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Abstract —2,4-Disubstituted 1,3-dioxolanes were synthesized by reactions of benzaldehyde @adaits

chloro derivatives, as well as 3-cyclohexenecarboxaldehyde with 3-(2-propenyloxy)-1,2-propanediol. The

products were brought into bromination, dichlorocarbene addition, and epoxidation reactions. It is found that

when both components of the heterogeneous reaction of dioxolane ring formation have a double bond, the acid
catalyst in strongly deactivated.

Dioxolane derivatives deserve attention as prosandll -V, and also the effect on the yield of the target
pective pharmaceuticals. They have found applicationgroductsVl-1X of temperature, reactant ratio, catalyst
as anesthetics [2] and sedatives [3], as well as penature, and reaction time. The consumption of sub-
fumes [4] and monomers for practically importantstituted dioxolanes/I-IX was estimated by the in-
polymers, including those used in contact lenses [5kernal calibration technique [8] using as standards di-
However, there is scarce information in the patent andthyl and dipropyl phthalates. The retention-time
periodical literature concerning synthesis of 1,3-di-order of the components of the reaction mixture
oxolanes from unsaturated diols and properties of sugon an example of the synthesis of compoyAd ) is
compounds, while the available data are not infreas follows: toluene (solvent) < 3-cyclohexenecarbox-
guently contradictory [6, 7]. aldehyde V) < 3-(2-propenyloxy)-1,2-propanediol <

The present work reports the synthesis of 2-phenyl9|'|or0py| phthalate (standard) < 4-(2-propenyloxy-

2-p-chlorophenyl-, and 4-(2-propenyloxymethyl)- 2- rhethyl)-2-(3-cyc|ohexenyl)-1,3-d|.oxolane\/lqI ).
(3-cyclohexenyl)-1,3-dioxolanes from benzaldehyde, The example of the synthesis of compouwd

its p-chloro derivative, 3-cyclohexenecarbaldahydeas used fo find that the optimal reaction temperature
and 3-(2-propenyloxy)-1,2-propanediol in the presencé 130°C. Raising the temperature has almost no yield
of KU-2 cation exchanger (Hform) or TsOH, as well &ffect, while its lowering slows down the reaction.

as some transformations of the productsl The I’eaCtion iS performed in t0|uene (OI’ Othel’ inert
solvents) at an aldehydédiol molar ratio of 1:1.2.
CH2=CHCH200H2(|3HOH + R-CH=0 The catalyst (KU-2) is added in a 0.3% proportion to
CH,OH aldehydell -V. The reaction time is 5 h. The yield
' -V of compoundVIl is 82%.
——— CHCH,OCH,7+—Q To assess the effect of the substituent in the car-
“HO ] Z_ )\R bonyl component on the reactivity of the latter we
CH, @) reacted benzaldehyddl ), para-chlorobenzaldehyde

VI-IX (Il1'), and an aldehyde with a nonaromatic substituent

~ H* with the same number of carbon atoms in the ring,
CH=CHCHOCH,CH-CH, + p-CICgH,CHO—— VI , 3-cyclohexehecarboxaldehydéV ).

R = CgHg (Il, VI'), p-CICgH, (lll, VII ), 3-cyclohexenyl It was found that the initial rate of dioxolane ring
(Iv, Vil ), 3,4-dibromocyclohexyl \{, 1X). formation for aldeh}/deﬂ and Il (Vyx 104 is 1.35
and 1.74 molts™® which is much higher than
the corresponding value for compoundV
(0.285 mol t* sY). Thus, in the optimal conditions,
the yields of the target products with aldehydlesnd
1 For communication VII, see [1]. [l are 76 and 82%, respectively, while with aldehyde

By GLC we studied the effect of steric and elec-
tronic factors on the rate of reaction of compourds
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IV the yield is no higher than 16%. These results arg/hich contains two double bonds could not be selec-
inconsistent with the experimental data for the retively brominated by one of them. Therefore, com-
actions of the latter with 1,2-propanediol or 3-chloro-pound IX was prepared indirectly by reacting com-
1,2-propandiol [9, 10], where the yield of the corres-pound! with aldehydeV; the latter was obtained by
ponding dioxolane is as high as 78%. Moreover, théromination of compoundV and usedin situ.

yield of compoundVill in the reaction in a homo- g, iqation of the synthesized 1,3-dioxolanes with
geneous system with TSOH instead of KU-2 is Sharpl%S% eracetic acid in chloroform revealed a con-
increased (85%). Intermittent addition of fresh por- P

: : : siderable difference in the reactivity of the ring and
tions of KU-2 to the system, too, slightly increases the, CAr i
yield of compoundVIl . The above findings suggestez propenyl double bonds: With any amount of per

that the difficult reaction betweelV/ with | is more acetic acid, the reaction occurs highly selectively by

: . ; ; . .. the ring double bond and yields (with compound
likely associated with a change in the catalyst acﬂwt%n ) 4-(2-propenyloxymethylgis-2-(3,4-epoxy-

(as the result of increased unsaturation of the syste clohexyl)-1,3-dioxolaneXVIIl ). Under these con-

than in the reactivity of compountV. Apparently, =
: itions, as would be expected, compoumdisandVIi
when the reagents each contain a double bond angndergo no oxidation.

consequently, the target product contains two doubl
bonds, adsorption saturation of the cation-exchanger The composition of compoundgl-IX and their

surface takes place, thus blocking sulfo groups of th&ransformation products was proved by the elemental
catalyst [11] and much reducing its activity. analyses, and their structures, by the molecular

It was found that dioxolanes containing a doublewe'ghts and H NMR and IR spectra. Analysis of

bond are convenient objects for synthesis of tigeim compounds\/l_—lx by GLC ShO.WS that_ they are mix-

. ; N tures of two isomers which give well-resolved peaks
dichloro(dibromo)cyclopropane  derivatives. ~ From ith a 55:45 ratio. However, we failed to separate
dloxolan_es with two double bonds, polyhalqgenatec!;gese isorﬁers Th'éH NMR épectra of compounds
pOIVCYC“C cqmpounds [12.] are formed, Wh'C.h Cany 1 _xvIl , too 'reveal the presence ofs and trans
find diverse industrial applications. Thus, reactions o%/ ’ : :
dichlorocarbene generated from CHChnd 50% Isomers (see Experimental). Compouvil was also

g synthesized from 3-(2-propenyloxy)-1,2-epoxypropane
agueous NaOH [13] with compound4, VII , andIX

and of dibromocarbene with compound! provide in the presence of $50, (p 1.84 g/cr) by the pro-

2-substituted  4-[2,2-dichloro(dibromo)cyclopropyl- €€dure in [14] (yield 19%).
methoxymethyl]-1,3-dioxolanesX-XIl and XlII , The IR spectrum of epoxidXVIIl contains ab-
respectively. With compoundVIll , depending on sorption bands at 800 and 920 Tmassignable to the
conditions, dichlorocarbene selectively adds either tepoxy group. The presence of the latter was also
one or two double bonds of the ring to give mono-proved by the conversion of compouVIll into
adductXIV or diadductXV (see table). Compounds chlorohydrinXIX (a mixture of regioisomers). The IR
VI, VII were shown to be brominated by the doublespectrum of compoundXIX lacks bands at 800 and
bond, affordingtrans-dibromo derivatives<VI, XVII 920 cm® and contains a broad band at 3450
in high yields (see table). However, compouutl 3500 cm’ characteristic of associated OH group.

VI-IX
CHCI3(CHBr5) + NaOH | VIl + CHyCOsH

CHCly

1 1
RCH,OCH,—~—Q CH,=CHCH,OCH, —Q
O | ™ S

XV
lHCl

BrCH,CHCH,OCH,7—Q
CJ)\R CHZ:CHCHZOCHZZ—(}_C[OH(CI)
0

CI(OH)

XXV

XVI, XVII
XIX
R = 2,2-dichlorocyclopropyl, R= CgHg (X), p-CICgH, (XI), 3,4-dibromocyclohexylXlIl ); R = 2,2-dibromocyclopropyl,
R = p-CICgH, (Xl ); R = CH,=CH, R = 7,7-dichlorobicyclo[4.1.0]heptylXIV); R = 2,2-dichlorocyclopropyl, R=
7,7-dichlorobicyclo[4.1.0]heptyl XV); R = CgHg (XVI), p-CICgH, (XVII).
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Constants, yields, and elemental analyses of substituted 1,3-dioxoldnedX

Comp. | Yield,| bp, °C 20 20 MRy Found, % Calculated, %
no % (0, mm) d; ng Formula

' ' found |calculated C H | Hig C H | Hig
VI 76 [125-128(1){1.0891|1.5110| 60.59 | 60.89 |[70.62|7.14| - |Cy3H.603 70.88|7.32| -
Vi 82 [130-132(2){1.1719|1.5210| 66.18 | 65.76 |61.14/5.85/12.33|C;3H;:ClO5 61.30|5.93(13.92
VI 85" [112-115(2)|1.0354|1.4800| 61.54 | 61.83 |69.32(8.90| - [C;3Hyq0;3 69.61/8.98| -
IX 68 |[150-152(1)(1.5463|1.5360| 77.45| 77.83 |40.32|4.98(41.17|C,3H,Br,0; |[40.64|5.24(41.60
X 53 [122-124(2){1.1570|1.4820| 74.71| 74.22 |53.28|5.44/23.88|C4H.cCl,O; [55.46(5.32(23.38
Xl 48 |193-194(2)|1.3302|1.5380| 79.39 | 79.09 |49.73|4.36|31.70|C;4H,5Cl;05 [49.80(4.47(31.49
Xl 60 [179-181(1){1.6037|1.5360| 90.80 | 91.16 |35.73|4.25(48.67|C,4H,Br,Cl,0436.00(4.31(49.40
Xl 75 [200-202(1){1.6764|1.5770| 84.32 | 84.89 |[39.12|3.48(45.28|C 4H5Br,ClO;[39.42(3.54(45.77
XV 78 [160-162(2)(1.2161|1.5030| 74.68 | 75.16 |[54.36(6.27(22.65|C4,H,oCl,O5 [54.73|6.55[23.07
XV 80 [200-204(1){1.3210|1.5140| 88.93 | 88.49 [45.94|5.03(36.74|C;sH,Cl,O5 [46.18(5.16(36.35
XVI 66 [179-180(2)(1.5979|1.5550| 76.35| 76.89 |40.84(4.16(41.58|C,,H ¢Br,0; |[41.08|4.24(42.04
XVII 64 [196-198(1)(1.6574|1.5640| 81.33 | 81.76 |37.43|3.52(46.84|C,5H;:Br,ClO;|37.66|3.64(47.10
XVII 70 [138-140(5)[1.1105|1.4860| 62.13 | 62.45 [64.83|8.14] - |[Ci3H,qO, 64.98/8.39| -
XIX 70 [166-169(1)(1.1780|1.5010| 69.20 | 68.69 |56.04|7.85/12.29|C;3H,,CIO, 56.42|7.65|12.81

@ Obtained in the presence of TsOH.

EXPERIMENTAL H,SO, (p 1.84 g/cri) was heated under reflux for 5 h;
after cooling to 1820°C, the reaction mixture was
The IR spectra were measured on a UR-20 instruwashed with 5% aqueous NaOH and water. The
ment in thin films. The!H NMR spectra were ob- aqueous layer was treated with toluene, the extracts
tained on a Tesla BS-487V spetrometer (80 MHz) invere combined with the organic layer, dried with
CCl,, internal standard HMDS. Gas chromatographyMgS0O,, the solvent was removed, and the residue was
was performed on a Chrom-4 chromatograph, detectaacuum-distilled to obtain 8.4 g (19%) of compound
katharometer, stainless-steel column (36@0mm), vI|I, bp 128130°C (2 mm), d2° 1.1689,n’ 1.5790.
packing 5% XE-60 on Chromatqn N'AW'DMCS’ 2-(3-Cyclohexenyl)-4-(2-propenyloxymethyl)-1,3-
oven ten}p%rglturﬁ 170 tg tﬂ? carner g?s72ellug1 at dioxolane (VIII). A mixture of 27.54 g of aldehyde
a rate o mifmin, detector cuirren MA. IV, 39.65 g of dioll, 0.083 g ofp-toluenesulfonic
4-(2-Propenyloxymethyl)-2-p-chlorophenyl)-1,3- acid (0.3% per aldehyde, by weight), and 60 ml of
dioxolane (VII). a. A mixture of 46.39 g of benzal- toluene was heated for 13D for 5 h with azeotropic
dehyde (Il ), 46.26 g of dioll, 0.14 g of KU-2 cation distillation of the water formed. After cooling to room
exchanger (M form), and 60 ml of toluene was heatedtemperature, the reaction mixture was washed with
at 130C with azeotropic distillation of the water 5% aqueous potassium carbonate and water. The
formed. The reaction progress was followed by GLGaqueous layer was treated with toluene 80 ml), the
with sampling at 30-min intervals. The reaction wasextracts were combined with the organic layer, dried
complete within 5 h. After cooling to room tempera-with MgSQ,, the solvent was removed, and the re-
ture, the reaction mixture was filtered to separatgidue was vacuum-distilled to obtain compouvid .
KU-2, the solvent was distilled off, and the residue'H NMR spectrum$, ppm: 1.562.50 m (7H, CH-
was vacuum-distilled to obtain compound!. *H CH,CHCH,), 3.06-4.25 m (7H, CHOCH,CHCH),),
NMR spectrum,3, ppm: 3.264.20 m (7H, CHO- 4.64 d (1H,transOC?HO, J 7 Hz), 4.76 d (1Hcis-
CH,CHCH,), 4.80-5.20 m (2H, CH=C), 5.45 m (1H, OC’HO, J 7 Hz), 4.504.80 m (2H, CH=C), 5.60 s
C=CH), 5.55 d (1H,transOC°HO, J 7 Hz), 5.75 d (2H, CH=CH), 5.656.10 m (1H, C=CH).

(1H, cisOC’HO, J 7 Hz), 7.15 s (4H, GHy). 2-(3,4-Dibromocyclohexyl)-4-(2-propenyloxy-

CompoundVI was prepared in a similar way. Methyl)-1,3-dioxolane (IX). Bromine, 47.9 g, was

added with stirring at-10 to -5°C to a solution of

b. A mixture of 28 g of benzaldehyddll(), 24 g of 33 g of aldehyddV in 80 ml of carbon tetrachloride,
3-(2-propenyloxy)-1,2-epoxypropane, 50 ml ofafter which the reaction mixture was stirred for an
toluene, and 2.52 g (9% per aldehyde, by weightadditional 1.52 h at that temperature. Toluene, 70 ml,
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was then added, and CCWas distilled off with a
Dean-Stark trap.p-Toluenesulfonic acid, 0.1 g (0.3%
per aldehyde, by weight) and 42.3 g diolvere added
to the

tropically distilled at 130C for 5 h. Further workup
was performed as described for compouvt .

2-(p-Chlorophenyl)-4-(2,2-dichlorocyclohexyl-
propylmethoxymethyl)-1,3-dioxolane (XI). Chloro-
form, 22.3 g, was added dropwise with stirring to a
mixture of 50 ml of 50% aqueous NaOH, 10 ml of

545

/ N\
2.95 d (2H, CHCH), 3.254.30 m (7H, CHO-

residue  (3,4-dibromocyclohexanecarboxal®H2CHCH), 4.80-5.60 m (2H, CH=C), 4.65 d (1H,
dehyde and toluene). The water formed was azed@nSOC’HO, J 7 Hz), 5.70 d (1H,cisOCHO, J
7 Hz), 5.806.10 m (1H, C=CH).
2-[4(3)-Chloro-3(4)-hydroxycyclohexyl]-4-(2-
propenyloxymethyl)-1,3-dioxolane (XIX). Hydrogen
chloride was barboted into a mixture of 24 g of di-
oxolane XVIII

and 30 ml of diethyl ether at7 to

—-5°C. Removal of the ether followed by vacuum dis-
tillation gave compoundXIX. The IR spectrum of

benzene, 0.4 g of triethylbenzylammonium ChlondedioxolaneXIX lacks bands at 800 and 920 nand

and 25.5 g of dioxolane&/ll . The reaction mixture
warmed up to 38C. After all chloroform had been
added, the mixture was stirred for an additional 3 h,
diluted with diethyl ether, washed with 1% aqueous
acetic acid and water, dried with MggCRemoval of
the solvent by distillation followed by vacuum dis-
tillation gave 16.3 g (48%) of compourd . *H NMR
spectrum, 8, ppm: 0.881.20 m (1H, CH), 1.40
1.90 m (2H, CH), 3.204.40 m (7H, CHOCH,-
CHCH,), 5.45 s (1H,transOC’HO, J 6 Hz), 5.57 s
(1H, cisOC’HO, J 6 Hz), 7.25 s (4H, GH,). 4

CompoundsX, XII -XV were prepared in a similar

way. 5.

4-(2,3-Dibromopropoxymethyl)-2-({-chloro-
phenyl)-1,3-dioxolane (XVII). Bromine, 17.6 g, was
added dropwise with stiriing to a mixture of 25.5 of
dioxolane VIl and 80 ml of chloroform at-10 to
-5°C. The resulting mixture was stirred for an addi-
tional 1.5-2 h at that temperature and then washed
with 5% aqueous NaOH and water. The aqueous layer
was treated with chloroform, the extract was com-

bined with the organic layer, and dried with MgSO g

Removal of the solvent by distillation followed by
vacuum distillation gave compoundVIl . IR spec-
trum, v, cnit: 650, 670 (GBr), 780, 810 (GCI),
1010, 1200 (€0-C), 1590 (aromatic ring). Other

absorption bands in the spectrum belong to stretchings .

(2820-2880 cml) and bending (134@460 smY)
vibrations of G-H bonds in CH and Ckigroups [15].

CompoundXVI was prepared in a similar way.

2-(3,4-Epoxycyclohexyl)-4-(2-propenyloxy-
methyl)-1,3-dioxolane (XVIII). To a mixture of
22.4 g of compoundVlll and 50 ml of chloroform,
30.4 g of 55% peracetic acid was added with stirring

at 18-20°C over the course of 30 min. The mixture 13

was stirred for an additional -8 h at that tempera-
ture and then treated with 5% aqueous sodium car-
bonate, washed with water, and dried with MgSO

Removal of the solvent by distillation followed by 14.

vacuum distillation gave compoundViil . 'H NMR
spectrumg, ppm: 1.252.25 m (7H, CHCH,CHCH,),

N

w

10.

12.

contains a broad band at 348500 cm* characteris-
tic of associated OH group.
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