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I. INTRODUCTION

The many—falceted and high reactivity of compounds con-
i
taining the Y—C=C—C=tt1< (Y = HO, RO, SH, or Hal) group

is of considerable theoretical and practical interest. How-
ever, there have been as yet no monographs or reviews

devoted to the chemistry of such compounds. There exist
only individual publications surveying the methods of syn-
thesis and the properties of certain representatives of this
class of substances [Freimanis® (p.183) and Liebscher and
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Hartmann?]. This review deals with the available tew syn-
thetic studies involving the nucleophilic substitution in
B-heterofunctional oR-unsaturated iminium salts, certain
theoretical aspects of these reactions are discussed (in so
far as this is allowed by the data obtained), and an attempt
is made to assess their preparative importance.

The nucleophilic substitution reactions in activated unsatu-
rated systems proceed in most cases via an "addition—elimina-
tion" mechanism.35 ‘Thus, when a charged nucleophile

{ |
interacts with the Y—C=C—-C=It1< X" group, two intermediate

|
adducts, (A) or (B), can be formed depending on the direc-
tion of attack [on the C(1) or C(3) atom].
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The outcome of the nucleophilic substitution in salts of the
given type should apparently be subject to both charge and
orbital control and the direction of the reaction should
accordingly depend on the "hard—soft" properties of the
nucleophile and both electrophilic centres in the substrate.
Furthermore, in each specific case one must take into account
the influence of the steric and electronic effects of the sub-
stituent in the pentad Y—C(R!)=C(R?)—~C(R*)=NR"R®, the
acid—base properties of the medium, and the effects of
solvation, temperature, and reaction time.

The first attempts to carry out calculations for the cations

|
Y—c=c—c=ﬁ< by the LCMO PPP method [Freimanis® (p.173)

and Liebscher and Hartmann?] did not permit the elucidation
of the specific reactivities of the C(1) and C(3) atoms. In
only one investigation® was a more far-reaching quantum-
mechanical analysis of nucleophilic substitution in 3-hetero-
substituted cyclohex-2-ene-1-iminium salts carried out and a
conclusion was reached about the preferred direction of the
reactions of these salts with nucleophiles from the stand-
point of the principle of "hard" and "soft" acids and bases
(HSAB). The synthesis of certain new types of organic
sulphur compounds became possible on the basis of these
ideas.

11. B~-HYDROXY AND B-ALKOXY-IMINIUM SALTS

1. B-Hydroxyiminium salts

The reactivity of enaminoketones in nucleophilic substitu-
tion reactions is falrly low but increases appreciably in the
presence of organic’ or inorganic®:® acids. This can be
explained by the intermediate formation in acidic media of
the corresponding 3-hydroxyprop-2-eneiminium salts (I),
which are highly electrophilic. Apart from protonation at
the oxygen atom, there is a possibility of the C(2)-protona-
tion with formation of the salt (II) [Freimanis® (p.187)1:

R® R¢ Ro RS R¢ Rs
RL .1 R, |||
{-eC—C—C—OH ‘R=C—CH—C=0
.y .
i n
{RiRz NRIR?
P NS
| TR [ 7] %~
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(1), R1=R?=H (IV), Ri=R*=H

Precisely these two types of salts {compounds (III) and (IV)]
were isolated among indene derivatives.® The form (III) is
the most stable in the crystalline state. However, the reac-
tions of enamines proceed as a rule in highly polar media,
i.e. under conditions favourable for the existence of more
polar tautomers— 3-hydroxyind~2-eneiminium salts (IV).
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Their behaviour has been investigated in hydrolysis and
aminolysis reactions:®
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The preferreQ site of attack by the nucleophile in the salts
(IV) is the C=N bond. The explanation is that the solvated
hydroxy-group is appreciably shielded and the nucleophilic
species is directed towards the other electrophilic centre
in the molecule.!?

It has been suggested' that the hydrothiolysis of enamino-
ketones, which is usually carried out in alcoholic media in
the presence of HCl, HF, or H,SO,, also proceeds via the
intermediate hydroxypropeneiminium salt (VII). The second
possible version of this reaction is believed to involve the
intermediate formation of the gem-dithiol (VI).!! Accordingly,
the interaction of, for -example, 1-aryl-3-(NN-dialkylamino)-
1-propenones (V) with hydrogen sulphide in an alcoholic
HCI solution™** can be represented schematically as follows:
(V) > (VI) » (VIII) and (V) + (VII) + (VIII).

H,S/HCI
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R—C—CH=CH—NR'R? - R—(]Z—CH-:CH—NR‘R’
)
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(IX) (X)
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Bearing in mind the ability of various enaminoketones to
form iminium salts with protic acids,’»!%:!® preference may be
given to the intermediate (VII). However, the direct trans-
formation (VII) + (VIII) is doubtful, since the reaction of
2-aryl- 3-(NN-dialkylamino )-1-indenones (XI) with hydrogen
sulphide in the presence of HCI in alcoholic media is accom-
panied by the thiolysis of the amino-group with formation

of the mercaptoindenones (XII):'’

+
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Under the same conditions, compounds (XII) are converted
into the g-dithiodiketones (XIII),'® which readily react with
highly basic amines to form the enaminothioketones (XIV).!°
For the same reason and also bearing in mind the mode of
hydrothiolysis of the iminium salts,®?°~?® one must postulate
the more complex reaction scheme (V) + (VII) » (IX) »

(X) - (VIII), which accounts for the low yield of the
enaminothioketones (VIII) (3—10%).

When 3-hydroxy-5,5-dimethylcyclohex-2-ene-1-N-mor-
pholinium chloride (XV) reacts with hydrogen sulphide at
—60 °C in dimethylformamide (DMF), the disulphide (XVI)
and the sulphide (XVII) are present in the reaction mixture.
Their fgrmation indicates the attack by the nucleophile on
the C=N bond. The process probably proceeds in accor-
dance with the mechanism?®*
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The benzeneiminium analogue of the salt (XV) does not
react with hydrogen sulphide in the range from -60 °C to
15°C, which indicates the low electrophilicity of this salt.

2. B-Alkoxyiminium Salts

The salts (XIX) containing the g-alkoxypropeneiminium
group are obtained by alkylating the corresponding enamino-
ketones (XVIII) by alkyl halides, dialkyl sulphates, or tri-
ethyloxonium tetrafluoroborate:’

R R ROR
t i AlKTX -
0=C—C=C—NRIR? X" A 1k0—C=C—C=NRIR? X- ;
0 i
(xvi (XIX)

X--Hal, BF,, SO, ,

Hydrolysis. The salts containing the B-alkoxypropene-
iminium group are much more sensitive to hydrolysis than
the corresponding bases. Thus the tetrafluoroborates of
1-imino-3-ethoxyindenes (XX) are converted into the amino-
indenones (XXI) even in the presence of traces of moisture.?®
The high lability of the salt (XX) can be explained by the
increased electrophilicity of the C(3) atom in the cation
induced by the strong electron-accepting effect of the
iminium group. With increase of the latter, the stability of
compounds (XX) falls. For example, the N-methyl-sub-
stituted salt (XX) initially dissolves in water and only then
the enaminoketone (XXI) is formed. On the other hand,
the N-phenyl-substituted compound (XX) is very hygroscopic
and can be purified only in the form of the hydrolytically
more stable free base:
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It was believed that salts of type (XX) are hydrolysed
exclusively at the C(3)—0 bond.> However, this is appar-
ently true only for the hydrolysis of such compounds in
neutral and acid media. Thus, when the salt (XXII) was
treated with aqueous alkali, the aldehyde (XXIII), which is
a product of the hydrolysis at the C(1) atom, was isolated:?®

R® Ré e
I U ot b
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! !
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The hydrolysis of 3-alkoxycyclohex-2-ene-1-iminium salts
(XXIV) in the presence of triethylamine at 20 °C also takes
place at the C(1)=N bond with elimination of amines and the
formation of 3-alkoxycyclohex-2-en-1-ones (XXV).2” After
prolonged storage or heating of the reaction mixture, the
product of further hydrolysis, namely the diketone (XXVI),
and also the enaminoketone (XXVII) are formed. The latter
is apparently obtained as a result of the reaction of the
alkoxyketone (XXV) with the eliminated amine, which has
been confirmed by the reaction of compound (XXV) with
piperidine [the aminolysis of dimedone (XXVI) takes place
under more severe conditions?®]:
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Aminolysis. The reactions of salts containing the g-alkoxy-
propeneiminium group with amines were first achieved for
substituted benzothiazolium salts (XXVIII),?? this being the
only possible mode of reaction:

S S
0
| { e & }CH=CNRIR® X~
N \r\lw'/ NCH=C—OMe X~ —RBR, N/NN,7 ! :
Et i
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The aminolysis of other salts (aliphatic,?®*?° alicyclic ,2%:2%:39

and indene®! salts) also takes place at the C(3)—0 bond.
These reactions are of great preparative importance for the
synthesis of enaminoimines.’ Other conditions being equal,
the indene derivatives react more readily. This can be
explained by the increased electrophilicity of the aryl sub-
stituent and hence by the greater reactivity of the C(3)
atom. The reactions of aliphatic salts (XXII), the cyclo-
hexene salts (XXIV), and the indene salts (XX) with 1,4-
phenylenediamine in alcoholic media provide a clear example:**
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The rate of reaction depends on the basicity of the amine.
Thus the reactions of O-alkyl derivatives of the cyclohexene
enaminoketones (XXIV) with pyrrolidine in methanol take
place instantaneously with evolution of heat and lead to the
corresponding enaminoimine (XXIX) in a high yield (92%);
the interaction of this salt with the less basic diethylamine
is slow (48 h).?®

In the aminolysis of salts with the 3-alkoxypropeneiminium
group, the reaction involving the second electrophilic centre,
namely the C(1) atom, was not observed. However, the
overall data for the reactions of these compounds as well as
their thio-analogues®?:*? with nucleophiles do not rule out the
possibility of the amine exchange at the C(1) atom under
certain conditions.

Hydrothiolysis and alkanethiolysis. When substituted
benzothiazolium salts (XXVIII) react with alkali metal hydro-
gen sulphides, the alkoxy-group is readily substituted by
the mercapto-group with formation of the enaminothioketones

(XXX).2°® Subsequently this reaction became one of the
preparative methods for the synthesis of enaminothioketones:
ya .
. s \"”S I}
(XXVIL 35501 L ] /I_,_C”_C;s
|
Et
(XXX)

When 2-aryl-3-ethoxyindene-1-iminium tetrafluoroborates
(XX) were heated with sodium hydrogen sulphide in methanol,
a series of 3-amino-2-arylindene-1-thiones (XIV) were
obtained.?* The N-unsubstituted aminothioketones (XIVa—c)
are formed in 55—74% yield. The yield of N-monoalkyl-sub-
stituted 3-amino-2-phenylindene-1-thiones (XIVe, f) is 31 to
38% and that of 2-phenyl-3-piperidinoindene-1-thione (XIVi)
is below 30%. These data suggest that the reaction of the
tetrafluoroborate (XX) and particularly that of the NN-disub-
stituted derivative (XXi) with sodium hydrogen sulphide can
be determined to a large +extent also by the attack of the
S-nucleophile on the C=N bond with a subsequent wide
range of different reactions:

(= (7
NAAR xe 220
OAlk ’
(XX) X1v)

a) R=Ph, R'=R®=H; b) R=4-MeOCH,, Rl=R?=H; ¢) R=4-CIC;H,, RI=R?=H;
d) R=1-CygH;, R'=R2=H; e) R=Ph, Rl=Me, R*=H; f) R=Ph, R'=PhCH,, R*=H;
g) R=1-CyH;, Rl=Me, R*=H; h) R=1-C;oH,, R!=PhCH,, R®=Hj; i) R=Ph,
RIR?=(CH,)s;

Alk=Et; X=BF, .

The reactions of the saits (XXII) with sodium hydrogen
sulphide are used to obtain aliphatic enaminothioketones
(VIII):3®
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N-Monosubstituted 3-ethoxy-5,5-dimethylcyclohex~2-ene-
1-iminium salts (XXIV, R! = H; R?> = Me or Ph; X = BF,)
react with sodium hydrogen sulphide in absolute alcohol at
20 °C to form a complex mixture of sulphur compounds, the
corresponding enaminothioketones (XXXII) being obtained
in a low yield (~9%):%%

R R R, R
X 34
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Treatment of 3-ethoxy-5,5-dimethyleyclohex-2-ene-1-pyrro-
lidinium iodide [XXIV, R'R? = (CH,)y; X = I] with ethane-
thiol in methanol in the presence of sodium methoxide at
25°C led to a salt of the ethylthio-derivative (XXXI)t in 66%
yield.*®

In the instances of hydrothiolysis described above, the
attack by the nucleophile on the C(3) atom in the propene
fragment predominates. However, a recent systematic
investigation of the hydrothiolysis of iminium salts with the
cyclohexene skeleton led to a new idea about the mode of
nucleophilic substitution in salts containing the 3-alkoxy-,
3-alkylthio-, and 3-chloropropeneiminium groups.®?°~2% The
results cast doubt on the apparently self-evident nature of
the reaction of the HS™ anion at the C(3) atom in the com-
pounds investigated.

Thus the study of the interaction of 3-alkoxycyclohex-2-
ene-1l-iminium salts (XXIV) with hydrogen sulphide or metal
hydrogen sulphide at a low temperature established that the
conversion of the initial compound (XXIV) into the enamino-
thioketones (XXXII) is a two-stage process:??

R R R R
Ao T ARRE X g AKOT NS — s
(XX1V) (XXXI1ID, 80—95%,

R, R
HNRIR?, 26° C A
T ZAmon | H
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R=H, Me; Rl=H, Alk, —(CHp),—;
R2==H, Alk, —(CH,),—, Ar; X=BF;, [ .

The first stage, namely the hydrothiolysis of the C(1)=[t1
bond and not the C(3)—0O bond as was assumed previously,
takes place at —60 to —40 °C and leads to previously unknown
3-alkoxycyclohex-2-ene-1-thiones (XXXIII) in a high yield.
The second stage, namely the aminolysis of the stable inter-
mediate (XXXIII), takes place at the C(3)—0O bond and at
20 °C leads rapidly to a high yield of the enaminothioketones
(XXXII).

The salts (XXIV) react with hydrogen suiphide only in a
dipolar aprotic solvent [DMF, dimethyl sulphoxide (DMSO),
hexamethylphosphoramide (HMP), and pyridine], known to

+One must bear in mind that the effective radius of the
EtS” anion is much greater than that of the HS™ anion® and
that this may be responsible for the attack of the former on
the sterically less hindered C-O bond.
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be capable37 of solvating the cations selectively and weakening
the H*—~SH bond, which increases the nucleophilicity of the
hydrogen sulphide anion. Furthermore, the rate of nucleo-
philic substitution reactions is greatly influenced by the
specific solvation of the anion.’® The lower the degree of
solvation of the anion, the higher its nucleophilicity and
reactivity. Protic solvents solvate anions especially effec-
tively owing to the tendency towards the formation of hydro-
gen bonds. In dipolar aprotic solvents the anions are less
effectively solvated, i.e. here they behave as "true nucleo-
philes”. In view of the necessary reaction temperature, a
suitable solvent for the reaction (XXIV) » (XXXIII) is DMF.®
The addition of a highly basic amine accelerates the process
significantly and tends to increase the yield of the required
product (XXXIII).

In a protic solvent (methanol, ethanol) the salts (XXIV) do
not react with hydrogen sulphide at temperatures between
-60° and 20°C. When triethylamine or piperidine is added
to the reaction mixture, only traces of compound (XXXIII)
are formed. The salts (XXIV) react with sodium hydrogen
sulphide in accordance with the scheme (XXIV) » (XXXIII) »
(XXXII) both in DMF and in absolute methanol.®»?

At 20°C, i.e. without the isolation of the intermediate
(XXXIII), the reaction (XXIV) -~ (XXXII) terminates with a
relatively low (~10%) yield of the enaminothioketone (XXXII).
In this case the amine formed in the first stage is largely
bound by the eliminated acid (HBF,, HC10,, HI) and hydro-
gen sulphide, which prevents the rapid occurrence of the
subsequent reaction (XXXIII) ~ (XXXII).®

The reaction of 3-ethoxy-5,5-dimethyleyclohex-2-ene-1-
N-piperidinium tetrafluoroborate [XXIV; R = Me; R!R? =
(CH;)s; Alk = Et; X = BF,] with sodium hydrogen sulphide
at 20 °C leads to the formation of a mixture of two thioketones
(XXXII) and (XXXIII).>?® When the reaction is carried out
in DMF at -60 °C with equimolar proportions of the initial
compounds, the ethoxythioketone (XXXIII; Alk = Et) is
formed preferentially, but, in the course of the treatment of
the reaction mixture, it is almost fully converted into the
enaminothioketone [XXXII; R'R? = (CH,)s]. On the other
hand, if acetic acid, which reduces the reactivity of piperi-
dine, is added to the reaction mixture before this happens, it
is possible to isolate the ethoxythione (XXXIII) in 54% yield.
The yield of the enaminothioketone (XXXII) also depends on
the competing reactions of compounds (XXXII) and (XXXIII)
with S-nucleophiles. For example, the indene analogues
(XIV) of compounds (XXXII) are readily reduced by thiols
or hydrogen sulphide, forming the thiolates (XXXIV) *° or
bisindenyl disulphide (XXXV):%*

/\“j RISH I‘///\“*&"/ N H,$ l/ \\“_"/S«
NN SR N s
S bs S
HyNRIR?
(XXX1V) ) (X1V) (XXXV)

R=Ph; R3=Bu, Ph, H .

The multistage reaction (XXIV) - (XXXIII) ~ (XXXII) is
followed by TLC and spectrometrically. For example, it has
been found that, for R = OMe, R'R? = (CH,),0(CH,),, R® =
Me, and X = I, the above process is accompanied by the
consecutive bathochromic and then hypsochromic shifts of
the long-wavelength absorption band in the electronic spec-
trum—the colourless solution becomes raspberry-red and
then yellow: Amax = 286 nm (lge = 3.8) > Apax = 498 nm
(Ige = 4.8) > dpax = 386 nm (lge = 4.4).°

It must be emphasised that the hydrothiolysis of only the
NN-disubstituted iminium salts (XXIV) at a low temperature
leads exclusively to compounds (XXXII1).® The N-mono-
substituted salts (XXIV) react with hydrogen sulphide in
DMF in the presence of triethylamine to form a mixture of
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products containing small amounts of the alkoxythioketone
(XXXIII) and the corresponding enaminothioketone (XXXII).
This can be explained by the fact that in basic media the
N-monosubstituted salts (XXIV) are deprotonated and are

readily converted into the less reactive bases with the
[

RO—C=C—(|3=N— group.

at the C(1) and (or) C(3) atoms' and should require more

severe conditions. Thus a long time is required for the
completion of the reaction of 3-ethoxy-5,5-dimethyl-1-phenyl-
cyclohex-2-ene (XXXVI) with hydrogen sulphide; ultimately
a mixture of products containing the ethoxythioketone
(XXXIII) and the N-phenyleneaminothioketone (XXXII) is
formed :2°

Their hydrothiolysis can take place

Me,  Me R R R R
N '
] H.8, =502 C ) 1
nd o .
i |\\ DMF/NEt; L ‘ | ] H
Et0” > MNph AO” N NS 877 NRIRR
(XXXVD) (XXXTID) (XXXII)

R=Me, R'=H, R?=Ph, Alk=Et ,

The results of the hydrothiolysis of the cyclohexeneiminium
salts (XXIV) have been confirmed in relation to the indene
compond (XX):"*°

+
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OAlk OAlk
(XX)

The hydrothiolysis of 1-alkoxyprop-2-eneiminium salts
(XXXVII), the structural isomers of substituted cyclohexenes
(XX1V), which takes place at —15 °C in a mixture of anhydrous
ether and pyridine, is remarkable from this point of view.
This reaction proceeds with elimination of the amine and
retention of the C—0 bond. Whereas at —60°C the hydro-
thiolysis of the salt (XXXVII; R = Me) leads to compound
(XXXVIII), the sulphide (XXXIX) was isolated at 20°C.

The latter is formed as a result of the addition of hydrogen
sulphide to the C=C bond and subsequent intermolecular
condensation:*!»*?
/OEt
R—?H—CHF—C\S
ve ) OBt |

20°C_, el H
———= R—CH—CH, c\S

(XXXIX)
H,S{'JO“C
e, R—CH=CH—C<S)B

R—CH=CH—C=NMe, ] + By kS
OEt

(XXXVID) (XXXVII)
R=Me, Ph ,
The reactions of the salts (XL) with hydrogen sulphide in a
methanol—pyridine mixture proceed analogously with formation
of compounds (XLI) and (XLII):*%H*3

+
HaNg IR s, NN W =
Nz o Rty \«:—('n:t./ PN n_,——u/
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(N1 {(XLIt (N1ip

I1l1. B-MERCAPTO- AND B-ALKYLTHIO-IMINIUM SALTS

1. B-Mercaptoiminium Salts

Stable 3-mercaptoprop-2-eneiminium salts and their cyeclic
analogues are known. It has been shown by 'H NMR ** that
3-(NN-dimethylamino)-2-phenyl-1-indenethione (XIV) is
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protonated by perchloric acid in acetone with formation of a

solution of 3-mercapto-NN-dimethyl-2-phenylindene- 1-i£ninium
The latter hydrolyses at the C=N bond

perchlorate (XLIII).
and is converted into 3-mercapto-2-phenyl-1-indenone (XII):

+
/\_/NR‘R2 /\—_‘/NR‘R3 /\_/SH
L1 et I cor [ - ||,
N7 \‘"’/\R \/\I/\\R AN \"/\\R H
SH B ¢}
(XIV) (XLIII) (XII), 809%

R=Ph; R'=R?=Me ,

A mechanism has been proposed for the aminolysis of
3-aminoprop-2-enethione (VIII) in an acid medium at 20 °C,
in which the intermediate formation of the 3-mercaptoprop-2-
eneiminium salt (XLIV) is postulated:!

-

H X~ - +
iy - [R¢C=CH—CH=NR‘R” x-]
sH

+
e R—C=CH—CH=NRR! X~ ;
NMe,
Rl'=R?=Me .

2. B-Alkylthioiminium Salts

The salts (XLVI), containing the B-alkylthiopropeneiminium
group, are obtained from the corresponding enaminothio-
ketone (XLV) using the same alkylating agents as in the syn-
thesis of their 3-alkoxy-analogues (see above). Methyl
fluorosulphonate is used for this purpose:"*®

gt X !
AT XT L A —C=r—C=R X"
i N

| | s
$=C—C=CN ] ;
(XLV) (XLVI)
X=Tal, BF,, FSO;, SO .

46,47 8

Stable salts of the propene, indene*® and cyclohexene®
series and the thio- and dithio-esters of squaric*® and
dicarboxylic*® acids have been synthesised in this way in
high yields. Enaminothioketones are alkylated regio-
specifically and more readily than enaminoketones.?!:"®
Dicarboxylic acid thioesters (XLVIII) are also obtained by
the reaction of the corresponding dinitriles (LXVII) with

ethanethiol and hydrogen chloride:"*%°

: E(S SEt 72+
- . 2EtSH/HCI \ / -
NC—(CH,),—CN ———= - >C— (CH,),—C 2Cl
2/n [HZN/ (CH, n \NHQ]
(XLVII) (XLVII)
Hydrolysis. The few studies which have been made on the

hydrolysis of B-alkylthio-substituted af-unsaturated iminium
salts nevertheless embrace compounds of various classes,
which makes it possible to discover a general feature of the
progess—the direction of attack by the hydroxide ion on the
C=N bond.

The hydrolysis of NN-disubstituted 3-methylthioprop-2-
eneiminium salts (XLIX) leads to the corresponding g-alkyl-
thioaldehydes (L).*®"*”» The N-monoaryl-substituted
iodides (XLIXb) are hydrolytically stable [cf.data on the
hydrothiolysis of N-monosubstituted cyclohexeneiminium
salts (XXIV) given abovel:

Ar—C(=CH—CH:It1R‘R“ X~ —ARRAR A—C=CH—CH=0 ;

SMe SMe
(XLIX) (L)
Ar=Ph, 4-CICH,, 4-MeOCeH,; R'R*=(CH,);, (CHp)s, (CHp)3 O (CH,), (a);
R!'=H, R*=Ar (b); X=I .
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The salts of the thiophen series (LI) °? as well as deriva-
tives of squaric acid (LII) are hydrolysed analogously:*®

AN
-
cn:w—L | v
| .o
vl —0 T
N o , H
RS Nge R7 s SMe
(LD
+
AMeI\\V/l*\"Me ) 0\\7_/0
f 9Fs0; —X2 1 ‘
Mes”  NSMe MeS SMe

The hydrolysis of 3-alkylthio-2-phenylindene-1-NN-cdi-
methyliminium salts (LIII) has been studied in greatest
detail.*®* Alkaline hydrolysis in DMF leads to their ready
conversion into 3-alkylthio-2-phenyl-1-indenones (LVII).
The gem-alcohols (LV) are probably intermediates in this
reaction, since the corresponding gem-methoxyamino-deriva-
tives were isolated on methanolysis of the salt (LIII). Their
hydrolysis leads to the alkylthioketones (LVII). The final
product of the acid hydrolysis of the salt (LIII), which
proceeds via the formation of the alkylthioketones (LVII),
is 2-phenyl-1,3-indandione (LIV):*?

N OH
Y NR'R? N
, H,O+ l/\“—/ X- —OHN) ' “—l’NR‘R‘:
vy =] — 1L bl
R J/ SR A V4 \l,f \R
SAlk SAlk
HO* (LN (LV)
‘ MO ~HNRIR
M 4 4
o OMe 0
IN___ S 7N ) NR'R2 O i S
|\/ll /l»'” k I — [ 1
NN NN SN ’
{ R [ R R
O SAlk SAlk
(LIV) (LV) (LVIY)

R.. Ph; R'=R?==Me .

Aminolysis. 3-Alkylthiopropeneiminium salts (XLIX) react
with alkyl- and aryl-amines to form the salts of enaminoimines
with identical substituents at different nitrogen atoms [com-
pounds (LVIIIa)].?®»*®* Of the two possible reactions
(XLIX) » (LVIII) » (LVIIa) and (XLIX) ~ (XLIXa) ~
(LVIIIa), the latter occurs.’> The sequence of reaction
stages (transamination—substitution) has been demonstrated
by the reaction of compound (LVIIla; Ar = 4-MeOC.H,;

R® = R" = Et; X = ClO,) with an excess of dimethylamine.
It was found that the reaction of the resulting asymmetrically
substituted salt [4-MeOCg¢H,—C(NMe,)=CH-CH=NEt,]*Cl0,
dimethylamine,, modelling the stage (LVIII) -~ (LVIIIa), does
not take place:

.
Ar—C—CH—CH=RRIR? X~ — o> Ar—C CH—CIL. RS X°
|
SMe SMe
(XLIX) (XL1Xa)
_MCSI’*HNR“R‘ —MeSH | HNR'R*
‘ i
Ar—C=CH~CH=NRIR?  X~~——fRRR, Ar—C. CH—Cil= NR'RS X~ ;
| |
NR'R¢ NRIRS
i (LVIlla)

Ar=Ph, 4-MeOCgH,; R'=R2=Alk; R¥=R4 =Alk nan R? 1, Rf:Ar; X ClOg, 1,

When the salts (XLIX) are acted upon by arylamines in
ethanol, the transamination products (XLIXa) are formed in
90% yield. The methylthio-group is exchanged for the amino-
group [(XLIXa) + (LVIIIa)] only in acetic acid.?® The per-
chlorates (XLIX; Ar = Ph or 4-MeOC¢H,; X = Cl0,) form
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the corresponding enaminoimines (LVIIIa) in a high yield
(up to 88%). On the other hand, the enaminoimine salts
(LVIIla) are obtained from the analogous iodides (XLIX) in a
yield not exceeding 38%.

Hydrothiolysis. The study of the reactions of R-alkylthio-
substituted af-unsaturated iminium salts with sulphur-con-
taining nucleophiles was first undertaken in relation to cyclo-
hexene derivatives.®?!  3-Alkylthiocyclohex-2-ene-1-iminium
salts (XXXI) react with hydrogen sulphide in D+MF in the
presence of triethylamine at -60°C via the C=N bond (see
above), similarly to the 3-alkoxy-derivatives, forming
3-alkylthiocyclohex-2-ene-1-thiones (LIX). These
compounds contain the little known structural fragment

AIKS-C=C—C=S:
R, R R R

N
/\| HS-, —60°C o

. CHNRIR® L
AlkS” N NRRe X~ Als” N Ng
(XXXD) (LIX), 95—98%
R=H, Alk, —(CHy),—i R*=H, Alk, —(CHy),—, Ar;
X=BF, I .

s

3-Alkylthio-2-arylindene-1-iminium salts (LIII) react with
hydrogen sulphide in methanol at 20 °C to form 3-alkylthio-
2-arylindene-1-thiones (LX). When the salt (LIII) is treated
with sodium hydrogen sulphide, the corresponding enamino-
thioketones (XIV) are formed rapidly in accordance with the
scheme (LIII) +~ (LX) »~ (XIV):*®

.
NRIR? . S NRIR?
N x-___Hs IN—7 HNRIR? —
—mem | | L]
NN NR NN N \/\”/\R
SAlk SAlk S
(L11I) (LX), 65—~70% (XIV)

The hydrothiolysis of the dihydrochloride of SS-diethyl-
propanedithiodiimidic acid (XLVIII) has been investigated in
detail.®® This salt does not interact with liquid hydrogen
sulphide at -78 °C, while at 20 °C in pyridine, DMF, DMSO,
or acetic acid, several compounds (LXI)—(LX1IV) are formed
in yields ranging from 20 to 40%, which indicates the non-
regiospecificity of the hydrothiolysis. The formation of the
carbonyl compounds (LXIII) and (LXIV) has been explained®®
by the hydrolysis of the initial dihydrochloride (XLVIII) as a
result of the treatment of the reaction mixture with an
aqueous solution of sodium bicarbonate:

EtS SEt
— 5 C—-CH=C 4+
Py s/ “\NH,
(LX1)
EtS NH, ;
N oo He s
+ S C—CH, C\s
(LX1)
EtS SEt 2+ s
e (—=cHy—),c } 2c- —— EtS_ .
[HEN/ "N\, Sy~ LXD+ {0 )¢ [CHa
(XLVI), =1 (LXIID)
EtS SEt
\C—CH=C" L .
T o JC—CH C\NH,+( X1,

(LXIV)

~pyAcon — LXD

N-Unsubstituted salts (XLVIII) react with hydrogen
sulphide in a pyridine—acetic acid mixture, retaining one
amino-group , while their piperidine analogues (LXV) lose
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both amino-groups under these conditions and give rise to
the ester of the bisdithiocarboxylic acid (LXVI):*!

RS SR 2¢ ) S, .
S C—CH,—Cg 2B’ x5 C G
| (CH,),N? NN @ & AOUDY g SR
(LXV) ILXVI), 63 -83%

The hydrothiolysis of both dimethylamino-groups in methyl-
thiocyclobut-2-ene-1, 4-bis-NN-dimethyliminium bisfluoro-
sulphonate (LII) proceeds readily. The product of this
reaction is 2,3-bis(methylthio)cyclobut-2-ene-1,4-dithione
(LXVII), whose chemical properties have been vigorously
investigated:*%:°®

+ +
MesN NMe, a &
2 L—‘/'
_ 21,8 7
2¥80; —> -
Mex SMe Mes” SMe
(L (LRYI
Me Sy %Me Mos SMeo
2H S \n r—SMe LS \T e
- . Sy H_
| -
N
Mes SNMe, MeS” A
(LX VIl (LXIX). 80

The hydrothiolysis of 2,3,4,4-tetrakis(methylthio)cyclobut-
2-ene-1-NN-dimethyliminium iodide (LXVIII) either proceeds
immediately via two pathways to the dithiodiketone (LXVII)
or the reaction involves only the iminium group, which leads
to the monothioketone (LXIX).%?

1-Methylthioprop-2-ene-1-piperidinium iodide (LXX), which
is a structural isomer of the 3-alkylthioprop-2-ene-1-iminium
salts (XLIX), reacts with hydrogen sulphide in a tetrahydro-
furan (THF)—pyridine mixture at —75°C, forming methyl
dithiocinnamate (LXXI).*? The sulphide (LXXII) has been
obtained at 20 °C by the reaction of compound (LXX) with
hydrogen sulphide (cf.the reaction described in Section III, 2
above):

e i CSMe !
R AR oa ¢ ts
| ! S i
Sve e ’ (XN
[R—cnzcn#c\\< o J - — .
N (CHy)s [ 1S
e R
LXX TTEC LRI I Gy
(LXX) ¥s
(LXXI)
R=Me, Ph

1V. B-HALOGENOIMINIUM SALTS

There exisc two main synthetic approaches to the prepara-
tion of B-halogeno-substituted af-unsaturated iminium salts
(LXXIV).2 The first is based on the corresponding modifica-
tion of the C(1)- and C(3)-structural elements in the initial
compound with the propene group. The second involves the
construction of the propene skeleton of the salt from suitable
components containing the C(1)- and C(2)-, C(3)-fragments
of the required compound. Halogenoiminium salts are
obtained by the first method as a result of the interaction of
B-aminovinylearbonyl compounds (LXXX) with various chlo-
rinating agents (LXXIII) (POCl;, COCl,, SO,Cl;, and
CICOCOCI) or even with PCl,. Treatment with the analo-
gous brominating agents leads to the corresponding bromo-
substituted salts. Compounds (XVIII) and (LXXIII) vary
structurally within relatively wide limits:*®
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1T LY
- |
O=C—C—C—NR'R® + O=Z—Hal 2, hal—dec—dofRre x-
R3 : R;’
xXviy LXx11) (LXXIV)

Hal-=Cl; X=Cl, C10,, OPOC},

The first method is also used to synthesise substituted
pyridinium salts by alkylating 4-chloropyridines:?

In the synthesis of 3-chloroprop-2-eneiminium salts
(LXXIV) via the formation of the C(1)-C(2) bond, one uses
methyleneketones and the salts of imidoyl chlorides, mainly
formimidoyl chloride, or even the phosgeneiminium salt,
whose mobile chlorine atom is readily substituted by a nucleo-
phile.> The initial methylenecarbonyl compound can be
replaced, for example, by enamines, enol ethers, acetals,
vinyl chlorides, or acetylenes:?

R R
| |
R—C—CH,—R? + R‘—?:&R‘R" X~ - nal_c:?-c:&wrzz X
i [
o} c R3
(LXXIV)

Ré=H Cf; Hal=Ci .

The second method is of the greatest synthetic importance.
However, the first method is so far the only one available
in many instances, for example, for cyclic derivatives.

Hydrolysis. Little information is available about the
hydrolysis of 3-halogenoprop-2-eneiminium salts and their
cyclic analogues.®™%®  3-Halogeno-prop-2-ene-1-NN-di-
methyliminium salts (LXXIV) are hydrolysed with retention
of the C—Hal bond, which leads to the formation of 3-halo-
genopropenals (LXXV):

R R RoRs
1 |
Hal—C=C—C=NRR?* X-—°- Hal -C=C—C=0
R R
(LXXIV) (LXXV)

Ré=H; Hal=Br, Cl; X=Cl, ClO;, OPOCl,, 0-MeC4H,SO,0 .

The nature of the substituents R and R® has a marked
effect on the hydrolytic stability of the salts (LXXIV). The
salts (LXXIV; R = H or Me; R’ = H), which have no sub-
stituents at the central carbon atom, are distinguished by an
extremely high stability in aqueous solution, which can be
accounted for>® by the high degree of conjugation in the
pentad fragment,

The salts (LXXIV) having substituents R with a large
effective volume (R = Ph or t-Bu) and R® = H are readily
hydrolysed on refluxing with an aqueous solution of sodium
acetate. 3-Chlorocyclohex-2-ene- 1-pyrrolidinium perchlo-
rate (LXXVI) is ailso hydrolysed at the C=N bond on heating
in methanol to which a 10% NaOH solution has been added:?®

R\/R R\/R
AN N
Cl/\/’l\ﬁRan X~ _-oH__ c1/\/\0

(LXXVI) 95%

3-Chloro-2-methyl- 1-phenylprop-2-ene-1-NN-dimethyl-
iminium chloride (LXXIVa) is hydrolysed via two pathways
with formation of 3-chloro-2-methyl-1-phenylprop-2-en-1-one
(LXXVII) and more than 50% of the aldehyde (LXXVIII).
The low yield of the ketone (LXXVII) can be accounted for
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by §teric hindrance, which prevents the hydrolysis of the
C=N bond:**

Me
|
***** - Ph -CO--C -CIHCl
R R* D 940
| - (LXXVII), 24%
Hal—C=C—C=NRIRz X~ —2
] Me,N Me
R3 |

!
7 Ph—C=C~CH:0 3
(LXXVII)
(LXXIVa), R=H, R'=R?*=R*=Me, R*=Ph, Hal=X::Cl

Treatment of the 3-chloro-3-(4-tolyl)prop-2-ene-1-iminium
salt (LXXIVb) with pyridine in 90% ethanol yielded the chlo-
ride (LXXIX).5” It may be that the first stage of this reac-
tion is the hydrolysis of the salt (LXXIVb) at the C=N bond
and the formation of 3-chloropropenal (LXXV), whose
aminolysis at the C—Cl bond leads to compound (LXXIX):

R R¢ R R4
L . H,0 I I
Hal—C=C—C=NR'R? X~ —*- | Hal-C~=C—C=0 | —
iy it
(LXXIVb) (LXXY)

+

N—C=C—C =0 | Hal~

/
|
AN

SN R R4
N v [/—\ | |
N

|
RH

(LXXIX)
R =4-MeCgH,, R%==R4_:H, Hal=Cl .

Aminolysis. R-Chloro-substituted ofR-unsaturated iminium
salts react with amines, substituting the chlorine atom for
the amino-group, which leads to salts of enaminoimines,?®-%®
for example:

s ’ N
/ VAN

I 3 1R s R NRA ~
GOSN (G Clo; —RRR L pagine NS (CHy) CIOT
RI--R? . Et; RIRE -(CHL), . 50604

The ability of chloroiminium salts to react with nucleophiles
via the C=N bond has attracted much attention by investi-
gators. Thus the reaction of arylpropene derivatives
(LXXIV) with hydroxylamine hydrochloride in DMF has led to
a simple way of synthesising the corresponding 3-chloro-
propenyl cyanides (LXXX).°® Treatment of the salt (LXXIV)
in ethanol with a hot aqueous solution of hydroxylamine leads
to a high yield of 3-aryl-3-chloroprop-2-ene-1-aldoxime
(LXXXI):*°

R
.11l |
—HONTICL )¢ CRCN
R Re DME
l 1 (LXXX), 60"
Hal—C--C—C==NRIR?  X"——o
| IF
R .
LXXIV) — s Hal—C ~CR*—CR-- NOH ;
(LXXXD). 929
R=4-MeCyH,, 4-MeOCyl,; R? R%: H; Hal -CI .

When the salts (LXXIV) react with 1,2-phenylenediamine,
both electrophilic centres—the C(1) and C(3) atoms—are
attacked by the nucleophile and 2-aryl-3H-1,5-benzodi-
azepinium salts (LXXXII) are formed:®

IIK 1?4 Ne=
+ 1.2 -(11,X),CeH;

Hal—Cmsg—GaNRIRS x- L2 Uk @ SuX
! -

(LXXIV) R

R=Ar, R®°=R'= K, Hal=zcl .

(LXXXI1)



Russian Chemical Reviews, 85 (11), 1986

Hydrothiolysis. The reactions of salts of nitrogen-containing
heterocyclic bases incorporating the Cl—C=C—C=ItI<X'
group with sodium sulphide of hydrogen sulphide in
alcohol has been used for a long time to synthesise the
corresponding heterocyclic enaminothioketones. Sodium
thiosulphate and NN-dimethyldithiocarbamate,®? and thiourea®®
have also been used for the thiolysis of salts of this type.
Substituted 4-thiopyridones (LXXXI11),°*%" 4-thioquinolones
(LXXXIV),%*:5% g-thioacridones (LXXXV),2:%6:¢7 and 3-ethyl-
2-thioacetonylidene-~2, 3-dihydro-1, 3-benzothiazole (XXX) ®®
have been obtained in this way in high yields:

< N : = N
23, R R
AL Swi
iy
Iy Hem o=
22 N N\ NN\R? N SN
.!l |l 'V |
n R h\ ¥t

{LXXXTIIY) (LXXX1V) (LXXNVY (XXX} K=Me
The synthesis of the aliphatic enaminothioketones (VIII)

is based on the reactions of 3-aryl-3-chloroprop-2-ene-1-

NN-dimethyliminium salts (LXXIV) with sodium sulphide

in aqueous DMF solution or in a DMF—ethylene glycol mix-

ture®® and also with sodium thiosulphate in alcohols.’® The

temperature (20—60°C) and the reaction time (2~24 h) are

determined by the nature of the aryl substituent:

R R4
| | =sit
Hal—C=C—-C=NRR? X~ —®=ri=i; > R—C—CH=CH—NR'R? ;
P i
(LXXIV) (VIID, ~80%

R=Ph, 4-MeCyII,, 4-BrCsHy, 1-Cyyll; etc.: R'=R2=Me; Hal=Cl

When the reaction mixture is treated with a primary or
secondary amine, amine exchange takes place and leads to the
corresponding enaminothioketones R—C(=8)-CH=CH—NR'R?
(VIII) with a wide variety of nitrogen-containing sub-
stituents.’® If the molar ratio of sodium thiosulphate and
the salt (LXXIV) is 1:2, the reaction product is the sulphide
compound (LXXXVI) (yield 80%). It is apparently obtained
as the final result of the condensation of the initial 3-chloro-
propeneiminium salt (LXXIV) with the 3-mercaptopropene-
iminium salt (XL1V) formed initially:

+
R—C=CH—CH=NR!R? X —

d R--C=CH —CH=NRIR? +
|
(XLIV) e [ s‘ ] 92X~ |
(R¥=Rt=:I1} .
R R R—C==CH—CH=NRIR?.
Hol— =GRy x-—] (LXXXVD)
B .
(LXXIV)

Ri=R?*=Me, Hal=Cl, X=Cl0, .

The salts (LXXIV) react with mercaptoacetate esters
HSCH,COOR in the presence of sodium methoxide with elim-
ination of the chlorine atom and the amino-group and the
formation of eyclisation products—>5-substituted thiophen-
carboxylates (LXXXVII):™

1
Ar” V87 NCOOR
(LXXXVII)
Thus, until recently, the usual pathway in the reaction of

|+
compounds containing the Cl—C=C—C=N< group with

sulphur-containing nucleophiles was believed to involve the
substitution of the chlorine atom. However, it was estab-
lished in 1979 2 that this reaction can proceed with dissocia-
tion of the C=N bond. Thus the interaction of 3-chloro-
cyclohex-2-ene-1-iminium salts (LXXVI) with hydrogen

non

sulphide in DMF at —60 °C in the presence of triethylamine
leads to 3-chlorocyclohex-2-ene-1-thione (LXXXVIII). A
compound containing the Cl-C=C—C=S§ group was obtained

in this way for the first time. The chlorothione (LXXXVIII)
is a stable intermediate in the hydrothiolysis of the salt
(LXXVI), since it interacts instantaneously with amines at

20 °C, forming the enaminothioketones (XXXII):%+22
R \/,R R R % B
e N HS—. —60° ¢ HNRIR?, 207 ¢ |
N I TINRRS l ’ T ’ |
1’ N N\{rige x- a N s [N
(LXXVD) (LXXXVI, 879 (XXXIH

RU=11, Alk, — (CHy),: RE-H, Alk, — (CHy),, Ar; X=-ClO, |

In addition it has been established® that the reaction of
3-chloro- 3-phenylprop-2-ene-1-NN-dimethyliminium perchlo-
rate (LXXIV) with hydrogen sulphide in DMF at —60 °C
entails in the first place the elimination of dimethylamine,
and not hydrogen chloride, and compound (XC) having the
composition C;3H;,C1S; is produced. In this case the
hydrothiolysis of the iminium group should have led to
3-chloro-3-phenylprop-2-ene-1-thial (LXXXIX), but the
latter could not be isolated in a pure state. The absence
of resolved signals in the IR, *3C NMR, and ‘H NMR spectra
of the product (XC) indicated its polymeric structure.

The hydrothiolysis product (XC) reacts rapidly with
dimethylamine and piperidine at 20°C.® The amine hydro-
chlorides isolated under these conditions indicate the
involvement of the C—Cl bond in the reaction. However,
the aminolysis products were not 3-(NN-dimethylamino)-
(piperidino)-3-phenylprop-2-ene-1-thials (XCI) or the
isomeric enaminothioketones (VIII), identical with those
deseribed previously.”® Like their oxygen analogues,’®"?
the thials (XCI) formed initially probably isomerise in the
presence of amines, which is the reason for the final outcome
of the aminolysis of the product (XC):

R R
i ~ ‘ + . TS, —60°C
Hal‘(“:("”(‘:NRle X R R—R—Me, B R TRl T
RI!
(LXXIV)
0-20° ¢ NRIR?
_ R—?»cxpcn:,s L OISy e
e i
(LXXXIX) (XC)
HINR!'R?
— o | R=C=CH—CH =S | - R—C—-CH=:CH—NR'R?
| li
NRIR?
(XCl) (V11D

R=Ph; R'+R¥*=Me or R!R?=(CH,);; X=CIO, .

Reaction with alkali metal thiocyanates. The successive
interaction of 3-chloroprop-2-ene-1-iminium salts (LXXIV)
with thiocyanic acid and primary aromatic amines leads to
1, 2-thiazolium salts (XCIII).2 The authors? suggest that
the reaction proceeds via the intermediate formation of
3-thiocyanatoprop-2-ene-1l-iminium salts (XCII):

n? 1) sy
! | 162 o= 2) He;
Hal—C=—=C—C=NHK'R”~ X~ 4+ NaS5CN YpveTT

r>

(LXXIV)
+
CIOy =

> | R—(==CH—CH==NH—Ay

SUN
(XCI)

-HCN { \‘ . (:]04
‘—’/N*Ar .
R R

(xXcun, 27%
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The reactions of the salts CICR =CH~CH=NR'R? X~ with
KSCN (or NaSCN) in acetonitrile or DMF in the presence
of catalytic amounts of tetra-alkylammonium iodide or
crown-ether lead to 3-thiocyanato-substituted salts
NCSCR=CH-CH=NR'R2 X", where R = Ph, Ar, naphthyl,
anthryl, heteroaryl, or PhCH = CH, R}, R? = Alk, Ar or
R'R? = (CH,), or (CH,),0(CH,),, and X = Cl, ClO,, or
PO,Cl,, in 44—97% yield.”?

Cyanolysis. The product of the reaction of 3-chloro-5,5-
dimethylcyclohex-2-ene-1-piperidinium (LXXVI) with potas-
sium cyanide in DMF is 3-chloro-1-cyano-5,5-dimethyl-1-
piperidinocyclohex-2-ene (XCIV):®

R R R. R
, o .
| | (RIR™=(CHalg J f c;_

a” YV NRRipe x- NN > :
(LXXVI) (XCIV)

R=Me, X=CIO, .

The formation of the geminal aminonitrile (XCIV) shows that,
in the first stage of the overall nucleophilic substitution
reaction involving salts of type (LXXVI), the "soft" nucleo-
phile adds to the C(1)= N bond and not to the C(2)=C(3)
bond.

V. B-AMINOIMINIUM SALTS

The reactions of compounds (XVIII) containing the
B-aminovinylketone group or compound (XCV) containing
the B-halogenovinylketone groups as well as the reactions
of R-heterofunctional af-unsaturated iminium salts (XIX)
and (LXXIV) with various amines are usually employed for
the synthesis of enaminoimine salts (XCVI):*

R R
0 CmCo (7 4 HNRoRI —— X
Re R RS
Z=NRWR? (XVIII), Hal (XCV) o RRIN—CmC—d_fRiRe x-
R ke R
z_—é:‘c-—lc:'&m*xzf X~ +HNRSR® (XCVI)

R3
Z=O0Alk (XIX), Hal (LXXIV) .

Hydrolysis. The hydrolysis of the enaminoimine salts
(XCVI1) substituted symmetrically at the nitrogen atoms can
be represented schematically in the following manner:

R X -
. N
RRN—C—Cd—FriRs x- —0, | papen—_d— c——é:/ B,
| | “OH
® RS i
(XCVD)
o
—— RWRSN—C=C~C=0+ RIRNH, X~ ;
R
RI=RE=RS=RS .

Depending on the structure of the salts, this reaction takes
place in acid, neutral, or basic media.! The N-aryl-sub-
stituted salts of the indene enaminoimines are more resistant
to hydrolysis than those unsubstituted at the nitrogen atom.”*

In the case of asymmetrically substituted enaminoimine
salts, the question arises of the carbon atoms to which the
attack by the nucleophile is directed. The influence of
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steric factors on the outcome of the hydrolysis has been
stressed in a study’® of the hydrolysis of the 2-chloro-
4,4,5,5-tetrafluoro- 3- (N-methylamino )cyclopent- 2-ene-1-NN-
dimethyliminium salt (XCVII) and also in a review:?

Me . Me Me. Me o}
N xe \1‘\1/ gl
“ 2
Fo_b
T oo—a s TSy |—/
Pt
2o 2 1| N
N o Y Me
H “Me main admixture
(xevi product

The mode of hydrolysis of tetrasubstituted aminopropene-
imine salts (XCVI) is treated from the same standpoints:’

R e
{ |
- RIRIN—C=C—C=0 ;
R ORe i
| - R?
RSRGN—C:‘CAé=I¢IR1R2 x-CH (Xevlin)
R3 4
(XcvI 1} R
- 0=C—C=C—NRIR? ;
Rﬂ
Rl =R2=Rs=Ré=Me . (Xvin

When R = Me or Ph and R* = H, mainly the enaminoaldehyde
(XCVIII) is formed, while the isomer (XVIII) is a side
product.

In another study’® the mechanism of the reactions was
treated in a different way. Two isomers, namely 4-(NN-di-
methylamino )but-3-en-2-one (XVIII) and 3-(NN-dimethyl-
amino)but-2-en-1-al (XCVIII), were isolated on hydrolysis
of 3-methyl-3-(NN-dimethylamino)prop-2-ene-1-NN-dimethyl-
iminium chloride (XCVI) with aqueous alkali:

— s (XVIID)
(xcvry 29
— (XCVI)
R=Rl=RZ=R6=Ré=Me; RE=R{=H; X=ClI .

The hydrolysis of the salt (XCVI) at 25°C and a reduced
pressure leads to the aldehyde (XCVIII) in 55% yield. The
authors’® explained the formation of the two isomers (XVIII)
and (XCVIII) on hydrolysis of the salt (XCVI) by the ability
of the aldehyde (XCVIII) to isomerise readily to the ketone
(XVIII) on treatment with dimethylamine. It was suggested
that the gem-hydroxyamine (XCIX), formed as a result of
the addition of dimethylamine to the aldehyde (XCVIII), is
in equilibrium with the dissociated form (C). Its mesomeric
cation is converted into the aldehyde (XCVIII) or the ketone
(XVIII) after recombination with a hydroxide ion and the
elimination of dimethylamine:

i ; .OH
~ Me—C=CH—CH o

| N
NMe, NMe,

(XCIX)

Me,!
(XCVII), (R=R5=Ré=Me; R3=Ré=H) = >

T NMe, -
Me—é=CH¢-CH———NMe,
Me—ﬁl—CH=CH——NMe,

NMe,
©

-
g

OH
i
22 Me—C—CH=CH—NMe, 2 (XVIII), (R=R3=H; R*=R?=Ré=Me) -+ Me,NH
I\&Me,
The mode of hydrolysis of enaminoimine salts is also influ-
enced by the electronic nature of the substituents. Thus,

in the hydrolysis of benzodiazepinium salts (CI),”®"’” the
electronic effects of the substituents are decisive, because
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the hydroxide ion attacks the sterically most shielded C(1)
atom:

, Me

~
@i +>>H €0 R=Ph, PhSe
NHZZC

I\
©

Aminolysis. The aminolysis of enaminoimine salts is
usually terminated by transamination and has little prepara-
tive value.”® The reaction probably proceeds via the forma-
tion of a gem-diamine. When 3-(NN-dimethylamino)prop-2-
ene-1-NN-dimethyliminium salts (XCVI) were allowed to react
with sodium NN-dimethylamide in benzene, the stable aminal
(CII) was obtained:’®

&) PR e
RIRIN—C=C—CRRIRE X~ DM R'R‘N—C=C-C<NM ;
R'8 Rla s
(XCVI) (CII), 62%

R=R¥=Rt=H; Rl=R?=R6=R¢=Me; X=CIO,, MeSO, .

Hydrothiolysis. The hydrothiolysis of enaminoimines was
first described in relation to the reaction of a 3-ethyl-2-
[ 2- (N-methyl-N-phenylamino)vinyl]benzothiazolium sait
(CIII) with sodium hydrogen sulphide in methanol, which
led to a satisfactory yield of the enaminothial (CIV):*°

tw o™
I = |

N \Il\]*/ \CH=CH—N<Ph x- /NN N\CH—CH=S .
Me

Et Et
(cy (C1v)

The hydrothiolysis of 3-piperidinocyclohex-2-ene-1-iminium
salts (XXIX) does not proceed unambiguously. Their C(1)
and C(3) atoms have similar reactivity indices,?® which is
apparently the cause of the simultaneous formation of the
two enaminothioketones (XXXII) and (XXXlla):

R R R\_R R\R
> s I/\ . l/\ :
RERIN N N\NRigs x- S/\)\NWR* 7 N7 \NRsR4
(XXIX) (XXXII) (XXXl a)

RIRZ = (CH,);; R®=H; R¢=CH,Ph, Ph, 4-MeOC,H,

The reactions of 3-amino-2-phenylindene-1-imines (CV)
with hydrogen sulphide in the presence of piperidine lead
to a reduction product—bis(indenyl)disulphide (XXXV),
while the reactions with sodium hydrogen sulphide result

in the formation of the enaminothioketones (XIV):®*
/N ST s o NRRE L A/ RR
L] IR, HNRR 5. k | e
SANNR N N R
NR? S
(XXXV) cv) (XIV)

R=Ph, R*=H .

VIi. QUANTUM-CHEMICAL ANALYSIS OF NUCLEOPHILIC
SUBSTITUTION IN 3-ALKOXY- AND 3-ALKYLTHIO-CYCLO-
HEX-2-ENE-1-IMINIUM SALTS

Calculations have been carried out for the 3-methylthio-
(A) and 3-methoxycyclohex-2-ene-1-NN-dimethyliminium (B)
cations by the CNDO/2 method using a novel parametrisa-
tion.® The results of the calculation, which are presented
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| |
solely for the chemically reactive X—C=C—C=ItIMe2 fragment,

are indicated in the molecular diagrams (’A) and (B) (see
Table) [the initial location of the positive charge on the N
atom in the cations (A) and (B) is energetically more favour-
able to the extent of ~2 eV than its location on the O or S
atoms]. Analysis of the molecular diagrams showed that
both "soft" and "hard" nucleophiles attack the C=N bond
preferentially in the 3-methylthio-substituted cation (A)—
this reaction pathway is subject to orbital and charge control.

Results of the calculations for the 3-methylthio- (A) and
3-methoxy-cyclohex-2-ene-1-NN-dimethyliminium (B) cations.

Mex TN T NNMe,  Me0? l, N Me,

2

(A) (B)
Form (A) Form (B)
Atom or bond

qie € \ ki ‘ w q; e k; w
N —0 063 — —0.071 —_
c() 01275 0.36 —_ 0.280 042 —
C(2) —0.104 — — —0.191 — —
C(3) 0.211 0.26 - 0.312 0.25 —
S 0.024 — — — —
o . — — - —,182 — —
C(1)=N - — 1.560 — - 1.518
C(1)=C — — 1.120 — — 1152
C=C — - 1.642 — — 1.588
C(3)—S - — 1.071 — — —
C (3)—0 — — — — — 1147
Notation: q; are the atomic charges, k; are the relative

contributions of the atomic 7 orbitals of the lowest unoccupied
molecular orbital, and w are the Wiberg bond indices.

In the case of the 3-methoxy-substituted cation (B), "soft"
nucleophiles should react preferentially via the C=N bond
(orbital control predominates), while "hard" nucleophiles
should react via the C—O bond (charge control predominates),
which can be accounted for by the greater electronegativity
of the MeO group compared with MeS.

——-000---

Thus the problem of the analysis of the reactions con-
sidered here is fairly complex, since the aim of the majority
of the published studies (which have been very numerous—
of .Hunig®’) was not a specific investigation of the reactions
of unsaturated iminium salts with nucleophiles under com-
parable conditions. Instances of the hydrolysis, aminolysis,
and hydrothiolysis of such salts at the C(1) atom as well as
the C(3) atom or at both electrophilic centres are known.

It is sometimes difficult to arrive at a correct conclusion
about the course of the process owing to the hydrolysis of
the final product and the occurrence of other side reactions.
However, the practical usefulness of further more extensive
investigation of nucleophilic substitution in iminium salts has
been demonstrated by recent studies,®s®* which indicated
ways of synthesising new thio-derivatives of cyclohexene
and indene on the basis of these reactions.



1014

REFERENCES

1. J.Freimanis, "Khimiya Enaminoketonov, Enaminoiminov,
Enaminotionov" (The Chemistry of Enaminoketones,
Enaminoimines, and Enaminothiones), Izd.Zinatne,
Riga, 1974.

2. J.Liebscher and H.Hartmann, Synthesis, 1979, p.241.

3. M.I.Rybinskaya, Zhur.Vses.Khim.Obshch.im.Mende-
leeva, 1967, 12, 11.

4, Z.Rappoport, Adv.Phys.Org.Chem., 1969, 7, 1.

5. F.Texier, O.Henri-Rousseau, and J.Bourgois,
Bull.Soc.chim.France, 1979, 86.

6. V.A.Usov, L.V.Timokhina, V.A.Shagun, V.F.Sidor-
kin, and M.G.Voronkov, Zhur.Org.Khim., 1981, 17,
1816.

7. J.Freimanis and G.Vanags, Zhur.Obshch.Khim.,
1961, 31, 1945.

8. B.Eistert and F.Haupter, Ber., 1959, 92, 1921.

9. Z.Arnold, Coll.Czech.Chem.Comm., 1959, 24, 760.

10. J.Freimanis and G.Vanags, Teor.Eksper.Khim.,
1966, 2, 336.

11. J.Bignebat, H.Quiniou, and N.Lozac'h, Bull.Soc.
chim.France, 1969, 127.

12. J.Bignebat, H.Quiniou, and N.Lozac'h, Bull.Soc.
chim.France, 1966, 1699,

13. J.Bignebat and H.Quiniou, Bull.Soc.chim.France,
1966, 1180.

14. F.Clesse and H.Quiniou, Bull.Soc.chim.France, 1969,
1940.

15. L.I.Lavlinskaya, V.A.Pestunovich, Ya.S.Tsetlin,
V.A.Usov, and M.G.Voronkov, Izv,Akad.Nauk
SSSR, Ser.Khim., 1976, 2091.

16. L.Koserski and J.Dabrowski, Org.Magn.Reson.,
1972, 4, 253.

17. K.Buggle, D.O'Sullivan, and N.D.Ryan, Chem.
Ind., 1974, 164.

18. V.A.Usov, N.A.Korchevin, Ya.S.Tsetlin, and
M.G.Voronkov, Zhur.Org.Khim., 1975, 11, 410.

19. V.A.Usov, K.A.Petriashvili, and M.G.Voronkov,
Zhur.Org.Khim., 1980, 16, 1550.

20. L.V.Timokhina, Ya.S.Tsetlin, E.O.Tsetlina,
V.A.Usov, and M.G.Voronkov, Zhur.Org.Khim.,
1978, 14, 666.

21. L.V.Timokhina, V.A.Usov, and M.G.Voronkov,
Zhur.Org.Khim., 1978, 15, 2226.

22. V.A.Usov, L.V.Timokhina, and M.G.Voronkov,
Zhur.Org.Khim., 1980, 16, 226.

23. L.V.Timokhina, V.A.Usov, Ya.S.Tsetlin, E.O.Tset-
lina, and M.G.Voronkov, Zhur.Org.Khim., 1979, 15,
82.

24. L.V.Timokhina, V.A.Usov, and M.G.Voronkov,

"XV Nauchnaya Sessiya po Khimii i Tekhnologii
Organicheskikh Soedinenii Sery i Sernistykh Neftei.
Tezisy Dokladov" (The XV Scientific Session on the
Chemistry and Technology of Organic Sulphur Com-
pounds and Sulphur-Containing Petroleums. Abstracts
of Reports), Ufa, 1979, p.170.

25. J.Freimanis, V.Nakele, and G.Vanags, Izv.Akad.
Nauk Latv.SSR, Ser.Khim., 1965, 561,

26. Z.Arnold and J.Zemlicka, Coll.Czech.Chem.Comm.,
1959, 24, 786.

27. L.V.Timokhina and V.A.Usov, Zhur.Org.Khim., 1980,
16, 1553.

28. G.H.Alt and A.J.Speziale, J.Org.Chem., 1964, 29,
794.

29. N.I.Sveshnikov, I[.I.Levkoev, A.F,Vompe, and
B.S.Portnaya, Dokl.Akad.Nauk SSSR, 1953, 88, 281.

30. N.J.Leonard and J.A.Adamcik, J.Amer.Chem.Soc.,

1959, 81, 595.

31.

32,

33.

34

35.

36.

37.

38.

39.

40.

41.
42,

43.

44,

45.

46.

47.

48,

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

Russian Chemical Reviews, 55 (11), 1986

V.Nakele and J.Freimanis, Zhur.Org.Khim., 1968, 4,
1104.

A.Reliquet, F.Clesse, and H.Quiniou, Compt.rend.,
1972, 274C, 2198.

A.Reliquet and F.Reliquet-Clesse, Compt.rend.,
1972, 275C, 689.

Ya.S.Tsetlin, V.A.Usov, and M.G.Voronkov, Zhur.
Org.Khim., 1975, 11, 1945.

D.N.Gerlach and R.H.Holm, J.Amer.Chem.Soc.,
1969, 91, 3457.

V.A.Usov, Ya.S.Tsetlin, and M.G.Voronkov,
Izv.Sibir.0Otd.Akad.Nauk SSSR, Ser.Khim.Nauk,
1975(4), 159,

J.Mathieu and R.Panico, "A Course of the Theoretical
Principles of Organic Chemistry" (Translated into
Russian), I1zd.Mir, Moscow, 1975, p.533.
C.Reichardt, "Solvent Effect in Organic Chemistry"
(Translated into Russian), Izd.Khimiya, Leningrad,
1973, p.84.

N.A.Korchevin, V.A.Usov, and M.G.Voronkov,
Zhur.Org.Khim., 1976, 12, 1829.

V.A.Usov, N.A.Korchevin, K.A.Petriashvili,
I.A.Dorofeev, and L.A.Oprarina, "IX Mezhdunarodnyi
Simpozium po Khimii Organicheskikh Soedinenii Sery.
Tezisy Dokladov" (The IX International Symposium
on the Chemistry of Organic Sulphur Compounds.
Abstracts of Reports), I0S Akad.Nauk Latv.SSR,
Riga, 1980, p.63.

K.Hartke and R.Hoffmann, Ann.Chem., 1980, 483.
R.Hoffmann and K.Hartke, Chem.Ber., 1980, 113,
919.

R.Hoffmann and K.Hartke, Ann.Chem., 1977, 1743.
L.I.Lavlinskaya, V.A.Pestunovich, Ya.S.Tsetlin,
V.A.Usov, and M.G.Voronkov, Izv.Akad.Nauk
SSSR, Ser.Khim., 1976, 2091.

G.Seitz, R.Schmiedel, and K.Mann, Synthesis,
1974, 578; Chem.Abs., 1975, 82, 16360.

F.Clesse and H.Quiniou, Compt.rend., 1971, 272C,
326.

J.B.Rasmussen, R.Shabana, and S.-0O,Lawesson,
Tetrahedron, 1981, 37, 197.

N.A.Korchevin, V.A.Usov, L.A.Oprarina,
I.A.Dorofeev, Ya.S.Tsetlin, and M.G.Voronkov,
Zhur.Org.Khim., 1980, 16, 1842.

R.Allmann, T.Debaedemaeker, K.Mann, R.Matusch,
R.Schmiedel, and G.Seitz, Chem.Ber., 1976, 109,
2208.

G.Gattow and K.Hanewald, Chem.Ber., 1976, 109,
3243,

J.-C.Meslin and H.Quiniou, Compt.rend., 1971, 273C,

148.
Ya.L.Gol'dfarb and M.A.Kalik, Khim.Geterotsikl.

Soed., 1972, 902.

R.Matusch, R.Schmiedel, and G.Seitz, Ann.Chem.,
1979, 595,

Z.Arnold and J.Zemlicka, Coll.Czech.Chem.Comm.,
1959, 24, 2378.

Z.Arnold and J.Zemlicka, Coll.Czech.Chem.Comm.,
1959, 24, 2385.

Z.Arnold and A.Holy, Coll.Czech.Chem.Comm., 1961,
26, 3059.

J.Liebscher and H.Hartmann, J.prakt.Chem., 1976,
318, 705.

G.H.Alt and A.J.Speziale, Tetrahedron Letters,
1963, 111.

J.Liebscher and H.Hartmann, Z.Chem., 1975, 15,
302.

J.Liebscher, H.Hartmann, and B.Neumann,

DDR P.137583 (1979); Chem.Abs., 1980, 92, 94065.



Russian Chemical Reviews, 55 (11), 1986

61. J.Liebscher and H.Hartmann, DDR P.135904 (1979):
Chem.Abs., 1980, 92, 6567.

62, O.M.Cherntsov, Zhur.Obshch.Khim., 1944, 17, 186.

63. E.Campaigne, R.E.Cline, and C.E.Kaslow, J.0Org.
Chem., 1950, 15, 600.

64. A.Michaelis and A.Holken, Ann.Chem., 1904, 331,
245,

65. D.I.Biskupskaya and A.V.Voropaeva, Khim.Geterot-
sikl.Soed., 1971, 1688.

66. K.Gleu and R.Schaarschmidt, Ber., 1939, 72, 1246.

67. M.Ionescu and M.Vlassa, Rev.Roum.chim., 1971, 16,
743; Chem.Abs., 1971, 75, 49372.

68. N.N.Sveshnikov, I.I.Levkoev, N.I.Shirokova, and
N.A.Damir, Dokl.Akad.Nauk SSSR, 1963, 148, 1091.

69. J.Liebscher and H.Hartmann, Z.Chem., 1972, 12,

417.

70. J.Liebscher and H.Hartmann, Z.Chem., 1974, 14,
189.

71. H.Hartmann, J.Liebscher, and A.Meissner,

DDR P.91670; Chem.Abs., 1973, 78, 58235.

72. V.I1.Filyakova, K.I.Pashkevich, and I.Ya.Postovskii,
Izv.Akad.Nauk SSSR, Ser.Khim., 1981, 2651.

73. J.Liebscher, DDR P.137101 (1979); Chem.Abs.,
1980, 92, 110658.

74.
75.
76.
717.
78.
79.

80.

1015

V.A.Usov and J.Freimanis, Izv.Akad.Nauk Latv.
SSR, Ser.Khim., 1969, 616.

C.O.Parker, J.Amer.Chem.Soc., 1959, 81, 2183.
W.Reid and W.Hohne, Ber., 1954, 87, 1801.
Yu.K.Yur'ev, N.N.Magdasieva, and V.V.Titov,
Zhur.Org.Khim., 1965, 1, 163.

B.Eistert, F.Arnemann, and F.Haupter, Ber., 1955,
88, 939.

H.Bredereck, F.Effenberger, R.Gleiter, and
K.A.Hirsch, Angew.Chem., 1965, 77, 1010.
S.H'imig, Uspekhi Khim., 1967, 36, 693 [Russ.Chem.
Rev., 1967(4)].

1.A.Dorofeev, T.L.Usova, E.V.Bochkareva, and
V.A.Usov, "XVI Konferenstiya po Khimii i Tekhno-
logii Organicheskikh Soedinenii Sery i Sernistykh
Neftei. Tezisy Dokladov" (The XVI Conference on
the Chemistry and Technology of Organic Sulphur
Compounds and Sulphur-Containing Petroleums.
Abstracts of Reports), I0S Akad.Nauk Latv.SSR,
Riga, 1984, p.168.

Irkutsk Institute of Organic Chemistry,
Siberian Division of the USSR Academy of Sciences

-



