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Abstract—According to semiempirical AM1 calculations, the stability of theatand twist forms of 2-R-1,3-
dioxacyclohept-5-enes depends on the size of substituents at the acetal carbon atdmis{Tfoem gives
diastereomeric H complexes with chloroform and methanol ofcikend trans structure, containing mono-
centered hydrogen bonds, whereas thair conformation preferably forms complexes with a two-centered
hydrogen bond. Based on theoretical da$g,(, AH, geometry of complexes), the specific features of H
complexes of the conformers in electrophilic addition and cycloaddition were revealed. Considerable pre-
ferableness of thexoattack of the diastereotopic double bond in the H complex havinghbaé& form is due

to the steric accessibility of thexo side, whereas in the complexes of the twist form the facial selectivity

is appreciably lower.

Studying the reactivity of equilibrium systems in  An increase in the size of substituent at the acetal
cross reactions, which widely occur in the nature, iarbon atom leads to an increase in the repulsive 1,3-
an urgent but extremely complicated problem. Asnteractions in the flexible form and to relative sta-
shown by previous systematic studies in this fieldpilization of the chair structure with the equatorial
seven-membered unsaturated acetals are extremggsition of the substituent in the seriegHg ~ H <
convenient model compounds for revealing a correlaCH; ~ C,Hs ~ (CH;),CH << C(CH;);. At the same
tion between the steric structure of molecules andime, the position of the conformational equilibrium is
their chemical behavior [B]. virtually independent of the solvent {21].

According to results obtained by various physical Proceeding with studies of the chemical behav-
methods, 1,3-dioxacyclohept-5-erlesaving the plan- jor of 2-R-1,3-dioxacyclohept-5-enes, we performed
ar carbocyclic fragment exist in solution in two con-a theoretical study of the structure of H complexes of
formations differing in the arrangement of the heterochair and twist conformations with chloroform and

cyclic moiety: thechair and twist conformations. methanol, using different semiempirical methods
H (MNDO, AM1, PM3) from the MOPAC 6 program
Rl Rl H Rl phackagz_ [1214]. Op;i%iéiticin vvlftshperformed withI
N 0 \ the gradient norm of 0.01. In all the cases, we cal-
WRZ < DO>< ) =0 |(‘ 0 culated the matrix of second derivatives and the bond
O R R¥H vibration frequencies for the stable conformers. It
| H was found that all the structures are characterized by
1 5 1 5 1 5 local minima on the potential energy surface, with no
R*=R°=H () R =H R =CH; (b); R =H, R" = imaginary frequencies.
C,Hs (c); R = H, R = (CHy),CH (d); R = H, R? = _ _
(CHg)5C (e); Rt = H, R? = Ph {); R! = R? = (CH,)s (g). At present, H complexes are widely studied by
S semiempirical as well aab initio methods (see, e.g.,
1 For communication XLI, see [1]. [15, 16] and references therein). The H complexes of
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Calculated enthalpies of complex formatiomH®,  conformation), and 9.8, 10.3, and 10.8viét con-

kJ molY), interatomic distances ©H (d, A), and wave formation), respectively. The calculated heats of for-
numbers ¢, cnml) of vibrations of O-H bonds in the mation are close to the experimental data for the com-
complexes of methanol witkhair amd twist conformers plexes of ethers with the corresponding donors of hy-

of compoundsla, Ib, le, and If drogen bond [22].

2 Chair conformer Twist conformer The complexes with methanol have the following
o N structural features. For thehair conformation, there
g oD > .
s |- AHOP| 4 W loanoP| g N are two local minima related to the structures with

different steric arrangements of the methanol mol-
ecule. The first structure is of th&ans type. It is
formed by interaction of the proton donor with one
of the oxygen atoms of the seven-membered ringl;. The
energy of formation of this complex il 3.1 kJ mol-,

d 2.19A, v 3468 cnt. Complex!lb of the cis struc-
ture is more stable. In this compound, a two-centered
hydrogen bond involving both acetal oxygen atoms is
formed. The energy gain in formation of the bifurcate

a Experimental wave numbersvp, cnd) in the complex : — 2 ~1
of MeOD with compoundd were taken from [3]P The en- complex is 3.1 ki mo}’ d2.26 A, v 3463 cnr-.

thalpy of complexation was calculated by the formula  Studies of diastereomeric complexes of thést
AHO = AHy + AH, — AH,, where AHy is the enthalpy of form with methanol and chloroform showed that
formation of the proton donorpH,, the enthalpy of forma- the energy of formation of the transoid H complex of
tion of the proton acceptor; antH,, the enthalpy of forma- |b with methanol exceeds that of thas complex

tion of the complex.® The calculated frequency of the-® by 1.3 kJ moTl, and for thetert-butyl derivatives
stretching vibrations of the free methanol molecwgy() is  the difference reaches 2 kJ mbl Note that, in the
3504 cntl. d cis Complexes of thawist form (the methanol case of complexes of the flexible form of acethl
molecule is coordinated from the side of substituent at thayith the methanol molecule, the latter acts not only
acetal carbon atom). as proton donor but also as proton acceptor, with
the methanol oxygen atom being also involved in
the bonding. This results in the presence of shortened
gontacts between the hydrogen atoms of methylene
and acetal groups and the hydroxyl oxygen atom
(d ~2.4 A).

la | 14.4 |2.305| 3464| 15.3 |2.198| 3461| 2598
Ib 16.2 |2.258| 3463| 15.6 |2.159| 3458| 2598
le 16.1 |2.257| 3438| 15.1 |2.209| 3451 2586
If 16.4 |2.232| 3440| 15.3 |2.200| 3461 | 2580
Ibd 14.3 |2.183| 3455
led 13.1 |2.190| 3457

four-coordinate phosphorus derivatives [17], hy
drazones [18], and sulfenamide derivatives [19] wer
studied previously.

Comparison of the results obtained by MNDO, . , :
AM1, and PM3 calculations showed that the AM1 Comparative analysis of the experimental and
method provides the best description of acetals ang/culated data. The wave numbers of €D stretch-
their H complexes. The same conclusion was mad&d vibrations in the comp_lexes of a series of 2-R-1,3-
from MNDO and AM1 calculations of the structure dioxacyclohept-5-enes with methard)- were pre-

of acetals| in [20, 21]. viously determined by IR spectroscopy u_sing_the K_a—
_ _ o 9aya approach [3]. The relative basicity in this series
The calculated enthalpies of formation-AH", s determined by the electronic and steric effects of
kJmor™) of la, Ib, le, andIf are 322.8, 333.1, 383.1, gypstituents and by the steric structure of the hetero-
and 1787 ¢ha|r Conformel’), and 3238,3365, 3833’CyCI|C m0|ety For example’ in the Series H’ ME, Et,
and 186.1 twist conformers), respectively. Higher jpr the electron-donating powers of the compounds
stability of thetwistform of la, Ib, andIf and relative  re the same within the experimental error. At the same
stabilization of thechair form in going to acetale is  {ime in going to spiro- and then ttert-butyl- and
in qualitative agreement with the experimental datayhenyi-substituted compounds, the hydrogen bond

Steric structure of complexes.The enthalpies of becomes appreciably stronger, which follows from
formation (AH®) of the H complexes of methanol with the considerable low-frequency shift of the-D
the chair and twist conformers ofla—le, O---H inter-  stretching band. Such a trend in the seriedasflg
atomic distanced, and wave numbers of-@ stretch- was rationalized by us in terms of the dual character
ing vibrations ¢) are listed in the table. The enthalpiesof alkyl substituents. The constant electron-donating
of formation (AH®, kJ mot™) of complexes ofa, Ib,  power in the series H, Me, EiPr is due to superposi-
andle with chloroform are 14.4, 15.5, and 13¢ghéir  tion of two oppositely acting trends: an increase in
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the energy of molecular orbitals in this series and
an increase in the steric shielding of the reaction

center. At the same time, in the case of theg-butyl HH H HH
derivative, for which the steric hindrance is con- cl\ ofc €
siderably more pronounced and the equilibrium is ¢ H H
strongly shifted toward thehair conformation, the HZ%s" I O
strengthening of the hydrogen bond in the structur H

with the C, symmetry was attributed to involvement H

of both oxygen atoms of the protcacceptor. The same Cl
conclusion that the hydrogen bond is strengthened in 7€

going to compoundd in the dominatingchair form cl

also follows from the comparison of the calculated
frequences of GH stretching vibrations in the com- Steric structure of thecis complex of acetallb (chair
plexes with methanol (see table). As for the phenyl- form) with chloroform.

substituted acetal, the calculated data disagree with _ _

the experiment. The calculations suggest that the irthloroform were also demonstrated in the studies of
troduction of the electron-accepting phenyl group doet1e diastereoselectivity of Carbehindsay cycloaddi-
not alter the electron-donating properties of tagst tion of acetalsl to 3,6-bis(methoxycarbonyl)-1,2,4,5-
conformation of the acetal, while the IR data fortetrazine [6]. A conclusion was made that the increased
the same preferred conformation show a considerabféactivity in combination with the considerabéxo
low-frequency shift. Probably, the observed strengselectivity of the chair conformation is caused by
thening of the hydrogen bond (most likely due to in-stereochemical features of the H complexes.
volvement of ther-donor fragment of the proton ac-
ceptor) cannot be revealed by AM1 calculations. Aty jexes is accompanied by insignificant changes in
the same time, the calculated energies of formation q

the H complexes in this case agree with the experk. eir electronic structure. For example, accumulation
ment. Remember that the enthalpies of complex for(-)f the negative charge on the donor center (oxygen

mation of thetwist form with methanol in the series atoms) is only 0.02, and the HOMO (double bond

i ) : o = rbital) energy changes by no more than 0.09 eV in
&foszea:/l\(lﬁlefgg;tﬁﬁ;r %o?rr? Igi)\(/aegyrcri?)rrfgtta?b‘leenics) ma_lrééoing to thetert-butyl derivative. Hence, these factors
plexes with hydrogen bond donors. Thus, it can b&'€ NOt the most important, and the difference in
concluded that the relative stability of H complexes o he reactivity of the compounds under consideration is
the chair and twist forms of unsaturated seven- due to steric hindrance produced by the coordinated

membered acetals with methanol and chloroform igroton-donor molecules. This conclusion primarily
determined, on the one hand, by the steric and eleconcems the more stable complexes of proton donors

tronic effects of substituents at the acetal carbon ator}y ith the chair conformer (as compared o taist
onformer) in which the chloroform molecule virtu-

and, on the other hand, by the conformational feature%Iy completely shields the double bond from tedo
of the molecules. : : :
side (see figure). Indeed, contrary to the substituents

Reactivity of H complexes.We have studied pre- at C, remote from the reaction center, the G&hg-
viously [7] the kinetics of the electrophilic addition ment in the H complex is located near the double
of bromine across the multiple bond in the series obond and must therefore exert a strong (exceeding
conformationally nonuniform 2-R-1,3-dioxacyclohept-the effect of thetert-butyl group) shielding effect
5-enesla, Ib, Ic, le, and If. Using the previously on the reaction center in the electrophilic attack. In
developed approach [2] assuming that the electroni¢he chair form (C, symmetry), the steric demands to
steric, and conformational effects are additive, wehe attack from the diastereotopic sides of the double
obtained the partial rate constants of the reactions dfond are quite different. This attack is much easier
the chair and twist forms and the parameters of sen-from the side opposite to the location of coordinated
sitivity of the reaction to the electronic effects of sub-chloroform molecule. At the same time, in theist
stituents at & We found that, in dioxane, both forms form (C, symmetry), the steric hindrance to attack
react at the same rate, while in proton-donating chloef an electrophilic reagent is similar from both sides
roform the rate constants for tlodair andtwistforms  of the double bond. As a result, in bromination of
differ by a factor of 30. The specific features ofa series of acetalk in chloroform, chair conformers
the chemical behavior of thehair conformation in react considerably faster than ttweist conformers [7],

The calculation results show that formation of H
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and theexo selectivity of cycloaddition in going to
the tert-butyl derivative reaches 68% [6]. The ob-
served effect resembles the well-khown directing ef-9.
fect of heteroatom, though it arises not from the sec-

ondary orbital interactions, but from the formation10.

of complexes [23].

We believe that the stereochemistry of specific sol-
vation of substrates (by formation of H complexes anc}
donoracceptor complexes) plays an important role
not only in diastereoselective [24], but also in enantio- »
selective synthesis [25].
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