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" On the Jacobsen Reaction. IV. 1 Tharacter and Reaction Mechanism

by Hitomi Suzuki

In the electrophilic substitution of higher substituted aromatic
compounds, there often observed are the wigration or revlacement of
substituents by attacking grnups.l-5] &lthough these phenomiaa-have
long teen recornized, there are few :systematic studies on the Ecope
of such anomelous substitution. The nosiftion at which substitution
otcurs is determined by the group already present in the aromatic
riug and usvsrlly ~zan be predicted f{roir She rules governineg aromatic
substitution. .o tue eomcounds become more comnlex, however, it
would be Girfieult to predict the position precizely from the so-
celled"ruler for orientation'. Tnis mayv be bacause the course of
the reaction and the -ase vith which it takes nlace, become much
more influenced vy such factors ss the numter, structure, types of
rroups attached o the cing, as well as electronic and steric effects
of these groups. Thus tne tend:ucy toward orthodox reaction, in

which moydrogen is replaced by an attacxing proup in accordance with

the rules of directive influence, is decreased and at the same time

*], rrevious pacers in saries: (z) R. Gote and M. Buzuki, J. Chen.
%oc. Japan, rure Zhaw. s~3, {iipren Yagaku Zasshi), c&, 167 (1963).
(b) H. Suzuki aré o. Geto, ibid , 34, ek (1503). () H. Suzuki
and 2. @oto, ibid., 2%, %35 (1%35),
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the reaction leadins to the production of anomalous products become
prominent,

The wost typical of these awomalous reaction 1s the Jacobsen
reactionﬁ_g} This name has hneen given to the migration of an
allzyl group or halegen atom of polysubstituted benzene derivatives
containing only halogen atoms, only alkyl groups or a combination
of the two, which occura when these substances are sulfonated or
their sulfonic acids are allowed to stand in contact with sulfurie
acid. OUne of the most interesting features of this reaction is the
migration of an allyl group or halogen aton to wieinal position.
at first sight, thie is in direct contrast to the orienting efr;cta

in the Friedel-Crafts reaction and long has been the object of much

gtudies.
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Althou<h several mechanism have been proposed for this

reaction,g‘llbl)) none of these pronrosals seems to be satisfactory.

Some of them will be cited here:
1%}

Arnold ard Yarnes proposed the following mechaniss for the

formation of vicinal ecompound.
F@S%H

S04 SH //v
E@i — R@SO;H
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Ac¢cording te this tneory, the misrating group is detached from
the sulfonic acld molecule as a cation by the entrance of a second
sulfenic aecid group; this cation then rsolaces the nmore hindered
sulfonle¢ acid group of the di-sulfonic acid. This sechanism is,
however, not tenmakble in view of: (&) the failure to isclate the
poatulated intermediary di-sulfonic acid; (b) tune ract that the
migration of an alkyl group cccurs, even under the wild conditioas
under which the for.ation of di-sulrfonic acid is imvrobable; (c)
the fallure to explein many reactions invelving the wigration of
halogen atoms; {d) the fact that the conversion of sulfonic acid
group into a-ide or ester zxerts an inanibitory ef"ect on the reaction.
Dewar has assumed the in*r.rolecular mizration of sulfonic

acid group: applied to durene, the reactiou c:n ve written as

tojlows; %!
50,H H_SOH H  fHs e cHa
CHz My H y CHs @CH: — .y CHy SOyh1- N CHy $03H
Cha i cHs CH3 CH3NA(H) CHy CH3

Ahile a plausible explanation for sowe reaction of simple compounda,
thieg mechanigm fails whea attewmpis are uwad= to appl, it to 4 variety
of compounds which underzo the reaction. For example, since sulfonic
acld group zlways takes tne less blocked position, sulfonation of 5-
substituted pseudocumane cccure preferresntially at j-pesition. Thus
cne would expect, according to his theory, b-suhstituted hewimellitene

as & sole product from S-substituted psewdocvauenc. This is, nowever,
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not the casze as S-ethylpsendocurene affords chierly s-etaylpseudo=

curene. whereas S-isopropyloseudozumens rives ne vicinal coupound.

l:oreover, this mech.nism is inconsistent with the fact that durene

1tself undergoes the Jacobsen reactiovn more readilvy tnan isclurane.
Hia wechanism alse cannot he applied to the helowe =iyvation,

Fieser and lf'ieA‘anal"""i}:| have ex:lained the reaction on the basis
of allylic type rearrangeient of substituent groun:

B w oY RAWE -H . RANR
SO8 0 fOF — 10— A O
SoH 303

The above mechanism, in which the sulfonic acid is first protonated
to form the aronium ion, which undervoes allylic slegration of a
sulfonic acid group 'and reverse migration of a wethyl groun, followed
by exuulalon of a proton to fora prebritene sulforic aecid, is un-
tenable since it cannot be used satisfacterily to sxplain either the
formation of vicinal eonpounds fron unsywm-tetriaalkyl or pertazlkyl-
benzenes, or most of the reection involving the nisration of a
halcgen mtom,

Thus o mechanism has been found which will explain satisfagtorily
all the available data. This probably misht be becaunzse sever:l
mechanians are resaponsible ror the Jacobser reaction. Huch of the
gtudies on the mechanigm of the rezclion 8o far have been concerned
with the reactions involved in the formation of vicinal compounds.

In addition to these sonewhat pzeulier react.on, Jowever, there

exist a number of reactions whieh should be classzed az the Jacobaen
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reaction in the sence tuul they iavolve the wmiegration of an aikyl
group or haloiyen atcn in tune course of sulfonation. Tharefore it
iz apeoarent that a sinple mechanisy capable of accountin: for all
the variations of ths Jacohséﬁ reaction cannot be postulated on the
basis of such simple assumntion mentioned above,

in this paper, the suthor would like first to summarize all the
results of nis studies, tarether with some of previous work-rs,
hitherto %weing made on the Jacohsan resctions and then, clarsifying
th=»m accerding to thelr reaction types into three groups, to propose

wore reasonable mecharnism consistent with all the data,

s¥parinental Frocedure

netalls oL the experisental vrocedure and results wers given
in the previons papers in series I = JII, and will not be repesated
here.

Le Thae Jacohsen Reactione.

7. Polyalizvluenzenes. The meneral procedure was as fTollows:

a mixture of the hydrocarbon and sulfonic acid was magnetically

gtirred and gradually heated on a water bath. 'he color changed
from yellow to red, then depeuding to reddish brown, and fipally
black. Compiete solution of the hydrocarbon was usually eifected
2t 60 - 80YC. “he mixture was kept at this temperature range for

4 - & hra. and thern ullowed to stand for a day or itwo at room temp-

erature. The mixture wag diluted somewhat with water and any aolid
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was removed by filtration. The filtrate was distilled with super-
heated steam, the distillate was extracted with etrer, the extract
was washed with aqueous sedium hydroxide ard dried over calcium
chloride. Then the solvent was evavorated and the residual oily
material was fractionared.

iI. Polyalkylhalogenotenzenes and relyhslo-enoben.enes,

A standard procedure for conducting the experiments ~ith ther:
compounde was divided intc two, dependin;: upon the solubilities of ths
reaction products. I:n procedure !, the whole reaction sixture wog
poured onte ice aud any solld +«as renoved by filfration. The solid
was washed, dried and eubjected to the faromztorraphic separation on
alumina column. To the sulfuric scid riltrate was added saturated
sodium ¢hloride sclution to precipitute the snliium zulionate., rhe
salt was filtered and converted to sulionamice, which was then ftruc-
tionally cryatallized., Procedure 'I vas the same as I excent for the
method of_handling the [iltrate. 7“he s:lionic acid solution +as hydro-
lysed by prasing superheated nte::y trrouzh the f[ilétrvate and the 4di~ti-

late was subjected to the froctional diztilii tion.

e Identification of the TLeacticon roducts.

I. Polyalkylue: eres. All srecimen obisined Jrow Lhe Jacob_en

reactions were inspecties by cuSec.romzhosnrophy ard inlro-res sn:chiro-
scopy, and then identified by the co.version ts inown nol, browo or

poly.itre compounds. Tre structure proof tuut 21l the groups atisched

b —-



to the rir; were located vicinally, was effected either by the
oxidatien of a portion of specimen wit:s diluted nitric acid to
benzene 1,7,;,4%=tetracarboxslic acid; or by the trunsformation

of a specimen intoc a pherantarepnerazire derivative thrcurh a
dinitro and diamino compound, =nich yrove?l that the tvo vacart
pesitions were ortino to esch other, tost is, 3l. four alkyl subati-

tuents were in vicinal position.

II. Polyalkylhuloenobenzenes and Folyralosancheut.enes,

The oils obtained from hydrolysis of suiforic acids were
carefully fractionated, and sach fraction wzs subjected to the
gaschromatopraphic and infra-res spectroscupiec inapection. Vicinal
location of all substitnent proups was established by the conversion
of a specimen to a puenanthrophenazine derivative Yy the sa.e mathod
as that used in ¥. S6lid crystar!ine caterizls were, alter chromato=
eraphic eeparation on alumina eolumn, recryatallized from ethancl or
benzene, and identified by mixed seltirg with autbentic specimens

prepared by the other melhods.

Resrlts wnu Jiscussion

A1l the Jacobsen reaction may le aevided into two general fypes,
intramolecuiar and irtermolecular; 1c Soth cases tiiere are tae
trasfer: of alkyl group and halowen aton.

Polyalkylberzenes. The cocpounds wnicih yield "abnor.al rroducta”

are limited almost exclusively to tetra or pent-ulil lbenzenes

containing tetraretnyl:une rints and/ar 1%yl rroups ol short,



strai.:ht chain, such azs methy, etiryl and n-sropyl, while taose
having alkyl zrouwos of branched atruciure. such as iso-vropyl and
t=putyl, = icinution of theaa or other alkyl uroups ave the only
reactions tating place. Tono, 4i and triali:ylieansenes merely

¥
¥ield sulfonic acide which are guite stable toward sulfurie acid.

The Jacobsan reaction emiodies an electronhilie attaek uvon
tne rin. of wolysuhstituters benzeue anui iz sepecdent uvon increased
electron density .t %tne porition of sulfonation. Tt is readily
ap arent thot an electron-zttractine sroup, ~uch as the nitro or
carboxyl yrour, weuld inanibit the reaectionu. The couversion of
sulfonic acid sroup to sulforanide or sster exarts an inhibvitory
influence or the rizration 0. an als¥l proup, sLeagents alsc -exert
a definite eftect over tue course of tie reaction: fumdr; sulfuriec
agid usually favor: sulTonation, whereas 20 #mou sulfuriec acid often
briugs about rdceratlon of alkrl crocups. ‘Mese, sad other hknown facts,
gu-gest trat the reversiuniliiy of sulfonution 1s the [.ctor of creat
ipportunce in deter:ining whekbher o Jacobsen rea?tion il take place
or not.

The proces of the Jacabsen vezetion o0 oolvalkylhen enes wuay
ke divided into two gtaros, asd soth strres urt o et Lo fore any
Jagouselr reaction cun he expected to aocur Io the culfonitior of
nelyilkylbenzarnei.

fa) ~he eli.ination of an alkyl wrougy, wildeu veeqirs during tha

-

guilfonation ¢. tolyal.iylbenzane rclatively resistant to sulforation

-

avin to its ulrhiy crowded siructure, . o=t ¢zxnez the covblined



the combined affects of steric hinaracce and the entrance of
powerful electroin-atiractin: -roun are n2cec.ars ta heizn, aliont
the expulmion ¢f %ane wigratins -rouw;,

{b) Tha alkyl ¢stion thuc 2iected minor-tes, accor-ir~ to itz
ctabili+y, intrainolecularly {viciral orientaxtion) or inter=
moleculsarly (dispropurtionation) Tne [orzarion of vieinal ¢-mnound
ocours wiien the cirratice aliorl Zroup can r o alily btake the vacunt
position wmeta to the enterin: acid rirousn.

Thus with polyalkylEienzenaes contai. in: iso-pronrl or t=butyl
psrouw, the first state (2) res:lly takes ploce to »ive bulky cation,
zhich is , however, lncasable to oarticivaie in the next stoge (bl

* = R
of tne resction. " on tae Jtaer auin g Lono, di acd Srialtkyl-
venzenes are simply sulfonated to ive 2 stabhle sulionic acida, frou
which any alkyl »oun ea~not he raawoved at all, t.erefore, witi
these compounds no reaction aualopous Jacobsar oreceeds. sym=liydrind-
agere nas the structure for. .liy siiil . Lo tnese ovresent in acta~-

hydroarnthrac:ne =nd curene, but it doasn’t ve ar:in the rerntion on

#2, itn some di osnd triuliylheatenes ecostairins vully crow.s, guch
as iso-ropryl or T-butyl, eli:luatien of ecas <f tihest ars obszrved,
“4, rec:ntly. an iateresting reaction insolvirn: thne duatrasolzerl.r

mipration of t-butyl sroup naz ceeu redortil:

Ao cienapd, w. Awany, T L. Chu o, Ganadice oo Ches, & Y0

{(Luvwe:2).



standing witih sulluric wegil, Tt wos-Fbly ra+ be erx-l-inad b tie
gaall aindering elffects of filve- erbered riniv.

In the J.cobzen reaction of %“etrialiylbenzeras, t =re alwavs
for ed were smail amouuts of trisliytheume es nnu hexaulkylben. . 2hes.
Trialxvlbenzene fractions ohtui. ed vro- aimed fetraali ,lhescerne
were Mixtureg of severai compounds. This fact indientes thnat there
i & possibility of *  formation of %o or sore vicinal isoneras,
deperding on which alikyl evoun way 3hilt trwsrd the vucsst voaltior
weta to tie gulfonic acid sroup. “or ewamole, 5--tyrtceeudocunzn-
a.forded two vicinul isomers, tugebher -itun conciderable acounts of

E
prehnitene.

C,H

Ctly @;ﬂa) cm@fﬂa L (cHy
ety Wigu / and @,/ CaMls >

CH3,
Gt O - aor

An experiment caoniucted wyon & dirture of Jdurere s 4 s,m-tetra-

etayibvenzene led 1o a cowplex mixtures of iclveliylteanencs in which
tine chimrf prouncte were alzo preanifenz .»d vig-tetraethylbenz-ne.

Thies fact iudicates thsat the ~irration o a. alirl rroun to viciaal
copsition proceeds inbrarolzcnrlarly. ngre ig woaerently the inverse
corvrelation betweszn tne ease of a zompouhd o under- o the Jngonsern
regction and the ezase rith wnicin tae Compoun it o.r Je sullfonsted. laus
when durane and isodurenc were sabiectel! L0 tne action of sulilaric aeid

under the s-.me conuditions, it wa.- noted taut the tire req ired for the

- 1l =



¢owplzte mirTatlon oi methy sroup vas wuch les. viba durene thas
isodurene.

“he convarsion of &,7-diaiuyltet-ulins to vicinal corpounds
can theorecicnlly proceed Ly two Hdif. erent routes: tae allkyl group
may migrates irom tue 6 {or 7) position ‘o the ¢ <or 7,;:; ani the
fotrametiiylene ring may open and tnen slose in the ortao position

toc the allkyl iroup.

Gdo — @0 — &)

Tne :viiencc tnat tng rain reaztion twker vl .gz -~nrou,sn 'he
lutter cou se mwy e briel . wu arized az Follus: (a) tae reaction
producis contuined only s.all serounts . F ono- lkvlretralins; %)
gotenyurcanthracene, i ¢0uBa™izon to oye- «teasl . yliens-ne, waa nuch
more readily converted o the viciaal ¢ripousi Lnder the sase coouit.oosy
(¢} wher 5,7- aud o,7-.ireihyl e> alin were subjucted to the sace
conditione of the Jacobser reueriuv.. .ue :2raer w.ve wl. anill ssmount
ot oily wmroduet whieh coula net e ider ifisa, whnereas the lacier

readily converted into the vicinal compound,

*L, The isolation of botn these isoasrs wag unamececalul. Althouey
all possible isoreric vroducts were urdonbtedly fovzedi in the rsaction
of mixed polyslkylbenzere, their rresecice hai iren demonstrated or
inferrcd only ky o conbdination ai gmaschro:afios 24 vid InTru-red

sunectroscopy, oeceuse of the sxperinent.l jivicaltize ‘nvolvel in

aepara tioh.
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Altnourn *oe orenin,: of » riva followsl v tiie wicraticn of an
intermediate having % catlouic teruinal cation s*om vould invelve a
sirumltuneous isorerization of the .ioun Lo the ~ore stable s:condary
c2rbeniun ior, ao nydrindene derivative yas detected in the reaction
praducts fror di-alkyltetralins. This msy be explained both 9y tie
weli-z,0%. prelerence for the lurmation of six-nen:ered rather than
five—.enberad rinr in cycliseticon, anli by the teundency for bulky
cation to avoid a hi;hly bLloclied position., Ji-wlkyltetralins contain-
kg ioo-propyl group were always converted inte the compounds in which
lso-sropyl oroup was eliainated. 2

R (2 R

dy —— €0
R@/j//# 3 g 4CH3
- M

Nelatively ni-: yields of vic-ui-zxlkyltetratlins comvpared to those
of vicinal tetraaliylbessenes are = tributed te the fact that one end
of the long ehiin cation is uttacned o the ring uand canrcot leave tie
=“alaculs fr;el:- Ttnerefora lLetii-n-put;lronzene, with which analogous
process .ignt be expezted to ocour, nas not been studied yet, but any
foroation of wicinal coasound cai hardly be expectoed.

Reactién products frow mized npelyalkylbeczenes are usually complex
mixtures and require extensive purification. Furthermore, the yields
are low and the jprobahle structure inferred f{rom aralogy should be

investigated by irdependent methods. Thus tne Jacobsen reaction cannot

be considereu as tez reneral syp.hetic mothod of vigetetraal:ylpenzen:s.

- - ld' ———



Polyalkylhaloyenobenzenes and Polyhalewserobenzenea. An extersive

atudy of the reaction of polyalkrlhuloganobenzenes nas shown, aa
vould be predicted on the theoretical zrounds, tnat the increasing
the aumber of the alkyl groups attached to the benzens ring favors
both migrution of halogen aton and decenposition of comoound to tarry
materials., Taus thera exict a certain limited score within which the
reaction can proceed smoothly. For example, monochloroxylenas are
nterely sulfonated. while monoiodoxylenee afford -—olyiodoxylenes in
bigh yields; with uonochlorotetranethylhonzenes are observed even
mi,ration of methyl —rouwn, whereas with monoiodotetraiiethylbe.izenes,
the reaction gees too readily, yielding intractahle rasinous matesriale.
Iodiine aton i most readily and chlorine atou least easily
replaced by sulfonic acid proup; therefore the disproporticnation
is most prevalent witl iodin: corpounds wnereas the formation of
vicinal cowpounds is found with c¢hlorine compounds. Hromine compounds
cccupies an intermediate nlace with regpect to earne of replacement,
hence they show both disproportiopation and iptramcleculay migration
girultaneously, The three reactions which iollow illustrate fthis

statement well;

CHy s CHyriyCHa
?.k@m CRs\/ 501

By 4
CHs , Oyt CHyryCHs CHa (70
% B ol ison + CHa B CH3©.503H

1
cH cH, free jodine
c“ iy CH.! CH@@CHS + 3 + ﬂ"d
cli:@l CH3 : I CH = S0 resinous materials
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iodine catiom is unarle to re-cnter the rolecule owinr, to its bulkines:,
and is ¢onsequently set iree us sle.entary iodine.

The behavior of & nusher of sv-.-volyaalogenobernzoenas and poly-
alkyliiiio-enober. enes toward sulivwric 8213 is sunrarized iz thn fol.os-

ing taole,

X X X c&@x ™ CHyr™X Oy Hs
¥ L]
x@x ?@x tHy NS X X @x J(@CHs CH~ZA X
1 (+) + (+) +

Br - - + + - (+) + -

where sirn + denctes the forae:tios of vicinal comround: aisn -.
disproportionation. Parentheses mean that the reaction cccurs only
under drastic c¢onditions.

dith polyhalogenobenzenes the Jacobsen reaction is confined
almeat entirely to polybrexzo and polyicdobenzenes. 4 fuw special
cases invelwing chlorine migration have been found, but for the most
part chlorine atom doesn’t underro the migration. 1t apgears that
the halozen atom always migZrates intermoleculariy 1f aay reaction
oceurs at all, and all the availible evidence indicate that the ease
of migration in these compounds is in tne order of I ‘r Cl. As is
ring-bonded fluorine atom unable to form a cation, 1t of course cunnot
takz part in mizration.

In order to determine tiie erfect of various wsuhstitnents n-on
the ease, course and lisits of the reaction, tne 2ction of aulluris

acid upon a nurber of 2a‘ogenoten: ne derivativees vas staaied,

B



Electron-attracting group, such as the nitro, carboxyl and carkonyl,
hindered the reaaction so greatly thst it usually failed o take nlace
when any of these are attached to the rins, Q. the other hand,
accumulation of electron-releasing groups, su:h as hydrory and alkoxy,
facillitated the reaction 8o much that it was ofter 3ifficult te prevent
éhe conpounds from decovpoesing o tarry materials. The presence of
bulky groups, such as iso-propyl and t-butyl, on the arumatic riug
also interfered with the reactios. The iwmportance ol ateric factor

was revealed by the examination of products fror ..onoicdoallkylbenzenes;
with metay and etayl group, the migration oroducis were obttained in
hign yields, wherzas with isovrooyl and t-bu-yl group, the reaction was

that leading to the formation of resinons naterials, wiving no definite

B
rroduct, (:)1
\F. Rl R] R
i |
1 1
{
No attack of halagen atom upon the alkyl group was cbserved.
In some cases, Blight charnzes in the oiructure of compound may
cause preat differences in the ease of the uirrat.on of halogen aton.

Tor example, o- and p-iodoanisol readily glves polylodo ceuwpounds,

but ae-isomer is siurly sulfonated to give a statle o-:ifonic acid.

OCHa
0CH; HQﬁ o(Hs
e 670

I.

@
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“he reastion usnally prozeeds as pro-reizsive nalorsnution of a

parent compouud, and 2 certe . isomer i: 3leays {orrea ia preference

to others. f: I

1

©—©
&

when there exist more than one haloren towrs cuc-aclae of

I 1 ]
@1”“*1@] _ﬁ;@!!

N

wicration, the osr-ferei:kial replozerment oec-urs =i’ L.ose presert
at the positions that have hivher electron ey sity or cgreater steric

ainirance.

CHs CHs CHs CHa
), — ") ), — 3,
] I » I !
1 )
The reaction is consi. er:& of vuch vaiue for the direct
e . . .. 17}
svithesis of gowe pnlyiodo com.ounds.

Mechanism., All the Jacobszn reactions so far pbserved can be divided
into three gzroups accordin- to their reactios typrs: the first, shown
by a cowpound relatively resistant to sacfanntion uiang to ita crowded
structure, involves an anow=lous snlfonat’on leadins to the elimination
of an alkyl grour or haloger ztom, fello.w »y tus simration of there;
the second, in warich normal =nliena*ticn of 2= rovrouid conatitutes the
initial phase of the reaction, is most c¢rcoustered with these cowmpourds
which are reo.ily sulfonutel Lo for. a stable sulr.nlc acld. .he

migration of ~ubsti-uent xroups on the riry graiuwally cccurs in.ro-

e ll' -



or intersolecularly, deuve.<iny on nore stracture and cxperieantal
¢onditiens; tiz: cnir,, 3:n. Py sone relriedo cro-owucdv, 1 Garncerned
vith the reuctions in anicu any sulionation ¢a so' he exnected at al!
because of tlueir nirhly erovazd strursurcs and radince. rescsivities,
The proton.tiesn o7 fn. conpound rol:aw2i by the exonision of iodine
cation must conevizube tr2 initial phase of ta - reastion.

In the Jollowing Giseuss.or, .wv ¢:2n Lo-idvidudrl zroup of the

reactions tn:s axthor ;acve 2t 0w ed £ Tarapl e o onne aolam oong with

-

whicw to erplain satisfaci,ridy loe envnsridental resucts =0 far

vir

obtained on the Jasoisan resctior
IV The iirst sroup o. these ars encountered +ith the compounds
relatively difricult to be sulfornated and ay be rvrawresented by the

following generalized scher 2,
Fn SOHM w L% Yo

+
P S P
X -h $o7H

n X'M-I
@ + xt > & + ()

Fow At .
N > [ o+ wsod
Syl

This is o two-stape resction initiated uwy t:: electroilic stbeck of

a suifonic acid groun, wiiecn vill, o0i course, .ol a podsitios of aigh
electror density ani ol Suw.ill =terdic ai. dri.ce. Pha W1yl grourn or
halngen caticn which iz =14 lratcg duria: sUliaration il re=aet vith
the purent comrcurd accordiin: tr the =obazion la), or with the s:lioniec

acid acroruine to the conasion (LY, The rpuot cwpicsl rveaction of Muins

- 17 -



sroun i.. those observed in the sullonstion of aym-tetraalkylbeszenes,
in which are formed vieinml comwounds. spwlied to durene, this may be

outlined as follows: CHz me‘i

50 CHpC S0aH
O Pty s Oy )0 —
S Ty -cug@m,

+
CH3 Hy ¢—— cplzio + H30s : CHy
cHa (Mg f;H

SGH
“h@f"; (B 285" Uy 7y N
o 3 - 3 +
(e, {:%@(n; ¥ gglsdyy, t M7 2o
CHs
The formaiicon of vicinal compound mav be internreted ng follows:

a partially positive -.gtuyl roup may e eiected from durene by the
z*tuclkr of a nu'lfonic acid grouwn, but never Lecomins completely free

it @ay be foraw =~cooolex with the ring, end then oass io the vacant
position eta to tia cuifpnie acis rroup, "he remarkatle color chanpes-
involved in the initial phase of the reactior supvert that the reaction
oroceeds throw h an isntermediary complex described above, The abdlity
of zeverel miscrating rroups to t.ke this vucant position, giving
vicinal zom<ounds, it influenced to wuch extent vy sterie reguirements.
This ¢can be readily visualized by a series of Sesuhstituted peeuvdocumenas!
the c¢ovbined inductive and . esomeric effects of methyl prouns rive rise
to high electron density at “-positicn of pseudocum=ene derivatives,

and hence facillit=zte the electirophilic a tack at thiz position by a
gsulfonic acid group, which expels & substituent group there as a4 cation.
shen the cationic group ejected is reamctive and Bteric:lly ama.il enough,
there aiwars observed is vicinal ori.ntaticn. 7This is the case with
Semetny, S-ethyl, S-chioro, znd S-tro.opseulacumene. If larger groups
are concerted with the reaction, the elirinatior of these groups is the

only reaction thit proceeds. There pre found, for axa.nle, %ith S=-igo-

_— 1y =-



propyl and S-iodopseudocusene.
Heactions of di-alxyltervcalin and pentualkylterzeng also nay he

incorporated into this groun. For ex.mple, witr pentamethylbencene!

dh i 3 CH3
C Oy (M ———y UM ¢ ¢H «
cn;%cﬂs — cm@cﬂi + 50y ——> r.lir?s cﬁa_‘"?:ﬁ ;::H + CHy
H
0{3 (h 3
Uhryh or (Y0 4 o , Wyt e *
CH}@O‘I} U’b;@% + (i Oy (s + H or H50y

fiext, let’a con;i&gg the c¢ompounds hoving only a few substituent
groupa. It has long be~r “nown that the sulfonation of p-icdobenzene
ﬁs always accompanied by the disprovortionation, thus giving p-icdo-
benzene sulforic acid and sixtures of ~olyiodotnnzeies. This wrocess
is also represented by tne analozous tvo-stapge rachanisr, in which the

foliowing processzs talte plice.

1 1
(;] r HSQ; ' > (:]' + 1’
st
R
I 1 I

Chen socmepoly.lxylbenzeues covtaining t-batyl <roups are aliowed to
staud ir contact with .ulfuric aeild, ths elimination of t-butvl group
iz obpBerved to some extent, In these cases, however, the extreae
averslion of t«butyl grounp *o the entry in a pusition ortho to alkyl
groups in the ring inhibits further alkylation of the wirent hydrecarbon,
thus no reaction shologous to the Jacohsen vroceeds.

(II) The mecond croun includes the regntions waich are moat encounterved
with the comprunds readily subject to the .ckion of sulfaris aeid. As
haz been ventioied atvove, the eases of sBulfonttfion is inverszely ralated

with that of migration, nence the corpounds of this -roup nerd rore tine

—- 19 --



for the completior of tue reacticn, It is best represented Ly the

Ipllowvins meneralized scheme.

» Wow, H* Xm X'n-d +
+ >
[Eﬁ + HSOp — Emm —_— + X
OzH S0 $0: H
n " + xllfl
X
@ or il;?ll ? @ H® or Hso3

So3H

The rearciion scheme zbove is interyreted as Jollows: sulfenic aeid

is f{irst prolonatbed to forw an inferwediuate cournlex, fron which ejected
is the :roup vreseut at the position of ni her electron density and
lar.er steri¢ hym-irance. Tne gsiuFl group or nalogen ator thus expelled
Aay aigrate, according to its starilicy, intracolecularly to form

vicir sl comcounda, or irtermolecnlarly t¢ yield disproportionation
prosucts.

"he formation ol polybromvben eres Trom nonobromo:enzene is one

example.
Br Q(_Bﬁ' L
@ o H . % + Br
s R Br
By N 2By > Br
e ¢ 2

PThere are two posaibtle roures by which a vicinal compound could
pe formed from a non-vicinal comround: one is those juast described
in the group {T), another telongs to this grout (II) Tor exanple,
uneyu-tetraaliylbensenes are nece:nsarily sulfonated orthe to both
alleyl groups unless oue of taem iz displuced by the enterin: sulfonic
acid grovp. Iaus there arises sreat steric nindrance which forces the

wigration of ope of alkyl jroups so as to reducs the blocxing action

= M m-



on the sulfonic zeid group. applied to ethylves’tylens. this aay be

outlined as follows: CMe CaHe
CHyeNene  oH e (yCiHs
Catle Catds > Ko CH3 S soM
%@cua H o e C L ! cha
) H Cs
CHs o CHs SaR s etz He =P, s GHs
$0;R CH3 SoH
cHz

The vizinal orientation found with unsym=tetraalkylbenzene sulfonis

acid is oattributed to the buttressing effect of the alkyl group meta
to the sulfonic acid grouy, because syr=trimliylbenzene in which ne

buttressaing effect of meta alkyl group is present may never suw

the Jacobaen reaction,

Another interesting example was found in the reaction of 2-iodo-
m=xylene and 2,3-diiodotoluene {future communication}, Where formed
was not expected 2,4-dijodo-rm-xylens nor 2,3,6-triiocdotoluene, but the
symmetrically substituted 4,6-2iiodo~-t=xylene and 2,4,5-triiodoteluene.
These must be formed ag a result of initinl sulfonation at Saposition
followed 'by the intramolecular shift of iodine atom from the hindered
*o.

position 2 to the &4. CHy
tHhz

CH
at, Wiy — D, 1 G
)] ()., e, s
g 3 ! |
These. results further support the concept that the entry of a bulky

group in meta position has great influence on the stability of the

*5. As m-xylene sulfonic acid and iodine a ford no icdinated conpound
under the aame conditions, the inter-olacular sisration of iodine

atom in less preobable.

b |
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substituent zroup mterics1ly . ver o 2 tio vreno Junstituents.
Sulloration of ileodomszit-lens i, nk bz snutnir exnacolz. unere

no rex.tion proceeds wirhout nreompunyicag the dis rorortionation of

17}

iodine atom.

' CH3 7y OHy
RCREE S R e &
ks CH3 Cn3 (Hz

iy nwever, must bhe

I'wo types of reaction rontas, (I) ang i1

rerparded as limiting extremes, ard A nusrer o) *he r-=a t-ons nossitly
may take pluce throusrh a covrse ahich c. vls ue rerarded a3 a combination
of the two. hizh tyne of the resztion nredosinates dsvend on the
steric reguirements of the concound sul jected to t.e Jacousen reaction.
sith aichly crowced compounda, £ae resction woleme (I) iuvolving the
direct displace.ent seens imvortant, wiereds, with less ¢rowded compounds
the reaction scheme ['1l) =zredsrinales,

(III)Y 7Ths thlrd rroup is guites aiiferent Teom *ue twe .entioned above,
and sulfuric acid appears to act ag & wrozic -olvent., Some polylodo
corpounds of airhly erowaed structure, with h:ich anysulfonation can

hurdly be expected Lo gocur. undergo this types or rea~tion under the

draatic sonditions. For ex=sple,
CHs CHy CH3 CHa

(N3 x r

171 _4 ) e @ H \.© 1
@r ’@1 TS ! +l©l
L k 4

This could not He ¢classed as e trie Jaccirae. resastion, vacause no

aullonztion is invelved in tas reasnion. e = Sle, 0.-SVEer, 1sany
i.verestin. orservations in tue litervature or 1he mi_ratisr of en aligel
group or neloren atuam, analoreus o Lac Jaconsesn reaction, where, uelti.r
sulfonation nor svulfonie weciu rroap i3 colceract.  Vhe foliowing are

some examples:



(Hz v}

+
i i W@
¢ cacd ©C
Haf(l-l,'];;zﬁﬂ Paby phosphoric aud Ha(tlg 14
o 28
(R TaoN Avhpdrous HTF a
. CHy  21)
G‘b@ﬁh (i3 . G CHz
M~ CHy Al T s
C 22}
Cy CHy  mhcot - cu;@{ H* s (H H%f.Hg
i3z~ CH3 Al T RN ZICH AlCly 7 (A CoChg
CoLHy
A
0"3@(’1! N'Da* - QH CH3 23) x
EH@(H X Hisvs- w0y ° ey NO, Qor Br

Ir atl cases taere zve Lae I:'ri- u. .sor intersolec:lar wi-ration, in
pressnce of acidie sediuwn, of un =171 ‘rour or huloren atom invelviaz
the wicinal orientation of these rroups, If we gonsidzr tue nitrs,
carbonyl, or acetyl eroun pluavs tie =5 .2 role ws t:as of sulionis acid
sroup in the Jacobgsen veactiorn, tazn on: iszit su-oze toat the zbove
reactions are Llazse ol Jaccims=u tiner .nd m-y inde J taze pl ce hy
ahalodous drocesses,

For claszification purpose of theze anomelous reactions, it seema
convenient to give the term "Jaconseu leackior' iuci wider meuring, that

is, to extend the detinition to tue rereral rnases of apor alous eleckr -

vhilie suRstitution, ir which olserved is ur intra= :r ictepruolecul.y

_— 2 --



sigration ol substitvent wroups expellel by the entry of electrovhilie
attacwineg prouis under the very i-fluence of zcidic sclvents. Then
the ters "Jagobsen Leaction no longer acans only aunsrmal sulfonstion
in a narraow sence, but neans o varieby of apomalous electropailic
substitutions of cimilar rature wihich are at present not systematized

and included inte other categories.

Tne author wishes to express hils gratitude to Prolessor Hyozo
dote of Tyoto Univerzity for his continuous encourrampent and helpful

discussion throughout this rork.
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