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Multiple bond migration with participation of a protophilic agent
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The pathways of migration of the double bond in heteroaltviic systems XCH,CH=CH, (X
= NMe,. OMec. PMes. and SMe) with participation of hydroxide ion were investigated by the
ab initio RHF/6-31+G* and MP2/6-31+G* methods. The results are compared with those of
analogous calculations of the systems with X = H. Me. Conformational isomerism of the
initial molecules and reaction products, as well as the structure of intermediate carbanions,
are considered. Increased acidity of compounds containing atoms of the third-row elements is
explained in terms of a negative hyperconjugation model. 1.3-Hvdrogen shift with participa-
tion of hydroxide jon in the systems XCH>CH=CH; results in double bond migration toward
substituent X to form l-hetero-1-propenes XCH=CHMe. Comparison of the 2nergies of the
final products indicates thermodynamic preferablencss of the formation of E-isomers. At the
same time. in the case of substituents with atoms of the second-row elements the interaction
of o-bonds of the substituents and the p-AQ of the terminal C atom additionally stabilizes
Z-isomers of the carbanions and can be the reason for preferable kinetically controlled
formation of these isomers. If the substituents contain atoms of the third-row elements, the
formation of E-isomers of 1-hetero-1-propenes becomes both kinetically and thermodynami-
calty predominant.
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1{2)-ene. t-(dimethyiphosphinoiprop-1(2)-ene, 1-methylthioprop-1(2)-cne. 1, 3-hydrogen
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Previousty. =4 we studied the mechanism of migra-
tion of the double bond in the molecules of propene and
its methoxy and methylthio derivatives in the presence
of hvdroxide ion and showed that [.3-hvdrogen shift
can occur via the formation of an intermediate complex
of the three-carbon system with the water molecule, i.e..
formally without exchange ot the migrating proton with
the medium. In all cases the energies of transition states
determining the activation barriers on the pathways of
migration of the double bond appeared to be lower than
those of the reagents, reaction products, and the sys-
tems that formed from antons and the water molecule.
- This supgests that the direction of. the double bond
migration will be determined by the energy difference
between the initial reagents and final products.

Migration of the double bond in a heteroaliylic system
XCH,CH=CH, with a substituent at the sp3-hybridized
carbon atom results in Z- and E-isomers of 1-heteroprop-
l-enes (XCH=CHMe). As a rule, £-isomers are more

* For Parts 1—4, see Refs. [ —4.

thermodynamically stable and dominate in equilibrium
mixtures.3—13 At the same time. in the case of. eg., alkv
substituents, the formation rate of Z-isomers is usiaily
higher than that of £-isomers and isomerization in the
presence of catalysts results mostly in Z-alkenes. 3+ For
substituted propenes in which the allvi group is bonded 10
a N or O atom. the preferable kinetically controlled
formation of Z-isomers is also initially observed. Then
conversion occurs of Z- into E-isomers until the establish-
ment of thermodynamic equilibrium.”’ =13 Assuming that
protoropic rearrangement begins with proton abstrac-
tion from the sp>-hybridized carbon atom, it can be
suggested that the preferableness of kinetically con-
trolled formation of E- or Z-alkenes is determined by
the relative stability of the corresponding carbanions.

The aim of this work was to study (1) the structure
and relative stability of substituted propencs
XCH,CH=CH,; (X = H, Me. NMe,, OMe, PMe,.
SMe) and corresponding carbanions and (ii) the substit-
uent effect on the direction and thermal effect of isomer-
ization of the allylic system.
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Calculation procedure

Calculations were carried out following the known proce-
dure 24 The geometrv of the structures under study was
optimized by the restricted Hartree—Fock (RHF) method in
the 6-31+G* basis set. The energies were calculated at the
second-order Muller—Plesset (MP2) level of perturbation the-
ory using the GAMESS program package. ™

Results and Discussion

Initial compounds. Allvlic systems XCH,—CH=CH,
(X = H (1), Me (2}, NMe, (3). OMe (4). PMe, (5),
SMe (6)) were considered as initial reagents. Character-
istic of molecule 1 is a cisoid conformation with respect
to rotation about the C(2)—C(3) bond. Despite a rather
short distance between H atoms (2.277 A in the equilib-
rium structure; in this case, the C—C—C bond angle
increases to 123.3°), at is this conformation that corre-
sponds to a mimimum on the potential curve of internal
rotation in the propene molecule since it corresponds to
minimum repulsion berween the electrons of the
C—H o-bonds and the C(1)=C(2) x-bond. The repui-
sion is maximum in the staggered conformation (with a
HC(3)C(2)C(1) dihedral angle of 607) corresponding
to the transition state. According to our calculations,
the barrier to internal rotatton in molecule 1 s
~2.0 kcal mol™!.

The cisoid conformation is also characteristic of the
molecules of other compounds under study. Substituents
can be either in cis- or in gauche-position with respect
to the vinvi group. Rereafter. the c¢is- and gauche-
conformers will be denoted a and b. respectively.

gauche-Conformers of the molecules are more cner-
getically preferable for all substituents (Table 1). At the
same time, it should be noted that the energies of the
conformers are close. Among the systems with substitu-
ents containing atoms of the second-row (third-row)

Table 1. Energy differences (aE£/kcal mol™') between ¢is- and
gauche-conformers of XCH,CH=CH; molecules, barriers to
internal rotation for transitions between gauche-conformers
(AEK;/RCQI mol™') and {rom gauche- to cis-conformers (AE,."/
keal moi™h). and the XC(3)C(2)YC(1) dihedeal angles («/deg)

Com- X Con- AE AL AES  a.
pound former

1 H 0.0 21 2.1 Q.0
2a Me clis 0.0
2h Me gauche  —0.8 2.2 26 120.7
3a NMe, ors 155
3b NMe, gauche —1.6 3.0 7.6 131.1
4a OMe cis 0.0
&b OMe  gauche —0.1 1.3 3.1 130.0
5a PMe, Cis 18.0
5b PMe, gauche ~2.5 3.4 4.4 117.5
6a SMe <is 0.0
&b SMe  gauche —1.9 2.8 2.4 1159

clements, the largest energy differences are observed for
3 (5). This can be due to the fact that the methyl groups
in conformers 3a and 5a "are forced” to be in eclipsed
position with respect to H atoms at the C(3) atom. Steric
hindrances in the molecules of these compounds are
responsible for rather large deviations of the XC(1)C(2)C(3)
dihedrat angles from zero. The larger deviation observed
for molecule 5a can be explained by the larger size of the
P atom compared to that of the N atom.

Transitions from gauche- to cis-conformations of
molecules 3 and 5 also require the overcoming of higher
energy barriers (see Table |). This can be explained by
additional steric hindrances due to the presence of two
methyl groups at the heteroatom (X). Transition 3b—3a
can occur only in the case of simultaneous concerted
rotation about the C(2)—C(3) and C(3)—N bonds. The
energy barrier to rearrangement 5b-->35a is [ower than for
system 3 since the C—P bond is longer than the C—N
bond.

The 1.3-hvdrogen shift mechanism studied in this
work implies that the reaction begins with attack of the
base on the proton at the C(3) atom in the gauche-
position. Taking molecule 4 as an example, it was
shown? that the hydroxide ion attacks conformer 4a (4b}
to give Z- or E-isomers of 3-methoxyprop-!-¢ene, re-
spectively. Analysis of the energy differences between
cis- and gauche-conformers of all the above-mentioned
initial structures suggests that migration of the double
bond toward the substituent results in preferable forma-
tion of F-isomers.

Reaction products. [.3-Hydrogen shift under the
action of base results in 1-substituted prop-1-enes
X—CH=CH-—CHj; (1c—6c, substituents X correspond
to those in compounds 1—6) that can exist as £- and
Z-isomers. In addition, rotamers can exist in systems
3c—6¢ due to rotation about the C(1)—X bond.

The potential curves of internal rotation? in the
molecules of £- and Z-isomers of compounds 4¢ and 6¢
show that obvious steric hindrances "force” the Z-iso-
mers to exist only in s-gauche-conformation. whereas
both E-isomers can exist in two rotameric forms. s-cis-
Conformer of I-methoxyprop-i-ene and s-gauche-rota-
mer of its sulfur-containing analog are the most stable.

Analogously, three rotameric forms of 3¢ and 5S¢ can
be considered (here, the notations given below take into
account the direction of the bisectrix of the MeNMe
angle):

Me
Me

cis guuche trans

Me Me

cis-Rotamers of both £- and Z-isomers of com-
pounds 3¢ and 5c¢ are characterized by the maximum
repulsion between the eiectrons of two X—C oc-bonds
and a t-bond. Z-lsomers are also characterized by
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the greatest steric hindrances. Because of this. cis-struc-
tures correspond to maxima of the potenual curves of
internal rotation, i.e., to the barriers to transitions be-
tween two gauche-conformations. Among all considered
isomers of molecules 3¢ and 3c. only the E-isomer of
compound 3¢ exists in gauche-conformation. frans-Posi-
tioning of two methyl groups with respect to the double
bond is preferable for the rest three conformers (Table 2).

For all compounds studied in this work, the double
bond migration from terminal position toward the sub-
stituent is accompanied by a decrease in the total encrgy
(Table 3). Migration of the double bond in alkenes to
the middle part of the chain is usually explained in
terms of additional stabilization due to o,x-conjugation.
Indeed, the composition of moiecular orbitals {MOs) of
2¢ (Fig. 1) indicates a rather strong c—m-interaction.
Obvious steric hindrances make the Z-isomer of com-
pound 2e¢ less favorable than the £-isomer.

Migration of the double bond toward the substituent
containing a heteroatom with the lone electron pairs
(LEP) is usually explained by invoivement of the LEP in
conjugation with the n-system.® Among all the com-
pounds considered, only the E-isomer of 4¢ has a
structure in which the LEP of the O atom can strongly
interact with the a-system. The thermal effect of the
formation of this compound is maximum. The highest
occupied molecular orbital (HOMO) of the £-isomer of
compound 4¢ with an energy of —0.329 au is mainly
localized on the C(1)=C(2) =-bond. contains a smail
contribution (~15%) of the LEP orbital of the O atom
(Fig. 2). and is an antibonding orbital toward the O—

Table 2. Energy differences {a€,/kcal moi™") between
gouche- and trans-conformers of XCH=CH;Me molecules
and barriers to gauche—irans-transitions (A£,/kcal mol ™)

and to gawche —cis—guuche-transitions (A £, /keal mol™")
Compound X AE, AE.‘N,, AE_W,
E-3¢ NMe, =17 3.6 6.3
Z-3¢ NMe, 2.1 0.4 32
£-5¢ PMe, 2.0 0.7 1.9
Z-5¢ PMe- 3.6 1.0 0.7

Table 3. Relative energies of transitions from gauche-
XCH,CH=CH, to E-XCH=CHMe (aEg/keal mol™") and
to Z-XCH=CHMe (Af /kcal mol™") calcuiated by the
RHF/6-31+G* (RHF) and MP26-31+G*//RHF/6-31+G*
(MP2) methods

Compound X SEp AL,
RHF MP2 RHF MP2
i H 0 0 0 0
2 Me =22 -2.4 -0.7 -0.9
3 NMe, —456 =37 -1.6 -21
4 OMe -3.8 -39 -32 —4.8
5 PMe; -3 -3 -1.3 -1.3
6 SMe -3.2 —4.0 -1.9 -3.8

C(1) bond. Because of partial displacement of the elec-
tron density from the C(1)=C{2) bond and additional
C(1)—O antibonding interaction. the HOMO energy of
the E-isomer of 4¢ s 1.1 eV higher than that of isomer
4b. Additional C(1)—0O bonding interaction appearing
as a result of conjugation between the methoxy group
and allvlic a-system manifests itself in the composition
of the 3g* MO with an energyv of —0.498 au (see Fig. 2).
This MO is composed of the p-AO of the O atom (36%)
and AOs of the methyl group of the substituent (50%)
and the nearest C(l) (13%) and C(2) atoms. Such
additional bonding results in shortening of the C(1)—0
bond from 1.393 to 1.346 A on going from 4b to 4c.

Fig. 1. The 1a, MO (¢ = -0.574 an) and the 3¢, HOMO (g =
—0.344 au) of the E-bui-2-ene molecule. The contour lines are
drawn with an increment of 0.04.

40"

Fig. 2. The 42* HOMOQ (x = —0.329 au) und the 3¢”" MO (= =
—0.498 au) of the E-1-methoxyprop-1-ene molecule. The con-
tour lines are drawn with an increment of 0.04.
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In E-isomer of compound 3¢, the LEP axis deviates
from the plane of the r-system by 16.5°, whereas the
bonding angle at the N atom increases from 112° (in the
initial form 3b) to 117.2° and 114.6° for ¢is- and gauche-
conformers, respectively. ht is believed that the interac-
tion of the LEP of the N atom with the w-system also
will stabilize the double bond near the substituent.
Indecd. the corresponding MOs of ( £)-3¢ contain con-
tributions of AO that can be assigned to the LEP orbital
of the N atom and to orbitals of the C(1)=C(2) a-bond.
In this molecule. the degree of the HOMO (with an
energy of —0.297 au) localization on the C(1)=C(2)
bond is only 60%. whereas the MO describing n-bond-
ing of the substituent with the hydrocarbon fragment is
strongly delocalized and 1s composed of AOs of all its
atoms. It should be noted that an appreciable contribu-
tion to n-interaction comes from the AO of the N—CH;
a-bond (gauche). Despite unfavorable conditions for
conjugation. the energy gain obtained for rearrangement
3b-( £)-3¢ 15 close 1o that obtained for analogous rear-
rangement 4b-s{ £)-4d¢ (see Table 3).

The structures of E-isomers of compounds S¢ and 6¢
and corresponding isomers of 3¢ and 4¢ are different.
The LEP of the P atom in 5c¢ is in the plane of the
three-carbon fragment and is not involved in z-conjuga-
tion. The HOMO of this molecule with an energy of
—0.329 au is almost completely localized on the P atom
(83%) and contains small contributions of AO of methyl
groups of the substituent. The highest 2-MO of mole-
cule S¢ with an energy of —0.361 au. describing the
C(1)=C(2) n-bond, is mainly (by 90%) localized on the
propene fragment. Atomic orbitals of the P atom do not
contribute to this 1-MO, whereas AOs of methy] groups
contribute apprectably. The MO with an energy of —
0.466 au is responsible for additional C(1)—P bonding.
It is composed of the AOs of methyl groups of the
substituent (66%). the AO of the P atom (25%). and the
p-AQ of the C(1) atom (3%). Redistribution of the
x-clectron density results in shortening of the C—P
bond from 1.868 A (the C(3)—P bond in 5b) to 1.829 A
(the C(1)—P bond in 5¢). The energy effect of stabiliza-
tion of the double bond near the substituent is close to
that of the methyl group in system 2¢ (Table 3).

Table 4. Changes in the energy upon proton abstraction by
hydroxide ion followed by the formation of £- and Z-anions
{IXCHCHCH " (AL, and AE,_p) and water molecule:
energy differences between isomeric amons (AE;_g)

Compound X AL, ¢ AE, -7 ALy ¢
keal mol™!
1 H 6.9 6.9 0.0
2 Me it.6 5.6 5.2
3 NMe, 8.5 2.4 47
4 OMe 7.5 4.4 29
5 PMe,  —86 -8.7 ~0.8
6 SMe -9.1 -9.6 0.2

The F-isomer of compound 6¢ has a more compli-
cated structure. The C(2)C(1)SCHj dihedral angle mn
this isomer is 127° and the direction of the LEP axis of
the S atom is unfavorable for conjugation. Nevertheless,
the electron density of the C(1)=C(2) z-bond in isomer
6¢ is rather strongly delocalized. As in the case of
system 3¢, the AQOs of the S—Me bond contribute
appreciably to the n-MO. Morcover, we failed in Jocal-
izing the =-MO that could be mainly localized on the
C(1) and C(2) atoms of this molecule. The HOMO is
composed of the AOs of the § atom (62%), C(1) atom
(13%). C(2) atom (18%), and to some extent of the
AOs of the C(3) atom and those of the H atoms bonded
to the C(3) atom. The other two MOs with energies of
—0.386 and —0.447 au are also mainly composed of the
AO of the S atom tby 40 and 30%, respectively).
However. AQs of the three-carbon fragment and
S—CH; bond also make rather large contributions to
these MQOs. The rather high energy of the double bond
stabtlization near the S atom corresponds to the interac-
tion of the hvdrocarbon x-system with the AOs of the S
atom and S—CH; c-bond. The contribution of the LEP
is small because of its unfavorable position with respect
to the =-svstem. Because of steric hindrances, Z-isomers
of compounds 3c—6c¢ arc less stable than the corre-
sponding £-isomers (see Table 3. In all Z-isomers. the
LEP of the heteroalom is not involved in conjugation.

The best conditions for interaction of the LEP with
the m-system are realized in system 4e. in which the
methvl group of the substituent deviates by 25° from the
plane passing through the C(2), C(1). and O atoms.
Despite the decrease in the resulting overlap, the com-
position of the HOMO of this molecule is much like
that of the HOMO of the £-isomer and differs from the
Jatter in some electron density redistribution between
the C(1) and C(2) atoms resuiting in equalization of
their populations. The HOMO energies of both isomers
are equal. The MO describing the C(1)—O bond con-
tains additional contribution of the AG of the O-—CH,
o-bond. A rather effective interaction of the AOs causes
a decrease in the energy of the system by 4.8 kcal mol™!
upon migration of the double bond to the heteroatom.

The scheme of the interaction of the n-system with
the substituent changes only slightly on going from £- to
Z-isomers of compounds 3¢ and 6c¢. In fact, the LEP of
the P atom in the Z-isomer of Sc is not involved in
conjugation. As previously. the interaction between the
z-orbitals of the propenyl fragment and the P—C
s-bonds remains a stabilizing factor. The corresponding
MOs of the £- and Z-isomers of 5¢ have equal energies
and the same compositions. Analogously, the £- and
Z-isomers of 6¢ differ only in the value of the
C(HC(1SCH; dihedral angle, which increases to 138°
in the latter. Their MQOs. whose compositions reflect the
interaction between the double bond and the substitu-
ent. are close both qualitatively and quantitatively.

The most pronounced changes on going from the
E- to Z-isomer are observed for compound 3c. In
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E-1somers, the methyl groups of the substituent are in
gauche-position and the bond anzles at the N atom are
increased. thus providing conjugation of its LEP with
the n-system. In Z-isomers o 3¢, the LEP of the N
atom lies 1n the plane of the hvdrocarbon fragment and
15 not involved in conpugation. The band angles at the N
atom (11169 are much larger than those at the P atom
in compound Se. whereas the clectron density ot the
N—~C a-bonds 1s shitted toward the N atom. This hikely
makes the o - a-interaction difficult. The z-bond orbit-
als m 3¢ are virtally not mined with AOs of the
substituent, which results i an increase i the total
encrev of 3.6 hcal mol ™! on going from £- to Z-isomer
of compound 3¢

According to the results obtained. mugration of the
double bond to the muddle part of the chain s thermo-
dynamacully tavorable for all the substituents consid-
ered, the £-isomers being more stable in all cases. Thus.
the structure of both minal compounds and final prod -
ucts indicates preference o the formation of £-isomers
of substituted propenes XCH=CHMe

Intermediate carbanions. Both the convenuonal "in-
termolecular’ mechamsm of alkene somenzation!s-10
and the single-stage mechanism under conswderation in-
volve the formation ol a carbanion upon proton abstrac-
non by the base from the C atom near the double bond.
10 our case, the hydrozide 10n serves as a base: therefore,
one should compare the acidity of the nitial compounds
and that of the water molecule. It should also be taken
into account that isomerization of inttial structures of the
tvpes a and b following the single-stage mechanism under
study results in Z- and £-amons. respectively,

According 1o calculations, the acidity of unsubsutur-
cd propene is lower than that of the water molecule
The estimate obtained is i good agrecment with the
data on the C—H acidity i the gas phase U7 For alf
substituents X with atoms of the second-row clements
(C. N, Oy, abstraction of a proton by hydroxide on
resufts in an increase in the total energy of the svstem
(sce Table 4). Z-Anions of 2—4 appeared 10 be more
energenically preferable. The preferred order of therr
tormation changes as follows: CH: > N(CH ), > OCHx.
These results are n good agreement with the ratio of
f- and Z-isomers (n kinetically controlied alkene 1somer-
1zation reactions.?

Increased stability of the Z-1somer of the anion of 2
can be explained by analvzing the composition of 1its
HOMO (Fig. ). The HOMO 1s composed of the p-AOs
of the C(1) and C(3) atoms and of the orbials of
the C—H g-bonds of the methyl group, which tavors
the additional bonding interaction with the C{l) atom.
No such bonding occurs in the E-isomer of the anton
of 2 because the CChy atom is too distant from the
substituent,

The E-anion of 3 has a C symmetry and the LEP of
the N atom is in the plane of the hvdrocarbon skeleton
fn this case, both steric hindrances and the repulston
between the LEP and the excess electron density on the

Fig. 3. The HOMO of Zosomer of the bui-1-ene amon. The
contour hnes are drawn with un increment of § 103

p--AQ ot the Ci3)y atom are munitmum. The
C2)CHOCH, dihedral angle in the £-anion of 4 s
11117, in this case. one of the equivalent | EPs is in the
plane passing through the C1y, C(2). and C(3) atoms:

£-3 £-4

The spatial structure of the Z-anions of 3 and 4 s
descrihed by the other <cheme:

Me

2-3 7.4

~eg

Me

In the Z-anion of 4. position b s occupied by the
methyl group while the equivalent LEPs are in posttions
@ and c¢. In the Z-anion of 3. the methyl groups are in
positions a and A In general, such a mutual arrange-
ment of the Me—~X o-bonds. LEPs. and the p -AO of
the C(3) atom is unfavorable. In the Z-anion of 4, the
directions coincide of the p -AO. the H;C—0 o-bond.
and the direction along which the total electron density
on two LEPs is maximum. This should result in a strong
electron repulsion. The same s also vahd for the
Z-anion of 3. However. the interaction with participa-
von of the a-bond of the N atom with the Me group in
postion a is expected to result 1n weaker repulsion than
in the case of the interaction involving the LEP of the
O atom in the Z-anion of 4. At the same time, 1n both
Z-anions the c-bond of the heteroatom with the Me
group in position b and the p-AO of the C(1) atom are
colhinear. the C(2YC(3HXCH; dihedral angle being equal
to 89°. This spatial position of the substituent is favor-
able for addittonal long-range stabilizing interaction of
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the X—CH; o-bond with the p_-AO of the C{1) atom.
thus resulting in a higher stability of the Z-anions of 3
and 4 compared to that of the E-anions. This interaction.
which is more effective for the fess polar C—N bond than
for the C—O bond. as well as the above-mentioned
strong repulsion between the two LEPs of the O atom
and the electron density on the p,-AO of the C{3) atom
are responsible for the larger energy difference between
the £- and Z-anions of 3 compared to those of 4. Thus.
increased stabilization of Z-anions makes kinetically con-
trolled formation of Z-isomers of propenes XCH=CHMe
(X = Alk, Me,N. MeQ) more probable.

A drastic increase in the acidity of the CH» group
bonded 1o the substituent is observed in the systems
XCH,CH=CH, containing substituents with atoms of
the third-row elements. According to our resulis. the
acidity of compounds 5 and 6 is higher than that of the
water molecule, and the abstraction of a proton from
these molecules by hydroxide ion is energetically more
favorable (see Table 4). Previously,? we have considered
ditferences in the acidity of molecules 4 and 6. Based
on the analysis of changes in the structural parameters
and electron density distribution upon formation of
anions, we concluded that stabilization of the carbanion
of sulfur-contatning compound 6 i1s due to the effect of
negative hyperconjugation, which is not observed for 4.

The same regularities are also observed for com-
pounds 3 and 5. The formation of £-anions has virtwally
no effect on the N—C(3) and N—CHj interatomic
distances in 3, whereas the P—CH; bond in 5 is length-
ened by 0.023 A, thus becoming weakened, and the
P—C(3) bond is shortened by 0.103 A. Distributions of
the excess negotive charge in these anions are also
different. The negative charge on the substituent in the
E-anion of 3 increases by 0.143 au, of which 0.125 au is
distributed over the Me groups. In the £-anion of 3, the
electron density is much more pronouncedly displaced
toward the Me groups (0.187 au is thereon). On the
whole. the dimethylphosphine substituent accepts a neg-
ative charge of 0.250 au Thus. the increased acidity of
compounds 5 and 6 can be explained in terms of 4
negative hyperconjugation model.

Unlike the anions of 3 and 4. no preferableness of
Z-1somers was revealed for the anions of 5 and 6 with
atoms of the third-row elements {see Table 4). The
RHF calculations for the anion of 6 predict equal
cnergies of the isomers. The inclusion of correlation
corrections results in a somewhat higher stability of the
Z-isomer: however, the energy difference between the
7- and E-anions is only 0.2 kcal mol™!. For system 5,
both RHF and MP2 calculations indicate the preferred
formation of the E-anion.

E2E N

According to the results obtained, the 1,3-hvdrogen
shift in heteroallylic systems in the presence of hyvdrox-

ide jon resuits in migration of the doubie bond toward
the substituent. The encragv differences between the tinal
products indicate thermodynamically preferable forma-
tion of the FE-l-heteroprop-l-enes. Realization of the
mechanism of the double bond migration with partici-
pation of the H atom of the hydroxide ion studied in
this work makes it possible to argue that the intial
compounds also rearrange into £-isomers mostlv. At the
same time. additional stabilization of Z-1somers of car-
banions due to the interaction of the o-bonds of the
substituent with the atoms of second-row elements can
be the reason for preferable kinetically-controlled for-
mation of Z-products. If the substituents contain the
atoms of third-row clements, the formation of E-iso-
mers of the final products seems to be more probable
both kinetically and thermodynamically.

This wark was carried out with the financial support
of the Russian Foundation for Basic Research (Project
No. 98-03-33132a).
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