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ABSTRACT

3-bromomethyl=-3-hydroxymethyl oxacyclobutane was
prepared in 7175 yield by the action of sodium ethoxide
on pentaerythrityl dibromide in absoclute ethyl alcohol.
The structure of this compound was proved by its con=-
version to pentaerythrityl dibromide by the action of
48% hydrobromic acid, end to 2,6 dioxaspiro (3,3) heptane
by the action of potassium hydroxide.

The spirocyelic compound was also prepared in 16%
yield by the action of potassium hydroxide on pentaery-
thrityl dibromide. The compound was found to be sensitive
to halogen acids. Thus treatment with 48% hydrobromic
acid gave 69% yield of pentaerythrityl dibromide®,
Similarly, treatment of the spirocyelic compound with
lithium aluminum hydride geve neopentyl glycol in 60%
yield. This is the first example reported in the litera-
ture for the reduction of a trimethylene oxide type of

compound by lithium aluminum hydride.
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INTRODUCTION

Previous attempts to prepare 3-halomethyl-3-
hydroxymethyl oxacyclobutane (II) by the action of
sodium ethoxide on pentaerythrityl dihalide (I) gave
39=43% yield of an impure productl.

The purpose of the present work was to prepare
the 3=chloromethyl=-3-hydroxymethyl oxacyclobutane
(IT, X = C1) pure, and in better yields, and to inves~-
tigate further the reaction between pentaerythrityl
dibromide (I, X = Br) and sodium ethoxide in absolute

ethyl alcohol.

HOCH, CH.X CH CHoOH
\\C// + NaOEt EtOH 0 2\(.‘.' + NaX
a | a
N TEET- e N
HOCH, CH.X CHg CHgX
(I) (I1)



HISTORICAL

Studles on preferential one sided dehydro halo-
genation of pentaerythrityl dihalide (I) with sodium
ethoxide in ethyl alcohol have been carried out by
some investigatorsl?

Recently it has been reported that the action of
sodium ethoxide on pentaerythrityl dichloride1 (I, X=C1)
gives the corresponding 3-chloromethyl-3-hydroxymethyl
oxacyclobutane (II, X=Cl) in 39-43% yield.

Similarly, dehydrohalogenation of pentaerythrityl
monohallide (III) by alcoholic potassium hydroxide2’3’4’5

has been carried out recently.

HOCH, CH X CHg CHoOH
'\n//, + KOH (Alcoholic) o// \c//y
conolice
. —_’\:,/\
HOCH CH,LOH Hp CH,OH
(III) (1V)

The possibility of two sided dehydrohalogenation
of pentaerythrityl dihalide (I) to the corresponding 2,6~
dioxaspiro (3,3) heptane (V) have been recently studied
too. Thus the action of potassium hydroxide on penta-
erythrityl dichloride1 (I, X=Cl), or pentaerythrityl
dibromide diacetate4, sulfuric acid on pentaerythritol4
have been proved to be of no use. The spirocyeclic
compound (V) was finally obtained in 20-25% yield by the
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action of potassium hydroxide on pentaerythrityl

ddvseide 2 ®

(I, X = Br).

Recent interest in these compounds stems from the

fact that the trimethylene oxide ring 1s sensitive to

7 8 1,84
attaclk by amines , alcohols , and halogen acids thus

providing a possible route for the syﬁthesis of amino,

ether, and mixed halide derivatives of pentaerythritol

not easily availlable by more direct methods.

CH, CHgX

AN

CH, CHLOH

(IV)

CH 2 CH 2
/

NN

CH, CH,

(V)

HI

-~

HC1

HBr

RNH,

-

ROH

w

h

HOCHg GHpI

HOCH,  CH.X
HOCH%\\ /9H501
G
/7
HOCH,  CHgX

HOCH,, CH.Br
HOCH,, CHoX

Q(HOCHQ)-C-(CHBOR) 2



RESULTS

The starting material pentaerythrityl dibromide
(VII) was prepared from pentaerythritol (VI) and 48% hydro-
bromic acid by the following reaction which 1ls essentlally

a modification of the procedure of Beyaert and Hausensg.

HOCH, CHgOH
q + HAc + HBr _EtOH ,  o(HOCH.)-C-(CHgBr),

HOCH, CH,0H
(VI) (VII)

The action of 48/ hydrobromic acid on pentaerythritol
in glacial acetic acid followed by transesterification of
the bromoacetate, and recrystalization of the crude product,
glves 63 yield of pentaerythrityl dibromide (VII) melting
at 110-111°. This reaction is always accompanied by a
sequence of side reactions producing small amounts of penta-
erythrityl tribromide and pentaerythrityl monobromide, which
can be removed from the main product by recrystalization
from benzene and from waterrespectively.

Treatment of compound (VII) with equivalent amounts
of sodium ethoxide in absolute ethyl elecohol fbllowed by
filtration and concentration in vacuo gave a viscous oil
containing bromine which was later on identified as 3-bromo-

methyl-3-hydroxymethyl oxacyclobutane (VIII) presumably
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a new compound. The product was isolated in a pure state
in 71% yield bolling at 141-143/3 mm.

By a similar method 3-chloromethyl-3-hydroxymethyl
oxacyclobutane (II, ¥=C1) was prepared in 705 yileld by the
sction of sodium ethoxide on pentaerythrityl dichloride
(I, X=C1). The same compoqnd had been previously prepared
in 39% yield by the actlon of excess sodium ethoxide on
pentaerythrityl dichloride1 (I, ¥=C1). Substitution of
methyl alcohol for ethyl alcohol ylelded the same product
in 43% yieldl.

Compound (VIII) was found to be extremely sensitive
to attack by halogen acids. Thus treatment of 3-bromomethyl-
3-hydroxymethyl oxacyclobutane (VIII) with 487 hydrobromie
seid or concentrated hydrochloric acid gave pentaerythrityl
dibromide (VII) and 2-chloromethyl-2-bromomethyl 1,3 propane
diol (pentaerythrityl monochloride monobromide) (IX) res-

pectively in good yields.

EBr . (HOGHg) =C-(CHgBr) 4
//CH“ /SﬁgBr 3 (VII)
e
Q\\ //,Q\\ HOCH, H,Br
N
CHL  CHgOH HC1 [r ///c\\\
HOCHZ CH,C1
(VIII)

(IX)
Thg above reactions furnished a partial proof for

the structure assigned to compound (VIII). Further evidence

for this structure is furnished by the fact that upon treat-



ment of 3=bromomethyl-3-hydroxymethyl oxacyclobutane (VIII)
with fused potassium hydroxide followed by distillation in

vacuum, 2,6-dioxaspiro (3,3) heptene 1s formed in 32-35%

yleld.
CH CH,Br CH,  CH,
/ / 0/’ N/
0 E\c + KOH : \\c \\\o
N AN ’ \\}{/"\\ #
CH,  CH,LOH c,  CHg
(VIII) (V)

The same compound (V) was prepared independently in
167% yield by the action of fused potassium hydroxide on
pentaerythrityl dibromide (VII).

The spirocyelic compound (V) was found to be sensi-
tive to attack by halogen acidsa? Thus treatment with 48%
hydrobromic acid or concentrated hydrochloric acid gave dlbro=-
mo pentaerythritol (VII) and dichloro pentaerythritol (I,
X=Cl) respectively in gbod yields.

Since it was known that 1,2 epoxides reacted with
1lithium aluminum hydride to give the corresponding alcohollo,
a similar reaction was attempted on 2,6 dioxaspiro (3,3)
heptane (V) in an effort to confirm its structure. This
reactlion proceeded smoothly, as expected, to give 605 yield

of neopentyl glyeol (X).



CH, m% mh
/ "/ No & LiaLH '

g
\\ Hg/.\\nnz HOCH,, \\bHBOH

(V) (X)

The reaction between dibromo pentaerythritol (W¥II)

and thionyl chloride in the presence of chloroform and

p o

small amounts of pyridine ™ gave 2,2 bis(bromomethyl)l,3-

dichloro propane (XI) in good yilelds, presumably a new

compound .
HOCH, CHgBr C1CHg CHgBr
\U/, + S0Cl; Chlorof \'/
2 roilorm
/ \\ Pyridine 3 //’ \\
HOCH, CH_Br C1CH, CHgBr

(VvII) (X1)



DISCUSSION

In a previous paperl it has been reported that the
reactlion between pentaerythrityl dichloride (I, X= Cl) and
sodium ethoxide in ethyl alcohol glves a compound containing
chlorine and hydroxyl groups to which the structure of
3=-chloromethyl-3-hydroxymethyl oxacyclobutane (II, X = Cl) was
assigned. Furthermore, 1t was stated that the ylelds of this
compound never exceeded 43% of the theoretical, and 1t was
often contaminated with small amounts of 2,6-dioxaspiro (3,3)-
heptane (V).

During this investigation it was found that the
yields of compound (II, X = Cl) can be improved remarkably
(71% of the theoretical) by using equivalent amounts of sodium
ethoxide and pentaerythrityl dichloride (I, X = Cl) in
absolute ethyl alcohol with continuous stirring at reflux
temperatures. No formation of the spirocyclic compound (V)
was noticed during this reaction.

Similarly the reaction between pentaerythrityl di-
bromide (VII) and sodium ethoxide in absolute ethyl alcohol
gave a viscous oil containing bromine and hydroxyl groups,
which upon treatment with 48% hydrobromic acid or concen-
trated hydrochloric acid gave dibromopentaerythritol (VII)
and pentaerythrityl monobromide monochloridél(lx) respectively
in good ylelds. In view of these facts the structure,
3-bromomethyl -3-hydroxymethyl oxacyclobutane (VIII) was
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assigned to the compound.

CHg CHgBr
A
. P

3: CH,0H
(VIII)

Further evidence confirming the structure assigned
above was found in the fact that treatment of compound
(VIII) with fused potassium hydroxide in the presence of
small amounts of water gave 2,6 dioxaspiro (3,3) heptane (V)
in 32-35% yield. During this reaction a small amount of a
light liguid with a sharp odour was isolated. Investigation
showed that it was unsaturated since 1t gave distinctly
positive teste with bromine in carbon tetrachloride and with
a solution of botassium permanganate. further tests showed
that the compound contains no halogen or hydroxyl groups.
The formation of an unsaturated compound in the course of
thls reactlon 1s probably the result of an elimination
reaction8 giving perhaps 2-methylene 1,3 oxacyclobutane
(XII).

CH Br CH, CHzBr

/\ - A

+ OH ey 0 + HgO

N S N A

CH CH, ol

(VIII)
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CH CHg. /s «Br CH
/ N4 "
0 c) C=CH, + HgC = 0
7% e /
2

\CH CHp £ O (=) CHy

2

+ Bp~

(XII)

Several examples of this type of elimination reactlon
have been reported recently 1n the 1it¢rature8’12’15’l4.

It has been reported that the reaction between
lithium aluminum hydride reagent and organic compounds such

as epoxideslo, alkyl halideslo, and toluene sulfonic ester515

involve essentially the displacement of a strongly electro-
negative element on carbon by hydrogen. Thus hydrogen is tran-
sferred as & hydride trough a bimolecular neucleophilic dis-

placement mechanismlO

and, as a consequence, the neutral
aluminum hydride probably coordinates with the alkoxide 1on

through a sequence of bimolecular reactions thus forming

AL(OR),. \/
c
5 N/
ALH; + /o , ALHg + T-—o
IQ H"'—,G\

- Evidence supporting thls mechanism has been demons-
trated by Trevoy and Brownlo. Hence the mode of ring
opening of unsymetrical epoxides or sodium ethyl rriallcnate]'ﬁ’l'7
proceeds ﬁhrough neucleophilic displacement mechanism

followed by inversion of configuration.
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A similar mechanism may hold for the reduction of
the spirccyclic compound (V) via lithium aluminum hydride
reagent. The prbduct of the reduction was identified as
2,2 dimethyl 1,3 propane diol (neopentyl glycol) (X).

At this point it was of Interest to see whether a
similar reduction could be carried out on acetals. Dibenzal
pentaerythritol (XIITI) which could be prepared from benzal-
dehyde and pentaerythritol in the presence of catalytiec

amounts of hydrochloric acid, was used as starting material.

HOCH CH,0H 0

N "

ﬁ//ﬂ\\ + 20gHg=C~H N
Hoc,  CH,OH

(VI)
0 - CH CHg - O
/ S F
CGHE“G-H C H-C-’CSH5

However, when lithium aluminum hydride in tetrahydro
furan solutlon was added to dibenzal pentaerythritol at
reflux temperatures, the starting material (XIII) was
recovered quantitatively, proving that reduction does not

take place.



EXPERIMENTAL

Preparation of Pentaerythrityl Dibromide (VII): The

procedure described below is a modification of a method
described by Bayaert and Hansensg.

" In a 5 liter two necked round bottom B flask equipped
with a dropping funnel and a reflux condenser were placed
360 g (2.64 moles) of pentaerythritol, 2160 ml of glacial
acetic acld and 28.8 ml of 48% hydrobromic acid. The
mixture wae refluxed for 1 hour. Through the dropping
funnel 1225 ml of 48% hydrobromic acid was introduced drop-
wise, and the mixture was refluxed for 20 hours. ?he solution
was next heated under reduced pressure to remove as much of
the acetic acid and water as possible, and finally it was
heated for 1.5 hours at 100-110°/1 mm.

The residue was next treated with 9200 ml of absolute
ethyl alcohol and 90 ml of 48% hydrobromic acid in a flask
provided with a fractionating column. The solution was
fractionated slowly until 840 ml of the distillate was
collected. The boiling point during this distillation
remained constant at 71°, corresponding to the ethanol-ethyl
acetate apeotrope. At the end it rose slowly to 78°, A
second 900 ml portion of ethanol was introduced to the flask,
and in a simlilar fashion 200 ml of the distillate were
collected. During this procedure the distilling temperature

remained almost constant at 78°,
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The flask was filtted with a2 condenser set downward
for distillatlion and the alcohol was removed at reduced
pressures (100—1100/3 mn). The residue, upon cooling,
solidified into yellow crystals which upon refluxing with
1050 ml of benzene went into solution, except small amounts
of monobromohydrin which remained a separate layer from the
-benzene. The solution was cooled in the refrigerator for
2 hours and the precipitated dibromo pentaerythritol was
collected by filtration. The product was dried in vacuum
desiccator over paraffin wax for one day, and then refluxed
with 750 ml of water and 3 grams of charcoal. The solution
was filtered while hot and cooled in an ice box for several
hours., The precipitate white crystals of dibromo pentaery-
thritol were collected by filtration and dried. The yield
of pentaerythrityl dibromide, melting at 110-111°, was
440 g (63.5% of the theoretical).

Preparation of 3-Bromomethyl-3=Hydroxymethyl Oxacyeclo

Butane (VITI): In a 1 liter three necked ¥ flask equipped

with a mechanical stirrer, condenser, end a dropping funnel,
were placed 80 g (0.305 moles) of pentaerythrityl dibromide
and 150 ml of absclute ethyl alcohol. The mixture was
stirred at room temperature until a clear solution resulted.
Through the dropping funnel, a solution of sodium ethoxide
(prepared from 7.2 g (0.31) moles) of metallic sodium and
350 ml of absolute ethyl aleohol) was introduced slowly.

the mixture was stirred at reflux temperatures for 2.5 hours,
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cooled in an lee bath, filtered from the precipitated

sodium bromide and concentrated in vacuo to a viscous oil.
Fractlonation through a Vigreux column at reduced pressure
gave 32 g (71% of the theoretical) of 3-bromomethyl-3-hydro-
xymethyl oxacyclo butane bolling at 141-143°/1-2 mm.

n;° 1.5101.

Microanalysis of Bromine in 3-Bromomethyl-3-Hydroxy-

methyl Oxacyclobutane: The procedure described below is

essentially that of Stepanow, as modified by Huscherls, based
on decomposition of the sample with metallic sodium and mono-
ethanolamine in the presence of dioxane which is used as a
moderator.

In a 50 ml ground glass Erlenmeyer flask fitted wlth
an efficient reflux condenser were placed (0.0240 g) of
Z-bromomethyl-3-hydroxymethyl oxacyclobﬁtane, 5 ml each of
monoethanolamine and dioxane and (0.4 g) of metallic sodium.
The mixture was refluxed for half an hour, cooled, and the
condenser was washed with distilled water to destroy the
excess of sodium. The solutlion was next titrated with BN
nitric acid using bromophenol blue as an indicator (i.e.
to the yellow colour) and 0,5 ml of nitric acid was added
in exéess.

The solution was transferred to a 200 ml beaker and
the bromide was precipitated in the dark by 5% silver nitrate
solution. Filtration of the precipitated silver bromide in

a gooch crucible, followed by drying for several hours in



the oven gave 0,251 g of silver bromide.
Ansl. caled., for CgHgOzBr : Br. 44,14
Found " 3 " 44,50

Reaction of Z-Bromomethyl-3-Hydroxymethyl Oxacyclo-

Butane with Halogen Acids:

Resction with Hydrobromic Acid. Preparation of 2,2

Bis (Bromomethyl) 1,3,-Propanediol (FPentaerythrityl

Dibromide) (VII): A solution of 5 g (0.027 moles) of

%-bromomethyl=-3=hydroxymethyl oxacyclobutane 1s 50 ml of 48%
hydrobromic acid was refluxed for half an hour, cooled and
diluted to 100 ml. The mixture was then neutralized with
sodium carbonate and cooled in an ice bath. Extraction of
the mixture with six 30 ml portions of ether followed by
drying the combined ether extracts over sodium sulfate and
evaporating the ether, gave a white residue which upon
recrystalization from water gave 5.7 g (79%) of pentaery-
thrityl dibromide melting at 110-111°,

A mixture with an authentic sample showed no
depression in the melting point,

A eimilar procedure using 48% of hydrobromiec acid and
5 g of 3=-bromomethyl-3-hydroxymethyl oxacyclobutane, at room
tempefature for two days, gave (70/) yield of pentaerythrityl
dibromide.

2-Bromomethyl-2-Chloromethyl 1,3 Propane Diol (IX):

This compbund was prepared from 5 g (0,027 moles) of 3=bromo-
methyl-3~hydroxymethyl oxacyclobutane (VIII) and 50 ml of
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concentrated hydrochloric acid by & method similar to the one
described above. The crude product was recrystalized from a
mixture of carbon tetrachloride (4 parts) and toluene (1 part)
to give 4.24 g (71% of the theoretical) of 2-bromomethyl-2-
chloromethyl 1,3 propsne diol (IX) melting at 95.,5-96° .

A mixture with an authentic sample melted at the same
temperature.

2.2 Bis Chloromethyl 1,3 Dibromo Propane (XI): In a

1 1liter three necked flask with ground glass fittings
equipped with a mechanical stirrer, dropping funnel, and a
reflux condenser connected through calcium chloride tube

to s gas absorption trap, were placed 80 g (0,305 moles) of
pentaerythrityl dibromide, 125 ml of chloroform and 46 ml
(0.67 moles) of pyridine. The flask was placed in an ice
bath and the mixture was stirred until a clear solution
resulted. Through the dropping funnel 129 g (80 ml 0.8 mole)
of thionyl chloride dissolved in 80 ml of chloroform were
added very slowly. <The addition took about 4 hours. Stirring
was continued over night and then the mixture was refluxed

at 70° for two more hours.

Removal of chloroform and excess of thbnyl chloride
under reduced pressure gave a yellow residue which was washed
several times with hot water to remove unreacted pentaerythri-
tyl dibromide. The crystals were dried and recrystalized
from 80-100° petroleum ether. The product was dried over

paraffin wax in a vacuum desiccator to give 68.5 g (69.2% of



the theoretical) of 2,2 bis chloromethyl 1,3 dibromo propane
melting at 114-118°., The compound was further purified by
sublimation in vacuo, melting point 116.5 - 118°.

The product was analyzed for chlorine and bromine
as described previously by a method similar to that of
Hascherl8 using 0.0368 g of the sample.

Anal. Caled. for CgHgClgBrgy : Cl-Br 77.21

Found " - e 77.10

Preparation of 2,6 Dioxaspiro (3,3) Heptane (V).

Pentaerythrityl Dibromide in Potassium Hydroxide

Method: A mixture of 40 g (0,154 moles) of pentaerythrityl
dibromide, 150 g (2.63 moles) of potassium hydroxide and

20 ml of water were placed in a 500 ml two necked round
bottom ® flask equipped with a stirrer and Clalsen head
attached to a condenser set for downward distillatlon. The
flask wes heated in an oil bath at 100° with continuous
stirring. After a small forerun of an unsaturated liquld
the spiroeyelic compound distilled over at 85°/ 15 mm.

The compound was then recrystalized from petroleum ether
86-100°, giving 2.5 g (15.6% yield based on pentaerythrityl
dibromide) of 2,6 dioxaspiro (3,3) heptane melting at 90 -
o1% .

3=-Bromomethyl-3-Hydroxymethyl Oxacyclobutene in

Potassium Hydroxide Method: In a-500 ml three necked round

bottom flask with ground glass flttings, equipped with a

stirrer, dropping funnel and a Clalsen heat attached to a
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condenser set downwards and connected to a vacuum pump
were placed 150 g (2.63 moles) of potassium hydroxide and
20 ml of water. The temperature of the bath was raised to
140°, while stirring, and the pressure was maintained at
15 mm. Through the dropping funnel 40 g (0.221 moles) of
Z-bromomethyl-3-hydroxymethyl oxacyclobutane were introduced
to the reaction flask dropwise. A small amount of &an
unsatursted liquid distilled over followed by the spirocyclic
compound which eventually solidified in the condenser. After
the addition was completed the temperature of the bath was
raised to 150°/3 mm for half an hour.

The solid was collected and recrystalized from
petroleun ether 80-100°, giving 7.8 g (354 yield) of 2,6-
dioxaspiro (3,3) heptane melting at 90-91°.

Reaction of 2,6-Dioxaspiro (3,3) Heptane With Halogen

Acids.

Resction with Hydrobromic Acid. FPreparation of 2,2-

Bis (Bromomethyl) 1,3-Propanediol (Pentaerythrityl Dibro-

mide) (VII): A mixture of 2 g (0.02 moles) of 2,6-dioxas-

piro (3,3) heptane, and 50 ml of 48% hydrobromic acld was
refluxed for 1 hour. The mixture was then.cooled and
neutrélized with sodium carbonate, and extracted with five

40 ml portions of ether. The combined ether extracts were
dried over anhydrous sodium sulfate and filtered. Evaporation
of the ether gave a white solid which upon recrystalization

from 30 ml of water gave 3.5 g (69% of the theoretical based
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on 2,6-dioxaspiro (3,3) heptane) of pentaerythrityl di-
bromide melting at 110-111°.

A mixture with an suthentic sample showed no depres-
gion in the melting point.

Similarly the reaction between the spirocyclic
compound and 485 hgdrobromic acid at room temperatures gave
60% yield of dibromo pentaerythritol melting at the same
temperature as above.

Reaction With Hydrochloric Acid. Yreparation of

2,2 Blis (Chloromethyl) 1,3,-‘ropane Diol (Pentaerythrityl

Dichloride) (I, X = Cl): As above, a similar procedure was

employed using 2 g (0.02 moles) of 2,6 dioxaspiro (3,3)
heptane and 50 ml of concentrated hydrochloric acid. Extra-
ction of the solutlon with ether. Followed by recrystaliza-
tion of the crude product from a mixture of chloroform,
carbon tetrachloride and toluene gave 2.07 g (60% of the
theoretical) of 2,2 bis (chloromethyl) 1,3-propane diol
melting at 80-81°.

Preparation of 3-Chloromethyl=-3-Hydroxymethyl -Oxa-

cyelo Butane (II, X = Cl).

Preparation of Pentaerythrityl Dichloride. (I, X = Cl):

The pfocedure outlined below is & duplication of that
described by Gulen1 in a previous paper.

Monobenzal pentaerythritol was prepared in 74% yield
by a modification of Bograchovslg procedure. The monobenzal

pentaerythritol was converted to monobenzal pentaerythrityl
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dichloride by the action of thionyl chloride in the presence
of pyridinell. Hydrolysis of the product followed by
extraction with sether and recrystalization of the crude
product from a mixture of chloroform, carbon tetrachloride
and toluene gave 71%'yie1d of pentaerythrityl dichloride
melting at 80-81°.

Reaction of Pentaerythrityl Dichloride with Sodium

Ethoxide in Ethyl Alcohol: A similar procedure for the

preparation of 3-bromomethyl-3-hydroxymethyl oxacyclo
butane was employed using a solution of 40 g (0.23 moles)
of pentaserythrityl dichloride in 150 ml of ethyl alcohol
and 5.3 g (0.23 moles) of metallic sodium dissolved in
350 ml of ethyl aleohol.

Stirring of the solution for 2 hours at reflux
temperatures followed by cooling, filtering of the precl-
pitated sodium chloride followed by concentration in vacuo,
gave a viscous oil. Fractionation through & vigreux column
at reduced pressure gave 22.5 g (69% yleld) of 3-chloro-
methyl-3-hydroxymethyl oxacyclobutane boiling at 142-145°/
4-5 mm. ngl 1.4822.

The compound was analyzed for chlorine as described
previéusly by Hascherle.

Anal. Caled. for CgHg0,C1l : Cl 25,96

Found " " - 26,05

Conversion of 3=chloromethyl-3-hydroxymethyl oxa-

eyclo butane to pentaerythrityl dichloride was accomplished
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by refluxing 2.5 g (0,018 moles) of the compound with 25 ml
of concentrsted hydrochloric acid followed by diluting and
extracting the solution with ether. Evaporation of the
ether extracts gave a white solid which upon recrystalization
from a mixture of chloroform, carbon tetrachloride and
toluene gave 70% yield of pentaerythrityl dichloride melting
at 80-81°.

4 mixture with an authentic sample melted at the
same temperature.

Reaction of 2,6-Dioxaspiro (3,3) Heptane with Lithium

Aluminum Hydride: In a 500 ml three necked round bottom

flask fitted with a mechanical stirrer, dropping funnel and
a reflux condenser terminating with a calcium chloride tube
were placed 3 g (0,08 moles) of pulverized lithium aluminum
hydride ré@éent and 40 ml of dry tetrahydro furan® 20.

The mixture was stirred under reflux temperatures
until most of the solid went into solution. <The flask was
then cooled to room temperature and a solution of 3.2 g
(0,04 moles) of 2,6 dioxaspiro (3,3) heptane in 40 ml of dry
tetrahydro furan was added slowly at such a rate that the
solution refluxed gently without application of heat. Addi-

tion took one hour and the mixture was then stirred at

#Tetrahydro furan was dried by sodium and then
by lithium aluminum hydride added in small
portions with continuous stirring until no
further reaction ensues. After the mixture was
stirred most of the tetrahydro furan was distil-
led and collected in a recelver protected from
moisture by a calecium chloride tube.
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reflux temperatures for 8 more hours.

The condenser was set downward for distillation and
50 ml of the tetrshydro furan was removed carefully so as
to avold explosiOnzl. The condenser was then set at reflux
position snd 20 ml of dry ether were added slowly from the
dropping funnel followed by 5 ml of ethyl acetate, and
finally 40 ml of 6 N hydrochloric acld were added very
slowly.

The condenser was again set downward and the dropping
funnel was replaced by a tube reaching nearly the bottom
of the flask and steam was passed in. Steam distillation
was continued until the temperature of the distillate rose
to 100°. During this process all the tetrahydro furan,
ether, and ethyl acetate was removed and the solution in the
flask became clear.

The flask was cooled to room temperature and the
solution was extracted with 10 portions of ether of 25 ml
each., The combined ether extracts were dried over anhydrous
sodium sulfate, filtered and evaporated.

The erude product upon recrystalization from toluene
gave 2 g (60% yield) of 2,2-dimethyl (1,3) propane diol
(neopentyl glycol) (X) melting at 128-130°,

Mixed melting point with anauthentic sample showed
no depression.

Preparation of Dibenzel Pentaerythritol (XIII):

In a 1 liter two necked flask equlpped with a mechanical



- 28 &

stirrer and a reflux condenser, were placed 60 g (0s45 moles)
of pentaerythritol and 450 ml of water. The mixture was
heated while stirred until all the solid went into solution.
The flask was allowed to cool to room temperature and 4.4 ml
of concentrated hydrochloric acid were introduced to the
resction mixture followed by 120 ml of benzaldehyde. The
mixture was stirred for 20 hours at room temperature.

The precipitate formed in the course of this reaction
was filtered, washed with sodium carbonate solution, and then
refluxed with 500 ml of water made slightly alkeli by
sodium carbonate and then filtered while hot. The small
amount of monobenzal pentaeruthritol formed furing this
reaction went into the water whereas the dibenzal pentaery-
thritol remalned as a precipitate which was eventually
dried and then recrystalized from 600 ml of n-butyl alcohol,
The yield of dibenzal pentaerythritol melting at 156° was
120 g (86% of the theoretical).

Reaction of Dibenzal Pentaerythritol with Lithium

Aluminum Hydride: A suspension of 3.7 g (0.095 moles) of

lithium aluminum hydride reagent in 50 ml of dry tetrahydro
furan was placed in a 500 ml three necked round bottom
flasklfitted with a stirrer, dropping funnel, and an efflci-
ent reflux condenser terminating with a calcium chloride
tube.

Thé nixture was stirred gt reflux temperatures for

half hour and then allowed to cool to room temperature.
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While stirring, & solution of 15.6 g (0.005 moles) of diben-
zal pentaerythritol in 100 ml of dry tetrahydro furan was
introduced dropwise, and then the mixture was stirred at
reflux temperature for 358 more hours.

The condenser was set downward for distillation
and about 70 ml of the tetrahydro furan were removed. The
condenser was again set at reflux position and 30 ml of
ethyl acetate were introduced dropwise filowed by 50 ml
of 6 N sulfuric acid.

The condenser was again set downward and the
mixture wes steam distilled untll the temperature of the
distillate rose to 100°, The flask was cooled and the
solution was extracted with 10 portions of ether of 50 ml
each. The combined ether extracts were dried over
anhydrous sodium sulfate, filtered and evaporated. The
crude product upon recrystalization from normal butyl
alcohol gave the same starting material almost quantitatively
melting at 159°.

A mixture with en authentic sample melted at the

same temperature.



SUMMARY

1.~ Pentaerythrityl dibromide has been prepared from
pentaerythritol and 48% hydrobromic acid in the presence of
glaclal acetic acid.

2.,=- The reaction between pentaerythrityl dibromide
and sodium ethoxide in ethyl alcohol gives 3-bromomethyl-
3-hydroxymethyl oxacyclobutane.

3.- fentaerythrityl dibromide reacts with thionyl
chloride in the presence of pyridine to give 2,2 bis(chloro-
methyl)-1,3-dichloropropane.

4,- Reaction between 3-bromomethyl-3-hydroxymethyl
oxacyclobutane and potassium hydroxide gives 2,6 dloxaspiro
(3,3) heptane.

5.,- 2,6 dioxaspiro (3,3) heptane can be reduced by
lithium aluminum hydride to neopentyl glycol.

6.- Acetals, such as dibenzal pentaerythritol are

not reducable by lithium aluminum hydride reagent.
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