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A CORCLYMMRIZATION OF STYRENE AND FORMALDRYLE

INTROUUCTION AND HISTORICAL

Styrens and formaldehyde are known to polymerize ssparately. The object
of this gtudy was to cause the copolymerizatiom of styrene and formaldehyde to
yield & product with the strusture (CgHyUH~CEp=0-CHydye

No reference to the copolymerization of styrene and formaldehyde or any
copolymerigation of an olefin with formldehyde could be found in the literature.



BXPIRTMENTAL

The attempted copolymerization of styrene and formaldehyde was carried out
in an emmlsion prepared as follows:
260 ml, distilled water
15 g. Aerosol OT
50 ml. 35p formalin solution
50 ml, distilled styrens
0eb g. benzoyl peroxide
The Aerosol OT was added to the water, then the formalin solution and finmally
the styrene containing the benzoyl peroxide. The emlsified resction mixture
was stirred cantimously for six hours While the temperature was held at 85-80°C.
A similar mixture was prepared except thet the formalin solution was excluded.
This should yield polystyrene under the same conditions. The products obtained
from both rns after addition of the emilsion to a saturated solution of sodium
chloride were colorless end had identical softening points. Hence it is prob=-
sble that copolymerization did mot oceur. :
200 ml, distilled water
6 g. Aerosol OT
50 ml, distilled styrene
50 ml. 37% formalin solution
0.5 g. benzoyl peroxide
50 ml. cone. hydrochloric acid
The above mixture was prepared as before With the hydrochloric acid being added
last. The mixture was heated at 80-85° for eight hours with stirring and then
steam~distilled to remove all volatile materials. The water-insoluble residue
was a light-brown, sticky mass. When this was washed With methanol, it became
a powder. After washing with water and drying, the product was light-brown as
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compered to the colorless styreme obtained in the mrevious run. A similar miz-
ture was made except that the styrene and benzoyl peroxide were omitted. When
this was subjected to the same treatment, no water-insoluble residue was obtained

Since the copolymer should contain oxygem, the ferrox test for oxygenated
compounds (1) was mede. The test was inconclusive since only a very light color
was noted. In order to test for the presence of a copolymer of the structure
(CgRg-CH-CH,-CHOHYy , the dried solid was dissolved in thionyl chloride. Little
reaction was noted. The addition of water to this solution camsed a solid to
precipitate, The solid gives only a slight Beilstein test for halogen (2) and
therefore does not contain appreciable amounts of halogen. The suspected ecopoly-
mer was refluxed with a dilute sulfuric acid solution. The mixture hed a defi-
nite odor of formaldehyde and the physical appearance of the solid changed.

Reaction mixtures which included potassium hydroxide or stannic chloride
failed to yleld solid polymers of sny sort.



DISCUSSICN OF RESULTS

The attempted copolymerization of styrene and formaldehyde does not seem to
occur under the given reaction conditions. The product obtained is probably =&
mixture of polystyrene and polymers of formaldehyde.

The charseterization of such copolymers wonld be & difficult task. Moreover
there is so much difference between the mechanisms of polymeristion of formalde-
hyde (condensation-type) and styrene (addition-type) thet a copolymerimtion is
theoretically very improbsble. Accordingly no further work on the project is
advisable, |



B, COPOLYMERIZATICN (F HEIHYLENE OXIDE AND FORMALDEHYIR
INTRODUCTION

Bthylane oxide may be polymerized to polyethylene oxide in the presemse of
dilute aqueous alkali as eatalyst at room temperature (1). The degres of poly-
merizmtion increases as the ratio of water/ethylene oxide decreases.

Formaldehyde may also be polymerized by addition of alksli to an agueous
solutio of formaldehyde (2).

Stnce ethylene oxide and formaldehyde will tims polymerize individually in
agqueous alkaline solutions, it seemed possible that a copolymerization eould be
effected and a produst of the formla (-0-CH;~0~CH,~CH;3y = - & 1,3~d loxolane=

type polymer -~ - obtained. No mention of such a base-catalyzed copolymerization
could be found in the literature.



HISTC(RICAL

1,3-Dioxolane is the eyelic formal of ethylsne glycol. It mey be pre-
rared by heating ethylens glyool with peraformaldehyds (3) or fomeldehyde solu=
tions (4) with an scidic catalyst:

et B e v B

CHgCH CHp=0"

By causing ethylene glyeol to reset with formaldehyde in the presence of sul-

furic acid under reflux eonditions, a polymer of the general formula (H(CHCHp) -
( CCHpOCHCHy ) ( OCH, CCH,CHo(H) , Where X is one or tWo, was produced (5). The vis-
cous liquid polymer was removed from the resction mixture by distillation under

reduced pressure after the acid catalyst was neutralized.

1,3~Dioxolane may also be prepared by the reaction of ethylene oxide with
formaldehyde in the presence of acidic catalysts, particularly boron trifluoride
or its hydrates (6). Folymers of dioxolane sre prepered by contimuing the re-
action beyond the formation of dloxolsne under dehydrating conditions. The poly-
mer is thought to have the structure (=CH,~0-CHy~<CH,~Ody (7), although the struc-
ture is not completely known and cross—-linkages msy be present. If x is less
than 10, the polymer is s mobile to viscous liquid; if x is greater than 10,
it is a solid; if the molecular weight is 10,000 or more, the polymers are
solids that can be cold-drswn. Those of molecular welght 1,000 - 200,000 de~
teriorate when exposei to alr and lose their elastiscity and high tensile strength
quite rapidly. The addition of 2 small amount of an antioxidsnt such as an amino
or & hydroxy compound to the mixture in the final stage of polymerizmtion stabi~
lizes the solid polymer against oxidatlion (8).



EXPRRIMENTAL

The concentrated methenol~free formeldehyde solutions used herein were ob-
talned by cancentration of 30% formalin solutions (from Tallant) via vecuum dis-
tillation. _

The following reaction mixture was prepereds

20,1 g. ethylene oxide (0.46 mole)

943 g. 45% agueous formeldehyde (0.13 mole)

Oel g. potassium hydroxide
The ethylene oxide wss condensed and collected by passing the gas into a eontainer
held at 0°C. The formalin solution wes cooled and slowly added to the ethylens
oxide with cooling. The potassium hydroxide was then sdded snd the cantainer ==
a bottle - sealed. The reaction mixture was held at room temperature for three
days. At this point the mixture was a light~brown, viscous liguid. The reactian
mixture was exsotly neutralized and sodium sulfite solution was added to a small
sample of it. No base was gemerated as determined with phenolphthalein indicator,
How the addition of s sodium sulfite solutimm to fWa is knowm to generate
sodfum hydroxide (9) and it was found by experiment that ethylene oxide also ylelds
sod ium hydroxide upm addition of such a sulfite solution. Thus it was ascertained
that no free ethylene oxide or formaldehyde existed in the reaction mixture. The
neutralized mixture was distilled at atmospheric mressure; anly water came over up
to 100%. Sinee 1,3~dicxolane boils at 76°C. (10), it was not present, at least
not as the monamer. The residue (boiling point sbove 100°C.) vas soluble in weter
end in 95% ethanol but insoluble in ethyl ether and In benzeme.

Trial of the reaction was repeated with the following mixture, prepered as

before:
90 g. ethylene oxide (£.04 moles)

80 g. 35% aqueous formaldehyde (0.88 moles)
0.75 g. potassium hydroxide



The container was sealed and the mixture allowed to remain at room tempersture,
After two days, a sample of the viscous liguid was added to a solution of
2,4~dInitrophenylhydirazine in 2N hydroshlorie ascid (11). A bright-yellow pre-
cipitate melting at 163~166° formed imnedistely; this melting pdint indicates (11)
that free formaldehyde was present. After six days, ancther sample was With~
drawn and added to the 2,4~dinitrophenylhydrazine reagent. The solution re-
mained gleer for 2-3 mimites but thereafter cloudiness and a yellow precipitate
appeared. This solid melted at 165°, The mixture was now & 1ight~yellow-brown
visoous ligquid without appreciable odor.

The ligquid was distilled at 10 mm. Hz. pressure until the boiling point of
the distillate reached 100°, The residue did not give an imediate test for
aldehydes with fuchsin-aldehyde reagent (11) or with 2,4~dinitrophenylhyirazine
but did so after a few mimtes. A solutiom of the residus in dilute hydrochlorie
acid gave an immediate test for aldehyde with the same reagents.

Measurement of the depression of the freezing point of water was used to
find the spperent moleculsr weight of the residue. The experimental valus was
160, which corresponds to an average degree of polymerization of 2.4 if

{0-CHp-0-CHo~CHp? is the repeating unit.

Attempts to inorease the degree of polymerization by heating the residue to
116° and to 260° for a few hours in a sealed tube ylelded a blaek 1iquid in each
ease,

The use of greater smounts of alkali ag catalyst led to violent explosions
due to unsontrollably rapid resction.

Polyethylene oxide was prepered fram the following reagemnts:

90 g. ethylene oxide (2.04 moles)
25 g. distilled water (1.4 moles)
0.7 g. potassium lvd:rcxﬂo



Liquid ethylens oxide was collected as before, the water and potassivm hydroxide
were carefully added with cooling, and the container was sealed. After standing
at room temperature for a few days, the mixture was & yellow viscous liquid.
Gaseous formaldehyde generated by heating paraformsldehyde was bubbled into the
mixture. The formaldehyde was absorbed in apprecisble amounts. The contsiner
was resealed and held at 40° for tiree weeks. The mixture was hamogensous &t
this point but gave a positive test for aldehyde with the 2,4~d Initrophenylhydra-
zine reagent, indicating that the formaldehyde had not completely polymerized.

The use of barium hydroxide as catalyst in the attempted copolymerization
led to solutions which contained unrescted formaldehyde and ethylene oxide.



DISCUSSION

Bthylene oxide rescts with formaldehyde In the presence of dilute aqueous
alkali to yleld a viscous liguid which seams to be a copolymer. The liquid is
very soluble in water and in 95% ethyl aloohol. Since alkali~precipitated pars-
formaldehyde is quite insoluble in these solvents, it is belleved that the resc-
tlon is not a self-polymerization of the ethylene oxide and the formaldehyde
separately. Formaldehyde did not polymerize completely in a solutian of poly-
ethylene oxlde in dilute alkali which further indicates that the formaldehyde
rescts with the unpolymerized ethylene oxide. Attempts to increase the degree
of polymerization by inereasing the amounts of alkali catalyst or heating the
reaction mixture failed.

The structure of the copolymer has not been detemmined but the slow hydroly-
sis In dflute scid solution indicates an acetal structure, possibly $0~CHy=0~CHy~CHod *

The copolymer could possibly be polymerized further by a process in which
all water would be removed from the completed reaction mixture followed by acidi-
fiestion and heat treatment. Murther polymerization is necessary to make the
product useful.

The difficulties encountered in echarascterization of the polymer and the
insbility to produce truly high polymers caused the discontinuance of experimen-

tal work on the ethyleme oxide~formaldehyde reaction.



C. ADDITION OF FORMALDEHYDE INTO BUTADIENE

INIRODUCTIN

The reaction between mono-clefins and formaldehyde in the presence of acid
catalysts to yield 1,3-glycols and derivatives thereof is well known.

1,3-Butadiene and other diolefins would be expected to react with formalde~
hyde under similar conditions. The object of this Investigation was to study such
a reaction and its products.



HIST(RICAL

The pioneer work on the addition of an aldehyde into the double bond of an
wsaturated substance was mede by Prins in 1919 (1,2,3). He found that formalde-
hyde adds at the double bond of such compounds as styrene, anethole, eugenol and
some terpames in the presence of glacial scetic acid with concentrated sulfuric
acid catalyst to yleld 1,3-glycols, formals, esters and unsaturated primary alco-
hols. He postulated the initial step in the reaction to be the additiom of formalde-
hyde to the double bond to yield a four-membered ring, as lllustrated in the case
of styrene:

(o« e (e

The ring may then open to absorb another molecule:

(OF® o, (poe ()
CHg~0 CHp(H CHgOH
1.0 Omw
| + H0
ClizQao
() o
CHg~0-CHp

Fourneau, Benoit and Firmenich (4) caused styrens to resct with formalde~-
hyde in the presence of glacial acetic acid and concentrated sulfuric acld.
These workers proved the isolated dlester to have the structure:

() o an
Qle



The ester was hydrolyzed to a 1,3-glycol:
CH-CH.Qhc CE~CHp~CHp (H
OI " __%‘,?_, Ol e
Oic oH

The mechanisn proposed by Prins is now considered to be extremely wlikely
but it served as a foundation for subsequent investigations.

The initial industrial application of the reaction appeared in & Franch
patent (5) (1930) in which the preparstion of 1,3-glyeois by resstion of olefins
with formaldehyde in the presence of scetic and sulfuric acids followed by hydroly-
sis is described.

Prins (6) extended the resetlon to chlorinated ethylenes. He postulsted and
experimentally verified the method of the addition of formaldehyde into substituted
ethylenes, The carbon atom of the C=C group which contains the most electronega=—
tive substituents becomes linked to the oxygen atom of the formaldehyde:

CHCl=CCl, + CH0 =———> (l}ml-('}c.'l.z
CHs= O

Hydrolysis of the reastion product ylelds an acid:

?ml-?clg .o cl:nz-cml-mm

Vs o

This mechanism is untensble but it did serve to predict the sxaect products of the
reaction. An interesting sequel to this partioular addition is the dehyiration of
the product of hydrolysis to yleld «~chloroacrylic acid.

Matti (7) caused cyclohexene to react with formaldehyde in the presence of
glacial acetic acid and concentrated sulfuric scid and isolated l-methylol=-2~ cyclo=-
hexanol as the main product by hydrolysis of the mixture of mono- and diacetate
esters produced. In addition, Matti found other materials which were not idemtified,

+ ZHC1
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For the noxt ten years, paibllshas work onv the sddition of formaldehyde 0
doudble bonds was cfined b0 industrial anplieat long and recordeld wily in mibents,
The greatest vumber of mtbants vas dhialned on the preperation of 1,3~glyocls
and derivetives thereof such as zr@‘:;af-aimﬂes, diolefing, ehlsri,mt@@ and. ursebur- -

ated prinery alcohols, znd 1,3-dihalides.

The productlon of 1,3-zlyecls is deseribed in o series of mtents (8-16)

=

Y I, Aoy . T OVRI3LT AT SN b ar £ R PRI T S S S S sy o fY  infrkrew Ty N B 2o e
deted from 1939-1947. The mwocesses cve essenbizlly the soie and sy Do roive-

sonted by the squation
RCH=CE_ + CHOQ ==—--->  HCH-CH -CH OH
2 2 B0 0, 2 2
3
in olefinie hylroczrbon is made to corbive with an aldelyie {vswlly “ormaldelyds)
or sldehyde-yislding reagent (agueccs formalin, peraformsldebyle or methylel) in
the prosence of an zoid astalyst such as hydrochloris seid, saifucic sciq, & ustal

LY

hzlide, aqueous horon ftrifluoride, ete. The wressure snd tenmpsrature wyy bud

ir zeneral hizher pressurss and teupsratures ors required with the lower clefins.
The glycols produced mey be converted to diolefins (12, 17-20) by sowe method of
gomplete dehydrationd

lfﬁiiz-(.}H-Gﬂg-Cﬂgﬂﬁ memmmoey FOH=CH-CH=CHp, + 2HG0

CH
In these processes, the 1,5-glyecl is produced and the renction mixture is pesed
over = dehydratine catalyst sueh as alumimum oxide {17,18) or through a dshy-
drsting agent such as congantrated sulfurle asid (19,20) 2% high temporafures.
The groduction of formals and meta~dloxanes may be considered to be en
iotemsdlate stage in the prowotion of 1,5- glyools:
ROBSCH, + ZGHEG ..._giz.-v-» mﬂ"{fﬂg'cﬁg
b,

The starting seterials are again an olefin, a souree of an aldehyde and =n acid
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catalyst. ds & rile, opsrating temperatﬁr@s are iower and e nm-reschive éél*

- veurt may be used to increase " solubilisy of the olefin in the reaction mixture.
The use of highly unsymwtricsl olefins such as trimeibyi-ethylene, isgbuty=

lene, and diisobutylans as s souree of the 0=C group leads to the formation of

unsaturated primery sleohols (32-37) under the ususl reaction conditioms:

| N
F%Gifiﬁ + Gﬁzi} i e e Rﬁt}ﬁ"ﬁ-ﬁﬂgﬁﬁ

Chlorirated slcohols (36-39) are produced Wy resction of an olefin or an

uusaturated alechol with a source of fuiwaldehyde and hydrochloriec =cid, ususlly

a2t aa slovated temperstbure snd pressuve:

RGECH, + CH0 ~—Si»  ROH-CHp-GH,Of
: 1
c1

his process moy be used to prepars 1,3-dikelides (40}, even higher temperatures
‘and presswes belng reguired:
RCH=CHy + CHy0 2, RCHCH,~CECL + HpO
)
- Perpens sleohols Luve beer pmu.w;a& {41,42) by the use of terpenes ag olefing

tozether with & source of Tomaldehyde and an aoid cabalyst.
The addition reaction, as previcusly noted, uay be used to produce serylic
20d ochloroserylic scids (43~51):

ot

Gﬁg#ﬁlz + CHO -«}-%a—r CH,=0E-COH

u* .
URINAOCL, + CH0 ~=—> CH,=CO1-COGH
1,0

Yhe starting meterials ave di~ wnd trichloroethylene, formsldshyie or & pulyner
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thereof and sulfuric acid. An alcohol msy be added to the vesetion mixture and
the acrylic scld soperated as Itg ester.

&

The addiiion of fomeldehyde to the Cel group of ketene (52-54) iu the pres-

[ I

euce of rricdel~Crafts catulysis yields 8=lactones:

CEgaC=0 + G0 ====--> Gily=0fl,~Cu0
L,

The influstrial potertialities of the. ;&;»ins reagtion hsve stimilated ressarch
on the mechanism of the reaction. Baker (68) has invest igated the resction he~
tween propylene snd formeldehyde (ss paraformaldehyde) in 100% acetic acid using
1007 sulfurie scld eatalyst at 35°C. Increased yield is claimed by excluding sll
water from the resction mixture. The sain products isolsted and characterized

wers: ¢ o
{a) the discetate of Dutane-1,3~dlol (63%)

{b) %he eyclic fomal of butane~1,3-dlol (145)
{c) 4~acetoxytetrahydro~y=-pyran (235}
Products (a) and {(b) are belicved to arise fram an acid-~catalyzed addition of
formeldebyie Lato $he double bond as follows:
—_ e A K =
{a) CHom0 + H.SO, ey Qﬁg.(:)ﬂ“‘\- ‘ﬁscé
* . -
CHyCAnCH; + CHpOH =-=---> CHy-CH-CECHH
] 2accm
| cas-c;ﬂh-cag«cﬁgm + 0+ HO
Cie
. o e s om0t +_ -
(b} CHom0 + HpSOg wmem——s CHpUH + HS04
&
CILOE + GHys0 —--m—s > HHG,
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BB (CH, + CHCHLE, ~~-- cns-ﬁﬂtﬂgwgww
cHﬁ-‘fH-cHZ-?HB X H*
0 -052-0

Baker contends that product (¢) is formed by an entirely different mechanism:
that of the direct reaction of the «~methylenic hydrogen activated by an adjacent
olefinic linkage:

(c) H-CHp=CHCHz + HOCH(CHz -——- H-Gﬁa*'fﬂfﬂg'cﬂzm%‘ﬁ
Odo
eﬁs'éﬂ'?ﬁg <2E_ CHysCH-CHp-CHy(CHp(H + H
Hwizccﬂa

e
(Hg~CE0H Hy0
CHp=0~CHp

In sddition to cuncentrated sulfuric acid, boron trifluoride was tested for
eatalytic action. Boron trifluvoride in 100k acetic acid was found to be ineffective
but it did incresse the catalytic effisciency of lower cancentrations of sulfurie
acid,

In view of the difficulty in sccounting for the catalytic effect of acids by
such & mechanism, Price (56) hes criticized the postulation of «~methylenic setivi-
ty set forth by Baker. He claims that all observed resctions go through & common
intermed iate:

CHz=0 + H == CHO0H
* AcCH 9!.0,
ool @ GH0H ~—-—- E-CCH0H —=~=> SC-C-CH,0H + E'
H H :
N ] -+
SOLCHH + H

The 4~acetoxytetrahyiro-¥-pyran found by Baker could be formed through such
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an intemediate as:
+*
GH5-GE=L'32 + H(DHQCCH;Z e UH{EH-GHa-GHeCOHzGI
ol lmm
HO + cHg-(.E-LB?_ < ——— cHa-L.H-sz-CHSCGHZOH * H

g oy

In a recently published work, Baker {57) used o~methylstyrene as the olefin

in the Prins resetion. By combining this compound with paraformaldehyie in the

presence of a mixture of 100% acetic acid=100% sulfuric acid, he obtained the
formel of 3-phenylbutane-l, 3-diol and the discetate of J~phenylbutane~l,3-diol:

= - - s
O+ 8 O - Oy
Ode 0-032-0

In addition to these compounds, appreciable polymers of the o~methylstyrene and
unidentified substances were encountered. No product which could have been formed
by a reaction involving o~methylenic activity was noted.

This mechanism is supported by the work of Barbier and Leser on the unsatu~
rated aldehyde citronellsl, as reported by Price and Dickman (58). This aldehyde

undergoes an intemasl Prins resction leading to ring closure and alcohol formation:

b % %

('m CHO B Ha804, @ + @

3 CH OH
— c-ct CCH,
e S ( ciig), oH
Citronellal Menthoglycol Isopulegol

The most extensive investigation of the Prins reaction was earried out by
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Olsen and Padberg (59,60). These workers,repeating the work of Matti (7),
caused formaldehyde to react with cyclohexene in glacial acetic acid with con~
centrated sulfuric acid as catalyst. The products of the reaction were isolated
and a reaction scheme was formulated. The chief produsts of the reaction are

the acetates and formels of hexshydrossligenin (o=hydroxyhexshydrobenzyl aleohol).
These campounds result from the following reaction sequence:

AcCH
e s R Gl OCTLy
+ Hy0
lmm

=0 ( HO ) c @
O R - O s

O-CEE cca:ga

One of the important side reactions is the scid-catalyzed addition of scetie
acid into the double bond of cyclohexene:

O+mn-—--+ @wmnz

Another important side resetion lesds to the production of phthalan derive-

tives:

Ouazococaz CH,0 ===+ Ocszmocns e O ~ + AcOH
C8,’
AoOH
‘”‘ma
° oy — @ cHB\lz) + decUl
CH,CH CH,’

The overall reaction was shown to give a series of reaction products which
are all in equilibrium with each other. The addition of any of the known inter—
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mediates or side productes to a mixture of fomaldehyde, glacial acetic ascid and
concentrated sulfuric acid lesds to the same resction products.

Olsen and Padberg have not considered the mechanism of the resction but it
is of interest to note that all the products can be formed via the intemediate
postulated by Price (56).

Nenitzescu snd Przemetsky (61l) caused 2-methyloyelohezene to react with
paraformaldehyde in the presence of a glacial acetic acld-corcentrated sulfuric
acid mixture snd isolated the acetate of Z2-methyl-l-eyclohexene-l=methanol snd the
diascetate of 2~-hydroxy-2-methyleyelohexanemethanol:

AoCH Vs
P e O
Ny Wigony
The presence of the methyl group on the C=C group leads to the formation of the
unsaturated ester.
These workers caused cyclohexene to resct with 38% formalin solution in the
presence of sulfurie acid to yield small amounts of the formal o-GBGEmcHZCSHz.
The scope of the reaction has been Widened by Smersan (62). He effected
the addition of scetaldehyde, propionaldehyde, n-butyraldehyde and isobutyralde-
hyde into the double bond of styreme in glacial acetic acid containing eoncen-
trated sulfuric acid. The main products were 1,3-dioxanes and scetates of 1,3~
glycols. Acetaldehyde ylelded discetates while other aldehydes gave only
monoacetates. All aldehydes except n-butyraldehyde produced dlox=nes.
Shortridge (63) found thet the reaction of formeldehyde and styreme with

concentrated sulfuric acid catalyst In an incré solvent at room temperature
gives a 78k yleld of 4~phenyl-l,3~dioxsme and no glycol:

( Yossm + mamo e (oo,
O~CHg=0
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whe ylald of the dlwmane vas lusreused to 68p by ths use of styrene, ¥7%H agheous

forie acid under reflux temperatires.

formalin and su
The Prins rescticn bas been carvied vut st elevated temperatures and res-
stres With results similar to those cbhtained uwnder less severe conditions. Reae-

tion betlween guseow

0

clefing and agueous formalin With s zine ohlovide ea*i%—:glyst

gt nlzh banperotures ana prossures nss hesn demonstrated {64). fhe enlef ;g:rbduct:
is the fommal of a 1,3-glyeol eontaining one Wwore sarvon atom than the ofiginal
olefin., 4 weisy~lmniscible solvent in which the olefing and forusls sre soluble
was foumd o favor the fommstion of fomals and $o incresse the overall yield.
Aég}lecms hydrogen ebloride solutions used as & catalyst in plasce of zine ehloride
produses ehlorinated aleohols instead of glycols. ‘E%E‘Jylezz@ caused to reset With
formaldehyde (65} wnder high temper<ivre~high pressure conditims :\;‘ielfi‘ed 4 imethy-

lene glycol discebate and penlaglycerin diascetatbe: -

. (; : ?ﬁzwwﬁz ?chcccﬂg

c -_- ", :;,' . . o o i N i . x: Ve e .
HysCH, + CR=0 -3 » CHy | + czgré-c‘;-cﬁzccmdg
. CH,UECCH, CH,(CCCH,

The 1,5-dioxane vas nobt found bub Ulsen believes 1% may have heen lost by
weshing of the resction mizture with water.  This particvlar resction is of
ntervest since the trimethylens glycel discetate could serve =s an intermediste
- stage In & synthesis of glycerin. -

o Baker (57) independently repeated the reaction between ethylene and pera-~
formaldehyde at room temporatvre in a 100% scetic ac 1d-100% sulfuric aé id mixture.
The discetate of trimethylene glycol discetate was ilsolsted and ckmracter:izeﬁ@
Sane evidence for the sxistence of the corresponding formsl was found. |

The stpuctural conditions in the olefin which fzvor the acid-catalyzed
addition of Pormaldehyde into s double bond have heen set forth by Baker (57).
In oréer for an olefin to give satisfacetory yislds of the 1,5-513301 derivatives,

it must be of the type CHR'zCHp or CER'=CHR" where R'=mallyl or aryl and R'=alkyl
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or hydrogen. If the achivation resulting from the presence of RY and B" becomes
to0 grest, self-polymerization and slde resctions mny reduge the yield of the
desirad wroduct.

The Prins resction is rapidly sroving in imporitence in the field of industrial
chemicals =and will tzné@miutedly become ore of the abtandard synthetic methols gwmil-

able for the graduvetion of 1,3~zlyeols snd glyeol derivatives.



HX PTRIMENTAL

The solvent most widely used in effecting the Prins resction is glscial
acetic acld, while concentrated sulfuric acid is the most common catalyst. The
initial reaction between butadiene and formsldehyie was therefore performed in
a solution of sulfuric acid in glecial scetic scid. The expected reaction was:

A, CH-CH=OR,

CH, Ode or isome
I‘H2 s
Ohe

LR e
iﬁz? ? C:Hz or isomers
Qdc dc Ac Qdc
e
CH,=CH-CH=CE, + CH,0 —H-;;O:r- (I}Hz? or isamers
b
CHE-GH-CH'CHE
b
O-GHECEE'O

e Tomudel:

I

C'BZOAG Qe
The reaction was carried out 2ccording to the directions given by Humerson (60).
The folluwing mixture was prepared:

600 g. glacial scetic acid
40 g. concentrated sulfuric scld
X g. paraformaldehyde
The sulfuric scid was slowly added to the cooled acetic acid. The paraformaldehyde



wos added and the slurry plaged in a Z-liber, J-nceied fladgk equipred with an
electric stirrer £itted with & moreury sesl. While the stirred mizture was held
at 0-10P with 2n ice-water bath, hutadiene ges (Eaillips pure zeode) ves slowly
and steadily tubbled into the slurry for five hours. The mixbtwre dariensd
apprecisbly. The stlrrics end coolln: vas continued for an additionsl five hours
and the solubtion added 4o water. This diluted solutlon did not give an immedinte
test for aldehydes with 2,4~dinitrophenylhydrazine in 28 hydrochlorie scid 65;,
which indicsted thet all of the persfommeldehyde had been used in the reaction.
The diluted resction mixture wes oxtracted with ether and the extract distilled
to remove the solvent. The ramining dark liguid gave a pos iti#e b;ydrw{émie test
for esters (66). After a sample had been refluxed with aquecus potassims hydroxide,
‘the solution gave a test for aleohols with ceric ammmium nitrate resgent ( 65;.
The original extract waes distilled atb atmospheric pressure from 2 dist illing flask
without apparent decomposition wp o 150°, The distillate deeo;arifzed br@mine

in carbon tetraschloride and amsous potassium permsngenate solubtion bufs did not
give a test for aleohols or esters. This liguid was redistilled and found to
yield a 142-125° fraction. Additicn of a somll amount of this liguid to the
2,4~d Initrophenyliydrazine reagent gave no ilmmediste precipitate bhut eloud iness
gradually appeared and still later s light-yellow precipitate formed. Thiz solid
melted at 162°. The litersture value for the melting point of the ,4-dinitro-
phenylhydrazone of fomaldab,y&e is .1660.

The 148~148° cut was sgain redistilled and the 145-144° fraetion collected.
separately., The branine ey of this: colorless liguid was exper immﬁally deter-
mined {67) to be 143, wnich is equivalent $0 2 moleculsr Weight of 112 if the come
poud contains bubt one double bonde. The moleculayr weight as determined by the
freezing point depressiom of benzene was 11l. This molecular weight corresponds
to that of a compound resuliing from the addition of two molecules of formaldehyds

to one molecwle of butadlens. Thvee pogsible structures, all of formals, are:
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Compound 1II is unlikely bocause 1t is an eight-mesbered ring ou‘:, it would bhe }tha
produet of l,é addition to butadiene. Compounds I and II ag viayl-type compounds
would be expected to polymerize resdily ut attemplted polymoriztion of the new
1ignia using benzoyl peroxide, stannie chloride and sodium as catalysts failed.
The formal rescted with sodium at ordinsry temperstures. This resction vas unéx—
pected sinee neither ord inary olefins nor ordinary ethers so react. Hovever, it
wag found by trial thet sodimm rezcts with allyl ether under the same conditions.
Compound. 1, 4-vinyl-l,3~dioxens, has an allylic structwre similar to that of allyl
ether. Tﬁe known feets that simple allyl compounds do not polymerize readily and
cen be digtilled wader ordinsry pressure fwvor belief that the unknown is 4-vinyl-
1,3~dioxane. koreover, this compourd would be expected if the or"iem:ation of addi~-
tion at one double bond of the diolefin is the Bame ‘as such orlentation at the
double hond of an unsymmetrical mono-olefin.

The liquid formal wes vedistilled throuzh a Todd semi~miero colﬁz&m packed
with a Mmel metal spiral at atwospherle pressure. The greatest amound of liguid
boiled between 144.,0~144,5° . The formal 1s colorless and hes a sharp odor. The

following physical constunts were determined:
| P42

B.E. = 144%,
RoI. 0 O 1.4439
D
2 o
‘DQ - 1.00

The moler refraction (68) for 4-vinyl-l,5-dioxane is 30.3. The liguid formal has
a molar vefraction of B0.3 as detemained fron the above physieal constants. The

compowrid has a theovetlcal carbon conbent =63.13% and hydrogen content =8,835,

The actual values are carbon =63.30 and 63.39 and hydrogen =8.94 and B. 93,



It wag declided to dissantimue dilvbion of the vecotin mixture In isclating
protusts since the Lormal wight be hydrolyzed in dilute acid. In oxder to obtain
wore materizl the following nizbure wee msice |

600 mle zZlacial acetic scid

180 ml. concentrated sulfuric zcid

100 g« paraformaldshyde
The mixture vas mrepared as before bub was held at 20° while butadlens was slowly
bubbled in until sbout 115 g. bad heen absorbed; this ocourred resdily. The rese-~
tion mixbure darkened gradually snd after Tive houves lhed & derk-~brown color. After
Lilteen hours at room temperature, no poraformaldehyie wes noked. W ovder to
neutralize the resetion mixture vithout promoting hydrolysis of the esters, it was
slovly aGded to a slurry of sodium earbornte in watesr. The lizht~yellow neutralized
mixbure wag filtered and exhaustively extracted with cther. The ethor was removed
by distillation and the dark cuncentrate refluxed for three hours with 20% sodium
hydroxide solution to sapmify the scetates. This solution was ether—extracted.
A preliminary rouzh vacumm distillation a“b 30 mn. Hg préssure ylelded 5C ml. of
a yellow, viscous liquid hoiling between .150-‘1700‘. Same decamposition was noted
avd shout 204 of the initisl licuid renained %.a.s a semi-solid, derk-cclored
regidus. The distillste gave a test for alechols and decolorized bramine in
carbon totrachloride. 4bout 20 ml. of tho di S‘tll_late wes rofrzctioned 8t 2~3 mm.
pressure through the Todd semi~mlero coluim. This gwe two priveipl boil ing
ranzes; 95-102° snd 126-152°. These freotlons were fouwnd to be aleohols con=
taninated with esters and formels. The %-1@26 cut absorbed bromine in cerbon
tetrachloride; 2 bromine ZIUIEL‘“.C determination gave a value of 140-146 which
corresponds to & molecwlar welght of 110-114. This cut could be s hitherto

wimow: pentenediol of structure

caz-c;&ﬂ:cﬁ 5 GHy~OHe0 -(112
Clp G oFr CH,OH

Cﬁ
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which would have a molecular welght of 102. Ssturated impurities would have the
effect of incressing the apparent molecular weight. The 128~133° cut was saturated
and extremely viscous. This could be:

(I!Hg-(}li-cﬂ-cxz

!
?Hgméa%

OE e

The higher-bolling liquid was less soluble In ether than the lower cut, as would
be expected if the postulated structures are correct. Murthur frectionation %o
remove impurities did not promise to be successful since the high viscosity of
the liquids prevented efficient separation. Hence the remaining erude glycols
were esterified by reaction with acetic anhydride in pyridine. The acetates were
distilled through the Todd semi-micro colum at 30 mm. pressure. The greatest por-
tion of the distillate bolled between 159-172° but gave saponification equivalents
which were too high for any possible produst. The distillate gave a test for for-
mals and it was assumed that the impurities were the cause of the high values.

The sbsence of the mreviously reported liquid formsl was probably due to '
failure to form any considerasble amount of it and loss of this in subsequent
treatment of the reaction mixture. The presence of a formal in the high-boiling
fraction was evidence for the production of another formal, possible of the
structure:

Gy OH-Ca-Cly
%00%
o, 0,70
The fomalnvtnve since been found to be the most simple of the products to
separate since they can he distilled at atmospheric pressure without decamposition.
In an effort to improve the yield, the amount of paraformaldehyde and sulfuric
acid in a resetion mixture was Increased:
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600 ml. glacial acetic ascid

150 ml. eoncentrated sulfurie acid

200 g« paraformaldehyde
The slurry wes prepered s before and held at 20~-26° with stirring while sbout
170 g. of butadiene was slowly bubbled in. After fifteen hours at room tempera-
ture, an excess of peraformaldehyde was still presept. The darkened mixture was
neutralized by addition of soda ash and exhaustively extracted with ether. The
stripped extract was then found to give a test for anly esters snd formals but
2 sodium fusion and sodivm nitroprusside test (655 showed sulfur present. HExper-
ience has shown that distillation of the extyset at this point leads to production
of sulfuric acid and subsequent ruinous oxidation. Alkyl sulfates are known to
decompose upon heating to liberate sulfuric acid and it may be that such sulfates
were formed in this resction by the addition of sulfuric scid into the double bonds
of butadlene. A resstion of this type has been observed with other dienes (69).
The extract was therefore refluxed with 20% sodium hydroxide solution to hydrolyze
these sulfates and incidentally other esters. This solution was extracted with
ether and the ether removed by distillation. The concentrate gave a test for
formals and aleohols but not for esters. Distillation at atmospheric pressure
ylelded a fraction of 40 g. which hoiled at 190-210% This cut gave a test only
for formals and solidified at 0° .

The 190-210° fraction was redistilled over sodium to remove impurities.

This is & convenient method of purification since ethers and formals are not
ordinarily attacked by sodium, even at elevated temperatures. 4About 30-356 g. of
2 liquid distilling at 206~210° wes obtained. The liquid solidified at roam
temperature but showed s pronounced tendensy to supercool and seeding was neces-
sary. The colorless solid was recrystallized fram petroleum ether and then
melted st 51.0-51.8% A detemination of the molecular weight by depression
of the freezing point of vater ylelded a walue of 165 while a similar determination
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in benzene gave values of 170-176. The compound is fully saturated and there~
fore must be a bi~1,3~diexane of molecular weight 174. Such a compound would
have a oarbon content =55.176 and hydrogen =8.08s. The actual values were

C = 58,17, 58,17 and H = 8,19, 8.21. Since this indicated that heavy ends left
by the ligroin used in recrystalilztion were contaminating the compound, it wes
again recrystallized from ligroin known to be clean and resubmitted to analysis:
C = 58,34, 58.39 snd H = 8,28, 8.85. These persistent high values for carbon
are unsecountsble exsept on the basis of hydrocarbon residues as Impurities; yet
the compound melted sharply. This still requires clarification, The following
possibilities exist:

?Hzl (R ?Eal ey ?Hgl [} 1:2

2P P 0w Y e B

0-CHy CHg=0 CH~0 O <0y CEz0 CE;-0
I | 11 I

Structure 1, 4,4'-bi~1,3-dloxane, is most probable since the Prins reaction would
presumably give this compound. The compound is soluble in water and is only

sl ightly hydrolyzed by dilute acids. Ammﬂ.eafthefomlmﬁrtmllylvtro-
lyzed by refluxing with dilute sulfuric acid for several hours. Sulfate was re-

moved by exact neutralimtion with barium hydroxide followed by filtration, and
some water by evaporation. The concentrate gave a test for alcohols and also

for glycols having hydroxyl groups on adjacent earbon atoms with the periodic acid
reagent (65). Only strueture I upon hydrolysis would yield such a glycol. Fos~
sible impurities such as formaldehyde and the formal were found not to affect the
test. Reaction of the formal with 2, 4~dinitrophenylhydragine in 2N hydrochlorie
acid should lead to quantitetive hydrolysis and formation of the 2,4~dinitro-
phenylhydrazone of formaldehyde. Thus the amount of the 2,4~dinitrohenylhydrazone
formed from a knom amourt of formal would serve as a chemical method
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of determining the molecular weight of the formal. However, the compound proved
%o be extremely resistant to hydrolysis in the cold and the smount of precipitate
formed in four trisls lasting up to three days at room temperature wes always
much too low. Heating of the solution would lead to decompositian of the 2,4~
dinitrophenylhyirazine and inaccurate results.

In order to avoid formation of acetates In the resction and to simplify the
neutraliztion procedure, anhydrous ether was tested as a solvent in place of gla=-
cial scetic acid. The following resction mixture was prepared:

600 ml. anhydrous ethyl ether

150 ml. concentrated sulfuric acid

250 g. paraformaldehyde
The concentrated sulfuric scld was slowly added to the ether with cooling as
appreciable hest of solution wes evolved. The paraformaldehyde wes added and tie
slurry held at 26° end stirred while butadiene was bubbled in. The flow of gas
was halted after about 110 g« hed been absorbed. The mixture was allowed to stand
overnight at roam iaemparatt:ra, neutralized by careful additlon to a cool concen-
trated sodium hydroxide solutiony and finally extracted with ether. A4 sodium
fusion with the am&mt gave a solution which contained sulfur, so the extrasct
was refluxed with a dilute sodium hydroxide solution for several hours. The alkm=~
line solution was steam~distilled and the distillate extracted with ether. Dis-
tillation yielded 30 ml. of & colorless liguid boilding at 143-148°, evidently
4~vinyl-l,3~dioxane. The non-steam-volatile resldue was also extracted with ether
and 40 g. of an impure liquid of boiling renge 206-218° seperated while 25 ge of
higher-boil ing residue remained. This distillate when redistilled over sodium
gave %0 g. of liquid boiling at 205-207° , solldifying at ice-water temperature
and otherwise recognized to be the bi-l,3-dioxane. Thus the reaction takes
the same sourse in ethyl ether as in glaeial scetic acid and the recovery of
products is simplified, especially since the liquid formal is steam-volatile



while the solid formal is mot.

Since previous runs were primsrily exploratory, no attempt has been made
up to this point to measure the yield of formals accurately. The amount of
butadiene sbsorbed in the sueeeeding runs was messured by welghing the resction
flask and contents before and after absorption of butadiene. The error was at
most :l gram,

The following mixture was prepared as before:

400 ml. ankydrous ethyl ether

200 ml. concentrated sulfuris scid

150 g. peraformeldehyde (5.0 moles)
Butadlene wes slowly bubbled into the slurry held at 256-30° with stirring until
102 g. (1.89 moles) had been sbsorbed. The mixture darkemed apprecisbly and was
allowed to stand overnight at roam temperature. 4 total of 66 g. of the bi-1,3
dioxane and none of the vinyl-l,3-dioxane was obtained by the usual progedure.
This corresponds to a 30% yield based on formaldehyde.

In order to dstemine the reprodusibility of the yleld, a similar mixture

was prepared:
400 ml. anhydrous ethyl ether

200 ml. concentrated sulfuric acid

200 g. paraformaldehyde (6.66 moles)
120 g. butediene (2.22 moles) was added as before. By the usual treatment, 7 g.
of the ligquid formal and 89 g. of the solid fommel were recovered. This made the
total conversion of formaldehyde into formals 34% of the theoretical value.

Up to this point the bi-1,3~dioxene has appeared as the chief product regard-
less of conditlons. In order to suppress formaetion of the diformal and to increase |
yield of the monoformal, the following mixture, In which formaldehyde was added
to excess butadiene, was prepared:

600 ml. anhydrous ethyl ether
150 ml. concentrated sulfuric acid

134 g. butadiene (2.48 moles)
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The concentreted sulfuric acid was slowly added to the cooled ether. The solu~
tion was held st 0-5° and the butadiens bubbled in. The colorless solution was
held at 10-2C° while 150 g. of paraformeldehyde (5.0 moles) was added slowly,
The solution darkened end wes stirred for four hours st 10-20°. After standing
overnight at room temperature, 25 g. of paraformaldehyde remained. The uswal
treatment ylelded 10 ml. of 4~vinyl-1,3-dicxane (3% yleld based on formaldehyde)
and no diformsl. The presence of wmreacted paraformaldehyde complicated rsgovery
of the monoformal.

Produciion of the liquid formal was again attempted as follows:

I II
200 ml. anhydrous ethyl ether 200 ml. anhydrous ethyl ether
100 ml. concentrated sulfuric scid 100 ml. conc. sulfuric acid
56 g. butadiene (1.04 moles) 60 g. paraformaldehyde (2.0 moles)

Mixture I was prepared by carefully adding the sulfuric acid to the cooled ether.
The solution was held at 0-6° and butadiene bubbled in. Mixture II was made again
initially mixing the scid with cooled ether. The paraformaldehyde was sdded and
the slurry cooled to 0=8°, Mixture II was slowly poured into Mixture I with eooling
and stirring. An apprecisble heat of reaction was noted and the mixture darkened
greatly. The mixture was stirred and held at room temperature for five hours.

At this point, no paraformaldehyde remained. Neutralization with a solution of
sodjum hydroxide gave a dark-colored mass which resembled tar. This was separated
and found to be soluble in water and in absolute alcohol but insoluble in ethyl
ether, petroleum etlier, and carbon tetrachloride. In strongly alkaline solutions,
it bad a reddish~brown color and resembled the side-products obtained in other
runs. After refluxing with dilute alkali, neither the solution nor the remaining
tarry material gave a test for alcobols. Acid hydrolysis ylelded an altered tar
and & solution both of which gave tests for aleohols and had a definite odor of
formaldehyde. A sodium fusion with the original material yielded a solution which
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gave a positive test for sulfur. Hence the tar was probably the product of the
addition of sulfuric acid into the double bonds of butadlene and 4-vinyl=l 3~
dioxane. The expected produets from such an addition are sulfuric and sulfonic
esters. Since basic hydrolysis should convert organic sulfates to alecohols, the
products in this case are probebly sulfonic acids. No reference to the reectim
between butadiene and sulfuric 2cid could be found in the literature but formation
of sulfonic acids would be unusual,

Since it seemed that the butadiene reacted undesirsbly with the sulfuric acid
the procedure was revised as follows:

I II
200 ml, anhydrous ethyl ether 200 ml. anhydrous ethyl ether
26 ml. cone. sulfuric ascid 76 ml. conc. sulfurie acld
50 g. butadiene (0.93 mole) 60 g. paraformaldehyde (2.0 moles)

The mixtures were prepared as before; it will be noted that both contain less sul=~
furic acid. HNo apprecisble heat of reaction was noted upon blending them. The
resction mixture vas held at 0-5° and stirred for elght hours. The dark solutimn
was treated as usual and 10 g. of 4-vinyl-1,3~dioxane {9 yield) and 20 g. of the
4,4'-bi~1,3~dioxane (23p yield based on formmldehyde) were obtalned. 'The overall
yield was 324, The appearance of so much solid formal was unexpected since the
reaction mixture contained only 2 moles formaldehyie/mole butadiene while 4 moles
formaldehyde/mole butadiens is required to produce the diformal. It is possible
that some of the butadiene was used in side~reactions so that there was effective~
ly an excess of formaldehyde; or the addition of formaldehyde into the seeond double
bond may have proceeded more rapidly than the initisl addition. 'he steam-distil-
lation residus contained a layer of tarry material which was separated. This sub-
stance was not apprecisbly soluble in ether. Additim of ascetone caused aodlm
sulfate to precipitate, whereupon the mixture was filtered and the scetone removed
from the filtrate by distillation. The stripped filtrate was soluble In water.



When burned, the material charred initially and left an ash. The substance
appeared to be the sodium salt of the slkylsulfuric or -sulfanic aclds produced.

Since the molar ratio 2 formaldehyde/l butsdiene still gave chiefly the bi-
dloxane, the effect of en excess of butadiene was again investigated.

I II
200 ml. anhyirous ethyl sther 200 ml. aniyirous ethyl ether
25 ml. conc. sulfuric acid 26 ml. conc. sulfuric acid
90 g. butadiens (1.656 moles) 60 g. paraformaldehyde (2.0 moles)

The mixture was prepared and cambined as before but held at 0-5° With contimious
stirring for eight hours. The mixture was allowed to stand overnight at roam
temperature. At this point, a slight odor of butadiene was noted and a small
amount of undissolved paraformpnldehyde remsined. By working up as before, the
mixture gave 22 g. of the monoformal (20% yield based on fornmldehyde, but an ex-
cessive amount of butadiene wes consumed) and none of the diformal. The layer of
nan~steam-volatile products in the neutralized mixture was separated and acidified.
The water entrained in this meterial was removed azeotropieally with earbon tet- “
rachloride. The dsrk-colored solution was filtered to remove salts and the car-
bon tetraschloride was boiled off. This residual concentrate of side-products was
stored for use in later work.

The effect of temperature on a run with exeess butadiene was studled:

I II
200 ml. anhydrous ethyl ether 200 ml. snhydrous ethyl ether
26 ml. conc. sulfuric ascid 75 ml. cone. sulfuric acid
88 g. butadiene (1.63 moles) " 60 g. paraformaldehyde (2.0 moles)

The mixtures wers prepared and combined as before but held at 20~30° with stir-
ring for three hours. The dark-colored solution contained no undissolved para=-

formaldehyde and gave only a trace test for aldehydes with 2,4~d initrophenylhy-
drazine. The mixture treated as uswal ylelded 31 g. of the monoformal (30% yleld
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based on formaldehydie). BEvidently increasing the temperature shortened the time
necessary for completion of the reaction and increesed the yield.

Since it is kmown that the addition of formaldehyde into & double bond is
accompanied by side~reactions which are all in equilibrium with each other, the
effect of the addition of side~products obtained in & previous run was studled.

1 iI
200 ml. anhydrous ethyl ether 200 ml. anhydrous ethyl ether
26 ml. conc. sulfuric scid 76 ml. cane. sulfuric acld
dbout 25 g. of side~products 60 g« paraformaldehyde (2.0 moles)

54 g. butadiene (1.0 mole)
The mixture was prepered and camblned as before and held at 20~30° with stirring
for four hours. This yun gave 23 g. of 4~vinyl-l,3~dioxane (20% yleld) and 28 g.
of 4,4'-bi~1,3~d1laxene (31% yleld besed on formaldehyde). The overall converslon
of formaldehyde Into formals is 51%. This was the best yield obtalned and the run
confims the idea that the resetion comprises a series of reaetlons which are all
in equilibrium with each other.

An fmportant plece of evidence in the chavaeterimtion of the solid formal and
in the formulation of the reaction scheame is the conversion of the 4~vinyl-l, k3~
dioxane into 4,4"-bi~l,3-dioxane by reaction with paraformaldehyde under the usual
conditions. The following reactlon mixture was thersfore prepared:

300 ml. anhydrous ethyl ether

100 ml. coneentrated sulfuric seid

40 ge 4=vinyl-l,3~dioxane (0.36 mole)

30 g. paraformaldelyde (1.0 mole) _
The sulfuric scid was slowly added to the cooled ether. The paraformaldehyde and
liquid formal were then added and the mixture held at 20~30° and stirred. After
4.5 hours, the stirring was halted and the mixture allowed to stand overnight at
room tempersture. A4t this point, the mixture had darkened and some undissolved
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paraformaldehydie remained. The mixture was neutralized snd steam~distilled. The
distillaste cantained only s itrace of wireacted 4~vinyl-l,3~dloxane. The steam-
distillation reslidue upan ether extraction yielded a fraction boilding between
205-220% This liquid was reiistilled over sodium end = colorless liquid distil-
ling at 205-210° was obtained. The llguid sollaified st lce-water temperature

and melted at 50° after reorystallimtion from petrolemm ether. This ls ovidently
the solid formal previcusly obtained. The overall resction was therefore:

CH=CH-CHCH, + amno-—?--r B, ~CE-CHCE,

7
"%
4~vinyl=l,3-dioxane
?Bgm cng-en-ca-exg
o + 20H0 -J-—-»- % 0 o cna
_— 005 Gl

4,4'<b1~1 3~ loxane
The yield of diformal was aboﬁt 25% besed on the monoformal., The side-products were
N v et lii it et Tou tha Mitektens P Thin Seiiben |
a possible explanation for the faet that not more than 34% of the original formsl-
dehyde has ever been ascounted for as isolated dioxanes. The 4~vinyl-l,63~dicxene
may raset.w!.th sulfuric acid to yield addition products or the unsaturated formal
may be polymerkged; the former is more probable.

A 3% formalin m]ﬁtlm containing sulfuric acid to make s 10} solution
ylelded no products upon addition of butediene under the usual conditions. The
butadiens wss not very soluble in the scldified formalin solution end the failure
to react may have been due to the presence of the water.

The use of methylal as a source of formaldehyde in the Prins resction has been
claimed (165). The resctlion between butadiene and methylal with sulfuric acld cate~
lyst was found to give products other than formals but no attempt was made to
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identify these compounds. Iir, Hawkins is contimuing work on the resetion in this
laboratory.

Sulfuric acid is not en ideal catalyst since it enters into side~reactions.
Phosphorie acid (85k) was bested for catalytic activity but no resetion was noted,
This failure may have been due to the water added along with the acid; perhaps
enhydrous phosphoric acid would work. Anhydrous aluminum chloride has been used
as cstalyst In the Prins reaction and was therefore tested by the following rum:

300 ml,. anhydrous ethyl ether

76 g. C.P. snhydrous sluminum ohloride

60 g. paraformaldehyde (2.0 moles)
The anhydrous aluminum chloride was earefully added to the cooled ether. An apprec-
isble hest of mixing was evolved. The mixture was cooled to 0~8° snd the pareformal-
dehyde sdded. Butadiene was then bubbled in until 74 g. (1.37 moles) had been
sbsorbed. The mixture was stirred and held st 20~80° for four hours whereupon it
was sdded to a cooled, dilute sodivm hydroxide solution and steam=-distilled. The
aistillate ylelded 5 g. of 4-vinyl-l,3-dioxane (4% yleld based an formeldehyde) but
none of the solid formal., The side-product was a brown tarry material soluble in
ether and insoluble In water. This was probsbly a polymer of butadiene or 4=-vinyl-
1,3~dloxane. p-Toluenesulfomic acid was found to be too Insoluble in ether to serve
as a catalyst. -

The 4,4'-bi~1,3~dlaxane should be convertible to the sorresponding alsohol,
1,3,4,6~hexanetetrol, according to the followinz reaction:

GE{CH'GE*OHB o CHS-GE-GH'GEZ
0320 0 % B0 "-"--* Gﬁsﬁiﬁcﬂg + 2 CHO
O'GHzGHB'O G Od

Attenpted hydrolysis by refluxing with &F sulfuric acid was very slow and incomplete.
A 50k sulfuric acid solution decomposed the formal at reflux temperatures. For-
mals have been converted to diols by treatment with an alcohol such as methanol



in the presance of an acid catalyst (15,70). The following reaction should them

be possible:
tmz'-m-cn-mz cnz-cﬂ-cn-cms
m:goocn2 EHLH = cszmmcnza-wnemaa)a
0-332 CH,~0 oH CH

This was trisd by mesns of the following reaction mixture:

75 mle CoPs methanol

26 ml, concentrated sulfuric acid

16 ge 4,4"-b1=1,3=d loxene
The solution was refluxed for three hours but distillation did not yield any
wothylal. From this it wes assumed that the reaction failed. Tbe hyirolysis
of diformals such as the diformal of pentaerythritol is extremely diffiemlt (71)

and it is not surprising that ths aleoholysis did not work under the conditions
used.



DISCUSSION

The scld-catalyzed addition of fomaldehyde into butadiene has been found
to proceed in the same mammer as the addition of formaldehyde into mono~olefins
and thersfore to yleld derivatives of 1,3-glyools. Since anhydrous ethyl ether,
& non-reactive solvent, was employed in place of the usual glacial scetic acid,
the produats isolsted were the monoformal (4~vinyl=l,3-dioxane), and the diformal
(4,4"-b1~1,3~d1oxune), although 1t was demonstrated that in the presence of gla-
cial acetic acid, acetate esters were also produced.

The two formals, which have been fully cheracterized, are new compounds.
The wnsaturated liquid monoformal has an allylic structure and therefors is not
polymerized readily and cannot be used to produce an ordinsry vinyl-type polymer.
It ean, howewer, probably be eopolymerized with other vinyl compounds to give use-
ful plastics. This eyclic ether could be hydrogenated to yield 4-ethyl-l,3~
azm, a lnown compound which ean be used as a solvent. The saturated solld di-
formal would heve little use itself, unless possibly as a plastieizer, but acid
hyarolysls must yleld & new polyhydroxy aleohol, 1,3,4,6-hexanetetrol, suitable
as an intermediate similar to pentaerythritol, sorbitol and glyserol for making
alkyd resins, explosives, etc. 4 practlcal method for the hydrolysis has not beem
found but no intensive search has been made and similar hydrolyses are claimed
in recent patents.

The yield based on the conversion of formaldehyde into formsls was only 30
to 34% but addition of side~products incressed the conwersion to 5l%. Higher
resgtion temporatures and pressures should permit the use of less sulfuric acid
or other acid as catalyst, thereby decreasing the magnitude of the side-resctions
and increaging the yield of desired products. Such conditions should also allow
the use of formalin solutions as a source of formaldehyde, which could be made
0 yield 1,3-glyeols directly. This could possibly give 2-pentenediol-l,5, the



product of the 1,4~addition of methylene glycol into butadieme. ;

The side-products arise chiefly from the addition of sulfuric acid Into the
dovble bonds of butadiene ard 4~vinyl-l 3-~diomane. Little is known of such addi-
tions but the products are probebly alkyl sulfates and/or sulfenic seids. Upon .
attenpted distillation these compounis decompose with liberstion of sulfuric aedd.
Failure to remove or destroy them prior to distillation causes ruinous oxidatim.
Alkaline hydrolysis has bean £ound to be effestive but sonewhat inconvenient for
this purpose. 4 separste study of the reaction of butsdiame with sulfuris scid
is recommended. | ‘

The tendency of sulfuric acid to camplicate reaction by adding into double
bonds suggests the use of some other scld catalyst. Unfortunately mo other has
yet been found as active as sulfuric scid. Anhydrous alunimm chloride showed same
wﬂvﬁ:y but 65k phosphoric acid had none. Boran trifluoride mey prove effective
even though at least one instance of its insetivity is recorded in the literature.
Hydrogen fluoride is another potentisl catalyst; indeed if hydrolysis of products
is contemplated, there is no reason Why hydrogen chloride should not be tried. It
will probsbly give chloromethyl ethers instesd of formals but these ean be hydro-
lyzed.

4n obvious extension of this work would be the use of other dlenes in the Prins |
resction. This would yield new campounds similar to those deseribed herein.



SULLRY

The Prins reastion, i.e. the acid-catalyzed addition of formaldehyde at a
earbon-carbon double bond, has been extended to the diolefin butadiene. The reac-
tion in anhydrous ethyl ether solvent yislds two new compounds, 4~vinyl=l,3~dicane
and 4,4'-bi-1,3-dioxane. These have been isoclated in total yields up to 34% (51%
with recyeling of by-products) snd fully ehavscterized. The reasction in glacial
acetic acld or with methylal as source of formaldehyde proceeds readily but gives
more mumerous and camplex products not yet identified, Sulfuric scid gives better
yields than other scids under the conditions used, but generates too much sulfur-
containing by-product to be thoroughly satisfactory.
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