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SUMMARY

Several methods for the preparation of 2-perfluoromethyl-
substituted 1,3-dioxolanes and 1,3-dioxanes were tried. The me~
thod of Nerdel for the preparation of 1,3-dioxolanes, making use
of the condensation between carbonyl compounds and oxiranes, was
found to be suitable for perhalogenated ketones and aldehydes,
and may even be extended to oxetanes, affording 2-perhaloalkyla-
ted 1,3-dioxanes.

The yield of the cyclic acetals drops with increasing sub-
stitution.

INTRODUCTION

Neither 1,3-dioxolanes nor 1,3-dioxanes may be prepared by
direct condensation between a perhalocarbonyl compound and
respectively 1,2- and 1,3-diols. Although the reaction is rapid
and mostly exothermic up to the hemi-acetal stage, further ring

closure normally is impossible.

RESULTS AND DISCUSSION

H. Simmons and D. Wiley [1] prepared dichlorotetrafluoro-
acetonates in good yield by the condensation of dichlorotetra-
fluoroacetone with ethylene chlorhydrin in alkaline medium
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TABLE 1

YIELDS OF 1,3-DIOXOLANES AND 1,3-DIOXANES FROM ALKYNYL-
CARBINOLS WITH PERHALOKETONES.

l | R
><
X3C CXsq
with (C1F2C)2CO n=20 n=1
R, /R, H,H H,Me Me,Me H,H Me,Me
Yield 85 70 58 50,0 ~ 5
B.p. °C 154 50/18 mm 60/18 mm 77/20 mm GC
Entry I IT ITT Iv v
with (CF3)2CO n=20
Rl'R2 H,H H,Me Me, Me
H
b Rsg,
vield 68 40 25 He Re,
B.p. °C || 110 118 40/18 mm Cx3 Oxg
Entry VI VII VIII
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(potassium carbonate in pentane), characterized by a nucleophilic
substitution of the chlorine atom in the hemi acetal stage.x We
tried now to apply the condensation of hexafluorocacetone (HFA)

on ethylene chlorhydrine but the yield of the desired 2,2-bis-
CF3-1,3—dioxolane was only 26.0 %.

A simpler procedure, starting from ethylene glycol itself,
failed.* It consisted in treating the rapidly formed hemiacetal
(by absorbtion of the theoretical amount of HFA in the diol at
room temperature), followed by treatment of the reaction mixture
with tosyl chloride in pyridine or potassium carbonate in pen-
tane. Only a very minor amount of the 1,3-dioxolane was formed
(NMR) .

Another possibility for the preparation of 2-perhaldalkyl-
1,3-dioxolanes and corresponding 1,3-dioxanes consists in the
mercuric oxide catalysed condensation of the appropriate ketones
or aldehydes with ynols, as described by H.E. Simmons and D.W.
Wiley [1] for the reaction of dichlorotetrafluorcacetone on pro-
pargyl alcohol and 3-butyn-l-ol. We find however that the yield
drops rapidly with increasing branching of the carbinolsxxusing
hexafluoroacetone instead of dichlorotetrafluoroacetone (Table 1).
Moreover, a subsequent catalytic reduction of the alkylidene
acetals with either P4 or Pt-catalyst, mostly failed [éxcept for
I andII (Table l)]. During the hydrogenation of 2,2-bis-(chlo-
rodifluoror4-methylidene~1,3~dioxolane (IV) 2'-oxobutyl-bis-chlo-
rodifluoromethyl-carbinol was formed, the structure being con-
firmed by lH--NMR, I.R. and M.S. In an attempt to find a possible
mechanism, we examined the possibility of a hydrcgenolysis, fol-

lowed by an aldol condensation as depicted in Chart I.

% We recently have extended their method in using monotosylated
diols[i] as the starting material, and the latter procedure is
especially suitable if one deals with two different hydroxy func-
tions (e.g. primary and secondary in nature), thus rendering the

preparation of the monotosylate attractive.

**The ethynylcarbinols used by us were commercially available
[FLUKAJ whereas the propargylcarbinols were prepared by the Re-
formatzky reaction of propargyl bromide with aldehydes or ketones

[=].
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CHART |

However, 2-butanone brought in reaction together with dichloro-
tetrafluoroacetone under the same reaction oconditions, did not
afforded the expected carbinol. As a possible alternative we

propose the reaction to be involved in a [1,3] -sigmatropic (an-
tarafacial) reaction on the catalyst surface after hydrogenoly-

sis as shown in Chart II.

wCHCH3

HpC ="
CIFC )
\C/
cipc /
OH

CHART 11

One of the best procedures for the preparation of fluorina-
ted dioxolanes was found to be an extension of a procedure des-
cribed by F. Nerdel[{] et al., where they describe a preparation
of 1,3-dioxolanes by condensation of aldehydes and oxiranes, u-
sing tetraethylammonium bromide as the catalyst.

Because perhaloketones are much more reactive than nonhalogena-
ted carbonyl compounds, the reaction was also successful for
branched oxiranes and even oxetanes, affording l,3-dioxanes.x
For the latter, somewhat more drastic reaction conditions are re-
quired.

The results are presented in Table 2.

* All oxiranes were prepared using classical procedures [7], the

oxetanes were synthetized by the methods of R. Meltzer [8] and
S. Searles [9] et al.



TABLE 2

CONDENSATION OF HEXAFLUORACETONE ON CXIRANES (AFFORDING DI-

OXQLANES) AND ON OXETANES (AFFORDING DIOXANES)
ACCORDING TO NERDEL'S EXTENDED METHOD

R R " &
Ro < .
27 o7 R F3c” R
R R, Me,H Me,H Me,H Ph,H Ph,Me  CH,CL,H
R,R, H,H Me,H  H,Me H,Me H,H d,H
vield [70.0 35.0 60.0 63.08) 0.0 90.0
B.p. °C |[|112 123 120  59/0.3 mm 105/15mm 40/12 mm
R R
L
“hra 2 Rs
fF3c” e
R)=Me R,=R,=R,=R =R =H| R,=R,=Me R =R,=R =R =H
Yield 40.0 75.0
B.p. °C 130 145
]

a Mainly trans, accompained by < 10 % cis.
b Main product is hydratropaldehyde, see text.
¢ M.p. 18°C.

281
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The yield was found to drop with increasing branching,and tri-
fluoroacetaldehyde gives the best results, (almost 80% with chlo-
romethyloxirane or with methyloxirane). With 2-methyl-2-phenyl-
oxirane the main product however was hydrotropaldehyde (NMR, IR},
presumably formed by a rearrangement similar to that proposed by
Blackett Eﬂ et al.

Under no circumstances did 1,1,l-trifluorcacetone yield any dioxo-
lane by our method, polymerization of the ketone being the only

occuring reaction.

It is interesting to note that the reaction occurs with
retention of configuration, thus cis-dimethyloxirane gives ex-

clusively cis-2-bis~CF_~-4,5-diMe~1,3-dioxolane. The reaction

3
is also "kinetically controlled". The ratio of the cis-, and

trans-isomers of 2-CF —4-CH2C1—1,3—dioxolane is 1/4 (prepared

from trifluoroacetaldihyde). The cis iscmer being the most
stable Dﬂ, is also the less abundant in this condensation. At-
temps to epimerise the reaction mixture to the equilibrium sta-
te failed, even under drastic conditions (10% CF3COOH at eleva-
ted temperatures). These statements indeed prove the kinetic

nature of the dioxolane formation under the given conditions.

In a further extension, it has been possible to react oxi-
ranes with ethyl trifluoroacetate, which afforded with 2-chloro-

methyloxirane the two isomers of 2-CF —2-OEt—4—CH2Cl—l,3-dioxo—

3
lane in a 1/1 ratio.

A draw-back of the generality of the method concerning the
preparation of substituted 1,3-dioxanes, is the difficulty to
prepare oxetanes [10].

We tried therefore to prepare the dioxanes by the Grignard
reaction of trifluoromethylmagnesium iodide on 2-methoxy-4,6-
diMe-1,3-dioxane, which was hoped even to react stereospecifi-
cally [1ﬂ . However the Grignard reagent is very difficult to
prepare [12] and the formation of it, failed in our hands.
Formation of the reagent by an exchange procedure [1@] using
isopropylmagnesium bromide was also unsuccessful and although
the use of phenylmagnesium bromide did indicate a possible ex-~
change, reaction with the dioxane did not proceed to the expec-
ted 2—CF3-4,6-diMe-l,3—dioxane.
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Presumably trifluoromethylmagnesium iodide was too unstable un-
der the employed reaction conditions.

EXPERIMENTAL

Preparation of 4-methylidene-1,3-dioxolanes and dioxanes

(Table 1, entry 1)

3.0 g propargyl alcohol (FLUKA) are carefully mixed un-
der cooling in a 50 ml round-bottemed flask with the stoechio-
metric amount of (CF2C1)2CO ; 0.2 g HgO are added and the reac-
tion mixture is kept at 35°C for three hours. Distillation gi-
ves the expected dioxolane in a 85.0 % yield. B.p. : 154 °C.
(Literature [1]: b.p. 51-53%/13 mm.). lH-NMR-data: see table 3.
C: 28,3 % Found: 29,9; H: 0,70 & Found: 0,77 ; F: 29,0 & Found:
29,6.

2-bis= (chlorodifluoro) -4-methylidene-5-methyl-1,3-dioxolane (nc)

(Table 1, entry II)

Following exactly the same procedure 1.4 g l-butyn-3-ol
(FLUKA) are mixed with 3.5 ¢ (CF2C1)2CO ylelding the expected
dioxolane. B.p. 50 °C/ 18 mm. Yield: 70.0 %. ly-NMR-data: see
table 3. C: 31,3 & Found: 30,9 ; H: 2,23 § Found: 2,07 ;

F: 28,3% Found: 28.8.

All other 4-methylidene dioxolanes and dioxanes are prepared
following the same method. The NMR-data are listed in Table 3.
Experimental data are to be found in Table 1.

1 g dioxolane is dissolved in 25 ml methanol. Some 5 % Pt/C ca-
talyst is added and the reduction is carried out at 60 psi, at

room temperature. After the uptake of one equivalent of Hy, the
reduction was interupted and methanol was distilled off. GC on
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carbowax: 1 peak,: identified as 2'-oxobutyl-bis-(chlorodifluo-
romethyl)-carbinol.

lu-NMR:  6p,, = 1.10 () ; 8y, = 2:55(q) 5 6my, = 2.94(s)
§OH = 7.15 (s).
IR: =3.280em Y; v =1725 cm ¥
H \)OH = . 7 c=0 .

+
M.S: M : absent ; Ve = 241 (" -Et) (30) ;

1/ e = 235 (M*-C1) (10) Mo =221 (241 -HF) (5) ;
W e =85 (cF,c1%) (100) .

2-Me-oxirane was commercially available (FLUKA).
The other oxiranes were prepared by stirring together the appro-
priate alkene with NBS in an agueous suspension and by heating

the formed bromohydrin in aqueous alkaline solution Eﬂ.

Preparation of oxetanes

3,3-diMe-oxetane was prepared by pyrolysis of 2-oxo-5,5-diMe-
1,3-dioxane formed by reaction of 2,2-diMe-1l,3-propanediol with
diethyl carbonate as has been described by S. Searles [9] et al.
Yield: 60.0 % B.p.: 80°C.

2-Me-oxetane resulted from heating the chloroacetate of 2,4-bu-
tanediol in aqueous alkaline solution. The chloroacetate was
formed by reaction of the diol with acetylchloride following
procedures of Meltzer [8] and Searles [J]; yield: 31.0 % ; b.p.:
60°C.

Preparation_of 1,3-dioxolanes

2—bis-CF3—4-Me*lﬁ-dioxolane {nc)

(Table 4, Entry I)
2.6 g 3-Me-oxirane and 0.15 g Et4N+Br_ are weighted in a pres-
sure tube in which 7.4 g HFA are concensed with cooling at -70°.
The tube 1s heated at 100°C for 2 hours. Distillation gives a
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colourless liquid. B.p. 112°C ; Yield: 70.0 %. l4-NMR: Table 4.

C: 32,1 % Foand: 32.1 ; H: 2.67 $ Found: 2.71 ; F: 50.8 % Found:
51.6.

2-bis-CF.,-4,5~diMe-1,3-dioxolane (nc)
~J

(Table 4, Entry II & III)
In the same way cis-resp. trans-2,3-diMe-oxirane are condensed
with 7.4 g HFA, cis-dioxolane; Yield: 35.0 % ; B.p.: 123°C.
C: 35.2 % Found: 34.7 ; H: 3.36 % Found: 3.21 ; F: 47.8 %
Found: 48.2.
This consist in a 40:60 mixture of the cis:trans isomers, sepa-
rated by GC. (Table 4 for 1H-NMR data).

2-bis~CF,-4-Me-5-@-1,3-dioxolane

(Table 4, Entry IV, V)
3.0 g B-Me-styreneoxyde are condensed in the same way as previ-
ously described, with 3.7 g HFA., Distillation gives a colour-
less liquid: B.p.: 58-60°/0.3 mm. Yield: 63.0 %. GC: carbowax
120°C: 2 peaks 9:1 trans:cis. lH-NMR data in table 4.
C: 48.0 % Found: 47.4 ; H: 3.3 % Found: 2.9 ; F: 38.0 %
Found: 38.4.

2-bis-CF3-4-Me—4—¢—l,3—dioxolane

(Table 4, Entry VI)

6.0 g a—~Me-styreneoxyde are condensed with 7.2 g HFA. Distil-
lation gives a colourless liquid: B.p.: 95-105°C/15 mm. GC:
carbowax 160°C : 2 peaks 1:3.

peak 1: 2-bis-CF3—4¢—4Me—l,3—dioxolane;
lH-NMR: Table 4A & 4B. C: 48.0 % Found: 48.3 ; H: 3.3%
Found: 2.8 ; F: 38.0 8 Found: 38.0.

peak 2: hydratropaldehyde; lH-NMR : &, = 1.37(d) ; §#° =9.77
AN
H

(d) ; 6., = 3.48(0) ; 6, = 7.12 ; 3 0 Hz ;

H2 8 = 7.

JMe,Hz

3JH C4p = 1.3 Hz.
27 ~H
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2—bis-CF3-4-CH2Cl—1,3—dioxolane (nc)

(Table 4, Entry VII)
9.2 g epichlorohydrine are condensed with 16 g HFA. Distilla-
tion gives a colourless liquid. B.p. 40°C/12 mm ; Yield: 90.0%.
ly-NMR: Table 4a, 4B.
C: 27.9 % Found: 27.0 ; H: 1.93 § Found: 1.87 ;
F: 44,1 % Found: 45.0.

2~CF_,-4Me~-1,3-dioxolane (nc)

(Table 4, Entry X, XI)
3 g Me-oxirane are condensed with 2 g CF3CHO (TFA) , prepared by
the pyrolysis of the ethyl hemiacetal [ALDRICH] in polyphospho-
ric acid at 100°C. Care must be taken for the spontaneous exo-
thermic .polymerization of TFA that occurs readily above -20°C.
Distillation gives a colourless liquid. B.p.: 105°C ;
Yield: 75.0 %. GC carbowax 100°C: 2 peaks 1:4 cis:trans.
C: 38.4 % Found: 38.2 ; H: 4.48 % Found: 4.37 ; F: 36.5 &
Found: 36.2.

2-CF3—4—CH2C1—1,3-dioxolane (nc)

o mm — e = am e mm e - — e —

(Table 4, Entry XII, XIII)
5.5 g epichlorohydrine are condensed with 2.5 g CF3CHO. Dis-
tillation gives a colourless liquid. B.p.: 145-147°C ;
Yield: 79.0 %. GC carbowax 130°C: 2 peaks 1:3 cis:trans.
C: 31.6 % Found: 31.2 ; H: 3.16 % Found 3.24 ; F: 30.0 %
Found: 29.3.

2-CF —2-0Et-4-CH2C1-l,3—dioxolane (nc)

(Table 4, Entry VIII & IX)
9.2 g epichlorohydrine are condensed in a sealed tube with
14,2 g ethyl trifluorocacetate and 0.5 g Et4N+Br-, at 170°C du-~
ring 12 hours. Distillation gives a colourless liquid: B.p.:
158-160°C. GC on @QF1 at 150°C; 2 peaks 1l:1 (2 isomers). Exact
assignments of cis~trans isomers could not be made.
C: 38.5 % Found: 37.8 ; H: 4.58 % TFound: 4.65 ; F: 26.1 %
Found: 26.7.
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Preparation of Z'bis-CF3—ll_3—dioxanes

2-bis-CF_-5,5~diMe-1,3-dioxane. (nc)

(Table 2)

4.3 g 3,3-diMe~oxetane are weighed into a pressure tube together

with 7.4 g HFA and 0.15 g Et4N+Br-. The sealed tube is left at

150° for 10 hours. Distillation gives a colourless liquid:

B.p. 145°C ; Yield: 75.0 %. li-NMR: 6 =1.02 ; § = 3.70;
5Me H141 6

JH4’6'F = 0.8 2.

C: 38.0 % Gound: 37.6 ; H: 3.96 % Found: 3.84 ; F: 45.2 %

Found: 45.3.

2—bis—CF3—4-Me—l,3-dioxane (nc)

(Table 2)
In the same way 3.6 g 2-Me-oxetane are brought into reaction with
8.2 g HFA. Distillation gives a colourless ligquid. B.p. 130°C ;
Yield: 40.0 %. NMR : SMe = 1.3 ; 6H4,6 = 4.15 ; GHSe & 1.7
SHg, v 1.8 ; 3JMe’H2 = 6.0 Hz.
C: 35.3 % Found: 35.6 ; H: 3.36 % Found? 3.29 ; F: 47.9 %

Found: 48.3.
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