and7．36（5H，S，C6H5）；13c NMR（CDCl3）

6＝35．9，61．3，127．2，128．6′129．0，and138．3；軋S M＋atm／Z＝

218，220，and　222（100：129：34）；Found：m／Z　217．9494．

Calcd for C8H8BrCl：H，217．9499．　Yieldsin other aprotic

S01vents were：in dioxane，78％；CClh　80！；CfI3COOC2H5，79％；

CfI2Cl2，85！；C三三2CiC三三2Ci，83％；（Cヨ3CO）20，80％．

＝n Acetic Acid as the S01vent．　To a s01ution of主旦（1・04

g，10mm01）in acetic acid（30ml）Wよs added旦（3．93g，10

mm01）at　20　0c over　5min with stirring．　The product was

is01ated bY POuring the reaction mixtureinto c01d saturated

aq NaCl，f0110Wed bY eXtraCtion with ether（200　ml）and

WaShing with aq NaHC03　and water．　The ethereal extract was

dried over MgSOヰ　and concentrated．　The residue（2．00　g）was

analYZed by GLC andlH N狸R．The composition analYZed bY GLC

WaS：皇室，65．4　anai－aCetOXy－2－brom0－1－PhenYlethane（里），34・6％・

lH NMR shows67：33mixture of坐and旦，reSPeCtivelY（bY

integration of methine protons）．ThelH NHR spectru of9

COrreSPOnds weil with that reportedin theiiterature．

Zn Methan01as the Soivent．

20）

To a s01ution of主旦（1．04　g，

10　mmoi）in methanol（30ml）was added旦（3．93　g，10rnmoi）at

O Oc over5min with stirring．ヱbe soユvent was removedbY

evaporation，and ether（150　ml）was added to the resiaue．

The ethereai’SOlution was washed with aq WaHCO3　ana Water．
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The ethereal extract was dried over MgSOk and condentrated．

lH NmR spectrunOf the residue shows a80：20mixture of2－

brom0－1－methoxY－1－Phenyiethane（10）and　生生，reSPeCtivelY（bY

integration of methine protons）．Column Chromatography of

the resiauai oii（1．85　g）on siiica gei with hexane as the

eiuent gavel・10　g of pure10　and O．2　g of　4a・　The data for

迎are as王0110WS：bp65－66。C／2m嘩＝1土七，21）570C／〇・4mm吋；

lH NMR（CDCl3）6＝3．32（3H，S′CH3）．3．49T　3．50（2H，2d，J＝

5・7　and　7．0　Hz，CH2Br），4．37（iH，aPPrOX．triplet，CH）．and

7．35（5H，S，C6H5）；13c NMR（CDCl3）6＝36．2，57．2，83．4′126．7，

128．4，128．6，and139．0；HS M＋at m／Z＝214and216（100：96）；

Found：m／Z　213．9981．　Calcd for C9Ⅰ王llBrO：M，213．9994．

Syntheses of Bromochioroaikanes by　6in Chloroform・　The

PrOCedure was the same as that described for that ofla

except for the re三Ction temperature ana period・　The resuits

are　91Venin　でable　2．

MethYi erythr0－2－brom0－3－Chior0－3－PhenYipropanate（4b）・

MP118－120　0C（from pentane）；lH NMR（CDCl3）6＝3．89（3H，S，

CH3），4．62（iH，d，J＝11．3　Hz，CHBr）．5．27（lH，d，J＝11．3　Hz，

CHCl），and　7．39（5H．S，C6HS）；Found：C．43．51；H．3．37％．

Calcd for C10HlOBrCiO2：C，43．27；H．3．63％．

trans－2－Brom0－1－Chloroindane（4C）．　After the usuai work－

up procedure′　C01umn Chromatography of the residue on siiica

gel with hexane as the eluent gave a pure坐‥lH NHR（CDCl3）

6＝3．23（lH，d of d，J＝3．4　and17．1Hz）3．82（1H．d of d，J＝
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5．9　and17．1Hz），4．70（1H，aPprOX．q），5．47（1H．d．J＝2．4

Hz），and7．30－7．45（4H，m）；13c NMR（CDCl3）6＝41．4．53．9，

67・9r125・OT125・4′127．8，129．6，139・91and140・2；HS M＋at

m／Z＝230′　232，and　234（100：130：32）．

l－Acetoxy－2－brom0－1－Ch10rOethane （4d）． Bp　80－810C／25mmHg

（lit，11）64－650C／10mmEg）；lHNHR（CDCl3）6＝2・17（3E′S，

C三三3）．3．70（2日．d，J＝6．0　Hz，C翫Br），and　6．53（1日，七，J＝6．0

Hz′　CECl）；13c NmR（CDC13）6＝20．6′　32．7′　80．0′　and168・0・

MethY12－3rom0－3－Chioropropionate（4e）．Bp60－63　cc／25

mmHg；lH NMR（CDCl3）6＝3．4－4．4（3H，m，CH2Cl and CHBr）and

3．80（3H，S，CH3）；13c NMR（CDCl3）6＝43．8，53．4，54．8，and

167・5・ThelH NHR spectrunOf4a corresponds well with that

reportedin theiiterature．
22）

1－Brom0－2－Chioropropane（4f）and　2－Brom0－1－Chloropropane

（4f一）・Gaseous propene（lf）from a cylinder was passea

through the chioroform solution of　6　at O Oc until the

Yeliov c010r disappeared．After the usuai work－uPl mixed

bromochioroaikanes（璽and生む）were obtained：bp53－55　Oc／

70mmHg●　lH NHR shows a56：44mixture of　4f and4fT．

lH NMR（CDCl3）（an asteriskindicates廷）6＝1．65＊（d．J＝

6・35　Hz，CH3）′1．79（d，J＝6．34　Hz，CH3）．and　3．3－4．4（m）．

13c NMR（CDC13）（an asteriskindicates堂）6＝23・2，37・5，＊

46・3，49・6r and55・4★・Although attempts to separate
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two regiOisomers were unsuccessfui，these assignmentS Were

SuPPOrted for dibromo and dichloro anaiogs・
23）

1－Brom0－2，3－dichloropropane（4g）and2－Brom0－1，3－dichloro－

PrOPane（4g，）．A mixture of twoisomeric bromodichloropropanes
l　　　　　　　　　　　　‾　　－　－　‾‾　　　　　　　　　　　－　　　　　　　　■

（4g and　4g，）was obtained from3－Chioropropene（lg）：bp　60－

62　0C／22mmHg．13C NMR shows a31：69mixture of4g and4g，，

respectiveiY・The ratio was obtained bY COmParison of the

SPeCtra Of the pure samPies as f01lows：4g，13c NMR（CDCi3）

6＝33・1，46・0，ana57．9；4g1，13c NMR（CDC13）6＝45．2and49．1．

4－Brom0－3－ChiorobutYrOnitriie（4h）and　3－Brom0－4－Chioro－

butyronitrile（4h，）．　A mixture of　4h and　4h，was obtained

from vinyl cYanide（lh）：bp67－68　0C／2TnmHg．13C NMR shows

a39：61mixture of4h and4h，t respectiveiY・13c NMR

（CDCl3）（an asteriskindicates　4h）6＝25．2，25．7，＊　33．5，＊

42・1146・lr　53・OT＊115．31＊　and115．6．These assignments were

SuppOrted　三〇r dibromo and d土chloro analogS aS　王0110WS：3パー

dibromobutYrOnitrile，13c NMR（CDCl3）6＝26．1，34．2，42．5，

andl15・9；3，4－dichiorobutyronitrile，13c NMR（CDCl3）6＝24．7，

45．9．53．3．andl17．0．

trans－1－Bromo－ 10hexane（4i）．　Bp　91－92　0C／18mmHg

（lit，11）90－95。C／17mmHg）；lHNMR（CDC13）6＝1．10－2．69（8H，m）

and4・03－4．41（2H，m）；13c NMR（CDC13）6＝22．5，23．3，32．8′

33－3－55・5，and62．9；S H＋atn／Z＝196，198，md200（100：

129：32）；Found；m／Zユ95膚9640＿　Calcd for C6甘10BrCユ：朗．

195・9655・Thelt‡N丑R spectrum corresponds well with that

reportedin theiiterature．
24）



87

thre0－2－Brom0－3－Chlorobutane （4〕）．　Bp　45－48　0C／30mmHg

（lit，25）50－52Oc／30mmHg；lHNMR（CDC13）6＝1・60（3H′d′J＝

6．6　Hz，CH3），1．74（3H．d，J＝6．6　Hz，CH3）′　and　4．0－4．8（2H，

m，CHCl and CHBr）；13c NMR（CDC13）6＝20．3，20．4，52．5，and

60・5；MS M＋atm／Z＝170′172，and174（100：129：31）；Found‥

m／Z169．9490．　Calcd for cヰH8BrCl：H，169．9498．

erVthr0－2－3rOm0－3－Chlorobutane（4〕－）・苫p　51－52　0C／50m冨冒

（1土七′25）50－520C／51m戒が；lHN畏R（CDC13）6＝1．65（3E．d′J＝

6・3　Hz，CH3）′1．80（3H，丘，J＝6．5　Hz，CE3）．and　4．0－4．3（2H．

m，CHBr and CHCl）；13c NMR（CDC13）6＝23．5，53．8，and61．8；

MS M＋atm／Z＝170．172，and174（100：131：33）；Found：m／z

l69．9495．　Caicd for chH8BrCi：M，169．9498．

thre0－1－Brom0－2－Chior0－1，2－diphenylethane（4k）．　Mp102・5－

1030C（from95！ethan01）（lit，7）99－100。C）；lfINMR（CDCl3）

6＝5．34（2王i．S，CHBr and CHCl）　and　7．18（10H′　S，2　CSfiS）；MS

M十at二m／Z＝294，296，and298（100：127：32）；Found：m／2

293．9819．　Caicd for Cl叫H12BrCl：班，293．9811．

erYthr0－1－Brom0－2－Chior0－1，2－diphenYlethane（4k一）．Mp　218－

22l Oc（fromligroine）（iit，7）220－22l Oc）；lHNMR（CDC13）

6＝5．32（2H．S．CHBr and CHCl）and　7．40－7．44（10H，m．2　C6HS）；

MS班＋atn／e＝294，296，and298（100；132：341；Found：m／Z

293．9809．　Caicd for ClヰH12BrCl：M，293．9811．

The Reactions of pialkyl Tumarate ana　刊aieate with　6．　The

mixture of且（11．8g，30mm01）and diethYlfumarate（lA一）（
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5．16g，30mmol）in100ml of CHC13WaS Stirred at refluxing

temperature for　50h．The reaction mixture was washed with

aq Na2SO3　and water．After the usuai work－uPT the solid

residue was recrYStaliized fromligroine to give　6・15g（71％）

Of diethyl erythr0－2－brom0－3－Chiorosuccinate（42．）：mP56－57　0C

；lH‘NMR（CCl－）6＝1．38（6H，t，J＝7．5Hz，2CH3），4．38（4H，q′

J＝7．5Hz，2CH2），and4．50－4．58（2ヨ，勘　2CH）．lH NMR spectrum

Of　4A－　corresponds weii with that reportedin the

1土terature．
11）

Zn a simiiar waYl anaiysis of the residue from the reaction

ofii with旦bylH NMR revealed a mixture of4且■　and unreacted

aikenes・The s01id residue was recrystaiiized fromligroine

to give　5．7　g（66！）of product（mp　56－57　0C）（not depressed

on admixture with the product obtained from建）．lH NMR

anaiYSis of the recovered aikeneinaicated77％of建　and

23％oflJLon the basis of reiative areas of the signais at

6＝6．84　and　6．25　for olefinic protons，reSPeCtivelY・

As with the addition of旦toIAandig，the addition to

dimethYi maleate（呈丑）and fumarate（主聖J）gave also the same

COmPOund，dimethYi erythr0－2－brom0－3－Ch10rOSuCCinate（室生一）：

mp　35－36　0C（from pentane）；lH N拡R（CClヰ）6＝3．92（6H，S，

2CH3）and4．65－4．72（2H，m．2CH）；軋S m＋atm／Z＝258，260′and

262（100；131ヱ　32）；Found　叫／2　257．9295．　Calcd　王or

C6H80qBrCl：M．257．9276．

Reaction of cis－Stiibene（lk）witわ　6in V早ripus Soivents．
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The reactions were carried out by the addition of　2rnm01of

6　t0　2　rnmol oflkin　50　ml of the soivent at　20　0c with

stirring・After the Yeiiow c010r disappearedl the reaction

m主Ⅹture WaS WaShed with water and dried over Na2SOk．　The

product of the reactionin acetic anhYdride wasis01ated bY

extraction with ether．　After the s01vent was removed under

reaucea pressuret the residue was analvzed bY GLC andlH NMR・

ReaCtionsin CヨCl3，CH2Cl2，CH2CiCH2Ci，（Cヨ3CO）20，and CH3NO2

gave threoisomer（4k）free from the erYthroisomer（建：）・

Yieldsin the soivents were：in CHCl3，95％；CH2Cl2，98％；

CH2CICH2Cl．96！；（CH3CO）20，95％；CH3NO2，95！．　The GLC

analYSis was performed on the c01umn（B）at150　0c with helium

as the carrier gas（50　ml／min）．
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2．2．　RegiO－　and Stereochemistries for the Bromochlorination

Ofl－PhenYIpropenes with Dichlorobromate（1－）Zon and

M01ecuiar Bromine chloride

＝n the generaiintroduction，it was shown that the

StereOChemistrY Of bronine aaaition to aryl－Substitutea

aikenesis markedlv aependent both on the brominating agents

andon the soivents empioyed．1）The antistereospecific

additions were observed for the reaction with a tribromide

ion2，3）orwithpYridine－bromine complex3）as brominating

agents・　However，OnlY a few systematic studies have been

Carried out on reaction with a dichlorobromate（1－）ion as

a bromochiorinating agent．　工t has been reported that1－

PhenYipropenes giVe bromochlorinated adducts by reaction with

（CH3）ヰNBr2Ci and pYriaine－bromine chloridein a trans manner，

Whiie aadition of m01ecuiar bromine chioride giVeS

significant amounts of cis－adduct．3）As describedin the

Part Of above section（2．1），it has shown that tetrabutYl－

arnmonium dichlorobromate（1－）reacted with various aikenes　土O

giVe bromo chloro adductsin nearlY quantitative yields，

Whiie the additions werein an anti s土ereospecific manner－

1n an attempt tO gather more detaileainformation on bromo－

Chiorination with a dichiorobromate（ト）ion，the author has

investigated the reg10－　and stereochemistries of the addition

t01－PhenYIpropenesin s0lvents with widelY different
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POlarities・The reactions of1－Phenyipropenes with m01ecular

bromine chioride were also carried out for comparison with the

reactions of a dichiorobromate（1－）ion．　The author describes

－　here reaction features of bromochlorination of1－PhenYl－

PrOPeneS With a dichlorobromate（1－）ion and m01ecular

bromine chloride．

Results and Discussion

The reaction of tetrabutYiarnmonium dichlorobromate（1－）（l）

With cis－1－PhenYIpropene（2a）in chloroform gave a mixture of

thre0－2－brom0－1－Chior0－1－phenYipropane（3a）and thre0－1－brom0－

2－Chior0－1－PhenYipropane（坐）in neariY quantitative Yields・

trans－1－PhenYIpropene（2b）reacted withi to give a mixture

Of erYthr0－2－brom0－1－Chloro and erYthr0－1－brom0－2－Chloro

adducts（3b and　4b，reSPeCtively）（Schemel）．

P＼／CH3　土

H／C＝C＼H　‾忘こ＞

2a

Br

t

cH。／P＼

pこ：ムH・PここムH
l i

CI Br

3a，76宅　　　　　　　4a，24宅

Cl

t

cH∃／戸＼



ph H

ヽ＝C／

H／＼cH3

2b

主
一一→　　Ph
CHC13

二三二CH3

Br

l

C、

Cl

三重，95篭・

Scheme l．

粁
　
㍉
了
B

．
n
P＋

3HC
＼
　
H

㌣
プ
〟

4b，5篭

Structural assignmentS Of the bromo chloro compounds　3a

and4a were deduced bY dehydrohalogenation to haioaikenes

（Scheme2）・When a mixture of垂and月旦WaS treated with

O・78　equivalent of potassium t－butoxidein t－butYl alcoh0lr

the aikene（旦）With recoverY Of the unreacted bromo chioro

COmPOund（4a）was obtainedin a g00d Yieid′．

七一BuOX

3a　＋　4a　－一一　　　＞

Ph H
＼　　／

。了　＼。H3

5

Ph H
＼　　／

Bf　＼。H3

6

Scheme　2．

1H NMR anaiYSis of the reaction mixture reveaied that one

isomer（3a），Which gives　5，WaS COnSumed faster than the

Other（4a）；thisisomer（麺＝），Which gives亘，disappeared

SlowIY・Thus，the more faciie ei士mination of蓮（than that

Of坐）wouユdよ）e due to either differencesin eclipsing effect

Of the bulkY Substituents orin the abiiity of theleaving

groups．　The relative reactivities of　3a and　4a arein



96

accordance with the usuai reactivities of hydrogen haiide

elimination．4）／

The structures of the maコOr and minor products from　2a and

2b were also determined by comparisons of their13c andlH

NMR spectra with those of the corresponding dibromo and

dichloro adducts．Selected13c andlH NHR spectra Of threo－

and erythr0－112－aihal0－1－Phenylpropanes arelistedin Tables

l and　2′　reSpeC七五vely．

Tabiei．13c chemicai Shifts for thre〇一　and erythr0－

1，2－Diha10－1－PhenYipropanesin CDCl3（6　value）

C6HSCIHXC2HYCH3

Ⅹ　　　　　Y CI c2　　　　　　cH3

threo

58．9　　　　　　52．7

67．4　　　　　　61．2

59．2　　　　　　61．0

67．4　　　　　　53．0

22．3

21．6

22．0

22．4

59．1　　　　　51．1

67．4　　　　　　60．1

58＿8　　　　　　59．＝6

67．5　　　　　　51．5

25．7

22．1

24＿0

23＿4
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Table　2．1H Chemicai Shifts for threo－　and erYthr0－

1，2－Dihal0－1－PhenYipropanesin CDCl3（6　value）

C6HSC㌔XCHbYCH3

Ⅹ　　　　Y CH3　　　　Ha Hb

threo

1．67　　　　　　5．22

1．44　　　　　　5．00

1．46　　　　　　5．06

1．62　　　　　　5．06

4．59

4．38

4．45

4．47

2．03　　　　　　5．05

1．67　　　　　　4．91

1．80

1．90　　　　　　4．98

4．57

4．38

4．45

NMR anaiYSis of the mixture of two regiOisomers couid be used

to determine the amounts of each of these isomers．

The present addition reaction appeared to be stereospecific

but not regiOSPeCific．　Thelack of regiOSPeCificitY CannOt

be ascribed to the subsequentisomerization of the bromochioro－

aikanes，Since pr010nged reaction time did not cause a

Change of theisomer rati0　0f the products．　工ntercDnVerSions

between tWO regioisomers（pure主星Or the mixedisomers；壬生；
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坐＝60：40）were examined．However，nOisomerization was

Observedin chloroform at room temperature for　3h by using

either　2　equivalents ofl or of tetrabutYlammoniunChloride・

Another possibiiity for the formation of anti一班arkownikoff

adduct（坐Or　堕）from the aichloro adducts of alkenes can

aiso be exciuded，Since no dichioroalkane was foundin the

react土on prOductS．

When the reaction was carried outin the presence of a free

radicaiinhibitor，2，6－di－t－butY1－4－methYiphenol，the product

COmPOSition did not change within experimental error・

軋OreOVer，the same product ratio was obtained under either an

OXYgen Or nitrogen atmosphere・　These resultsindicate that

the reaction proceedsin an eiectrophilic process rather than

in a free radical one．

When compared to the addition of otherinterhaiogens t01

PhenYipropenes，the striking differences become evident．

Product distributions for addition ofinterhalogens to cis－1－

PhenYlpropene are sumarizedin Tabie　3．　Thus，preSent

resuits would be the first exampie of the formation of anti－

Markowhikoff adduct giVenin theinterhaiogen addition t01－

Phepylpropenes．
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Tabie　3．　RegiO－　and Stereochemistries for Additions

Of Various Reagents to cis－1－Phenylpropene

Reagent threo一班a）－　threo－aHb）erYthro－Ma）Ref

BrC12

PyBrCI

BrCl

玉ござ

工Cl

工Br

76

100

79

65

100

100

24

0

0

0

0

0

0

0

21

35

0

0

C

d

d

e

f

f

a）M＝班arkownikoff aaduct．b）aM＝anti－Markownikoff adduct．

C）This work．d）Ref．3．e）M，Zupan and A．P01lak，J．

Chem・Soc．，Perkin Trans．1，1976，971．　f）G．H．Schmid ana

D・G・Garratt，7．The Chemistry of Doubie－Bonded Functionai

Groups，一T ed bY Patai，John WiieY and Sons，London（1977），

Suロロ1ement A′　part　2′　pp・798－800・■＿　　▲■

The regiO－　and stereochemistries of the additions of　2a and　2b

Wereinvestigatedin s0ivents with wideiY different p01arities

in order to determine the mechanism of the reaction．　Table　4

PreSentS data for the effect of soivents on the regiOChemistry

Of the addition to　2a and2b．　The reactions were compietely

anti stereospecifi・C and nonregiOSpeCificin ail the aprotic

SOivents empioYed．No soユVent effect on土he regiOChemistrY

has been observed（Table　4）．　A simiiar stereochemicai
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resuit has been shown for the reaction of cis－Stiibene with

主（above section）．

Zncontrastto thepresentresuits，Heasleyetai・3）have

reported that the reactions of　2a and　2b with m01ecuiar

bromine chioride（BrCi）in dich10rOmethane and carbon

tetrachioriae occurredin a nonstereospecific mannert although

anti adaitions were favored．　The author has reinvestigated

the reaction of the same alkenes with BrCi in various s0ivents

to compare the resuits with that ofi．Aithough the bromo

Chloro adducts were the maコOr PrOductsin ali cases′　aS

expected，Substantiai amounts of dichioro and dibromo adducts

Were also found、in the product・None of the anti一社arkownikoff

adducts were detected bYIH and13C NHR analYSeS Of the

PrOduct mixturesin anY Of the solvents．　The resuits are

Shown　土n　でable　5．

Table　5　shows that the sterec）ChemistrY Of the aadition to

Cis－aikene（2a）is aependent on the polaritY Of the s01vent・

The additionin acetic anhydride orin nitromethane was

nonstereospecific．　The resuits of trans－aikene（2b）Showed

a much smaller dependency on the nature of the solvent・All

the additions of BrCi to　2b were found to be anti stereoseieD

Ctive．A simiiar stereochemistrY has been」⊃b▼SerVed for the

additionofbromineto thesealkenes．ユ）sinceitis quite

reasonabie to consider that the processis the same for both

molecuiarbromine andbromine chloride additions，3・5）
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a mechanism such as thatiilustratedin Scheme　3，Similar to

the bromine addition，WOuld beinvolvedin the addition with

m01ecular bromine chioride．

H H

＼　　　／

／C
Ph

2a

C

＼
C三三3

BrC1
－　－　－　　　　＞

く　　　　　　　一一

P

H

、

／

b
p
▲

C
I
B
r
　
↑

l

H

／
C
＼

Cl　（or BrC12）→呈卑　＋　豊臣

旦
Scheme　3．

The soivent dependency of the stereochemistrY and the

regiospecific addition observed for the re己Ction with these

alkenes are fuilYin accordance with the mechanisminv0lving

a verY WeakiY bridged benzYlic carboniumionintermediate（8）

prior to theproduct－determiningstep・l）The fact that the

StereOChemistry of the addition to　2ais more sensitive to

S01vent p01aritY than that of the addition to塾giVeS StrOng

evidence for the presence of theintermediate（8）．　The

intermediate（8）for the reaction Df＿2a　土ends to take a more

energeticallY favored conformation due to the eciipsing

effect of the adjacent methyl and phenyi groups．Furthermorer

the peculiarity of stereochemistry observedin dioxaneis
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easiiy explainedin ternS Of specific s0lvation for the

carboniunionintermediate．1）

As has been described above，the additions to aikenes

appeared to be strikingly differentin reactions withl and

With moiecular bromine chloridein ail aprotic s01vents

emploYed．These markea differencesin the reactions ofl and

BrCi suggest that these two reactions are quite differentin

their mechanisms．　The formation of anti stereospecific and

anti－Markownikoff adducts in the reaction with l rules out a

WeakiY bridged benzylic－iikeionintermediate（8），SuCh as

is shown in Scheme　3．　1f an intermediate such as　8　was

inv01ved．the complete formation of Markownikoff adduct

WOuld be expected．

Thelarge differencesin distributions of products obtained

by the reaction withl are consistent with the previous

PrOPOSal that this reagentis anindeっenaent eiectrophile

rather than a precursor of BrCl as aescribedin the above

SeCtion．　The reaction of BrC12　PreSentiy studied and that

ofBr2Ci（orBr3）reportedbyHeasieYetai・3）seemto

inv01ve simiiar mechanisms．TWO POSSibie mechanisms hitherto

being proposed bY theminvolve the attack of a halideion on

athree－CenterboundT－COmPiex（9）6）oronthebromoniumion

inte工mediate（10）．
rl－
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The bromoniumionintermediate（10），however，is hardiY

acceptabie for the reaction of BrCl2　Since the present

reaction gave nonregiOSPeCific products・　Thusr the AdEC2

PrOCeSSinv0iving anintermediatelike　9　at the product血

determining step would be appiicable to the reaction oflr

as depictedin scheme　4．

Cl
，

l

雷

Br

H H

＼　　　／
C＝C

p了　ヽH3
＋　BrC12　言＝三 ＼析／→垂＋坐
H H slow

C二二二二C

pへ／ヽH3
Cl

11

Scheme　4．

The TegiOChemistrY Of the reaction ofl wouia be dependent on

the electronic effect of the phenYi ring which stabilizes the

deve10Ping cationic character on the carbonin the complex（ll）．
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The cis－　and trans－aikenes gave somewhat different regiO－

chemical results．　Markownikoff adducts were obtained mainiy

from both the cis－　and trans－alkenes（2a and　2b）as givenin

Table　4・The cis－aikene gaveless regiOSeiectivitY than the

trans－alkene・The difference maY be ascribed to the abiiitY

Of stabilization of a cationic center by phenYl groups・The

PhenYi ring of theintermediate（12）formed from the cis－

alkene would be skeWed bv tbe ecl土っS土二冒　e三三ec七・

＼

1

－

Br
′　　　ヽ

′6＋、
、／

H3C／CニCぁ
12

Cl
l

l

l

Br

H3C＼予て、：

13

Theintermediate（13）fornea from the trans－aikene would be

free fron such an eciipSing effect ana．the deveioping Cationic

Character wouia be aelocaiizea over the phenYi ring・This

tYPe Of stabiiization maY develop the cationic character on

the carbon adjacent to the phenYl ring．Thus，the attack of

a chlorideion to the benzYlic carbon atom woula be more

favoredin the intermediate from the trans－aikene thanin

that from the cis－alkene＿

Meanwhile，relative rates of the reactions・Of2a and　2b

和辻土h　ユ　Were determinedin chioroform reiative tO the rate of
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the reaction of styrene．　Relative rates were measured at

O OC by the competition method usinglH NMR anaiysis・The

resuits are listed in Table　6．

Table　6・　Reactivity of BrC12　Addition t0　2a and　2b

Relative to StYrenein CHCl3　at O OC

諾諾冒　　S寺慧；芋　　慧呈）　　k／ks

互生，1

2

2

1．27a）

塾．1

2

2

1．54a）

a）班ean value

These results show that the trans－alkene（塾）reacts faster

than the cis－alkene（2a），and suggest the assunPtion that the

intermediate（13）formed from塾is皿Ore Stabユe than that（12）

lDrmed from　2a．
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Materials． Aii the organic starting materialsrincluding

the s01vents，Were distilled before use．　Bromine chloride

WaS PrePared bY aading an equim01ar amount of bromine to a

chiorine－Carbon tetrachloride s01ution．

Reaction o王　C土S－1－pbenvlつrOpene（2a）W土tb Tetごabutyla＝nOn土un

Dichiorobromate（1－）（l）．　Details of the reaCtion have been

describedin the above section．　The mixture of　2a（5．90　g，

50　rnm01）andl（19．7　g，50　mm01）in100　ml of CHCl3　WaS

Stirred at O Oc for10　min．　After the usuai work－uP，

distiilation afforded　9．3　g（80％）of a mixture of two

isorheric bromochloroalkanes（垂and坐）：bp90－9l Oc／i rnmHg；

MS H＋atm／Z＝232，234′and236（100：128：32）；Found：m／Z

231．9649．　Cacld　三〇r C9HlOBrCl：231．9655．　Althou冒h attenpts

to separate3a and室主bY GLC were unsuccessfu1，1H NHR

analYSis（byintegration of methYi protons）revealed the

PrOduct COmPOSition to be　76％　of　3a and　24％　of　4a．　The maコOr

product was characterized as　3a on the basis of thelH and

13CNMRspectra of anauthentic sample3）as fo110WS：lHN班R

（CDC13）6＝1．65（3H′　d，J＝6．74，CH3）．4．27－4．71（lH．m．CHBr），

5．08（iH，d，J＝6．0Hz，CHCl）．and7．36（5壬Ⅰ．S，C6月5）；13c

NMR（CDCl3）6＝2‾2．4，53．0．67．4，128．1，128．2，128．8，and

137．2▲．

Reaction of trans－1－Phenylpropene（2b）withl・　The

reaction was carried out similarlY tO that of　2a．
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Distiilation afforded　9．6　g（82％）of mixed bromochloroaikanes

（垂and坐）：bp91－92。C／lrnmHg；MS M＋atm／Z＝232．234，and

236（100：128：32）；Found：m／Z　231．9648．　Caicd for

CgHlOBrCl：Mr　231・9655．1H NMR analYSis established the

PrOduct composition as　96％　of　3b and　3％　of　4b．　The maコOr

product was aiso characterized as　3b on the basis of thelH

and13cN氾SpeCtraOf an authenticsample3）as f0110WS‥lH

N艶R（C工）C13）8＝1．91（3三三，d．J＝6．4　Hz′　CH3），4．21－4．67（ユH，m．

CHBr），4．98（lH．d，J＝8．54，CHCl），and　7．36（5H，S，C6H5）；

i3c NMR（CDCl3）6＝23．4，51．5，67．5，127．5，128．4′128．7，and

139．3．

DehYdrohalogenation of Regioisomers（3a dnd　4a）．　To　2・34　g

（10mm01）of the mixture composed of垂（76％）and旦旦（24％）in

t－butyl alcoh01（50　ml）was added　6　ml（2．23　m01）〇三

potass土皿トbutOⅩ土由土nt－butylalcoh01（0・372m01由一3）・

The mixture was stirred at　20　Oc．　After　30　min．i ml of the

S01ution was taken up，Shaken with water，and extraCted with

Pentane・　The pentanelayer was washed with diiute acid and

dried over MgSOq・Evaporation of pentane and analYSis of the

residue bYIH NMR showed the composition to be：3aT　53・3％；

皇室．25％；5，21．7　％；and亘．0％．　The reaction was carried out

further bY the addition of15ml（5．58rnmol）of potassiunt－

butoxide soiution（0．372m01dn－3）．Themixturewas then

Stirred foriIl．　The reaction mixture was then worked upin

a fashion similar to that described above．　Evaporation of
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pentane gavei・58g of the crude product・lH N班R showed the

COmPOSition to be：3a，0．5％；4a，23％；5，76．5％；and互，0％．

C01umn chromatographY Of this residue on silica gel with

hexane as the eiuent gave almost pure坐（150mg）and旦（711

mg）．The data for A旦are aS f01iows：lH N放R（CDCl3）6＝l・46

（3H，d，J＝6．6　Hz，CH3）．4．24－4．66（1賃，apprOX．quintet′

CHCl）′　5．06（1H′　d′J＝6．1Hz，CHBr）′　and　7．26－7．38（5賃，m，

CSEs）；班S MT at：m／Z＝232，234．and236（100：127：32）；

Found：m／2：231．9649．　Caicd for C9HIOBrCl：班，231．9655．　The

data for旦are as f01lows：lH NHR（CCl－）6＝1．90（3H，d，J＝

6．7　Hz，CH3），6．31（iH，d，J＝6．7　Hz，CHCi），and　7．28－7．62

（5H，m，C6H5）；MS M＋atm／Z＝152and154（100：32）；Found m／z

l53・0388・Caicd for C9H9Cl：M，152．0393．ThelH・NKR spectrum

for旦COrreSPOndsweliwith thatreportedintheliterature・7）

Dehyarochlorination of Pure Regioisomer（4a）．　T0120　mg

（0．51：mmOl）of　4ain　トbutyl alcohol（5ml）was added　2nl

（0・74mm01）ofpotass土皿七一butox土de solut土on（0．372m01血－3）・

This mixture was sti吏red at　20　0C．　After　30　min，the reaction

mixture was worked up as described above．　Evaporation of

pentane gave75Tng Of crude product6as aて：0lorless oil：lH

NMR（CCiヰ）6＝2．00（3H，d，J＝7．5　Hz，CH3），6．40（iH．d，J＝7．5

月Z，CHBr），and7．35－7．80（5H，m，C6H5）；MS M＋atm／Z＝196and

198（100：97）；Found；m／2195．9898．　Calca for C9H9Br：M．

195・9888・　The spectrai patterns of this product were

identicai with those of a sample prepared by dehYdrobromination
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Of thre0－1，2－dibrom0－1－Phenylpropane・

Reaction of l with　2a or　2b in Various Soivents．　To　2　mmol

of the alkenein　20　mi of the solvent was added　2　mmol ofl

at O Oc over　5‾min with stirring．After the yeliow c010r

disappeared′　the mixture was washed with water and dried over

Na2SOト．　The product of the reactionin acetic anhvdride was

is01ated bY POuring the reaction mixtureinto water，f01iowed

bv extごaC七三〇n witb ether and w・aSh土ng W土th aq Na三三C03　then

Water．　After the s01vent was removed under reducea pressure，

the residues were anaiyzed bylH NMR and13c NMRin some

CaSeS．　The relative amounts of products were determined from

the rati0　0f the peak areas of the methYI protons of the

bromo chloro compounds（3a and坐Or332and坐），and also

from the rati00f peak heights of aiiphatic carbon（13c NMR）・

The resuits are giVenin Table　4．

Reaction of Bromine Chloride with　2a or　2b in Various

Solvents． T0　2．1mmoi of the alkene in　20　mi of　也e soivent，

was added1．7miof BrCis01utioninCCih（1．2moi血－3）at

O Oc with stirring．　products of the reactionsin acetic　も

anhYdride and dioxane wereis01ated bY eXtraCtion with ether

as described above．　Products of the reactions in carbon

tetrachioride，Chloroform，dichloromethane，and nitromethane

Were Obtained by direct evaporation of the s01vent．　GLC

anaiysis of the residue gave six peaks with retention times

Of12．3，13．7，18．9，21．1，27．6，and　32．8min．　These were
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assigned to be ervthr0－1，2－dich10rO一，thre0－1，2－dichloro一′

erythr0－2－brom0－1－Chloro－．thre0－2－brom0－1－Chloro－，erVthr〇一

lr2－dibrom0－1and thre0－1（2－dibrom0－1－PhenYIpropanest except

for unreacted aikener respectivelY・GLC anaiYSeS Were

Performed on a High vacuum siiicone grease（25％）－Celite　545

（2　m）C01umn at120　qc with helium as a carrier gas（35mi／

min）．　The results are giVenin Table5．

The Reaction of l with　2a in the Presence of a Raaical

＝nhibitor．　when　2a was treated with l in chloroform as

described above，02　WaS bubhled during the reaction．　The

PrOduct rati00f76・5：23・5vas obtained bYIH N聖R analvsis

for　3a and　4a，reSPeCtively．　The reaction was carried out

Withl・18　g（10　mmoi）of　2a，3．93　g（10　mm01）of主，and O・70

g（0・3rnm01）of　2，6－di－t－buty1－4－methylphen01in CHC13（30mi）・

After the usual work－uP，the proauct rati0　0f　77．8：22．2

was obtained bYIH NMR analYSis for3a and4aT reSPeCtivelY・

13c NMR analYSis also showed a76．5：23．5mixture of3a and

Aa，reSPeCtiveiY．

StabilitY Of the Bromo Chloro Compounds under the Reaction

Conditions． T01mmoi of the two regioisomers（ヨ旦and　卓旦）in

CHC13（10ml）was added三mm010f主and aliowed to stand for

3　h at r00m temPerature With stirring．　The mixture was

Shaken with aq sodium sulfite．　The chioroformlaver was

SeParated，WaShed with water，and dェied over MgSOq．　Af土er

the s0ivent was removed′　the residue was analYZed bYIH NHR
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SPeCtrum．　Nointerconversion was observed．　NamelY，the

Sameisomer compositions were observed within experimentai

error：Starting from a　60：40　mixture of　3a and　4a recovered

a　59：4l mixture of　3a and j主，and oniY3旦WaS reCOVered

from　3a without contamination with　4a．

Competitive Bromochlorination ofl－PhenYIpropenes（2a and

2b）withl． でO the proper concentrations ofl－PhenYipropene

and styrenein　5　ml o王　chloroform，WaS added al土m土七土nq

amount of i（required　20％　conversion of aikenes）at O Oc

OVer　5min with stirring．　The mixture was stirred for an

additiona15　min，then washed with three15－ml portions of

Water，dried over Na2SO斗′　and chiorofomlaYer WaS

Subjected to NMR analysis．　The relative rates were

determined reiative to stYrene bY the competition method

using NMR for prCduct analvsis，rePOrted previousiY by

FaheYetai・8）TheresuitsaregiVeninTable6．
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2．3．　RegiochemistrY for the Bromochlorination of StYrene

Derivatives with Dichlorobromate（1－）＝on and Molecular

Bromine Chioride

＝n the above section，the author has described that the

regiOChemistry for the bromochiorination of alkenes with

tetrabutYlarnmoniundichlorobromate（1－）（1）is verY SenSitive

to the aikene structures and the aaaition ofl tol－Prlenyi－

PrOPeneSis strikingly different from that of m01ecular

bromine chloride（2）．　The author describes here the distinc－

tion of regiOChemistry for the bromochiorination of styrene

derivatives between l and　2．

Resuits and Discussion

The reaction of（n－Cヰ三∋hNBrCl2（1）with styrene derivatives

（3a－C）in chioroform gave the corresponding bromo chloro

COmPOunds（4a－C）in nearlY quantitative Yieids（Schemei）・

RC6HL，CH＝CH2　＋　l　　　　＞　RC6HヰCHCiCH2Br

a：　R＝H

Cニ　R＝4－F

i

b：R＝4－CH3

Scheme l．

On the other hand．the reaction of3d一九withとgave a mixture
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Of two regioisomers（4d⊥h and　5d一五）．respectiveiy（Scheme　2）．

RC6HヰCH＝CH2　＋l　一一　　＞　RC6HqCHCICH2Br　＋　RC6HkCHBrCH2Ci

d：R＝4－Cl

f：R＝2－Cl

h：R＝3－NO2

旦‥　R＝3－C1

9：R＝4－Br

Scheme　2．

All the resuits are summarized in Tbale l．

The structures of two regioisomers（4d－h and　5d一丸）Were

determined by comparisons of their13C NMR spectra with those

Of the corresponding dibromo and dichioro compounds．

Selected13C NMR spectra of dihaio compounds arelistedin

Tabie2・13C andlH NHR anaiYSeS Of the mixture of two regiO－

isomers could be used to determine the amounts of each of the

Thelack of regiOSPeCificitY CannOt be ascribed to the subse－

quentisomerization of the bromochioroaikanes，Since pr010nged

reaction time did not cause a change of theisomer rati0　0f

the t）rOducts．　＝n a contr01experiment，anisomer，s mixture（生旦　‥

5h＝71：29）in chloroform was heatedin the presence of tWO

equivaユents of tetrabutYlammonium chloride．The sameisomer

ratio was found after heating at　30　0c for　3h．

Tn contrast to the reaction withl，the bromochlorination of

3with molecular bromine chioride（2）gave the regiospecific
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Tablel．BromochlorinationofiwithiincHCl3a）

Alkenes Productcomposition（％）b）　Yield／％C）

互　　　　　　　　　　　生　　　　　　　　　旦

互生

呈空

室

望

三三

望

三旦

3h

100（100）

100（100）

100（100）

93．5

0（0）

0（0）

0（0）

6．5

97．1

97．2

99．3

99．5

87．4（87．6）　　　12．6（12．4）　　　98．9

66．4（64．0）　　　　33．6（36．0）

93．2　　　　　　　　　　　　6．8 97．2

73．8（71．3）　　　　26．2（28．7）　　　97．2

a）Reactions were carried out with　20　mm01ofl，20　mm01of

3，and50mi of CHCl3　at O Oc．b）Determined bY13c NMR

analysis・Vaiuesin the parentheses represent the product

COmPOSitions detemined bylH mR anaiYSis・Percentages

are normaiized t0100％．　C）Totai product Yieids were

determined bYIH NHR using ethYlbenzene as theinternal

Standard．
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Table2・13c chemical Shifts forl，2－Dihalo Adductsin

CDCi豆（6value）　　　R－C6王hCIHXC2H2Y

Y CI c2
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Markownikoff adduct（旦）together with substantial amounts of

the dichioro and dibromo adducts（Scheme　3）．

RC6HヰCH＝CH2　＋　2　　　－＞　RC6HkCHCICH2Br

Scheme　3．

A small amount of anti－Harkownikoff product（塾）alone was

forned bv the reaction of　3h．　The reslユits are shown in Tabie

Tabie3．Bromochlorinationof呈With呈inCHCl3a）

Alkenes Productcomposition／％b）　Yield／％C）

3　　　　　　　　　　　　　　　4　　　　　　　　　　　　5

呈畳

ま⊆

三重

三重

主∈

塑

3h

100

100

100

100

100

100

98．1

0

0

0

0

0

0

1．9

69．3

66．1

76．6

79．2

81．2

77．4

79．8

a）Reactions were carried out with　3．2m01of j．3．2mmoi

of呈，andiO mi of CHC13　at O Oc．b）Determined by13c

N班R．　Percentages are normalized to100％．　C）DeterminedやY

GLC analYSis．
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Tabiesl and　3　show that the regiOChemistrY Of the addition

to stYreneS having electron－Withdrawing groupsis strikingiY

different in the reactions with i and with　2．　The reaction

Withl can be Best explained by assuming AdEC2－tYPe meChanism

involving the attack of a chiorideion on a three－Center

bounded7T－COmPlex（6）as has been describedin the above

SeCt土on（2．2）．

㌣
妓
砧
コ

H

6

4　　＋　　5

The data giVenin Tabiel show that all the stYrene deriva－

tives were attacked by a chiorideion mainiY On the phenYI

Substituted carbon atom of the double bond．　Furthermore，the

regiOChemistrY Of the addition withl wouid be dependent on

the eiectronic effect of the substituent．　The amount of anti血

Markownikoff adduct（5）tends toincrease with theincreasing

electron－Withdrawing℃haracter of the ring substituent．　These

behaviors maY be ascribed to the abiユity of stabiiization of

a cationic center bY the substituent．
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Meanwhile，Scheme　5　presents a possible mechanism which

COuld account for the reglOChemicai data obtainedin the

reaction of　3　with　2；a Simiiar mechanism has been suggested

for the addition of bromine to aikenes．1）The structure of

the cationicintermediate such as　7　has been extensivelY

investigated from both kinetic ana stereochemicai points of

vleW．2′3）三七is well known that the struC加re O王亡he

intemediates depends on the eiectronic effect of the

Substituent，ranging from a bridged bromoniumion（旦）to a

WeaklY bridged benzYlic－iikeion（7）or open benzylic

Carboniumion（9）．

＼C＝C

p了　＼H

BrC1
－－－　　　　ユ ㌔／hp▲

H、八′
p了C‾CH

＼

Brt「

′

H

ヱ

Cl　　一一一一　一三　4

Ⅴ了〉
C－C

p了　＼H

旦

Ph＝3－nitrophenYi

Scheme　ち．

The presentェegユOChemicaユresuユts oj the bromochiorination

With3　can be explainedin terms of aninterTnediate（7）or（9），
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Which giVeS OnlY Markownikoff adduct．Whereas，the formation

Of anti－Harkownikoff adduct（5h）for the reaction of　塾impli－

CateS a bridged bromoniumion（8）．　Similarintermediate（旦）

has been suggested for the bromination of　3－　and　4－

nitrostYreneS．3）

Exper土mental

Ail the meiting points and boiiing points are uncorrected・

Ail the organic starting materials．inciuding the solvents

were distiiled before use．　The reaction of　3a with l has

been reportedin the above section（2．1）．

Reaction of　3b⊥h with l．　General Procedure：Details of the

reaction have been reportedin the above section（2．1）．　To

a s01ution of i（30　mm01）in chioroform（50　ml）was added i

（7．87　g，20　rnmoi）at O Oc over　20　min with stirring．　After、・

the usuai work－uP，the crude product was either recrystallized

from an appropriate solvent or purified by distiユiation．

2－Brom0－1－Chlor0－1－（4－methyiphenYi）ethanes（4b）′　Yield　82％；

bp94－95　0C／5－7rnmHg；1H NMR（CDCl3）6＝2．34（3H．S，CH3），3．82，

3．84（2H，2d，J＝8．5　and　6．6　Hz，CH2Br），5．02（lH，q，J＝8．5　and

6．61iz，CHCi），and7．23（4tI，S，C6翫）；13c N比R（CDCユ3）6＝2ユ疇2．

35＿9・．6ユ．3，127．ユ．129＿3，135．3，and139．0；MS M＋atm／Z＝232．

234，and236（ユ00；128　ヱ　32）一

2－Brom0－1－Ch10r0－1－（4－fluorophenyl）ethanes（4C），Yieid　82％
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mp39．5－40　0C（from pentane）；lH NMR（CDC13）6＝3．79，3．82

（2H，2d，J＝9．5　and　6．3　Hz，CH2Br），5．03（lH．q，J＝9．5　and

6．3Hz，CHCl），and6．8－7．5（4H，m，C6fh）；13c NMR（CDCl3）6＝

35．8，60．3－114．9′116．4，128．8，129．3．134．0，134．2，154．4，

and171．0；MS M＋at m／Z＝236，238，and240（100：130：．32）．

A Mixture of　2－BrOm0－1－Chloro－　and l－Brom0－2－Chlor0－1－（4－

ChlorophenYi）ethanes（4d and　5d），Yield　80！；bpiO5－106　0C／2

mm鞄；13c NHR（C⊃Cユ3）（an aSter土skindicates童貞）6＝35．5，

47．2′貴50．1′★60．1′128．6′128．8′134．8′and136．7；HS塑＋at

m／Z＝252．254，256．and　258（100：159：73：11）．

A Mixture of　2－Brom0－1－Chloro－　and1－Brom0－2－Chior0－1－（3－

Chiorophenyl）ethanes（4e and　5e），Yield　84！；bp108－1iO Oc／

2－3rnmHg；lH NMR（CDCl3）（an asteriskindicates　5e）6＝3．59，

3．82（2d，J＝8．5　and　5．9　Hz，CH2Br），4．06，★　4．08′★（2d，J＝9．O

and　6．6　王iz，CH2Ci），4′：99（q，J＝8．5　and　5．9　Ez，C三三Cl ana C三三Br），

and　7．25－7．40（m，C6王㍉）；13c NMR（CDCl3）（an asterisk

indicates旦∈）6＝35．4，47．2′貴　49．9′★　60．1．125．5，125．9．貴

127．4．127．9．★129．2，129．9．134．5．and140．9；班S M＋atm／Z＝

252，254．256．and　258（100：161：72：11）．

A Mixture of　2－Brom0－1－Chioro－　andl－Brom0－2－Chior0－1－（2－

ChiorophenYi）ethanes（4f and　5f），Yield　82％；bp　60－6l Oc／l

mHg；lji NMR（CDCユ3）（an asteriskindicates　5f）6＝3．87（d，

J＝7．3　Hz，CH2Br），4．15＊（d，J＝7．8　Hz，CH2Cl），5．64（t，J＝7嶋3

Hz．CHCi and CHBr），and7．24－7．29（n，C6Hk）；13c NMR（CDCl3）

（an asteriskindicatesif）6＝34．8，46．4．★　56．8，127．3，127．4，＊
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128．3，128．41★129．7，129．9，＊130．0，133．31and135．7；HS M＋

at m／Z＝252，2541256，and　258（100：167：76：ll）．

A Mixture of　2－Brom0－1－Chloro－　and l－Brom0－2－Chior0－1－（4－

bromophenyl）ethanes（4g and＿5g），Yield　80％；mP　30－32　0C（from

pentane）；13c NMR（CDCl3）（an asteriskindicates　5g）6＝35．4，

47．1′★　50．1′★　60．2．123．0，128．9，129．3．★131．8′　and137‘2；

MS的＋atm／Z＝296．298．300，and302（100：224：152：32）．

A　黒土Ⅹture o王　2－3rOm0－1－ChlorO一　己nd1－3ご〇m0－2－Chlor0－1－（3－

nitrophenYl）ethanes（4h and　5h）．Yield　86％；mP　51・5－53　cc

（from pentane）；lH NMR（CDCl3）（an asteriskindicates　塾）6＝

3．87，3．90（2d′J＝9．1and　5．1Hz，CH2Br）．4．13′★　4．15★　く2d．

J＝8．8　and　5．9　Hz，CH2Ci），5．02－5．28（br．q，CHCl and CHBrh

and　7．44－8．31（m，C6Hq）；13c NMR（CDC13）（an asterisk

土nd土cates　塾）6＝35．0，46．9′★　48．7．★　59．2，122．5．122．8，★

123．9，129．8，133．4．133．8，☆1約．3，and148．2；HS M＋at m／Z＝

263．265，and　267（100；125：36）．

Reaction of　3　with　2．　Detaiis of the reaction have been

describedin the above section（2．2）．　T0　3．2　mm01of　3in

iO mi of chioroform was added l ml of BrCi（2）S01utionin

carbon tetrachloride（3．2moldm－3）at O Ocwithstirring．

After the soivent was removed，the residue was subjected to

GLC and13c NMR・The GLC anaiyses were performed on a High

VaCuum Siiicone grease（25％）－Ceiite545（2JTn）C01unn With

heiiunaS a Carrier gas．　The resuits are giVenin Tabie　3・
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2．4．　RegiO－　and Stereochemistries for the Bromochlorination

Of StYrene Derivatives and1－PhenYipropenes with

Dichlorobromate（l一）＝onin Protic Solvents

＝n the above section，the author has described that the

regiOChemistrY for the bromochlorination of styrene derivatives

W土th tetrabutylamOn土un d土chlorObrOmate（1－）（1）is very

SenSitive to the substituent groups．　班eanwhiie，the regiO－

and stereochemistries for the reaction ofl－PhenYipropenes with

l have been shown to beindependent of the s0ivent poiaritY

When the reaction was carried outin aprotic s01vents．　As a

COntinuation of these studies，the author describes here the

effect of the protic solvent on the regiO－　and stereochemistri．es

Of the adaition ofi to stYrene derivatives andl－PhenYl－

prOpeneS●

Results and Discussion

The reaction of（n－CqH9）ヰNBrCl2（l）with stYrene derivatives

（壬生丁重）in acetic acid gave the corresponding bromo chioro

COmPOunds（3a－f）aiong with substantial amounts of s01vent－

incorporated products（4a－f）in good Yieは苫（Schemel and

Tdble l）．
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XC6H斗CH＝CH2　＋主→XC6HkCHCICH2Br　＋　ⅩC6HヰCH（OCOCH3）CH2Br

i

a：Ⅹ＝H

⊆：Ⅹ＝4－F

皇：Ⅹ＝3－CI

Scheme l．

j

b：Ⅹ＝4－CH3

d：Ⅹ＝4－Cl

f：Ⅹ＝4－Br

On tbe otber hand，tbe reac土工on o王　2－CblorO一己nd　3－n三七ご〇一

StYreneS（2g⊥h）with三gave a mixture of tvo regioisomers

（3g－h and　3gLh一）and　4g－h，reSPeCtiveiy（Scheme　2　and Table

l）．

XC6HkCH＝CHZ　＋l　→　XC6HヰCHCICH2Br　＋　XC6H叫CHBrCH2Cl

ユー

＋　ⅩC6HヰCH（OCOCH3）CH2Br

9：Ⅹ＝2－CI

Scheme　2．

A

h：Ⅹ＝3－㍍02

The solvent－incorporatea products（4）were found to be formed

in a completeiY regiOSPeCfic Markownikoff manner from aii

the stYrene derivatives．

The reaction of trans－1－PhenYlpropene（2i）Withlin

acetic acid gave a nixture of erythro一五nd thre0－2－bromo－ユー

Chlor0－1－Phepylprqpanes（3i and　3j，reSPeCtiveiY）aiong with

a substantiai amount of erYthro－トacetoxy－2－bromo－PhenYl－

PrOPane（4i）．When cis－1－PhenYIpropene（2j）was allowed to
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react withi，a mixture of　3i，3j，and thre0－1－aCetOXY－2－

brom0－1－Phenylpropane（4j）was obtained（Scheme　3　and Table

l）．

PhCH＝CHCH3　＋ユー→　PhCHCiCHBrCH3　＋PhCH（OCOCH3）CHBrCH3

trans－（2i）

C土S一（2〕）

3土，58．0亀

3う．　6．8亀

聖，7・7篭

3う，59．0篭

Scheme　3．

4土，35．2宅

生ま，33・3宅

The formation of s01vent－incorporated products（4）cannot

be ascribea to the subsequent secondary reaction of the bromo

Chloro compounds（3）with acetic acid．since pr010nged

reaction did not cause any changein theisomer ratio of the

products．

The author has shown that the reaction of　2d・－h with l in

Chioroform occurreain a nonregiospecific manner，although

the Markownikoff adducts were formed mainiY（section　2．3）．

The reactions of1－PhenYIpropenes（2i and　2j）Withl have

been found to proceedin anti stereospecific and nonregiO－

SpeCific mannersin aprotic soiventsin the above section

（2．2）．　As shownin Tablei，the regio－　and stereo－

Chemistries for the reaction of　2　With i in acetic acid are

VerY different from those of the reactionin aprotic

S01vents（see Table　4in the section　2．2　and Tabie　3in the

SeCtion　2．3）．　Obviously，a different product－determining

SteP muSt beinv01vedin the reactionin acetic acid．
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Tabiel・Bromochlorinationof3＿With主inAceticAcida）

Aikene product composition／％b）

66．7（65．封

72．2（70．0）

72．4（71．4）

69．8（70．0）

72．7（71．2）

72．9（71．6）

66．3

71．8

64．8C）

66．7d）

33．3（34．6）

27．8（30．0）

27．6（28．6）

30．2（30．0）

27．3（28．8）

27．1（28．4）

31．7

21．4

35．2

33．3

a）Reactions were carried out withiO rnm010fl，10rnmol of呈，

and20ml of acetic acid at20　0C．b）Determined bYIH NMR

anaiYSis・Vaiuesin parentheses represent the product

COmPOSitions determined by GLC anaユysis．Percentages are

normalizea t0100％．　TotaユYieユds were found to be more than

80％in all runs・C）A mixtureて）f塾（89．5％）and　3j（10．5％）．

d）A mixture of　3i（11．5％）and　3j（88．5％）．
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Furthermore，in order to determine the effect of s0ivent

On the regiOChemistry of the addition，the reactions of　2e

and　2h withi have beeninvestigatedin various s01vents．

Table　2　presents the data on the effect of s0ivents on the

regiOChemistrY Of the bromo chloro adaucts obtainea from

the reactions of　2e and　2h withl．　No changein the regiO－

Chemistry has been observea with the re己Ctionsin the

aprO七五c s01vents．

Meanwhile，the reaction of　3－ChiorostYrene（2e）in methan01

gave a s01vent－incorporated product，2－brom0－1－（3－Chioro－

Phenyl）－1－methoxYethane（5e，78％）as the major product．　＝n

anaiogY With the reactionin acetic acid，the resulting bromo

Chioro adduct（3e，22％）was found to be formedin a regioo

SPeCific Markownikoff manner．　SimiiarlY，the reaction of

3－nitrostYrene（2h）in methan01also gave　2－brom0－1－methoxyql

一（3－nitrophenyl）ethane（5h，73％）along with a mixture of　塾

and塾一（塾：塑己＝93：7）（Tabie　2　and Scheme　4）．

CH30H

XC6恥CH＝CH2　＋主　　一　一一一＞　ⅩC6HヰCHCICH2Br　＋　XC6HヰCHBrCH2Ci

3I

＋　ⅩC6HkCH（OCH3）CH2Br

5

皇：Ⅹ＝3－Cl hミ　Ⅹ＝3－NO2

Scheme　4
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Table　2・RegiOChemistry of Bromo Chloro Adducts Obtained

fromtheReactions of2阜and塾With主inVarious S01ventsa）

S01vent Dieiectric

constantc）

productcomposition／％b）

from　2e from　2h

3e　　　　　　3el　　　　　3h

CHC13 4．81

CH3C00C2H5　　　　6．02

CH2C12　　　　　　　9．08

（CH3CO）20　　　　20．7

cH3COOHd）　　6．19

cH30He）　　　32．6

87．6　　　　12．4　　　　71．3

87．2　　　　12．8　　　　69．1

87．0　　　　13．0　　　　71．7

87．7　　　　12．3　　　　70．0

0　　　　　91．3

0　　　　　93．1

28．7

30．9

28．3

30．0

8．7

6．9

a）At O Oc・b）Determined bYIH NMR anaiYSis・Percentages

are normalized toiO0％．　C）J．A．Riddick and E．E．T00PS．

T’Technique of Organic chemistry，TI ed．by A．Weissberger，

＝nterscience，New York（1955），Ⅴ01V＝＝．　d）At　20　0C．　From

the data of Tablel．　e）The Yield of坐WaS　22％・The Yield

Of a mixture of　3h and　3hl was　27％．
丁二　　　　　　　　　　　　　　　一　　二　　　．
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As shownin Table　2，the reactionin protic s0ivents

PrOCeededin a more regioselective（or regiospecific）manner

as compared with the reactionin aprotic s01vents．The effect

Of protic soユVent on the regiOChemistrY CannOt be related to

the dielectric constant of the medium，Sincein both acetic

acid and ethYl acetate having simiiar dielectric constants，

the regiOChemistrY WaS differentr whereas chloroform and

aCetic anbvdr土de have di三三erent d土electごまc constantS but　冒aVe

Similar regiOChemical results．

Two different mechanisms can account for，the role of such

PrOtic s0lvents as acetic acid and methanol．　They are

indicated in Scheme　5　and　6

H H
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Scheme　5．
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BrClT二三＝＝±　BrlC1－－－HOS　＋　Cl（SOH）n

（主）　　　　　　　　（旦）

Scheme　6．

According to Scheme　5，the maコOr rOle of protic s01vent

is assumed to be the solvation・Of the external chioride ion

（Cl）in a three－Center bouna7T－COmPlex（6），and pronoting

the　土on土zat土on o王　6bv stab土1土Z土n冒　the negat土vely p01arized

chiorineatom（Br阜二一Ci6）viahYdrogenbonding．Thesoivent

m01ecuie maY then assist catalyticallY the bromine－Chiorine

bond cleavage，f0ilowed bY the formation of the cationic

intermediate（7）．Evidence for such a specific r01e of the

s0lventhas beenobservedbY Dd加is eta1．1）for the

bromination of1－Pentenein methanol．

＝n Scheme　6，the author assumeS theinitiai formation of

S0lvated BrCi（8）and chioriaeion bY the soivation of BrCi2

（1）in the protic soivent．　The s01Vated BrCl（8）thus formed

is assumed to react with alkene（2）to give the cationic

intermediate（7），Whichin turnis attacked bY Ch10rideion

Or S01vent m01ecuie to form a mixture of i and4（or5）．

Aithough the author cannot decide by which mechanism the reacd

tions proceed，the present resuits cleariY Show that土he addi一

七ion ofl tO aikenesin the protic solvent proceeds via a

Cationicintermediate（7）prior to the product－deterTnining step．

The regiochemicai resuitsin protic s01vents（Tablesl and
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2）show that all the stYrene derivatives（except　2g and　2h）

Were attaCked bY Chiorideion exciusiveiY On the phenY1－

Substituted carbon atom of the double bond．　Furthermore，

the addition ofl－PhenYipropenes（2i and　2j）was nonstereospe－

Cific，aithough the trans－addition product was formed mainly

（Scheme　3）．　These resuits would be taken as eviaence

SuPPOrting that such a cationicintermediate resembies a

weaklybr土中edbenzyl土c caとboniumionintermed土ate（7）．2）

＝n the case of the reaction of；塾，the formation of anti－

Markownikoff adduct（3h．）wouid suggest that theintermediate

rese血bles a fuliy bridged bromoniumion．　A similar

internedaite has been suggested for the bromination of　3－

nitro－and4－nitrostyrenesinacetic acid．3）＝n the caseof

2－ChiorostYrene（2g），a Small amount of anti－Markownikoff

adduct（3g，）was alsois01atedin the reactionin acetic acid

（Tablei）・Probabiy，the formation of this productis due to

the combination of poiar ana steric effects．

Experimentai

The GLC anaiYSeS Were Performed on a Yanako G－180　gas

Chromatograph with a Siiicone SE－30（2．5％）－Chromosorb W

D軋CS（2m）C01umn With heユium as the carrier gas壌　Ail the

Organic starting materiais′inciuding the soユventsr were

distiiled before use．
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Reaction of　2a－コ with l in Acetic Acid．　General Procedure：

To a s01ution of i（10rnnol）in acetic acid（20ml）was added

l（3．93　g，10　mm01）at　20　0c over　5　min with stirring．　After

the Yeiiow c0lor disappeared，the product wasis01ated・by

POuring the reaction mixtureinto a cold saturated aq NaCi

S01ution，followed bY eXtraCtion with ether（200　ml）and

WaShing with aq NaHC03　and water．　The ethereai extract was

dr土ed oveご班冒SOヰ　and concentごated．　でhe crude productS Were

Subjected to GLC and N班R．　Ali the resuits are giVenin Tabie

l．　Furthermore，the crude products were separated bY C01umn

Chromatography（Siiica gel）With hexane一七ther as the eluent．

The structures of the bromo chloro adducts（3　and i一）Were

determined bY COmParison of their GLC and NMR spectra with

those of the authentic sampies prepared bY the reaction ofi

With styrene derivatives（2）in chloroform（above sections

2．2　and　2．3）．　The spectral data of each of the bromo

Chloro a己aucts have been reportedin the above sections（2．2

and　2．3）．　The structures of the acetoxy bromide（4）Were

determiped bY COmParison of their GLC and NMR spectra with

those of the authentic saTnPles prepared bY theJeaCtion of2

withbromineinacetic acid．4）The spectraidata areas

joユ10WS．

1－AcetoxY－2－brom0－1－PhenYiethane（4a）：lH NMR（CDC13）6＝

2．12（3H，S，OCOCH3），3．も1，3．62（2‡王．2d，J＝5．9　and7．0月Z，

CH2Br），5．97（iH，aPPrOX．t，CH）．and　7．34（5H，S，C6HS）；
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13c NMR（CDC13）6＝20．9，34．2，74．7，126．4，128．5，128・6，

137．5，and169．6．

1－Acetoxy－2－bromo－（4－methylphenYl）ethane（4b）：lH NMR

（CDCl3）6＝2．11（3H．S，OCOCH3），2．33（3H．S，CH3），3．59，3・60

（2H′　2d－J＝5．9　and　7．3　Hz．CH2Br），5．95（1H，apprOX．t′　Cモミ），

and　7．26（4三三，S，CS翫）；13c NMR（CDCl3）6＝21．0，21．2，34．2，

74．8，126．5，129．3，134．7，138．6．and169．7．

1－Acetoxy－2－brom0－1－（4－fluorophenYl）ethane（4C）：lH N姓R

（CDCl3）6＝2．12（3‡i′　S，OCOCH3），3．58，3．59（2王子，2d′J＝6．l and

7．2　Hz，CH2王r），5．94（lH，aPPrOX．t，CH），and　6．9－7．6（4tI，m，

C6E－）；13c NHR（CDCi3）6＝20．9，34．1，74．1，114．9，116．4，

128．1，128．7．133．4，133．6，154．5，169．6，and170．9．

1－AcetoxY－2－brom0－1－（4－Ch10rOPhenYi）ethane（4d）：lH NMR

（CDCl3）6＝2．12（3E，S，OCOCH3），3．57，3．58（2H，2d，J＝5．9　and

6．7　Hz，CH2Br），5．93（1H′　apprOX．t，CH），and　7．31（4H，S′

C6翫）；13c NHR（CDC13）6＝20．8，33．8，74．0′127．9，12日．8，

134．6，136．1，and169．6．

1－Acetoxy－2－brom0－1－（3－ChiorophenYl）ethane（4e）：lH N塑R

（CDCl3）6＝2．14（3王王，S，OCOCH3）．3．58（2H，d．J＝6．3　Hz，CH2Br）．

5．93（lH，t，J＝6．3Hz，CH）．and7．28（4H，br．S，C6翫）；13c

NHR（CDC13）6＝20．9，33．8．74．0，124．8．126．6，128．9′129．9′

1－34．ち，139．6．and169．5．

1－AcetoxY－2－brono－ユー（4－bromophenyユ）ethane（4f）：1壬‡NMR

（CDCl3）6＝2．12（3H，S，OCOCH3），3．58（2H，d，J＝6．3　Hz，

C王壬2Br），5．91（lH，t，J＝6．3　Hz．CH），and　7．13－7．68（4H，m，
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C6翫）；13c NHR（CDC13）6＝20．8，33．7，74．0，122．7，123．2，

131．8．136．6，and169．4．

1－AcetoxY－2－brom0－1－（2－ChlorophenYl）ethane（4g）：lH NMR

（CDCl3）6＝2．17（3H．S，OCOCH3），3．63，3．68（2H，2d，J＝6．9

and　4．4　Hz，CH2Br），6．36（lH，q，6．9　and　4．4　Hz，CH），and

7．20－7．70（4fi，m，CS王㍉）；13c NMR（CDCl3）6＝20．8．33．1，71．4′

127．0′127．4′129．7，132．2，135．3′　and169．3．

二二　eetⅩy－2－bごOm9－享「（3－n土trophenyl）et桓pe（4h）‥lE N偲

（CDCl3）6＝2．18（3H，S，OCOCH3），3．65（2H，d，J＝6．2　Hz，C買2Br），

6．04（lH．t，J＝6．2Hz，CH），and　7．70－8．30（4f1，m，C6王㍉）；13c

NMR（CDC13）6＝20．9′　33．5，73．4，121．5′123．6′129．6．132．8′

139．6，148．3′　and169．4．

erYthr0－1－AcetoxY－2－brom0－1－PhenYipropane（4i）：lH NMR

（CDCi3）6＝1．64（3fI，d，J＝6．7　Hz，C王ミ3），2．15（3H，S，OCOCH3），

4．15－4．57　く1H，m，C三三Br），5．95（1H，d′J＝5．3　Ez′　CE）′　and

7．34（5三，S，C6f15）；13c NHR（CDCl3）6＝20．8，20．9，50．0，78．2，

127．0′128．3，128．4，137．1．and169．5．

thre0－1－Acetoxy－2－brom0－1－PhenYIpropane（4j）：lH NMR

（CDC13）6＝1．53（3H，d．J＝6．7　Hz，CH3）．2．11（3H，S，OCOCH3），

4．08－4．56（lH，m，CHBr），5．82（lfI，d．J＝7．8　tIz，CH），and

7．34（5H，S，C6H5）；13c N丑R（CDC13）6＝21．0，22．4，50．5，79．2，

127．1，128．5，ユ28＿6，137．1，and169．5．

Reactionて）f　2e∵and　2hwithi　士n Aprotic Solvents．　To a

psoユution of　土he孟ikene（10　rnm01）in the s01vent（20　ni）wa嘗

added10　rnm0l ofl at O Oc over　5　min with stirring．　After
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the Ye110W C010r disappeared′　the mixture was washed with

water and dried over Na2SOq．The product of the reactionin

acetic anhYdride wasis01ated bY POuring the reaction

mixtureinto water，f01iowed bY eXtraCtion with ether（200

ml）and washing With aq NaHC03，then with water・After the

s0lvent was evaporatedr the resiaues were ana・LYZed bYIH NHR・

The relat土ve amounts　〇三　pro加ctS Were detern土ned rOm the

rati0　0f the peak areas of the methylene protons of the bromo

Chioro adducts（3　and　3I）as describedin the above section

（2・3）・　The reuslts are giVenin Table　2．

Reaction of　2e and　2h with l in Hethan01．　To a solution

Of the alkene（10　mmol）in methanol（20　ml）was addedl（10

mm01）at O Oc over　5min with stirring．　The s0lvent was

removed bY eVaPOration and ether（200　ml）was added to the

resiCiue．　The ethereai s01ution was washed with aq NafIC03

anci Vater．　The ethereal extract was dried over Na2SOヰ　and

COnCentrated・工n the case of2etlH NMR spectrumOf the

residue showed a　78：22mixture of　5e and　3e（byintegration

Of the methine protons）．＝n the case of2hrlH NMR spectrum

Of the residue showed a　73：27　mixture of　5h and　3h with a

trace amount of　3hT．

C01umn Chromatography of the residue（2．12　g）from the

reaction of　2e on sili℃a習el皐with hでⅩane・＜ther as the eiuent

gavel・50　g of5e and O．4　g of　3e．　The spectral data for

2－brom0－1－（3－ChlorophenYl）－1－methoxYethane（阜卓）are as
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f01lows：lH NMR（CDCl3）6＝3．32（3H′　S，OCH3）．3．46，3．47

（2H，2d，J＝5．9　and　6．7　Hz，CH2Br），4．36（lH′　aPPrOX．t，CH）．

and7．26－7．35（4H，m．C6王㍉）；13c NMR（CDCl3）6＝35．7，57．4．

82・7J125・0′126・8′128．6′129．9′134・6′　and141・1・ThelH

and13c NMR spectra of5e correspond well vith those of the

authentic samPle prepared by the reaction of　2e with N－bromo－

succinimi e（NBS）inmethan01．5）The aata for2－brorn0－1－

Cblor0－1－（3－Chloropbenyl）ethane（3e〉　haVe been　ごepOrted　土n

the above section（2．3）．

SimiiarlY，C01umn ChromatographY Of the residue（2．13　g）

from the reaction of塾gave1．30　g of　5h and O・45　g of the

mixture of　3h and　3h一．　The spectral data for　2－brom0－1－

methoxy－1－（3－nitrophenYl）ethane（塾）are as f011ows：lH NHR

（CDC13）6＝3．36（3H，S，OCH3），3．53（2H，d，J＝5．9　Hz，CH2Br），

4．51（1H，t．J＝5．9Hz′　CH），and7．67－8．22（4H．m′　C6翫）；13c

N池R（CDC13）6＝35．3．57．6，82．1．121．8．123．4，129．6，132．8，

141・4′　and148・4・Thel王i and13c NMR spectra of5h corres－

POnd weil with those of the authentic sample prepared by the

reactionof塾WithNBSinmethan01．5）lHNMRspectrumOf

the isolated bromo chloro adducts showed a　93：7　mixture

Of　3h and　3hl．　The data for　2－brom0－1－Chloro－　and l－bromo岬

2－Chlor0－1－（3－nitropherrYl）ethanes（3h and　3hT）have been

Shownin the above section（2．3）．
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2．5．　RegiOChemistry of Bromochlorination of Aikenes with

H01ecular Bromine chloride and Dichiorobromate（1－）＝on

＝n the above sections（2．2　and　2．3），it has shown that

the regiOSelectivitY Of bromochiorination of phenYl－Substitu－

ted aikenesis markedlY dependent both on the bromochlorinat－

ing agent and on the structure of alkene emDioved．　There

have been a fewinves七三号at土ons on the re如OChen土stごY O王

bromochiorinations of alkyl－Substituted ethylenes with

m01ecuiar bromine chioride and dichiorobromate（1－）ion，and

the addition of BrCl to such alkenes as propener　3－Chior0－1－

PrOPene，andl－hexene has been reported to giVe both Markownd

ikoff and anti－Markownikoff adducts．1，2）＝n the above

SeCtion（2．1），the author has also describea that dichloroq

bronate（1－）ion reactea with propene，3－Chioropropene，ana

aiiYi cYaniae to qiVe tWO regiOisomers．　However，nO SyStemad

tic studY has been carried out on the bromochlorination

reaCtion of aiky1－Substituted ethYlenes．　The author has

Carried out a studY On the regiOChemical effect of the aikYi

Substituent in the addition of m01ecuiar bromine chユOride

and dichiorobromate（1－）ion七〇　Various alkenes．

Resu1tS　苛nd‡）土S℃甘SSiOn

Reactions of a series of aikenes（3a一旦）with tetrabutYl－
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ammonium dichlorobromate（1－）（主）in dichloromethane gave the

COrreSPOnding bromo chloro compounds（隻二星＿and塗迎in good

yields（Tabiei and Schemel）．
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Simiiar reactions of methYlenecYCloalkanes（3m－n）Withl aiso

gave the corresponding bromo chloro compounds（±担一生and　5m－n）

in g00d yields．（Tabiei and Scheme2）．

（C＝CE2⊥（cccICH2Br・（C∈＞cH2Ci
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n＝5：　　3n

旦型

些旦

Scheme　2．
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Tabiei．BromochlorinationofAlkenes with主incH2Cl2a）

Aikenes

3

productcomposition／％b）　Yield／％C）
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a）Reactions were carried out with　30rnmol of主．36rnm01of

aikene，and　50　mi of CH2Cユ2　at O Oc。b）Percentages are

normaiiZed t0100％・Determined byユ3C－NHR anaiysis・Vaiues

in parentheses represent the product distributions determined

bYIH NMR analYSis．C）＝soiated Yield．Based on主．d）

erYthr0．　e）thre0．　f）（RS，SR）．　g）（RS，RS）．
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The orientation of halogen atomsin all the addition

PrOducts was elucidated mainiY On the basis of chemicai

Shifts of the carbon bearing bromine and chlorine atomsin

13C NMR spectral Sinceit has been observed that the carbon

atom bearing a chiorine atomis deshieided relative to the one

bearing a btomine atom．3）Heanwhiie，the structures of tbo

regioisomers（4　andき）have been aeterminea bY COmParison of

tbe土工13c NMR spectra W土th those o三七he correSpOnd三唱d土brono

and dichioro compounds●　Seiected13C NMR spectra of

dihaloalkanes arelistedin Tabie　2．　Contr01experiments

revealed that ail the bromo chloro compounds are stable

under the reaction conditions．

Treatments of a series of aikenes（塾一旦）With m01ecular

bromine chloride（呈）in dichloromethane also gave the

corresponding bromo chloro compounas（4ar旦and5aTL）（Table3

and Scbeme　2）．
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Tabie　2．13c chemicai Shifts for Dihaloalaknesin

CDC13（6　value）

C2HsCIHXC2K2Y
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Table　2（continued）
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（CH3）2Clxc2H2Y
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67．6

62．3
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44．7

54．6

55．3

43．7
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Table　2（continued）

（C2H5）2Clxc之H2Y

CI c2
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し
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B

75．3

76．1

75．4

75．8

38．2

48．5

48．8

37．7

（CH3）2ClxcIHYCH3
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B

68．2

71．3

67．9

71．6

59．4
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66．1

58．4

（RS，SR）－C2HSCl（CH3）ⅩC2EYCH3
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74．4

76．1

56．2
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55．6

（RS，RSトC2H5Cl（CH3）ⅩC2HYCH3
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75．0

76．0

74．7
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59．8

65．2

66．0
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Table　2（continued）

QL…2H2

Y CI c2

ご

　

ュ

　

r
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C
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B

74．9

79．0

74．9

79．2

41．4

51．9

52．2

41．2

qL言2H2
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C

 

B

72．3

73．2

72．5

72．7

44．7

54．6

55．2

44．3



Table3．Bromochlorination of Aikenes with2inCH2Cl2a）

Aikenes

3

product composition／％b）　Yield／％C）

⊇羞

塾

3C

三重

星雲

三三

3g

塾
　
■
塑
＋
曇

）

　

　

　

　

　

ヽ

J

d

 

e

1
　
　
　
8
　
　
　
6

1
　
　
　
4
　
　
　
3

6
　
　
　
7

8
　
　
　
8

）
　
　
　
　
　
）

l
二
　
　
b
J

6

　

　

　

4

一

　

　

8

0
U
 
Q
U
　
　
　
6

）

　

　

　

　

　

ヽ

l

一

一

d

 

e

9
　
　
　
2
　
　
　
4

8
　
　
　
5
　
　
　
6

4
　
　
　
3

1
　
　
　
⊥

ヽ

l

ノ

　

　

　

　

　

）

f
－
　
　
G
J

4

　

　

　

6

　

　

　

つ

‘

ュ
　
　
　
⊥
　
　
3

0

61

72

65

69

68

つ

ん

　

　

　

9

7
　
　
　
6

2
　
　
　
0

7
　
　
　
7

⊥
　
　
　
0
　
　
　
9

7
　
　
　
7
　
　
　
6

a）Reactions were carried out with10　rnm01of　2，12　mm010f

alkene，and　50　mi of CH2℃12　at O Oc．b）Percentages are

normaiized to100％．Deteエコninedやy13C対比R anaiYSis．C）

Determined by GLC analysi苧・d）erythro・e）土hreo嶋　f）

（RS，SR）．　g）（RS，RS）．



150

The Yieids arelower than thosein the reaction withl due to

formation of dibromo－　and dichloroalkanes．　The formation of

these bY－PrOductsin the reactionis undoubtedly due to the

attack of both bromine and chlorine，Which arein

equilibriumWithbrominechloride，Onaikenes．4）

On the other hand，the reaction of methYienecyclopentane

（蓮）W土th旦冒aVe a m土Ⅹture o王　2－brom0－1－ChlorO－　andl－brom0－

2－Cblor0－1－metbylcyclopentanes（40and　至泣，54・5篭y土eエd by GエC

analysis）as the major products．　The expected bromo chioro

COmPOund　（4m，11．0％Yield bY GLC anaiysis）was a minor

COmPOnent（Scheme　4　and Table　3）．

＝CH2　　　　＞竺C注＋〔望cH3＋〔望cH3
3m 4m 40 50

Scbeme　4．

The formation of both　40　and　50may be due to the competing

allyiic halogenation which produces hYdrogen halide．

The hYdrogen halide thus formedis considered toisomerize

the terminai aikene（3m）into a皿Ore Stabユeinternai aikene

（30，1－methylcYClopentene），tO Which　2is then presumea tO

Jadd．inlact，the presence of30WaS CDnfirmedわyl王王NMR

J晋nalYSis Df the reaction mixture．　TurthernOre，the rati0　0f

the two regioisomers（40：…垣＝86：14）is the same as that

Observed for the reaction of　30　With　2．　A similar reaction
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has beenreported for theadditionofbrominet03m・5）

Similariyl a Small amount of　2－brom0－1－Chloro－　andl－brom0－

2－Chlor0－1－methylcyclohexane（4p and　5p）was detected from

the reaction of methYlenecyclohexane（塾）with三・

Aninspection of the datain Tabiesi ana　3　cleariy

reveais that the regiOChemistrY Of the addition ofl to

aikenesis strikingiY different from that of the reaction of

呈．　Therefore，the product－determining step must be

different in these two reactions．

RegiOSeiectivity of the Reaction of　3with　2・The reaction

With　2　can best be explained bY the AdECl－tYPe meChanism

inv0lving the attack of chlorideion to a bridged bromonium

ionintermediate6：2T6）a simiiarintermediate has also been

SuggeSted for the bromination of alkenes with m01ecular

brOmine．7）

埠ノCl（旦）
As shownin Tabie　3，the bromochiorination of the unsymmet－

rical alkenes．1，2－dialkYl－（3f and3g）and1，1，2－triaユkYiO

ethYlenes（3k and　39，），With呈gave compietelyranti

StereOSPeCific adducts＿　This supports fnrther the assunPtion

that theintermeaiatein the bromochiorination of aikYl－

Substituted ethylenes w士th之TeSeTnbles the briagedion（6）．

These resuits are in marked contrast to the stereoselective
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addition of　2　to phenYl－Substituted alkenes，Whichinvolves

a verY Weakiy bridgedionintermediate as shownin the above

SeCtion（2．2）．　Thus，the anti stereospecific addition of

2　to　3k and　3ノe WOuld rule out the possibilitY Of carbonium

ion－like intermediate which is consiaered to be inv01ved in

the bromination of these alkenes with brornine．7）

Both the steric and the electronic effects of the alkyl

S血stituen七・〇n etbylenel土nkage WOuld plav a maコOr r01e　土n

the orientation of the approach of chiorideion on the

bromoniumionintermediate（6）．　As shownin Tabie　3，nearlY

the same rati00f regiOisomersis giVen for the reaction of

l－butene（3a），1－Pentene（3b），andl－hexene（3C）with呈，

Whichindicates the effects oflinear aikYI substituents to

be nearlY the same．　Meanwhiie，rePiacement of one hYdrogen

On ethYiene byisopropyl（3d）or t－butyl（3e）resultsin the

formation of anincreasing amount of the anti一班arkownikoff

adduct（5d or　5e）．　This reveais cieariy that the addition

Of　2　Can beinfiuenced bY Steric factors of the buiky groups．

On the other hand，the additions of　2　toi，1－disubstituted

（3h and。3i）andユ，1，2－trisubstituted ethYienes（3j，3k．and

3A）or methYlenecYCloalkanes（3m and3n）gave regioselective

劇aエkD虻niko王f孟dduC土S（4）i丑abユe　3）．　These EeSuユ土Simpユy that

the atもack of chloride ion on the bromonium ion intermediate

（卓）Occurs at the more substituted carbon atom．　Thus，the
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Orientation of bromochiorination with　2　Would be due to the

electronic effect of theltl－dialkyl substituent which

Stabilizes the developed cationic character on the more

Substituted carbon atomin theintermediate（6）．　A similar

accumulative electronic effect of diaikYi substituent groups

On the regiOChemistrv has previousiY been observedin the

bromination of these aikenesinmethan01．8）

RegiOSelectivity of the Reaction of　3withi．　＝n the

above sections′it has been suggested that the reaction of

alkenes withl can be best explained by the AdEC2－tyPe

mechanisminv0iving the attack of chiorideion on the

three－Centered7T－COmPlexintemediate（ヱ）With a verYlittle

Charge development on the unsaturated carbon．

Cl
6‾

l

l

Bゝ
′

鷺∴
Cl （7）

Therefore，there wouid be a reiativelY Smaii demand for

eictronic stabiiization of the reaction center bY alkYI

Substituents on theintermediate（7）．　As expected．the amount

Of the anti－Markownikoff aaduct（5）in the aadition ofユ

（Tabiei）is geneごaユユyユarger than thatin土he－addition Df之

（Tabie　3）。　Thus，the addition ofi t01inear．ai桓1－Substituted

ethylenes（垂．∋担，and　呈⊆）was found to be slightly more
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regiOSeiectivein an anti－Markownikoff manner than thatin

the addition of　2．　Meanwhiie，rePlacement of one hydrogen

On ethyiene bY anisopropYi（3d）or a t－butYi group（3e）

resultsin the formation of alarger amount of the anti一

班arkownikoff adduct（5）than thatin the addition of　2．　工t

isinteresting to note that oniY the anti一班arkownikoff adduct

（5e）is obtainedin the reaction of　3，3－dimethy1－1－butene（3e），

as ant土cipated　王rom the　冒reater Steric requ土ごenen七〇三　七一butyl

group・　The reaction of methyienecYClohexane（3n）Withl also

gives a regioselective anti－Markownikoff adduct（5n），Where the

OPPOSite orientation resuits from that of the reaction with　2．

Aii these results support that the steric effect outweighs the

eiectronic effect of the aikyl substituentin the reaction with

主・

However，the reaction ofi t01，1－diaikyi－（3h ana　3i）ana

l，1，2－trialkYiethYlenes（3j and　3k）or methYienecyciopentane

（3m）gave the regioselective Markownikoff adauct（4〉（Tabie

l）．Asin the reaction with　2，the electronic effect of the

1，1－dialkYl groups wouid overcome partialiY the steric

influence．

電Ⅹperimental

Ail the organic starting materiais，inciuding the solvents，

Were distilied before use．
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Reaction of Alkenes（3a－n）withi．　Detaiis of the reaction

have been reportedin the above sections（2．l and　2．2）．

To a s01ution ofまく36rnmol）in CH2Cl2（50ml）was addedi

（11．8　g，30　mmoi）at O Oc over　20　min with stirring．After

the usual work－up′　the products were purified bY distiliation・

Although attempts to separate　4　and　5were unsuccessfuir

these structures were determined bY COmParison of their13C

NMR spectra With those of the corresponaing aibromo and

d土chloro analogS．

A Mixture of l－Btom0－2－Chioro－　and　2－Brom0－1－Chlorobutanes

（4a and5a）froml－Butene（3a）：Bp82。C／liO mmHg；MS M＋at

m／Z＝170，172．and174（100：135：32）；lH NMR（CDC13）6＝

1．04（3H，t，J＝6．5Hz），1．40－2．30（2H．m），and　3．50－4．30（3H，

m）；13c NMR（CDCl3）（an asteriskindicates≡垣）6＝10．1，11．1，＊

28・4′★　28・8′　35・8′　47・6′貴　54・9′丈　and　62・1・Althou冒h attだnptS

to separate　4a and　5a were　unSuCCeSSfuiT these assignmentS

Were SuPPOrted for dibromo and dichioro anaiogs as follovs：

1，2－dibromobutane（塗）′13c NMR（CDC13）6＝11．0，29．0，35．6，

and54．3；1，2－dichiorobutane（9a），13c NMR（CDC13）6＝10．2，

28．2，47．8′　and　62．6．

A Mixture of l－Brom0－2－Chloro－ and　2－Brom0－1－Chloropentanes

（4b ana　ちb）from1－Pentene（3b）： 呵P70－720C／ちO HH；MS班＋

at m／Z＝184．186．andユB8（ユ00　3　ユ34；36）；l王王N肌R（CDCl3）6＝

0・83－2・30（7H′m）叩d j・33－4－35（3月′m）；13C∴RMR（CDCユ3）

（an asteriskindicates　塾）6＝13．3，＊13．4，19．2，20．2，＊　36．5，



156

37．4′★　37．8，48．3，＊，53．2，＊　and　60．6．　These assignmentS

Were SuPPOrted for dibromo and dichloro analogs as f01lows：

1，2－dibromopentane（塾），13c NMR（CDCl3）6＝13・3，20・1，36・3，

38・Ot and52・7；1，2－dichioropentane（9b）′13c NMR（CDCl3）6＝

13．5，19．2，37．1，48．3′　and　60．9．

A Mixture of l－Brom0－2－Chloro－　and　2－Brom0－1－Chiorohexanes

（4c and　5C）froml一三exene（3C）： Bp95－960C／50m喝；班S M†

a七二m／Z＝198，200，and202（100：129：31）；lH NMR（CDC13）6＝

0．93－2．40（9H′　m）and3．50－4．30（3H′m）；13c NMR（CDC13）くan

asteriskindicates　塾）6＝13．9，22．0，＊　22・1，28・0，28・9，＊

35．1，＊　35．5，36．5，48．2，＊　53．5，＊　and　60．8．　These assignmentS

Were SuPPOrted for dibromo and dichloro anaiogs as f01lows：

1，2－dibromohexane（旦≦），13c NHR（CDCl3）6＝13．9，21・9，28・8，

35．7，36．3，and　53．0；1，2－dichlorohexane（9C），13c NHR（CDCi3）

6＝ユ3．9′　22．1，27．9，34．7′　48．2，and　61．2．

A Mixture of l－≡rom0－2－Chloro－　and　2－Brom0－1－Chlor0－3－

methYibutanes（4d and　5d）from　3－MethY1－1－butene（3d）：　Bp

68－70。C／50rnmHg；MS M＋atm／Z＝184，186，and188（100：130

：35）；lH NmR（CDC13）6＝0．99（6H，t，J＝6．6Hz），2．00－2．57

（if！，m），and　3．63－4．33（3H，m）；13c NMR（CDCl3）（an asterisk

indicates　卓旦）6＝15．1，16．1，＊　20．4，21．4，★　29．6，＊　30．8，34．4′

46・1，＊　61．8，＊　and　67．2．　These assユgnmentS Were SuppOrted

for dibromo and dichloro analogs as f0110WS：1，2－dibrom0－3－

methYibutane（嬰），ユ3c NMR（CDC13）6＝15．5，21．7，29．9，34．1，

and61．5；1，2－dichlor0－3－methylbutane（卓坦）．13c NHR（CDCl3）
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6＝15．6′　20．2．30．3′　46．3．and　67．6．

2－Brom0－1－Chior0－3，3－dimethYlbutane（5e） from　3，3－DimethYl－

1－butene（3e）：Bp95－100。C／50mmHg；MS M＋atm／Z＝198，2001

and　202（100：129：31）；lH N班R（CDCl3）6＝1．12（9H，S）ana

3．52－4．13（3H′　m）；13c NMR（CDC13）6＝27．6，36．3，47．6′　a鱒．

68・8・13C NMR spectra for dibromo and dichioro analogs are

as三0110WS：1′2－d土brom0－3，3－dime也ylbutane（Be）′13c N班R

（CDC13）6＝27．6．35．8，37．0，and　69．0；1，2－dichlor0－3′3－

dimethylbutane（9e），13c NMR（CDC13）6＝26．7，36．2，47．1，and

73．7．

A Mixture of erythr0－2－Brom0－3－Chloro－　and　3－Bromoq2－

Chloropentanes（4f and　5f）from trans－2－Pentene（3f）：　Bp

71－720C／50mmHg M鵬M＋atm／Z＝184，186，and188（100：128

：32）；lH NHR（CDC13）6＝1．07（3H．t，J＝6．8Hz），1．33－2．26

（5E，m）′　and3．78－4．40（2崇，m）；13c NMR（CDC13）（an aSter土sk

土nd土cates　主星）6＝10．5，11．6，★　23．4′　23．5，★　29．1，★　29．4．51．8，

59・7，＊　63．0，＊　and　69．0．　These assignmentS Were SuPPOrted

for dibromo and dichioro analogs as f01lows：erYthr0－2r3－

dibromopentane（室娃）．13c NMR（CDCl3）6＝ll．4，25．2，30．5，

51・8，and63・2；erYthr0－2，3－dichloropentane（9f）T13c N班R

（CDC13）6＝10．4，22．2，28．3，59．5，and　68．6．

A Mixture of thre0－2－Brom0－3－£hユoro－Jand　3－Brom0－2－
．．．J．∧　】．．石】．、．、⊥．，．．．．ト山＿＿．．．＿　＿「．．．＿－．】＿．．＿＿】．一…＿′＿．爪．巾．一．．．＿⊥】∵＿．．．∴．．．．．▼．．．＿．ニ【－．．－．＿■．‖＿二■∴1．］．∴■＿＿′．．．，．．．．．、＿－‾∴叩＿＿．　■　‾　　　　　　　－‾‾‾　　‾　　‾　　　　－‾‾　　　－　‾‾　　　．・・・」　　．■．＿．　■

Chioropentanes（4g and　5g）from cIS－2－Pentene（3g）：Bp72－73

0C／50mmHgl劇S M＋atm／Z＝184．186，and188（100；132て35）7

1H NMR（CDCl3）6＝1．07（3H．t，J＝6．9Hz），1．34－2．24（5日′m），
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and　3．77－4．57（2H，m）；13c NMR（CDCl3）（an asteriskindicates

59）6＝11．5，12．6，★　21．3，★　21．5，27．3．★　27．7，52．2，59．9，★

62・lt＊　and　68・2・　These assignmentS Were SuPPOrted for dibromo

and dichioro anaiogs as f01lows：thre0－2，3－dibromopentane（8g），

13c NMR（CDCi3）6＝12．7，21．6，27．5，52．2，and62・l；thre0－

2，3－d土chユoropentane（9g），13c NMR（CDC13）6＝11．4．20．8，27．1，

59．7′　and　67．9．

A M土Ⅹture O王1－Brom0－2－Chloro－　and　2－3rOm0－1－Chlor0－2－

methylpropanes（4h and　5h）from　2－的ethYipropene（3h）：Bp

79－82。C／90rnmHg；MS m＋atm／Z＝170，172，and174（100：132：

34）；lH NMR（CDC13）（an asteriskindicates塾）6＝1．69，1．83，＊

（6Hr　2S）．3．63，and　3．83＊（2H，2S）；13c N班R（CDC13）（an

asteriskindicates　5h）6＝30．4，31．0，＊　43．7，55．3，＊　62．3，＊　and

67・1・　These assignments were supported for aibromo and

d土chloro anal09S aS　王0110WS：1，2－dibrOm0－2－metbylprOpane（8h），

13c N班R（CDC13）6＝31．9′　44．7．and62．1；1′2－dichlor0－2－

methYipropane（9b），13c NMR（CDCl3）6＝29．6，54．6，ana67．6．

A Mixture of l－Brom0－2－Chloro－　and　2－Brom0－1－Chlor0－2－

ethylbutanes（4i and　5i）from　2－Eth 1－1－butene（3i）： Bp

65－660C／19rnmHg；劇S劇＋at皿／之＝198，200，and202（100：130：

35）；lH NMR（CDC13）（an asteriskindicates亘主）6＝0．90－1．14

（6H，m），ユ．66－2．11（4H，m），3．63，and3．87＊（2H′　2S）713c NMR

（CDC13）（an asteriskindicates　5i）6＝8．2，9．4，＊　32．6，32．9，＊

37・7T　48・8r＊　75・4′＊　ana　75．8．These assignmentS Were

SuPPOrted for dibromo and dichloro analogs as foiiows：1，2d
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dibrom0－2－ethYlbutane（8i），13c NHR（CDCl3）6＝9・5，33・8，38・2，

and75．3；1，2－dichlor0－2－ethylbutane（9i）13c NMR（CDC13）6＝

8．2．31．8，48．5．and　76．1．

A Mixture of　3－Brom0－2－Chloro－　and　2－Brom0－3－Chlor0－2－

methylbutanes（4j and5j）from　2－MethY1－2－butene（3j）：Bp

80－8l Oc／70m感冒；MS M＋atm／Z＝184．186，and188（100‥134：

35）；lH N払R（CDC13）6＝ユ．67－1．98（9H′m）and4．13－4．46　く1勘

m）；13c NMR（CDCi3）（an asteriskindicates　5j）6＝21．9，＊　22．1，

27．0，27．9．丈　32．5，33．2，☆　58．4，66．1，★　67．9，★　and　71．6．

These assignmentS Were SuPPOrted for dibromo and dichloro

anaiogs as f0110WS：2，3－dibrom0－2－methylbutane（8j），13c NMR

（CDCi3）6＝23．5，28．0，34．9，59．4，and　68．2；2，3－dichlor0－2－

methylbutane（9j），13c NMR（CDCl3）6＝20．6，26．5，31．1，65．2，

and　71．3．

A M土Ⅹture O王　はS′　SR）一2－Brom0－3－Chloro一　己nd．3－3rOm0－2－

Chior0－3－methylpentanes（4k and5k）from（E）－3－貧ethY1－2－

pentene（3k）：Bp68－69。C／48mmHg；MS M＋atm／Z＝198，200，

and　202（100：134：28）；lH NMR（CDC13）6＝0．93－1．18（3H，m），

1．63－2．03（8H，m），and4．31（iH，q．J＝6．7Hz）；13c NMR（CDC13）

（an asteriskindicates長生）6＝8・6，9．8，＊　21・7，21・8，＊　24・6，

25．2，＊　36．6，36．9，＊　55．6，63．0，★　74．4．★　and　76．1．　These

assignmentS Were SuPPOrted for dibromo and dichioro anaユogs

as f0110WS：（RS，SR）－2，3－dibrom0－3－methYIpenatne（8k）′13c

NMR（CDCユ3）．6＝9．8．23．2．25疇9，38．4．56．2，and　74．97（RS，

SR）－2，3－dichior0－3－methYIpentane（≡些）．13c NHR（CDCl3）6＝
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8．4．20．3．23．8，35．2，62．5，and　75．8．

A Mixture of（RS，RS）－2－Brom0－3－Chioro一
and　3－Brom0－2－

chlor0－3－methYIpentanes（4A and52）from（Z）－3－MethY1－2－

Pentene（3且）：Bp　70－7l Oc／48mm王ig；MS M’at m／Z＝198，200．

and202（100：132：35）；lH NMR（CDC13）6＝0．93－1．18（3モミ，m）′

1．61－2．20（8H，m），and　4．08－4．52（lfi，m）；13c N朗R（C工）Cl3）（an

aster土skind土cates　5夏）8＝8．8，9．9，女　21．5′★　21．8，27．8，28．7′宋

32．3，32．7，貴　58．8，66．0，★　74．7，★　and　76．1．　でhese ass土　nments

Were SuPPOrted for dibromo and dichloro anaiogs as f01lows：

（RS，RS）－2，3－dibrom0－3－methylpentane（8L），13・C N班R（CDCi3）6＝

10．0，23．0，30．3，32．4′　59．8，and　75．0；（RS，RS）－2′3－8ichlor0－

3－methYipentane（9且），13c NMR（CDCl3）6＝8．7，20．4′　26．7，31．8．

65．2，and　76．0．

A Mixture ofl－Bromomethv1－1－Chioro－　andl－Brom0－1－

（chioromethyl）cyciopentanes（4m and　5m）from HethYlenecyclo－

pentane（3m）：Bp42－430C／5mmHg；比S班＋atm／Z＝196，198，and

200（100：132：34）；lH NMR（CDCl3）（an asteriskindicates

麺）6＝1．52－2．26（8H，m），3．80，and4．01＊（2H，2S）；13c NMR

（CDC13）（an asteriskindicates　塾）6＝23．8，40．6，41．2，52．2，＊

74・9r＊　and　79・2・　These assignmehts were supported for

dibromo and dichloro anaiogs as f0110WS：1－brom0－1－（bromometh－

Yl）cYCiopentane（8m）．13c NMR（CDC13）6＝23膚9．41．3，41．4，and

74・9；：トchior0－1－（chioroTnethYi）cYClopentane（9m）r13c NMR

（CDC13）6＝23．6．39．8．5ユ．β．and　79．0．

A Mixture ofl－BromomethY1－1－Chioro－　and1－Brom0－1－
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（chioromethyl）cYClohexanes（4n and　5n）from Methylen苧CYClo－

hexane（3n）：　Bp 41－420C／2mmHg；MS M＋atm／Z＝210′212，and

214（100：130：35）；lH NMR（CDC13）（an asteriskindicates

塾）6＝1．40－2．00（10H，m），3．68，and3．92＊（2ff，2S）；13c NMR

（CDCl3）（an asteriskindicates　5n）6＝22．1，22．8，＊　24．9．37．3，

44．3，55．2，＊　72．5，＊　and　72．7．　These assignmentS Were

SuppOrted for dibromo and dまchユOrO analogS aS f0110WS‥1－

brom0－1－（bromomethyl）cyclobexane（8nh13c NMR（CDC13）6＝23．0，

24．8，38．0，44．7，and　72．3；1－Chlor0－1－（chloromethYl）cYClohexane

（99），13c NMR（CDCl。）6＝21．8，24．9，36．4．54．6，and73．2．

Reaction of Aikenes（3a－n）with　2．　To a s01ution of　3

（12　mm01）in CH2Ci2（50　ml）was added　5．5　mi of BrCI s01ution

inCCl叫（1．8m01dm－3）at O OC over5minwith stirring．

After the soivent was removed under reduced pressure，the

resiaues were analyzea by GLC and13c NMR・The resuits are

giVenin Table　2．　＝n aii cases，GLC anaivses shoved the

PreSenCe Of11－16％　of dichloro adauct（9）and13－19％　of

dibromo adduct（8）as by－PrOducts．

The reaction of　3，3－dimethY1－1－butene（⊇B）with之gave a

mixture of1－brom0－2－Chioro－　and　2－brom0－1－Chior0－3，3－

dimethyibutanes（4e and　…垣）．　The product composition of　4e

andちewas aeteTmiTlea bYユ3c NMR analYSis：13C・N的R（CDC13）

（an asteriskindicates　…垣）6＝26．8，27．6，魂　35・2，36・3，＊　37疇0．

47・6，＊　68・8，＊　and　74・6・These assignmentS Were SuPPOrted

for the13C NMR data of dibromo and dichioro adducts（8e and
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and BB）as described above．

The reaction of methYlenecyciopentane（3m）withヱgave a

mixture of　2－brom0－1－Chloro－　and l－brom0－2－Chlor0－1－

methYIcYCiopentanes（40and≡垣，54．5％），1－bromomethy1－1－

ChlorocYCiopentane（麺，11．0％），dichloro and dibromo adducts

（25．5％），ana unidentified products（9．0！）bY GLC analYSis．

Aithough theisoiation of　40　ana　50WaS nOt Carrie己　Out，the

retention time of GLC agreea with that of the sample prepared

bY the reaction ofl一methylcyclopentene（30）with i as

f01lows：bp42－43。C／5rnmHg；MS M＋atm／Z＝196，198，and200

（100：131：32）；lH NHR（CDCl3）（an asteriskindicates　呈9）

6＝1．90，1．96＊（2S）．1．70－3．10（m），and4．44－4．62（m）；13c NMR

（CDCl3）（an asteriskindicates　…垣）6＝20．8，21．0，＊　28．5，＊

28．6，34．9，★　35．4．39．3．40．6．★　62．6，70．9，★　75．1，★　and．79．5．

The rati00f40and50VaS Shown to be86：14bY13c NHR

analvsis．　This product ratiois ciose to the product ratio

（坐　‥　呈9＝83：17）for the reaction ofヨ旦With旦under the

Same reaCtion conditions．

lH NMR anaiysis of the recovered aikenes from the reaction

Of迦（20Ⅱ皿01）with i（10rnm01）showed67！of1－methYIcYClou

Pentene（30）and　33％　of methylenecYClopentane（3m）as based

On the reiative areas of the signais at　6＝5．30　and　4．83　for

the oiefinic prOtOnS′　reSpeCtiveiy－

The reaction of皿ethYlenecYCiohexane（aB）with旦aiso gave

a mixture of　2－brom0－1－Chloro－　andl－brom0－2－Chlor0－1－
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methYIcyclohexanes（4p and5p，7．5％），4n and5n（55・2％），

dichioro and dibromo adducts（37．3％）by GLC analysis・

Although theis01ation of4p and　5p was not carried out，the

retention time agreed with that of the sanple prepared by the

reaction of1－methyicYClohexene（3p）wi埠I as f0110WS：bp

41－42　0C／2汀皿Hg；班S M‘at m／Z＝210，212，and　214（100　‥134：

34）；lH N比R（CDC13）（an aSter土skind土cates　5p）占＝工．75′1．91，★

（2S）′1．56－2．60（m）′　and　4．35－4．70（m）．
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CHApTER　3

BROMOCHLOR＝NAT＝ON OF CONJUGATED D＝ENES W＝TH D工CHLOROBROMATE （1－）

工ON．

Zn the generalintroduction，it was shown that the rati0

0fl，2－　tOl，4－addition of bromine（and bromine chloride）to

COnコugated dienesis markeaiv　己ependent on the brominating

（andbromochlorinating）agents empioyed．1，2）Thepredominance

Of1，2－addition was observed for the reaction with a tribromide

ion・1，2）Howeverr nostudYhas beencarriedoutonthe

reaction with tetrabutYlarnmonium dichlorobromate（1－）（主）as a

bromochiorinating agent．In the chapter　2，the author

desCribed that the additions ofl to alkenes are strikingiY

different from that of moiecular bromine chloride（BrCi）．　＝n

this chapter，the author describes the bromochlorination of

SOme COnコugated dienes vithl．

Results and Discussion

The reaction of i withi，3－butadiene（旦墓）．2－methY1－1，3q

butadiene（塾）．cis－　and trans－1，3－Pentadienes（之⊆and塾皇）．

and qyciopentadiene（23）in dichioromethane gave土he

COrreSPて）nding bromoch10rOaikenes（Schemel andコ畠bユeユ）．

tn the cases of　2b and三垣，a・STnaii amount ofl，4－di℃hloro
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adduct（6）wasis01ated．　Furthermore，in aii cases，the

Yield of1，4－bromochloro adduct（5）decreased bY the

Pr010nged reaction time．　＝t was shown that　6is also formed

upon treatment of　5with tetrabutYlammoniunChloridein

dichioromethane．Therefore，it probabiy arises bY the

haiogen－eXChange reaction of互With generating chiorideions

土n the reac七五on system（Schene　2）．

C＝C－C＝C　＋　BrCi2　　　　　＞

C－C＝C－C

l l

Br Cl

C
－
C

一
r

C

I

一

B

－C＝C　＋　C－C＝C－

Br l

C

暮

C

3　0r　4

＋　　C－C＝C－

I

Cl

旦

Scbeme l．

Cl　→

⊥

C
I
C

C
I
C

Scheme　2．

－C＝C－C

l

Cl

＋　　　Br

A cornmon characteristic of the present reactionis the highiY

Selective－fomationてf the1，2－bromochloro adducts．　Moreover，

the addition to the　3，4－bondin　星⊆，廻，and2旦gaVe anti

StereOSPeCific products（生玉．旦卓，and垂）・

エn the case ofl，3－butadiene（塾）．the reaction gave a

nixture of　4－brom0－3－Chlor0－1－butene（塾）ana3－brom0－4－Chioro『

1－butene（呈旦：）as thel，2－adducts（Scheme　3）．
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Tablel．Reactions ofDieneswithla）

1，2－Adductb）

D土enes

3　　　　　　　　　4

1，4－adduc㌔）　　Yield／％C）

5　　　　　　　　6

之皇

祖

之⊆

呈卓

2e

99．Od）

78．6

66．2

87．1

93．2

1．0

9．2

4．4

7．8

0．9

98

1．2　　　　　98

99

5．9e）　93

a）Reactions were carried out with　30　mm0l of主′　36mm01of

dienes，and100　ml of CH2C12　at　－12　0C．　b）The products are

identified as f0110WS：from塾，4－brom0－3－Chlor0－1－butene（3a），

3－brom0－4－Chlor0－1－butene（ii：），tranS－1－brom0－4－Chior0－2－

butene（5a）；至rOm塾，4－brOn0－3－Chlく〕ご0－3－methy1－1－butene（塾㍉

4－brOm0－3－Chlcr0－2－methy1－1－butene（4b）．トbrom0－4－Chlor0－2－

methY1－2－butene（塾）．1，4－dichior0－2－methY1－2－butene（堕）；

from　2c and　三迫．cis－　and trans－5－brom0－4－Chlor0－2－PenteneS

（三雲　and三坦）．threo－　and erYthr0－4－brom0－3－Chior0－1－PenteneS

（建and　≡担）′　tranS－1－brom0－4－Chior0－2－Pentene（三雲＝…垣）；from

坐，tranS－4－brom0－3－Chiorocyclopentene（3e），Cis－3－brom0－5－

Chlorocyclopentene（Bs：），Cis－　and trans－3，5－dichlorocYC10－

PenteneS（6eT and　6e）．Percentages are normalized t0100％．

C）Based onl．　Totaユbromochloroaikene Yields determined bv

GIJC．　d）垂：⊇旦－＝84：16．　e）卓垣：吐＝35：65．
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CHZ＝CHCH＝CH2　＋l　一一一　－＞　CH2BrCHCiCH＝CH2　＋　CHZCICHBrCH＝CH2

2a 塾，84篭　　　　　　　む己，16篭

Scheme　3．

Although attempts to separate two regioisomers（3a and⊇五一）

Were unSuCCeSSfui，the orientation of haiogen atoms were

determined by comparisons of their13C NMR spectra with those

Of the dibromo and dichloro compounas・13c N旺R spectra of

3，4－dihal0－1－butenes arelistedin Tabie2．13c NI収analYSis

Of the mixture of two regiOisomers couid be used to

determine the amOuntS Of eachisomer．

Tabie2・13c chemicai Shifts for3，4－Dihal0－1－butenes

in cDCl3（’6　Value）

CIH2＝C2Hj3H－CqH2

t l

X Y

Ⅹ　　　Y cI c2　　　　C3　　　　ck

CI Br

Br CI

CI CI

Br Br

119．7　　　135．2

119．7　　　135．5

119．7　　　134．8

119．8　　　136．0

60．2　　　　35．0

51．1　　　　47．0

60．1h　　　　47．3

50．5　　　　34．5

屑ben　土heェeac土ion of2a with i was carried out in the

PreSenCe Of a free radicalinhibitor，2，6－di－t－butY1－4－methY1－

Phen010r oxYgenT the product composition did not change
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Within experimental error．　This resultindicates that the

lack of regiOSPeCificitY CannOt be ascribed to a radical

process．4）

The regiochemistry of the reaction of　2a withi was

investigatedin s01vents with wideiY different p01aritiesin

Order to elljcidate the mechanism of the reaction．　Table　3

PreSentS data for the effect of soivents on the regio－

Chemistry　〇三　七be add土七五on t0　2a．

Table　2．　S01vent DependencY On RegiOChemistrY Of the

Reaction of　2a with l at　－12　0C

S01vent Dielectric

constanta）

productcompositionb）

宅　3a　　　　　　篭　3al

CEC13

Cヨ之C12

CH2CICH2Cl

（CH3CO）20

CH3NO2

4．81

9．08

10．36

20．7

35．87

85．9　　　　　14．1

84．3　　　　　　15．7

84．4　　　　　　15．6

84．2　　　　　15．8

84．0　　　　　　16．0

a）J・A・Riddick and E．E．T00PS，TITechnique of Organic

ChemistrY，T．ed．bY A．Weissberger，＝nterscience，New York

（1955），Voi．Ⅴエ1．b）Percentages are normaiized t0100％．

Determined by13c NMR anaiYSis・

No s0lvent effect on the regiOChemistry has been observed．

The amount of1，4－adduct wasiess than　2％in aii the s01vents．
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A simiiar s01Ventindependency on the regiOChemistrY has been

Shown for the reaction ofl－Phenylpropenes withl（above

Chapter　2．2）．

＝n contrast to the present resuits，the high preference of

l，4－addition has been observed for the reaction of BrCi（and

Br2）with conjugated dienes．1，2・5）Furthermore，depenaence

Of thel，2－　VS．1，4－aaaition of bromine t0　2a on soiverlt

p01arity haSbeenreported．5）The authorhas also founa that

BrCl reacted with　2a to giVe a mixture of　3a and主星With

Substantial amounts of dichioro and dibromo adducts（Scheme　4）．

CH2＝CHCH＝CH2　＋　BrC1－－　　－＞　CH2BrCHCiCH＝CH2　＋　CH2BrCH＝CHCH2Ci

2a 垂，27亀　　　　　　　虫，73亀

Yield：78．2亀

Scheme　4．

None of the anti－94arkownikoff adduct（3aI）was detectea bY1－3C

NMR analYSis of the product mixture．

When compared t0　0ther reactions ofl，3－butadiene with

interhalogens and pseudohaiogens．the striking difference

becomes evident．　Product distributions for the additions of

interhalogens and pseudohalogens tolt3－butadiene are

Sumarizedin Tabie　4．　Thus，PreSent reSuits would be the

first exampie of the formation of anti－Harkownikoff adduct

giVenin theinterhaiogen addition tol，3－butadiene・
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Table　4．　Product Distribution for Addition of Various

Reagents t01，3－Butadiene．

Reagent 1，2－Add土tion l，4－Add土tion Ref

Ma）　　　Ma）

BrC12

BrCl

エCl

工NCO

BrOAc

ClOAc

84

27

22

0

83

71

16

0

0

0

0

0

traCe

73

78

100

17

29

b

b

C

d

e

e

a）M＝Markownikoff adduct．　a朗＝anti一班arkownikoff adduct．

b）This work．　C）C．R．工ng01d and H．G．Smith，J．Chem・

Soc・，呈生互主，2752．　d）B．E．Gr土mw00d and D・Swern′J・Or冒・

Cbem．，32，3665（1967）．　e）Ref．5．

Thus，the addition to dienes appears to be very different

in reactions withl and with BrCl．　Therefore，the present

reaction withl cannot be explained on the basis of any

accepted mechanisminv0iving a bromoniunionintemediate for

the additionofBrCl（andBr2）．2・3）

′了＼
＋

′＿＿．′＼＿＿．了

C二二C二＝二 C Cl （7）
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The author wouldlike to suggest another possibie mechanism

Which inv0ives the attack of chlorideions on a three－Center

bound TT COmPiex－tyPeintermediate（釘　Withlittle

delocaiization of the positive charge across the allYlic

SyStem：in the above chapter，a Similar mechanism has been

SuggeSted for the addition ofl to aikenes．

C

l

J

B

ノ

r
、
、
＋

C＝C－Cここ＝C Cl

へーノノ

Exper土mental

（8）

The GLC anaiYSeS Were Perfornea on a Yanako G－180　gas

Chromatograph with a Silicone SE－30（2．5％）（coiumn A）or（5％）

（C01umn B）－Chromosorb WAW DMCS（2m）C01umn with helium as a

Carrier gas．　Aii the orgainc materiais were distilled before

uSe．

Reaction of　2a with l．　Details of the reaction have been

repottedin the above chapter．To a s01ution of2旦（3・O ml，

36　rnm01）in dichioromethane（100　ml）was added i（11．8　g，30

rnmol）at－12　0c over　20min with stirring．　After the usuai

WOrk－uP，distiilation afforded　3．83　g（75．3％）of a mixture of

塾and三重T：Bp46－480C／26mmHg；HS M＋atm／e（reiative

intensitY）＝168，170，and172（100：132：35）；Found：m／Z
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167．9330・Caicd for CkH6BrCi：M，167．9342．13c NMR showed

a　84：16　mixture of　3a and　3aT，reSPeCtiveiy．　The structure

Of the minorl，4－adduct（5a）was verified bY COmParison of

the spectra of the sample prepared bY the reaction of　2a with

BrCl・2）虫，lHNHR（CDCl3）6＝3．90－4．10（4H′m，CH2Brand

Cfi2Ci），and5．90－6．01（2H，m，CH＝CH）；13c N班R（CDCl3）6＝30．9，

43．5′　and130．3（2C）．

Re三Cti〇n Of　2b－e Wi亡土1．　The re三Ctions were carried out

SimilarlY tO those of　2a．　The relative amounts of the

PrOducts were determined bY meaSuring the peak areas of GLC

（C01unn A）．　The resuits are giVenin Tablel．Ail the

reaction products wereidentified bY COmParing GLC and NMR

SPeCtra With the authentic sampies prepared bY the reaction

of BrCiwith these dienes．iT2）ThelH NHRspectra of the

products correspond well with those reportedin thelitera－

ture．1′2）

Reaction of　2a with i under Various Conditions．　When　2a

WaS treated withlin dichloromethane as described above，

02WaS bubbled during the reaction・13C NHR anaiYSis of the

residue showed a　85：15　mixture of　3a ana3a一，reSPeCtivelY．

The reaction was carried out with12　mm01of　2a，10　m010fl，

and　3TnmOi of　2，6－dirt－butY1－4－methYユやhenolin dichloromethane

（50ml）．After the usuai work－uP，13c NMR∴anaiysis of the

resiaue showea a耶：14　mixture of　3a andial，reSPeCtivelY。

T012mm01of主星in50ml of the s01vent（CHC13．CH2Cl2．

CH2CICH2Cl，（CH3CO）20，and CH3NO2）was addediO rnm01ofl at
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－12　0c over　5min with stirring．After the usuai work－uP，

the residues were subjected to GLC and13c NMR analyses．Zn

all cases．GLC anaiysis showed over　98％　of thel，2－adduct・

The results are giVenin Table　3．　The relative amounts of

3a and3aT were determined by13c NMR anaiYSis・GLC anaiYSeS

Of the residues were perforned on the coiumn B・

React土on o王　2a W土th Brom土ne CbユOride．　で0　20　mm010王　2a　土n

100：ml o王　d土chlorome亡hane WaS added　4．5　ml o至　BrCI s01ut土on

in CCiヰ（2．2m01dm－3）at－120C overiO minwith stirring．

Evaporation of the s0lvent and anaiYSis of the residue bY

GLC（C01umn B）showed the composition to be：3，4－dichloropl－

butene，5．7％；3a，21．1％；tranS－1，4－dichlor0－2－butene，6．2％；

3，4－dibrom0－1－butene，2．5％；互生，57・1％；tranS－1，4－dibrom0－2麟

butene．7．4篭．

Halogen Exchange Reaction．　T0　5　rnmoi of　5ain dichioro－

methane（25　ml）was addediO mm010f tetrabutylarnmonium

Chloride and the mixture was allowed to stand for　24　h at

O Oc with stirring．After the usuai work－uP，GLC analYSis

（column B）showed the composition to be：三垣．5％；tranS－1，4－

dichlor0－2－butene（6a），95％．　A similar treatment of　皇塾「旦

and　5e．with chlorideions gave the correspondingl，4－

dichloro compoundsin over　95％　yieid．
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CHApTER　4

REGZ0－　AND STEREOCHEMZSTR＝ES OF BROMOCHLOR＝NATZON OF ALKYNES

W＝TH MOLECULAR BROM＝NE CHLOR＝DE AND DZCHLOROBROMATE（1－）＝ON

＝n the generalintroduction，it was shdwn that the

StereOChemistrY Of bromine adaition to alkvnesis markedlv

dependent botb on the reaCt土on condit土ons and on the

structureof aikYneS．l・2）However，OnlY a few scattered

data have been made available on the bromochlorination of

alkYneS・The reactionofdiphenYiacetylene，3）ethY13－

butynoate，4）and1－hexyne5）withm01ecularbrominechloride

（2）has been reported to give the corresponding bromo

Chloro aaauctsin an anti stereospecific manner．　＝n the

Chapter　2T the author has shown that tetrabutylammonium

dichiorcbromate（1－）くl）reacted pheny1－Or aikyl－Substituted

ethylenes to giVe the bromo chloro adductsin neariY quanti－

tative Yields，and that the addition t00k placein an anti

StereOSPeCific manner，While the reglO－　and stereochemistries

Of the bromochlorination of alkenes（chapter2）L Or dienes

（chapter3）with主are strikinglY different from those with

2・　As a continuation℃f七he author，S苫tudY，七he author has

Studied on the regiO－　and stereochemistries of the reaction

Ofl and　2with various alkynes．

Results and Discussion
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The reaction ofl－PhenylpropYne（垂），1－hexYne（星雲），Or　2－

hexyne（三迫）with tetrabutyiarnmoniundich10rObromate（1－）（l）

in cH2C12　gaVe a mixture of（E）－Markt）Wnikoff and（E）－anti一

丑arkownikoff adducts（垣，皇呈，and4B and　麺，量呈，and　…垣．

respectively）in neariy quantitative Yields（Schemel ana

Tablel）．

三二⊥二三二＿三二一一主→　ご／三＝

C了　＼R2

Rl
＼

Cコ

／
C＝C
／
Br ＼虔

a：Rl＝Ph，R2＝Me c：Rl＝n－Bu′　R2＝H

d：Rl＝n－Pr′　R2＝Me

Scheme i．

SimilariYr treatmentS Of symmetricai aikYneS SuCh as diphenYl脚

acetYlene（垂：Rl＝R2＝Ph）and3－hexyne（望‥　Rユ＝R2＝Et）with主

also gave the corresponding bromo chioro a己ducts（卓旦ana　41，

respectiveiY）in an anti stereospetific manner（Tablel）．

On the other hand，the reaction of phenylacetylene（塾：

Rl＝Ph，R2＝H）withi gave a mixture of（E）－2－bromo－ユーChior0－1－

PhenYiethene（旦塾）andl－brom0－2－PhenYlethYne（堕）（Scheme　2

and Table l）．

ユ
Ph－C≡CH　　－→

3b

習h　　　　　ちr
＼　　　／

ノ＝＼
Cl

卓立

Scheme　2．

＋　　　ph－C≡C－Br

6b
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Tablel．　RegiO－　and Stereochemistries of the

BromochiorinationofAlkyneswithla）

Alkynes productcomposition／％b）　　Yield／％C）

（E）一班d）　（Eトa班d）（Z）

三重

⊇重

量≦

3d

89．2

100

86．5

50．2

10．8

0

13．5

49．8

0　　　　　76　く97）

0　　　42e）

0　　　　81（97）

0　　　　　81（98）

（E）　　　　（Z）

93

80（96）

a）Reactions were carried out with20moi of呈，20mm01of

旦′　and　50mi of CH2Cl2　at　20　0C．b）Percentages are

normaiized t0100％・Determined bYlH NMR anaiYSis．C）

Zs01ated Yieid・Yieidsin parentheses were determined bY

IH NMR usinglt2－dibrom0－1－PhenYiethane as theinternai

Standard．　d）M＝Markownikoff adauct（4）．　aM＝anti一班arkownikoff

adduct（量）一　e）The other product was1－brom0－2－PhenYlethyne

（卓卓．58！）・De土e皿ined by GLC anaユysis．
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The formation of　6b cannot be ascribed to the subsequent

secondary reaction of卓立，Since pr010nged reaction time did

not cause any changein the rati00f the products・Further，

the bromo chloro adduct（4b）was stable under the reaction

conditions．Formation ofl－brom0－2－Phenyiethyne（6b）has

aireaaybeenreportedforthereactionof塾Withbromine・2）

Althou申attemptS tO Se妄〕arate two re如○土somers（4　and　5）

Were unSuCCeSS王ul′　the orientat土on o王　bal0gen atOmS WaS

elucidated mainly on the basis of the chemicai shifts of the

protonsin thelH NmR spectra of the adducts・The structures

of4and5have been determined bYCOmParison of theirlH

NMR or13C NHR spectra with those of the corresponding

dibromo and dichloro adducts．　＝t has been known that the

PrOtOn　β　to a brominePatomis deshieided relative to the one

β　to a chlorine atom，and that the protonα　tO a Chlorine

atomis deshielded reiative to the oneαtO a bromine atom．6）

Thus，the methYI protons of室生giVe6＝2．56but those of　5a

6＝2・45rin agreement with the observation that the methYI

PrOtOnS（6＝2・60）of（E）一1，2－dibrom0－1－Phenylpropene are

deshieided relative to those（6＝2．41）of（E）－1，2－dichlor0－1d

Phenyipropene・SimiiariY，the methYI protons（＝C－くH3）of建

give S＝2・38but those of j旦6＝2．27（Experimentai）．Controi

experiments reveaied that a11the bromo chloro adducts are

Stabie under theェeaction conditibns．
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Treatments of aikYneS（3a and塾）with m01ecular bromine

Chloride（2）in cH2Cl2　gaVe the corresponding（E）－　and（Z）－

Markownikoff adducts（4　and　4I）in a regiospecific and

nonstereospecific manner（Scheme　3　and Table　2）．

聖。∋C＝C（…；・cy＝C（；‡
Rl－C≡C－R2　－－－－－－－－　－－－＞

皇：Rl＝PhJ R2＝Me b：Rl垂h′　R2＝H

Scheme　3．

As with the reaction withl，the reaction of alkYl－Substitu咄

ted acetYlenes（3c and⊇垣）with旦gave a mixture of（E）－

Markownikoff and（E）－anti－Markownikoff adducts（4　and旦）in

a nonregiOSPeCific and anti stereospecific manner，and the

reaction o王　3－bexyne（望）冒aVe the ant土　stereOSpeCif土c ad血ct

（4f）（Table　2）．The Yieias of the bromo chloro adaucts were

lower than those in the reaction of i because these dibromo－

and dichloroaikenes were formed as bY－PrOductsin everY CaSe．

＝nspection of the datain Tablesi and　2　ciearlY reVeais

that the regiO－　and stereochemistries of the bromochlorination

Of aikynes depend greatiy both on the stru℃ture of aikYneS

and on the bromochiorinating agents empユoyea．　Therefore，

the electronic structure of theintermeaiatein the proauct－

forming step must depend both on the s℃bs七ituent on七he
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Tabie　2．　RegiO－　and Stereochemistries of the

BromochlorinationofAlkYneSWith2a）

AikYneS Productcomposition／％b）　　　Yield／％C）

（E）一班d）　（Z）一班引　　　くE）－a班d）

壬生

三重

三三

3d

78．1（77．9）　21．9（22．1）　　　0

9．1　　　　　　71

52．5e）　　73

（E）　　　　　　　（Z）

a）ReaCt土ons weごe Carr土ed out W土thlO mn01of　2，20　mol of　3，

and　50　ml of CH2Ci2　at　20　0C．　b）Percentages are normaiized

t0100％・Determined bylH NMR anaiYSis・Yieidsin parentheses

Were determined bY GLC anaiYSis．C）Determined bY GLC analysis．

d）班＝Markownikoff adduct．　aM＝anti－Markownikoff aaduct．　e）

Determined bY13c NMR analYSis・f）Ref・3・＝solated Yieid。
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acetyieneiinkage and on the bromochiorinating agents．

RegiO－　and Stereochemistries of the Reaction of 3　W土th　2．

As shownin Tabie　2，the aadition of m01ecular bromine

Chioride（2）to phenyl－Substituted aikYneS SuCh as　旦and　3b

is nonstereospecific and regiOSPeCific．　This resuit can be

exロiained on the basis of a mechanisminv0iving the attack of

Chiorideion on an open vir亘i cationicintee mediate（7），in

Which the cationic character of the phenYi－Substituted

Carbon atomis stabilized bY OVerlap of p－Orbitals of the

PhenYl group；a Similar reactionintermeaiate has been

SuggeSted for the bromination of these aikYneS With molecular

brom土ne．1・2）

／／「＼ゝ
＋　／R

Cユ　　ph‾て＝＼

＼」ノ　Br

（7）

On the other hand．the addition of　2　to alkyl－Substituted

acetylenes（3C，3d，and望）gave oniY tranS－bromo chioro

adducts（Table　2）．　Such an anti stereospecific addition of

2　to these alkynes are fuliYin accordance with the mechanism

inv0iving a bridged bromoniunionintermediate（8）as

f0110WS：2）



183

Br
J　　ヽ

′　　　　ヽ

J　　　　　ヽ

ノ　＋、

ノ‾…‾‾と

Rl－；ゝノ1
（8）

班eamhilet the adaition of　2　to monoalkYl－St血stituted acetY－

1ene（3C）冒aVe the貧arkown土ko三三　adduct（4C）as the major

PrOduct．　Thisimpiies that the attack of chlorideion on the

intermediate（8）occurs at the alky1－Substituted carbon atom．

Thus，the orientation of the addition of　2　Wouid be due to

the eiectrdnic effect of the alkYI substituent which stabiii劇

ZeS the deveioped cationic character on the alkY1－Substituted

carbonatomiPtheintermediate（8）・5）

Regio－　and Stereochemistries of the Reaction of　3withi．

工n contrast to the adaition of　2　to alkYneS，the adaition of

lisin an anti stereospecific mannerirrespective of the

Substituents on the acetYienelinkage（Tablei）．Thus，the

addition ofl to phenYl－Substituted alkYneS（3a and　3b）gave

OniY the anti stereosped£if：Jadducts．　This resui土CannOt be

explained on the basis of the mechanisminvolving an open

VinYI cationicinteエコnediate（7）for the addition Df　2　tp垂二重

as described above・One maY SuggeSt anOther possibie

mechanism which inv0lves the attack of chloride ion on a

three－Centered Tr－COmPlexintermediate（9）in a product－forming

Step With a veryiittle charge development on the unsaturated
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Carbon；a Simiiarintermediate has been suggested for the

addition ofi to aikenes and dienes（above chapters　2　and　3）．

C

．

…

B r

．
＋
A
U

′

′

／

／

′

R了′さ／
C‾‾‾‾‾●C

Cl （9）

Meanwhile，the addition of主to phenYlacetylene（塾）gave

OnlY the regiospecific Markownikoff adduct（生塾）．The addition

t01－PhenYIpropYne（3a）wasin a regioselective Markownikoff

manner・　These resultsimply that the attack of chlorideion

On theintermediate（9）occurs on the phenYl－Substituted

Carbon atom．　Thus，the orientation of the bromochiorination

With　2would depend on the electronic effect of phenvi

Substituent which stabiiizes the deveioped cationic

Character on the phenYl－Substituted carbon atomin the

intermediate（9）．The addition of主tol－hexYne（三三）gave

the regioseiective Markownikoff adduct（4C）．　Thus．the

Orientation of addition ofi can beinfiuenced also bY the

electronic effect of the alkYi substituent．

電ⅩPerimentai

Aii the meiting points and boiling points are uncorrected・

Aii the organic starting materiais，including the s01vents′
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Were distiiied just before use．

Reaction of Alk nes with l．　General Procedure：　TO a

S01ution of3＿（20rnmol）in dichloromethane（50ml）was added

主（7．879′　20mm01）at20　0c over20m土n w土th st土rring・

After the Yeilow c010r disappearedT the reaction mixture was

VaShed with water and dried over Na2SO中．After the s01vent

WaS remOVed by evaporation′　the proaucts were purifiea bv

d土st土1ユation．　Tbe results are shown　土n　でablel．　Althou冒n

attempts to separate　4　and　5　were unsuccessful，these

structures were determined bY a COmParison of theirlH NMR

spectra（13c NMR spectrain some cases）With those of the

COrreSPOnding dibromo and dichloro analogs．

A Mixture of（E）－2－Brom0－1－Chloro－　and（E）－1－Brom0－2－

Chior0－1－Phenylpropenes（4a and　5a）froml－PhenylpropYne

（3a）‥　Bp78－79。C／2m感冒；班S M＋atm／Z（rel土ntens土tY）230′

232．and　234（100：135；32）．　FOund：m／Z　229．9488．　Calcd

for C9H8BrCi：M，229．9498．1H NMR（CDC13）（an asterisk

indicates　…垣）6＝2．45，＊　2．56（3H，S，CH3），and　7．30－7．40（5H．

m．C6H5）．These assignments were supported for the dibromo

and dichloro anaiogs as foliows：（E）－1，2－dibromopl－PhenYlo

propene，lH、NMR（CDC13）6＝2．60（3H，S．CH3）and7．20－7．40

（5H′mT C6H5）；（五ト1，2－dichioro－ユーPhenYipropene，lHⅦR

（CDCl3）6＝2．41（311，S，CH3）and7．20－7．50（5H，m，C6H5）．

（E）岬2－Bromo－ユーChlor0－1－ lethene（4b）and1－Brom0－2－

PhenylethYne（6b）from Phenylacetyiene（3b）：坐，bp
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85－900C／6rnmHg；HS M＋at m／Z（reiintensitY）216，218，and

220（100：128：32）．　Found：m／Z　215．9310．　Calcd for

C8H6BrCl：M．215．9342．1H NMR（CDCl3）6＝6．56（lH，S，CH）and

7・30－7・67（5H，m，C6g5）．堕，bp76－780C／6mmHg（litT7）bp

40－41Oc／0．1mm玉g；HS H＋atm／Z（reiintensity）180and182

（100：100）．　Found：m／Z179．9550．　Calcd　三or C8HSBr：班，

179．9575．1H・N披見（CDC13）6＝7．28－7．53　れC6E5）．nelE mR

SPeCtrum Of　雲立　COrreSPOnds weii with that reportedin the

l土terature．8）

A M土Ⅹture Of（E）－1－Brom0－2－Chloro－　and（E）－2－Brom0－1－

Chlor0－1－hexenes（4c and　5C）： Bp55－56　0C／25mH耶　MS M■　at

m／Z（reiintensity）196，198，and　200（100：132：32）。

Found：m／zl95．9648．　Calcd for C6HlOBrCl：H，195．9655．

1H NMR（CDCl3）（an asteriskindicates　5C）6＝0．75－1．10（3H，

br．t），1．15－1．90（4買′　m）′　2．40－2．80（2H，m），6．20，and　6．27

（l呂，2S）；lSc NHR（CDCl3）（an asteriskindicates塾）6＝13．8，

21．6，21．7′★　28．5．★　29．2，34．5，34．9，★101．1，★114．8．127・0J

and136・9．★　ThelH and13c NMRof a mixture（43and呈≦）

Correspondwellwith thosereporteaintheiiterature・5）

A Mixture of（E）－2－Brom0－3－Chloro－　and（E）－3－Brom0－2d

Chior0－2－hexenes（4d and　5d）from　2－Hex ne（3d）： Bp　35－36

Oc／5mmHg；班S朗＋atm／Z（Telintens土ty）196，198，ana200

（100：133；32）．Tound：m／Zユ9ち．96ち0．　Calcd for C6H10℃rCl：H．

195．9655．1E NMR（CDC13）（an asteriskindicates皇旦）6「＝0．93

（3H′　t，J＝7．3　Hz）．1．18－1．79（2H，m）′　2．27．　2．38（3H．2S）′
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and　2．43－2．74（2fT，m）；13c NmR（CDCl3）（an asteriskindicates

亘卓）6＝13．0，大13．1．20．3．20．9，★　25．8，★　25・9，39・6．★　40・1′

115．9，121．7，＊125．4，★　and130．5．　These assignmentS Were

SuPPOrted for the dibromo and dichioro anaiogs as follows：

（Eト2，3－dibrom0－2－hexene：lH NMR（CDCl3）6＝0．94（3H．t，J＝

6．7　ヨZ）．1．28－1．85（2H，m）．2．41（3H，S）．and　2．65（2H′　七，

J＝7．2Ez）；13c N班R（CDC13）6＝13．0，20．8′　28．8，42．4，115．2，

and121．8．（E）－2，3－dichlor0－2－hexene：lE N弛罠（CDCi3）6＝0．93

（3王王，t．J＝5．7　Hz），1．26－1．88（2H，m）．2．00（3H，S）．and　2・52

（2H′　t，J＝7．2Hz）；13c NHR（CDC13）6＝13．1，20．2，23．2′　37．5．

124．9′　and129．9．

（E）－1－Brom0－2－Chlor0－1（2－diphenylethene（4e）from

DiphenYlacetylene（3e）：Mp170－1720C（lit13）173－1750C）；

1H NHR（CDCl3）6＝7．30－7．66（m，2C6HS）；13c NHR（CDC13）6＝

117．7，128．2，128．8′129．0，and129．1．

ほ）－3－Brom0－4－Chlor0－3－hexene（4王）frOm　3－Eexyne（3王）：Bp

55－57。C／25mmHg；MS M＋atm／Z（reiintensitY）196，198，and

200（100：130：33）．　Found：m／zl95．9649．　Caicd for

CSH10BrCl：M．195．9655．1H NHR（CDCl3）6＝1．10（6H，t，J＝7．3

Hz）and2．41－2．83（4H．m）；13c NhR（CDC13）6＝11．4．12．2，

31．7，32．2．122．1，and130．8．

Reaction of Aikynes（3）with Bromine chioride（2）．　To a

JSDiu土ion of且（20mm01）in CH2Cl2（50ml）was addedう．ち∵ml

ofBrCユ（呈）solutionincciQ（1．8m01dm－3）at20。cover5

min with stirring・After the reaction completedr the
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SOlvent and unreacted aikyne were removed under reduced

pressure and the residues were analYZed bY GLC andlH NMR or

13c NMR・The resuits are giVenin Tabie2・＝n ali cases′

GLC→anaiYSeS Showed the presence of11－15％　of the dichloro

adduct and12－17％　of the dibromo adduct as bY－PrOducts．　GLC

analYSeS Were Performed on a Yanako G－180　gas chromatograph

With a Siiicone SE－30（10％）－Chromosorb WAW DMCS（2　m）C01umn，

W土色beユ土um as tbe carごまer冒aS．

The reaction of1－PhenYIpropYne（3a）with旦gave a mixture

Of（E）－2－brom0－1－Chioro－　and（Z）－2－brom0－1－Chior0－1－

Phenyipropenes（4a and　4a一，69％）（4a：4a．＝78：22）With

dichloro ana dibromo adducts（31％）bY GLC anaiysis．After

the bromo chioro adducts were separated bY distiilation，

C01umn chromatographY（Siiica gei，With hexane as the

eiuent）of the mixture of坐and　旦垂J gave aimost pure　竺旦and

紘一．建：MS M＋atm／Z（rel土ntensi瑚　230，232，and234

（100：132：32）．　Found：m／Z　229．9487．　Caicd for C9H8BrCl：

班．229．9498．1tI NMR（CDCl3）6＝2．56（3H，S，CH3）and7．30q

7・40（5H，m，C6H5）・吐・：MS M＋atm／Z（reiintensity）230，

232，and　234（iOO：ユ33：30）．　Found：m／Z　229．9485．　Caicd

for C9H8BrCl：班，229．9498．lH NMR（CDC13）6＝2．32（3H，S，

CE3）and　7．30－7嶋4Di5E．皿，C6HS）．

The reaction of phenyi皐CetYlene（3b）with旦gave a mixture

Of（E）－2－brom0－1－Chioro－　and（Z）－2－brom0－1－Chlor0－1－

PhenYiethenes（4b and4bl，70％）（4b：4b二＝63：37bylH NMR
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analYSis）With dichloro and dibromo adducts（26％）and a smail

amount of1－brom0－2－PhenYlethYne（堕，4％）bY GLC analYSis・

Although theis01ation of4b and4b，was not carried out，the

retention time of GLC and thelH NMR（6＝6．56，VinYi proton

Of旦垂and　6＝6．82，Vinyi proton of　竺b：）agreea with those of

a sample prepared by the reaCt土on o壬生W tb copper（三二）

cblor土de and・brom土ne．8）
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