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In a search for central nervous system depressants there were prepared a number of 1,3-dioxolanes and 1,3-dioxanes substi-
tuted by a tertiary alcohol. The most active compound was 2-methyl-2-(3-hydroxy-3-ethylpentyl)-1,3-dioxolane (XIV).

It has been found possible to produce paralysis
of the skeletal muscles by means of chemical agents
which act either at the myoneural junction or
which act on the central nervous system. In these
laboratories we have been interested in agents of
both types. Among the agents of the latter type,
we have investigated a series of 1,3-dioxolanes and
1,3-dioxanes which are herewith reported.

Berger has reported? on a series of 1,3-dioxolanes
synthesized by Boekelheide et al.? The compounds
tested indicated that effective drugs were to be
found in the series, but that the activity was of
short duration and was accompanied by some un-
desirable side effects. The work was primarily
concerned with 4-hydroxymethyl-1,3-dioxolane de-
rivatives. There was, however, reported one com-
pound which had a hydroxyl group on a substit-
uent which was other than on the 4-position of the
dioxolane ring. This compound, 2-methyl-2-(1-
hydroxymethyl-n-amyl)-1,3-dioxolane, had a high
order of activity.

The presently reported series of compounds was
suggested by the following two considerations.
As recognized by Berger,? the metabolism of the
dioxolanes may, as in the case of mephenesin,
proceed through an oxidation of the primary alcohol
with resulting deactivation of the molecule. By
introduection of the hydroxyl group in the form of a
tertiary alecohol, such ready oxidation would be
inhibited. Furthermore, tertiary aleohols may, in
and of themselves, be expected to have central
nervous system depressant activity. Boekelheide
and his group had investigated a large number of
4-(hydroxyalkyl)-1,3-dioxolanes but had not fol-
lowed the lead of the 2-(hydroxyalkyl)-1,3-
dioxolane which they reported. We, therefore, pre-
pared a series of 2-(hydroxyalkyl)-1,3-dioxolanes
and 2-(hydroxyalkyl)-1,3-dioxanes in which the
alcohols were tertiary.

Condensation of ethyl acetoacetate with ethylene
glycol gave 2-methyl-2-carbethoxymethyl-1,3-di-
oxolane (I). By treatment of this ester with two
moles of ethylmagnesium bromide there was ob-

(1) Present address: National Starch Products, Plain-
field, N. J.

(2) F. M. Berger, Arch. intern. pharmacodynamie, 85, 474
(1951).

(3) V. Boekelheide, L. Liberman, J. Figureras, C. Kres-
pan, F. C. Pennington, and D. 8. Tarbell, J. Am. Chem.
Soc., 71,3303 (1949).

tained 2-methyl-2-(2-hydroxy-2-ethylbutyl)-1,3-di-
oxolane (II). This material showed an order of
activity which was of interest. Reaction of the ester
was therefore carried out with both methyl and
propylmagnesium halides. The resulting tertiary
aleohols (IIT and I'V) both showed a lower activity
than did the first prepared alecohol (IT).

We prepared 2,2-diisopropyl-4-hydroxymethyl-
1,3-dioxolane (V) (Promoxolane) for comparison
and found that it, too, had an activity of shorter
duration than that of compound II in our mouse
test, although it possibly did show a better thera-
peutic index.

Because there was some thought that hydrolysis
of IT in the body to give ethylene glycol might not
be desirable, condensation was carried out between
ethyl acetoacetate and propylene glycol to give
2,4 -dimethyl - 2 - carbethoxymethyl - 1,3 - dioxolane
(VI). Treatment of this ester with ethylmagnesium
bromide gave 2,4-dimethyl-2-(2-hydroxy-2-ethyl-
propyl)-1,3-dioxolane (VII), which proved to be
less active than the previously prepared II. For
the reason given for the preparation of VII we
carried out the condensation between trimethylene
glycol and ethyl acetoacetate to give 2-methyl-2-
carbethoxymethyl-1,3-dioxane (VIII), which was
converted by ethylmagnesium bromide to 2-
methyl - 2 - (2 - hydroxy - 2 - ethylbutyl) - 1,3-
dioxane (IX), which also was not as active as II.

We next considered that we might be able to
increase the activity of the 1,3-dioxane compounds
if we employed as a glycol 2,2-diethylpropane-1,3-
diol, which itself is a central nervous system de-
pressant. By carrying out the appropriate conden-
sation to give ester X and treatment of this ester
with ethylmagnesium bromide, the corresponding
tertiary alecohol XI was obtained. This proved to be
less active pharmacologically than was I1.

At this point we thought it would be interesting
to prepare a 1,3-dioxane which had its hydroxy-
alkyl group at a position other than at the 2-posi-
tion. To this end we attempted to condense di-
isopropyl ketone with trishydroxymethylmethane
in the way in which we had carried out our other
similar condensations. In this we were unsuccessful.
We were also unsuecessful when we changed to
dioxane as a solvent in order to get a homogeneous
reaction mixture and when we changed to di-
methoxyethane or to diethoxyethane to get higher
reaction temperatures. Anhydrous zinc chloride



2,2-DISUBSTITUTED 1,3-DIOXOLANES 713

MAY 1960

(8€61) €O8T ‘14 oy ‘Tweg Ly (9)
(0F6T) £OT ‘081 (g) “woyy “wyvad *f ‘uygedy "W ()
(rww ¢T) g1 1-01 T "d'q portodes ,ugeyf , "88H T Sx¥ ‘("W 9) ,98-9°F8 "d-q peyIodar iRy 5 'ZOSH T 1:%
(Cwur ) 61T “d-q pariodal ;7 2 OpYPHROY , “("WW T) 06 ¢ ‘FIZEF T % (WU RT-2T) o TOT-G'66 "d'q pejsoda gweg "9ze' T v (Wt g1-21) o001 "d'q peytodar yuyssf 5

8111 €9°99 radi | £€8°99 SOYH) 0L Vo TSEL 61 811-911 H HOCHZD)DHID*HDHD 'HO IITAX
216 1569 26°8 8¢ 6¢ YO HYD g9 ST 09FF I g1 621-8G1 24 HXOOD*HOHD HD *HD I1IAX
08 01 16°€9 12701 6L°€9 FQ%BHD 2 Gz TIFFI ] eII-¢ 211 H CHOHD(HOIHOHO'HD *HO IAX
99°01 ¥6°19 1%°01 ¥0°'29 *OMH®D g1 A s A | g o1 011 H HOCHD)O'HOHD *HO AX
LA 23769 96 01 1£°69 t0%H™) 17 8% GLGFT ¥ 611-811 H HO*(“H*D)OHDHOD *HO AIX
g9 %z 9zEF'1 €T 201-901 H SHDODHOHD *HD IIIX
6801 12769 96°01 1£°¢9 SO%HM™D 8¢ ez LEFFI 6 80T-$01 SHD HO*CHD)OHD *HOD 1IA
28 e QTFI o 9L-GL *HO HYD'OD'HD *HD IA
08 12 28Sh’1 oF 00186 HO*HD L2 LHED A
22711 08 99 8111 £9°99 EQVHAD a1 ez ISHRI o) ger 54 HO(*HEO-1)O'HD HO Al
0201 458769 20701 16°69 tOYH®D $e Qz 1051 S ¢4 66 H HO*CHO)OHD *HO I
¥6 01 18°€9 12701 6L €9 SO%HD 0¢ S ¥G 687% 1 0z eT1-351 H HO*CHX))OHD *HO 11
0L ¥c  POSE'1 288 FI1-311 H H*OFOOPHD *HO I
H o) H D B[NULIO | % Do e dy WA Do Y 2t 1 ‘pdur)
puno, PorB) peordungy ‘PRIX e
9, ‘sishppuy
3d x|
NS/
0
VAN
P
«d—HO—*HD
mHZQ‘HONOanm«_‘ QEBDFE.MMDT‘
1 H19VL



714 MELTZER, LEWIS, VOLPE, AND LUSTGARTEN voL. 25

was used instead of toluenesulfonic acid as con-
densing catalyst with no more success. The obvious

. g R difficulty was sterie, coupled with the difficult for-
- === mation of 1,3-dioxanes, as compared with the ready
| formation of 1,3-dioxolanes. To test this hypothesis,
1 o moo we tried a condensation between diisopropyl ketone
1o z ;‘f :i 2 and trimethylene glycol, using the same conditions
S SEBS under which water was readily eliminated in the
-z condensation of the ketone with glycerine to give
Z the 1,3-dioxolane (V). Water was eliminated only
& ege® very slowly. This bears out what Boekelheide et al.?
T S e and Dworzak and Herrmann® had already indicated,
< - namely that 1,3-dioxolanes are evidently more easily
= formed than are 1,3-dioxanes. Unlike Boekelheide et
~ 298% al.,® however, we found that methyl amyl ketone did
©l sdgsg condense with trimethylene glycol and so we tried
the condensation between this less hindered ketone
and trishydroxymethylmethane. The resulting
compound, 2,5-dimethyl-2-amyl-5-hydroxymethyl-
G SSSS 1,3-di-oxane (XII), was no improvement pharma-
Zg g R cologically over compound II.
£5 EMENEAE We next carried out the condensation between
RE| DOOD ethyl levulinate and ethylene glycol. The resulting
ester (XIII) was allowed to react with ethylmag-
e ) nesium bromide to give 2-methyl-2-(3-hydroxy-3-
” & ;f IEEES ethylpentyl)-1,3-dioxolane (XIV), This compound
2 showed an interesting order of activity which was
% of prolonged duration. The ester, XIII, was there-
= S . = . fonmd fore allowed to react with methylmagnesium iodide
Q2 ﬁ\ /o—o\o /33 20| 8BRS and isopropylmagnesium bromide. The former
= 2 /O \mi' P ® : :‘. :ﬁ : : reaction gave the _expect{ed tgrtiary alcohol XV ,
= £ ] o0 5 whereas the reaction with isopropylmagnesium
& bromide resulted in the product obtained by addi-
z - tion of one mole of Grignard to the ester, followed
3 EE O A by reduction of the resulting ketone with a second

mole of Grignard, to give 2-methyl-2-(3-hydroxy-4-

; methylpentyl)-1,3-dioxolane (XVI). Neither of
°§ ) .+  these new alcohols was as interesting pharmacologi-
Pldosmm |2 cally as was XIV, which in turn was longer acting
S8°28 |2 than either IT or V. In mice, XIV had the most
< advantageous ratio of effective dose to lethal dose
it of any of the compounds tested.
O o ﬁ In view of the increase in activity obtained by
ﬁ%ﬁ% ~  introducing an additional methylene group be-
o |OESE |88 tween the tertiary alcohol and the dioxolane ring
RiId28L =l = (XIV compared to II), it was of interest to ascer-
%%%%5 é tain the effect of another methylene group. By
COUC & |+  the procedure of Albertson,” ethyl 5-oxocaproate
o was prepared. Condensation with ethylene glycol
.o 1S gave XVII, which by reaction with ethyl Grignard
= - 558 5 reagent gave the desired 2-methyl-2-(4-hydroxy-4-
B  ethylhexyl)-1,3-dioxolane (XVIII). This compound
3 was not as active as was XIV.
"’5" g We prepared one compound which had no hy-
2 m: m: = “Eé droxyl group in it. This compound, 2,2-diisobutyl-4-
HEOOO Ci chloromethyl-1,3-dioxolane was prepared to ascer-
- tain the effect on central nervous system depres-
EHERRIEIE
gl NN P (6) R. Dworzak and K. Herrmann, Monatsh., 52, 83
= = ’ ’ ’
o < (1929).

(7) N. F. Albertson, J. Am. Chem. Soc., 72, 2594 (1950).
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sion of replacing a hydroxyl group by a chlorine
atom. Central nervous system depression was ob-
served but the toxicity was high.

The pharmacological comparisons of the com-
pounds were carried out by Miss Mary Lewis?
of our Pharmacology Department.

EXPERIMENTALS 10

As an example of the procedure used for the condensation
of ketones with alcohols to give the cyclic acetals, I, V, VI,
VIII, X, XII, XIII, and XVII, the following is an illustra-
tion.

2,5-Dimethyl-2-pentyl-5-hydrozymethyl-1,3-diozane. A mix-
ture of 60 g. (0.5 mole) of trishydroxymethylmethane, 250
ml. of toluene, and 0.5 g. of p-toluenesulfonic acid was
allowed to reflux with & Dean-Stark trap until no water
distilled. Methy! n-pentyl ketone, 57 g. (0.5 mole), was
added, and refluxing was continued until no water dis-
tilled. The reaction mixture was cooled, and filtered if neces-
sary from starting trishydroxymethylmethane. The filtrate
was washed with 30 ml. of 109}, sodium carbonate and then
with water. After drying, the organic layer was distilled.

As an example of the procedure used for the reaction of
the cyclic ketones with the Grignard reagents to give the
products II, III, IV, VII, IX, XI, XIV, XV, XVI, and
XVIII the following is illustrative.

2- M ethyl-2-(3-hydroxy-3-ethylpentyl)-1,3-diozolone. To
methylmagunesium bromide prepared from 71 g. (0.65 mole)
of ethyl bromide in 200 ml. of ether was added with cooling
47 g. (0.25 mole) of 2-methyl-2-(2-carbethoxyethyl)-1,3-
dioxolane in 250 ml. of ether over a period of about 1 hr.
When spontaneous refluxing ceased, the reaction mixture
was refluxed for 1.5 hr. and then was decomposed with
saturated aquecus ammonium chloride. The ether layer

(8) Present address: Pharmacological Research, Plymp-
ton, Mass.

(9) Temperatures are uncorrected.

(10) Analyses were carried out by Miss Linda Einstein.
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was dried over magnesium sulfate, filtered, and concentrated.
The residue was allowed to reflux for 20 hr, with an equal
volume of 209 aqueous sodium hydroxide, diluted with
sufficient methanol to give a homogeneous solution, and then
a volume equal to the added methanol was removed by dis-
tillation. The reaction mixture was extracted thoroughly
with Skellysolve B and the extract was dried and distilled.
The product, distilling at 147-149° (23-25 mm.), was care-
fully fractionated to give a pure product distilling at 118-
119° (4 mm.), n%} 1.4575.

Ethyl 6-ketohexanoate. Condensation of ethyl acetoacetate
and acrylonitrile was carried out according to the procedure
of Albertson.” Qur constants were in excellent agreement
with those reported. Decarboxylation to 5-oxocapronitrile,
however, found us in less satisfactory agreement. Our
product, obtained in 799, yield, distilled at 98-99° (5.5
mm.), n% 1.4287. Reported b.p. 86.5° (5.2 mm.), n%}
1.4790.

Anal. Caled. for CsH,NO: C, 64.84; H, 8.16; N, 12.81.
Found: C, 64.67; H, 8.32; N, 12.61.

On treatment of the nitrile with absolute alcoholic hydro-
gen chloride, followed by water in the usual way, a 629,
vield of product b.p. 107° (15 mm.), n% 1.4254 was ob~
tained. Reported!! b.p. 110~15° (12 mm.).

2,2-Diisobutyl-4-chloromethyl-1,3-diozolane. Into a flask
containing 100 ml. of carbon tetrachloride were added simul-
taneously from one dropping funnel 162 g. of freshly dis-
tilled diisobutyl ketone mixed with 95 g. of epichlorohydrin
in 150 ml. of carbon tetrachloride and from another dropping
funnel 13 g. of stannic chloride in 50 ml. of carbon tetra-
chloride at such rates as to finish both additions at once.
By means of an ice bath the temperature of the reaction
mixture was kept at 25-38°. After the addition was com-
pleted, the reaction was allowed to stand overnight and
wags then treated in an ice bath with 80 ml. of 209, sodium
hydroxide dropwise with stirring. Layers were separated,
and the aqueous layer was extracted with ether. The ether
and carbon tetrachloride sclutions were dried over mag-
nesium sulfate and distilled. The product, h.p. 127-129°
(20 mm.), n% 1.4465 weighed 162 g. (67%).

Mogrgis Prains, N. J.

(11) L. Ruzicka, Hely. Chim. Acta., 2, 144 (1919).
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Molecular chlorine displaces the earbinol group in a number of p-hydroxybenzyl alcohol derivatives and their methyl
ethers forming an aldehyde and a chlorinated aromatic ring. The rate of displacement of a primary carbinol group is close to
the same order of magnitude of comparable chlorine substitution and probably higher than the displacement rates of an

aldehyde group.

In aqueous and partially aqueous media, molecular chlorine acts as a catalyst to hydrolyze aromatic methoxyl groups to
phenolic hydroxyl groups and methanol under conditions where no proton-catalyzed hydrolysis is observed. The mechanisms
involved in the displacement and hydrolysis reactions are discussed.

In common usage, the expression ‘“‘aromatic sub-
stitution’” mainly is used in cases where hydrogen
attached to an aromatic nucleus is replaced by
some other group, such as halogen. For this rea-
son, reactions involving the replacement of a group

other than hydrogen by an electrophilic reactant
generally are not called substitution reactions, but
rather “‘electrophilic aromatic displacements,” the
common aromatic substitution forming a subgroup
of the latter reactions.? Examples of this sort in-



