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Results, concerning the influence of high pressure on
the rates and directions of homolytic transformations of
cyclic, linear-cyclic and linear acetals and their N-and S-
-containing heteroanalogues are summactized and analyed.

". High pressure is widely used to obtain information on
the mechanism of chemical reactions, the structures of the
transition states, and the effects of variocus factors on
the rates and directions, i.e. it is used for purposes of
chemical synthesis[i—d]. Just as data can he ohtained on the
enerqgy parameters in the knowledge of the displacement of
equilibrium-and the variations in the process rates with
changes in témperature, the volume characteristics of re-
actions behave as thermodynamic variahles with the va-
riation of pressure.

It has ﬁeen established on the hasis of transition
state theory that the rate of reaction depends on pressure
(p) (Eq. (1)) where uﬂhli is the vnlumetric activation ef-
fect, numerically equal to the
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ated complex from the interacting particles.

An analogous equation is known from chemical thermo-
dynamics. It characterizes the dependence of the equilibrium
constant on pressure, hut instead of A_!i it contains AyJ
the volumetric change during the reacfion. Equation (1)'
show§ that k decreases with the increase of pressure, if

AV'>0, i.e. if, during the formatian of the transition
state from the initial particles, a volume increase occurs.
For example, it may be presumed that in the homolytic decay
of tert-butyl peroxide the breaking bond 0-0 is lengthened
in the transition state and the volume of the latter will
bhe larger than that of the initial molecule. Indeed, the
known data show that the decay rate of tert-butyl peroxide
decreases with the increase of pressure.

The ﬁajority of chemical geactions are accelerated hy
the increase of pressure (A !*<f0) as they are bimolecular.
In the formation of the tranmsition state in a bimolecular
reaction, the initial particles come so close together that
the distance hetween tﬁem is less than the sum of their van
der Waals radii.. As a result, the volume of the transition
state is less than the sum of the volumes of the initial
particles. Radical addition reactions to a doubls hond (the
growth of the chain during polymerization), for instance,
and the extraction of H and Cl atoms by a radical (radical
substitution) accelerate with pressure increase.

Among free radical reactions there are fast processes
(such as recombination and disproportionation), including
the termination step in radical-chain processes, the rate
of which is determined by diffusion factors and therefore
depends on the viscosity of the medium. Since the viscosity
increases considerahbly with the increase of pressure, the
rates of such reactions décrease, though they remain bi-
molecular. On the other hand, it is not difficult to imagine
that monomolecular radical reactions might also he accel-
erated by pressure, e.g. the formation of cyclic radicals
from linear radicals by intramolecular addition of a free
radical centre to an unsaturated bond. This may he expected
hecause the density of cyclic comhbinations is usually higher



than that of the linear combinations containing the same
number of atoms in the chain.

The value of A !i is determined experimentally hy
measuring the rates of reaction at different pressures. The
logarithm of Ehe rate constant is then plotted against
pressure. A‘!+ is calculated by analytical or graphical
differentation of this function in accordance with Eq. (1)
at the point of atmospheric pressure. As fhe function is
usually non-linear, ithe differentiation method requires a
large number of exact experimental data, and even then some
uncertainties remain. In tQ}S respect, a number of methads
for the calculation of & x*’have heen suggested. Among them,
a very simple method deserves attention. This was proposed
by Gonikberg and El'yanov [1, 5] and is based on the

. linear gorrelation of free energies with the change gf
pressure. This method allows the determination of ‘a Vv*

from a limited number of data, through the linear dependence
of log k on @ , charactefizing the pressure. This method is
used in the present work.

The kinetiéally detefmined rate of reaction is usually
a complex constant, including several rate constants of more
or less simple reactions, connected with each other in
different ways depending on the process megﬁanism. In such
cases the volumetric activation effect 4 V* is obtained
from the function log k vs. p. The essence of the volumetric
activation effect can bhe seen in the following example.

tert-Butyl peroxide (t—BuZDZ) decay may he represented
schematically as in £q. (2), where the

k k
+-Bu,0, === 2 [t-Bu07 —= 2 t-Bu0" (2)

5k

square brackets designate a cage of solvent molecules.
Radicals in the cell may either diffuse from the cell with
rate constant k;, or recombine inside the cell (k, ) with
formation of the initial peraxide (hd is the rate of
radical formation in the cell). )

The rate of decay ﬂp may be presented as in Eq (3),
where f is the fraction of radicals leaving
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Ep=2f5d[cj (3)
the cell, connecteg with the rate constants Ek and 50 by the
dependence 1Ef = EE— , and [C] is the concentration of per-

oxide. Therefore, Eb = 2f ky. Taking logarithms, with sub-

sequent differentiation with respect to p and muitiplication

hy RT gives Eqs. (4) and (5).
+
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The present article considers generalized information
on the influence of high pressure on the rates and directions
of the homolytic transformatioﬁ_of acetals in solution.

It is knoun that linear and cyclic acetals [6-9] and
their'nitrogen— and sulphur-containing analogues [10-13] are
transformed in the presence of radical initiators at
393-423 K into carhoxylic esters, amides or ihioesters,‘
respectively. . o

The process has a non-ramified chain free radical
mechanism with a quaératic termination on rearranged (elim-
inated in the case of linear acetals) radicals [6,7, 10].

The limiting stage of isomerization (fragmentation)
is the reaction of hydrogen atom abstraction from the sub-
strate by a rearranged radical [ 6, 7, 10]. These reactions
are characterized by very short chain lenght, and therefore
by a high specific expenditure of initiator. Attempts bave
been made by some authors to intensify these reactions
through the application of high pressuré and to study its
influence on the kinetics and mechanisms of these reactions.

Thus, in the homolytic liquid-phase isomerization of
2-isopropyl-1,3-dioxolane (I) into ethyl isohutyrate (II)
(Scheme 1), initiated hy t-Bu,0, at 403 K and pressure up
to 10000 kg/cm2 [1&, 15] the decay rate constant of
t-Bu202, k_, decreases. The length of the kinetic chain
(v), defined as the ratio of the initial rate of ethyl
isobutyrate formation (w;;) to the rate of initiation (u;),
numerically equal to the accumulation rate of tert-butyl
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EP
t-Bu2O2 —_—— 2 t-BuO°
Kl'
+ 1~Bu0' ——— + t-BuOH
0 0 0._._0 -
(1) (Ia)
kp
—_— -
la ‘ (CH3)2CHCOOCH20H2
(Iv)
'EB _
Ib + I — (CH3)2CHCOOCH20H3 + Ia
(11)
: ky .
Ib 4+ Ib ——————» molecular
: products
- Scheme I
alcohaol ( w; = ﬂi-BuDH>’ increases a little with the

increase of pressure.

A considerahle decrease of the initiation rate, which
is not compensated by a small increase of the kinetic chain
_length at the same time, is the cause of the formation rate
decrease of eéter IT at increasing pressure. The kinetic
- parameter k3/ 5&’ characterizing the reactivity of 2-iso-
propyl-1,3-dioxolane (I) in free radical isomerization,
practically does not change witm the chgnge of pressure

(Table I), which means that &V3- 2- AV, =0,

cargon—centred radicals; in the abstraction of hjdrogens,+

aV' is negative but has a comparatively small value: 'Ey;;:
-3 -+ 1 o+ ot 3

-4 cn’/mol [14, 15, 18]. At AVy-5 AV,=0; AV, =8 cm”/mol,

i.e. the termination is accelerated by pressure and proceeds
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not in the diffusion but in the kinetic sphere [3]. The conc-
lusion of the acceleration of the termination with pressuré
increase is true only when the cyclic radical does not play
a perceptible part in the termination.

Thus, the increase of pressure does not lead in this
case to acceleration of the process, but decreases the
expenditure of the initiator approximately 3-fold, at thé
expense of the increase in length or the kinetic chain from
5 to 14 (Table 1).

Isomerization of non-symmetric cyclic acetals leads to
the formation of two isomeric esters [16]. Thus, the
reaction of 4-methyl-1,3-dioxane (III) initiated hy
t —Hu202 at 403 K yields n-butyl formate (IV) and sec-
-butyl formate (V) in a ratio of 6:1 at normal pressure [16]
(Scheme II). In refs. [15, 17] , the influence of high
pressure on the products of this reaction was studied; for
this purpose the kinetics of accumulation of esters IV and
V at various pressures was investigated.

With the increase gf'pressure, as with 2-isopropyl-1,3--
dioxolane, the initiation rate in the system decreases si-
milarly to the rate constant of t-Bu,0, decay (Ep) [lS,Alf]
(Table II). HWith the increase of pressure, the selectivity
of formation of n-butyl formate (IV) increases. This can be
explained in that in the process of monomolecular rearrang-
ement of the 4-methyl-1,3-dioxa-2-cyclohexyl radical (IIIa)
in the transition state the C(4)-0(3) bond is lengthened to
a smaller extent than the C(6)-0(1) bond, the result being
that the volume increase is greater in activation in the
latter case. The difference in the volumetric activation
effects of the C(6)-0(1) and C(4)-D(3) bonds is 3.0 cm’/mol.

Parameter 5}/VE4, characterizing the reactivity of 4-
-methyl-1,3-dioxane (III) in the free radical isomerization,
increases a 11tt1e while the kinetic chain length v in-

“creases more with pressure (up to 7500 kg/cm ) than in the

case of 2-isopropyl-l,3-dioxolane (I). This is possibly
connected with the fact that in 4-methyl-1,3-dioxane isomer-
ization secondary formyloxybutyl radicals (Iva) take part

in the chain lengthening and the reaction apce}erates more



Table I .
Liquid-phase radical 1somer1zat10n of 2-isopropyl-1,3- dloxolane (I) to

ethyl iso-
butyrate (II) under high pressure (14, 15]
T =403 K, t=2hr, [t-Bu,0,] = 0.4 mol/1, [I] = 7.6 mol/1
Pressuse  [11] [ t-BuOH]  w;;.10° Wi _guoH: 10S v 50.105 K5
(kg/cm®) A 1 = . 10
(mol/1) (mol/l;s)v (s™) =4
1 0.55 10.11 7.6 : 1.5 5.0 1.9 3.6
2000 0.56 0.06 7.8 0.9 9.0 1.1 4.9
5000 n.38 0.03 5.3 - 0.4 12.2 0.5 8.7 .
10000 0.22 0.02 3.1 C 0.2 14.2 0.27 3.9
a :
S . ¢
<
0] Vit _pyom/2



Tahle II

Dependence of formation rate of n-hutyl formate (IV) and sec~-butyl formate (V)
and constants k_ and 53/\/21; on pressure in 4-methyl-1,3-dioxane (III) isomerization
(1517 = 03 K, [£-Bu,0,]= 0.5 mol/1, [TI1] = 7.0 mol/1

3

Pressure 6 . 5 i 5 ) k-/Vk,.10

o Zt-BuOH I TR ty-10 “1v Hvay? LB =T 12
(kg/em™) -1 . " (1/mol.s)
(mol/1.s) (s™ (mol/1.s) -V (mol/1.s)

1 2.7 27.0 1.85 0.31 5.9 2.2 g.8 a.9

2500 1.6 16.0 2.40 0.33 7.2 2.7 1.7 1.4
Sono 1.2 12.0 2.55 0.32 8.0 2.9 2.4 1.6
7500 0.6 5.8 2.1 0.25 8.6 2.4 3.9 2.2
10000 0.3 2.9 0.85 . g.0n8 10.0 0.9 3.1 1.1

a -
Eiv + v T Mpy t oYy

V= Wryey/Se_guoH

Zs



quickly in their presence [18].

" It has already been shown (19, 20] that the homolytic
transformation of linear-cyclic acetals of 2-aslkoxytetra-
hydropyrans (VI-VIII), initiated by t- Bu2 2 at 403 K, leads
to the formation of two products 6-valerolactone (IX) and
the corresponding alkyl ester of valeric acid (X-XII)
(Scheme JII).As a result of experiments with compounds

kp
_1_:-Bu202 B 2 t-Bu0’
CH3 51 l///'\\\l//CHB
. + 3-Bud' ——s + $-BuOH
0 L] ) [} o
\\v//
(IT1) H

(IIla)

k,
CH, r—~——4> Hcoocnecuzcuca3
(IVa)

0 . O ——
h ke f
H L ——— HCOOCHCH,CH,
(I1Ia) (Va)
‘~—>HCOOCH CH CH CH3
k
=3 IV)
(Iva + Va) + 111 —nu—] (
~IIJa CH
3
—*PHCOOCHCHZCHB
(v)
.k
IVa(Va) + Va(IVe) ————— molecular
: products

Scheme II

53



Sa4

3-Bu,0, ————— 2 $-Bu0O°
Ky
+ t-Bu0'——— ) + t-BuOH
0 OR 0~ " SOR
R= Me (VI) ,
n-Pr (VII) (VIa-VIIIe)
iPr (VIII)
k
—=2a /0
p 7
——————== 01{2(0H2)30\0R
ks
(VIb-VIIIb)
0 OR K,y
. i - + R
(VIa-VIIIa) : 5 0 0

VIb-VIIIb (R") + VI-VIII —>

40

—_— CH3(CH2)20\ (RH) + VIa-VIIIa

(X-XI1)
ky
(R°)VIb-VIIIb + (VIb-VIIIDb)R® ————3> molecular
prodic ts

Scheme III



V}-VIII-at different pressures, it has .been established that
the reaction products do not change qualitatively, but the
correlation of the isomerization products (EZa) and fragment-
ation products (k,,) depends essentially on pressure [21, 23
With pressure. increase, the ratio of lactone to ester
"is increased (Tahle III),. Thué, at atmospheric pressure 2-
-methoxytetrahydropyran (VI) is transformed almost entirely
into the isomeric ester methyl valerate (X); while at
10000 kg/cm2 the yield of '&-valerolactone (IX) is close
to that qf ester X. The observed change in the lactone:ester
ratio (scores of times for VI) in response to pressure is
. impossible to explain [[21, 22} by the difference in chain
lengthening alone. on the formation of the transition state.
From the difference in volumetric activation effect of the
two reactions (lactone formatlon and ester formation from
VI) the guantity of 25 cm /mol is obtained, which is in-
compatible with any chain lengthenlng in the cycle. The most
probable explanation of the ohbserved effect is‘an equilih-
rium (Eq. (6)). With the increase of pressure, this equil-
ibrium is shifted to the left for the formation of a com-
pound with higher densit&, the volumetric effect of this
reaction being nearly 15 cm3/m01. This sUggestibn provides
at least a gqualitative explanation of the results ohtained.
In the presence of the equilibrium, the lactone:estér ratio
is connected With‘a large number of kinetic patameters and
numerical interpretation of the results is in general Very'
difficult problem. The above feature allows an explanation
of the comperatively small change in the lactone:ester ratio
(less than 3-fold at 10000 kg/cm ) for VIII. It is guite
possible that in this case cyclization does not take place,
for example, because of spatial difficulties and because of
the presence of the bulkier isopropyl group, the lactone:es-
ter ratio being determined by the fission rate ratio of the
corresponding bonds. In such cases the change in the lac-
tone:ester ratio under pressure will be determined by the
difference in the transition state volumes, originating
from the lengthening of the endo- and exocyclic bonds
Accordinq to Table III this difference averages 6 cm /mol



Table III
Homolytic transformations of 2-alkoxytetrahydropyrane at high pressure [21, 22]
T = 403 K,[t-Bu,0,] = 0.3 mol/1l, 7= 2hr '

96

Compound Pressure [ lactone].10 [ester].10 ﬁactoné! [t-BubH] .10 Vester
: ester
(mol/1) (ka/cm?) (mo1/1) (mol/1) Esteq (mol/1)
VI 1 0.05 3.50 0.01 1.20 2.9  2.96(3.0)
(8.26) 2500 0.15 2.00 0.07 0.45 4.4 4.77(4.8)
5000 0.35 1.50 0.23 0.20 7.5 9.2
07 "0CH;4 7500 0.45 0.90 0.50 0.10 9.0 13.5
10000 0.50 0.70 0.70 0.10 7.0 12.0
VII 1 B.29 1.43 0.20 n.78 1.8 2.2
(6.472) 2500 0.25 8.75 0.33 0.28 2.7 3.6
_ 5000 0.23 0.30 0.77 g.20 1.5 2.6
0 “~0n-Pr 10000 0.18 0.10 1.80 0.12 0.8 2.3
VIII 1 0.9n 0.25 3.20 0.77 0.3 1.4
(6.47) 2500 0.70 0.20 3.50 g.28 0.7 3.2
_ 5000 0.55 0.10 5.50 0.16 0.6 4.1
0 ~~0iPr 10000 0.45 0.05 9.00 0.08 0.6 6.2
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. " p———— ()l-iE,CHQCHZCH?C\OR 8)
which seems quite admissible.

Homolytic transfgfmations of linear acetals under high
pressure has been investigated.on the examples of diisobut-
oxymethane (XIII) and 1,1-diisaohutoxyethane (XIV), which
were converted into isobutyl formate (XV) and isabutyl
acetate (XVI) in reactions initiated hy 1-Bu,0, at 403 K
(23, 24]. : ‘ .

The transformations of acetals XIII and XIV under the
influence of t-Bu,0, (in accordance with [7-97) are '
described by Scheme IV in which the termination is the
result of recombination in the presence of radicals
CH,CH(CH),

The simultaneous formation of esters XV and XVI is a
result of a chain process in which two substrates are in-
volved. The formatibn ratg ratio of the esters, ﬁxv/ﬂXVI’
is determined by the difference in the reactivities of
acetals XIIT and XIV, i.e. by the tendencies-of'the correép-
~onding C(1)-H bonds, adjacent to the two oxygen atoms, to
undergo homolytic breaking [23, 24]. #ith the increase of

pressure the. initiation rate in the system decreases, which '

in turn causes a decrease in the rates of formation of es-
ters XV and XVI (Tahle IV).

The difference in the activities of acetals XIII and
XIV increases under pressure (Table IV), as demonstrated
hy the ratio of the formation rates of isobutyl acetate and
isobutyl formate, ﬂXVI/EXV’ i.e. under pressure the homo-
lytic breaking of the tertiary bond C(1)-H in 1,1-diiso-
hutoxyethane increases to a greater degree under the in-
fluence of the radical CH,CH(CHy), [23, 24]. A similar re-
gularity has.been found for substitution reactions in the
presence of oxygen-centred radicals [25].

During the thermal decay of 1—8u202 at 403 K in a
medium of N-propyl-1,3-oxazolidine (XVII) or N-propyl-2-
-ethyloxazolidine (XVIII), N-ethyl-N-propylformamide (XIX)

57
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t-Bu0, ——— 2 t-Buo’

OCH,CH(CH,) 5 ky OCHpCH(CHy), v
H—?H + 3-BuO’ ————’--?H, + %-BuCH
OCH,CH(CHq), - ocnzcn(cu3)2

(xIrr) . - : © (XIIIa)

XIIIa —> CH,CH(CH;), + HCOOCH,CH,CH(CH),

(xv)
OCH,CH(CHg) 5 - ky  OCH,CH(CHj), _
CH4CH T+ $-Bu0" ——— CHjC: + . 3-BuOH
-.oguzcu(cna)e’ : | = OCH,CH(CH,) 5
(X1V) : o . (XIVa)
XIVa ———= CH,CH(CH;), + CH3CO0CH,CH(CH,),

(xv1)
fCHZCH(CHB)Z + ;I;I - XIIla. + (QHB}BCH_
CKZCH(CH3)2 + 'IIV_' ‘_f——" XIVa + (FH3)3CH

2 (CH;),CHCH, ———— " molecilar
. : ' " products

Schene: TV



Tabie Iv
Homalytic transformations of 1,l1-diisobutoxyalkanes (XIII, XIV) im the liquid phase at
high pressure [23, 24 -
T = 403 K,[1-Buy0,] = 0.4 mol/1, [XIIT]= [XIV] = 2 mol/1

3 3
Pressure y_i_BuoH.m"’ k) 10° Hyy-10 Yyyr-10 iy y
2 (mol/1.s) W
(kg/cm ) (mol/1.s) . (S-l) ! —XV
100 - 200 50.0 62.5 63.0 440 1.4 2.1
2500 37.3 46.5 37.5 "23.0 1.7 1.6
5000 24.0 30.0 35.5 18.1 2.0 2.2
7500 13.9 17.4 32.0 13.8 2.4 3.8
10000 : 9.6 12.0 21.8 7.0 3.1 3.0
a 3
Wyvi _ K3
¥xy ks

6S
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or N-ethyl-N-propylpropionamide (XX) is formed [26, 27]. At
high pressure (1-10000 kg/cmz), the composition of the .
products does not change qualitatively [(26, 27]. The for-
mation of amides XIX and XX follows Scheme V QIO]. With the
increase of pressure from 1 up to 10000 kg/cm®, bath the
initiation rate (!i: gt-BuDH) and the decay rate constant of
t-Bu,0, decrease hy one order (Table V). The formation rates

K
k, .
t-Bu,0, ——————> 2 %-BuO

¢

k)

+ 3-Bu0® — 4 y.¢ Hoy + 1-BuGH

]
‘O\\r/N-03H7 \7// 3

R R
R= H (XVII) i " (XVIla, XVIIIa)
Et (XVIII)
k,

XVIIa or XVIIIa ——= RCON(CBH7)CH26H2

(XVIIb, XVIIIb)

XVIIb + XVII kq XVila
or —_— RCON(03H7)02H5 + or
XVIIIb + XVIII XVIiIila
: (X1Xx, XX)
ky
2 (XVIIb or XVIIIb) ——> molecular
products

Scheme V



Table V
Kinetic parameters of homolytic liguid-phase 1somerlzat10n of 1,3- oxazol1d1nes (XVII,XVIII)
under high pressure [26, 27]
T = A03 Ko [ - Bu202] = 0.4 mol/1 <t= 2 hr, solvent = chlorohenzene

Pressure [t-BuOH] ﬂl-suoH-ms « 105 [emice] Yomige-10° .
1,3-oxazo- (kg/cmz) : P ' '
lidines . (mol/1) (s~ ] (mol/1)
1 0.25 3.5 4.3 0.32 4.4 1.3
2500 0.12 1.7 2.1 0.03 0.3 0.2
0 _N-C3Hyq 5000 0.09 1.3 1.6 0.02 0.3 0.2
7500 0.07 1.0 1.2 0.01 0.1 0.1
10000 0.04 0.5 0.5 - - -
"1 0.25 3.5 4.4 0.38 5.4 1
1 2500 0.10 1.4 1.8 0.06 0.9 :
UYN.“33”7 5000 0.08 1.1 1.4 0.01 0.2 0.1
C,Hs 7500 0.06 0.9 1.2 0.01 - -
A 10000 0.03 0.3 0.4 - - -
. - ,
Cviz - ¥amide
¥{_BulH

19
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of amides XIX and XX at the same pressure decrease together
with the length of the kinetic chain, in contrast with the
transformations of cyclic [14], linear-cyclic [21]and
linear [23] acetals. .
Consideration of all the data testifies to the fact
that, in the oxazolidine reactions, chain opening takes
place in the cyclic radicals too. This has been confirmed
in work [?8] in which the ratio of the rates of formation
and recomhination of cyclic radlcals XVIIa (w ) and of
initiation (w ) at 1 and 7500 kq/cm was determined

(Schene VI).
2 —rec
[ o [H]
H 3“7 °37

\T/ 3
(XVIIa)

Scheme VI

At a pressure of 1 kg/cm the ratio 2 wrec/'i = 0.1,
only 10% of the cyclic radicals formed take part in
2 the

ratio 2w /w., = 0.4, i.e. the numher of cyclic radicals

rec’ -i
XVIIa taking part in the recombination increases 4-fold.

i.€.y
9
recombination while at a pressure of 7500 kg/cm

Thus, with the increase of pressure rate of monomolecular
rearrangement of 1,3-oxaza-2-cyclopentyl radical into
linear radical XVIIb decreases sharply, while the proportion
of cyclic radicals XVIIa taking part in chain opening in-
reases. )

The most prohable explanation is that pressure
accelerates the recomhination of cyclic radicals (termina-
tion) and slows down the rate of their rearrangement into
linear radicals. Further, the latter effect is possiblf
essential as is the case with the existence of the cyclic
radical m—1linear radical eqguilibrium in the tetrahydro-
pyran reactions (Eq. (6)). This increase in the number of
radicals taking part in the.termination corresponds to a
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Yolumetric activation effect of 14 cm}/mol, which is diff-
~icult to explain hy the difference in chain lengthening
alone.

Thus, in [26, 27] the influence of high pressure on
the relative activity of 1,3-oxazolidines (XVII, XXI)
. (Scheme VII) in radical isomerization was studied via the

A0
(l\/N-CBH-, = B0, P2l
NC.H
357
(XVII) (XIX)
. ~/0 )
o N_CBH7 _— (CH3)2CH-C\N/02H5
' ' \03}17
CH(CH,) , |
(Xx1) . (XXI11)

“‘Scheme VII

combeting reactions method and it was established that

with the increase of pressure up to 2500 g/cmz.the-relative
yield of the N-ethyl-N-propylisobutyramide (XXII), which

is isomeric to 2¥isopr0py1-ﬂ-propyl-1,3-ovaolidine (XX1),
increases in cemparison with that of the formamide XIX
formed from N-propyl-1,3-oxazolidine (XVII) (Tahle VI).
This increase, conforms to a volumetric activation effect

of 14 cm}/mol, the difference in chain lengthening hardly
being the reason for this.

The most logical explanation seems to he that in one
of the cases (compound XXI) the linear rearranged radical
does not recycle, while the other case (compound XVII) is
characterized by the equilibrium cyclic radical==linear
‘radical beind displaced, as noted above, to the left. Such
a difference in the volumetric effects as 14 cﬁB/mol is
then possible. Unfortunately, this is not the only "logical"
explanation. As pointed out ahove, a recomhination reaction
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Tahle VI
Influence of high pressure on the relative activity of -
1,3-oxazolidines in radical isomerization [26, 27].
T = 403 K,[g-nuznzj = 0.5 mo)/1, [xviil= [Xx@ = 2 mol/1,
snlvent = chlorohenzene

Pressure [x1x] [xx11] '|xx1q
(ka/cm?) (mol/1) [XIX

X 0.171 0.121
100N n.082 - 0.082
2000 0.040 0.n052
2500 ' n.03s n.ns1

of the cyclic radical XVIIa originating from XVII has heen
observed, hut such a reaction for XXIa is not known. If it
does not exist, and recomhination of the radical XVIIa accel-

_erates with the increase of pressure then this would account
‘for the marked increase of- [XXIDAX1X] .

Q . N-03H7
H(CH3)2
(XXIa)

ation of high pressure, it is possible to repulate the ratio
of cyclic and linear products in the homolytic addition of
1,3-oxazolidines to terminal olefins. Thus, during the re-
action of N-propyl-1,3-oxazolidine (XVII) with hexene-1 in
the presence of §-8u202 at 423 K, when the pressure is

raised from 1 to 10000 kg/sz the rate of cyclic product
tormation (XXIII) increases 2-fold (Scheme VIII, Tahle VII)
[27, 2a].

With the increase of pressure the decrease in rate of

the monomolecular rearrangement of 1,3-oxaza-2-cyclopentyl
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+ $-Bu0’ —= g

+ $-BuOR
0.__N-C5q NORY t
(XVII) (XVIia)
 XVIIa: 1 XVII [
+ - — Q N-C. H —_—= 0 N-C,.H
- 3f7 377
CH,= CHC,H - . xvita <
2 479
_ _ \zgzcnc4ﬂ9 H” “CH,CHLC,Hg
(XXIII)
. +XVII
= 10 oy
[ , . -XVIIe v
. CH,CH,
0
a
H"C\N/cBH?
\ .
(xvIIb) CHpCHp _
| on=cucy + XVII A0
B-cZ__CqHy
-XVIila N
(CH,) ,CyHg
(XXIV)

Scheme VIII

radicél (XvIla) means that jts'participation in the addition
to hexene-1 increases. Simultaneously, the proportion of re-
arranged amidoalkyl radicals (XVIIh) participating in the
formation of the linear addition product (XXIV) decreases
(27, 24].
So much for a purely gualitative interpretation of the

effect. However, if an attempt is made to interpret it from
even a semiquantitative aspect, this explanation is open to



) ) Tahle VII

Influence of high pressure on the composition of products of
radical addition of N-propyl-1,3-oxazolidine to hexene-1 . .
[27, 28].

T = 423 K [hexene-1]= 0.5 mol/1, [ t-Bu,0,]= 0.3 mol/1,
[xvi1) = 4 mnl/1, solvent = chlorohenzene

Pressure [XXIV]

(kg cn?) [XXII1]

! 1
1nNo 1.1
2500 1.2
5000 1.7
7500 1.8

10000 2.0

criticism in view of the modest nature of the effect. It
seems necessary to také into sccount the influence of dif-
ferent recomhination reactions ‘on the yields of products
XXIIT and XXIV.

Analysis of the results permits the assumption that,
in many cases of homolytic transformation of 1,3-oxabetero-
cycloalkanes under high pressure an equilibrium isomeri- '
zatiaon of cyclic -radicals into linear acylheteroalkyl ra-
dicals takes place, with cyclization of the latter as a
result of intramolecular addition to a C=0 hond (Scheme IX).

™

. 0
o._. X RO xcn(cu,)_on
\j// , 2\¥ia/n o
R
n= 1, 2
X= O,N,S n
: === (H,CHp(CH,) ,CH,C
0~ "or OR

Scheme IX
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With the increase of preésure,_the equilibrium is shifted to
the left. '

In general, the available data indicate that pressure
fails to stimulate the homolytic transformation of acetals
and their heteroanalogues, though it suhstantially ihfluehces
the rates of the separate stages and changes the directions

of the reactions noticeably. s

For the decay of perox1des and nitrogen compounds Avd

is accepted as equal to 3-5 cm’/mol [3]. 1In accordance

with data on t- Bu202 decay in different acetals and their
heteroanalogues and Eq. (5), in all solvents studied AVf
.has a positive value varying in the wide range 5-25 tm /mol

(Table VIII). Thus the radical fraction yielded by the "cell"

Table VIII :
Volumetric effects of decay act1vat10n of - Bu2 2 in
different solvents at 403 K.

e .
Solvent _ _1; (qm}/mol)
2-isopropyl-1,3-dioxolane 10
Z—propoxytetrahydropyfaﬁ ‘ 11
4-methyl-1,3-dioxane ' e 12
'2—propy1—i,3—oxazolidine - 13
1,1-diisobutoxyalkanes ' _ 12
N-propyl-2-ethyl-1,3-oxazolidine 15
2—isopropoxytetrahydcopyfan I 17
2-methoxytetrahydropyran ) 19
2-cyclohexyloxytetrahydropyran 29

decreases substantially with the increase of pressure in
some solvents. Certain considerations [3] suggest that, for
E-Buzbz_decay in all the solvents studied, recombinationXOf
t-Bu0" in the "cage" takes place. The nature of the solvent
has a substantial influence on the radical fraction yielded A
by the “cage”. This. may be closely connected with the diff-
erent viscosity increases of the solvents under préssure

and with the influence of solvent structure on'the pressure-
deperdence of the recombination rate.
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PAZIMKATILHHE TTPEBPANEHWUA AURTANEA ¥ UX AHAJNOTOB B

ENIKOA ®A3E MPOMCXOZAUMX 1107 BHCOKIM HABIEHUEM

B.W. Rymun, B.B. 3opus, C.C. 3norckuit,
I.7. Paxmankynos, M. Baprox v A. Moxuap

COMOCTaBNEeHH ¥ NPOAHANN3WPOBAHH PE3YNBTATH EUAKOPARHHX

TOMOJIMTHUECKNX NpEeBpalecHnil UMKIUYECKNX, JUHEHHO~IUKINIECKNX
¥ IUHeltHHX aueranelt v ux N- ¥ S-3HanOroB, MPOUCXOZAMUX TOXR
BHCOKUM ZIaBIEHUEM,



