STEREQOCHEMISTRY OF HETEROCYCLES.
XL.* STEREQCHEMISTRY OF THE SYNTHESIS OF 2,3-DIALKYLOXETANES

A, V. Bogat-skii, S. A. Petrash, UDC 547.71
A. I. Gren', and Yu. Yu. Samitov

It is shown that trans-2,3-dialkyloxetanes are formed from the erythro isomers
of 2-alkyl-1,3-butanediols, whereas cis-2,3-dialkyloxetanes are formed from
the threo isomers.

) Continuing our investigation [1] of the configuration and primary conformations of 2,3-
dialkyloxetanes, we attempted to examine the entire chain of reactions leading to their
preparation starting from the individual stereoisomers of 2-alkyl-l,3-butanedioles (I, II).
Only one paper linking the three-dimensional structure of the starting 8-diols with the con-
figuration of the 3,3-difluoro-2,4-dialkyloxetanes formed is known [2].

The 2-alkyl~-l,3-butanedioles (I, II) were obtained by reduction of the corresponding
alkylacetoacetic esters with lithium aluminum hydride. This reaction proceeds stereospecifi-
cally following Cram's rule [3] and gives a mixture of diastereoisomers (enriched in the
erythro isomer), which, after separation, was converted to the corresponding 4,5-dialkyl-
1,3-dioxanes (III, IV)., The reaction proceeds stereospecifically and gives a mixture of
isomers with predominance of the cis forms of III and IV. The individual stereoisomers are
isolated easily and with a high degree of purity by means of rectification. Their configura-
tions were determined by analysis of their NMR spectra [3].

The individual erythro and threo isomers of I and II were obtained by hydrolysis of the
cis and trans isomers of III and IV.
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The 2-alkyl-1,3-butanediols were converted to 2,3-dialkyloxetanes (V-VII) through a
step involving the formation of the acetates of the chloro-substituted alcohols. It is known
[1, 4] that the reaction of diols I and II with acetyl chloride gives a mixture of l-chloro-
2-alkyl-3-acetoxybutanes (VIII, IX) and their structural isomers 3-chloro-2-alkyl-l-acetoxy-
butanes (X, XI). Compounds of the VIII and IX type are converted under the cyclization condi-
tions to 2,3-dialkyloxetanes, whereas X and XI form primarily unsaturated alcohols. The
ratio of the diastereoisomers of compounds such as VIII and IX determines the ratio of the
resulting cis and trans isomers of 2,3-dialkyloxetanes [1].

There is no unified opinion in the literature regarding the mechanism of the reaction
of 1,3-butanedioles with acetyl chloride. According to the data in [5], the reaction pro-
ceeds through a four-membered oxonium cation, whereas according to the data in [4] it pro-
ceeds through a cyclic carbonium ion.

*See [1] for communication XXXIX.
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TABLE 1. Ratio of the Reaction Products during Transforma-
tions of erythro and threo Isomers of Diols I and II to
Oxetanes V-VII

1-Chloro-2- 3-Chloro-2- Products of the action of
aug,l_%r_o alkyl-1- oth alkali on VIII- XI
- ther
Configura- |Com-{acetoxy- | ACETOXY prod- oxetanes 2-alkyl-2-
tion pound {butane utane buten-1-
ucts trans cis ols XII and
VIII, IX X, XI V—VII V—VII X1
Mixture of
erythro and | XV 85
threo 15
The same I 80 14 6 98 2 —
18 78 4 22 27.8 70,2
The same 11 79 16 5 99,2 0,8 —
22 74 4 3,5 27,0 69,5

The problem of the stereochemistry of the formation of a carbonium ion zvd the stereo-
chemical specificity of the subsequent attack of the chloride ion on this cation has not been
examined. From general stereochemical considerations it follows that inversion of the con-
figuration at the Cs atom occurs in the step involving conversion of the diol to acetoxy
chlorides (through a four-membered oxonium cation or directly during the formation of the
carbonium ion). Inasmuch as the electron density distributions in the indicated cyclic cat-
ions, formed from the stereoisomeric diols, should, to a first approximation, be identical,
the direction of attack on the cation by the chloride ion is determined by steric factors.
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erythro-Diols I and II are converted, with Walden inversion, primarily to threo-acetoxy
chlorides VIII and IX. The amount of simultaneously formed erythro-acetoxy chlorides X and
XI does not exceed 2% (see Table 1). The threo isomers of diols I and II are converted, with
inversion of configuration, to the corresponding erythro- and threo-acetoxy chlorides X and
XI mixed with erythro-acetoxy chlorides VIII and IX (primarily the former isomers are formed).

Cyclization of VIII and IX leads to primarily the trans-oxetanes (V, VI). Under these
conditions acetoxy chlorides X and XI are converted primarily to 2-alkyl-2-buten-l-ols (XII
and XIII), and the mixture also contains cis- and trans-oxetanes V and VI (no more than 30%).

The experimental data obtained in this study make it possible to assume that the direc-
tion of attack of the cation formed from the threo isomers of diols I and II by the chloride
ion at the C, atom is more hindered than in the cation formed from erythro-diols I and II.

The greater hindrance to attack on the carbonium ion formed from the threo isomer is due to
the fact that the carbon atom undergoing attack here is shielded by the adjacent methyl group.

Thus, primarily the trans isomers of oxetanes V and VI are formed from erythro isomers
I and II, whereas primarily unsaturated alcohols XII and XIII as well as the cis and trans
isomers of V and VI are formed from the threo isomers of I and II.
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An additional confirmation of the correctness of the reasoning presented above regard-
ing the stereochemistry of the formation of substituted oxetanes was provided by the synth-
esis of a 2,3-dimethyloxetane (VII) from 4-chloro-3-methyl—-2-butanone (XIV). Reduction of
XIV with lithium aluminum hydride gave 4-chloro-3~methyl-2-butanol (XV), which on acetylation
is converted to 4-chloro-2-methyl-3-acetoxybutane (XVI). In view of the fact that according
to Cram [6], the conformation of XIV in which the methyl group is shielded by a chloromethyl
group is preferable in nucleophilic substitution reactions, its reduction leads primarily to
the threo isomer XV. The latter is converted, without inversion of configuration, to threo-
acetoxy chloride XVI, which gives 2,3-dimethyl oxetane VII under the cyclization conditions.

EXPERIMENTAL
2-Alkyl-1,3-butanedioles (I, II). These compounds were obtained as in [3].

4-Methyl-5-alkyl-1,3-dioxanes (III, IV) (Mixture of Stereoisomers). A mixture of the
stereoisomers was synthesized by the method described in [7-10]. The mixture was separated
into individual isomers by rectification with columns filled with a metal packing (60 theo-
retical plates). The rectification was monitored by gas—liquid chromatography (GLC).

Solvolysis of cis- and trans-4-Methyl-5-ethyl- and 4-Methyl-5-isopropyl-1l,3-dioxanes
(IT11, IV [15]). A solution of 3.2 g (0.025 mole) of the cis or trans isomers of 1,3-dioxane

(III) in 4 ml (0.125 mole) of methanol was heated at 70° for 10 h with 0.38 g of concentrated
H,S0, (specific gravity 1.84) with simultaneous removal of the volatile hydrolysis products
by distillation. At the end of the reaction, the mixture was neutralized, the methanol was
removed by distillation, and the residue was extracted with ether. The ether extracts were
dried with calcined sodium sulfate, the ether was removed by distillation, and the residue
was vacuum distilled.

The properties of the erythro- and threo~2-alkyl-l,3~butanediols are described in Table 2.

1,3-Chlorohydrin Acetates (VIII, IX). These compounds were obtained by reaction of the
individual isomers of 2-alkyl-1,3-butanedioles with acetyl chloride by the method in [12].
The composition of the reaction mixture was established by GLC. The peaks on the chromato-
grams of the reaction mixture were identified by comparison with chromatograms of substances
obtained by alternative syntheses. Data on VIII-XI are presented in Table 2.

2-Methyl~3-alkyloxetanes (V-VII). These compounds were obtained by cyclization of the
individual isomers of 1,3-chlorohydrin acetates by the method in [13]. The cyclization prod-
ucts were identified on the basis of analysis of the chromatograms of the geometrical isomers
of oxetanes isolated by rectification. The structure of V-VII was established by NMR and IR
spectroscopy and the results of elementary analysis (Table 3).

4-Chloro-3-methyl-2-butanone (XIV). A mixture of 84 g (1 mole) of methyl isopropenyl
ketone, obtained by the method in [14], and 200 ml of dry chloroform was cooled to 0-5° and
saturated with hydrogen chloride gas, after which it was allowed to stand for 3 days. The
excess HCl and chloroform were then removed by heating the mixture to 70-100°, and the residue
was vacuum distilled to give 68.8 g (57%) of XIV with bp 40-47° (35 mm), d2° 1.0140 and nj°
1.4330. Found, 7%: CL 28.7. CsHeOCl. <Calculated, %: Cl 29.4. The product darkened in light.

4-Chloro-3-methyl-2-butanol (XV). A suspension of 18 g of lithium aluminum hydride in
250 ml of dry ether was refluxed for 1 h, after which it was added dropwise to a cooled (to
—5°) solution of 120.6 g (1 mole) of XIV in 350 ml of dry ether. After all of the suspen—
sion had been added, the mixture was stirred for 30 min and hydrolyzed with 10% sulfuric
acid. The ether layer was separated, and the aqueous layer was extracted with ether. The
combined ether extracts were dried with magnesium sulfate, the ether was removed by distilla-
tion, and the residue was vacuum distilled to give 88.3 g (72%) of XV with bp 67-70° (10 mm),
di° 1.0248, and nj® 1.4500. Found, %: Cl 20.0. CsH,,0Cl. Calculated, %: CI 20.7.

1-Chloro-2-methyl-3-acetoxybutane (XVI). This compound was obtained by the method in
[4]. The physical constants of the product were in agreement with the data in [1].
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PREPARATION OF 1,3-DIOXANIUM PERCHLORATES

Z. I. Zelikman, T. P. Kosulina, V. G. Kul'nevich, UDC 547.841,07
G. N. Dorofeenko, and L. V. Mezheritskaya

2,4,4,6,6-Substituted 1,3-dioxanium perchlorates were obtained by acylation of
ditertiary 1,3-diols with carboxylic acid anhydrides in the presence of 707
perchloric acid.

+

1,3-Dioxanium salts contain a stabilized —0—c—o0-- carboxonium ion, and this makes
them extremely reactive and makes it possible to obtain valuable organic compounds from them.

We have previously reported [1] a method for the synthesis of 1,3-dioxanium salts by
cyclization of primary 1,3-diols by means of an acylating mixture of acetic anhydride and
perchloric acid.

However, the possibility of the extensive study and, especially, the application in or-

ganic synthesis of 1,3~dioxanium salts have been limited by the low yields of final products.
+

It is well known [2] that the stability of salts containing the -0=¢=o— fragment is

determined by the presence in the ring of a substituent with donor character. We therefore
used primary—tertiary and ditertiaryl,3-diols, synthesized by the method in [3], as starting
compounds in the present research. 1In selecting the optimum reaction conditions we varied
the component ratios, the temperature conditions, and the conditions used to isolate the
products. The best yields (see Table 1) were obtained when the reaction was carried out by
slow addition of 70% perchloric acid to a cooled (to 0 to —5°) mixture of the acid anhydride
and 1,3-diol. The ratio of the starting materials was 1:5:1, respectively (method A). The
evolution of a large amount of heat is observed during the reaction.

R’ - CcH R’ CH R CH R’
Moy~ rboad, S wao, fﬁ/A\C<,, tﬁ/\j<
CH, R” - CH R” ————= CH + R CH R”

- 3 At
OH OH -HC1o, 3 ? ? RCOOH “7s g -0 o<$70
?=0 ?=0 & Clo; g €O
R R
a b -vin

In refining the reaction scheme [1] we established that intermediate diacylate a is
preferably formed in the first step and in acidic media splits out an acid molecule to give
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