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ihe hberated acid. Usually from one to two moles of the
alkah meis) hydroxide per male of the furfury! or tetra.
hydrofurfuryl sicohol is used  An excess of sodium hy-
droxide 13 not detrrmenial {0 Ihe reaction, whereas a molar
§ quanuty which m aubstanuslly legs than that of the al-
cohol 18 conducive to lower yields of ciher product.
The resction time and iemperajure sppears to have
hitle, f any, effect on ths mature of the ether product.
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No D Application Neremsber 34, 1955 t Although » primarily formed mono-ciher wil) react with
wiag. s,ﬂf, No. 380,138 ° ;::’bcr mole of furfory] or tetrahydrofurfaryl aicohol to

tid & di-ether, higher femperatures or conumucd hear-

4 Chaime. (1. 2680—347.8) ing do mot sufSice in eflecting substuntial conversion 1o

the thcr. A excem of ome of said nicohols over that

required for replacemant of one chiorine atom should

This invention relates 10 ethers. and more parucularly 48 4y prescat in order lo oblain any substanual formaton
provides new and valuable ethers of chlorophenols and of ibe die-ciher. Whether the reactant quantiiies peesent
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wicoho's of the furan series, methods of prepanag tha
same, and deeleetric composiions comprising the same.

Accoring to the invennion there sre provided ethers
of the formuls

a-R

X

i vhach R s selected {rom the class consising of the
furfuryl and the tetrabydrofurfuryl rodicals and X s se-
Jeted from the class conststing of chlonee and the radi-
] =R

[ have found that compounds haviagy the above {p;-
mals gre readily prepsred by hestng trichlorobeuzens
wit lurfuryl or teirahydrofurfury! alcohol 1 the pres-
ence of an alhaii melal hydroxide, i. c., sodium, potarsium
or Whsam hydroxyde.

Ont clan of compounds of the above formula 1ncivdes
tne 2-{dichiorophenoxymethyi}Hurans or the 2-(dchioro-
phenasymethylitetrahydrofurans, ¢ g, 2-(2.3dwchioro-
ph.aaxymetbyl) furan, 2 - (2,6 - dichlorophenoxymethy))-
furan, 2. (3.4 - dichlorophenonymethyl)etrahydrofurnn,
2{2.5-dichlorophenaxymethyl tetrahydrofuran, etc

Another class of compounds having the above formuia
-ml prepared according 1o the imvemfron by ihe con-
densziion of a {richlorobenzene with furfuryl or tetrahy-

arc those which laver mogo-substitution (excess of tr-
chiorobetnzent) or whether the properties are such as (o
favor disvbsutution {exces of one of smd alcohols),
ether formation occurs after heating at a temperatura
of from 100° C. 1o 250* C., and preferably of from [15*
C. to 200° C. for u time of, say, several hours (0 a day.
The progress of the teaction can be generally followed

s by poting the alkalinty of the quantty of waler bemg

formed. Whie provision (or removal of water duning
the reachon s Rot required, beticr yicids of ather product
+and a resdy means of determinmng resction T™e ara
afforded by operaung in & reacrion vemesl which
equipped with some water-removing (acility, e. g, a water
trap or take-ofl head.

Although, 15 above stated, resction of the trichiore-
henzene and the furfuryt oc tetrahydrofurfuryl alcohol
can be 5o divecied a5 to result in a preponderance of euher
mond- ot drether {ormauon, generally the product cop-
taing & maxture of the two i varyiag proporiions, These
can he readiy separated from esch other and from any
unreacted initlal material and/or from any dijuent by
{ractional ditllgtion. While the present condemation
reaction takey place 1o the abscnce of any exirantous to)-
vent or diluent, reaction may be facuitaied by operating
in the presence of an Inert diquid sa solvent ot diluen,
¢ L. Wlucne, xylens, olc.

The present ethers are sable, rather high-bosiing com-

Jeofurfury] alcohol includes tha bis(furfuryioxy)chlors 48 pounds whach are wseful for a variety of industrial and

mnzencs and the bis(ierrahydraforfuryloxy )chioroben-
enet. & . 2.3-bis (tcirahydrofurfuryioxy )chlorobenzene,
1 S-us{furfuryloxy )ehlorobenzens, 3.4 - bis(tetrahydro-
{utforyloxy)chiorobenzene, 1.9 - bra(tstrahydrofurfuryl-
aty)chiorobenzane, 2-4-bis( hurfuryloxy ychlorobenzese, 1,
Js{{urinryloaychiorobenzene, (.

Formation of ihe presemt ethers occurs by repincement
of ot ac twe of the chiorine atoms of the tnchloroben-
oot By owe or vwo (urfurylony radicals, The replace-
medl maction taies pince readdly by heatmg the trchioro-
tearene wath furfuryl ar tetahydrofurfury} alcobol 1
¢ presence Of an allal metal hydroxide. Since the
reacion may resudl iy the replacement of sore than one
thlorine atom, when desinng a prepondersnce of tha
subsutunion of only one chlorine atom by the furfuryloxy
br teirahydrofurfuryiony rodicsl, it &3 generally advisable
b uwe o large excess of the tnchiorobenzens, On the
wher hand, when the muror product (0 be obinined 18 the
duiler, an excess of the furfuryl or tetrahydrofuriury! al-
cehol 15 pdvaniageously used. The quantnty of alkali meial
Lydroxide amployed 13 also somewhat controlling in Lhe
npe of product obimned. Hydrogen chioride o hiber-
Hed i the replacement of the nuciear chlonpe by the
furfunyloxy or reumhydtofutfuryloxy mowty of the sl

agncutiursl purposes, &. §.. M solveans for polymeric ma-
terials and 30 Biological loxicants, They are particujarty
valuable s liqmd diclectrics, and are very advaniageomsiy
employed as liqusd impregnants 1o cxpacilor asd cable
manufacture, s trassformer coolants, and o the (abrice-
tion of switch gear,

Characteristics of the present chloro-ethers are such as
to render them particulacly valuable as ampregnants lor
celiuloxic insulaiing matenals. 1t & known 1 the ant
thn impregnation of celiulosic materials, ¢ g, wood pulp
paper, cotlon, cotion fabne, celluiose acelate fibers and
lexiiics, by ceriain liquad daciccirs provides an iasulat-
ing matenal having a dieleciric comiant which uw much
higher thas that of euther the celiulosic material helore

%0 mpregnaiion or of the liguud diclectric,.  Some of the firsy

liquids used for this purpose were miners! oils, the di-
slectrie strength of olf impreguaied paper baving been
reported by Baley (Radie Enpinecring, 17, 17, 3§
(1937)) th be 15 times o fugh o that of the oil slone,
However, because minersi oibs are readily oxudized, their
uzefuiness as ynsulating medis and &3 :mpregnating ageala
ftor cefiutosic muteciale has besn Lunied 1 that exposurs
10 sor, sunlight or modsture ofien leads o gas formation,
gaseous jonization and [ormation of wax. Thess changee

whol and in ordet 10 obiun good yields of either the 10 affect powsr factor siability,
, moco-cther of the diether, thers should be prasest 1 Altough wood pulp psper, alone, has pood insulai-
. \ e rracuon muxiure spough of the wikall w0 asuiralizte - ing properties, o s also affecied by sxposura to aic, pu
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Caultc'y ar Ingher temperaiures While the ratc of mc-

i ool dewriorabion s reduced by imtpreghating the n-
Con oanh ool tivs was of hiple advaniage ms notod
Accordingey, the 1l resorted 1a other impecgnold
poan wlirly the haphly chlocmated aromaiic
e s L hee matenals have daclectne strengiby

uoon e fngner than those of the puperal otis o addee

A ey ne nen fammacle and more siihle 1o the n-
s of are mosie and hght Howesor, thenr gon-
cro ity hoas bren somowhab hampered n thar under
aproatag fempertiiics and voliages decompos:tion
wosi lplay (Miermoued hvdrocarbons 1s manifeacd
boodmazen eller, e s evelved, and IhIs aflacis not anly
“o e wihich d heen smpregnated bui also 1the metal
poeraons of the capacitor

e presenday atonided cthers are high-bomngz m dorinls
which posiess linh reswpvines amd low power [aclons
Tt sadiy 1o hign [emperatiees s evadenced by jutle
a-no chanes in power fuctor readings after heating for
Ietouds 0 IR0 € Thew stability 1s further dliustrated
Uooooaan e bazh o rosisaieigs, which indwates eedom
oo conduibing 1ons which wandd be present af decom-
vosthir of be et o s b eevinied The present cthers
remun bquad at low temperalures, whereby there 1t
avorded o decrease an diclectric constant duc to freeung
of e chpoloc

P e above charaeicresiies Thtis spak for counent sula-
hi'my af thew cthess as ampregnating agents for ecllulpse
matenids od an einhodiment of the presenl idvention 18
the provivon of improved cellulosic tosulating  agents
compniung porous matenals denived from cotinlose, e g,
mulse finuiy, 1extiles or papers derived from wood, cot-
1on ar hinen, whreh porous prodiicts have beer rmprep:
n ted with sud cthers A npoteworthy festure of the
prosent avention s 1he provision of a CAP4CHOr COMPTIS-
ine o por of eleztrodes #nd 20 tesulaling agent atsociated
with each of e clectrodes and sofating them from cach
ciier wod imsulanne agent comprising a ecllufosic mate-
realimpregnated with the present ethers

In order io more parheularly describe this [enture of
the invention, dedwis of the consiruction of o paper
capacitor are set forth here by way of wlustration

Three sheets of Lssue paper (preferably Kraflt capaciior
treaie ) are stached upon each other, asd o thip wiummum
{ail (abou: 0 GO03™ \n thuchness) s Jad on the top sheel
of 1ssie The foul 1s then covered with three more sheets
of the Tissue and another shect of the foil i placed there-
on se that the two sheets of meral foif are scparuicd from
cach other by the tissues  On the second metal sheet
1here are stached three more sheets of sad bssue and the
vach of aliernating layers of metal foul and tisduet thus
obiwined 15 wound 1mo a cyiindrical roll.  This i placed
in a contarner, and at this poini electrical connecitng
mens, ¢ g., wire of bar conduciors, depending opon the
uze of the assembly, may be connected to the metaf [oils
in hnown manner  Alter deving, preferably in a heated
vaculim Oven One OF more of the present ethers is added
10 the container in & guantity sufficient to impregnate
wneranphly the paper coptent thereof. The contatner 13
then seafetd

Allernauvely, and panireularly o the manufacture of
smail resiciars which for the sake of economy are housed
i paner tnbes rather than in lenk-prool contamers, the
Lisstie paper ts impregnated with the present ethers previs
ous 10 nterfcaving with the metal fotf in the manner de-
sorbed above )

The invention 15 further dlustrated bul not lunited hy
the [ulluwing examples

Example |

Telrahydrofurfuryt alcohol way reacied with tnichioro-
benzene as follows,

I'n a2 Nier 3d.pech flask eqe spped wih stirrer, eolumn
and DDzan-Stark trap there was charged 2.5 moles (454
$) of 24 richiorobenzene, 3.75 moles (383 g.) of re-

T
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distiled tetrahydrolurfuryl alcohol, B. P. 75° C-80°
C/20-25 mm, 3 moies (120 g ) of sodivm hydroxids
and 250 ¢ of tolwene The mixtare way beated to 152¢
C wnlan aboul 20 hours and ot lem 132 C o 8y
C [or % hours Duning the heating perind 56w of
waler aml 140 g of tolucae was collscted  Afier 3
lowing the resulung reactyon mistwie (o cool, it was neu
1rilized to phenolpththilem hy trcatmenc with 18 m) of
cencentraled hvdrochlonie scid (equal 1o 022 mole of
HCly omd iined with 500 ml of water, whzreupon
st 0 the przaprinted sodium (hlonde wem into soju
tion  The whole way then diluted with about 700 mi
of ether, und filiered.  After llewing the filtrate to stean:
fv ibe orgame laver which formed was separated and
the waaenvs Jayer was washed with ether, The ether ex
iract 1hus obtatned was combined with the first orpanic
lay £, and the combmed product was washed with ubout
iU ml of water and 150 ml. of brinc. Dustillation of
e washed, orange lquid lhus obtained gave (1) S49.4 2
of the sumstanlially pure 2-{dichlorophenoxymcthyt).
tutrahydrofuran, B. P, [30°-150" C /0 4-1.0 mm and
(1) 41 i g of the diether, bus{tetrabydrolurfury loxy).
chiorobenzene, B, P, 192-204" C/08-1 0 mm. A nar.
row cut of {1} B. P. 134=140" C.70.6~0 8 mm,, analyzed

as foilows:
- VA r— e
’ Foumt {L Culed dnp
0 Cult oWy
Yernb U ol e e e ee. b Wt am
FPrreant 11 weriase smirn mioms s s e (Rt
Pereent C1 . .. i il eieeen ees B j I
The drether [raction, 1 e, (I}) analyzed as [ollows
{ Foum Laky for
| Cullntlo,
————— —— e e
Parivnd € - vl [N
tirornt 10 . e omes L) L% )
Feroent (L mem e m m mmes s n4

Based on the charged 1.2,4-trichlorobenzene there was
oblained 89 4 perceni ennversion 10 mono-ether and 50
percent (o di-ether. The 2-(dichforophenoxymethyl -
tetrahydrofuran thus obluned was found 10 have a vol-
ume resisuvity of S5 (P ohm-cm. a1 25* C. a pour
point of minus 35° C., and the following dielecine con-
slant and power facior values at fhe frequencies aad
tempersture noted below:

|
Tesl Frequensy }

Divieetrie cu-um.l Power Fartor

L Lk 2N flll'O ! mc ilﬂl’c

Pereew | Parernt | Prreent | Percem
Hke . we dmmer o pes [ 3] LX) 0zt 1
WwWke .. a e e me mrmaas a0 ad $0 (3 ]

1

The low powcer faclor values 31 both test frequencics and
«1 both Wl temperutures show very goad siabthiy of the
2-(dichlorophenoxymethyl)ictrahydroluran  Power ca
paciiors 10 which the prescat ether i employed for im-
pregnalind the paper ure particufar usetul m thay they
may be used wishout freezing of the dipoles at temperd
tures which appromimaie the fow pour potat of thus cther

Testing of €11}, 1 e, the bes{t2irahydrofurfuryloxy)
chiorobenzcne, alve gave good resuiis, the diclecine con:
stnnt and power [actor values of (1i} betng found io be
10§ and [.1% respectively at 100 ke, and 25* C. Be
cause (11) has a soitdifying point which i approximately
that of ([}, a muxture of (I} and (1}) may be employs
as the impregnanng agent tn the preparalion of paper
eapactiors as transformer coolants.

Ezample 2
Thus example describas the reaction of 1.2,4-inchioro-

e g ——————
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ot tenabvdiofurfuryl alcoliol using greater

s OF .y ini dhan those employed v Example
V omasilie sonsiung of 675 moles (1,220 g of
o obenswne, 10 1S moles (1035 £ )} of saud alco-

L4

[T

Lo s 020 of cadium hydroaste and 200 mi,
¢ ral.eae st Inourd al g lemperalure of 140-172* C
Dot 7 s woue colleenng 154 ml of water of
rowar v ot wos dorited [he reachion nixture wal
r 0 ated w1 odier of waler and neutralized wuh
vomo't of nydropen ehlonde  The orgame layer
W onoaeparsicd was washed with water and bring and
~ Lwiedtne 10 phenoiphtlyilein in order to remove any
e ema whoh nught sl be present. After subsequent
rew enzinz, filterng and heating of the filtrate at 150°
(¢ h mm n order lo remove water and other low
s, 8 Mmagtuiy  Whe residue was fracironated to got
28p ol (1) the snbstantially pure 2-(dichioropiicnoay-
— yyatetindroduran, B P 135-142* C/06-07 mm
rivong $338% €, 496% H. and 2807% ClL, and
veonoafl (0 his(teteaitvdrofurfuryloxy Ychiorobenzene,
Lo 1R0-2000 C /0K mm, Jnaiyning 61 00% C, 673%
Hoand 10 44% €1 Rased on the charged 1.2,4-tn-
¢ Jorebenzene, there was obtuncd 89 5 percenl conver-

L an 10 the mono-ctlier und 3 7 pereent to the di-ether.

Example 3
& muure consistng of 9 moles (882 ¢ ) of furfuryl
Jwomdl Gomoles 11086 g ) of | 2,4anichiorobenzene, 93
rutgs 1521 g ) of powassium hydroasde and [50 ml of
ke was oharged to a Sohter, 4onech flash equipped
w0 g sirrer, lhermomeler and eolumn bearing a head
ot removal of condensed vapors  The muxiure was
v oced waith surnng, for about 171§ hours at a pot teme
fowdre of flomy 130° C tw 159 C Dunng the first
4 hours of beaung there was cotlected 191 cc. of walter,
W, en beating was discontinued, about 2 liners of water
wod wdded 0 he reaction misture, and the whole was
tacd After diiowsing the filtrate to straufy, the or-
rarn Jayer which formed was separated and washed with
wapt Water was removed from jhe washed malcnial
Iy hesling 10 60° C at a pressure of 30-35 mm of mer-
wry  Subsequeni distlidtion of 1he heated maicnal gave
4 g oof e substanttatly pure 2-(dchlorophenoxy-
mabydfuran, 0 P80 C-118* C/0.1-0.3 mm., and
atayung as follows:

Found Caled for

CudieChd
[T I o, eesemmEancnsssnmnEn. 9] ]
LT L e LY ) [% -
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The 2-fdichioroplcnoxymethyl}{uran » alw sdvane
tagcously employed as wmpregnating agent 10 1the manu.
[aciure of papet capacitors

Although the present cthers are particularly vajuahble
as impregnating apents {or celluloaic raatctiul adapicd
for nse us diclectinies, becamse of thew vory good clce-
trical propertics, their thermal stabilsty wnd thewr abidaty
w remain hauud at low temperatures they are of gon-
cral utdity as Liquid dielecirics  They arg ithewise very
urcful os funcuonsl Ruids, €. g.. as heut-tranclfer media
andg as hydrieoie Auads

Another significamt properly of the present ethers com-
prises ther solvent characterniics, The mono-ether of
Examples 1 and 2, for cxample, s a powerful solvent
for polyvinyt chloride, polysiyrenc, the polyethylene sul-
fidcs and vanous nrtrogen-containing polymenc malgre-
ais  Stneg the present ethers are very stable maicnals,
they arc paritculeily useful in processer which involve
extrusion of a polymer solu1ton inio & non-solvent, ¢ g,
in the manufacture of synihehc fibers

What 1 clarm v

i An ether seleetud from the class comnung of 2-
{dichlorophenoxymcihyl Yfuran, 2 - fdichlorophenoxy-
meihyl dietrahydrofuran, and bis{letrahydrofusfuryloxy)-
chlorobenzcne

2. 2-({dichlorophenoxymaethyl}furan .

3 2-(dichlorophenoxymethiyl Hetrahydrofuran

4 Bis{ictrahydrofurfuryloxy ichlorobenzene
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