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Abstract. A modified method and a new laboratory apparatus for synthesizing 3-methyl-
5-alkoxy-2-alkenals from alkoxyallylic chlorides via quaternary salts with hexamethylene-
tetramine (the Sommelet reaction) was developed. The synthesis was carried out at 80 °C
through the continuous extraction, with an organic solvent, of the product formed in the
reaction mixture. This enabled to obtain unstable, in certain conditions, alkoxyalkenals.
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INTRODUCTION

Alkoxyaldehydes have been synthesized by Jarolim and Sorm from
alcohols, vinylketones and diethylethoxycarbonylmethanephosphonate or
ethoxycarbonylmethylenetriphenylphosphorane via oxaacids and oxaalco-
hols [!2]. Syntheses of alkoxyallylic chlorides from chloromethylethers
and alkadienes are known [%], as well as a method for synthesizing 2-alke-
nals from allylic chlorides by the Sommelet reaction, for example, obtain-
ing citral from geranylchloride over quaternary ammonium salt with hexa-
methylenetetramine by distillation with water steam in the presence of
methanal ([*].

We have found that alkoxy-2-alkenals are not formed by distillation with
water steam from a solution of quaternary ammonium salts of alkoxy-
allylic chlorides with hexamethylenetetramine. Therefore, we have devel-
oped a novel extraction process for the preparation of alkoxy-2-alkenals
from alkoxyallylic chlorides. The synthesis of alkoxy-2-alkenals from alco-
hols and alkadienes is carried out according to the following scheme:

RR’CHOH RR’CHOCH:CI

} CHy=C(CH;s) CH=CH,
catalyst RR“"CHOCH,CH:C (CH3) =CHCH,CI
| N4(CHa)e
[RR’CHOCH:CH;C (CH;) = CHCHN, (CHz) ] +Cl~
80°C | H:0, HCHO
solvent
RR’CHOCH,CH,C (CH3) =CHCHO

Here, R and R’ are H or alkylgroups.
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APPARATUS

The apparatus used to prepare alkoxy-2-alkenals from quaternary
ammonium salts of alkoxyallylic chlorides with hexamethylenetetramine is
shown in the Figure. The water solution of quaternary salt and solvent —
ligroine (b. p. 110—120°C) or toluene — was added into the reaction ves-
sel (2) in a termostated bath (7). By stirring in the upper part of the
reaction vessel, the solvent phase was separated and transferred into 'the
evaporator (4) through the washing tube (3), filled with 3% sulfuric acid.
From the evaporator, the vapour of the solvent was condensed in the con-
denser (6), and the liquid solvent was transferred into the lower part of the

reaction vessel. From the lower part of the evaporator, the concentrate of
the aldehyde was obtained through the cooler (5).

M

I

||

The apparatus for the synthesis and extraction of the alkoxy-2-alkenals from quaternary

salts: I — termostated bath, 2 — reaction vessel, 3 — washing tube, 4 — evaporator,

5 — cooler of the concentrate of aldehyde, 6 — condenser of the vapours of the solvent,
7 — agitator, 8 — electromotor.
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EXPERIMENTAL

Chloromethylethers were prepared in a manner similar to that descnbed
by Henry in [®].

Addition of chloromethylethers to isoprene. 0.5 ml of 5% solution of tin
tetrachloride in dichloroethane was added to a mixture of 108.5 g (1 mole)
of chloromethyl isopropyl ether, 68 g (1 mole) of isoprene, 100 ml of
hexane, while stirring. The reaction temperature was 20—22°C, the reac-
tion time 1 h. Then, 5 g of carbamide was added, the mixture was stirred
for 15 min and filtered off. The unreacted substances were evaporated and
the monoadduct was distilled from the residue at 69—75°C/5 torr; d‘:"

0.9491; n 1.4544. The yield of 1-chloro-3,7-dimethyl-6-oxa-2-pentene was

140.2 g (80%). From 1-chloro-4-methyl-2-oxa pentane the yield of 1-chloro-
3,8-dimethyl-6-oxa-2-nonene was 79%; b.p. 75—80°C/2 torr; ax 0.9414;

n® 1.4531.

Synthesis of quaternary ammonium salts. 132.4 g (0.75 mole) of 1-chloro-
3,7-dimethyl-6-oxa-2-octene was dissolved in 800 ml of dry acetone, and
70 g (0.5 mole) of hexamethylenetetramine was added. The mixture was
stirred for 10 h at room temperature. The crystalline ammonium quater-
nary salt was filtered, washed with dry acetone, and dried in vacuum. The
yield of the quaternary ‘salt of 1-chloro-3,7-dimethyl-6-oxa-2-octene with
hexamethylenetetramine was 155.4 g (98%).

The yield of the quaternary salt of 1-chloro-3,8-dimethyl-6-oxa-2-nonene
with hexamethylenetetramine from the corresponding chloride was 99%.

Synthesis of alkoxy-2-alkenals. 36.0 g of quaternary salt of 1-chloro-3,7-
dimethyl-6-oxa-2-octene with hexamethylenetetramine, 20 ml of 37%
methanal water solution, and 30 g of sodium chloride were dissolved in
300 ml of water, in the reaction vessel. Then, 400 ml of ligroine (b. p.
110—120°C) was added. The mixture was stirred at the temperature of
80°C, the reaction time was 10 h. The number of the turnings of the
agitator and the temperature were regulated so that the liquid level in the
reaction vessel would rise up to the overflow tube. Through the latter, the
solvent passed through the washing tube into the evaporator. The tem-
perature of the evaporator was 140°C. The solvent circulated in the
system. From the cooler, a 50% concentrate of aldehyde was obtained.
After vacuum distillation, the yield of the mixture of E- and Z-isomers (70
and 30% respectively) of 3,7-dimethyl-6-oxa-2-octenal (purity E- and Z-
isomers 97.1% GLC) was 13.4 g (76.8% from quaternary salt), b.p. 71—
80°C/3 torr; n% 1.4601; dfo 0.9262. When toluene was used as solvent

in the extraction process, the yield of the aldehyde was 699%.

The yield of 3,8-dimethyl-6-oxa-2-nonenal from the corresponding qua-
ternary salt was 76.0%; b.p. 87—99°C/4 torr; n2 1.4589; df° 0.9174.
The purity (GLC) E- and Z-isomers (71 and 29% respectivelg')
was 97.9Y%. The structures of the compounds were identified by NMR 3C
spectra.

GLC of chlorides: chromatograph Chrom 5, glass capillary column
(41 m, i.d. 0.25 mm) coated with a mixture of TCEP and DEGS (4:1)
at 100°C, sampler 180°C, carrier gas Ar (1.5 cm®/min).

GLC of aldehydes: glass capillary column (47 m, i.d. 0.3 mm) coated
with phenyldiethylamine succinate at 150°C, sampler 250°C, carrier gas

Ar (1.5 cm®/min).
NMR spectra were measured from CDC13 solutions on a Brucker

AM-500 spectrometer.
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ALKOKSU-2-ALKENAALIDE UUS
SUNTEESIMENETLUS

Koit LAATS, Heino RANG, [Tiit KAAL |, Sirje VIITMAA

On val]a tootatud modifitseeritud menetlus ja vastav laboriseade
3-metiiiil-5-alkoksii-2-alkenaalide saamiseks alkoksiialliiiilsetest kloriididest
heksametiileentetramiini kvaternaarsete soolade kaudu (Sommelet’ reakt-
sioon) . Siintees toimus 80 °C juures moodustuva produkti pideval ekstrakt-
sioonil reaktsioonisegust orgaanilise lahustiga. See voimaldas saada tun-
tud reaktsioonitingimustes lagunevaid alkoksiialkenaale. 4

HOBbI METOJ CHHTE3A AJIKOKCH-2-AJIKEHAJIEN

Koitt JIIITC, Xeitno PAHT, | Tuiir KAAJI |,
Cupre BUMTMAA

Pa3pa6oranbl MOAHQHUHPOBAHHBIN METOA CHHTEe3a 3-MEeTHJ-5-aJKOKCH-
2-anKeHasell M3 aJKOKCHAJJIMJIOBBIX XJIODHIOB Yepe3 YETBEPTHUHHIE COJIH
¢ rekcaMeTHJeHTeTpaMuHOM (peakuueii CoMMae), a Takxke JabGopaTopHas
annapaTtypa AJs 3ToH uesnu. CuHTe3 ocyuiecTBaeH npuH TeMnepartype 80°C
HenpepLIBHOA 3KCTpaKlHeil OpraHHYeCKHM pacTBOpHTeJeM 00pasyioierocs
H3 peaKUHOHHOH CMeCH MPOAYKTa. DTO MO3BOJHJIO TNOJYYHThL HECTOHKHE B
H3BECTHBIX PEaKLUHOHHBIX YCJIOBHAX aJKOKCHAJKEHAJH,
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Abstract. In the haloalkylation and telomerization reactions of styrene with 4-chloro-2-
‘pentene in the presence of FeCly a relative increase in the content of polyadducts, the so-
-called negative dilution effect, was observed when the concentrations of reagents were
decreased. This phenomenon was absent when SnCl, was used as a catalyst. A new kinetic
model is suggested for the reaction. On the basis of this model, the values of the relative
kinetic constants for elemental reactions are calculated. The results of this study enable to
find the dependence of the ratios of the telomerization homologues on the electrophilicity
of the catalysts and to interpret the stereoselectivity of some haloalkylation reactions.

Key words: alkenes, styrene, chloroalkenes, haloalkylation, telomerization, catalysis
electrophilic, reaction kinetic and mechanism.

The correlation of the composition of the electrophilic haloalkylation
and telomerization products and reaction kinetics with reaction conditions
has been studied on the reactions of 1,3-alkadienes with allylic [*2] and
alkoxymethyl [%4] chlorides. In previous experiments, Ladts [%¢] has
established that the haloalkylation of alkenes by the Lewis acid proceeds via
two reaction intermediates: the coordination complex of the catalyst and
ingredients, and the carbenium cation formed. The former afford the mono-
adduct RYX. On the chain telomerization of the carbenium ion poly-
adducts RY,X, n =2 (RX — alkyl halide, Y — alkene) are obtained.

In this study, a simpler haloalkylation reaction of styrene with 4-chloro-
2(E)-pentene [7] (Scheme 1) was investigated *:

/\)\q"'/\@_’ o

1 2 3

e

4

* The absence of continued haloalkylation reactions of the primary adducts 3 and 4
with 1 and 2 was established by means of the competing reactions [*?] of 1 and I-
chloro-1-phenylethane with 2, and of 2 and E-2-pentene with 1 by SnCly and FeCl; by
GLC analysis of the products obtained.
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To establish quantitative relationships between the monohaloalkylation
and telomerization reactions, the conversion model [°] was used. The
dependence of the concentration of the reaction components on the initial
concentrations of x,, and yo, the molar ratio xy=!, the conversion degree
(x+Yy) (xo4yo) 7! and the electrophilicity of the catalyst FeClz and SnCl,
has been found. )

The concentration of catalysts (1074—10-3 mol-dm=%) does not influ-
ence the composition of the products formed at the same conversion degree
of ingredients. The experimental conditions and results are presented in
Figure.

Y,
lnypl
1.20 a ! b c
A
115 el A AL, o
a
110 % pE VT P—T:p_: X
. ¥ o
1.05
1.00 i 1 L A 1 L i 1 1 A 1 1 1 1 i L 1 v V-
P 4
X,,+yp
0.401 . ‘ :
0.0 ¥8 * L L
OR0h, Rl A i -
ol RS L g |
-0.40F - aﬁ;x.‘X\: " :
-0.60t : "a\k\ [ e
-0.80f : a .
-1.00f - - x——n!*_xx )
-1.20} ' . ‘A\QA\‘
—1.40F : 3
-160350807060504 090807060504 0908070605 xx:yg
0¥/0
a b e
u-] 2 A3 o-1 x2 A3 o-1 x-2 &-3
o-4 X5 a6

Catalysts SnCly (a) and FeCl; (b, c¢). Experimental (points), and correlated - (lines) data
of the reaction of 2 with 1. Reaction conditions and procedures: temperature 289 = 1K,
time 0.3—3.0 h; solvent n-hexane: 1,2-dichloroethane 2:1 by vol**. Concentrations,
mol-dm~—3: catalyst 10-¢—10-3, reaction components x-1, y-2, 2-3; conversion of 1
in4 xp=xo—x—2z,0f2in4 yp=yo—y—=.

a: x0=0.7, yox;’=1.0 (1), 1.5 (2), 2.0 (3); x0=1258, yox-o'=l.0 (4), 1.5 (5), 2.0 (6).
b: x%0=138, yox;‘=l.0 (1), 15 (2), 2.0 (3).

c: x0=0.7, yox;’=l.0 (T 1 1), 20" (I

** Catalysts are added in chlorosolvent solutions and extracted by ethylene glycol, then
dried on CaCl,. The concentrations of the monoadduct (z) and polyadducts (xp, yp)
were determined by the distillation of the reaction products in vacuo (3 b.p. 115—130°C
at 5 mm) and elemental analysis of 4. The residual amounts of 2 in 3 and 3 in 4 were
determined by GLC analysis of the products, using the internal standards: chlorobenzene
for 2 and biphenyl for 3. GLC conditions: 1,2,3-¢ris(2-cyano-ethoxy)propane packed 24 m
glass capillary column with FID, 40°C for 2, 120°C for 3.
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The molar ratio of the ingredients in polyadducts depends little on the
reaction conditions (ypx;1=2.95 :3.15). The relative rate (xp+yp)z!

increases when the molar ratio yx™' and electrophilicity of the catalyst
(FeCl;>SnCly) are increased. At the same time, the ratio of the poly-
adducts formed by catalysis with SnCls to monoadducts (xp=4yp)2z—! does
not depend on the absolute concentration of the starting compounds (xo,
Figure, a). In contrast to the catalyst SnCly, with decreasing concentration
of the ingredients (xo, yo, Figure, b, c), the relative rate of the formation
of polyadducts (xp+4yp)z~! increases in case of FeCls. Provisionally, this
phenomenon might be called the negative dilution effect.

With the haloalkylation kinetics established, it can be assumed that a
monoadduct is formed by two reaction intermediates, the equilibrium co-
ordination complex of the catalyst and the carbenium cation simultaneously
formed. The polyadducts are formed by further telomerization of the latter
(Scheme 2):

(o] 22 Taxe] 4 [y vex] ¥ [ar;Ex -] ¥ [rustex-] K e e,

kB
Kaz "k,,v lqux 1quX lkq RX
[V:Rx=5]k—°3—”fwx-[nx:5] RY,X+[RX:E]  RVX+[RX:E]

mamoadduct = polyadducfs

The reaction mechanism of the haloalkylation and telomerization of alkenes. Concentra-
tions: RX — alkenyl halide (x), Y — alkene (y), RYX — monoadduct (2), RY,X — poly-
adducts (n=>=2), E — catalyst, B — nucleophilic ligands of the reaction medium; complexes
of catalyst: [B:E] — inactive, [RX:E] — free (e), [Y:RX:E] — activated reversible
coordination, [ RY,*XE-] — carbocationic (n=1); k; — kinetic constants.

On the basis of the reaction mechanism presented, it was possible to
derive the kinetic equations for the components ***:

dx/dt=—e[karykasx (kaz+kasx) ~'+-kry],

l I
CA CB

dy/dt=—e[Ca+Ca(1+kpk ! (yx~1)")],
dz/dt=e[Ca+Cp(1+kpk! yx)~1].

From the above kinetic equations, it may be concluded that if kss < kasx,
the limiting stage in the partial reaction of the coordination complex is
the formation of the reaction intermediate and Ca—%a1y. At the same time,
partial reaction orders become equal Ca=#ksCs (ks=Fkok;!), and the

relative rate of the formation of the products obtained by different
mechanisms does not depend on the absolute concentrations of x, and yo.
That is consistent with the experimental data obtained on catalysis with
SnCl, (Figure, a).

If kaa>>kasx, the limiting stage in the above partial reaction is the
removal of the catalyst from the coordination complex and Cj—
— kaikask ! xy. In the latter case, the relative rate of the partial cationic

*** For the designations of concentrations and kinetic constants, see Scheme 2; v — an
empirical exponent expressing the average relationship between the relative rates of
telomerization chain propagation and transfer by an increase in the molar mass of
RY+, Fo et 2 i
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reaction and the formation of polyadducts depends inversely on the con-
centration of the initial halogenide: CpC}' =kpx~' (kp=kokask} k7}).
That is consistent with the experimental data obtained on catalysis with
FeCl; (Figure, b, c).

On substltutmg, in the kinetic equations, the above approximations for
the Ca, and the changes in the concentration of the initial compounds for
the time argument, the simplified differential conversion equations ['°]
will be obtained:

dx/d (x-+y) = [A+ka] (Cs+Cy)
Cx
dyld (x+y) = [A+ks(1+ka (yx')*) ] (Cx+Cy)
Cy
dz|d (x+y) =—[A+ks(1+knyx~1) =] (Cx+Cy)
when A=1, kp=hok;l, kn=kpkz! for SnCl; and A=x, kp=
=kokak 1 k71, k,,.=k,,k;i for FeCls.
The results obtained on using both catalysts were subjected to computer
correlation with the conversion equations derived by the least squares

method. The results are presented in Table. The relative concentrations of
the reaction components calculated are shown in Figure (lines).

Relative kinetic constants and correlation data of haloalkylation

of 2 with 1
a) ) '
Catalyst ! G(ypx;' e v i ' 0((:l,+yp),-. l k)
SnCly 0.034 0.97+0.09 0.5 0.083 0.48+0.08
FeCls 0.023 0.97+0.07 0.5 0.076 1.40=0.20

(a) Residual dispersion of experimental (fiexp) and correlated (ficorr) data was cal-
culated Uz’=i—’ (ln f:’ exp——ln fi corr)z.

(b) Validity limits of the kinetic constants (k,=40an; ks+ors) were found from the
dispersions of approximation equations of constants (Ki) when:
In¥or=i"!' 3 (InKiexp — InKi corr)?; K“=[y,x- — (xy=1)t—>—1](xy~1)%;, Ka=

—A(l+k,.yx ') {kaz (X5 +yp) ‘[QXY"+(1+an¥'")(YX")”] -4 and . x==(xe—
— Xcorr) | ﬂxox“ Gt y== (Y0 — Ycorr)In yoy— SnCl; —l for FeCl; A==x.

Taking, in conversion equations, dy,/dx,aypfi—' and dz/d(xp+yp)=z(xp+yp)~*, for
the experimental conditions used the calculated square error (K(k"" — 1)2=x2-10-4,

It follows from the correlation results and the relative rate constant
values found that by a partial carbocationic reaction- (telomerization) the
selectivity. relative to chain propagation and transfer is absent (k,=x1).
With the increasing molar mass of the carbenium cation RY*, the

relative chain propagation rate decreases (v=0.5). With increasing
electrophilicity of the catalyst (FeCls>SnCl;) the relative rate of the
partial carbocationic reaction and simultaneous polyadducts formation
increases (ks 0.46—1.4). At the same time, the partial reaction order
decreases, leading to the observed dilution effect on catalysis by FeCls.

On the basis of the reaction mechanism studied, a cyclic structural
formula of the coordination complex intermediate might be proposed (shown
in Scheme 3). This enabled us to interpret the diastereoselectivity by halo-
alkylation of some substituted isoalkenes.
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ALKEENIDE ELEKTROFIILSE HALOALKULEERIMISE JA
TELOMERISATSIOONI KINEETIKA MUDEL.
LAHJENDUSEFEKT

Koit LAATS, Malle SCHMIDT, Mare HEINVALI, Ilmar KIRJANEN

Stiireeni haloalkiileerimisel 4-kloro-2-penteeniga FeCls manulusel tuvas-
tati poliiaduktide suhtelise sisalduse suurenemine ldhteainete kontsentrat-
sioonide vahenemisel — negatiivne lahjendusefekt. Viimast ei tdheldatud
SnCl, kasutamisel kataliisaatorina.

Tuletati uus reaktsioonikineetika mudel, mille alusel arvutati osareakt-
sioonide suhteliste kiiruskonstantide vdartused. Uurimistulemused voimal-
dasid leida soltuvuse telomerisatsiooniproduktide homoloogilise koostise ja
kataliisaatorite elektrofiilsuse vahel.

KUHETHKA 3JIEKTPO®HUJIBHOTO TAJIOAJIKUJIUPOBAHHUSA H
TEJIOMEPU3AUUU AJIKEHOB. 3®®EKT PA3BABJIEHUSA

Koiit JI9ITC, Maaae HIMUAT, Mape XEMIHBSJIH,
Hasmap KUPbAHEH

[Ipu rajioa/KHIHpPOBAaHUU CTHpOJA C 4-XJOp-2-NIEHTEHOM B NPHCYTCTBHH
FeCl; ycranoBnen orpuyareavuoli agpexr paszbasienus, T.e. yBeJHUEHHE
OTHOCHTEJBHOTO COAEpPKAaHHUS NOJHALAYKTOB IPH CHHXKEHHH KOHLEHTpaluH
HHrpeaHeHTOB. PaspaboraHa HoBasi KHHETHYeCKass MOJe/b peaKUHH H Ha
ee 06ase paCCUHTAHbl 3HAUEHHS JJIsl OTHOCHTE/BHBIX KHHETHYECKHX KOHCTAHT
3JleMEeHTapHBIX peakuui. PesyabraTsl paboThl NO3BOJHJIHM HAHTH CBA3b
MeX Yy FOMOJIOTHYECKHM COCTaBOM TeJOMEPOB H 3JeKTPO(HJIBHOCTHIO KaTa-
JIH3aTOPOB, a TaKKe HHTEePHPETHPOBATH CTEPEOCEeNeKTHBHOCTh HEKOTOPHIX
peakuui ra/noajJKHIHpPOBAHHUS.
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