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Abstract — The kinetics of electrophilic addition reaction of bromine to a multiple bond in a series of con-
formationally unhomogenous 2-substituted 1,3-dioxa-5-cycloheptenes was studied. We found that the com-
pounds withtrans structure are formed. The partial reaction rate constantiiair and twist forms and the
reaction susceptibility parameters to the substituent electronic effect at%laof are obtained. Relative
reactivity of the alternative steric structures is defined by the specific solvation of the substrate. The result
obtained are compared with those achieved without accounting for conformational term.

The problem of conformer reactivity is the lessolefins in nonpolar solvents is very sensitive to the
studied area in the modern chemistry. Earlier [1,2presence of polar surface and soluble polar additives
with the Dils-Alder model reaction of conformational- such as hydrogen halides and water [7, 8].
ly unhomogenous 2-substituted 1,3-dioxa-5-cyclo- | y,q communication, we choose as the model of
heptenes with 3,6-dimethoxycarbonyl-1,2,4,5-tetrazing  \«.ationally unhomogenous olefins a series of
were determined the susceptibility parameters in thg i e yl 3-dioxag-]5-c cloheptenes la—{f)
reaction series to the electronic substituent effect an ' y P

the values of partial rate constant ciiair and twist uccessfully used earlier in dle_ne synthe_3|s [1, 2].

forms in different solvents. It was concluded that th hese compounds obey the ordinary requirements to
; . ' iy NShe substrates (a substantial distance between a sub-

difference in the conformer reactivity and the reaction

diastereoselectivity under the conditions of kinetic?t'tuem and reaction center and wide scale of con-

control are defined by the cooperation of mediumc%rmfgl')o naﬁgus'g?‘z'lejrgfi%%ogﬁtgsfgz :[[EIE; gzﬁgts'taet;vs?l
effect and stereoelectronic orbital interaction of theenter br’omination at the doﬁble bond with a high yieldy
conformers in the reaction transition state. [9-11]. Note that 5-methylene-1,3-dioxans isomeric
For the further investigation of the factors controll-to the acetalda-If also smoothly react with bromine

ing the reactivity of the conformers in the reactions ofat the multiple bond, but are not appropriate for our
various type we decided to study electrophilic addiaims due to their conformational homogenity {12].
tion reactions proceeding via the transition state with

significant charge separation rather than synchronous The scheme of the bromination of acetdis-If

reactions. under the conditions of pseudo first order reaction is

Among such reactions, the essentially classi@Ve" below.
bromination seems the most attractive. Mechanism of
olefin bromination in polar solvents is commonly
accepted now as reversible formation ofr-@omplex

Analysis of reaction mixtures showed that bromina-
tion of acetalsla—If proceeds stereospecifically. The
. . Lo M trans structure of the compounds obtained was proved
(olefm—Vrz_) foI_Iowed _by reve_rS|bIe transition njto by the method oft°C NMR spectroscopy, in the case
a bromonium ion which then is attacked by the"Br ¢ 5 ¢ pstituted compoundglb—IIf by nonequi-

nucleophile or by 'ghe solvent molecule_ to formvalence of the atoms 4and C, C° and & (Table 1)
bromination or solvolisys products, respectivelyR and 'H NMR spectroscopy in the case of the acetal

However, study of the reaction kinetics in nonpola_r”a’ by the presence of a singlet for geminal hydro-

solvents is a nontrivial task due to the possible contriz o< 5t @ We found that study of the bromine addi-
bution of a homolytic process and the influence 0ﬁon to 2-substituted 1,3-dioxa-5-cycloheptarias!f
several other factors. Thus, the bromine addition tq, polyar acetonitrile and water by common kinetical

methods is impossible due to high reaction rate.
1 For communication 1, see [1]. Therefore we used for the investigation the solvents
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H
s | T

lla-IIf

twist
la—If

R = H (@, CH; (b), CH5 (c), (CH;),CH (d), (CH;)3C (6), CgHs (f).

such as nonpolar aprotic dioxane and proton donggrior to the experiments. Only with such a procedure
chloroform. we were able to obtain reproducible results for the

We found that the reaction rate (1) depend romine addition to acetall-If, except compound

substantionally on the presence of trace amount oﬁécé\'here side-chain bromination - probably - takes
mineral acid in the chloroform distilled over,®; and place.

(2) on the presence in the solvents of residual air We found that reaction of bromine addition to the

oxygen that in the case of dioxane induces formatiomcetals double bonds is of overall second order and
of peroxides and in the case of chloroform of acidicpartial first order on each reagent.

admixtures. We overcome these problems by means
of additional refluxing of chloroform over potassium

carbonate and dioxane over copper(l) bromid , . :
followed by distillation in an inert gas atmosphere jus?_|ere Kw.n is observed Winstei#Holness constant.

v = ky_n[Br,] - [olefin].

Bromine addition rate constant are listed in
Table 1. 13C chemical shifts in the spectra of 2#Ranss  Table 2, together with mole fractions of thehair

5,6-dibromo-1,3-dioxacycloheptaneslla-lIf )  (3c,ppm,

CCly) Table 2. Rate constant of bromine addition to the double
bond of 2-R-1,3-dioxa-5-cycloheptenda-Ic, le, If at
Comp.| ch o 5 6 R 298 K (ky_p; Irr_10|‘1 s‘l),_ molar fractions of thechair
no. form (), inductive substituent constant () and vertcal
ionization potentials of double bond (P
lla 94.66 68.04 55.08 -
b 99.96 | 64.80, 67.33] 55.57, 55.83| 20.73 kW_Hxlo?> Oy
lic 104.50 | 65.15, 67.66| 55.60, 55.89| 10.04 Comp. 52 ||p.b
27.39 no. | chloro- | di- | chloro- | di- 1
lld 108.14 | 66.06, 68.24| 56.15, 56.44 | 19.39 form |oxang form |oxan€
32.76
lle? | 109.86 | 68.12, 68.37| 55.42, 55.70| 25.81 la 7.9 8.2 0.11 0.12| 0.49| 9.54
37.50 Ib 9.9 25.2 0.17 0.18| 0 9.41
IIf 2P| 99.95 | 64.44, 65.10| 54.80, 54.92 - Ic 10.0 32.3 0.17 0.18 |-0.10| 9.26
Id 39.8 54.3 0.82 0.80 [-0.30| 9.23
a Solvent CDC}. b The signals of phenyl carbon atoms are le 6.5 - 0.09 0.07 | 0.60| 9.61
omitted.
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Table 3. Reaction rate constant for bromine addition tovalues of relative deviations from experimental
acetals la-Ic, le, and If calculated by iterations with parameters/). If errors in measuring of experimental
equation (1) K. | molt s, and relative deviations parameters used in equation (1) is taken into account,

from experimental parametersh) one can conclude that the deviations, which are equal
or less than 3%, confirn correctness of the applied

Com Keaicx 10° A, % approach to description of reactivity of the chosen

P- series of acetals.
no. . .
chloroform | dioxane |chloroform dioxane . )

From the data obtained follows that the partial

la 77 8.1 25 1.2 conformer rate constants and the susceptibility para-
b 10.0 26.0 ~1.0 3.2 meters in respect of inductive substituent effects
lc 9.9 330 1.0 22 depend considerably on the solvent used. Namely, in
le 398 53.0 0.0 24 dioxane, the effect of a substituent at the acetal carbon

If 6.7 _ 31 _ atom infuences nucleophilicity of the double bond
only and does not induce difference in reactivity of

A = (Kexp — Keard/Kexp the structures differ in steric architecture. This is a

special case in the reactivity of the conformatinally

form, values of induction constard” and vertical iNhomogenous substrates, when the conformers react
ionization potential of the doublei bond ()P with the same rate and formally it does not differ from
_ _ the case of conformationally rigid substrates. Note
~ Let us consider the results obtained both accounthat the similar picture was earlier observed for the
ing for and omitting the conformational term. Diles-Alder reaction with the same substrates but in

The data show that the expected picture is observéfle other solvent (acetone).

in the both solvents: increase in electron donor pro- |, e case of proton donor chloroform the situa-
perties of substituents leads to growing of the reactio,, s quite opposite: the reaction susceptibility
rate constant, which is typical of the process Wherg, o meter in respect of the substituent inductive
inductive substituent effects predominates over steréQgte s s near zero, while the difference in reactivity
chemical ones [17,18]. At the same time, Wansfepf chajr and twist forms achieves 30-fold. It is

frozrl]q?giq[)ﬁaneb( 2.2§)dint0 more tﬁolar cl;_lorofotrm Qbvious that this is absolutely another situation. The
(e 4.70) the observed decrease in the reaction rate al§gy;.o| electrophilic process now is transformed into

can be explained by simple consideration, namely, "o ction close to neutral type, and the conclusion

favorable stabilization of polar form in chloroform is 4t decrease in the reaction rate due to formation
compensated by diminished donor properties of the¢ 1y complex with chloroform is valid for thewist
multiple bond and increased steric hindrances in thf‘orm only.

H-complex.

Now let us consider the results of treatment of the = Without going into detail, let us advance certain
observed reaction rate constant accounting for théleas concerning these interesting facts.
conformational term introduced in [1], according to

relation (1): Earlier [19] using the method of IR spectroscopy

in the framework of Kagaiya's approach with refe-
rence proton donor (monodeuteromethanol) we
_ studied basicity of substratda—f. We showed that
19og kY, —pror = (Ko — K)ot + ks @) wi_thin the series t_he basicity_ of the_acetals is deter-
mined by electronic and steric substituent effects and
Herek, andk; are the reaction rate constant fhiair by steric structure of the heterocyclic fragment of a
and twist forms (see schemep is the parameter of molecule. Therewith, thechair form gives stronger
the reaction susceptibility in respect of electroniccomplexes with the proton donors thbmist We can
substituent effect at the “Catom. assume that higher reactivity of tlodair form results
1 from stereochemical features of the H-complex
Thi Plarameterskleo?’ (,I mol™* s, k3X103 formed. Note that unlike the substituents at the C
(Imol™s™), p are as follows: 26.0, 26.0, and 1.03 hich is distant from the reaction center. th
(dioxane); 50.6, 1.7, and 0.07 (chloroform). atom which Is dista om ine reaction center, the
CCl; fragment in H-complex is close to the multiple
Table 3 lists reaction rate constants for bromindond and will express strong screening effect (higher
addition to the series of acetals-Ic, le, and If than that oft-butyl group. In the case of thehair
calculated by iterations with equation (1) and thestructure C, symmetry) the steric requirements at the

1009 K = P9 = (ky — ka)orp + kg
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attack of bromine on the different sides of doubleTable 4Boiling points,n2’ and elemental analyses of 2-R-
bond are very different, and the attack from the siderans5,6-dibrom-1,3-dioxacycloheptand, lic, lle, and
opposite to coordinated chloroform molecule is muchif

easier. At the samei time, the similar difference seems

doubtful for thetwist form (C, symmetry), and steric ~ Comp. bp, °C 20
hindrancesf for the attack of bromine should be equal no. (p, mm) "D
for both the sides. Such stereochemical consideratior
in our view allows understanding of the forces leading Iib 132 (30) 1.5290
to diminished reactivity of the@wist form in chloro- lic 124-126 (20) 1.5220
form as compared with dioxane and great increase in lle 132 (20) 1.5110
the relative rate constant for thehair form in the I 54,5552 -
former solvent. This also explains increase in re
activity of chair-like form with growing in the Com Found, % Calculated, %
medium polarity. nop' Formula

' C H C H

Theoretical study of the processes of complex
formation by chair and twist conformers of seven-
membered unsaturated cyclic acetala—If with
various proton donor reagents will be described in a
separate communication.

b | 26.67| 3.64 |CgeBr,0, | 26.30| 3.68
lic | 29.33| 4.01 |CH,Br,O, |29.19| 4.20
lle | 34.81| 4.85 |CgH,gBrL,0, | 34.20| 5.10
f | 39.62| 3.96 |C;yH;,Br0, | 39.32| 3.60

To conclusion, let us give a criticism of the publica-
tion [20] denoted to the study of a relative problem2 mp.
namely, to the reactivity in a big series of diaryl-, di-
alkyl-, alkylaryl(chlormethyl)phosphine oxides which the range of (2.74)x10° mol I%,
form in solution gaucheand trans conformers [21].
These authors did not use common approach for the In a special experiment we established that con-
analysis of experimental Winstein-Holness constantsnuous passing of light beam through the cell does

[1, 22] and applied equation in the form (2): not affect the reaction rate. All measurements were
. repeated 35 times. Error in determination of the rate
logk = a5 + aj0 + &Py (2)  constants is not higher than 5%. The correlation coef-

. . . ficient for the kinetical curves anamorphoses was
HereP,, is steric factor depending on the conforma—o_ggg or higher with the reaction propagation not less

tional state of the substrate in the &AZ~— B 0 :
equilibrium. We suggest that such multiparametricthan 70%. The data were treated using a 586/7 PC

equations have no physical meaning because applyirg ?,:plljfcr u5|1n99936)1 STATISTICA-4.3 package (Stat-
of the principle of linearity of free energy to the ' N '

reactions of conformers needs to combine the Taft
type and WinsteinHolness equations {see the general ; eThae; ega;i';g rdai%Eta':z ;l?hgg??ﬁu[gg-’irlf were
form of the system of equations (1) in the publicationIO P 9 :

[11}- Synthesis of dibromidéla was described in [10],
mp 36-37°C [10]. "H NMR spectrum (CDG)), 6, ppm:
EXPERIMENTAL 3.76:3.84 m (2H), 4.084.17 m (4H), 4.76 s (2H).

Acetal Ild was przeéaared by the procedure in [9], bp

The ¥C NMR spectra of the adducts were regis-
tered on a Bruker WH-90 instrument with internal 134°C (20 mmy),np” 1.5067, {bp 9496°C (15 mm)

HMDS. The *H NMR spectrum was taken up on a o1

Varian Unity-300 spectrometer with internal HMDS. 2-R-trans-5,6-Dibromo-1,3-dioxacycloheptanes

Spectrophotometric measurements were pereformgta—lle). To a solution of 2 g of acetda—If in 15 ml
on a SF-46 spectrophotometer with termostated cetif tetrachloromethane equimolar amount of bromine
chamber, temperature fluctuation®.1°C. The reac- was added dropwise in dark with continuous stirring
tion rate constants,,_, were determined under the at room temperature. The solvent was then removed
conditions of pseudo first reaction order by measureand reaction productilb -lle was distilled in a
ment of decrease in absorption of bromine solutibn ( vacuum. Compoundf was crystallized from ethanol,
360-385 nm). The olefin concentration was varied inyield (69-93%). Characteristics of the compounds
the range of (360)x 10" mol I, that of bromine in obtained are listed in Table 4.
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