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1. INTRODUCTION

The agricultural industry is waa»amwa&wwwnm@ﬁmwasaﬁﬁ
with lasrge surpluses of grain crops which initlate & decline
in prices and ecreate a generally unsteble market, Furthere
more, the Industry ls plagued with enormous guantities of
residues. such ss bulls, bran, straws and corn cobs, The
ma jor portionsof these materials are either insfficlently
utilized or entirely wasted,

Une of the most promlsing means of utilizing grain sur~
pluses as well as farm wastes is to convert them by fermen-
tation to chemicals valuable to other industries. The most
common of these processes 1z the yeast fermentation to pro-
duce ethyl slechol, However, the production of one of the
less exploited chemicels avellable by fermentation, 2,3-butane-
diol or 2,3~butylene glycol, has recently become of speclal
interest as a posaible outlet for farm surpluses and wastes.
During the recent war, much effort was devoted to converting
it to 1,3=butediene, the basliec raw material for the synthetic
rubber industry. Although a successful process was developed
ﬁﬁ%uwﬁaaﬁamﬁwyﬁﬁwﬁ&waﬁa from 2,3~-butenediol, this development
came after the urgency of the situation had made it necessery
to base the indusirial wmm&ﬁﬁwwau of butadiene on the petro-
leum and ethanol processes. The search for new commercisl
cutlets for 2,3~butanedicl continues.

One of the biggest problems which has prevented the
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2s3~butanediol farmﬁa$a£ian from becoming one of major
industrial importence, has been the difficulty in recovering
the relatively small amount of the water soluble, slightly
volatile diol from the lavrge emount of diaa&l@&ﬁxgﬂlié$ and
suspended material in the dllute fermented beer. A very
ingenious method to solve this problem is that proposed by
Senltus {104). Acecording to this process, the butanediol in
the fermented mash 1s converted to its dioxolene (4,5«
dimethyl-1,3-dioxolane) by the sddition of formeldehyde and
an ecid catalyst., The dioxolane is then removed from the
reaction mixture ss an azeotrope with weter which distills
(76-84°) and condenses to a diphasic mixture. The pheses
are separated and the butenedlol is then liberated from the
dioxolane in the oil layer by alecoholysis, VWhen the dloxo-
lane is hested with methanol end an secid getalyst, methylsel
end the butanediol is

distils; exzcess methsnol is removed,
then purified by dlstillation of the residue.

It may be noted that by this procedure; 4,b-dimethyl-
1,3~dioxolane is more readily asvallable than the butanediol.
Thus, any potential aammew&i&l'appliéatinna of the dioxolane
would indireetly be an outlet for farm surpluses and wastes
through the butylene glycol fermentation.

The litersture relating to the chemical resctions of
dioxolsnes contains a recent reference (36) to the splitting

of dioxolsnes with acetyl chloride. & variety of products is
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11, HATHERIALS AND METHODS

The 2,3-butanediol used in this investigestion was gemer=
ously furnished by the Horthern Beglonal Research Lsborstory,
Peoria, Ill. This material, which wes a technical grade
product obtained from the Jerobsster serogenes fermentation,
has been reported to contain spproximately 90% geso~butene~
diol snd approximately 10% dextrorotatory glycol as well as
traces of dliacetyl, scetylmethylearbinol and water., It wes
ﬁmﬁaﬁ by distillation in yaeuo {(8~7mm) through an 18-inch
jacketed Widmer column, Small fractions of the distillste

were removed periodieeslly snd the refrasctive index was deter-
mined. The optieally sective diol and volatile impurities
were removed in the first pert of the dlstillation as was
indicated by the low refrsctive index, VWhen these msteriasls
besn removed the refrasctive index of the distillate
inereased rather sha: nd the meterial which distilled,
with & refractive index of 1.4360 = 1,4370 at 25°, was cole
lected for use in this study. Vhen seeded with s few crystals

ply &

of pure meso=-2,5~butanedlol it erystalliized and remsined a
solid st room temperature. From a considerstion of the
physicel dats in Teble I the work of Reish (B0} who used
a similar distilletion procedure to prove the purity of the
levorotatory butanediol produeed in the Aerobeeillius polymyxa

fermentation, the produect used in this study maey be assumed to
be meso~2,3-butansdiol of high purity.
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. TABIE I
The Physical Properties of the 2,3~Butanediols

beps (742mm)  m.p. (°C)  pE°
meso-2,3-Butanediol 1817 (133)  34.0 (133) 1,4366 (16)
d1~2,3-Butenediol 176,7 (133) 7.6 (133) 1.4308 (16)

Unless otherwlse ag@aifi@@i all other ah#&iaala employed
were of reagent grade. HNost of the organic chemieals
employed were Esstmen "White Lebel™ and were used without
further purification. Those of questionsble purity were
redistilled, and & fraction bolling over a three degree range
was collected for uss. |
Refractive index: Refrasctive indices were determined with a

Zeiss Abbe Refractometer., Hessurements were made st 250,

Density: Densitles were determined by the eonventlonal method
with & pycknometer,

ilolecular refresction: The molecular refractions were deter~

mined in the ususl menner from observed messurements of
refractive index and density and the moleculsr welght, The
caleulated values were obiained from the data for atowic and
structural refrective constents (55).

The conventlional determinetion of

seponificstion equivalent using hot aleoholiec alkeli (106)
could not be employed when & majority of the compounds pre-
pared were enalyzed. Low results were obtained, sppsrently
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becsuse of the liberation of formaldehyde which ylelded &wwawa
aeid in the presence of hot alkaeli.

The following method is & slight modificstion of that
of Kunz (51), end it was employed in the analysis of all
esters prepareds o - ‘ |

m@waawwgww@ww 0.5 ge of the ester to be analyzed was
dissolved in 50 ml. of acetone in a 250 ml. Erlenmeyer flask.
After cooling in en ice bath 100 ml. of 0.1N KOH was sdded
slowly, with stirring. wwww atoppered wwwww;swa stored 16
Wﬁﬁﬂw in a %aw%wmmﬁwwaﬁ et ww@ﬁmﬁw&ﬁ@mww 0°, The excess
alkell wes then titrated with 0. 250N HCl, A eontrol analysis
of the scetone was run awﬂ%vww&m@aawwg  The seponification
equivalent was determined from the following equation:
Seponification eguivalent~

is: The following raepid method wes devised for
the determination of the asetive shlorine in the chloromethyl

ethers: _ ; ‘
Approximately 0.5 g. of the ﬁwwaﬁaawwwww ether was added
to 80 ml, of water at ﬁamﬁwwwaM&u@wﬁam.wm a 250-ml, Erlenmeyer
flask, A drop of ww@ﬂéwwvwwwwwwﬁ was added and 1N NaOH was
introduced until the indicetor beecsme pink and remained so for
several minutes, The solution was then treated with only sufl-
ficlent O0.8H Hy380, to decolorize the indlcator. Five ml, of 2

per cent dextrin solution and 10 drops of dichloreflourescein
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indleator were added end the solution was titrated to the pink
end-point with standerd silver nitrate solution sccording to
the method of Fejans (132} for the determination of soluble
chloride. |
The per cent chlorine is obiasined as follows:
% €1 - YolsAghOz x Normal :




I11. PREPARATION OF THE CHLOROMETHYL ETHER OF 2,3-BUTAREDIOL
MONOACETATE BY THE REACTION OF 4,5-DIMETHYL~1l,3-DIOXOLANE =
~ AND ACETYL CHLORIDE |
&, Review of Iiterature

‘There are numercus references in the literature to the
synthesis of 1,3-dloxolanes from glycols sldehydes, By
the classi¢el method, the equimoler gquantities of aldehyde
snd glyeol were hested in tm ﬁms&mﬁ of an scld catalyst to
allow the reasction to resch equilibrium. After neutralisging
the catalyst the dioxolane wes recovered by extraction of the
reaction m&ﬁm end distillation of the extraect (91, 126 . 17,
41, 22, 28}, Backer (5) and more recently Neish end KacDonald
{82) heve prepsred dioxolanes of 2,3~butsnediol by this pro-
| cedure,

Selmi and co~workers (95,98) improved this procedure by
conducting the reasction in the presence of en inert solvent
capable of forming an ageotrope with water., The water formed
es a pmﬁmﬁ of the resction was removed continuously as a
component of the azeotrople mixture., Excellent ylelds were
ocbtalined because the eguilibrium resction was forced to comw
pletions In certain instances (97) the dioxolsne which was
produced formed a suitable azeotrople mixture with the water
of reaction end the use of an entrainer wes obviated. OSenkus
{104), as mentioned earlier, spplied the latter method to the
recoveyy of 2,5-butanediol from fermentation beers.

Until reecent years the chemistry of the 1,3~dloxolanes



hes been virtnally unexplored. Leutner {60, €1) has compared
the rates of hydrolysis of verious substituted dloxolanes in
eeid solution. The pyrolysis of several dloxolanes was

studied by Bllger and Hibbert (7)

and this work has been purs
sued more recently relative to the dioxolanes derived from
2,.5«butanediol (81}, Iegeult end lewis (57) related the rate
of oxygen sbsorption by the ether linksges aw mmmx¢wwﬁ@w to
wﬁ@wﬁ structures, Sussman and Greshem (121) reported the
mawa,awuwwmmaw aleoholyais of 1,3-dioxolaney Products were
alkoxymethoxyethanols, wmﬁmwaﬂmwmmmaww, mwﬁwwmﬁww the resction
of dioxolane with scetals yielded 1,2~bis~{alkoxymethoxy)-
ethane, ROCH,OCH,CH,OCH,OR (37). & patent by Greshem (38)
deseribed the polymeriszation of 1,3~dioxolane in the presence
of aclds, boron triflouride or Friedel~Crafts cetalysbs.

' Polymers of the structure (~0CH,OCH,CH,~), were obtained. A
series of patents assigned to E. I. DuFont de Nemours then |
followed which enlerged on this basic discovery. By conduoe-
ting the polymerizeation in the presence of various chain
interrupting egents, such as seclds, seld anhydrides, amides,
estors and elechols {67, 68), their unseturated derivatives
{69), carbon monoxide (35}, or unsaturated hydrocarboms {(39),
useful modified polymers were obtained, Senkus (103) reacted
ing 4,5~dimethyl dloxolane with
& molar equivalent of acetic anhydride snd obtained good yields
of products of the type RCOOCHRCHROCH,00CR.

several l,5-dioxolanes inelud
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In the course of investigsting the polymerization of
1,%=-dloxolanes in the presence of chain interrupting agents,
Gresham (356) found that dloxclanes
with the formstion of simple to high moleculsr weight come
vands depending on the conditions used. ¥hen equimocley
quantities of reasetants were mixed and heated several hours,

snd secyl helldes react

a ehloromethyl ether of & glyeol monoacctate was rveported in
75-80% yields. In the presence of H,80, and a six~fold
excess of the dioxolane, the product was s high moleculsr
weight viscous liquid, This is not only the sole report of
¢leasvage of dioxolanes with secid helides but the ounly reported
synthesis of a chloromethyl sther of a glycol monocester,

Besis for such & reaction, however, is found in the
cleavage of ethers by scyl halldes catalymed by zine chloride
(18, 54, 77, 125, 124) or ferric chloride (130). The products
sre sn slkyl halide and an sster, Thus

| RCOCL + ELOEL —YRCOUEE + EtCl
The effect of structure on the nature of the produets derived
‘from the splitting of mixed ethers hus been studied extensively
(71, 72, 75, T4)e ‘ |

With even more bearing on the reactlon of acyl halides
snd Gioxolanes, is the cleavege of ascyclic scetals by acetyl
chloride. Hylo (7¢) reported the use of copper bronze as a
eatalyst for the resction and later Streuss (118, 120) and
co-workers found thienyl chloride more ideal as the catalyst.



The fallﬂwing type of resctlon wes observed:

| CoH,CH(OR), + AeCl —> CgzB CHCLOR + AsOR
Post (B8] observed a similar resction when simple aliphatic
acetals were reacted with bensoyl thloride. Fo satalyst wes
required,

'B: Experimental

The method used to prepsre the 4,5-din thyl dloxolane
was based on the procedure of Senkus (104), Senkus' method
was excellent for convertling 2,3«butanediol to the dioxolane
in nigh yields, but he was primerily Interested in the crude
o1l containing not only the dioxolane, but slso formsldehyde,
rmethylal, and weter, This mixture was obtailned when the
acldified butenediol beer was treated with formsldehyde,
distilled and the resulting ageotrope condensed and separated.
It contained only 84-87% of the dioxolsne and waes used with-
out further purificstion in the recovery process described,
The novelty of the procedurs deseribed below is the purificsw

tion of the erude dioxolene and its recovery in good ylelds.
The mejor problem was the sepsrstion of ezcess formaldehyde
from the dioxolsne.

Frogedure: In e 2-liter round bottom flask 450g. of meso-

2 3-butanediol wes mixed with 250 ml., of 37% formaldehyde,



Ten milliliters of 1:1 sulfuric acid was dissolved in £50 ml,
more of formaldehyde and thie solution was added grsduslily
to the resction mixture. The contents of the flask, which
~had warmed alightly on mixing, wes hested to beiling and an
azeotrope, whieh was diphssic when condensed, dlstilled over
the range 80-84%, VWhen most of thia,azaétraya had been dis~
t1lled, as was indicated by a2 rise in vaepor tempersture, the
aquecus phase from the distillate was returned to the reasction
flask end the distillation contimued to recover the dioxclane
which had dissolved. in additional smount of esgeoirope weas
then ¢ollected and separated into oll and equeous phases.
The aqueons phase was agein returned to the reaction flask
and the o1l lsyers combined, The last portion of the dloxolane
w&srrﬁmgvmd from the reaction mixture by sollecting the dis-
tillate over the range 84~97° and satursting it with enhydrous
potessium earbonate, The sslt lsyer was discarded and the
small smount of oil layer which wes salted out was combined
with the other portions of oil.

The oll was treated with & slight excess (35 ml.) of

1:3 ammonium hydroxide to convert the f@rmald&hyﬁﬁ‘te

hsxamathgﬁmna-tﬁéramina; The mixture was then satursted with
anhydrous potessium carbonate and the oll layer was dried over
night with Drierite, The dried preduct was distilled through

a 12~in, jecketed Vigreux column. Approximately 50 g. of

distillate was collected between 42 end 68°, This was &
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soetyl chloride (15 g«) was removed by dlstillation and the
pressure. was lowered to 1.5 mm. Ceyeful frectionstion
yielded 5.5 ga of a foverun (55«40}, The distillation
temperature rose and the mein produst was collected over the

snge 56-59% (1.5 mm.)e 4 yield of 420 g. or 89.07 of the
theoretical yield of Z~chloromethoxy-S-acetoxy ’im%m was
obtained., It was a2 colorless liquid &
giaa&aagt odor, It hydrolyzed upon contzet with moisture to
yield pungent end sharp formaldehyde am hyé,m@&zz chloride,
4 sample purified by redistillation had the following prop-
“erties:

nd possessed 4 mild

o

Depe 63.5-64,5% (2 mu.), nB® 1.4385, a5° 1.0075.
Analysis, Caleulsted for Onily;0401: Cl, 19,68%; URp
42,82, Found: Cl, 19.68§; MR,

. The structure wes confirwmed by its case of hydrolysis
in the eold,
CHZCH{ OAe ) CH{OCH,C1) GHy + Hy0 —CI,0H(OAc ) CHORCHy +HC1 +HCHO
and by its synthesis from bubtarediol monoscebate, which is
the reversal of the reaction above. The synthesis of 2-chlor-

omethoxy-S-acetoxy~butane from 2:5butanediol monoacectete was
studied in some detall to investigate its feasibllity when
compared with the synthesis sbarting with 4,5-dimethyl
dioxolane just described.
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1V, THE PREPARATION OF THE CHLOROMETHYL ETHER
2,3=-BUTANEDIOL MONOACETATE BY THE REACTION OF 2,3-BUTANEDIOL
WONOACETATE, FORMALDEHYDE AND HYDROGEN CHLORIDE

Ay Review of Iiterature ,
Winstein end Iuess (151) have reported the preparation
thro-butanedio]l monoscetate in 80% yleld by the sule
furic seld-cetalyzed resction of meso-butanediol and acetle
anhydride st moderate tempersture, The compound was also
produged by the mmtm of tw*ﬁﬁww ¥

of 23

butane and secetic
he physleal properties for the
monoaecetate veported are for the product of the latter |
reaction., Morrell, Gelley and Lathrop (101) found that the
reaction of butenediol and a stolchiometric amount
anhydride gave the pure m
while in lavger preparstions as much as 15% diacetate was
formed which was difficult to separate. The synthesis of
mosg-2,3~butsnediol diacetate from butenediol and mcetle seld
has been studled extensively in recent years {101, 78)s The
kinetics of this reaction have been investipgated (108) and

aeid st room %ﬁ}%&?ﬁﬁ‘&m:g

of acetlce

noscetate in small preparstions,

the reaction is reported to consist of two successive second
order reactions, the Pirst of which is the formetion of the

butenediol mwononcetate from butylene glycol and agetlec aecid.

The heat of activation for this step is caleulated to be

somewhet less
to the disgetate.
The conversion of alechols to thely ehloromethyl ethers

than the suecceeding conwersion of the monosecetalte
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; The m%;hm used to ;ampm m m&mmz mwmata%
was the aeld @aﬁ&mm&' ass%mﬁmkiw. of butenediol with
ﬂaﬁatig a:aim ir s&xxa@%ﬂﬁiiﬁ thils would ﬁs the -@aﬁ_ econome
1oal method of mmmm The procedure adopted was besed
the bateh method @2" %aimieyﬁ* mm Laﬁb:wg: (101)
t:m’i éimtam* zmmg an |

for the preparation of 2,5t
aﬁtm&m@ to remove the weter of esterification azeotropie
eally. In econsideration of #;.m eaﬂmr mentloned observations
of Shm@t;&m ﬁtﬁmr gnd Marshak {106), the acetic ameld ﬁaa

added dropwise while the water | was removed continuously in
order to direct the esterificetlion toward produstion of the

three-nesk flask
sulfuric scid in 136 ml, of n-bubyl scetats was added. The

d with & high speed mechanical stlrrer, a
ﬁm@;f‘im funnel end a modified %—mwﬁtwk éiatﬁ}.mg trap

{4). The contents of the flask were heated to 75«80° and three

sl e solntion of 1.8 ml. of concentrated

flask wes equippe

moles (180 g.) of glaclal acetic seid was added dropwise over
2 period of 2% hours., A vasuum {(spprox. 85 mm.) was maine

tained in the system so that the water-butyl acetate szeotrope
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distilled rapidly into the trap. A4s the phases aepa@a&a&, (
the water collected in the trap and the butyl scetate was
returned to the reaction. These conditions were melintained
until the distlillate was bomogeneous. Fortysnine milliliters
of equeous phase was collscted. Anhydrous sodium carbonate
(B.2 g) was sdded to the reaction mixture to neutralisze the
catalysty the mixture was then distilled through & 12-in.
Vigreux column. The m~bulyl scetate and more azeotrope dis~
tilled st 42-47° (30 mm.). The pressure wes reduced to 6 mm.
and the distillstion was conducted to drynese without fraction-
stion. This distillate was then fractlonated through the same

solumn st stwosphepie pressure. Several grams
I1tquid distilied below 140%°, which probebly included diascetyl
and some resldual butyl scetate. s of distil~
late was collested with a boiling range of 140-176° ana then
the major products of the reaction distilled. They distilled
over the range 176~185% and, although no definite fractions
counld be collected, the distillate was resolved into three
portions. A total yield of 355.6 g. was obtelned, The phys~
ieal constants, ylelds and saponification equivalents of these

of yellow

% t gseven graw

freetions ere glven in Taeble IIA,

Aftey vonslderstion of this dats snd that for pure mono-
acetate, dlacetate and diol which are presented in Table III,
i1t was epparent that the lsst fraction contained considersble
butanediol discetate as an lmpurity. Although the saponifice~



tion equivalents of fractions 1 end 2 indicated the prﬁﬁéaﬁﬁ

of approximstely 6% of butanediol, the corresponding refpse—
tive index dld not. It seemed possible that some bultenediol
monoacetate had been further esterified to the dlacetate by
estor exchange with the p~butyl mcetate entvainer. For this

reason, the esterification was repeated using bensene 8z sn

entrainer,

b S e < Lpar: - Reaction of -
foupr moles of Egﬁﬁhﬁﬁaﬂﬁﬁiﬁl end four moles of scetle acid
in the presence of 2.4 ml. of éulfuria seld wes conducted in
accordence with the previous procedure; however, 1BO ml, of
benzene was substituted for the p~butyl scetate. Since
benzene forms an &zeotrope with scetic aeid, it was neces-
sary to sdd additionsl acetle seld to replece that which
distilled into the decanter with the benzene and dissolved
"4in the agueous phase; the smount wes determined by titration
of the weter layer with alkelil. The produst was worked up
as before and once agein it distilled over a byoad range
(178-188%), It wes resolved into four frections and their
physical data end anslyses are presented in Teble IIB, The

presence of both the unesterified glyeol and of the dlecetate

is obviocus in this synthesls and thelr resolution into pure
compounds would be most diffieult.
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TABLE II

' PROPERTIES OP PRODUCTS FROM THE ESTERIFICATION OF
BUTANEDIOL WITH AR EQUINOLAR AMOUNT OF ACETIC ACID

As DButyl scetate as en entralner

' H@iling . Weight,  Saponification o5
Fraction range,®C, = grams. squivalent ny”

1 176-182 115,53 1.4208
- R 139,24

2 182«183, 5 162,53 o 1.4209
s 185, 5-185 7640 120,0 1.4188

#Fractions 1 and 2 combined for analysis.

- By Benzene as an entrainer
178-180 96,5 154.1 l.4220
180-182 156.9 148,56 1.4220
182-184 159,0 181.3 1.4210
184-188 52,56 1181 : 1.4180

B 0 M

o TABLE III o
me80~2,3-BUTANEDIOL AND ITS ESTERS

, Bolling o5 Saponification
Compound point, ©GC, @% equivelent

meso~-2,3-Butanediol 181.7 - 1.4366

o o Butanedior {133) {(18) —
&1‘3 thro=g, 3=Eutanediol
Tencscetate , 178-185 1.4215 132

{105} (131)
mego~2,3-Butenediol ,
diacetate 193 1.4132 87

(101) (18}
mws@wz,ﬁwﬁataaﬁﬁiﬁin
2 s3=butanediol
&@etata* CBH (77.6% (
diol) 177.6
{85)




mole {66 g.) of the crude erythro-2,3~butanediol monoscetate
{Fraction £, Table IIA.) wss added to & 500-ml. three-neck
flask and cooled in an ice bath. Fifteen grams of f;riaxy-
methylene was sdded and this renction mixture wes stirred
mechanieally. Approximately § g. of sodium chloride was
added to salt out the product from the water formed in the
resction. Anhydrous hydrogen chloride wss bubbled into the
mmkmﬁ mixbure until it wes sabursted, About two and one~
half hours was required for completion of the reaction, No
aqueous layer had formed, although the trioxymethylene had
reacted, The salt was stlll undissolved. Anhydrous calciunm

chloride to dry the product wes edded and hydrogen chloride
was evolved coplously. 4 portion of the hydrated calelum
ghloride became syrupy and dissolved., Oaseous carbon dioxide
was bubbled through to remove some excess hydrogen chloride,
The esleium ghloride was filtered off and the filtrate was
distilled in vacuo. 4 considerable amount of polymerized for-
maldehyde collected in the condenser. The mein produets were
4,5-dimethyl dioxolane and aeetlic scid, The desired Z2«chloro-
methoxy~3-acetoxy butene was not obtained. A4 solid mass of

ealeium salts was in the residue, After considerailon of the

nature of the produets, it sppeared plszusible that the water
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tillation because the impurities, mainly the butanediol disce-
tate whieh @eﬁﬁamiaﬁ%@& the sterting meterial, distilled in
the same range. & pure fraﬁﬁi@n wes obtained for enalysis
and had thﬁ‘failawing‘ﬁhgaiaal constants? |

Bup. 61.5-62.5° (2 mm.), 025 1.4540.
spelysis. Oaleulated for OyH,,0.C1: C1, 16.68%
Found: C1, 20,12%.

These dats agree well with t&aaﬁyyrﬁaeatad previously
for 2~chloromethoxy-3-ascetoxy-butene preparsd by the cleavage
of 4,5-dimethyl dioxolane with acetyl chloride.
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V. REACTIONS OF THE CHLOROMEZHYL ETHER OF
2,5«-BUTANEDIOL KONOACETATE
A, Review of Literature
Chloroethers react with alcohols to form acetals and
liberste hydrogen chloride, Although this resciion has been
studied (58), 1t has been of little preparative velue. The
presence of free hydrogen ehloride initistes an sleoholysis
of the produect which diminishes the yleld:
(1) ROCH,C1 + RYOH —> ROCH,OR' + HC1
(2) ROCH,OR' + ﬂ%‘ﬁag ROH + RYOCH,OR'
This reaction, however, hes been useful in modifying polymers
containing free hydroxyl groups. Polyvinyl elechol (48} snd
phenol=aldehyde (100) polymers heve been treated in this
feshion, The more satisfactory method of conducting this
reaction 1s to use the sodlum alkoxide or phenoxide Instead
of the aleohol or phencl. This is the classical method of
Henry (40), Fevre (2B}, and Breslsuer and Pictet (1l). It
hes been extended to & lerge variety of phenols by Eeychler
{93) and to a variety of alecohols and phenols by Sabetay and
nd Bauver (92). In

Sehving (94) and more recently by Beppe s
2ll cases an scetal and sodium chloride sre produced. The
method is excellent for the prepsration of mixed scetrls,
Chloromethyl ethers and x~chloro sthers in generel resct
with the metallie salts of carboxylic aeids. Although there
were several esrlier reports (120, 30}, the first detailed
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study was made by Clarke, Fox and Mack (15). The products
were the metallic chloride and & cerboxyllie-acid ester of e
hemiscetal. The reactlon with

CH,OCH,C1 + MOOCR —> MCL + CHyOCH,OOCR

monochloremethyl ether was

Sodium salts gave better yialﬁaithau lead salts. The products
were hydrolyzed to formaldehyde, the free scld and methanol.
The stability téwayé water lnoreased with inereasing molecular
welght of the sclid, It is likely that such increased stabll~
1ty of the produet was due, in part, to the lower miseibility
of 1t with weter. The mothod was later modified end extended
to other chloroethers by Farren, Fife, Clark and Garland {27).
?v&ﬁnﬁta were obtaimed in 80-50% yield. Walker (127) grayaraﬂ
the chloromethyl ethers of aeveral simple alechols snd sthy~-

lene glyecol and reacted these with & mumber of sodium sslte
ineluding the aaatg&a,ﬁf@mmﬁta, grﬁyﬁa&aﬂa,'baﬁyrata* benzoste,
phthalate and selieylate. The producte, all liquids, were
tested far*rmaintﬁﬁﬁa to ﬁgﬁr@&yaisﬁ Several were recommended
for plastieizers, The phthaletes and selieylates could not be
éistiilaﬂ because of decomposition, These were purified by
simply weshing oubt the sodium salis in the product with water
gnd dryling with eslelum chloride. ;

The reaction of metellie cyenides with aechloroethera
hes been reported. Gauthier (31) found that potessium cyanide
would not remet with alwchlorcethers as it does with simple

alkyl halides, It was necessary to use msreuric cyanide orx
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better cuprous cyenide. The cysnide and chlorcether were
mized to form a paste and the resction was spontaneocus. After
heating several hours on an oil bath, ths product was distilled
from the salts and rectified. Yields of 70-80% were obtained

- with ehloromethyl ethers. However, poorer ylelds were

realized when the chlorine stom was secondsry. The products;
K ~glkoxy nitriles, were all ligulds. Henze and co-workers
(42) modified the reaction by conduecting it in the presence
of sphydrous ¢ther. Lingo end Henze (64) used benzene as the
diluent and extended the resction to & number of e-chloroethers
derived from ethylene chlorohydrin, Clark % Henze (14) made
‘a similer study relsted to ethylene bromohydrin. Allen and
Hengze (1) prepared a nitrile from the chloromethyl ether of
' 1,3-glycerol dichlorohydrin snd studied its veactions. _waw@
recently Salmi, Isimu and Eallio (96) have prepered the
aﬁ.ﬁégﬁ ethers of several chlorohydrins and studled the
nitriles obtained from them, The reaction has been extended
to the bis{ehloromethyl) ethers of glycols (3). Speer and

Henge (116} used e suspension of silver cyanide in benzene to
resct with seg.~butyl- o(~chlorcethyl ether.

Grignard resgents ere known to reset with~chloroethers
by & g@wg ﬁaawwﬁwmﬁﬁ An sddition compound 1s first formed
and when this wa @@@gwoa@& by dilute acid, a magnesium halide

is produced, An alkyl or eryl group has repluced the of(~chlo-
rine. The egquation below illustrates the overall reasction.
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ROGHC1R' + R"MgX——s ROCHR"RY + HgXC1
DeKok, Leendertse and Schoenmaker {(128) have prepared a number
of the simpler ethers from < ~chloroethers in this manner.
Yields were 60-85%. Gauthler (32) prepa

od a2 number of
l-alkoxy~4~propyl eyclehexanes from l-chloromethoxy-4~propyl
evelohexans by eoupling with eppropriate Grignard reagents,
Grignerd reagents derived from unsaturated halides (134),
‘alkoxy halides (B6) and di~halides (20, £9) have been coupled
with simple  =~ehloroethers. The coupling of o, B=dihalow
aﬁ&&m with simple Grignerd reagents hes been studied
extensively (46, 122, 26, B84, 83)s In all such cases the

P »halé@anww unaffected and the o=halogen coupled smoothly.
The chloromethyl ethers of several chlorchydrins have been
goupled with Grignarx
reacted, Bis(halomethyl) ethers resct with two moles of
Grignard reagents to form the dlalkyl ethers (87, 82, 63).

d resgents (B) and only the o~halogen

The reaction of »chloroethers and amines 1s & vigorous
one., ?ﬁaﬁy K«chloroethers have been characterized by reseting
them with tertiary smines to produce quaternary smmonium
ehlorides, (66, 50, 62). Tronov {123) used the reactlion as

a measure of halogen setivity., The salts sre generally very
hygrosecople and diffieult to erystallige. For anslysis, they
wore converted to their aurle ehloride or pletinie chloride

complexes which were easily charasecterized. Euprsanovy and

Setkina (52) prepared a series of chloromethyl ethers of high



e

molecular welght alecohols end formed the guaternary salts by
the reaction with pyridine, trimethyl amine and dimethyl
aniline, The products were used to impregnate cotton cloth
for waterproofing. later, (53) this impregnation of milu};&w
was reported to be a chemlcal reactlion. & series of halomethyl
ethers end hexamethylens té@?&mﬁm were brought together and
the salts were tested for antibacterial properties (75).
Polymers were prepared by the reaction of bis{ < ~-chloroethyl)
ether and hexamethylenetetramine (10).

2~Aminothiazole, useful in the prepsration of mi:am
thiszole has been gmpmﬁ by the interaction of thiourea snd
an ~chlorpether., 1,2«Dighloroethyl ethyl ether (12) as well
as the corresponding butyl and iscemyl ethers have been used.
The ylelds weve very good in all cases., Swiss patents (113,
114) deseribe the preparation of surface setive agents by
condensing the chloromethyl ethers of high molecular weight
aliphatlie alcohols with thioures. Polymerie waterproofing
compounds (111, 112) are obtained when bis{chlorome
is condensed with thioures and hi

thyl} ether

gh molecular weight amides,
In the presence of the proper catalysts solvents,
% w=haloethers edd to an olefinie linksge. Chloromethyl
methyl ether a
bismath chlorides and cerbon disulfide to yleld l-methoxy=
%-chlorobutane (21, 102). Straus end Thiel (119} investi-
gated the addition of X=echlorobenzyl methyl ether to butsw~

dds to propylene in the presence of zine or
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diene, cyeclohexadiene end cyclopentediene. The addition
occurred by a l,4-mechanism, Dykstre (24) studied the cata-
lytic addition of chloromethyl ethers to vinyl acetylene., The

catylytic
ted olefins has been reported in several petents (28, 49, 76).
- Staudinger and Tuerck (117) have pstented a process for the

addition of A~chloro ethers to simple and conjuga-

pddition of o ~heloethers to ketene., The products are the
expected B ~alkoxy propionyl halldes.

Simonsen hes lnvestigated the use of monochloromethyl
ether in syntheses involving the sodium derivatives of com~
- pounds containing active methylene groups, The initisl

eoupling to the active methylene with the elimination of

sodium chloride was the genersl resction in the case of
malonic ester {107) end several of its closely related derive
stives {109, 110, 90}, Very interesting derivetives were
then obtained by subjesting the condensation products to fure
ther syntheses, The coupling with ethyl acetomecetste (108)
ocourred chilefly with the enoclic form of the ester, The mejor
produet was the ethyl ester of Bwmethoxymethoxy crotonle
aselds, A similar observatlion was made by Lapworth and Mellor
{56) in regerd to the o~elkyl acetoscetic esters, Bergmem
{6} condensed the sodium derivetive of diphenylmethans with
monochloromethyl ether and obtained 1,l-diphenyl-Z-methoxy~

ethene, An extensive series of o=chlorosthers was condensed

with the sodium derivative of melonie ester by Hill and Keach
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{90) and the barbiturates of the condensation produets were
gyntheslized, ‘
 Among the miseellsneous reactions of simple o{-haloethers
is the condensation with metsls, The only report is a patent
- {99) which describes the coupling of two molecules by sodium,

gnesivm accompanied by the elimination of the chlo~
rine gs the metellic chloride, Nonoechloromethyl ether rescts
with a mixture of nitric and sulfurie acids to give nitro-
methoxymethyl nitrate and nitromethoxymethoxymethyl nitrate
(47), The sddition of chloromethyl ethers to eplelorohydrin
hes also been reported gs},,; in the presence of mercurie
chloride. The products ere 1,3~dichloro-2-alkoxymethoxy~
propane. The condemsation of sodium thiosulfate snd or~hale~
ethers, especlally those derived from high molecular welght
aleohols, are reported to yleld wetting and penetrating
sgents {19). The products are alkamtm esters of sodium
aeld thiosulfate.

Be Experimental

The sppropriste sodium salt was ground in a mortar to
pass through a 60 mesh scresu &nd dried seversl hours in en
oven st 1109, A& five per cent exeess of the sodium salt was

placed in & three-neck flesk squipped with dropping funnel
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g%ﬁ 1.4200, éﬁﬁ-ﬁ&ﬁﬁ'ﬁ%m%a@nﬁ,ﬁﬁ&‘??ﬁ?ﬁﬁad by Senkus (103)
by relluxing 4,5~dimethyl dloxolene with secetie anhydride.
The pmsmax econstants reported by Senkus are h.§. 228-252°
(750 mm. )}, gg%} | 1.4212, ‘
4dwhicetoxy-S-methyl-2-oxapentyl bensoste. 75.7 g« of
godium benzoate and 80,5 g. of 2-echloromethoxy-S~aceboxy-

butane, trested according to the general procedure, yielded
spproximately 3 g. of oil distilling at 45-47° (Imm.) end
then 1-2 g. of a white 6?3&%&1&&&&'3@12ﬁ,whi@ﬁ'aﬁbii&a& into
the condenser. The solid was soluble in sodium hydroxide

golution and its melting polint corresponded to thet of
benzole seid, The major produet, 4~acetoxy-S-methyl-Lwoxa~
pentyl benzoate, was collected over the renge 143-145,8°
“{lmm.)e The yleld wes 106.0 g. {79.8%). It wes a colorless,
almost odorless, slightly viscous oil possessing the following

physical propertiest b.p. 145«145,5° (lmm,), %5 1.4880,

~4

lyais. Csleulated for gliﬁlgg 1 sJaponifieation
aqnivalaﬁz* 1@8@ MR, 68,19,
lent, 10B.13 MRB,, 68.70,

Saponifiecation sguive~

Bisit-loebony ooma iy e e axape iipate. Sodium adi~
pate wes prepared by treating an squeous suspension of adipie
seid with concentrated sodium hydroxide solution until the
scid hed completely dissolved and the solution was pink to
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phenolphthaiein, The solution was treated with mﬁ.@&ﬂ@ﬂ
volume of 95% ethanol to precipitate the disodium salt. The
precipitated salt wes filtered, dissolved in the minimum amount
of water and reprecipitated with aaw»ﬁawx It was filtered and
dried at 110°,

Fifty end one~half grams of awa@mwﬁﬁ,xmw@wwa and 90.5 g
of 2-chloromethoxy-3-acetoxybutane, treated according to the
- general procedure, ylelded & small forermun at 45-47° (2 mm.);
bis{4~acetoxy-3-methyl-2~oxspentyl)adipate then distilled over
the renge 2054213° (0.5 mm.). The yield was 82.5 g. (76.2%).
The product was a vlscoua, ecolorless, cdorless oil which was
ingoluble in water, There was & residue of approximately
10 ge which was difficult to distll through the column becsuse
the high stlll temperature required caused decomposition. The
fraction collected at 210-213°% weas the largest and was reserved
for the determination of wwwﬁunww‘a@m@ammﬁm.mwﬁ analysis. The
data obtalned follow: b.p. 210-213° (0.5 mm.), 43° 1.1094,
g5 1.4488, |
" Anslysis. Calculated for Cpols,045¢ Saponification equivaw
lent, 133%; HR,., 104,44, Found: Saponification equivalent,
134.6, MRp 104,21,

grams of modium stesvate (Fischer Sclentific Technical Grade)
and 53 ge of 2-chloromethoxy~3-scetoxybutene ylelded, beside

the usual small forerun, sbout 15-20 g. of steerie acld which



distilled at 172~175° (lmm.) and solidified in the condenser.
The main product (52.2 %&} was collected over the range
196-204° (0.5 mm.). The fivst part of the distillate wes an
o1l but the last part to distill was a soft, low melting wax.
The yleld of crude 4=acetoxy-d-msthyl-2w~oxapentyl stearate
was 41,3%. When cooled in en ice bath the entire mass solidiw
fied, It wes diluted with sbsolute ethanol and recrystellized
"three times from this solvent, & white wex, insoluble in
water but soluble in all common org
It melted at 36~37° @

snic solvents wes obtained.

nd when warmed with dilute aecld, formal-

dehyde was evolved.
Since the compou

alkall mixture usually employed for the saponilication equlv~

Wl was insoluble in the acetone-agueous

‘alent snalysis, it was necessary to modify the saponificetion
- procedure as followst

The semple (0.2 g.) was dissolved in 15 ml, of 95% ethanol
and 15 ml. of an slecholie solution of sodium hydroxide (8 g.
of sodium dlssolved in 250 ml, of ethanol snd 25 ml. of waber)
was added, This mixture wss stored 24 hours in an lce bDox.
It wes then diluted with 25 ml. of water end titrated as usual
with standapdized hydrochloric acid. 4 Dlank was also run and
the seponification equlivalent celoulated as bafore.

inalysig, Caleulated for CosH p0xt Saponification equiva-
lent 214. Found: Séwnﬁmﬁ%w equivalent 213,
Disodium




phthalate was prepared similer to the disodium sdipate
described sbove, The salt wes dried at 150°  for 2% hours

to decompose any hydrate and then for 16 hours at 110°, Fifty-
five grams of disodlum phthalate and 90.5 g« of Ze.chloromethoxy-
B-acetoxybutane reacted very readily. The resction mixture was
treated secording to the general procedure and & very viscous
pale yellow oil was obteined. When distilled in vacuo the
usual forerun wes obteined, however the product could not be
distilled st 0.5 wm, Yhen the pot tempersture hsd reached
196°, decomposition oscurred; formaldehyde was coplously
evolved end phthalic enhydride sublimed into the colum and
sondenser, The same difficulty was experienced by Welker (127)
when attempting to distil phﬁhal&ﬁa£~@f‘thia‘typ&u

2. The resetion of carboxylie soid anhydrides with 2-ohloro-

There 1s no mention in the literature of the resction of
chloromethyl ethers with seid anhydrides, 4 preliminery test,
however, Indicated the production of acetyl ehloride when
acetic anhydride and Z2-chloromethos
heated together In the presence of an scld catalyst, 4 series

y~S-geetoxybutane were

of resctions wes carried out to investigete the nature of the
resction,

The equivalent amounts of the secid anhydride and the
ehloroether were mixsd in a round betiom flesk and 0.2% of
eoncentrated sulfuriec aeld was dlssolved in the mixture. The
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flesk was equipped with s distilling head and heated to 8
temperature such that the seyl halide would distil in prefer-
ence to the resgents. Sinee the reasction was suspected to be
reversible, the ecyl halide wes removed contimuously. A slow
#ﬁrﬁm of alyr was passed through the reastion mixture to aild
the distillation. VWhen the distillation of scyl halide
eceased, the catalyst wes neutraliged with anhyirous sodium
acetate and the reaction mixture was frectioneted in veecuo
through the Vigreux solumn. The produets were found to be
identiecel with those produced by the astion of the corres-
ponding sodium salt on the 2~chloromethoxy~3~acetoxybutens.
4-Acetoxy-d-methyl-2moxa ,,ezz;. 1 scotate
of Z-chloromethoxy-3-asetoxybutene and 23.8 g. of ascetic
anhydride were mixed with 0.2 ml. of concentrated sulfuriec
scid and treated scoording to the general proecedure deseribed.
Aoeotyl chloride was distilled from the reaction at 49-52°,

Forty~two grams

Approximately 15 g. was colleeted in 2 hours. After neutrall-
getion of the catalyst with 0,34 g. of sodium scetate, frsce
tilonal distillation of the reaction mixture ylelded 42 g.
{88,5%) of product collected over the renge 69~71° (lmm.).

The physical properties were: bep. 69-71°(1 mm.), ngP 1,4205,
ﬁ%ﬁ 1,0648, These dats agree very well with those obteined
for the 4-acetoxy~S-methyl-B«oxapentyl seetate prepared pre~
viously by the sctlon of sodlum spetete on the chlorcether
and with the date of Senlkus {1035} previously quoted, The



» mﬁ@w

observed moleeular refresection was 48,653 the ealoulated is
4B8.T1s »
' To determine whether the seetoxy~group of the Zechloro=
.Svagetoxybutane wes imvolved in the resstien, butyric
aphydride wes substituted for mcetic anhydride in the reaction
end the nature of the seyl halide produced was investigated.

 one~half grams of butyric anhydride and 70 g, of 2-chloro-
methoxy-3-acetoxybutane treated in the presence of 0,25 ml.
of sulfuric acid sccordi
(87,5%) of butyryl chloride {101-104°), The catalyst was

neutrelized with 0.2 g. of sodium scetate, When the reaction

ng to the genersl procedure gave 36 g

mixture wes fractionsted inm veguo ebout 9 g, of unrescted
butyric anhydride was collected st 47-50° {lmm.)s The product,
a colovrless, slmost odorless oil, then distilled over the renge

81~87° {lmm.). The major portion wes collected at B2«85% and

wes reserved for the determination of physical data and snslye
sis, The srude yleld was 75.1 g (81:3%)e The physicel con-
stants of the 4-acetoxy-3-~methyl+E~oxapentyl butyrate were:

b.pe. 82-85° (lmm.), nB° 1.4240, a2° 1.0268.

Analysis. Calsuleted for CyyHyn0g% Seponificatlion equiv-
alent 116.,0; HRp 57.94. Saponification equivalent 114.5,




pding to the gemeral progedure,
11ing peint of benmoyl chloride, the

wure It wes contem-
inated with some of the unrescied shlorosther which could not
arated without a fractionating columm.

ximagtely 15 g« was collecteds. The eatalyst was neutra=
1ized with 1.35 g sodium b end the resebion mixzbure
" ' engolc aolid
grams (52,74} of
gwoxppentyl benwoate distilled ovey
Its Ydentity with that produced by the
interaction of sodiws bensoste end the chl

enzoate

It distilled st 155+165° (0.5 mm.).

2~phloromsthoxywSw=soetoxyn

The mixture was hected gently on & steam bath to Initlate the
reaction and then 1t was necessary to moderate it with a sold
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water baths Flnally, the mixture wes beated for four hours
on & steam bath, After eooling, the resction mixzture wes
diluted with 75 mles of anhydrous nd £lltered from the
euprous ehloride

ether s

and excess ¢ysnide. The salts were washed

three times with B0 ml, portions of ether. The sther extract,
when added to the filtrate, prevcipitated a brown tar. The
ether solution wes deesnted from the tar and then ﬁiﬁﬁi&l@%ﬁw
After the ether had been remwaéf the produet was frectionated
by distillatlion in vesuo. 4 small forerun wes collected over
The 2~syenomethoxy-d-acetoxybutane then
distilled et 75+759 (bmm.)s« It was a colorless liguid,
inseluble in water, with a faint plessant odor. The yleld
was 70,1 g. (82.3%). Its physicel propertles werej b.p., 73-75°
25 1.4255, §§§ 1.0568, |
Apalyais. OCsleulated for Oghy,O.Nt N, 8.17% MR, 42,19,
Found: N, 7.83%3 MBp, 42.45.
The hydrolysis of both the nitrile a
itene would give the dehydroxy acid,
2~-carboxyme thoxy~3-hydroxybutane, CH,CH(OH)CH(OCH,CO0H)CH,,

d ~Hydroxy seids of this type, related to glyeollic seid, have
not been isolsted but exist es mizbures of the lectone and ecid
or theiyr polymeyrs. Holle (45} prepared the sodium salt of 2=
hydroxyethoxy ascetiec acld obbsined from chlorcesetic acid and
the monosodiwm derivative of sthylene glycols. The seall was
berely scildified end the hydroxy-seid distilled, %he lactone

nd seetoxy group of
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containing 30,0 g. of goncentrated sulfurie acld and 15.8 g
of weter was sdded dropwise over & period of 15 minutes while
the resction mixture was stirred., The resetion was exothermic
but wes controlled et 70-78% The tempersture was mainteined
for one hour end the resction was completed at 90-95° in 2%
hours, Two hundred and fifty milliliters of bensens wes added
and the reasctlon mixture distilled., The benzene~scetlc acld

azeotrope was collected end snalyzed for free seld, Period-
1cally fresh bensene was added to the reaction flask to maine
tain the originel volume., & total of 1B.6 g. of ascetic acid
was removed in this manmer. The NH,HSO, was filtered off and
washed with benzens, The washings were combined with the fll.
trate and trested with 2 g« of sodium spgetate Lo neutralise
the sulfuric acld cstalyst. The benzene and any residusl
ecetlc scid was distllled end the product was fractionated in
¥aouo. The 5,6~dimethyl~2w-p-dioxsncne was collected over the
pe 54-56° (4 mm.)e The yleld wes 31.7 8¢ (88.7%)s The
product was & colorless oll of plessant odor which was heavier

then water and, although inmsoluble in the latter, 1t slowly
dissolved with the formabtion of scids The hydrolysis by water
to the free ameid 4id not require & satalyst., The physical
constants were: b.p. 54=56° (4 mm.), nE5 1.4438, 43° 1.1130.
snalysis. OCaloulated for OglyoOnt Seponification equive
alent, 1303 MRy, 31,00, Found: Seponification squivalent,

1293 ﬁﬁﬁ* 30,91
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The moleculsr welight wes not determineé when the product

- was freshly prepared but it ﬁwm irvestigeted after the sample

- welght of the mono

- had steod at room tempersture %ﬁ. four monthe, At this time
the molecular weight {(Rast) was 149, The caleulated molecular

serie lactone is 130,

The structure of the 5,6~dlmethylefep-dioxanone was estab-
lished by converting it to the amide, l=-methyl-2~hydroxypro=-
poxy scetamide. - |

“grams of the wwagmf m»?&sawwﬁ?ma ~dioxanone, was added
to 3.2 ml. of cold concentrated aqueous ammonia. {Cf. Fittig
{20} )+ After stending ten minutes at room temperature, the

. mixture was placed in a vacuum desiceator over sulfurle acid

and the excess , The syrup

thus obtained erystallized after two days. The erude erystals
anhydroug ethey and dried., The ecrude
yield was 2.5% g. (89.5%) end the produet melted over the

pmmonia and water removed in Yacuos

. wers washed with ecold,

range 55«60, A sample for snalysis was recrystallized twice
ot, anhydrous sther. The white, erystalline H%wgwtmt
- wes obtained (m.p. 63-64°). It was

extremely soluble in watey aniethaenol, guite soluble in ehloro~
snd diffieulty soluble in xylene and ether.

Analysis. Celeulated for CgHys0,N: N, 9,524, Found: ¥,
9. 458,

form
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it was apparent from preliminary experiments that solu~

tions of sodium alkoxides in the corresponding alcochols conld
not be used to prepare the Z-slkoxymethoxy-3~scetoxybutanes
from the Z~chloromethoxy-S-acetoxybutane., The excess alechol
in the solution reacted with the acetoxy group by alccholysis;
furthermore, if the alkoxide soluiion was added to the chloro-
ether, the reaction mixture became acidic and the alkoxy~
methoxy group slso underwent aleoholysis. The following
reactions illustrate the aifiiaazties anas&atere&¢
{1) éﬂﬁsﬁfﬂaﬁgﬂklaﬁfa&aiaxg‘f ROH “"?Y""'
ROAc + CHzCH(OCHpOR)CH(OH)CHg;
(2) CHyCH(OOHOR)CH(OH)CHy + ROH —H .,
CHzCH(OH) CH(OH)CHg 4~ (RO) 5CHg.

The sodium alkoxides and phenoxides were prepared by dis-
solving a caloulated amount of appropriate sloohol or phenol
in apnhydrous ether and refluxing this solation with a small
excess of metallic sodium until the reaction ceased., The sus-
pension and solution of the sodium derivative was soreened
from the excess sodium metal and added dropwise to the 2-chloro-~
methoxy-3-acetoxybutane which was maintained at 0° in an ice
bath. The reaction wes instantaneous and sodium chlorids yre~
cipitated. The salts were filtered off, washed with ether, and
discarded. The washings and the mein filtrate were distilled
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to remove the cther and then fractionally distilled in vacuo.
The produets obtained in poor yleld by thls method, were all
liquidses
product of 30 g. of anhyd

xye4-methyl~1,3-dioxshexyl ethane, The resction
-ous ethanol in 200 ml. of ether

with 16 g. of metallic sodlum sccording to the general pro-
mﬁw& above, wae edded to 70 g. of 2~chloroethoxy~3-scetoxy«
butane over a one hour period and the m&etiaﬁ was continued
three hours, Fractional distilletion ylelded, besides about
B8 g+ of ethyl acetate, 28 g. of crude produet (38%) distilling
over the range 43-489 (1.5 nm, )* Other physlesl constents
weres g%ﬁ 1,¢zﬁaﬁ~§§§ 0,9700, The saponification equivalent
was 261 (calculated for Bescetoxy-4~methylel,3~dioxshexyl
ethene; 180}, This value indlecated that the product prepared
by this pmeﬁum wag contaminated with = by-product distile

ling in the same yange. The pure product was later prepared

by an alternate procedure.

Z=id-mothy acetoxy~1,5«-dloxahexyljbutane, Forty-elght
grams of butenol dissolved in 200 ml, of anhydrous ether was
treated with 15 g. of sodium metal aceording to the general
procedure. The resuliting suspension was added to 70 g, of
g=chloromethoxy«d~acetoxybutene during 45 minutes and the
reaction continued two hours st 0°, Fractionsl distillation
of the reaction mixture yielded 14 g. @f n-butyl seetate which
distilled at 42-45° (28 mm,) and 5 g. of an unidentified pro-
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erude product, 1,3-bis(4~methyl-S-scetoxy-l,3~dloxshexyl)
banzanﬁ weres b.p. 183-188° (lmm.) ggﬁ 1.4710, §§5~ZQ0961.

Analysis. Caleulasted for ConlznOg: Saponification equiv-
alent, 199; MR, , 100.82. Found: OSaponification equivalent,
195; MEp, 100.80.

When treated with concentrated sulfuric asid, the oil
inataatanﬁaualy polymerized to a brilliant red, smorphous .
solld, The pelymerization could be moderated and a cast resin
produeed by heating the oll in a test tube at 100° with several
drops of 2e-chloromethoxy~3-acetoxybutane and wateri the latter
reagents liberated hydrogen chloride uniformly through the
solution, After several hours, & bright red, glass-like ther-
mosetting resin and formed. The polymer was brittle and on
exposure to alr, darkened and beceme harder.

8ince the reaction of 2«chloromethoxy~S-acetoxy butane with
the sodium alkoxides and phenoxides gave unsaetisfactory ylelds
of produects 1t seemed sdvisable to develop an alternate method
for preparing the same products. The strongly elkasline sodium
derivatives spparently induced & side reaction with the acetoxy
group of the chloroeiher. The appearsnce of the alkyl ace=
tateg smong the products of the resction was aignif;eanx of
this. The use of the free aleochol would obviste this 41ffie
cully; however, s was mentlioned earlier, the by-product hydroe-
‘gan chloride would induce the alcocholysis of the desired mixed
scetals. Therefore the fessiblility of conducting the resction
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excess alcohol was removed by distillation and the residue was
cocled and poured on ice to dissolve out the pyridinium salts
and excess pyridine. The agueous layer was saturated with
sodium chloride and extracted with ether. The ether layer

wes dried over night over Drierite snd distilled. After removal
of the ath@:m the residue wes fractionated in vaecuo through a
Vigreux column and the vield of the desired scetsl was esti-
mated.

Srlcetoxy~4-methyl-1,5-dioxahexylethene. Seventy grams

of Z-chloromethoxy-3-acetoxybutans when sdded to 33,6 g. of
anhydrous pyridine dissolved in 180 g, of absolute ethanol at
70° sccording to the general procedure ylelded 44 g. (59.7%)
of b-acetoxy~4-methyl-l,3-dioxahexylethene which distilled
over the range 46-40° (1.5 mm.). There was almost no forerun
or residue. The refractive index, nZ°, was 1.4218.
oxy~4~methylel,S~dioxahexyl)butane. Seventy

grams of 2-chlormethoxy-3wacetoxybutsne was added to 33.6 g.
of enhydrous pyridine dlssolved in 287 g. of n-butyl sleohel
at 70° sccording to procedure a. The excess butanol, however
was distilled off at 40-45%° (20-25 mm.) to ,prwént alecholysis
during distilletion. There were 17 g. of by-products which
distilled at 3 mm. below the distillation temperature for the
main product. Thirty~four grams (30,5%) of l-(5~scetoxy-4~
methyl=l,3~dloxahexyl)butane was obtalned over the range
82-85° (3 mm.). The refractive index, pf° 1.4189, checked
with the preparstion from sodium butoxide,
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The reaction was repeated at 09, Mthmgh the product
was not worked up, the syrupy residue of the pyridinium salt
of the ehloroether which remained after the evaporation of
the butanol from & smell test sample indicated the chloro-
ether had agein rescted with the pyridine in preference to
the butanol, .

b. The gddition of 2ec oxy~d=acetoxybutane to &

solution of pyridine and an equivalent amount of alcohol

dissolved 1in an inert diluent (ethyl ethe

Sixty grams of 2-chloromethoxy-S-acetoxy butane was
added to a solution of 26.3 g. of anhydrous pyridine (5.0%
excess) and 25,9 g. of p~butanol dissolved in 370 ml. of
anhydrous ether, The resction temperature was 0% and the
time required to complete the resction wes two hours. Cryse
talline pyridine hydrochloride which is insoluble in ethyl
ether 4i1d not precipitate but & heavy syrup, probably the
pyridiniwme salt of the chloroether, settled out, The resc~
tion mixture was washed with brine and dried as usuasl. After
the ether had been removed, only 37 g, of residue remesined
and & major portion of this was p~butenol which hed not reac~
ted.

e¢. Ihe sddition of Z~chloromethoxy-3wacetoxybutane to a

solution of the amleobol in en inert solvent; addition of &

idine solution ss required to remove hydrogen echloride
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(1) EZther as the solvent, The alcohol was dissolved in

aﬁh@r’&nﬂ«a few crystals of methyl red were added, The equive
alent amount af‘ﬁwahlayﬂméth@myW3waaetaxybﬁtanﬁ was added
dropwise while stirring vigorously and refluxing on a water
bath. 7The color change of methyl red in the ether solution
was orenge to red as acld was formsd. A solution of pyridine
in aﬁh§r~waa'§raparadﬁanﬂ wes added as necessary to prevent
the color of the iaﬁieaﬁar‘waM*kaﬁﬁming»reég Pyridine hydro-
chloride precipitated, The resction mixture was washed with
| brine and dried over Drierite, The ether was evaporated and
_the produet obtained by distilletion in yacuo.

e AE 0 LOXY = 1-1,3~dioxahexylothane, Sixty grams of
Z=shloromethoxy=3~acetoxybutane was added to 168.2 g. of abso~
lute ethanol dissolved in 250 ml. of anhydrous ether and
treated with 27.5 g. of enhydrous pyridine dissolved in 150
ml, of anhydrous ether in the manner described sbove. The
liberation of hydrogen chloride asppeared to be very slow and
when all the chloroethsr had been sdded, only half of the
pyridine hed been used. The remasinder was added slowly over
& period of several hours. COCrystalline pyridine hydrochloride
preciplitated throughout the addition of pyridine, The yield
of S~acetoxy~4-methyl-l,B-dloxshexylethane was 46.4 g, (65%).
The produet was not conteminated by products distilling in

the same range a&s was that prepared by the actlon of the sodium
ethoxide upon the chloroethey. The physiesl constants were as
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follows: b.p. 46=49° (1.5 mm.), pB° 1.4122, a%° o0.9727.
Analysis, Calculated for CgHyg0,: Seponificetion equive

slent, 1903 MRp, 48.70. Found: Seponification eguivalent,
187; MR; 48,81, |
1-(5-Acetoxy~d~methylel,5-dloxshexyl)butane. Sixty grams

of 2~chloro-methoxy-3-acetoxybutene and 25,9 g. of n-butanol
when treated with £7.5 g« of pyridine in 150 ml. of ether
according to the procedure described asbove ylelded 46.4 (64%)
of l~{E~ngcetoxy~4-~methyl=l,5~dloxahexyl)butane, The produet
distilled over the range 77~8C% {2 mm.)}. The index of refrac-
tian,,ggﬁ"ﬁas 1.4185. There was a small forerun of sbout

2 ge and very 1little reslidue, Agein the methyl red indicator
indicated that the liberation of hydrogen chloride was very
8low,

2-{6-hAcetoxy~4-methyl~l,3~dioxahexyl)propene, Sixty grams

of 2~ghloromethoxy-3~asetoxybutane was added to 21 g. of 2=
propanol dissolved in 2850 ml. of snhydrous ether and treated
with 27«5 g« of pyridine dissolved in 150 mls of ether as
indiceted in the generel procedure. Crystalline pyridine
hydrochloride did not immedlately precipitate in this prepar-
ation but & heavy syrup or oll separated. The hydrogen
chloride produced in this resction geemed to concentrste in
the syrup phase ss the methyl red indicator became deep red in
the syrup; furthermmore it was diffieult to neutralize the acld
with pyridine beceuse the latter dissolved first in the upper
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ether layer. The syrup phase may have been 2 pyridine hydrow
ehloride alccholate or it may have contained water from some
side resction such as the reaction of hydrogen chloride with
2~propencl. As the reaction progressed the syrup nhiakﬁaé&
and erystallized pertislly. Upon fractional distillation of
ﬁbﬁ reaction mixture 235 g« of a product diatiiigﬁ.av&r the
range 64.5-66,5° {2 mm,) éﬁﬁ possessed & refractive index,
p25, of 1.4145, This product, later prepared by a modified
procedure and anslygzed, was 2«(b-acetoxy-d«methyl«l,3-dloxa~
hexyl)propane and the yleld sorresponded to 33% of the theo=
retical. |
S-fcetoxy-dwmethyl=1,3~dloxehexyl bengene, When sixty

grams of 2~chloromethoxy~S-acetoxybutane wes added to &
solution of 33 g. of phenol in 250 ml. of enhydrous ethyl
ether and treated with 23.5 g« pyridine dissolved in 150 ml,
of ether according bto the generasl procedure, crystalline
pyridine hydrochloride did not appear, but again, & syrupy
phese gottled out. The resction appeared to occur, for the
most part, in this syrup phase since the indicator which had
dissolved in it remsined red throughout the resction while
tha~h@éragﬁn~eﬁlarid@ 1iberated in tha\ethﬂr layer was easlly
removed by the addition of the pyridine solution, VWhen the
ethey was volatilized from a sample of the ether layer the
small resldue indicated the yleld of product would be very

poor. This preparation was not pursued further, but the pro=-
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eedure was modified,

From the observations of the last two resctions it was
apparent that the distribution of the concentrations of reagents
between two phases was waﬁémmﬁasm complicetions in wwa,uﬁwai
tion., Since chloroform is & solvent for pyridine hydrochlo~
ride as well as the verious reagents used in the reaction, 1t
was substituted fer ethyl sther as the inert diluent so that a
homogeneous reactlon medis might be obtelned, _

(2} Chloroform ss the solvent. The sppropriate alcohol

or phenol was dissolved in ehloroform snd en equivalent amount
of 2~chloromethoxy~3-acetoxybutane was sdded dropwise over a
period of 25 hours while stirring repidly. The resetion mix-
ture which was controlled at 25-30° contained s wwﬁ erystals
of methyl red to indicate the presence of free hydrogen chlo-
ride. 4 solution of pyridine (5% excess) in chloroform was
added to remove the free hydrogen chloride as indicated by
the methyl red. The resction mixture was finally heated to
50° for fifteen minutes end then washed three.times with water
and dried over Lrierite, The ehloroform was removed by dis~
tillation using a steam bath, and the product frectionated In

veouo. In almost sll instances tested, the ylelds were good

and there was little formation of by-products.
1=(5~Acetoxy~4=mothyl~l,3~dioxahexyl)butane., Sixty grams
of g=chloromethoxy«-3~acetoxybutane was added to 25.9 g. of

n~butsenocl, sccording to the genersl procedure, and 27.5 g. of
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pyridine dissolved in chloroform wes added as required. Frac-
tional distillstion of the treated raastian~m&xture yielded
5648 g« (78.4%) of crude l=(b~acetoxy~demethyl=l,3=dioxahexyl)«
butane collected over the range 65~71° (lmm.). The physieal
constants of the purified product were: b.p. 69«71% (1mm.);
8% 1.4184, 93° 0.9520.
inalysis. Celculated for Cy1Hpp0,: Saponification equive
alent, 218; MBp, 57.98., Found: Saponification equivalent,
2193 MRp, 57.74 |
2-{6~Acetoxy~d-methyl~1l,3~dioxahexyl)propene. In accor=

dance with the genersl procedure, 60 g. of Ze«chloromethoxy=3«~
ecotoxybutane, when added to 21 g. of isopropyl alecohol dise
solved in 250 ml. of chloroform and treated with 27.5 g. of
pyridine in 150 ml. of chloreform, ylelded 51 g. (75%) of 2=
{6~acetoxy~é-~methyl«1l,3~dioxshexyl)propane, The distillation
vranga was 53~58° (lmm.). The pure compound had the following
constants: Depe 55«57.5% {(lmm.), 3%5 1.4132, gﬁﬁ 049589,
Analysis. Calculated for CygH,04t Saponificetion equiv-
elent, 204; MBp H3.31l. Found: Saponification equivalent, 2013
MRy, 53+31. |

B={B~Acotoxy-d-methylel,S~dioxahexyl)propene. The addi-

tion in the ususl manmer, of 60 g. of Z2~chloromethoxy~3=acetoxy-
butane to 20.3 g« of 2l1llyl aleochol and treated with 27.5 g. of
pyridine dissolved in 150 ml, of chloroform yilelded 57.9 g
(86%) of erude 3~(5-mcetoxy-4d~methyl-l,3~dloxehexyl)propene, &



colorless oil of grape-like aroma which distilled at 81-85°

(5 mm.)s The refractionated produet had the following char-

acteristics: b.p. 83.5-85° (5 mm,), p2P 1,4268, g’%ﬁ 0,9836.
Anelysis. Caloculated for Cy0H;g04: Saponification equive

alent, 202; MRp, 52.84. Found: Seponification equivalent,
2003 MBp, 52.94. |
SwApetoxy=4mmethyl=l,3-dioxshexyleyelohexane, Cyoclo-
hexanol (34,8 g.) was dissolved in 250 ml. of chloroform and

60 ge of 2w=chlormethoxy~B~acstoxy butane and 27.5 g« of pyri-
dine dissolved in 150 ml. of chloroform were lntroduced
acecording to the general procedure. The yleld of S~acetoxy-
éwm@tﬁglnl,smdisxahaxyl cyclohexane was 54 g« (66.8%). The.
product, & colorless oll of mild cdor, hed the following
physical constants: b.ps 86-88° (0.5 mm,), nB° 1.4443, a2°
11,0007,

Analyels. Caleculated for Giaﬂgﬁaaﬁ Ssponification egquive
alent, 2443 HRj, 64.97. Found: Saponification egquivalent,
241; MRp, 65.07.

Approximately 10 g. of unreacted syeclohexanol was rscovered
in this synthesis which indicated that some chloroether and
pyridine had combined,

1,2-big(b~Asetoxy~4-methylel,3~dioxshexyl)ethane and lw
hyéroxy=2«(S=acetoxy~d~methyl~l,3~dioxahexyllethane, Ethylene

glyecol (10.3 g.) was added to 250 ml. of chloroform. Solu~
bility wes not complete. Fifteen grems of scetamide acted as
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& mutual solvent end produced a homogeneous solution. A solu~
tion of 29 g of pyridine and 5 g. of scetamide in 150 ml. of
pyridine was used to remove the hydrogen chloride produced
when 60 g. of Zechloromethoyoxy-3-acetoxybutane wes added to
the glycol solution secording to the general procedure., The
reaction mixture was treated in the usual way, snd fractional
distillation yvlelded twe products in addition to about 7 g.

of unrescted ethylene glycol., Ths mono-condensation product,
lﬂhyﬁrﬁxyﬂzﬁi5*&@@%&&?“4*&&kh&ﬁ*i*g*ﬁiﬁxﬁhﬁxyl)3thﬁﬁ& distile
led over the range 94~95° (0.5 mm.) end 14.5 g. (30.5%) was

collected. It wes a

somewhat viscous, odorless, colorless oll
which was soluble in water. The physical constants of the
redistililed product were: b.p. 94~95° (0.5 mm.), nf® 1.4348,
42° 1.0706.
Anslysis. Caleulated for (glH;p0s: Saponification equive
alent, 2063 MBp, 49.82. Found: Seponification equivalent,
2053 MRy, 50.13.

The di~substituted condensation produst of the glycel,
1,2-bis(b~acetoxy~4-methyl-1,5~d1loxahexyl)ethane was collected

over the range 148-152°% (0.5 mm). It, also was a somewhsat
viscous, colorless, cdorless oil but 1t was insoluble in water.
The physical constents were: b.ps 148-152°0 (0.5 m&),,@%ﬁ
1.4360, 425 1.0657. The yleld was 23.4 g« (40.3%).

Analysis. Caleulated for C3.H.n0p: Saponification equive
alent, 1753 MR, 85.96. Found:s Saponification equivalent, 173



~61~

MBps 85.77.
45ﬁgagaxﬁgg,mﬁ§§yiw%3ﬁ«@gaxah&xg&hanxgmﬁ* Thlrty-three

grams of phenol was dissolved in 250 ml. of chloroform. Since
the solution was seld to methyl red several Indicators were
tested which when dissolved in the phencolecghloroform solution
would give a color change in the presence of free hydrogen
chloride, A few erystals of the most successful,; methyl
violet-B, were used. The color chaﬁg@ in the presence of
exeess hydrogen chloride was violet to light blue., Sixty
grems of 2«chloromethoxy-3=-acetoxybutane was added in sccor-
dance wiﬁn the general procedure, and 27.5 g. of ﬁ?ridina
dissolved in 180 ml, of chloroform was added &s requireﬁ to
maintain sn intermedlate blue violet color in the reaction
mixture. After treating it in the sustomary mamner, fractional
distillation of the reaction mixture in vacuo yielded, in addi-
tion to 20 g. of an unidentified oll distilling over the

range 56-66° (lmm.), 39 g. (49.3%) of 4~acetoxy-B-methyl=-1,3=
aloxahexylbenzene, The distillation range was 111-117°. The
physical constants which follow agreed well wiﬁh those of the
product prepared from sodium phenoxides bape. 114-116° (1 mm.),
DS 1.4820, ggﬁ 1.0652.

Anaslysis. Caleulated for CyzHip04t Saponification equiv~
alent 2383 MRy, 63.55. Found: OSaponifieation eguivelent, 2363
MRps 63490,

The product, & colorless, almost odorless oil, was poly-
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merized with concentreted sulfurie secid, The resction was
insteneous and extremely exothermle, and & pink plastic mass
was formed, The polymerization was moderated by heating, at
1009, several milliliters of 4-acetoxy-J-methylel,3-dlioxa~
hexylbengene wlth several drops of water and 2-chloromethoxy=-
S~acetoxybutane as a source of hydrogen chloride, yﬁfﬁ&r ons
day the reaction mixture had set to a pliable, colorless gel
which, when exposed to a2ir became bright red and on further
heatlng set to & hard, brittle red resin,

Es R@acti&ﬁ of &rggﬁard,rﬁagﬁaﬁs with ﬁmahlara&atnaxyuﬁma@eu
Toxybutane.

Grignard reagents were prepsred from bromobenzene gnd
butyl bromide in the usual menner (34) and these were coupled
with Z2«chloromethoxysd~scetoxy butane., 7The CGrignard reasgent
wes added to the chloroether rather than the more common
reverse manner sc that the chlorcether would not encounter a
high concentration of Grignerd resgent. In this mamnner the
reaction of the Grignard reagent with the scetoxy-group might
be minimized,
2-Benzylox
was dissolved in 150 ml, of anhydrous ethyl ether and this

=S~peetoxybutenes Sixty grams of bromobenzene .

solution added slowly with stirring to 8.9 g. (10% excess) of
magnesium ribbon in a 500 ml., B-neck flask. The resulting
solution of phenylmegnesium bromide was added dropwise while
stirring to 60 g. of 2«chloromethoxy-3-acetoxybutane dissolved
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in 150 ml, of ether. The rate of addition of (rignard resgent
solution was malntained so thet the reaction mixture refluxed
gently. The reaction was lnstanteneous and two liquid phases
formed. After standing fifteen minutes, the mixture was
poured into 500 g, of ice and then soidified with 1:1 hydro-
ehlorie acid. The layers were separated and the aqueous phase
was extracted with ether and the sthar,layarﬁreamhinaég, The
ether solution wes then washed with water and dried over
‘ﬁriariteﬁ The ether was removed on & steam bath and the
benzene from exceoss OGrignerd reagent was distilled out, The
residusl oil was frectionsted by distillation in vacuo.
Approximetely 5 g, distilled at 46«50° (1,5 mm.)« The main
product then was collected over the range 90-93,5° (0.5 nm.).
The yield of crufe 2~-benzyloxy-3~acetoxybutene wes HB.1 ge
{74.5%)e The product, & colorless oil with a faint pleasant
aﬂar; was redistilled and the physical data for the pure come=
pound follow: bsp, 94-96° (0.5 mm.), nf5 1.4858, a2° 1.0224,

Analysise Caleulated for Uy.H,50z: Saponification equiv~
alent, 222; MRy, 61.93. - Pound: Saponification equivalent,
2203 MBp, 62.23.

2=imyloxy~-3-ecetoxybutane. Elght and nine-tenths grams

of meagnesium ribbon wes dissolved in & solubion of B2,7 g, of
n~butyl bromide In 150 ml. of anhydrous ether. The solution
of butylmsgnesium bromide wes added slowly, with stirring, to

60.2 g« of 2~chloromethoxy-3-scetoxybutane., The resction mix~
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The axnellanﬁyyiezﬁa ébtaiﬁaﬁ in the conversion of 2,3“
bﬁtanﬁﬂial to Qwaﬁlar&méthaxywﬁwae@taxghﬂtana by way‘af 4,§~‘
dim@thyﬁ dloxolane is further highiightsd by the ﬁirfienlti@a
&aﬁaanxarﬁﬁ whaa the a&m@ ah&ara&th&r is preparad by the more
conventional route thrgagh;tha giyﬁ@l manaasatatafanﬁ its
chloromethyletion. The difffeulty in seperating ma,.m |
di-acetates of giy%ﬂls\whiah was encountered in the manaégtar»
ificetion of 2,3-butenediol with acetic aeld s mot peculiar
to the iattar# hut is commeon to ali7g13§ﬁla. This, of eeuéaa,
18 due ‘to the fact that the boiling point of an scetate ester
and the @Grraaﬁaxﬁing alcohol do not differ markedly. Thg
pragaxataan of pure athylaaa giga@i‘maamaaatﬁtﬁ has attaineﬁ”
industriel 1m§ﬁ§tasﬁﬁg‘th@ method of pi@yaratxan hawe#er, ia‘
the resction of asetic acid end ethylene oxide, A correspond-
ing preparsation of pure 2;ﬁ~bﬁ§&aaé$§l‘menﬁaeét&ta from 2.54
butylene axiﬁa has been reported (131}, but would be 1m§raatw
ical if 2,3«butanediol is to be the atarting meterial. The
necesslity of having & pure glyecol monoacetate free of the
dlacetates as a starting materisl for the éhl@fﬁmﬁthylatian
reactlon is f&rthar enphasized by the proximity in belling
points of the ehlﬂwamétkyl ether and the scetate ester of the
eer&esy&nﬁing aleohols.

Although the difficulty was not observed when 2,3~butane-
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dicl monoacetate was converted to E2e-chloro methoxy~3~acetoxy
butane 1a‘¢arbeﬁ ta%rachlmriéa solution, one might anticipate
the cleavage of thé~aa@taxg group of the monoscetate by'thﬁ’
hydrogen #hiﬁrié&u Incas anﬁmﬁ§u3ﬁ‘£?ﬂl raﬁartaé the ﬁreﬁarm
ation of 2-chloro-3~butanol by the reaction of ﬁtswbntﬁnaﬁial
d&a&atat& in saturated aquéaua ﬁgﬁraéhl&rie acid. The
presence of the nonaqueous carbon t@ﬁraﬁhiariﬁa mey have
depressed this side reaction.

The reaction of 2»3higramﬁthﬁxywﬁwaeetexybntan& with
cerboxylic secid snhydrides is & new reaction. The products
are thﬁ/é*aaaﬁnggwﬁam@thyinaaaxapantheatars and the acyl

halides derived from the seild

only applicable when the acyl halide is the lowest distlilling

anhydrides. The reaction is

component. Further investigetion should indicste the possible
extension of this resction to other ghleramﬁthyl ethers and

to d@ahl@yﬁsthars in generals. The acyl hﬂliﬂ& is also ﬁbk&iﬁﬁﬁ
in excellent yleld end the veactlon might be applied 1n.gama
special instance Tor preparation of the aeyl helide from thﬁ‘
anhydride.

The failure of bis(4~acetoxy-S-methyle2+«oxspentyl) phtha-
late to distll without descomposition is in agreement with the
observation of Walker (127) who found that the simplest ester
of this type, bls(2-oxapropyl)phthaelate could not be distilled
at 15 mm, without decomposition., It was noted in ths experi~

mental section that the decomposition occurred when the still
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temperature reached 190-200°. The products of decomposition
were formeldehyde and phthaliec anhydride. It may be noted that
this decomposition tempereture corresponds to the temperature
at whieh phthalie aeid loses éat&r and forms phthalle anhﬁdridea

The presence of a small amount of phthalie aeld in the reaetion

mixture 1s most likely and its decompositlon may be supposed
to inltiate the f&iléﬁlng chain reasctlion during distilletiont

{1} ' : ;
COOH co
— 0 + Hgo
- \ Jooon co

(2)  ROCH300C | COOH
| + Hg0 —> ROH + CH0  +
ROCH, 000 COOCHOR

(3) HoOC ‘ NCOOH
. + ROH— ‘

ROﬁﬁgﬁﬁhj = GOOH
Should this hypothesis prove corrsect it might be possible to

+ ROCH,OR

avold the decomposition by conducting the resction in the
presence of anhydrous ﬁé&iam acetate. The phthellice aeid wénlﬁ
be converted to the steble sodium selt and acetic acld vola-
tilized from the still.

The method deviged for the preparation of the lactone,
By6wdimethyl2«p~dioxanone 1s unigue for lactones of this1typew
As was deseribad in the experimental section, Hollo{45) and
latar‘ear@thera«anﬁ co-workers (13) prepared the simllar unsube
stituted lactone 2-p-dioxanone by dlstillation of the hydroxy
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method of preparetion has been to add the chlorocether to the
suspension or solutlon of the alkoxlde. The susceptibility
of esters to condensation in the presence of sodium alkoxides
necessitated the reversal of the menner of addition, Never-
theless the ylelds of the deslired products were poor. Although
the chloromethyl ether was not intentionally exposed to high
concentrations of alksall, low ylelds may be accounted for by
the local concentratlions of sodium alkoxide produced beceause

1t was necessary to introduce the latter as a concentrated
suspension rathey than as a dilute solution.

The method finally devised for the preparatlion of mixed
acetals by the reaction of the aleohol or phenol with the
chloromethyl ether in chlorofomm s@lﬁﬁi@n’ removing the hydro-
gen chloride with pyridine, gave excellent yields. The fsaot
that in most cases there was an absence of by-products, might
indicate the reaction could be carried out to obtain slmost
quantitative ylelds. Interference by the scetoxy-group was
not observed, It must be pointed out that there are several
competing resctions in this process and only the proper rate
of addition of the reagents will give maximum ylelds. The
chloromethyl ether may react with either the alcohol or with
pyridine; also the latter may form selts with either hydrogen
chiloride or the chloromethyl ether. It has been shown that
the affinity of the echloromethyl sther for pyridine is grester

then for aleohols in 8 competing reasction. Also the reaction
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of pyridine with hydrogen chloride should proceed in prefer-
ence te its resetlon with the chlorcether. From this it is
spparent that & large concentration of unreacted Z~chlorometh~
oxy~d=acetoxybutane must not be present in the reaction mixture,
Furthermore, & sensitive method of determining when free
hydrogen chloride is present in the reamction mixture would
feelilitate obtalning good yields of the desired mixed scetals.
The use of methyl red for this purpose was not entirely satis~
factory, especially in the later stages of the resction when
8 color change was diffieult to discerns

An extension of this procedure for producing mixed scetals
to other more common =chloroethers would indiceate the rela-
tive walue of this method when compared with the standard pro-
gedure of reacting the sodium slkoxide with the chloroether.
The mixed phenyl formals ¢an probably be best prepared by the
firast method discussged, l.e. from

the chloromethyl ether and
the sodium phenoxide. The phenyl formals have been shown to
be very susceptible to polymerizatlion in the presence of
traces of mineral scids. It would be most difficult to avoid
this scid condition when & free phenol is condensed with a
chloromethyl ethers

A competitive reactlon was expected when Grignerd reagents
were goupled with 2-chloromethoxy-3-acetoxybutane, Both the
chloromethoxy and ascetoxy-groups are capable of rescting with

Grignard resgents. The good yield obtained when phenylmagnesium
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bromide was coupled Indlcated that this resction was favored
over tertlary slechol formation. Although the products were
not studled in detell, the presence of unrescted chloromethoxy-
groups after an equivalent amount of butylmegneslium bromide
had been added indlecated spparent consumption of the Grignard
resgent in the competitive reaction, Further study might
reveal more optimum condltions for coupling CGrignard resgents
with chloromethyl ethers in the presencde of an sster group.

The steric configuration of the Z2-chloromethoxy«3-scetoxye
butene end its derivatives was not considered in this investi-
gation, According to the report of Neish and MacDonald (82),
the 4,5-dimethyldioxolane prepared from peso~2,3-butenediol
was the meso-isomers. If no inversion of econflguration occurred
when the dloxolane ring was opened, the 2~chloromethoxy=d=

acetoxybutane used was the erythro lsomer.




{1} 2-Chloromethoxy-3-acetoxybutaene was prepared by the
resction of acetyl chloride and 4,5-dimethyl dioxolape, It
was found that the reaction required a catslyst. Ortho-phos-
phoric acid was satisfactory.

{2) 2-Chloromsthoxy-3~acetoxybutane was prepered from
2,3-butanediol monocacetate, formaldehyde and hydrogen ohloride.
An ipert reaction medium, immiscible with water waes reguired.
Carbon tetrachloride was satisfastory.

{3) The conclusion was reached that 2-chloromethoxy-3-
acetoxybutans could be prepared more satisfastorily from
gcetyl ohloride and 4,5-dimethyl dloxolane then from 2,3~
butenedicl monoacetate, formaldehyde and hydrogen chloride.

{4) 2-Chloromethoxy-3~acetoxybutans reacted with the
sodium salts of ocarboxylic acids and yielded a series of
4~acetoxy-3~methyl-2-oxapentyl esters. The products ranged
in properties from a colorless, fluid oil to a white, low
melting wax.

{5) The reesotion of 2-chloromethoxy-Z-asetoxybutaene with
sarboxylie ascid enhyidrides has been investigated., The cor-
responding 4-asvetoxy-3-methyl-2~oxapentyl esters and acyl
chlorides were obtained in very good ylields.

{6) 2-Chloromethoxy-3~acetoxybutans and cuprous oyanide
yielded 2-cyanomethoxy-3~acetoxybutane. 7The latter was con~
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verted to the lactone, &,6~dlmethyl-Z-p~dioxanone in good yleld.
- The lactone, which was unusually stable toward spontaneous
palymaris&ﬁiag, was converted by agueous emmonia to the amide,
1«@&hhylmz»hgéraxyyrapnxyaaaﬁami&ﬁ‘ |

(?) The aa@ium_ﬁﬁfiv&tivas of several aleé&ala and phenols
were condensed with éwahlaraﬁﬁth&xywﬁﬁaaataxybntanag The
mixsd formals were abtained in relatively poor ylelds.

{8) & mﬂthaﬁ has been dﬁviseé for eﬂnﬁaaaing aleohols
with ﬂmchlor@ﬁ@thnxynsaagatexy bntaﬁe, Pyridine was added te
remove the hydrogen chloride as 1t was formed, A chloroform
solution provided a& homogeneous resctlon mixture which was
essential for the attainment of good ylelds.

(8) & preliminery investigation of the coupling of
Grignard reagents with Efahlarumﬂthgxywawazatazybutaﬁa has
been made, 2«Benzyloxy-~3-ascetoxybutane and Z~amyloxy-S-acetoxy-

butane were prepared.
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