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ABSTRACT

Diethers of pentaerythritol were prepared in high
yleld from the corresponding diacetals and dlketals by
reduction with lithium alwninum hydride - boron fluoride
etherate (or aluminum chloride).

Pentaerythritol dimethyl ether was prepared in good
vield from methyl alcohol and 2,6 dloxaspiro (3,3) heptane.
A method is described for the preparation of 2,6~

dloxaspiro (3,3) heptane in a yield (50 - 60%) which is
conslderably better than the one reported iIn the chemical

1
and patent literature (17 ~ 38%) 1, 13, 14, 15, 16, 17, 18.
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INTRODUCTION

Pentmerythritol (I) is a colorless solid melting at
263°C,

C(CH,0H),
()

Belng s tetrahydric alcohol, it can form mono, di, tri
or tetra ethers. Some of these sthers find industrial
applicatlion as intermediates In the preparation of pharma-
ceutical products, plasticizers and emulsifiersl’g. They are
also used as Ingredlents of alkyds and other resins, and as
floatation agentss.

The purpose of thls research wes to prepare diethers
of pentaerythritol via reduction of the corresponding diacet-
gls or dlketals, by a mixture of lithium aluminum hydride and.

boron fluorlide etherate ©r aluminum chloride).

ngr® 7 Cay Al = O A LiAlH
g Mo -cu MeHp, - 0 R 2 N ) P

HO - CH,_ ,CHg = OH

c
ROH, = 0 - Ci,” “CH, ~ 0 - CH, - R

c
RY Mo - ¢y “eH, - o gy T, &

HO - CHQ\ ,CHQ - OH
RR! - CH - 0 - CHy ‘CH, - O - CH - RR!

P



HISTORICAL

One of the methods generally used for the preparation
of tetraethers of pentaerythrltol is the reaction of penta-
erythritol tetrabromide with metal alkoxides4. The low
ylelds of this reaction have been attributed to the neo-
pentyl structure of pentaerythritol tetrabromide, which
sterically hinders blmolecular substitution reactionss. The
same method may be used for the preparation of diethers of
pentaerythritol. For example, Glattfeld and Schnelder
prepared pentaerythritol diethyl ether in 25% yield by the
reactlon of pentaerythritol dibromide with sodium ethoxide in

liquid ammonias.

/CHEBr 1'1C] .NHa
(CHE OH) gc\ + gc QHSONa -------- )
CHyBr
(CHZ0H) oG + 2NaBr
CH,-0-CHeg

Certain bromldes may react directly wlth pentaery-
thritel in a basic medium to give the corresponding ethers.
Pentaerythritol di-tert butyl ether has been prepered by the
actlon of tert-butyl chloride on pentaerythritol 1n pyridine4.
Nichols and Yanovsky have reported the preparation of penta=-
erythritol mono, di, tri or tetra allyl ethers by the
reaction of pentaerythritol and allyl bromide in 50 % aqueous
sodium hydroxideq. By a modified procedures, Evans and

-2 -
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Gallaghan have prepared pentaerythritol diallyl ether in
35% yleld.

To prepare dlethers of pentaerythritol, Orthner and Freyes
blocked two of the hydroxyl groups by ketal formation, treated
the corresponding monoketal with an slkyl halide in the
presence of sodlium, and finally removed the protecting group
by acid hydrolysisg. The ylelds were low.

0

+
C(CHpOH), + CHa-C-CHg -=-->

crf “0-cHS “CH,-OH

1
f
' 2RI
t
i Na
V
R-O"CHE /GHBOH HEO R"O"'CHE\ /CHE_O\ /GH3
O C c
R-0-CHZ “CH,OH q R-o-cH;/"CHz-o’ “MCHy

A novel method for the preparation of mono and diethers
of pentaerythritol was developed by Wawzonek and Rees. By
running the Tollen's condensation of acetaldehyde and formal-
dehyde in 50% methanol, they were able to lsclate pentsery-
thritol mono and dimethyl etherslo. When the condensation of
acetaldehyde and formaldehyde was carried in 50% ethylene
glycol, the monoethylene glycol ether {II) and bls(ethylene
glycol) ether (ITII) were obtainedll. The method involved

tedious fractionation and the ylelds were low.
OH-CH,CH,=0-CH,~C{CH,0H) 5 (I1)
(OH-CHQCHz"O"‘GHz)EC(CHEOH)E (III)
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The key step iIn a recent method for the preparatlon
of ethers of pentasrythritol involves ring opening of a
trimethylene oxide with alcohols. The method was first
introduced by Wawzonek and Issldorides to prepare (II) and
(rrm)tt.
/CHE\‘/GHZOH CHy~CHz  Na

O\ 4+ 1t t ————--) OHCHZCHz-O-CHz-C(CHBOH)S
CHy/ “CH,OH OH OH

CHE CHB CHQ—CHQ Na
ol el To+er 7 Ll 5 (OHCH,CH,-0~CHg)oC(CHZ0H),
CHg” “CH, OH OH

Extending the abovereaction Issidorides and Matar
obtained the monomethyl and monoethyl ethers of pentaerythri-
tol starting with 3,3(bis-hydroxy methyl) oxacyclo butane
()%,

_CH,__,CH,OH -
o ¢! + CHyOH -=--» CHyOCH,C(CH,OH),
cH, “CH,OH
(IV)
CH, ,CHLOH +
O, \C/ + CQHEOH -I'z"""’ CQHGO-CHBC(CHEOH) -}

“oHy” “MCH,O0H



.. RESULTS

of
A. Preparation of Diacetals and Diketals/Pentaerythritol:

The dlacetals and diketals used 1ln thils investigastion
were convenlently prepared from pentaerythritol and the
corresponding aldehyde or ketone (acid catalysis).

For the preparatlion of pentaerythritol diformel (V)
the alcohol was condensed with formaldehyde (40% solution)
in the presence of concentrated hydrochloric acid at 100°C,
The product, after extractlion with ether and recrystallization
from petroleum ether, melted at 49 - 50°C, (Reportedlg
m.p. 50°C.)

Pentaerythritol dibenzal (VI) was prepared by azeo-
troplc distillation of a mixture consisting of pentaerythritol,
benzene, benzaldehyde and catalytic amounts of p~-toluene-
sulfonic scid. Recrystalllization from butanol gave the pure
product melting at 160 - 160.5°C. (Reported20 mep. 160°C.)

Pentaerythritol dieydohexanone (VII) was obtained by
the condensation of pentaerythritol w ith cyclohexanone in
the presence of sulfurlc acid. Ethanol was a sultable
solvent for recrystallization of this compound, which melted
at 134 - 135°C. (Reported21 m.p. 135°C.)

Pentaerythritol dicyclopentanone (VIII), melting at
152 - 152,5°C. (ethanol), was prepared by essentially the
same method, using cyclopentanone Instead of cyclochexsnone.

21

(Reported”” m.p. 152°C.)
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The condensatlion of pentaerythritol with acetaldehyde
gave a liguid diacetal which was Isolated by vacuum distll-
latlion. The product (IX) boiled at 94-96°C./8 mm. (Report-

ad22 bep. 93 - 95°C./8 mm.)

0
" ut ,0~CHg _CHz=-0
C{CHgO0H) 4 + 2H=C-H ~=~=-=3 CH, ;C ,CH2
N0-CH, “CHg=0
(V)
-H H /O-CHQ CHQ"’O H
C{CHZ0H), + zt:rc —---~9 e c
<:§ 0-cHS “CH,=0 Z:)
(V1)
0

+ / CHigCHg (0~CHg ,CH5=0,, OFi5~GH
C(CH,OH), + 2 [:t] O b X fcﬂz
NCH,~CH} b-cﬂ2 NCH,-0 “CH,-CHY

(ViT)
0
H+ CHz -CHE O CHQ CHQ O /CHE-CHE
C(CH,OH), + 2 ===y | ~c! c e {
CHp=CHp “O-CHJ “CHo-0" “CH,-CH,
(VIII)
0
" + H O-cHz cHz-O /H
C(CHLOH) , + 2CHy=C-H =2=-3  C[ o/ )
CHZ “0-CH,  “CH,~0" “CH,

(IX)
B. Preparatlion of Diethers of Pentaerythritol:

Reduction of four of the diamcetals and diketals
described above (VI, VII, VIII, IX) by a mixture of lithium

aluminum hydride and boron fluoride etherate (or aluminum



-7 -
chloride), gave the corresponding diethers of pentaserythritol
in high yields (X3, X, X, and X4 respectively).

HO""CHS /CHB "OH

G
7\
R"O"'GHE CHZ-O"R
(x)
a : R = @- CH, -
,CHE"'CHE
b : R = CHp MCH - (cyclohexyl)
\cHz_Gﬂg 7
¢ : R = CHg~CH,
| >CH - (cyclopentyl)

C}{z"c 2
4 : R = CHsCH, -

The general procedure for the reduction was as follows:
A mixture of llithlum aluminum hydride and boron fluoride
etherate {or aluminum chloride) was prepared in sodium-dried
ether, at 0° to -5°C., under anhydrous conditions. The
diacetal or dlketal was then added elther in the solid form
or in solution (sodium-dried ether). After stirring for one
hour at 0° to ~5°C. and for two hours at reflux temperature,
the reaction mixture was decomposed by 104 sulfuric acid and
extracted repeatedly with ether. The combined ether extracts
were washed, dried and evaporated to dryness. The crude
product was then purified either by recrystallization from a

suitable solvent or by dlstillation under reduced pressure.
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Pentaerythritol dlethyl ether 1s a known compound and
was characterlzed by preparation and determlnation of the
saponification equlvalent of its dlecetate. Microanalytical
date are Included for the new compounds X5, Xp, X,. The
results are summarized in table 1.

Surprisingly enough, the dlformal of pentaerythritol
(V) did not respond to the condltlions of the reductive
cleavage described above. No dimethyl ether could be 1so-
lated, even after chromatography of the reaction mixture;
instead, the startling material was recovered. However, the
dimethyl ether could be prepared in good yleld by acid
catalyzed openlng of the oxetane rings of 2,6~-dioxaspiro
(3,3) heptane (XI) with methanol.

O/CHE\ ,GHQ\O _CHLOH HOCHE\C,CHBOH
“en,” “enS gt  CHa0CH; “CHOCH,
(XI) (XII)
The product, after recrystallization from petroleum ether

23
(30 - 50°), melted at 33 - 35°C. (Reported  m.p. 34 =-35°C.)

C. Preparation of 2,6-Dioxaspiro (3,3) Heptane:

The starting materlal for the preparation of this
splrocycllic oxetane was pentaerythritol dibromide, obtained
by the action of 48% hydrobromic acid on 2 refluxing solution
of pentaerythritol in acetiec acid, according to the method
of Beyaert and Hansens24 a8 modifled by Aprahamianzs.

Several unsuccessful attempts were made to improve the

vileld of the spiroccyclic oxetane by modifying the isolation
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techniques described in the literature. The yield of 2£,6-
dioxaspiro (3,3) heptane never exceeded 17/ (yields reported
in the literature including several patents 25%15’18, 17%11,
20%14,16’ 52%17).

The compound was finally obtained by the simple ex~
pedient of slow additlon of an ethanollc solution of the
dibromlide to a distilling solutlon of potassium hydroxide
(excess) in ethanol. The yield of the pure oproduet, iso-
lated after chromatopraphy and recrystallization from

petrolewn ether (m.p. 89 - 20°C.; Reported 8% - 90°C.),
was 52 = 619,



EXPERIMENTAL

Part T

Preparation of Pentaerythrlitol Diacetals and Diketals

Preparation of Pentaerythritol Diformal:

The procedure adopted for the preparation of this
compound is a modification of the method described by Readlg.

A mixture of pentaerythritol (50 gm), 40% formaldehyde
(50 gm) and concentrated hydrochloric acid (1 ml) was heated
on a water bath for 1.5 hours. The aqueocus sclutlon was then
extracted with twenty 50-ml portlons of ether. The combined
ether extracts were washed with 30 ml of 57 sodium blecarbona-
te and 30 ml of dilstilled water, dried over anhydrous sodium
sulfate and filtered. The ether was evaporated and the
residual oll distilled under reduced pressure. The yield of
the product boiling at 81 = 85°C./1 mm was 35.5 gm. (61% of
the theoretical).

Crystallization from petroleum ether (40 - 70°) gave

19

the diformal melting at 49 - 50°C, (Reported™° 50°C.).

Preparation of Pentaervythrltol Dibenzalgo:

In 8 250 ml round~bottomed flask provided wilth s
constant water separator (connected to a reflux condenser),
wera placed 6,8 gm (0,05 mole) of pentaerythritol, 21 gm
(0.2 mole) of benzaldehyde, 0.5 gm of p-toluenesulfoniec acid
and 100 ml of dry benzene. The flask was heated gently end

the water was collected in a2 measuring c¢ylinder. The theo=

- 11 -
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retical amount of water (0.l mole, 1.8 ml) was collected
within two hours. Half of the solvent was then distilled,
the reaction mixture cooled and the precipitated product
removed by flltratlion and washed with water. Recrystal-
lization from butanol or carbon tetrachloride gave penta-
erythritol dibenzal melting at 160°C. (Reportedzo 160°¢C.),
yleld 90%.

[}
Preparation of Pentaerythritol Digyclopentanone“l:

Three grams of pentaerythritol (0.02 mole), 1l.6 gm
of cyclopentanone (0,12 mole) and five drops of concentrated
sulfuric acld were stirred for three days at room temperature.
Potassium hydroxlide was then added until the reaction mixture
was alkaline. The product that separated was collected and
washed thoroughly with water. Recrystasllization from ethanol
gave 2.3 gm (24% yleld) of pentaerythritol dicyclopentanone
melting at 151 - 152.5°C. (Reported21 152°¢,)

Preparation of Pentaerythritol Dicgclohexanonezlz

A mixture of 6 gm (0,04 mole) of pentaerythritol, 25 gm
{0.26 mole) cyclohexanone and five drops of concentrated
sulfuric acid was stlirred for one day at room tempersture.
The mixture was neutrallzed and poured into a large volume of
cold water. The solid that separated wasr emoved by filtrs-
tlon, washed with cold water and dried. Recrystallizatlon
from ethanol gave 10 gm of the product (87% yleld) melting
at 135 - 135,5°C. (Reported21 135°C.)
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Preparation of Pentaserythritol Diacetal:

In a 500 ml, three necked round-bottomed flask fltted
with a mechanical stirrer, a dropping funnel snd a reflux
condenser were placed 40 gm of pentaerythriteol and 250 ml
of water. The mixture was heated gently until the solid
dissolved, then allowed to coal slowly -~ without stirring -
to room temperature. Stirring was started and 1 ml of con-
centrated hydrochloric acid wes added followed by 70 ml of
acetaldehyde from the dropping funnel during the course of
1.5 hours, The mixture was then stirred for four hours at
room temperature, neutralized with solid sodlum blcarbonate
and extracted with twenty 50-ml portions ofether. The
combined ether extracts were washed with 50 ml of dilstilled
water, dried over anhydrous sodium sulfate, filtered, and
evaporated to dryness. The resldue was distilled under
reduced pressure. The yleld of pentaesrythritol dlacetal
boiling at 94 - 96°C./8 mm. was 46 gm (84% of the theore-

tical amount). (Reported22

93 -~ 959C,./8 mm.)
Part IT

Preparation of Pentaerythrltol Dlethers

Preparation of Pentaervythritol Dibenzyl Ether:

A, Aluminum Chloride Method:

A 500 ml, three necked, round-bottomed flask was equlp~-
ped with an alr tight stirrer and a two-way addition tube

provided with a condenser (protected by a calecium chloride
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tube) and a dropping funnel. An Erlenmeyer flask conteinlng
2.2 gn {0.007 mole) of pentaserythritol dlbenzal was fitted
to the third neck of the flask by a section of rubber tublng
(Fig. 1). Aluminum chloride (3.8 gm, 0,028 mole) was placed
in the flask which was then cooled for 0,5 hours in an ice~
salt bath. Sodium-dried ether (25 ml) was added to dissolve
the aluminum chlofide. A suspension of 0,3 gm (0.007 mole)
of 11tﬂium aluminum hydride in 20 ml of sodlum-~dried ether
was then added dropwlse to the well stirred solution durlng
a perlod of 0.5 hours.

To the efflciently stirred, cold mixture, penteserythri-
tol dibenzal was added in portions (during ten minutes) by
ralsing the containing flask. When the addition was complete,
the mixture was stirred at -5° to 0°C. for one hour. At the
end of this period, the ice=-salt bath was removed and the
mixture was stirred at reflux temperature for two hours,

The reaction mixture was then decomposed by the slow
addition of 100 ml of ice-cold 10% sulfuric acid. During
this addition, the temperature was kept as low as possible
by means of an ice-salt bath. The ether layer was separated
and the s queous solutlon extracted with ten 25-ml portions
of sther., The combined ether extracts were washed with two
30-m1 portions of 5% sodium bicarbonate and finally with
30 ml of water. The ether was drled over anhydrous sodium
sulfate, filtered, and evaporated to dryness. The crude
product, was recrystgllized from alcohol-water mixture to

give 1.8 gm (807 of the theoretica]) of pentaerythritol
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dibenzyl ether melting at 72 - 74°C,
Anal. Caled. for C,o0,Hpe: C, 72.12%; H, 7.659
Found: C, 72.20%; H, 7.66%

B. Boron Fluorids Method:

A 250 ml, three necked, round~bottomed flask was eguip~
ped wlth an alr tight stirrer and a two-way addltion tube
provided with a condenser (protected by a calecium chloride
tube} and a dropping funnel. An Erlenmeyer flask containing
341 gm (0,01 mole) of pentaerythritol dibenzal was fitted to
the third neck of the flask by a section of rubber tubing
(Fig. 1). Boron fluoride etherate (5.6 gm, 0.04 mole) was
placed in the flask and cooled for 0,5 hours in an ice-salt
bath. A suspension of 0,4 gm (0,01 mole) of lithium alumi-
nun hydride 1n 30 ml of sodium=-dried ether was then added
dropwlse through the dropping funnel to the well stirred
solution during a perlod of 0,5 hours,

To the efficlently stirred, cold mixture, pentserythri-
tol dibenzal was added, In portions {(during ten minutes) by
raising the containing flask. When the addition was complete,
the mixture was stirred at -5 to 0°C. for one hour. At the
end of thls period the ice-salt bath was removed and the
mixture was stlrred at reflux temperature for two hours.

A total of 100 ml of ice-cold 10% sulfuric acid was
then added to the cold reaction mixture, very slowly at first.
During this addition, the temperature was kept as low as

possible by means of an ice=-salt bath. The ether layer was
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separated, and the agusous layer was extracted with ten
25-m1 portions of ether. The combined ether extracts were
washed with two 30-ml portions of 5% sodium bicarbonate and
finally with 30 ml of water. The ether was dried over anhy-
drous sodium sulfate, filtered, and evaporated to dryness.
The crude product was recrystallized from alcohol-water
mixture giving 2.6 gm (85% of the theoretical) of pentaery-
thritol dlbenzyl ether melting at 72 - 74°C., undepressed
upon admlixture with the sample prepared by the lithlum

aluminum hydride = aluminum chloride method.

2. Preparation of Pentaerythritol Dicyclohexyl Ether:

A, Aluminum Chloride Method:

The procedure wWas slmilar to the one described for the
preparation of pentaerythritol dibenzyl ether. (1-A).

Pentaerythritol dicyclohexanone (8 gm, 0,025 mole) was
treated with & mixture of 13.4 gm (0,1 mole) of aluminum
chloride (in 100 ml of sodium~dried ether) and 1 gm (0.025
mole) of lithium aluminum hydride in 40 ml of sodium-dried
ether., The addition of the lithium aluminum hydride sus-
pension took 40 minutes,

The aqueocus layer was extracted with ten 50-ml portions
of ether, The crude product obtained after evaporation of
the ether was recrystallized from water - ethanol mixture
giving 6.8 gm (85% of the theoretical) of the product mel-
ting at 57.5 - 58.5°C,
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Ansl. Calcd. for C,.0,Hxe: C, 67.96%; H, 10.74%

Found: ¢, 68,14%; H, 10.71%

B. Boron Fluoride Method:

The procedure wag slmllar to the one described for
the preparation of pentaerythritol dibenzyl ether. (1-B).

Pentasrythritol dicyclohexanone (5.9 gm, 0.02 mole)
was treated with 11.5 gm (0,08 mole) of boron fluoride
etherate and 0.8 gm (0.02 mole) of lithium aluminum hydride
in 60 ml of sodium-dried ether. The crude product, obtain-
ed after evaporation of the ether, was recrystallized from
ethanol-water mixture giving 5.4 gm (91% of the theoretical)
of pentaerythritol dicyclohexyl ether melting at 57.5 -
58.5°C.,, undepressed upon admlixture with the sample prepared

by the llthium aluminum hydride - aluminum chloride method.

3. Preperation of Pentaerythritol Dicyclopentyl Ether:

A, Aluninum Chlorlide Msthod:

The procedure was simllar to the one desceribsd for the
preparation of pentaerythritol dibenzyl ether. (1l-A).

Pentaerythritol dlcyclopentanone (5.4 gm, 0,02 mole)
was treated with 10,7 gm (0.08 mols) of aluminum chloride
(in 80 ml of sodium-dried ether) and 0.8 gm (0.02 mole) of
l1ithium aluminum hydride suspended in 40 ml of sodium-dried
ether. The addition of lithium aluminum hydride suspension
took 40 mlnutes.

The crude product, obtained after evaporation of the

ether, was recrystallized from petroleum ether (40 - 70°)
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glving 4 gm (75% of the theorsetical) of the product melting
at 65 ~ 64°C,
Anal. Calcd. for C,50,Hzg: C, 66.14%; H, 10.36%
Found: C, 66.,29%; H, 10,28%

B. Boron FPluoride Method:

The procedure was similar to the one descrlbed for the
preparation of pentaerythritol dibenzyl ether. (1-B).

Penteerythritol dicyclopentanone (5.4 gm, 0.02 mole)
was treated with 11.8 gm (0,08 mole} of boron fluoride
etherate and 0.8 gm (0,02 mole) of 1lithlum aluminum hydride
in 60 ml of sodium-dried ether,

The crude product, obtained after evaporation of the
ether, was recrystallized from petroleum ether (40 - 70°)
giving 4.3 gm (80% of the theoretical) melting at 63 - 64°C.,
undepressed upon admixture wlith the sample prepared by the

lithium elumlinum hydride - alumlnum chloride method.

4, Preparation of Pentaerythritol Dlethyl Ether:

A, Aluminum Chlorlide Method:

A 500 ml, three necked, round-bottomed flask was eguip-
ped with an alr tight stirrer, a condenser (protected by a
calclum chloride tube) and a dropping funnel. Aluminum chlo-
ride (26,8 gm, 0.2 mole) was placed in the flask and cooled
in an ice-salt bath for 0.5 hours. Sodium-drled sther (150
ml)} was added to dissolve the aluminum chloride. A suspen-
sion of 2 gm (0,05 mole) of lithium sluminum hydride in 50 ml

of sodium-dried ether was next added dropwise to the well
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stirred solution during a period of one hour.

To the efflclently stirred cold mixture a solution of
9.5 gm (0,05 mole} of pentaerythritol diacetal in 30 ml of
sodlum-dried ether was next introduced through the dropplng
funnel during 15 minutes, When the addition was complete
the mixture was stirred st -5 to 0°C., for one hour. At the
end of this period, the ice-salt bath was removed and the
mixture was stirred at reflux temperature for two hours.

The reaction mixture was then decomposed by the slow
addition of 150 ml of ice-cold 10% sulfuric acid. During
this addltlion, the temperature was kept as low as possible
by means of an lce-salt bath. After separation of the ehter
layer, the aqueous layer was extracted with twenty 50-ml
portions of ether. The combined ether extracts were washed
with 50 ml of 5% sodium bicarbonate, dried over anhydrous
sodium sulfate and filtered. The crude oll, obtained after
evaporatlon of the ether, was distilled under reduced pres-
sure giving 6.9 gm (72% of the theoretical) of pentaerythri-
tol diethyl ether boiling at 114 - 116°C./5 mm. (Repor%ed6
115°C./5 mm.)

B. Boron Fluoride Method:

Forty gn (0.28 mole) of boron fluoride etherate werse
placed ina 500-ml three necked, round-bottomed flask equip-
ped with an alr tight stirrer, & condenser (protected by a
calcium chloride tube) and a dropping funnel. The flask was

cooled iIn an i1ce-salt bath for 0.5 hours. A suspension of
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2.6 gm (0,07 mole) of lithium aluminum hydride in 100 ml of
sodium-dried ether was next added dropwise to the well
stirred solutlon during a period of one hour.

To the efficiently stirred mixture, a solution of 13 gm
(0,07 mole) of psntasrythritol diacetal in 40 ml of sodium=-
dried ether, was added dropwise during 15 minutes. When the
addition was complete, the mixture was stirred at -5 to 0°C.
for one hour. At the end of this period the ice-salt bath was
removed and the mixture stlrred at reflux temperature for
two hours,

The reactlon mixture was then decomposed by the slow
addltion of 150 ml 6f ice cold 10% sulfuric acid. During
this additlion, the temperaturewas kept as low as possible by
means of an lce-salt bath, After separation of the ether
layer, the aguecus layer was exiracted with twenty 50-ml por-
tions of ether. The combined ether extracts were washed with
50 ml of 5% sodium bilcarbonate, dried over anhydrous sodium
sulfate and filtered. The crude oll, obtained after eva-
poration of the ether, was distilled under reduced pressure
giving 10.7 gm (82.,5% of the theoretlcal) of the product boil-
ing at 114 -~ 116°C./ 5 mm. (Reported6 115°c./5 mm.)

C. Preparation of Pentasrythritol Dlethyl Ether Diacetate12~

In a 250 ml, round=-bottomed flask fitted with 2 con-
denser, protected by & calelum chloride tube, were placed
10 gm (0.05 mole) of pentaerythritol diethyl ether, 60 gm of

acetic anhydride and one ml of dry pyridine. The mixture was
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heated on a steam bath for 12 hours. The excess acetic anhy -
dride was then removed under reduced pressure. The resldue
was cooled, poured with s tirring Into 100 gm of ice, neutra-
1ized with solld sodlium bicarbonate and extracted with ten
50-ml portlons of ether. The comblned ether extracts were
washed wlth 50 ml of water, drled over snhydrous sodlum sul-
fate and filtered., The ether was next removed and the resi-
dual oll distilled under reduced pressure pgiving 10.2 gm
(78% of the theoretical) of the diacetate bolling at 142 -
143°C./ 8 mm.

Sap. Eq. Calcd. for; C,a0gHzs: 138

Found: 136.5

5. Attempted Reduction of Pentaerythritol Diformal:

The procedure was similar to the one described for the
preparation of pentaerythritol dlacetal (4-A) and (4-B).

Pentaerythritol diformal (8 gm, 0,05 mole) was titrated
with a mixture of 26.3 gm (0.2 mole) of aluminum chloride
(or 8.3 gm of boron fluoride etherate) in 125 ml of sodium-
dried ether and 1,9 gm of lithium aluminum hydride in 60 ml
of sodium~-dried ether. The addltlion of the lithium sluminum
hydrlde suspenslion took 40 minutes.

The agueous layer was extracted with twenty 50-ml por-
tlons of ether. The crude product, obtalned after evapora-
tion of the ether was recrystselllized from petroleum ether
(40 - 70°) giving 6.4 gn (80% recovery) of pentaerythritol
diformal, identical with an authentic sample (m.p., mixed m.p.,
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infrared spectrum).

Part III

Preparatlion of Pentaerythrltol Dimethyl Ether

Preparation of Pentaerythritol Dibromide:

The procedure described below Is that of Bayaert and
Hansens24 as modified by Aprahamiangs.

A mixture of 360 gm (2,64 mole) of pentmserythritol,
2160 ml of glacial acetlc acid and 28,8 ml of 48% hydrobro-
mic acid was placed ina 5-liter, two necked, round-bottomed
flask equlpped with & dropping funnel and a reflux condenser.
The mixture was refluxed for one hour, then 1225 ml of 48%
hydrobromic acid was introduced dropwise through the d ropping
funnel during one howr. Refluxling was then continued for 20
more hours., At the snd of this period the solution was
heated under reduced pressure to remove as much of the acetic
acid and water as possible; and was finally heated for 0,5
hours at 140 - 150°C./10 mm.

The residue was transferred to a 2-liter, two necked,
round-bottomed flask (equlpped with an efficient fractlionat-
ing column) and treated with 90 ml of 48% hydrobromic acid
and 900 ml of absolute ethyl alcohol. The mixture was frac-
tionated slowly until 950 ml of the distlllate was collscted.
A second 900 ml portlon of absolute ethyl alcohol was added,
and the frasctlonatlion was contlnued slowly until 900 ml more

distillate was collected. {The bolling point during the

first distillation remained constant et 71°C. corresponding
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to the ethanol - ethyl acetate azeotrope; it rose slowly
to 78° during collection of the s econd portion of the distil-
late).

The remaining alcohol was removed as completely as
possible under reduced pressure (110°C./5 mm.). The viscous
residue was then refluxed with 1000 ml of dry benzene for
twenty minutes. The solutlion was cooled in the refrigerator
for 2 hours and the precipitated pentaerythritol dibromide
was collected by filtration and drled 1n a vacuum desiccator
over paraffin wax for one day. Recrystallization from 750 ml
of hot water gave 440 gm (63.,5% of the theoretical) of the

2
product melting at 110 - 111°C. (Reported 4 110 - 111°%c.)

Preparation of 2,6 Dioxaspiro (3,3) Heptane:

A 500 ml, round-bottomed flask was connected by a
Claisen head to & dropping funnel {protected by a calecium
chloride tube) and a condenser (set for downward distilla-
tion and provided with an adapter leading into a 50 cc.
graduated cylinder. (Filg. 2)).

FPorty grams of potassium hydroxide (Merck: Darmstadt -
5012) were placed into the flask, followed immediately by
70 ml of absolute ethyl alcohol. The mlxture was heated
gently (heating mantle) and when the alcohol just began to
distill (about 5 minutes), a solutlon of 30 gm (0,12 mols)
of pentserythritol dibromlde in 60 ml of absolute alcohol
was added dropwlse while the flask was heated. The addi-

tion took ten minutes. During thls period the rate of
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heating was regulated so that 30 ml of alcohol were distil-
led off. When the additlon was complete, the mixture in
the flesk was cooled immedlately to room temperature and
extracted with ten 50-ml portions of ether (removed by
decantation)., The combined ether extracts were drled over
anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure (30 - 35°C./20 mm.) to a volume of 25 ml.
The olly resldue obtained was chromatographed on 2 column
of alumina (Woelm: 200 gm containing 3% water). The e¢olumn
was eluted with petrolsum ether (30 - 50° , nine 80-ml
fractions). The combined petroleum ether fractions were
recrystallized from petroleum ether (40 = 70°) giving 5.7 = 7
gn (50 - 60% of the theoretieal) of the product melting at
89 - 90°C. (Reported~° 89 - 90°C.). Infrared spectrum:
-A(CHCIG) 935, 980, 1210, 2820, 1130 and 1450 cm™ >, (Fig. 3).
(Reported’® ) (co1,) 933, 981, 1222, 2820 em™2).

Reaction of 2,6 dloxaspiro (3,3) Heptane with Hydrobromic Acid.

Preparation of Pentaerythritol Dibromideee:

A solution of 4 gm {0.04 mole) of 2,6 dioxasplro (3,3)
heptane and 60 ml of 48% hydrobromic acld was refluxed for
half an hour, diluted with water to 100 ml, neutrdlized with
s0lid sodium blcarbonate and extracted wlth ten 25-ml1 portions
of ether., The combined ether extracts were dried over anhydrous
sodlum sulfate, filtered and evaporated to dryness., Recrystsl-
lization of the residue from water gave 7.7 gm (73% of the

theoretical) of pentaerythritol dibromlide melting at 110° -
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111°G., undepressed upon admixture with an authentic sample.

Preparation of Pentaerythritol Dimethyl Bther:

The procedure adopted for the preparatlon of this
compound 1s a modification of the method described by
Issidorides and Matar for the preparation of pentaerythritol
monomethyl etherlg.

A mixture of 6 gm (0.06 mole) of 2,6 dioxaspiro (3,3)
heptane, 50 ml of methyl alcochol and 0,5 ml of concentrated
sulfuric acid was stlrred for two days In a flask protected
with a calcium chloride tube. The solution was diluted with
50 ml of water, neutrallized with solld sodium carbonate and
extracted with eight 25-ml portions of ether. The combined
ether extracts were drled over anhydrous sodium sulfate and
filtered. Evaporation of the ether, under reduced pressure,
left an olly residue which solidified on coocling. Recrystal-
lization from petroleum ether (40 -~ 70°) gave 5.9 gm (604 of
the theoretical) of the product melting at 33 - 35°C. (Report-
edlo 34 - 35°C.).

Preparatlon of Pentaerythritol Dimethyl Ether Diacetatel2

Pentssrythritol dimethyl ether (10 gm, 0.05 mole) was
eaterlfied with acetlec anhydride according to the method
described for the preparation of pentaerythritol diethyi ether
diacetate (II-4-=C.). |

The yleld of the ester boiling at 147 - 148°C,/15 mm.
was 11,2 gm (72% of the theoreticsl).
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Sap. Egq. Calcd. for C,,0gHzq: 124

Found: 125



DISCUSSION

Lithium aluminum hydride - aluminum chloride (LAH =~

AlCl,) was introduced by Eliel and his coworkers~ 139 g

8 a
reagent for the reduction of acetals, kstals and thelr thilo
analogs to the corresponding ethers. {Reaction 1). In the
course of thelr extensive studies of the "mixed hydride™, the
Notre Dame group also made the further discovery that the
reagent is capable of effectling cleavage of epoxldes in a
direction opposite to the one observed when lithlum aluminum

31,32
hydride alone is used ’ . (Reactions 2 and 3).

rR_ ,OR" LiAlH
)U’ 5> R - CHOR" + R"OH (1)
(H)R* “or" A1C1, '
Rt (H)
OH

1

LiAlHe R - 0 - CHZR" (
0] rd 5 1

1
R =C e CFR " f

1

R N LialH, > R - CH - CHOH (3)
t i

AlCl, T a

o2
e

In view of the ease with which pentaerythritol forms
diacetals and diketals, reduction by the "mixed hydride"
appeared to offer an especlally convenlent route to penta-
erythritol dlethers.

In the course of this investigatlion, we have had the
opportunity of using LAH ~ AlCl, as well as lithium aluminum
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hydride - boron fluoridelétherate (LAH - BFP;) as reduclng
agents, and found the latter to be superior. Diacetals and
diketals of pentaerythritol could be reduced to the correspond-
ing diethers in high yleld by elther reagent, but the yield
obtained with LAH - BF, was consistently higher (807 - 90%).
Furthermore, boron fluorlde etherate was more convenlent in
handling and less troublesome during the final step of decomposi-
tion. The results are summarized in Teble 1, page 2. While
this investigation was in progress, Pettlt ang Kastur153
reported the use of LAH - BF, for the direct reduction of esters
to ethers,

It 1s noteworthy and somewhat surprising that the di-
formal of pentserythritol did not respond to the conditions
used for the preparation of the dlbenzyl, dicyclohexyl, dicyclo-
pentyl and diethyl ethers of pentaerythritol from the correspond-
ing dlacetsls and diketals (LAH - A1Cls or LAH = BF, in ether
at reflux). Instead of the expected dimethyl ether, we re-
covered the starting material. Assuming the reaction to proceed
by the mechanism indicated below, one possible explanation for
the fallure of the diformal to react is perhaps to be found in

the hilgher energy barrier assocclated wlth the first step when

the carbonium ion intermedlate has R = R' = H.
@ < A101,
A1015 1
Q—)' 0 - CHZ\ -~
R\ _/O - CHz\ ~ R\w P
/C\k /,C\____*ﬁ_9 C -0 - CH,
Rt 0 - CHg rY

LAH
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N .
™ CH- 0 - Y
Rt
The dimethyl ether of pentaerythritol (XII) was pre-
pared from 2,6 dioxaspiro (3,3) heptane (XI} and methyl
alcohol, by an extension of the method previously described12

for the preparation of pentaserythrltocl monomethyl ether.

CH CH
/ 2. .7 2
(AOCH. ) zC(CHzBPr) g —m. O ~g g CHpOU
ey Noug 7

XI
(OHCH, ) ,C(CH,0CH,) ;
XII

This alternative route to dlethers of pentaerythritol
is seriously handicapped by the low yvield reported in the

chemical and patent literature for the preparation of

13,18 ,
2,6 dioxaspiro (3,Z) heptane (254 °7 , 17%11, 20%14’16,
32%17). The spirocyclic oxetane (XI) and other related

intramolecular ethers of pentaserythritol have bsen prepared
by dehydrohalogenation of pentaerythritol halides, but the
reaction is extremely sensltive to experlimental conditlons,
as evidenced by the number of side produets that have been
reported for the dehydrohalogenation of pentaerythrityl
dihalidesle’28’54. During the present lnvestigation we made

several unguccessful attempts to improve the yield of the

spirocyclic oxetane by modifylng the lsolation technigues
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described in the literature, but the yield of (XI) never
exceeded 17%. The compound was finally obtained by the simple
expedlent of slow addition of an ethanolic solution of penta-
erythritol dibromide to a distilling solution of excess
potassium hydroxide in ethanol. This procedure practically
eliminates formation of oily by=-products and gives (XI),

after chromatography and recrystallization, in 52 - 81% yield.
The compound sublimes readily and shows infrared bands at

A)(GH013) 935, 980, 1210, 2820, 1130 and 1450 em~!,

(Reported:55 h(GC14) 933, 981, 1222, 2820 cm~1),



\“-._ "(/
(Fipg. 1) Preparation of Pentserythritol Diethers




(Fig. 2) Preparation of 2,6 Dlioxasplro (3,3) Heptane,



(¢ *3Td)

4
| go——

(SNOYDIW! HIONITFIAVM
Al ] 6 8 L 9 S v 3

NI AR T LI TT7T7T Lo T o T Tt M Sl L . T 8
; ; | A N S I U U — : :
R [ = B et e Sy ' STCSS S s PSS et Sl S S T S ] = Iy sy T
B e S R ES TS N S s Sl BT ST Tl 2 R e . :
8 RS BErit Srad SUESS SEEEE BIARE EEEES B it i & .
i - b — —‘
¥ L
H - .

T
|
O3S
M < DN

l

.
B it

L

i o H i

B R TS
-t

(&

L]

IIHINYANOSaY

S
L

R e RS EE
At N T

HHH e , —1 2% moweememn: s e m—————— A i e -0

L B S S B B Bt S ﬂ_;ﬁAI—,____ﬂ.ij. T

bl
0SL 000 00DE 000¥

¥ LI | ) T J_-l-—q—.ﬁ—d_u__dlﬂ_ ﬂA

00£ 008 006 000l =ND

R




BIBLIOGRAPH

1,~- Bowmen, P.I., Barth, R.J., and Burrell H., (to Heyden

Chemical Corp.)s U.S., Patent, v. 2, p. 401, 743

(1948).

2.~ Sokol, H.,(to Heyden Chemical Corp.): U.3. Patent, v. 2

p. 527, 970 (1950).

3e= Berlon, E., Barth, R.H., and Snow, J.E., The Pentasery-

thritol, New York, Reinhold Publishing Corporatlon
1958, p. 118.

4.~ Backer, H.,J., and Dijken, G.: Rec. Trav. Chim, 55, 22
(1936).

5,- Dostrovsky, I., Hughes, E.D., and Ingold, G.K.,: J.
Chem. Soc., 187 (1946).

6.= Glattfeld, J.W.E., and Schneilder, J.M.: J. Am. Chem.
Soc., 60, 415 (1938).

7.- Nichols, P.L., and Yanovsky, E.,: J. Am. Chem. Soc., 87,
46 (1945).

8+~ Evans, R., and Gallaghan, J.A.,: J. Am. Chem.Soc., 75,
1248 (1953).

9.~ Orthner, L., and Freyess, G., Ann., 484, 131 (1930),

10,~ Wawzonek, 3., and Rees, D., J. Am. Chem. Soc., 70, 2433
(1948).

11,- Wawzonek, S., and Issldorldes, C.H., J. Am. Chem, Soc.,
75, 2373 (1953).

12.~ Issidorides, C.H., and Matar, A.I., J. &m. Chem. Soc.,
77, 6382 (1955).

- 34 -



- 35 =~

13.- Backer, H.J., and Keuning, K.J., Rec. Trav. Chim., 53,
812 (1934).

14,- Henriquez, P.C., Rec. Trav. Chim., 53, 1139 (1934).

15,~ Kohler, R., and Pletsch, H., (to Henkel and Company,
G.m.b.H.) U.S. Patent, v. 2, 764, 575 (1956).

16,~- Kiyohisa, F., Yasuc W., and Ryohel 0., (Kyoto Univ.)
Bull. Inst. Chem. Resesrch, Kyoto Unlv., 31, 222
(1953). |

17.- Henkel and Co., G.m.b.H. (Helmut Pletsch and Horstmar
Nagel, inventors) Ger., 875, 804 (1953).

18,- Govaert, *,, and Beyaert, M., Proc. Kon. Ned. Akad.
Wet., v. XLII, No. 7, 1939.

19,- Read, J., J. Chem. Soc, 2090 (1912).

20,~ Bograchov, E., J. Am, Chem. Soc., 72, 2268 (1950).

21.- Micovic, V.M., and Stojiljkovic, (Miss) A,, Tet., 4,
186 (1958).

22.- Berlow, E,, Barth, R.H., and Snow, J.E,, The Pentaery-

thritols, New York, Reinhold Publishing Corporation,
p. 147,

23,~ 1bid., p. 122.

24,~ Beyaert, M,, and Hansens, M., Natuurw, Tijdschr. (Belg),
22, 249 (1940).

25,~ Aprahemian, N., M.S. Thesis, Am. Univ. Beirut., 1957,

- pe 12.
P

26 .- Issldorides, C.H., and Aprahamlan, N., J. Org.Chem., 21
1534 (1956).



- 35 -

28 .~ Issldorldes, C.H., Gulen, R.C., Aprahamian, H.S., J.
Org. Chem,, 21, 997 (1958),

29.~ BEliel, E.L., and Rerick, M., J. Org. Chem., 23, 1088
(1958) .

30,- Ellel, E.L., and Baddlng, V.G., J. Am. Chem. Soc., 81,
6087 (1959).

31l.- Elilel, E.L.,and Delmonte, D.W., J. Am. Chem. Soc., 78,
3226 (1956).

52.- Ellel, E.L., and Delmonte, D.W., J. Am. Chem. Sce., B0,
1744 (1958).

3.~ Pettit, G.R., and Kesturl, T.R., J. Org. Chem., 875, 25,
1960).

%4,- Berlow, E.,, Barth, R.H., and Snow, J.E., "The Pentaery-

thritols", New York, Reinhold Publishing Corporation,
p. 126.

35.- Sirker, S.C., and Voelz, F.L., J. Chem. Phy., 23, 1684
(1955).





