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УДК 547.31

ЕЫ MUKS

COMPARISON OF ELECTROPHILIC ADDITION REACTIONS.
REACTIONS OF THE CARBOCATIONIC INTERMEDIATE

(Presented by K. Lääts )

A conception of the formation of carbocationic intermediates in the
rate-determining step is successfully used by interpreting processes of
electrophilic addition to alkenes [ I-6]. A whole range of possible structures
and ways of formation of the above cationic intermediates have been
suggested. Despite the specific features, the lack of electrons in the inter-
mediate is common and, hence, its high reactivity by interaction with
different molecules which may serve as nucleophiles.

The present review considers the formation of end products, i. e. com-
peting paths by the interaction of the carbocationic intermediate with
n-, jt- and o-donors. A more detailed discussion of chain transfer processes
will be given. Products formed in subsequent reactions, e. g. stepwise
addition, have not been dealt with.

The electrophilic reactions of addition of reactive reagents (EY),
such as halogen hydrides, halogens, inter- and pseudohalogens, lead
mainly to normal adducts (ECCY ) and in 0-, N- or S-containing sol-
vents [7 ~ n ] to the corresponding mixed products. In many cases, depending
on the alkene structure, side reactions take place:

EY; So/OH; MXn
EY+ C = C —C—C— Y +

+ E— С—С— ОSol + isomeric products -f products of
(in hydroxylic and substitution and
So' VenlS) a“al subsequent

addition
(a-substituted
alkenes)

EY = HCI, HBr, Cl2, Br 2, ICI, BrN 3, CIOH, CIOR, CINO ...

MX n = ZnCl 2, HgCl2, SnCl 4, I 2 ... and So/OH = H2O, CH 3OH,
СНзСООН ...

The ionic chlorination of isoalkenes (а-substituted) such as isobutene,
2-methyl-l-(or-2)butene, etc., gives unsaturated allylic monochloroderiva-
tives (85 —99%) and products of addition of HCI to alkene [n ~ls] (transfer
of the proton from the cation to the alkene molecule, reaction 2in the
scheme):
> C=CR—CH2—hCI2 CCI—CR=CH—h > CH—CRCICH2—+

...

a' a
Substantial amounts of hydrogen substitution products (splitting of the
proton in the (3-position to the cationic centre [ l2]) are obtained by chlori-
nation of 2-methyl- and 2,3-dimethyl-1,3-butadiene (up to 55%) [ 16~ lß ],
1,3-dichloro-2-butene (up to 92%) [ l9] and cyclohexene (20%) [ ls]. By chlori-
nation of 1- and 2-butenes and 1,3-butadiene the amount of substitution
products does not exceed 3% (the Table) [ 10> 15- 20]. The highest amount of
unsaturated substitution products is obtained in the reactions of ionic
chlorination of alkenes, as well as in the addition of CIOH or CIOR [ 35-39].
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The ionic bromination of methylenecyclohexane affords 85% dibromide
and 15% allylic bromides [ 4o]. However, by bromination of sterically hin-
dered alkenes such as 2,2, 3,4, 5,5-hexamethyl-3-hexene of octamethylcyclo-
pentene no normal adducts are formed [ 4I . 42].

In the reactions of hydrohalogenation of asymmetric isoalkenes as a
result of the hydrogen-hydrogen substitution reaction, (reaction 2) iso-
merization of the starting alkene owing to the shift of the double bond
takes place [43 ~46]. For example, in the reaction of HCI with 1,2-dimethyl-
cyclo-1-hexene together with the addition products 2,3-dimethylcyclo-l-he-
xene is also formed [43].

Reaction paths of carbocationic intermediates.
The counterion is not shown. X=Hlg.
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It is known that in the reactions of halogenation or hydrohalogenation
of easily polymerizable alkenes such as substituted 1,3-butadienes, styrenes
and vinyl ethers, together with a 1:1 adduct, higher products (reaction 1)
are also obtained [ 47 ~49 ]. The reaction of nitrosyl chloride with alkenes in
the presence of AIC1 3 has been described as telomerization [so].

The influence of the alkene structure on the composition of cationic
reaction products will be briefly described in the conclusive part of this
work (see also reviews ,[12

.
51 ]).

In the last decades reactions of cationic telomerization of
alkenes with halogen derivatives (EY=RX) [ l2,

21 - 29
,

s2-59 ] have been
investigated more thoroughly. The halogen derivatives serve as donors
of a halogenide ion (chain transfer, reaction 6) if a stabilized carbenium
ion (R+) is formed. Primary alkyl halides are nonreactive: ethyl chloride,
methylene chloride, etc., may be used as inert solvents. Tertiary alkyl
halides, allylic and propargylic halogen derivatives, a-aryl-substituted
haloalkanes, acyl halides, a-halogen ethers, etc., are added to alkenes and
alkynes in the presence of Lewis acids:

MXn

EY+ C = C >E— (С — C) n— У +

+ unsaturated + isomeric telomers: + products of stepwise
telomers shifts and cycli- addition
(а-substituted zations ((3-substi-
alkenes) tuted and bifunctio-

nal intermediates)

The ratio of the products formed, i. e. monoadducts (n= 1), higher
{n =2,3, 4 ...) and by-products, depends on the reactivity of alkene and
telogene (RX), but in many cases on steric factors as well. The emer-
gence of steric hindrances in the formation of products with some tri- or
tetra-substituted carbon atoms in the neighbouring positions p 5, 59] contri-
butes to the formation of isomeric or substitution products (the
Table) p 2-5

Reactions of addition of hydroxylic reagents {E— Y= H—OCOR,
H—OR, H—OH) to alkenes in the presence of strong protic acids are
well known. In general, these processes proceed according to the above
telomerization equation. For example, in the reaction of 1,3-dienes with
carboxylic acids,

_

in addition to telomers, H— (C—C =C—C)„—OCOR,
unsaturated and isomeric products are also obtained p - 6°- 62 ].

In the presence of Lewis acids, some compounds of the R —OR typecan be added to alkenes although the addition of dialkyl ethers is un-known. The formation of a well-stabilized cation R + is a prerequisite foraddition. Thus, reactions of addition of acetals ROCHR—OR Г 52
,

63 1 orthoethers, (RO) 2CH—OR p2 >
63 ], and prenyl acetate, (CH 3 ) 2C =CHCH2ОСОСНзр4], to alkenes are well known.

The alkylation of alkanes and aromatic compounds with alke-nes [ ] (reactions 7 and 3 in the scheme) is often accompanied by therearrangement and formation of dimeric and oligomeric products. Foralkylation the prevalence of an aromatic component is recommended. Asa result of these addition reactions, telomers are formed;

H+
С= C + R3CH >■ R 3C (C —C) nW + isomeric products

H+
C= C + HAr H (С— C) „Ar + isomeric products
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Cationic polymerization of alkenes [3 - 4] may be described by
the following general formula:

EY • MXn
C= c >- E— (C —C) n—C =С+ А— (С—С)„—У/

+ isomeric
or H+ polymers

EY= HOH, HOR, HA, X 2, R 3CA .. . and E'Y'=EY and HAr, R 3CH ...

For the cationic polymerization of isobutylene with R aAlClb it is reported
that in the presence of tertiary RCI or HCI additives [3 - 4 - 65 - 70] the poly-
mers are obtained in good yields but with lower molecular weight than
in the absence of these additives. Both alkyl halides and HCI serve as
coinitiators and chain transfer agents (reactions 6 and 9) in this system.
In order to obtain polymers with a reactive end group of halogen Cl 2 (Br 2
is less suitable) is also used as a coinitiator and transfer agent
(inifer) [ 4- 71 ], Unfortunately, no data are available on the influence of
halogens on the molecular weight of polymers. In principle, the formation
of addition products is possible by the transfer of the halogenide ion from
the halogen molecule to the cation (reaction 9) in polymerization as well
as in addition of halogens to alkenes.

In several investigations [ 3| 4 - 72 ~ 74] on the cationic polymerization of
isobutylene it has been established that the admixtures of n-alkenes
decrease the yield of polymers, but do not influence their molecular
weight. The influence of /г-alkenes was explained by the transfer of allylic
hydrogen (reaction 7) from the alkene molecule to the polyisobutylene
cation with the formation of a more stable allylic cation:

~C (CH 3 )2 + RCH 2CH =CHR' ~CH (CH 3 )2+ RCHCH =CHR'.
Chain transfer (with participation of o-bonds С —X, C—H, H—X, . . .)

or termination (with participation of 0-, N- and S-containing compounds
or reactive aromatic compounds) competing with propagation may be
minimized by purifying the initial substances and using inert solvents.
But the contribution of proton transfer from the cation to the alkene
molecule (reaction 2) may be somewhat decreased depending upon the
temperature and other conditions. Thus, by polymerization of isoolefins
chain propagation is decreased because of this reaction and high-molecu-
lar polymers are obtained only from a less-substituted isoolefin, isobuty-
lene, at low temperatures (the Table) [3 > 4 > 33]. Intramolecular interactions
(reaction 12) such as hydride and alkyl shifts (for example, isomerization
polymerization of 3-methyl- and 3,3-dimethyl-1-butenes [3 - 4 - 34]) or cycliza-
tion polymerization with participation of the other double bond in the
case of 1,5- or 1,6-dienes [3’ 4> 75 ] lead to isomeric polymers but, in principle,
do not lead to chain breaking. 1,3-Butadiene, styrene, vinyl ether and
their sterically unhindered alkyl- and phenyl-substituted and other deriva-
tives (the Table) are easy-to-polymerize [3 - 4] (reaction 1 is prevailing).

A comparison of the chemical structure of the products of
cationic addition, telomerization and polymerization gives evidence of a
similarity in the initiating step as well as in competing paths of the above
reactions in the formation of the end products. The head group is fixed in
the initiating step. Then, success or failure of synthesis depend on the
ability of the main reaction to compete with side processes. In the scheme
possible competing paths are shown which lead to the fixation of the end
group. The scheme depicts the reaction with only one representative of
a whole group of reagents which in principle react similarly. Intramole-
cular interactions are analogous to intermolecular ones [51 > 76 ].

In conclusion it can be said that competing paths in the reactions of
cationic addition to alkenes are mainly determined by the chemical struc-
ture of alkene, but the ratio of regular to irregular products depends
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greatly on the chemical nature of the reagent to be added. Thus, high-
reactivity alkenes with negligible steric hindrances (i. e. conjugation of
the double bond with the neighbouring n- or я-donor) easily give chain
propagation. High-reactivity alkenes with considerable steric hindran-
ces [ 77> 78], i. e. with substituents (Aik, Ph) at the double bond easily afford
unsaturated substitution products [ l2 - 54 ]. Electron-donor substituents (Aik,
Ph, OH) in the (3-position to the cationic centre [ l2 - 76 ] contribute to the
intramolecular interaction of the cationic centre with the neighbouring
a-donor, leading to 1,2-shifts of atoms or groups (H, Aik, Ph, Cl). Intra-
molecular interactions with n- or я-donors in positions 5,6, 7, 4 ... from
the cationic centre may result in cycloaddition if steric factors do not
counteract p l ’ 76 ]. The formation of a cation more stabilized than the initial
one is a precondition for the inter- or intramolecular interaction of the
cationic centre with the nucleophilic one. The formation of irregular by-
products is often associated with the emergence of steric hindrances in
the formation of products with several tri- and tetra-substituted carbon
atoms in the neighbouring positions [2s ].
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Elvi MUKS
ELEKTROFI ILSED ÜHINEMISREAKTSIOONID.

KARBOKATIOONSE INTERMEDIAADI REAKTSIOONID
On esitatud ülevaade reaktsiooniproduktidest alkeenide elektrofiilse ühinemise,

katioonse telomerisatsiooni ja polümerisatsiooni protsessides ning toodud üldskeem
katioonse tsentri reaktsioonidest nukleofiilidega. Konkureerivad reaktsioonisuunad on
määratud põhiliselt äikeeni keemilise ehitusega, kusjuures regulaarsete ja kõrvalproduk-
tide suhteline sisaldus sõltub nukleofiilse reagendi omadustest. Lähemalt on käsitletud
reaktsiooniahela ülekande protsesse.

Эльви МУКС
СОПОСТАВЛЕНИЕ РЕАКЦИЙ ЭЛЕКТРОФИЛЬНОГО ПРИСОЕДИНЕНИЯ.

РЕАКЦИИ КАРБОКАТИОННОГО ИНТЕРМЕДИАТА

Приведен обзор литературных данных по продуктам реакции электрофильного
присоединения к алкенам, по их катионной теломеризации и полимеризации. Представ-
лена общая схема взаимодействий катионного центра с нуклеофилами. Конкурирующие
направления реакций катионного интермедиата определяются, в основном, химическим
строением алкена, соотношение же регулярных и побочных продуктов реакции зави-
сит от химической природы нуклеофильного реагента. Обсуждены процессы переноса
реакционной цепи.
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