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INTRODUCTION

Eerly in the war, when the supply of natursl rubber to
the United States wze cut off, the problem of findins eynthetic
substlitutes becesme extremely important. A possibility con-
sidered st thet time wes the use of levulinic acid (I) as the
starting point 4in the preparation of 1,3-pentadiene (IV) by

the following series of reactions:

, +Ho
CHzCOCH,CHp COOH (Reney N1)~ CHs?HCHg?Hz
0——CO
1 II
. CHzCHCHo CHo CHo “Ho
(Cucro) OH H (A1203) -

III

CHzCH:CHCH:CH; +  CHp:CHCHoCH:CHp

IV
Preliminary studies by Mr. Horace D. Brown showed that
the process was nossible, slthough not immediately practical,
end he succeeded in obtaining samples of rubberlike material
from the copolymerization of 1,3-pentadiene and aorylonitrile.
The most significant contribution of Mr. Brown's study wes the



successful liquid phase hydrogenation of levulinic zcid to
-~ -valerolactone (I1) in excellent yleld. A similar process
is the subject of a recently issued patent (52) and 18 re-
ported to be under pllot plant investigation by the Monsanto
Chemlcal Company.

The present investipgation was undertaken for the purpose
of examining some of the reactions of y=valerolactone (II)
and 1,4-pentanediol (III) with view to prepering new derivatives
which might prove worthy of further study leading to industrial
applicetiona, The significance of such an investigation be-
comes apparent when the source of levulinic scid 18 considered,
Levulinic =cid results when any hexose sugar, or cerbohydrate
hydrolyzeble to & hexose super, 18 heated in agueous solution
with mineral scid (5@, 80, 88). At present, the acild is
menufectured principslly from sterch. The discovery of new
uses for msterlals derivable from levulinic acid would DYO~
vide another epproach to the utilization of agricultursl by-
products. The succesgsful conclusion of such s research pro-
grem, which, of course, might recuire many yesrs, could re-
sult in 2 more intelllgrent exploltstion of our naturel re-
sources and would he of preet importance in the asgricultursl
pheses of our national economy. The value of any contribution
to & long~term project of this type seeme beyond question,

The plastics industry probebly offers the most important

potentlsl outlet for large quantitlies of moderately priced



chemicals. Attention was, therefore, directed to the pos-
81b1lity of using y-valerolactone and 1,4-pentanediol as
staerting points in the synthesis of dibaslc aclds and amines
from which linear polyanides of the "nylon" type could bhe
prepared by the ususl condens-tion methods (186).

Although 1,4-pentanediol has been ohtained previously
in satisfectory yleld by cctalytie reduction (31,40), the pre-
peration of this compound wes re-examined in the hope of
improving the yields and adding refinements to the exlsting
preparetive methods,

" From the many poseible ways in which <--valerolactone or
1,4-pentanediol could be utilized in the syntheslis of bi-
functionzl acide or amines, two were selected for investiga-
tion. The first line of attack proposed to make use of the
1ittle known Friedel and Crafts reaction with 7~velerolactone
by meens of which Eljkman prepared --phenylveleric acid (25).
It was hoped that 1t would be possible to csuse bhenzene to
condense with two molecular equlvalents of the lactone to
yield a 7;7/:pmmylene~d1valeric acld or a derivative of such
en acid.

For the second approeach, it anpesred thst epplicstion of
the recently reported "eyanoethylation¥ reaction (6,7,8,14,17,
41,45,51,82,85) to 1,4-pentanediol might yleld an intermediste
dinlitrile which could be converted to a dibasic acid by
hydrolysis, or to e diamine by hydrogenation. The hydrolysis
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of the ritrile proved to be an entirely new spprecach to the
synthesls of B-azlkoxynronlonic selds and thelr derivatives.

An extenslion of the study to a series of structurslly related

comnounds wes, therefore, nrojected srd carried out,



MATERIALS, SPECIAL APPARATUS AND GENKERAL PROCEDURES

Levulinic scid used in this study wes an Eastmen Tech-
nical product which was distllled in vacuo before use.

7" -Valerolactone was nrepared from levulinic acid by the
mathod of Brown (4). This preparation will be described at
the conclusion of this sectlon. Ruzicka's procedure (71) was
followed in the vprenarstion of ethyl levulinate.

Alcohols and glycols used in the preparstion of B-alkoxy-
proplonitriles were commnerclally eavaillable chemicals. Hast-
maen White Lobel chemicels and cthers of comparsble quality
were used without further purifilcation. Practlcsl grades
were distilled before use and frsetions bolling over a renge
of three degrees or less were employed in the preparstions.

The acrylonitrile was en Eestmen Ppractiecal product. In
preliminary experiments the materiazl wes distilled prior to
use but 1t wes found later thst the ylelds of sddition pro-
duct 4id not suffer when 1t was used without purification.

With one exception, the acids used in the preparetion of
the amine s=2lts were commerclally availlable materisls. The
reagent quality acids were used directly whereas those of
technical or practlicsl grsde were purified by suitzble methods.,
The gluteric scid wes prepsred from formaldehyde and dlethyl
mzlonate by a standard procedure (80).



Copper-chromium oxide =2nd Raney nickel cetalysts were
prepered in the usual way (1, pp. 13, 19). Hydrogenations
were carried out in a 500 ml. rocking bomb of standard design
(Parr Instrument Co.). A motor-driven booster pump, manu-
factured by the American Instrument Connany, wes used to ob-
tain hydrogen &t pressures higher then that avallasble from
commercial steel cylinders. Stendard precticee were followed
in the reductions. The technique of super-pressure hydro-

genation has been sdequately trested elsewhere (1, pp. 29-46),.

Preparztion of y=-Valerolactone by Brown's Procedure

A copper-lined hydrogenstion bomb of 3.85 liters'! capa-
city was used. The charge consisted of 580 g. (5 moles) of
distilled levulinic acid =and 15 g. of Raney nickel. Hydrogen
was introduced to & pressure of 700 p.s.i. The temperature
during the reduction was 1'?5--200o and the resction was com-
plete after three hours. Separation of the catalyst and
distillaztion of the reaction mixture gave 471 g. (944) of
7~valerolactone of bolling point 87-90° (8-10 mm. ).



7-VALEROLACTONE IN THE FRIEDEL AND CRAFTS REACTION

Review of the Litersture

The use of esters as alkylating agents in the Friedel and
Crafte reaction is well known and has been the sublect of
geverasl published studies (3, 59, 79). The reaction differs
from the usuel Friedel and Crefts alkylation with alkyl
hzelides in thzt slightly more than one mole of catalyst must
be used per mole of ester. The reason for this 1s obvious
when one considers the mechanism of the reaction., The first
step 18 the cleavage of the ester by the 2luminum chloride
to yield an alkyl halide =nd e salt (59), thus:

RCOOR + AlCls-—————a-RCOOAlclz + RC1
The first moleculzr equivalent éf catslyast used serves only
to bring about thls cleavage. After formetion of the alkyl
halide has occurred, a 8lipght excess of catalyst 1s suf-
ficient to cause slkylation of the aromatlc component present
(79).

¥hen the ratio of catelyst to ester 1s doubled and the
resction time =2nd tempersture incressed, the salt can react
further (79):

EEQOAICIQ + AJ.CI:3

RCOCL + AlOCL

AlCl5



The sctive complex thus formed is capable of teking part in
an acylatlon reaction and ketones result., However, a proper
cholce of conditions maskes 1t possible to confine the resetiom
to slkylation (59).

Lactones, as cyclic esters, should be expected to undergo
a similar reaction. This is indeed the casgse, althoush Friedel
and Crafte reactions wlth unhsalogenated, aliphatic lactones
have been renorted by only one investigator. During the course
of studies on seven y-lactones (26-28), Eiljkman revorted (25)
the preperation of y=-phenylvaleric acld and )y-tolylvaleric
ecld, These acids resulted from the resction, in the pressnce
of aluminum chloride, of j)=valerolactone with benzene and
toluene, respectively.

Ellkmen 414 not report the ylelds in hie preparations,
nor d4ié he determine the posltion of substitution in the re-
action with toluene. In neither case was proof presented to
indicate that the y~substituted valeric acld was the result.
nis point assumes signifilcance in view of the feaet that
isomerization frecuently accompanies Friedel and Crafts alkyla-

tiona (79, »p. 94-97),



Experimental

Preparetion of y-phenylvaleric zcid by the procedure of
Eijkman (25)

To a well-stirred suspension of 80 g. (0.375 mole) of
aluminum chloride in 60 g. (0.77 mole) of benzene, there wes
sdded dropwise, 30 g. (0.3 mole) of y=~valerolactone. A
vigorous resgction with evolution of hydrngen chloride began
2t once. The mixture was cooled occsasslonglly to keep the re-
sction under control. After all the lactone had been added,
the mixture was hested in a water hath for 25 minutes. It
wes8 cooled and poured into a mixture of 1oo‘g. of ice and 100

g. of concentrated hydrochloric acid. The benzene layer wes

weshed with water and distilled in vacug. There was obtained
32.5 g. (B1%) of colorless, oily liquid of boiling point
123-126° $0.5 mm.). It wes insoluble in water, but dissolved
in sodlum bicarbonate solution with evolution of carbon
dloxicde.

Eijkman (25) used the szme quantitiés of rezctants in
his preperation, but he added the catselyst to a2 solution of
the lactone in benzene.

Prepcretion of ethyl y-phenylvalerzte and diethyl 7;7ribhenxlen -
divalercte

In experiments in which attempte were made to effect
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dislkylation, the crude reaction mixture was esterified to
faeilitate nurificetion by distillation. The esterification
orocedure is =8 follows: The crude acid wes nixed with 2.5
to 3 times its volume of absolute ethanol and about one-tenth
its volume of concentrated sulfuric acid. After beins re-
fluxed for three hours, the mixture wa8 voured into weter and
the esters were extrascted with ether. The ether solution was
extrroted wlth saturated sodium bicarborete solution, washed
wlth weter, dried over sodium sulfate and distilled. Ylelds
were then determined upon the basis of the quentities of
ethyl esters obtsined.

(I) A mixture of 32 g. (0.18 mole) of y-phenylvaleric
acid, 20 ¢. (0.2 mole) of y-vealerolactone and 100 ml. of
carbon disulfide was cooled in ice and stirred vigorously
while 53.2 g. (0.4 mole) of aluminum chloride was added in
small portions during 20 minutes. The ice bath wss removed
end stirring wes continued at room temperature for 24 hours.
The mixture was hydrolyzed with ice and hydrochloric acid.
After removal of the carbon disulfide layer, the aqueocus
golutlion was extracted with ether. The combined ether and
carbon disulfide extracts were washed with dilute hydrochloric
ecid and then wilth water. Evaporation gave 31 g. of o1l
which was esterified with ethanol.

The mixture of esters was fractionally distilled to
yleld 14 g. (38%) of ethyl y-phenylvalerate of boiling point
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100-103° (1 mm.) and 7 g. (12%) of dlethyl 737f:phenylene-
divalerate of boilins point 183-190° (1 mm.)

(1I) A suspension of 93.1 g. (0.7 mole) of aluminum
chloride in 150 ml, of carbon disulfide was vigorously stirred
while a solution of 23.4 g. (0.3 mole) of benzens and 60 g,
(0.6 mole) of y~valerolactone in 50 ml. of carbon disulfide
wag added dropwise. The mixture heccme warm and hydrogsen
chloride wag evolved. After bein: stirred for five heurs =t
room tempersture, the reaction mixture wss heated to gentle
reflux for 30 minutes, and then allowed to stand overnight.
The gumny complex was broken up and the mixture wae stirred
snd refluxed for 40 minutes.

Hydrolysis, effected in the usuel manner, was followed
by ether extrazction. Part of the nroduct was lost when the
ether solution was spilled. Evaporation of the ether extract
gave 21 g. of an acidic gum which was esterified directly.

Upon distilletion, the ester mixture gave 4.5 g. (8%)
of ethyl y-phenylvelerate bolling at 104-110° (1 mm.) and
10.5 g. (11%) of dlethyl 7;y ~phenylene-divalerate of boiling
point 185-185° (1 mm, ).

There remained 5-6 g. of clear brown residue. This slowly
dissolved when refluxed with 50 ml. of 25% sodium hydroxide
golution. Acidification of the clear solutlon caused the
precipitation of = gum which was extracted with ether.

Evaporstion of the ether extract gave 5 g. of an acldlc glass
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of neutral equlvelent 154. Attempts to purdfy it by recrystal-
lizatlon were frultless. It is considered likely that this
materiel wes the result of trialkylstion. If this be the case,
the yleld of trislkylation product (based upon‘yhvalerolactone)
was 6%.

(I1I) A mixture of 40 g. (0.4 mole) of y~valerolactone
and 31.2 g. (0.4 mole) of benzene was cooled to 0° and stirred
wvhile 66.5 . (0.5 mole) of =luminum chloride wzs edded in
small portions over e period of 30 minutes. The hallide dis-
solved 28 1t was added and the soluticn became 1icht dbrown in
color snd viscous., No hydrogen chloride was evolved until all
the catelyst had been introduced. Then an expnlosively violent
evolutlion of hydrogen chloride began and the recection went
rapldly out of control. The product was lost,

(I¥) A solution of 40 g. (0.4 mole) of y~valerolactone
end 31.2 g. (0.4 mole) of henzene in 75 ml, of nitrobenzene
was cooled in a freezing mixture and stirred while 65.5 g
(0.5 mole) of aluminum chloride wes added in small portions
during 20 minutes. The catalyst dissolved and the mixture
tock on 2 yellow color. Inasmuch a8 no action was observed,
the freezing mixture wos removed. After gbout 10 minutes a2
slow evolution of hydrogen chloride began. The mixture was
stirred at room temperature for 18 hours and then heated at
8O~900 for 2 hours. The ususl hydrolysis was followed by

steanm distillation to remove nitrobenzene. The residue was
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tzken up in saturated sodlium blcarbonate solution and
extreceted with ether. Acidification and ether extractlon
gave 27 g. of thick, brown oll. This wss converted to a
mixture of ethyl esters. Distillzstion gave 13 g. (16%) of
ethyl y-phenylvelerate bolling at 104-108° (1 mm.) end 11.5
g. (17%) of dlethyl 7;7f£pheny1ene-diva1erate of boiling
point 183-187° (1 mm.).

(V) A solution of 40 g. (0.4 mole) of y-velerolactone
end 31.2 g. (0.4 mole) of benzene in 70 ml. of carbon di-
sulfide wes cooled in ice and stirred while 66,5 g. (0.5
mole) of aluminum chloride wzs added in six portions over a
period of 20 minutes. Very llttle hydrogen chloride was
evolved until all the catalyst had been introduced. Stir-
ring was continued for two hours at OO and then for four
hours st room temperature. After atsnding overnight, the
mixture wes stifred and heated at% 90—100o for 40 minutes.
Hydrolysis and ether extraction gave 60 g. of brown syrup
which wae esterified.

Distillation of the mixture of esters gave 31 g. (38%)
of ethyl 7-phenylvalerate of boiling point o7-104° (1 mm, )
and 32 g. (48%) of dlethyl 7,9 -phenylene-divalerate boil-
ing at 175-183° (1 wm.).

The information obtained in the foregolng experiments
1s summsrized in Teble I.
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Table I

Alkylations with )=velerolactone

Reactants Aluminum
Exp, L.actone Benzens Solvent chloride e
No, (moles) (moles) (ml.) (moles) Products
b

I 0.2 nohe 100 0.4 38% A
C82 12% B

II 0.6 0.3 150 0.7 8% A ©
€8, 11% B

III 0.4 0.4 none 0.5 c——e @

Iv 0.4 0.4 75 0.5 16% A
CgHENO, 17% B

v 0.4 0.4 70 0.5 38% A
CS, 48% B

AThe yields were czlculated from the amounts of ethyl

y-phenylvalerate (A) and diethyl 7,79 -phenylene-divalerate
(B) recovered subsequent to esterifiistion of the crude
reaction products,

b'r=Pheny1valerie acld (0.18 mole) used instead of benzene.

CS1x per cent of a substance that may have been trialkyl-
ation product was obtained in this experiment.

"%me resction went out of control and the producte were
lost.
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Carefully purified ethyl y~phenylvalerate had the follow-

0
ing physicel constants: boilings point 108-109 (1 mm,),

d25 0.9850, 3259 1.4898., Levene and Marker (55) report boil-

= 4
ing point 112° (2 mm. ) end §254

0.985 for the levo-form of
the ester,

The physical constante for pure dlethyl 7,7 -phenylene-
divelerste were as follows: boiling point 165-169° (0.5 mm.),
8*® . 1.0212, 3251) 1,4914,

Anal. Caled. for ConHzoO4t Mrp, 94.62; saponification
equivalent, 167; C, 71.9; H, S.04. Found: Mro, 94,84;

saponification equivalent, 169, 171; C, 72.2; H, 2,37,

Saponification of ethyl y-nhenylvelerate

A solution of 30.9 g. (0.15 mole) of ethyl y-phenylvalerate
and 14 g. (0.35 mole) of sodium hydroxide in 60 ml. of 50%
ethanol wes refluxed for three hours. The mixture was worked

up in the usual way to yleld 23 g. (86%) of y~phenylvaleric

o 25 15
acld of boiling point 120-121 (0.5 mm.), & o 1.0474, &

-~ = 15
1.05586, _rf“g 1.5113. Eijkman (25) reported _31515 1.0554 for
his preparations For 7-phenylveleric azcid prepared from
25
3-phenylbutyl bromide, Levene and Merker (55) reported 4

4
1.040,
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p-Bromophenacyl y-phenylvalerate. In accordance with the
procedure of Shriner and Fuson (76), 1 ml. of 7-phenylvaleric
acid znd 1 g. of gfbromophenaoyl bromide gave the desired
derivative a8 large, shining, whlte leaflets. The melting.
point wes 76° after recryatsllization from dilute methanol,

Anal. Caled. for ClQngchr: Br, 21.3. Found: Br, 21.1l.

Proof thsot y~phenylvalerlic acld prerared by the Friedel
end Crafts resction wes 1dentical with the compound prepared
by other methods (50, 55, 57, 84) was afforded by ring closure
to the znown 4-methyl-l-tetralone. The previously reported
senlecarbazone was then prepared from this compound.

4-Kethyl-l-tetralone. In accordance with the procedure

of Kloetzel (50), 10.5 g. of y-phenylvaleric acid was heated
with 84 ml. of 80% sulfuric acld for 2.5 hours at 05-100°.
The resulting solution was poured into 160 ml, of wzter end
this was extrected wlth ether. The ether extrzct was washed
with normal sodium hydroxide and then with water. Distilla-
ticn of the dried ether solution gave 5 g. of 4-methyl-l-
tetrelone of bolling point 103° (1 mm.) and.g}i 1, 5610,
Comperable physical constants for thie compound are reported

9
to be bollins point 110-111° (1 mm.) (50) and n' 5 1.6620

4-Methyl-l-tetrelone semicarbazone. The semicarbazone

wa8 prepared from 1 g. of 4-methyl-l-tetralone using the

procedure of Shriner and Fuson (78, p. 145), Recrystallization
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from dilute ethanol gave tiny, shining, white leaflets of
o
melting point 207-209 , The melting point of this compound
o
hes been renorted as 210° (57), 204° (84) and 209-211 (50).

Szponificztion of diethyl 717r2ghenylene-d1valerate

To & 8olution of 16 g. (0.4 mole) of sodium hydroxide
in 60 ml. of 50% ethanol there wes 2dded 30.1 g. (0.09 mole)
of diethyl 7y; y -phenylene-divelerate. The mixture was boiled
under reflux for three hours, It wes worked up in the
customaxry fashlon to yield 24 g. &f & light browmn sum of
neutral equivalent 149, The calculated value for the neutral
equivalent 0f>737f1phenylene-d1valeric acld 1s 13S. The

gum formed a sticky, semi-crystalline mush on long standing.
Attempts to obtain the compound in a sstisfactorily crystal-

line stete feiled,
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PREPARATION OF 1,4-PENTANEDIOL
Review of the Literature

1,4~Pentanedlol wzs first prepared by the reduction of
3-scetopropanol in scueous soluticon with sodlum amelgem
(18, 32, 58). More recent workers have usually employed
y~-velerolasctone as the sterting material. Chemiecsl reducing
rgents thet hove been used sre sodium and ethanol (75),
ecetlc acid and a toluene suspension of sodium (54), and 1%
gsodium amalgem in 107 sodium carbonate solution (44). These
methods of preparstion have verious disadvantages. Working
in squeous sclution comnlicates the recovery of the glycol
because of its high solubillity in weier. For example,
Uolman and Perkin (18) renorted that 20 to 30 ether extrac-
tions ere insufficlent to recover all the glycol end that
careful end efficlent fractionstion is neceasary to sensrate
the product from traces of alcohol and water. Furthemmore,
it would eppecr that strengly basic reducing sgents may
have a deleteriove effsct uron the lsectone., Thus, Hlickel
end Gelmroth (44) ohteined only a S04 yield of 1,4-pentenediol
end 45% of hisher boiling materisl in thelr preparation.

The advent of copper-chromiunm oxlde a8 & cetalyst for
the hycrogenation of esters to the corresponding slecohols

hes made 1,4-pentanedlol more easlly available. Folkers and
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Adkina (31) heve prepsred the glycol in 78% yield from

7y ~velerclactone. The resction was carrled out without solvent
et 250° and 200 atmospheres' pressure. They also i1solated 8%
of n-amyl--alcohol. Under the seme conditions of temperature
end pressure, ethyl levulinate in dioxane or ethanol solution
vave 60% of 1,4-pentenediol (40),

The catalytic methods have numerous advantages. Clean,
esgily purified resctlon mixtures are obtained. Working
without solvents simplifies the recovery of the products.

The ylelds are usually iood or cen he made s8c by proper

selection and control of the experimental conditions,

Reduction of y~Valerolactone

Effect of tempersature upon the vescticon

(1) The charge consisted of 100 g. (1 mole) of y~valero-
lactone gnd 6 g. of copper-chromium oxide. The initial hydrogen
pregasure wes 3400 p.s.i. Reduction bhegan at about 225 degrees
with a gsuge pressure of 4520 p.s.l., proceeded raridly at
240-250° and was completed 40 minutes after hydrogenation
commenced. The maximum temperesture resched was 254°, Distilla-
tion of the filtered reection mixture gave 86.5 g. (83%) of
1, 4-pentenediol boiling at 125° (16 mm.). The crude reaction
mixture had an odor of 2-methyltetrahydrofuran but none could
be isolated by distillation at atmospheric pressure.
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(IT) A mixture of 100 ;. (1 mole) of y-valerolactone
snd 6 ¢. of copper chromium oxide was hydrogenated with an
initizl hydrogen pressure of 31260 p.s.1. Absorption of
hydrogen bhegan at about 280G and stonped 55 minutes later.
The nmexinum temperature reached weos 2700. Upon distillation
of the filtered product a2 frreetion was obtained whilch bolled
2t '?:5--88G under atmos-herlc pressure, This contaired water
#nd hed a strong odor of Z2-methyltetrahydrofuran. The residue
was8 distilled under diminished pressure to yleld 10.5 g.
toilin~ from 200 to 124° (18 mm.) end 78 g. (754) of 1,4-
nentanediol of bollin: ~oint 124-127° (16 mm.).

(1171) 'y;Valerdlactone'(loO e,, 1 mole) wss reduced 1in
the presence of © g. of copper-chromium oxlds under an
initisl hydrogen pressure of 3370 v.s8.1. The naximum tem-
verature attolned wea 2§OO. Diatillation of the filtered
mixture gave 32 g. of mobile liquid of boilin: rangce, 70-
1200. This fraction conteined & 1ittle water and a gtrong

odor of 2-methyltetrshydrofuran wag noted. The remaining

moterial was distilled in vacuo. A fractlon boliling from
28° to 124° wes aiscarded. 1,4-Fentanedlol wes cbtained as
35.5 ¢. (B27) of colorless, viscous liquid of boilini point,
124-127° (16 mm. ).

Isolation and ldentification of 2-methyltetrshydrofursa

The low boiling fractions (b.p. 70-100° at atmossheric

nressure) frowm several nrensrations of 1,4-nentaredlicl were

collected and dried with anhydrous notzssium corborncte for
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several days. The materisl was refluxed with sodium for
three hours and finelly dlestilled from sodium. The materlal
which boiled at 78-80° had the characteristic odor of 2-
methyltetrshydrofuran. Other rshysieal constants were found
to be gzz 0,8548 and ggg 1,406, Zelinskii end Shuikin (93)
zive the {ollowing properties for 2-methyltetrahydrofuran:

2
d...('J

o
bolling voint 78, 5-80° (746 mm. ), 4 . 0.8552, and g”o 1.407.

D
A 8011d white cske remained in the distllling flask.

This wes cautliously treated with small portions of water until

it dissolved. A cohsiderable quantity of olly 1liquid separated

fror the aqueous solutlon. It is qulite possible that this

wee 2 mixzture of amyl alcohole which had been converted to

the slkoxides by treatment with sodium. It will be recalled

that Folkers and Adkins (31) obtained an 8% yleld of n-amyl

elcohol ir addition to 1,<4-pentanediol from the copper-

chromium oxride catslyzed reduction of y-valerolactone,

Reduction of Ethyl Levulinate

A mizture of 100.8 g. {0.7 mole) of ethyl levulinate
and 8 g. copper-chromium oxlde wes hydrogenzted at en initial
preassure of 3100 p.s.i. The reduction anparently took place
in two stages. An extremely rapid absorption of hydrogen
took wnlace st about 1600. Rapld reaction was agaln observed

at 230~240°, Absorption of hydrogen storped 25 minutes after
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the reaction begen. The recction mixiture was filtered and
distilled in vacuo to vield 52 g. (72%) of 1,4-pentenediol
bolling 2t 123-125°/16 wm.

Reduction of Levulinic Acid

Brown (4) hydrogensted levulinic ocid over copper-
chromium oxide st 100 stmogpheres end 270° to obtain 62%
of y-velerclactone and 21% of 1,4-pentenediol. It wes felt
that an increcse in pressure might improve the yield of the
slycol at the exrense of the lactone.

The charze conginsted of 92.8 z. (0.8 mole) of distilled
levulinic ecid and 8 g. of copper-chromium oxlde. The
Initial hydrogen presgsure was 200 atmostheres, Reduction,
which begarn at 190° with a gouse nresaure of 287 atmnosvheres,
took »lzce in two steps. About 0,2 mole cof hydrogen weas
token up ot 245° and an equel quentity at 3007, The totel
time fnr completion »f the resction (es evidenced by
cessation of hydrogen absorption) was one snd one-third
hours end the maximum temperature reached was 5040.

Fractionation of the filtered nroduct gave 9 z. (11%)
of y~velerolactone (b.p. 85-92° ot 15 mn.) and 38.5 g. (44%)
of 1,4-pentanediol (b.p. 122-124° at 15 mm.)s A forerun of
18 g¢. (b.p. 80-103° =t atmospheric pressure) contzined

water and had a strong odor of 2-methyltetrahydrofuran,
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PREPARATION OF 1, 4-DI-(2-CYANOETHOXY)-PENTANE AND
STRUCTURALLY RELATED COMPOUNDS

Addition of Acrylonitrile to Alcohols and Glycols

The first observation of the hase-catalyzed addition of
acrylonitrile to the hydroxyl group of slcohols to form a
2-cyanoethyl ether was probably thet of Koelsch (51). Credit

for »rior publication must, however, go to Bruson and Riener
(14).
Koelsch (51), in the course of studies on the Michael

condensztion of acrylonitrile with various actlve methylene
compounds, observed that when the reaction was carried out in
ethanol solution, p-ethoxypropionitrile was 1solated in high
yield. Bruson snd Riener (14) undertook systematic studies
of the rezction and extended it to & number of glycols,
isolating, of course, the expected bia-(Z-annoethyl)-ethers.
It haes been shown furthér, that the reaction ylelds the 2-
cyanoethyl ethers of ether slcohols such as 2-methoxyethanol
(6, 8, 82), alicyclic alcohols such a8 cyclohexanol and re-
lated compounds (7, 82), and araliphatic and heterocyclic
alcohols such as benzyl alcohol (82) and tetrahydrofurfuryl
alcohol (8, 8, 82).

The reaction has been carried out with a number of simple

aliphatic primary and secondary alcohols (17, 45, 82), in each
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cage the desired 2-cyanoethyl ether belng obteined. Acryloni-
trile has been shown to react with water under the conditions
of the rezction to yield di-(2-cyanoethyl)-ether (14, 41),
presumebly by way of ethylene cyanohydrin as the intermediate
compound (14), A recent patent (85) reports the resction of
acrylonitrile with aqueous formaldehyde in the presence of
sodium hydroxide to yleld 2-(hydroxymethoxy)-propionitrile
end di- (2-cyancethoxy)-methane. The formeldehyde apparently
reacts as the hydrate,

The additlion of acrylonitrile appears to be fairly
wenersl with primery and secondary slcohols and high ylelds of
the p-elkoxyproplonitriles are obtrined. Tertlary butyl
alcohol, however, has been shown (5, 12, 13, 14) to be inert
toward acrylonitrile in the presence of bhases and can be used
ag 2o solvent in the reesction. It has been observed (82)
further, that secondery slcohols glve lower yields than
primsry slcohols.
| No resction tzkes place hetween alcohols and acrylonitrile
in the absence of a catelyst (82). <“odium alkoxides (14, 51),
40% aqueous potsssium hydroxide (14), 38-40% trimethylbenzyl-
ammonium hydroxide (14, 82), and metallic sodium (17) have
been employed to catalyze the rezction.

The reaction undoubtedly reaches an equilibrium condition,

ROH + CHy:CHCN —P8B€. ROCH,CH,CN,

inessmuch 28 unreacted gtarting materlials can be isolated after



neutralization of the catalyst (82). The fact that iso-
propyl slcohol gives a lower yleld of addition product then
n-propyl alcohol has suzrested that the equilibrium position

18 lees favorable In the case of a sscondery alcohol (82).

Preparztion of‘p-Alkoxypropionitrilea

Esrly attempts to convert 1,4~-di-(2-cyanoethoxy)-pentane
to the corresponding acild indlcated the wisdom of a systematic
investigation of the hydrolysis of p-alkoxyproplonitriles.
Accordingly, in additlon to the preparation of 1,4-d1-(2-
cyanoethoxy)-pentane, the synthesis of a number of structurally

gimiler compounds is descridbed.
Procedure

With the exception of p-ethoxypropionitrile, the mono-
functlional B-alkoxyproplionitriles were prepared in accordance
with the procedure of Utermohlen (82)., The alcohol (1 to 1.5
moles) wes stirred under reflux with 3 ml. of aqueous 40%
potassium hydroxide solution while a molecularly equivalent
quantity of zerylonitrile was azdded at such a rate thet the
temperature 414 not rise zbove 35-45", The reaction vessel
wes cooled in weter when necessary. The mixture weg stirred
for several hours after all the acrylonitrile had been added,
acldified with glaclal acetic acid and distilled in vacuo.



The genersl method of Bruson and Riener (14) was used for
the preparation of the cyanocethyl derivatives of the glycols.
This was essentially the_same a8 that given sbove except that
the smount of catalyst used was 5-7% of the weight of the
glycol and two molecular equlvalents of sascrylonitrile were
2dded. The mixtures were neutralized with hydrochloric acild.
Any veriations in the general procedure are given in connection

with the individual experiments.

ﬁonofunctional,ézglkoxypropionitriles of the type ROCHoCHoCN

B-Ethoxypropionitrile. In accordance with the procedure

of Koelsch (51), 2 plece of sodium the size of a pea was dis-
solved in 101 g. (2.2 moles) of absolute ethanol. To the
resulting solution, 106 g. (2 molees) of acrylonitrile was
added in six portions with frequent shaking., The addition
requlired thirty minutes and the mixture was kept cool hy
immersion in ice-wster. The flask was stoppered ond allowed
to stend at room tempersture for & day. Neutrsallzstion with
one ml. of glaciel acetic acld followed by dlstlllation gave
187 g. (94.5%) of p-ethoxyproplonitrile of bolling point
168-171%. Koelsch (51) revorted a yileld of 89% and a bolling
point of 170-173°,

B-n-Propoxypropionitrile. A mixture of 90 g. (1.5 mole)

of n-propyl alcohol and 3 ml. of 40% potassium hydroxide wss



trected with 72,5 g. (1.5 moles) of acrylonitrile. Heutralizae-
tlon of the catalyst by means of glaclal acetlc scid followed
hy distillation mave 142 g, (849) of p-n-propoxypropisnitrile

o : o 20
of boiling point 87-82 (24 mi) or 84 (19 mm.), & 0.898a8,
20 20 ' 4
Qoo 0+9008, 0" 1.4151.

Anal. Calcd. for CgzHyqOM: N, 12.4, Found: N, 12.2.

o

B-iso-Propoxypropionisrile. Acrylonitrile (79.5 g.,

1.5 moles), 90 g. (1.5 moles) of iso-propyl alcohol and 3 ml.
of cstslyat rave, subsesuent to ncidification and distilla-
tien, 125 g. (?47) of p-iso-nropoxypropionitrile bollins at
281-82° (24 mm,). Utermohlen (82) obtsined a 637 yield of
product of boiling voint 82.5° (25 nm, ).

B-r-Butoxypropionitrile. In 1like menner, 74 g. (1 mole)

of n-butyl slcohel and 53 g. (1 mole) of serylonitrile rave
108 g, (859) of B-n-butoxypreplonitrile boiling at 98¢ (20
nm. s Utermohlen (82) ohtsined an 86% yield and found the

o
bolling point to be 98 (20 mm.).
ﬁ-iao—Butoxypropionltrlle. Fron the resction of 74 g.

(1 mole) of iso-butyl alcohol with 53 g. (1 mole) of acryloni-
trile ir the »nresence of 3 ml. of 40% votassium hydroxide,
there wos obteined, subsesuent to acldificetion and distilla-
tion, 103 g. (81%) of p-isg-butoxyproplonitrile of boiling

i > 20
oint 88-70° (19 mm.) or 91° (20 mn.), 470 0.8821, 4

20 4 20
0.2836, 0, 1.4143.

Ansl. Caled. for CnHyzON; N, 11.0. Found: N, 11.1.
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g-sec-Butoxypropionitrile. When 53 g. (1 mole) of

serylonitrile was added to 74 g. (1 mole) of seg~-butyl

alcohol in the presence of 3 ml. of catalyst, a slugglish re-
action took place. Very 1ittle heat wes evolved so that cool-
in;; wes not necessary to keep the temperature below 40°. The
resction mixture wes worked up in the usual wey to yleld 100.5
g, (733) of B-geg-butoxypropionitrile of holling pocint 900

. 2 20
(19 om.), & Z 0.8880, & 0.8896,‘323 1.4156,

Anal, Calcd. for CVHiSON; N, 11.0. Found: N, 11,3,

;ig&so~ﬁmyloxyprop1an1trile. In the customary manner,

85 g. (0.965 nmole) of iso-amyl slcohol snd 53 g. (1 mole) of

scrylonitrile rave 112 ¢. (82%) of ;}iso-amyloxypropionitrile
20

of hoiling point 0g° (13 mm.), Q?Z 0.8818, g20 0.8834,

0% 1,4218.

- D

H

Anal. Calcd. for ON: N, 9.93. Found: N, 10.1.

n
Y815
B-sec-Amyloxypronionitrile. Acrylonitrile {53 #., 1 mole)

ve8 aodded dropwise to a vigorously stlrred mixture of 88 g.
(1 mole) of geg-amyl slcohol and 3 ml. of 40% potassium
hydroxide. The resction was slow in starting 20 3 ml. more
of the 404 potassium hydroxide solution was added after half
of the acrylohltrile had been introduced. External cooling
w28 not necessary and the temperature rose to only 420. The
mixture was stirred for seven hours at room tempersture and
then allowed to stand overnicht. The potassium hydroxide was

neutrzlized by the addit’on of 6 ml. of glacial acetic acid,
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Distillation under diminished pressure gave 99 g, (70%) of

20
colorless 1iquid, boiling »noint o8° (16 mm.), 4

g,
=0 0.8862,1323 1.4205.

=20

0.8844,

Anal. Calcd. for CgH,sON: N, 9.93. Found: N, 9.85.

B~Allvloxyproplonitrile. The ususl procedure wos
followed in the reactlion of 58 g. (1 mole) of 2llyl alcohol
with 53 g. (1 mole) of acrylonitrile. The yleld was 94 g.

o
(85%2) of product of boiling point 95° (24 wm.) or 92 (19 mm. ),
20 20 20
4~ 0,9380, §°° 0.9396, n . 1.4330.
= 4 20 =D

Angl. Calcd. for CSHQON: N, 12.5. PFound: N, 12.4.

B-(2-Methoxyethoxy)-propionitrile. In accordance with

Utermohlen's procedure (82), 98 o. (1.25 moles) of ethylene
glycol ﬁonomethyl ether wes zallowed to react with 66.2 g.
(1.25 moles! of acrylonitrile to yleld 136 g. (85%) of the
desired compound bolling =t 107-109° (13 mm.). Utermohlen
(82) renorted a yield of 87% snd the boilling voint as 98-
100° ( 9 mm.) in his preparstion.

The B-alkoxyproplonitriles are colorless liquids with
faint, plezsant odors. The rhyslczl constants of gome of them

are conpared in Table II, together with explanatory notes,

Bifunctional B-elkoxvproplonitriles of the type Y(CHaCH2CN)o

Di-(2-cyanoethyl)-ether. The resction of 71 g. (1 mocle)

of ethylene cyanohydrin with 56 g. (1.05 moles) of scrylonitrile
gave 77 g. (824) of di-{2-cyanoethyl)-ether boilins &t 159-
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156°/3 mm., The boiling point ig re.orted (14) to be 161-
162° (5 me. ).

Table II

Physical constants of some}B-alkoxypropionitriles

RCCH,, CH,CH
A 8 &2 .

R Bgéfinﬁ pogg? .ngzo 2209
Methy1™ P 85.5 49 0.9420 1.4032
Sthyl® 7773 25  0.9062 1.4068
n~Prooyl 87-8¢ 24 0.8006 1,4131
150-Pronyl” 82.5 25  0.8989 1,4089
n-Butyl 08 20  0.8063 1,4180
1s0~Butyl o1 20 0,8836 1.4143
sec-Butyl %0 19 0.8896 1.4156
1go~Anyl 99 13 0,8834 1,4218
sec-Amyl o8 16  0.8862 1.4205
Allyl 05 24 0.9395 1.4330
2~Methoxyethyla 98-100 - UG UPUSI p

Epreviously pre%area. The physical constants sre those
given by Utermohlen (82).

bNot prepared in the present study.
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1,2-Di~-{2-cyanoethoxy)-ethene. The reaction of 62 g. (1

mole) of ethylene glycol with 117 g. (2.2 moles) of acrylonitrile,
carried out in the usual way (14),gave 63 g. (37%) of product

of boiling point 158--162o (1 mm.). Bruson and Riener (14)

give 158° (2 mm.) as the boiling point.

1, 3-Di-(2-cyanoethoxy)~-propane. Trimethylene glycol

(456.6 g., 0.6 mole) reacted with 63.8 g. (1.2 moles) of
acrylonitrile to give 98 g. (90%) of the expected dinitrile
having the boiling point 1656-170° (1 mm.). The previously
reported boiling point 18 166° (1 mm.) (14).

Di-(2-/3 -cyanoethoxy/~ethyl)-ether. In the usual way,
100 g. (0.94 mole) of dlethylene glycol was allowed to react
with 106 g. (2 moles) of acrylonitrile to yleld 129 g. (65%)

)
of the desired compound of boiling point 190-200 (1-2 mm.)..
o
The boiling point given in the literature (14) 1s 190 (1 mm.).
1,4-Di-(2-cyanoethoxy)-pentane, (I) A mixture of 62 g.

(0.8 mole) of 1,4-pentanediol and 3 ml. of 40% aqueous
potassium hy&roxide was vigorously stirred and cooled in water
while 62 g. (1.3 mole) of acrylonitrile wes added dropwise at
guch a rate that the temperature did not rise sbove 350.
Stirring was continued et room temperature for five hours.
After standing overnight, the mixture was diluted with twice
its volume of ether and extracted twlice with 60 ml. portions
of normal hydrochloric acid and once with water. The washings

were extrscted once with 50 ml, of ether. The combined ether
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extracts were dried with anhydroug sodium sulfate and distilied
under diminished pressure. After a forerun of 7 g., 104 g.
(83%) of 1,4-41-(2-cyanoethoxy)-pentane was obtained as a
colorless 1iquid of boiling point 157° (1 mm.), 322 1.4478,
a*8 1.00s.

4

Anal. Calcd, for 91131 O N : N, 15.3 PFound: N, 13.3,13.4,

(II) To a mechanlcally stirred mixture of 61 g. (0.59
mole) of 1,4-pentanediol and 3 ml. of trimethylbenzylammonium
hydroxide (38% aqueous solution), 66.2 g. (1.25 moles) of
acrylonitrile was added dropwise, Very little heat was
evolved. After five hours! stirring the mixture was clear
end colorless, had a strong odor of acrylonitrile, and was
completely scluble in water. Upon the addition of 3 ml. of
40% potessium hydroxide the mixture turned light yellow and
the temperature rose rapidly to 50'6005 It was cooled in water
and stirred overnight. Neutralization of the catalyst,
followed by distillation, gave 86 g. (70%) of 1,4-d1~(2-
cyanoethoxy)-pentane.

(III}) To 53 g. (0.51 mole) of 1,4-pentanediol there was
added a solution prepared by dissolving a plece of sodlum the
size of s pea 1In a little absolute ethanol., It was stirred
end cooled in water while 29 g. (0.55 mole) of acrylonitrile
was added dropwise. After ten houra'! stirring at room

temperature 28.5 g. (0.5 mole) more of acrylonltrile was added
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and stirring was continued for three hours, The mixture was
ellowed to stend at room temperature for eight hours. Ether
wes ndded and the solution was extracted with dilute hydro-
chloric acid, then with sodium bicarbonate solution, and
finally dried over sodium sulfate. Distillation gave 70 g.
(66%) of 1,4-di-(2-cyanoethoxy)-pentane.

1,4-Di-(2-cyanoethoxy)~-pentene is an odorless liquid,
soluble in organic solvents, but not apprecisbly soluble in
water, Attempts to prepare s 80lld derivative of the dinitrile
by treatment with alkaline hydrogen peroxide (14, 21, 69),
condensation with thioglycollic acld and dry hydrogen
chloride (19), or conversion to & phlorophenone (42), yielded
only oils. A solid iminoester hydrochloride was obtained,
however, by the usual methods (66, 67).

Bie-(ethyliminoester hydrochloride) of 1,4-Di-(2-cyano-
ethyoxy)-pentane. A mixture of 42 g. (0.2 mole) of 1,4-di~

(2-cysnoethoxy)-pentane and 23 g. (0.5 mple) of absolute
ethanol (dletilled from sodium ethoxlde) was treated at
-10°c. with excess, dry hydrogen chloride. The resulting
thick syrup set to a mass of white orystals after standing
for a week in the refrigerator. After removal of excess
ethanol and hydrogen chlori&e in vacuo the product weighed
75 -grems (theoretical yield). A sample tsken for analysis
was pulverized, washed well with anhydrous ether and dried in



a vacuum desiccator over sulfuric acld. The result was
a white powder which melted at 103—1040 with decomposition
and ges evolution.
Anel. Galed. for O, H,,0,N,Cly: C1, 18.89, Found:
€1, 18.84, 18,94,
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PREPARATION OF 1, 4-DI-(3-AMINOPROPOXY)-.PENTANE AND DIAMINE SALTS
Review of Pertinent Literature

Hitriles are readily hydrogenated to primar& amines over
Raney nickel catalyst (1, p. 53). However, an important side
reasotion 18 the formation of secondary amines at the expense
of primary amines (43, 74, 82, 87, 88, 89), The process can be
summarized by the following equations:

RCIR «+ Bé RCH:NH
RCH:NE + B, —— RCH_NH_

2 2
RCH:NH + Rcaéxﬂz + KQ

(RCKQ)BNE + NHy

If the resction is carried out in the presence of ammonia,
the last reactlon is suppressed and excellent ylelds of primary
amine can usually be obteined (43, 74, 82, 87).

Little work has been done on the reduction of fB-zlkoxypro-
pionitriles. Whitmore and co-workers {87) hydrogenated di-
(2~-cyanoethyl)-ether and obtalned a 25% yield of a compound
which they assumed to be di-(3-sminopropyl)-ether. It was
subsequently shown by Wiedeman and Montgomery (88) that the
compound reported by Whitmore, et al., waes very likely 5~
eminopropanol. By carrying out the reduction of di-(2-cyano-
ethyl)-ather in the presence of anhydrous ammonia the latter
workers were able to isolate 20% of di-(3-aminopropyl)~ether
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and 35-40% of 3-aminopropanol.

Utermohlen (82) prepared nine simple 35 -alkoxypropylamines
by hydrogenation of the corresponding pg-elkoxyproplonitrileg in
the presence of liguld ammonia and Raney nickel., The ylelds
varied from 25% to 78%, The formation of secondary amine was
apparently responsible for some of the lower yilelds {around
50%) . p-Benzyloxyproplonltrile gave the expected amine, 3-
benzyloxypropylamine, in only 25% yleld. In this case con-
siderable cleavage was reported to have teken place at the
oxygen atom, Thie is not surprising inasmuch as benzyl ethers
in generel are readily cleaved by hydrogen over Raney nickel
to yleld toluene and an alcohol (83). Furthermore, the forms-
tion of 3-aminopropanol in the reduction of di-(2-cysnocethyl)-
ether, as reported by Wiedemann and Montgomery (88), can only
be accounted for by & similar cleavage. It would appear, then,
that the hydrogenation of B-alkoxyproplonitriles may be com-
plicated by rupture of the ether linkage in addition to the

usual side resctions.

Reduction of 1,4-Di-(2-cyanoethoxy)-pentane

In the 500 ml. hydrogenation bonb there was placed 70
g. (0.33 mole) of 1,4-di-(2-cyanoethoxy)-pentane and 4 g. of
Raney nickel catalyst. The bomb was cooled to -50° in a

bath of dry ice and acetone (in order to prevent excessive
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loss of ammonia by evaporation); 30 ml. of liquid ammonie was
added and the bomb was sealed. Hydrogen was introduced to

an initisl pressure of 200 atmospheres. Reduction began at
sbout 80°, proceeded repldly at 115-120°, and wee complete in
50 minutes. The maximum temperature reached was 1220. The
bomb was emptiled and rinsed with alcohol. Distillation of the
combined product and rinsings, after removal of the catelyst,
gave 55,5 g. (77%) of 1,4-di-(3-sminopropoxy}-pentane boiling
at 132-135° (2 mm.),

&% o.ous, 323 1.459.

Ansl. Celcd. for Oy4Hpg0 Nt N.E., 109.2; N, 12.8,

Pound: N. E., 110.4, 110.0; N, 12.6.

A forerun of approximately 5 g., bolling over a 200
renge, was8 obtained., The residue decomposed extenslvely at
200-230° when an attempt was made to d1still 1t under a
pressure of 1 mm. Another experiment using hydrogen at an
initial pressure of 130 atmospherea gave substantially the
game yield of amine (82%).

1,4-Di-(3-eminopropoxy)-pentane is a colorless liquid
wh;eh exhibits only feintly the odor which is-characteristic
of amines. It is soluble in organic solvents and miscible
with water in ell proportions, Its aqueous solution ie
strongly basic to phenolphthalein (a2 6% solution hes a pH in

excess of 11) and can be titrated to a sharp end point using
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methyl red indicator. Upon being exposed to the alr, the
emine rapidly sbsorbs carbon dloxide and eventually forme s
sticky gum. An attempt to prepare the hydrochloride of this
smine by precipltation from anhydrous ether solution with dry
hydrcgén chloride gave an o1l which could not be induced to
cryetallize. The plcrate was likewlise obtained as an oll.

In view of the rather interesting properties of 1,4-di-
{3-aminopropoxy)-pentane, 1t was felt that its fatty acid
salte might prove to be of some value as surfsce active agents.
Accordingly, the preparation of a series of these salts was
undertaken. Dibasic acids were included, because the diamine

galts of dibaslic aclds are important as nylon intermediastes
(15).

8alts of 1,4-Di-{3-aminopropoxy)-pentane

Procedure

The 8slts were prepared in 2-3 gram quantities by the
following general methods:

A. S8olutions of the calculated quantities of the dlamine
and acld in appropriate amounts of absolute ethanol were well
mixed snd evaporzted to dryness.

B, The calculated quantity of the golld ascld was added
to the diamine which had been dissolved in s 1ittle ethanol,

The soclutlon was evaporated to dryness.
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C. The calculated amount of the 8o0lid acid was added
to 8 solution of the dismine in water. The resulting wmixture
wag evaporated to dryness.

D. Aquecus solutions of the theoretical quantitles of
the diamine and acid were well mixed and then evaporsted to
dryness,

Further details are glven in connectlion with the indi-

vidual experiments,

Preparation of the selts

1,4-Di-(3-aminopropoxy)-pentane disulfamate. Using method

B, 2.22 g. (0.0102 mole) of 1,4-di-{3-aminopropoxy)~pentane
and 1.94 g. (0.02 mole) of sulfamic acid gave a colorless oil
which crystalllized to an extremely hygroscopic, white, waxy
80lld upon stending in a vacuum desiccator. The melting point
was aboul 650. When an attempt was made to recrystasllize it
from a mixture of absclute esthanol and ether, the substance
darkened and melted at a much lower temperaturs.
1,4-Di-(3-aminopropoxy)-pentane dlacetate. Treated by
method A, 1.20 g. (0.02 mole) of acetic acld and 2.18 g.

(0.01 mole) of 1,4-d1-(3-aminopropoxy)-ventane gave a sticky
01l which could not be induced to crystallize even after
long standing in a vaeuum desiccator.
1,4-Di-(3-aminopropoxy)-pentane dipropionate. When 1.48
g. {0.02 mole) of propionic acid and 2.18 g. (0.01 mole) of




, A-di-{4-emlnonropoxy)-ventane were gllowed to rerct in
pentlal sccordanc with procedure A, there rearlied a stlcky
011 which could not be brought tc crystalllzstion even zfter
lony gtandir»y in a vacuum desiccator over concentreted sul-
furic aecid.

1,4-Di-(3~-zminopropoxy)-pentene dibutyrate, In sccordsnce

wilth procedure A, 2.18 #. (0.01 mole) of 1,4-di-(3-anino-
nronoxy)-pentane was trested with 1.76 g. (0.02 mole) of
butyric zcld., The regult wss a sticky o0il which wss nlaced in
a %&cuum degiccator. It resisted all attempts to cause it
ﬁo‘soliﬁify.

1,4-Di-{3-eminonropoxy)-pentane dilevulinate. By method

A, 2.32 g. (0.02 role) of dletllled levulinic acld and 2.18
&e (0.01 mole) of 1,4-d1-(3-aninopropoxy)-nentane pave a
gticky sum which could not be induced to crystallize. It
becane dark brown in color on standing ir a vacuum desiccator.
A similar phenomenon hos been observed in attempits to pre-
pare annonium levulinzte by eveporsting an ammonium hydroxlde
golution of levulinic acid.

1,4-Di-(3~aminopronoxy)-pentane dlbenzoate. Benzoic

zeld (2.44 g., 0.02 mole) ond 2.18 g. (0.01 mole) of 1,4-
d1-(3-aminopropoxy)-pentane, when treated by method A, csve a
sum.,  After long standine in & vacuum desglceeator, a few
crystsls formed. In an attempt to cause the entire msas to

8011dify, the mixture wes triturated with a llttle ether snd



absolute ethanol. The crystsls dissolved end an uncrystal-
lizeble glass resulted.

1,4-Di-(3-aminopropoxy)-pentane oxalate., When treated

by procedure 4, 1.26 g. (0.01 mole) of oxallc acid dihydrate
and 2.18 g. (0.0l mole) of 1,4-di~(3~aminopropoxy)-pentane
gave an immediate white precipitate, This was flltered,
washed with absolute ethanol and dried to yleld 3.3 g. of
white powder melting at 197-1990. Recrystallization frop
dilute sthanol gave white crystsls of melting point 196—198“.
Thies s2lt was the only one of the entire series which was
insoluble in absolute ethanol.

Anal. Caled. for Clsﬁzsegﬂzz N, 9.09. Found: N, 9,65,

1,4-Di-(3~aminopropoxy)~pentane malonate. MHalonic acid

(1,04 g., 0.01 mole) and 2.18 g. (0.01 mole) of 1,4-di~
(3~am1n¢propoxy)~pentane gave, by procedure A, a cclorless,
sticky gum whieh could not be caused to orystsllize even on
long stending in a2 vacuum desiccator.

1,4-Di-{3-aminopropoxy)-pentane succinste. In accordance

with procedure A, 1.18 g. (0.0) mole) of succinic acid snd

2.18 g. (0.01 mole) of 1,4-di-(3-aminopropoxy)-pentane gave
a colorless oll which slowly crystallized to a white =s0l4d

melting at 119-122°. Reerystallization from ether~absolute
ethanol gave a white powder of melting point 121»1220.

Anal. Caled, for 9153320632: N, 8.35. Found: N, 8.42,
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1,4~Di-~(3~aminopropoxy)-pentane glutarate. By method

B, 2,18 g. (0.01 mole) of 1,4~di~(3~aminopropoxy)-pentane
end 1.32 g. (0.0l mole) of glutaric acid gave a gum. This
was sgllowed to 8tand in =z vacuum deslccator with occaslonal
stirring. It 4id not crystellize. .

B 1.4-Di-{3-aminopropoxy)-pentsne adipate. When treated
by procedurs A, 1.46 g. (0.01 mole) of adipic acid and 2.18

g. (0.01 mole) of 1,4~-d1-(3-aminopropoxy)-pentane zave a
clear glass. After long standing in a vacuum desiccator the
substance began to crystallize., This was hastened by tri-
turation with an ether-ethanol mixture. The result was
& hard, white so0lid melting at 136-138°. It was recrystal~
lized from ether-absolute ethanol to yield a white powder of
unchanged melting point,. .
Anal, Calcd. for CynH,s0.N,: N, 7.69. Found: N, 7.82.
1,4-D1-(3~aminopropoxy)-pentane Sebacate. In accordsnce
with method A, 2,02 g. (0.0l mole) of sebaolc acid and 2,18

g. (0.01 mole) of 1,4-d1-(3-sminopropoxy)-pentane gave a
glass which solidified to a light yellow, crystalline mass
on long standing in z vacuum deslcoator. It was extremely
hyzroscopic and melted indefinitely at about 50°. Upon re-
erystallization from & mixture of ether and sbeoclute ethanol,
the compound separsted a8 an oil and could not subsequently
be cobtained in the solld stste,
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1,4-Di-(3-aminopropoxy)-pentane maleate. 1,4-Di-(3-

aéinepwcpoxy)«pentane {2.18 g., 0.01 mole} and 1,18 g.

(0.01 mole) of malelc acid gave, by method B, a gum which

rapidly eolidified to & white substance of melting point

120-122°, Reorystallization from a mixture of absolute

gthanol and ether yielded a white powder melting at 129~131?.
Anal, Caled., for Glaﬂaceeﬁgz N, 8.38. Found: N, 8.62,

lo4-Di-(3~aminopropoxy)-pentane itaconate. Treatment
of 2.18 g. (0.01 mole) of 1,4-d1-(3~-aminopropoxy)~pentane
and 1,30 g. (0,01 mole) of itaconic acld by procedure C,
gave g gum‘whiah resisted 211 efforts to cause 1t to orystal-
lize, 4 ,

1,4~Di-(3-aminopropoxy)-pentene phthelate. Using
method B, 2.18 g. (0.0l mole) of 1,4~d1-(3-sminopropoxy)-
pentane was treated with 1.66 g. (0.01 mole) of phthalie
acld. There resulted a cream colored solid melting at 120

1229. After recrystallization from an ether-absolute ethanol

mixture, a white powder of melting point 125~128e wes obtained.
Anal. Caled. for Oy gHzo0gl,t N, 7.28. Found: N, 7.38.
1,4-Di-(3-aminopropoxy)-pentane dloxelate. Procedurs

D wes followed in the treatment of 1.09 g. (0.005 mole) of

1, 4-31-(3-aminopropoxy)-pentane with 1,39 g. {0.011 mole)

of oxalle acid dihydrete. The result wes a white s0lid of
melting point 85*950. Two recrystellizations from mixtures
of ether and absolute ethanol gave a white powder melting at
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108-110°. This compound, in contraet with the normal oxalate,
wad easily scluble in hot asbsolute ethanol. .
Mg; . 68.3.0&‘ for Clsaweloﬂzg g, ?-Gép F‘omﬁ.% R, ?.25-

- 1,4-D1~(3-sminopropoxy)~pentane dimalonatg. Malonie
acld (2.08 g., 0.02 mole) and 1,4-di-{3-aminopropoxy)-pentans

(2.18 g., 0.01 mole) gave, by method C, a colorless glass
which could not be induced to crystallize.

1,4-Di-(3~aminopropoxy)=-pentane disucoinate. In accordance
with procedurs ¢, 1.09 g. (0.005 mole) of 1,4~31i-(3~anino-

propoxy)-pentane and 1.18 g. (0.01 mole) of succinic ecid
gave 8 colorless coil which slowly changed to a white solld of
melting point 86~39°. Upon reorystellization from ether-
absolute ethanol, a white powder melting at 92»946 was Obw
taine&;»

Ansl. Calcd. for CygRyq0, No: N, 6.17, Found: N, 6,33.

1,4-Di-~(3~-sminopropoxy)-pentsne diglutarate. When
method C was applied to 2.18 g. (0.0l mols) of 1,4-41-(3-

sminopropoxy)~pentane and 2.64 g. (0,02 mole) of glutariec
ecid, there resulted a colorless, stioky gum which could not
be brought to orystellization. .

1,4-Di-{3-sminopropoxy)~pentane diadipate. In accordance
with procedure €, 1,09 g. (0.005 mole) of 1,4-d1~(3-amino-
propoxy)-pentane and 1.46 g. (0.0l mole) of adipic acld gave
sn 01l. Vhen sllowed to stand in & iaouua deslccator this
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slowly solidified in rosettes of glistening needles of melting
point 9?-990. Reorystallization from a mixture of ether and
sbaolute ethanol gave white orystals melting at 102-103 .
Anal. Celed. for CosH, g010Not N, 5.49. Found: N, 5.53.
1,4-Di-(3-aminopropoxy)-pentens dimaleste. Application
of method C to 1,09 g. (0.006 mole) of 1,4-di-(3-aminopropoxy)-

pentane énd 1.18 g. (0.01 mole) of malele aocid gave an oil
which, on standing overnight in e vacuum desicoator orystal-
lized to g white so0lid of melting point 80-85?. When an
sttempt was ma&elﬁo reorystellize 1t from ether-absolute
eehanol, an oil separated from the cooled solution, and the
compound could not be obisined in the 80lid stete, thereafter,
1,4-Di-(3-aminopropoxy)-pentane diphthalatg. Phthalie
sc1d (1,66 g., 0.0k mole) and 1.09 g. {0,005 mole) of 1,4~
di~(3-aminopropoxy)-pentane gave, by procedure B, a trans-
parent guﬁ which resisted attempts to cause it to orystallize.
All of these salts were deliquescent substonces which
were very soluble in water. The resulting solutions showed a
strong tendency to foam:. With the exception of the nomal
oxalate, they were easily soluble in agbsolute ethsnol. They
were, of course, insoluble in such solvents as ether and
benzene. Although the majority of the solid compounds
appeared to be amorphous, X ray exemination® of the oxslate

and succinate showed sharply defined powder dlagrams,

% ¥indly carried out by Mr. Harvey Dube,
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Teble III

Helting points of some 8slts of
1, 4~d1~(3~-eminopropoxy)-pentane

Salt Melting noint, GC.
Disulfamste ca. 65
Discetate oll
Dipropionate oil
Dibutyrate o1l
Dilevulinate gum
Dibenzoate &
Oxalate 196-198
Halonate fum
Succinate 121-122
Glutarate gum
Adipate 136-138
Sebacate ca. 50
Heleate 129-131
Itaconate qum
Phthalate 125-126
Dioxalate 108-110
Dimalonate gum
Disuccinsate 92-94
Diglutarate gum
Diadipate 102-103
Dimaleate 80~-85

Diphthalate gum
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indicating thet the derivatives were microcrystalline in
nature., The physical propertiee of the sslts are summarized
in Table III. It will be noted that well-defined, solid
sslts were obtelned only from dibssioc aclds having an even

number of carbon atoms.



HYDROLYSIS CF 1,4-DI-(2-CYAHOLTHOXY)-PENTANE AliD RELATED
COi'PGUNDS

Review of Methods by Which B-Alkoxynronionic
Acids Have Been Prenared

The majority of the »nreviously renorted simnle B-alkoxy-

esters (292, 30, 36, 37, 61, 83, 65). The necesscry esters
have usuelly been obtseined by o metathesis between a sodium
alkoxide and a PB-halogenoproplonic ester (2, 23, 29, 30,
36, 37, 38, 47, 81, 62, 63, 54, 858).

RCH, « XCHEEHECGOR-————ROCHECHZCOOR + MQX
In practice, only 8lkoxides and estersg heving the ssme alkyl
proups have been used, presumably in order to prevent the
formetion of mixtures by alcoholysis.

An glternative and more convenilent method for the syn-
thesis of pB-alkoxyprovlonates woold anpear to be the addlitlon
of an alcohol to an a/lkyl zmcrylate in the nresence of the

corresnonding slkoxlde,

Hule
HOH + CH? $CHCOCRY ——————= RO CH,CH, 0001,

Thias reection, which is anslopgous to the addition of alcohols
to ecrylonitrile (8, 7, 8, 17, 45, 51, 82), wss Tirst ob-
served by Purdie and Hershall (68) and subsecuently renorted
by Goss and Ingold (35) and Koelgch (51). It was studied
rather extensively ir very recently npublished work (70). It

seens to be generslly a»nliceble to monchydric sglcohols althowh
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in some caBes the ylelds leave something to be deslred. An
adventare of this method of preperation is the fasct that the
21lkyl groups nf the slcchol and acrylic ester need nct be the
gene {70). A comparison cof the cost of the)6~halagenopropionic
acidse with that of the commerclslly eveilable elkyl acrylates
further favors this resction as e preperative method for

P -alkoxyproplonlc esters.

An interesting 2nd werhans useful procedure was emphloyed
by Jones end Powers (43) in the synthesis of p-methoxyproplonie
acid. These workers edded cne mole of free‘ﬁ-chloropropionic
2cid to & solutlon prepsred by disselving twe pram atoms of
sodium in excess methenol and refluxed the resulting mixture.
P-Hethoxyproplonie zeld was liberated fror the dry sodlium
g2lt by treatment with hydrochloric acid.

The 1iterature corteins a few other references to methods
by which/&-alkoxypropianlc aclds have heen »nrepsred. Thess,
elthouph perheps not generslly applicsble, may be of interest.
They will be menticned here inasmuch 28 sone of them will be
referred to later,

P-Ethoxypropionic acid hee been prepered by the oxida-
tion of B-ethoxypronlonsldehyde with atmespherlic oxygen in
the presence of mancanous ccetote end ecetic acid (73) and by
the hizh temmerature reaction of diethyl ether with carbon

dioxide in the presence of a cotslyst (22).



ﬂ~gfpropcxypropionic acild and f-1iso-propoxyproplonic acid
have been reported (58) as resulting from the following series
of reactions:

CzHpOCH,CHoCOCH: C(CHg) o + Ox

Hs0
—— CzHpOCH,CH,COCOOH + (CHg)2CO

C.5H,,OCH,, CH,, COC00K —0— C;H,O0CH,CH,000H + COp

Sokolow (77) and Wislicenus (90, ©21) have observed that
when o water solution of B-iodoproplonle acid 18 heated with
freshly prepared silver oxide, there results s mixture of
B ~hydroxypropionic scid, di~(z-carboxyethyl)-ether, and an
unidentified lsomer of the latter acild. From the mixture of the
sodium salte of these acids, Wislicenus (90, 91) extracted
sodium B-hydroxypropionate with hot 96% ethenol. He then dis-
solved the sodium saglt of di-(2-carboxyethyl)-ether in hot 90%
ethenol and reported that this salt crystalllzed in long, white
needles when the solution was cooled. Nelther of these workers
- made any attempt to isolate di-(2-carboxyethyl)-ether as the
free scld,

While the present investigation wes 4n progress a patent
(9) wae issued which deseribed the preparation of esters of
di~(2~-carboxyethyl)-ether. Di-(2-cyanoethyl)-ether was
hydrolyzed by minersl scild and the resulting mixture was
trested with an aleohol in the presence of an acidic catalyst.
Here, too, the free di-(2-carboxyethyl)-ether wzs not isolated.

It is wcrthy of note that none of these methods hzg been
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applied to glycols in an attempt to prepare dibaslc aclds

of the ;iﬁfQalkylenedioxy-dipropionic type. As 8 matter of
fact, 1t seems doubtful that any of the classical methods
would be entirely satisfactory for such a preparation. Except
for the single reference (9) contained in the patent litera-
ture deseribing the preparation of esters of di-(2-cerboxy-
ethyl)-ether, the S-alkoxyproplonitriles have apperently
never been consildered ss starting materiazls for the synthesis
of even the simplest S-alkoxypropionic scids. Kilpi (48)
studlied the kinetics of the hydrolysie of B-methoxypropionitrile
end f-ethoxypropionitrile by hydrochloric acid in 50% ethanol

solution but d41d not report the products of the reaction,
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Basic Hydrolysls of B-Alkoxypropionitriles
Baglc hydrolysie of 1,4-d1-(2-cyanocethoxy)-pentane

I. To o solution of 12 g. (0.3 mole) of sodium hydroxide
in 100 ml, of water, there was added 21 g. (0.1 mole) of 1,4~
di-(g-cyanoethoxy)-pentane, The mixture was stirred and
heated to gentle rsflux for 12 hours. Acidiflcation and
evaporation to dryness in vacuo were followed by chloroform
extraction. Evaporaition of this extract mave 22 g. of light
brovn o0i1l having the neutral equivalent 177. The celculated
value for the expected dibasic acld 1s 124, The material
showed no tendency to crystallizes.

pistilletion was attempted at a pressure of 1 mm. of
lese. Distillate was collected over a bolling range of g7°
to 200°, No definlte frections were observed and profound
decompogition began when the temperature of the heating bath
exceeded 135-140°.

I1. This experiment was carried out in an attempt to
purify the hydrolysis product =z8 ite ethyl ester. The
method chogen for the esterificatlon wes one which had heen
successfully enployed by Drushel and Hplden (24) in the
preperation of esters of B-hydroxypropionic acid.

A pixture of 21 g. (0.1 mole) of 1,4~di-(2-cyanoethoxy)-
pentane and 10 g. (0.25 mole) of sodium hydroxide in 100 ml,
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of water wee refluxed gently for elght hours. Forty milliters
of 5.88 N sulfuric acid was added and the mixture was evaporated.
The dried residue was thoroughly extracted with 150 ml. of
absolute ethanol. To the filtrate there was sdded 12.8 g.

(0,08 mole) of anhydrous conper sulfaste and the mixture was
gently boiled under reflux for 16 hours. After cooling end
filtretion, the ethanol was distilled from & water bath to
yield a dark oll. This was mixed with water and extracted

with ether. The ether solution wes drled over scdlum sulfate
and evagporated., The residue, which emounted to only eight
milliliters, was distilled in vaguo. Four grems of distlllate
boiled from 100 %o 165° (1-2 mm.). An equal quantity was un-
distillable. The distillate gave a strong test for the presence
of esters (20), but its further purification wes not attempted.

Besic hydrolysis of di-(2-cyanoethyl)-ether

To a 24% (by weight) sodium hydroxide solution (32 g.,

0.8 mole, of sodium hydroxide in 100 ml. of water) there was
added 43.4 g. (0.35 mole) of dl-(2-cyancethyl)-ether., The

mixture wes stirred and refluxed for seven hours and then
evavorzted to dryness in vacuo. To the dry residue, 70 ml,
of cold, concentreted hydrochloric acid was added, The re-
sul ting mixture was evaporated and extrascted with chloroform.
Removal of the chloroform gave 51 g. of a viscous, tan syrup.

The neutral eqguivalent was found to be 126. The calculsted
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value for the expected dibasic scid, di-(2-carboxyethyl)-ether,
is 8l.

One gram of this acidlc mixture was treated with thionyl
chloride and then poured slowly into cold concentrated
emmonium hydroxide. The resulting solution wes evaporated
to dryness and extracted with diloroform. Evaporation of the
chloroform extroet gave an uncrystallizable oil. No di-(2-
cerbamylethyl)~ether, which has been reported (14) tc melt
at 146%, could be 1solated.

The remainder of the materisl was tltrated to the phenol-
phthalein end point with 3N sodium hydroxide end the solution
wes evaporated, The dry salt was extracted with boiling 954
ethanol, The residue was bolled with 400 ml. of 904 ethanol
znd filtered. There wes a large quantity of material which
wes insoluble in 90% ethanol., None of the salt described by
Wislicenus (90, 91) sepaorated from the solution even on long

gtanding in the refrigerator.

Basic hydrolysis of p-ethoxypropionitrile

A soluticn of 36 g. (0.9 mole) of sodium hydroxide in 128
ml. water wes mixed with 49.5 g. (0.5 mole) of B-ethoxypropio-
nitrile and refluxed for four hours. It wass scidified by
adding 83 ml. of concontrated hydrochloric aclid and then
evaporated to dryness in vacug. The residue was extracted

with ether and the ether extract was distilled in vacguo.
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Four grems boiled below 120° (20 mm.). Twenty grams of
materisl distilled at 120-130° (20 mm.) with decomposition
(heating beth ot 180-220°>. ™is fraction was not homogeneous
end had = strong, vinegary odor. A considersble guantity of
light brown residue remecined in the distilling flask. The
dlstillate dissolved in dilute sodium bhicarbonete with evolu-
tion of carbon dloxide =nd reduced large quantities of 2%
potassium permengenste solution with formmation of manganese
dloxide,

On standing overnirht the substance nolymerized to a
transparent, colorless, elestic eolid which was lnzoluble in
alcohol or chloroform but dissplved s8lowly in sodium bi-
carbonate golutlon, with liberation of carbon dloxide, to

yield a clesr solution of unusuelly high viscosity.

Acld Hydrolysis of p-—Alkexypropionitrilea

Procedure

Hydrolysis studies were carried out by hezting a mechanli-
cally stirred mizture of a p-alkoxypropionitrile and one to
two times the calculeted gquantity of concentrated hydrochloric
gcid. The recction times snd temperatures are given in cone
nection with the individual experiments. After completion of
the hydrolysis, the reaction mixtures were worked up in

accordance with one of the following procedures:
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A. The rezction mixture was evaporasted to dryness 1in
vacuo with heating on e weter bath. The residue was taken
up in scetone or ethsr end filtered with suctlon. The ammonium
ghloride remainin: was carefully washed with the sclvent, The
1iquid acids were 1solated by veouum distillstion of the com-
bined filtrates. The so0lld sclds crysisllized, of course, upon
evaporation of the filtrates under diminished preasure,

B. The reaction mixture was diluted with weter in ouf-
flclient quantity to dissolve the precipitated smmonlium
chloride. The organic layer was dilluted with ether and separated

n¢ the aqueous solution was extracted several times with
ether. Distillation, in vacup, of the combined ether extracts
gave the desired fB-alkoxyproplonic acids.

The yieldd8 of the monobhaslc acids were calculated upon
the basis of the neutral equivalents of the partially purified
(once distilled) compounds. With the exception of B-ethoxy-
propionic acid, they were then corefully purified by distille-
tion, using 2 20 om,, asbestos-wranped, Vigreux fractionating
column, before the densities and indices of refraction were
determined. The ylelds of the dibasic aclds were determined
from the neutrel equivelents of the crude compounds.

Neutral equivelent data plus agreement of reported and
found values for physical constants were consldered tc afford

sufficient identification for the liguid aelds that hed been
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prepared previously. Although the preparation of f-n-butoxy-
proplonic acid and B-iso-butoxyproplonic ecid has been re-
vorted (68), their physical constonts do not seen to be
available. They were, therefore, sublected to carbon and
hydrogen analysis.

The monobaslie aclds were charscterized, when possible,
by preperation of the s0l1d p-bromophenacyl esters in
sccordance with a etandard vrocedure (76). Another well known
method (39, 76) served for the conversion of the dlbasle acids
to 80lid amides., Of the four amides obtained, three have
been prepzred recently by other meens (10, 11, 14).

Preparation of monobasic g-glkoxypropionic acids end their
derivetives

'ﬂnEthcxyprcpionic scid. I, B-Ethoxypropionitrile
(49.8 g., 0.5 mole) was treated with 60 g. (0.8 mole) of con-
centreted hydrochloric acid for two hours at room temperature
end 45 minutes at 90-1000. The experiment was completed by
method A to yield 18.5 . of unreaetedwﬂ-ethoxyprop1anitrile
boiling at 157-1?10 {(atmospheric pressure) snd 22 g, of.
B-ethoxypropionic acid of hoiling point 117-120° (17 mm.) end
gzz 1.0635.

Angl. Celed. for CsHy,0z: N, E, 118.1., Found: N. E.,

119.7, 120.3.

When corrected for the smount nr/ﬁwethoxypropionitrile
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recovered, the yield was found to be 55% of the theoretical
quentity. Palomas (61) gives the constants for f-ethoxyproplo-
nitrile a8 bolling point 119-120° (19 mm.) and ggz 1.0641,

II, A mixture of 49.5 g. (0.5 mole) of B-ethoxypropioni-
trile and 100 g. (1 mols) of concentrated hydrochloric eacid
wes heated for six hours at 70-80° and 30 minutes at 90-100°,
The recction mixture wag worked up by procedure A. The acetone
solution wag evaporated and dilstilled under reduced pressure.
There was no fore-run and there was obtalned 50,5 g. (86%)
of p-ethoxypropionis scid of bolling point 118-121° (19 wm.).

p-Bromovhenaycl B-gthoxypropionate. The debivative
separated &8 an oil when the reaction mixture was cooled. The
entire mixture wss evaporated to yleld an oll which slowly
solidified. The s80lild was leached with water and dried. The
product wss recrystallized by diseolving it in a small quentity
of ©5% ethanol at room temperature and then cooling the solu-
tion %o —200. Large, shining, white leaflets of melting point
47-48° resulted.

Anal. Calcd. for ClgﬁisoéBr: Br, 25.4. Found: Br, 25.1

As a further check on the identity of fB-ethoxypropicnie

acld, two of 1ts known derivatives were prepared,
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Ethyl p-ethoxypropionate. To a solution of 22 g. (0.186

mole) of B~ethoxypropionic acld in 35 ml. of absolute ethanol
there wes szdded 2 ml. of ssturated, alcoholic hydrogen
chloride. The mixture was gently refluxed for 20 hours. HMost
of the excess slcohol was removed by distillation from a water
bath. The residue wes diluted with an equal volume of ether,
extrzcted three times with saturated sodium blcarbonate solu-
tion and nnce with water., After drying over sodlium sulfate

i1t was distilled to give 192.5 g. (72%) of colorless liquid

of boilling point 65° (16 mm. ), and.gzz 0.9585, There was no
forarun and no residue. Pslomes and Kilpi (64) <ive boiling
point 62-63° (13 mm.) and ggi 10,9590 for ethyl f-ethoxy-
propionste. )

/sﬁgihagxgronienx; ghloride. A-Ethoxypropionic acid

(35.4 g., 0.3 mole) was heated under reflux in a boiling water
bath while 42.6 g. (0.36 mole) of dlstilled thionyl chloride
wes added dropwise at such a rate that the volume of material
in the flask 4id not incresse to any sppreclable extent. Heot-
ins wes continued for 45 minutes after all the thlonyl chloride
hed been added. Distillation under diminished pressure gave

37 g. (90%) of colorless 1iguid of boiline point 50-52,5°

20

O
(15 mm.) or 27-28 (2 pm.) and 47, 1.0740. For B-ethoxy-

o}
propionyl chloride Leimu (53) reports bolling point 28-28.5

(2 mm.) and _efaz 1.075%.
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p-n-Propoxypropionic acid. A mixture of 79.1 g. (0.7
nole) of g-p-propoxyproplonitrile end 140 g. (1.4 moles) of
concentrated hydrochloric acid was hested for three hours a2t
70-80° and then for thirty minutes at 1000. Using acetone
&8 the solvent, procedure A was followed to obtain 74 g. of
colorless liquld bolling at 117-125° (13 mm.) and having the
neutral equivelent 130, This represents a yield of 80%.
‘Fure‘Bugppropoxypropionic acid has the following physical
constsnts: bolling point 870 (1 om.), Qez 1.,0237 and,ggc
1.4233.

Ansl. Calcd. for CgHys0xt N. E., 132.1, Found: . K.,

132.0.

Physical constante reported (58) for g-n-propoxypro-.
plonic ecid are as follows: boiling point 110-112° (9 mm.)
19 4,4230.

T

and n

;—Eremanhenaoy;‘ﬁ-n~proDozynropionat§. This derivetive

crystallized from the reaction mixture on cooling and hsd
the melting noing 5?—590. It was recrystallized from a
plzture of ethanol and water to yield glistening, white
leaflets meltirg at 57-58°,
Ansgl. Caled. for 014H1704 Br: Br, 24.3. Found: Br, 24,2,
p-isg-Propoxyproplionic acid. Treatment of 79.1 g. (0.7
mole) of pg-lso-pronoxypropionitrile and 140 g. (1.4 moles) of
concentrated hydrochloric acid, in the menner described for the

preperatlion cflﬂfgfpropoxypropianic scid, gave 55,5 g. of
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colorlese liquid of boiling point 115--1210 (13 mm.) and
neutrsl eguivalent 129. The yield was, therefore, 609, There
was a coneldereble quentity of brown reasldue. The physical
constents for pure g-lso-propoxyproplonic acid were found to
be boiling noint 85.5-860‘(1 mie ), ggz 1.01982, and ggz 1.4202,

Angl. Celed. for CgHyo03: N. E., 132.1. Found: H. E,,

131.3.

Previously reported (58) physicsl cenetonts for B-iso-

propoxypronlonic acid are bolling point 125—1260 (22 mm.)

and gzg 1.4202,

grgromonhenacy;/5~iso-prowoxypron1enate. The compound

separsted =8 an oil from the resction mixture. EHEvaporation

of the entire mixture gave an o1l which 8011d1f1ed on standing.
The solid was leached with wster snd recryatellized by solution
&t room tempersture i & smell quantity of 95% ethanol and
cooling to -200. The result was tiny, white nlstes of melt-
ing roint 44-44,5°,

; : 24 W . 23 .9,
Anal. Celed. for 01431?04Br' Br, 24.3. PFound: Br, 23.

‘ﬂ~§fautexyprnnionic acld. A mixture of’ﬁ%g»butoxyprmpio»

nitrile (78.2 g., 0.6 mole) and 90 g. (0.2 mole) of concentrsted
hydroehloric acid wes heated for three hoursg at 70~80° end for
15 minutes at 1000. Completion of the experiment in accordance
with procedure A gave 88.5 g. of crude acld bolling at 120-1400
(13 mm.). The neutral ecuivelent of the material, 165, indi-
cated a yleld of 69%. Pure)ﬁ-grbutoxypropionic acld had the
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O
following physical constents: bolling point 96-97.5 (1 mm.),
20
gf‘z 0,9929, and " 1.4268.

Anel. Caled. for GpH, ,05: N. E., 146.1; C, 57.5; H,
9.87. Found: N. E., 147.3; ¢, 57.1; H, 10.0.

p-Bromophenacyl g-p-butoxyproplionate. This derlvative

erystallized from the resctlon mixture on standing at room
temperature. Coolling and filtrstion gave product of m. p.
5&—556. This was recrystallized by dissolving it in a 1little
95% ethanol at room temperature and cooling the solution to
-200. The compound oconsisted of shining, white leaflets melt-
inz at 55°.

Anal. Calcd. for 315H1904Br: Br, 23.3., Found: Br, 23.0,

‘Balsa*Butcxypropion;g‘ggldm ‘ﬁ~iso-Butoxyprapionitrﬁle

(76.2 g., 0.6 mole) wos treated with 120 g. (1.2 moles) of
concentreted hydrochloric scid for 3.75 hours at 75-80°. The
reaction mixture wes worked up by method B to give 63 g. of
material boiling at 105-110° ( 5 mm.) and having the neutral
equivalent 157, Hence, the yleld was 874. The physical

constents for pure S- go~butoxypropionic aclid were found to bhe

20
boilirg point 89-90° (1 mm.), 4

20
, 0.9843, n  1.4227.
D

Anal. Calecd. for 07H1465’

K‘ 9067. Fgund.‘. N- EQ 146'05 c' 5’?|0; H, 91740

N. E., 146.1; C, 57.5;
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p-Bromophenacyl B-iso-butoxypronionate. The derivative

erystellized from the reactlon mixture on standing at room
temperature as soft, white, fibrous needles melting at 5?«599.
Splutlion in s l1little dilute ethanol at room températuru
followed by cooling to -20° ylelded white needles of melting
point 57.5-58.5°.

An%; . G&lcd; fGI‘ Glsﬂlgﬂéﬁrt Br; 23.3' FGmd: Br; 2602.

p-gec-Butoxypronionic agld. A mixture of 76.2 g. (0.6

mole) of B-seg-butoxyproplonitrile and 60 g. (0.6 mole) of
concentrated hydrochloric acid wzs heated for four hours at
?5—600. Completion of the preparation by procedure B gave
54 g. of crude acid having the boiling range 85-120° (5 MM )
The neutral equivelent, 161, indicated a yleld of 58%., Pure
P-sec-butoxypropionic acid had the following phyeleal constants:
boiling point 90-91.4° (1 mm. ), gzz 0. 9948, 2nd ggg 1.4252,

Anal. Calcd. for CnM,,0z: N. £., 146.1; C, 57,5; H,

9.8%. Found: N. E., 146.4; C, 57.3; H, 9.7%86,

R-Bromophenacyl (-gec-Butoxyoroplonate: An oll separated

from the resction mixture on standing et room tempersture. The
entire mixture wes evaporated %o dryness., The resulting oil
could not be induced to crystallize under sny conditions,
‘ﬁ—iso-Amzloxxgrppionic gggg./aglggfnmyloxyprop1an1trile
(84.6 g., 0.6 mole) wes trested with 120 g. (1.2 moles) of

o
concentreted hydrochloric acld for 3.256 hours st 70-80 , Bube
sequent to completion & the experiment in accordance with



procedure A, there wse obtzined 76.5 g. of liguid of boll-
ing point 138-160° (14 mm.) end neutral equivalent 188, The
yield wes 69%. Twice fractionated A-lso-amyloxyproplonic
2cid hed the following physicsl constents: bolling voint 100°

18
(1 om.) or 137° (12 mm.), gzz 0.9697, & ' 0.9725, and

_z;gg 1,4285.
Angl. Celcd. for CgHya0;: HN. L, 160.2. Found: H. K.,
162.7.
Comparable physlcal constants gilven in the literature
for B-isg-amyloxypropionic acid are holling point 135° (12
mm. ) (29, 30) and gls 0.974 (36, 37},

QrErgmophenacg;/911§o~amylexynroniongﬁg. This derivative

cryatellized from the reaction mixture on cooling to 0°.
Filtretion gave fine, white needles melting at 53—540. The
compound was recrystallized by dissolving it in dilute ethanol
and cooling the sclutlon to -20°%, There resulted glistening
needles of melting voint 560.

Angl. Csled. for 016521045”‘ Br, 22.4. Found: Brn, 22.2.

p-seg-Amyloxypropionic acid. A mixture of 70.4 g. 0.5

mole) of B-gegc-emyloxypropionitrile and 100 g. (1 mole) of
concentrated hydrochloric acid, hesated for 3.5 hours 2t 75-
85o and worked up by method A, gave 44 g. of crude »roduct of
boiling range 126-1500 (16 mm.) and neutral ecuivalent 179.
This corresponds to a yleld of 49.2%9. The low yvield was due
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in pert to accidental spillage of come of the ether solution
before dlstillation. The physlcal congtants of the pure
20
compound were bolling point 100-101,4° (1 mm.), & , 0-9833,
20
and n o 1.4289,
Anal. Celed. for CgH,04: N. B,, 160.2; G, 00.,0; H,

10.1, PFound: N. K., 159,4; C, 52,7; H, 1i.3,
S=Bromovhensaoyl ﬁ-gﬂ_gg—g&ﬂgﬁmmp;’ogggg. This compound
falled to crystellize from the reaction mixture. Eveporation
gave en oil which could not be caused to 8olidify under any
conditions,

p-Allyloxypropionic scid. A mixture of 56.6 g. (0.6 mole)

of B-zllyloxypropionitrile and 90 g. (0.9 mole) of concentrated
hydrochloric acld was hested at ’?Oo for four hours. The
experiment was completed by procedure B to yield 21 g. of un=-
rezeted SB-allyloxyproplonitrile end 22 g. of crude B-allyloxy-
propionic acid of bolling range 95-1200 (6 mm.):s The neutral
equivalent, 156, indicated & yleld of 24%. These two quanti-
tles of meterirl were fractionally distilled to yleld 18.5 g.
of B-sllyloxypropionitrils (boiling point 71-75" at 6 mm. )
and pure B-cllyloxyproplionic acid of boiling point 111-1120
(6 mm.) or 8¢° (1 mm. ), ggz 1.0604 and g?‘a 1.4423, Cor-
rection of the yleld for the smount of nigrile recovered
gaeve 2 value of 33%.

Anal. Caled. for CgHypOx: N. E., 130.1; C, 75.4; H,

7.75. Found: N. E., 130.8; €, 55.3; H, 3.17.
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p-Bromophenacyl p-allyloxypropionate. The desired com-

pound crystallized from the reaction mixiure upon cooling it
to ~1§9. Filtretion gave a white powder melting at 55—589.
It was reorystallized by dissolving it at room temperature in
a 8mall quantity of 95% ethanol. The resulting solution was
chilled to -20° and filtered to yleld tiny, white plates of
melting point 58-590.

Ansl. Calecd. for Gl 4315{3&31*: Br, 24.4. Found!: Br, 24,3,

p-{2-Methoxyethoxy)-propionic agid. A solution of 77.4
g. (0.8 mole) of B-(2-methoxyethoxy)-propionitrile in 120 g.
(1.2 moles) of concentrated hydroshloric acid was heated at
70-80° for three hours. Paing acetone ag the solvent, method

A wos followed in working up the reaction mixture, There was
obtained 67 g. of product boiling at about 1250 (2 nm.). The
neutral equivalent, 150, indicated a yleld of 78%. Pure
p~{(2-methoxyethoxy)-propionic acld had the following physieal
conestants: boiling point 109,5.110.5 (0.5 mm‘),,gﬁz 1.1146
and,gfg 1,43588., .

Ansl. Cslcd. for CgH, 04t N. £,, 148.2; C, 48.8; K,

8,18, Found: N, E., 180.8; G, 48.3; H, 8.35.

p-Bromophenacyl p-(2-methoxyethoxy)-propicnate. This

cegponnd separated from the reagtion mixture as nacreous,

white leaflets on eeoling'to ﬁg. It melted to an oil on
warﬁiﬂg to room temperature and cgould not be gatiafactorily

o
purified. The approximate melting point was 15 .
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The p-alkoxypropionic aclids are colorless 1llquids having
1ittle or no odor. They are 21l solubls in the coﬁmen organiec
golvents. In water, ths ethoxy-, ;§§~propcxy*, allyloxy-, and
2-methoxyethoxy- derivatives are easlily soluble whersas S-n-
propoxyproplionic acid is only slightly so. None of the higher
members of the series 18 apprecisbly soluble in w&ier. The
physical constants and ylelds of the compounds are glven in
Table IV, Table V glves the crystalline form and melting
points of the p-bromophenacyl B-alkoxyproplonates.

&jlét‘?glﬂi dibaslc p-alkoxyprovlonic aclds and theip

Di~(2-carboxyethyl)~ether. A mixture of 62 g. (0.5 mole)

of 3i-(2~cyasnocethyl)-ether and 200 g. (2 moles) of concentrated
hydrochloric acid was stirred vigorously and heated for six
hours st 70~800 and then for 30 minutes at 1009. The resction
product was lapisted by method A, using scetone as the solvent.
Evaporation of ths extract gave 81 g. (100%) of a tan syrup
which, upon standing overnight, solidified to a nearly whits,
erystalline mags. The neutral équivalent of thie materisl was
83.8 indicating a purity of 97%, It melted at 55—-40Q and was
rather hygroscoplic. It was very soluble in ether, alocohol or
water, but inscluble in petroleum ether.

Some A1fficulty wae experienced in reerystallizing this
compound because of 1ts solubility charsoteristics and low

melting poini. It had a strong tendency to separate as an oil
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Table IV

Physicsl constsanta and ylelds of f-alkoxyproplionliec aclds

BQCHECﬁzﬁOOH
R Baillng point, 20 20 Yield,
C- mim. E D -q' 4
Ethyl" 117-120 17 e 1.0635 a6
b 87 1
n~Propyl 120 13 1.4233 1.0237 80
o ]
is6-Propyl 85.5~86 1 1.4202 1.0192 80
a 118 13
n-Butyl 56-97.5 1 1.4268 0.9929 69
4
igo~-Butyl 89-80 1 1.4227 0.9843 67
sec~-Butyl 30-31.4 1 1.42862 0, 9948 58
e
iso-~Anmyl 100 1l 1.4285 0.9697 69
137 12
gec-Amyl 100-101.4 1 1.4289 0,3833 49
2-Hethoxyethyl 109,5-110.5 0.5 1,4356 1.1146 75
B84 1
Allyl 111-112 s 1.4423  1,0604 33

& Previously prepargd. Paiomas (B1) gives boiling point
119-120° (19 nmnm, ¥ and d§8 1.0641.

b Previouely prepared giterature (68) zives bolling
point 110-112° (3 mm.) and 17 1.4230.

e Previoysly prepare& Légerature (58) rives boiling
point 125-128° (22 mm,) 1.4202.

a Previously prepared (65) but physical constants not
reported.

® Previously prepared. Léterature gives boliling point
135° (12 mm.) (29, 30) and 0.974 (36, 37).
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Table ¥

Properties of p-bromophenacyl A-alkoxyproplonates

R Crystalline form* Kelting pointg
°c.

Ethyl Large leaflets 4748
n-Propyl Shiny leaflets 57-58
iso-Propyl Tiny plates 44-44.5
n-Butyl Shiny leaflets 55
Aiso~-Butyl Fibrous needles 57.5-58.58
geg-Butyl 011 ————
180o~Anmyl Glistening needles 568
seg-Amyl 011 —
Allyl Tiny plates 38-39
2-Methoxyethyl 0i1l La. 15

* All of the s8o0lid derivetives were white substances.
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at temperatures fer below 1ts melting polnt. The a.eid wes
purified by dissolving it in hot ether. To the boiling
solution, petroleum ether (b. p. 60-70°) wes added until
cloudiness Just appesred., The solution was clarified by
adding & few drops of ether. It was then cooled to room
tenperature, seeded, cooled slowly to a final femperature of
aroung —4s° and quickly filtered. This was repeated until
materisl of constant melting point was obtained., Pure di-
(2~cerboxyethyl)-ether consists of hard, white crystals melt-
ing at 60-63.0. The compound bolls at 189-1920 {1 mm. or less)
with slight decomposition.

| Anal. Oalcd. for 05310052 N. E., 81.0%; C, 44,B; H,

6.18. PFound: N, E, 81.77; C, 44.8; H, 6.586.

Di-(2-carbamylethyl-ether. A mixture of 1 g. (0.0062
ma};e) of di-(2-cerboxyethyl)~ether and 2 wl., of thionyl

chloride was refluxed gently for 30 minutes. The excess
thionyl chloride wes removed by wamming in vacuo. The residue
wae added dropwime, with constant stirring, to 20 ml. of con-
centrated smmoniwm hydroxide which was cooled tomlﬁo Ina
freezing mixture. The résultixg solution was evaporated to
dryness under reduced pressure and extracted with hot abaihute
ethanol, Evaporation of the extraot gave s light brown solid
melting at about 1360. Five recryastellizations from benzene-
absolute ethanol mixtures gave small, glistening, white rhombs
of constant melting point 143.5—1446. The compound was essily



soluble in water or ethanel, but insoluble in benzene,

4ngl. Colcd. for CgHy 0Nt N, 17.5. Found: N, 17.4.

Bruson and Riener (14) hsve revorted the preparation of
di-{(2-cerbamylethyl)~ether by pertial hydrolysis of the
corresponding nitrile with elkaline hydrogen peroxide, They
give the melting point zs 1460.

1, 2-Di~(2-carboxyethoxy)-ethene., A solution of 63 g

(0.375 wole) of 1,2-d1-(2-cyanoethoxy)-ethane in 78 g. (0,75
mole) of concenirated hydrochloric scid wss stirred vigorously
end hested at ?O—SGO for three hours, Then 75 g. (0.75 mole)
more hydrochloric acié wes added and stirring and heating con-
tinued for 1.5 hours st 70-80° and 30 minutes at 100 . The
experiment was comnleted by method A. The scetone extract was
eveporated to yleld 77 g. of nearly colerless syrup. Upon
standing overnight, this 8011d17led to a vhite agiiﬁ of melt-
ing point 45—530 and neutrel eauivelent 110, The yield, there-
fore, was 94%.

This substance was soluble In zcetone or water, slightly
goluble in benzene, and insoluble in ether or petroleum ether.
It had a pronounced tendency to sepsrate as an oil when re-
crystaellized., It was successfully purdficd by recrystalliza-
tion from benzene containing =2 little acetons. It was necessary
to seed the slightly cooled solution and shake it occasionally

to prevent the sepsration of an oil. Five recrystallizations

gave 1,2-di-(2-corboxyethoxy)-ethane as aperkling, white
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crystels of corstant melting point 680.
Anal, Csled. for CgHy,0g: M. L., 103.1; C, 46.6; H,
6.86, Found: N. E., 103.5; C, 47.0; H, 7.24.
1,2-Di-(2-carbenylethoxy)-ethane. A mixture of 10.3 g.

(0.05 mole) of 1,2-di{2~cerboxyethoxy)-ethane and 23.8 g.
(0.2 mole) of thionyl chleoride wes pently hested on a water
bath Tor 1.5 hours. The cxcess thionyl chloride wes removed
by warming in vacuo. The residusl oll was added dropwlise,
with corstant stirringe, to 150 ml. of concentrated ammonium
hydroxide mainteined =zt -100. Everorstion of this solution
in vacug geve & 301l1d residue from which the amlde was re-
covered by extraction with hot ethancl and subsecuent evepors-
tion. The crude coupound wne recrystsallized twlce from acetone
end then four times from benzene-ethanol to give fine, white
erystals of cornstant melting point 1230. The pure substence
underwent a sudden chsnze in oppecsrance at 3.0’?O on the mlcro
melting point block. Under repid hesting (10-15° per minute)
1t melted rather sharply at 1040 without resolidification,
1,2-Di-(2-carbamylethoxy)-ethane 18 very soluble in water or
ethanol, slightly soluble 1a acetone, but insoluble in ben-
zene or sther,

Ansl. Calecd. for CgHygO4Np: N, 13.7. Found; N, 13.6.

The prensration of 1,2-di-(2-carbamylethoxy)=-ethane by
pertiel hydrolysls of the corresponding nitrile with 80%
sulfurlc acid at 55—600 has been reported (10). The melting
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)
point wes given as 123-124 .
1,3-Di-{2-carboxyethoxy)~propane. A mixture of 98 g.

(0.54 mole) of 1,3~d1-{2-cyancethoxy)-propane and 216 g.

(2,16 moles) of concentrated hydrochloric acid was heated at
?O~8G° for four hours and at 95»1000 for thirty minutes.
Procedure A was followed in completing the experiment, Evapora-
tion of the acetone sclution under reduced pressure gave 118,58
g¢. of tan syrup which crystallized to & white solid (melting
point 65-77°) on standing overnight. The neutral equivalent
was 123, indlcating a yleld of 90%.

The product wes purlfied by recrystallization from hen-
zene containing a little petroleum ether (boiling point 60~
?00) to reduce the solubility. Seeding was necesssry to pre-
vent the sepsrztion of an 0il when the solution was cooled.,
Five recrystellizaticns gave pure 1,3-dl-(2-caorboxyethoxy)-
propane whose nmelting point, 86-870, was unchanged on further
recrystellization. The compound, consisting of soft ,white
crystals, was easily soluble in water, alcohol and scetone,
fairly soluble in benzene, and insoluble in ether or petroleum
ether. A dilute solution of the sodium salt gave no pre-
clpitate with solutions of the chlorides of megnesium, barium
or calclum.

Ansl, Calcd. for CQHIGOG: N. E., 110.1; C, 48.1; §H,

7.52. Pound: N. E,, 111.1; C, 49.3; H, 7.82.
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1,3-Di-{2-carbamylethoxy)-propsne. The procedure followed

wee the ssme &8 that used in the preparstion of 1,2«di-(2-carb-
amylethoxy)-ethane. From 11.0 g. (0.05 mole) of crude 1,3-d1-
(2-coarboxyethoxy)-propane and 23.8 g. (0.2 mole) of thionyl
chloride there wae obtained 13.5 . of the orude amide. This
wes recryftallized five times from benzene-ethanol to give
fine, white crystsls of conatant melting point 1240. The
melting point of a mixture of this compound with 1,2-di-(2-
cerbamylethoxy)~-ethane was Qsmlloo. 1, 3-Di-(2-carbanylethoxy)-
propane 18 very soluble in water or ethenol, slightly soluble
in acetone, and insoludble in benzene or ether.

Angl. Calcd. for CgoHygOsNp: N, 12.8. Found: N, 12.5.

Di-(2~/2-carboxyethoxy/-ethyl)-ether. A solution of
106 g, (0.5 mole) of d1(2-/2-cyanoethoxy/-ethyl)-sther in 200

. (2 molee) of concentrated hydrcchloric scid wes hested at
?0*809 for four hours after which the tempercture wes reised
to s5~100° for 40 minutes. The resction mixture was worked
up in accordance with method A. Evaporation of the acetone
solution under diminished pressure gave 127 g. of ten syrup
heving the neutral equivalent 137, The yileld, therefore,
weg 914,

This o0il could not be induced to cryetallize under any
conditions. An attempt to distill the acid at 0.5 mm. or
less falled when it began to decompose st gbout 225a. The

derivitizetlon of the compound as the known, solid amide leaves
no doubt z8 to its structure.
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Bi~(ZgZé,carbamylethaxﬁ7-ethyl1~ether. The amide wes

prenared 1n the usual way using 16 g. (0.064 mole) of crude
di-{2-/2~carboxyethoxy/~ethyl )~ether and 30.4 g. (0.256 mole)
of thionyl chloride. Three recrystsllizstions (two from
acetone and one from ethanol-benzene) gave tiny, sparkling,
white crystels of melting point 103-103.50. Di-(2-/2-carb-
amylethoxi?»ethyl)nether is very soluble in water or ethanol,
fairly soluble in ascetone, and insoluble in benzene or ether,

Anal. Calcd. for C.oHogOsla: F, 11.3. Found: N, 11.2.

This compound hes been prepared previously by partial
hydrolysis of the corresponding nitrile with 80% sulfuric
acld at 55—6&9 {(10), and by heatingldiethylene glycol with
ecrylamide in the presence of trimethylbenzylammonium hydroxide
(11). ‘The melting point reported in each case has been 103~
104°,

The solubility cherseteristics of the dibasic acids of
the‘pualkoxypropionie type have been given in connection with
the individusl experiments. The melting points of the com~
pounds are summerized in Table VI. The melting points of the
amides, which served as derivatives for the aclids, are glven

in Tsble VII with appronriste refasrences.
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Table VI

Helting points of pB-alkoxyproplonic acids of the type
HOCOCH,, CHy~ Y~ CH, CHy CCOH

h 4 Helting point, %¢.
“O 60=8}
~0CH,CH,0- 66
~OCH,CH,CH,0- 86-87
~OCH, CHy CCH, CHG 0 o1l
Teble VII

Helting points of pg-alkoxypropionamides of the type
ﬁzﬁsocnzcﬁ - Y- CH_CH_CONH

2 2727 e
Y Meltinz point, °c.
Found Reported
~0=- 144 146 (14)
~OCH,;CHg0- 123* 123-124 (10)
-0CHoCHoCHgO- 124% —
~OCH,CHyO0CH, CHy 0 103-103.5 103-104 (10,11)

* The mixed melting point of these two substances wae
05110,
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Attempts to prepare 1,4-di-{2-carboxyethoxy)-pentane

Acld hydrolysise of 1,4-d431-{2-cvancethoxy)-pentang. A
mixture of 40 p. (0.19 mole) of 1,4-di-(2-cyanoethoxy)-pentane
and 76 g. (0.76 mole) of concentrated hydrochloric acld was
8tirred and heeted under reflux for five hours at 80-90o and
for 15 minutes at 1000. A white s80l1d began to precipitate
after 20 minutes® heating. When water was added to dissolve
the ammonium chloride an insoluble liquid layer appesred.
This wes extreocted with chloroform. The chloroform extract
ves evaporated and drled in vacguo over sulfurle scid to yleld
40,5 g. of 2 light brown syrup which formed & glesz at -95° 4
end could not be induced to crystellize under sny conditions.
The neutral equivalent was found to be 199 (Celcd. for
Cy1HogOgt M. E., 124).

A sclution of 38 . of the materiel in 58 ml, of sbsolute
ethanol to which hed been added 3 ml. of saturated, absolute
alcoholic hydrogen chloride was gently refluxed for 24 hours.
The excess aloohol was distilled from a water bath., The
residue was d4iluted with an equal volume of ether, extracted
twice with s=turated sodium blcarbonate solution and cnce
with weter. The ether solution was dried with sodium sulfate
and distilled in vaguo. |

Three frezotions were obtsined. The first boiled at 85«
96° (1 mm.) and consisted of 17 g. of a colorlese liquid

which contained chlorine, but nc nitrogen and rave a positive
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test for the presence of esters (20). The intermediate
frzction of 7 g., boiling renge 96~146° (1 mm.), was dls-
carded. The third fraction weighed 9 g., bolled at 146e1750
(1 mm.), contained ohlorine and nitrogen and gave a positive
ester test.

If, during the hydrolysis of 1,4-di(2-cyanosthoxy)-
pentane, one of the ether linksgces were ruptured by the action
of the concentrated hydrochloric acid, a f-{chlorcamyloxy)-
propionic scid might be one of the resulting fragnents. This
compound would avpesr 28 the ethyl ester under the onndltions
of the foregoing experiment. The nrincipal fraction obtained
ebove wag purified and analyzed in view of the poasibility
that it might be an ethyl f-(chlorcamyloxy)-propionate:. Sub-
sequent to redistillation, there was obtained 13 g. of
material of boliling point 109-112° (2.5 mm. ), g?: 1.03285,
and _x;gﬁn 1.4386.

Angl. Celed, for C,H,g0,01: Mrj, 56.63; C, 53.9;

H, 8,80; C1, 15,9, Found: Krb, 66.,75; C, B83.6; H, 8.82;
€1, 15.2,

method of Splepel (78) wee used. A mixture of 22 g. (0.105
mole) of 1,4-di-(2-cyancethoxy)-pentane, 4.14 g. (0.9 mole)
of absolute etharol and 12.68 g. of concentrated sulfuric scid
wes hested under reflux in an oil bath for six hours. Upon

cooling the mixture and pouring it inte water, an oil
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geparated. This wzas extracted with ether, dried over sodlum
gulfate and distilled at 2 pressure of 2 mm, The materisl
bolled over the entire temperature range of 65-200°. Distil-
lation was stopped when decomposition began. MNo clear-cut
frootions were observed and there wee considersble undlstili-
eble resldue.

II. The procedure succesafully used by Sabetsy (72) in
the slcoholysis of slkoxyacetonitriles wss followed, A
golution of 27 g. (0.74 mole) of dry hydrogen chloride in 48
g. of abscluts ethansl wes prepared. To it there was csdded
21 g. (0.1 mole) of 1,4-di-( 2-cyanoethoxy)-pentane. The re-
action mixture was protected from the action of atmoapherie
moleture by meens of 2z caloeoium chloride tube. The solution
became warm a2t once and after standing for two hours a whits
precipitate hod formed. Ths mixture wae then reflured for
three hours. The precipitated ammonium chloride wes filtered
2nd washed with absolute alcohol. VWhen dry it welghed 10
g. (theoretical guantity 10.7 g.). The ethanol solution was
dlluted wlth ether, extracted with sodium bicarbonate solution
and washed with water. It was dried with sodium sulfate and
distilled. Four grems boiled at 65 (15 mm.). The remainder
boiled from 35° to 200° (2 mm.) and no clesr-cut fractions

were observed. There wsg approximately 0.5 g. of derk residue,
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Prenaration of 1,4-di-(2-carbethoxyethoxy)-pentane. I.
The procedure used was patterned after thet of Klmball,
Jeffergon =nd Pike Tor the preperstion of ethyl a-phenyl-
acetoaceﬁate (49). A mixture of 75 ml. of absolute ethanol
(distilled from sodium and Giethyl phthalate) and 21 g.
(0.1 mole) of 1,4-di-(2~cyanoethoxy)-pentane was saturated
with anhydrous hydrogen chloride during five hours. The
nixture wes maintained at a temperasture of -100. stirred
mechenlcelly, and protected from atmospherle molsture by
meang of a calcium chloride tube during this treatment. It
was then allowed to stand a2t room temperature for 24 hours,
After removal of exceas hydrogen chlorlide by gentle hesting
in vacug, the solution was poured, with vigorous sheking,
into a mixture of 20 g. ol sodlum carbonate, 120 ml. of water,
end 200 ml. of ice. This wes extrzcted at once with three 50
ml. portions of sther. The ether extract wes washed with
four 50 ml. portions of ice-cold 5% sodium chloride solution.
A solution of 20 g. of concentrated sulfuric scid and 140 ml.
of water was sheken with 300 ml. of ice until frost formed on
the outslde of the flasgk. One=half of this mixture was poured
into the lce-cold ether solution. Afier 12 seconds shaking
the scld layer was sepsrated. The remaining acid was added
In two portions. After each addition, the mixture was shaken
for 15 seconds and separated a8 before. The ether solution

was saved. The clear, colorless acid solution waes heated on
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a water bath for 30 minutes at 500. It soon beoame cloudy
snd an immiscible layer appeared. This was separated, after
cocoling, and the aqueous solutlon was extracted with 25 ml.
of ether. The ether extract was washed with 10 ml. of water
which was asdded to the =cid solution. The acid solutlion was
hested at EO—QOG for 45 minutes, cooled, and extrscted as
before. The combined ether extrects were washed with 26 ml,
of 5% sodium bicarbonate solution snd 25 ml, of water, and
finally drled cver snhyCrous sodium sulfate.

Upon distillstion under dinminished pressure there was
obteined 2.6 g. of material boilin: at 108-151° (1 mm.) and
10.4 . (33%) of 1,4-d1-(2-carbethoxyethoxy)-pentane of boil-
ing point 151-153° (1 mm.). The first fraction conteined a
trace of halogen; the second contrined none. Beth fractions.
geve strongly positive tests for the presence of ssters (20).
Nelther fraction contained nltrogen.

ITI. 8ixty grams (0.16 mole) of coarsely pulverized
bis-(ethyliminoester hydrochloride) of 1,4-di-(2-cyanocethoxy)-
pentane was added in small portions to 200 ml. of distllled
water 2t room temperature. The addition was carried out over
e perlod of twenty minutes and the mixture wss stirred con-
tinuously. The 80144 dlssolved readily and no temperature
change wes observed, but an oil begen to separsie at once.
After stirring for fifteen nminutes a2t room temperature the

mixture wes hested at 450 for thirty minutes. It wasg then
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eéoled and extracted twice with 50 ml. portions of ethex.
The other extraect was wsshed with 25 ml. of water which was
retumed to the reaction mixture. With continued stirring
the mizture wes heated at 90-95° for 45 minutes. It was
cooled and extrzcted with two 50 ml. poriions of ether.
The combined ether extracte were washed with 50 ml. of 5%
godium bicerbonste znd with 50 ml. of water. After drying
over sodium sulfate the product was dletilled in vacuo.

There was obtalned 7,5 g. of material of bolling renge
60—1420 (0.5 mm.) which contsined chlorine but no nitrogen.
The desired product was collected at 142-1450 (0.5 mm, ). It
welrhed 28 g. (58% yield).

1, 4-pi~(2-carbethoxyethoxy)-pentane 1s s colorless
1iquid of g?i 1.0174 and'gzz 1,4363.

Angl. Calcd. for 015328 g’ S8eponification FEquivalent,
152.2; C, B69.2; H, 9.27. Found: 8gponification Equivslent,
 151.4, 152.4; C, 59.5; H, 9.54,

Attempted ssponification of 1,4-d1-(2~-carbethoxyethoxy)-
pentane. The conversion of 1,4-di-(2-carbethoxyethoxy)-
pentane to the disodlum 8alt of 1,4-d41-(2-cerboxyethoxy)-
-pentane, by quantitative saponificetion, was attempted. A
semple of 1,4-di-(2-carbsthoxyethoxy)~pentane weighing 1.028
g. wes placed in & 25 ml. flask end 5 ml. of 9547 ethanol and
two drops of phenoipnthelein were added. From & buret, 1.29 N

alcoholic sodium hydroxide wss added untll the solution was
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bagic. The mixture was allowed to stand at room temperature
until 1t became colorless. It was ggain made basic by the
addition of a 1ittle of the standard base, These operations
were continued. After about three hours, when approximately
50% of the ecalouleted smount 6f base had been added, the
mixture began to exhibit a strong odor of ethyl acrylate.
This suggested that the ester mizht have been decomposing

into 1,4~pentanediol and ethyl aerylate. The experiment was

sbandoned,



DISCUSSION

The mechanlism by which'raéalerolactone undergoes the
Friedel and Craftse resction appears to be the same as that
for the simple esters. Evidence in support of this is the
observation that little or no hydrogen chloride is evolved
from the reaction mixture until the catalyst-lactone ratio
slightly exceeds unlty. The first mole of catalyst probably
brings sbout the formation of an aluminum salt of y-chloro-
valeric acid which subsequently taksee part in the alkylation
reaction.

Of incidental importance is the fact that the reactlon
of*ybvalereiaetcne with sluminum chloride or related com-
pounds might afford a means for the synthesls of y~chloro-
valeric sacid which would be more convenlent than the sealed
tube procedure of Wohlgemuth (92).

7/-Pheny1valeric acid i1teelf hae been prepared during
the course of a number of studiee (50, 55, 57, 84). However,
except for the work of Eijkman (25), it has inveriably been
made by laboriocus five or six step reactions. This has no
doubt been due to the difficulty of obtaining-7avalerclaetene,
because the advantages of the single operation of the Friedel
and Crafte method of synthesis are obvious., An extension of
the reaction to earomatic compounds other than benzene and

toluene should mske readily available & number of‘ysarylvaleric
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aoclds, Any further study of the use of )~valerclactone in
the Friedel and Crafts resction should include an investiga-
tion of catalysts other than sgluminum chloride.

The polyalkylation of benzene by means of—ybvalerolactone
can be effected in good yield. However, the confinement of
the reaction to dialkylation does not appear teo be ilmmediately
posaible since, in all the experiments, there were obtained
nixtures of mono-, 4i-, and possibly iri-alkylation products.
On the other hand, a crude mixture of this sort, containing
mono-, di-, and tri-basic acids (or thelr esters) might be
worthy of investigation as an intermedisate in the prepara-
tion of a *viscosity~stable® (34, p. 725) polyester or
polyamide. On a production hasis, the orientation of the
substituents in the benzene ring would not be important.

The formation of 2-methyltetrshydrofuran in the hydiro-
genation of“yavalerolactone over copper~chromium oxlde has
noet been observed heretofore. It‘haa been renorted, however,
that reduction of the lsctone in the presence of Raney nickel
givea some Z-methyltetrahydrofuran (1, p. 78). In this case
1t was assumed that the compound resulted from direct hydro-
genolysls of the carbonyl oxygen without rupture of the
lagtone ring. The ezse wlth which 1,4~pentanedlol can be
dehydrated to form the cyclic ether (32, 33, 58) suggests
that in the copper-chromium oxide reduction the dlol 18 the
precursor of 2-methyltetrshydrofuran. In support of this
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mechanism is the fact that higher reduction temperatures
result in lower ylelds of 1,4-pentanedlol and increased
smounts of 2-methyltetrahydrofuran.

The two~-stagre reduction of ethyl levulinate can be
explained on the basils of the report that the carbonyl group
is hydrogenated over copper-chromium oxide at a temperature
of 125-150° (1, p. 51), whereas the hydrogenolysie of the
ester linkage tzkes place at 20&-2500 with the same catalyst
(1, p. 97), It appears likely that the first step of the
reaction involves the reduction of the ketonic ester to
form ethyl'y%hydroxyvalerate. Hydrogenolysis of the latter
compound could then take place at 2 higher temperature with
the formation of 1,4-pentanediocl and ethanol.

Consideration of the fsct thet the esters or'ykhydraxy-
valeric acid are reported to undergo decomposition into
—ymvalarolactcne and an alcohol at moderately high tempera-
tures (81) suggests another poesibllity for the second etep
of the reactlion. Ethyl 7ﬂ-hyéroxyvalerate could decompose
into y~valerclactone and ethanocl. Hydrogenolysis of the
lactone would then cccur in the usual way. The end products
would be the same in elther case.

The reduction of levulinic acld over copper-chromium
oxilde at a temperature and pressure hlgher than those em-
ployed by Brown (4) gave a somewhat higher yléld of 1,4~

pentanediol and a greatly decreased amount of:yhvalerolactone.
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The total recovery of products was not as good as that re-
ported by Brown (4), however, and the relatively large
quantity of low boiling materiel obtsined suggests the forma-
tion of Z2-methyltetrahydrofuran and mixtures of amyl alcchols,
The use of mixtures of Raney nickel and copper-chromium

oxide catalysts in attempis to effect the direct reduction

of levulinic acid to 1,4-pentanediol might prove to be an
interesting and frultful study.

The faet that elightly lower ylelds of B-alkoxyproploni-
triles were obtsined from secondary alcohols is in accordance
with the observations and suggestions of Utermohlen (82)., In-
formstion galned during the preparation of g-gec~butoxy~ and
;3fggg-amyloxypropionitrilea sugrests further that the heats
and rates of reaction may be lower in the addition of secondary
aleohole to ecrylonitrile.

It seems noteworthy that in the hydrogenation of 1,4~
di-(2-cyanoethoxy)-pentane at 120-125° 1ittle or no evidence
for cleavage at the ether linkages was obtained. It will be
recelled thet Utermohlen (82) reduced S-alkoxypropionitriles
at 90--1000 and reported lowered yields at 1258° a8 a result
of cleavage, The very high ylelds of hydrogenolyais products
reported (88) to occur in the reduction of a related compound,
di-{2~-cyanoethyl)-ether, may indicate that two 2~-cyancethyl
groups attached to a single oxygen atom make the system
particularly susceptible to rupture.
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The excellent yield in which 1,4-di-(3-aminopropoxy)-
pentane can be preparéd, the complete water-golubillty of the
compound, and 1te high basic strength make it extremely
interesting as a material for further general investigation.

The interesting fact that s0lld salts of 1,4-d1-(3-
eminopropoxy)-pentane were obtalned énly when the aclids were
dibasic and contained an even number of oarbon atoms has
heen pointed out., Determination of the crystal structures
of the so0lild salts by means of X ray studles might sugpgest
en sxplanation for this phenomenon.

The complete fallure of the attempts to saponify
B-alkoxypropionitriles by treatment with 9-22¢ sodium
hydroxide solution waes unexpected. Under the same conditions
Bruson and Riener (12, 13) obtained excellent yields of sclds
from the 2-c¢yanoethyl derivatives of asctive methylene com-
pounds. In these cases, however, the 2-cyancethyl groups
were attached to ocarbon atoms,

The properties of the meterial isolated from the basice
hydrolysis of p-ethoxypropionitrile suggested that 1t might
have been aorylic acid. A consideration of the faects that
the sddition of alcohols to acrylonitrile is catslyzed by
bases and that an equilibrium 1s reached between a S-alkoxy-
propionitrile on the one hand, and asorylonitrile and an
aloohol on the other, may throw abme light on the problem.
The addition of a base to a pure p-alkoxypropionitrile might
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be expected to cause the formstion of some acrylonitrile and
an alcohol. Under the conditions of basic hydrolysis it

would seem that the following reactions could tske place:

ROCHCHoON —38%, oy, GHp:CHON

ROCHoCHaCN 4 NaOH + Hp0 — ROCHoCHoCOONa + NHg

QHE:GHGH + RHNaCH + EZO-—-CH2:CHGOO§a + Hﬁa

If 4t 1s sssumed that the oconjugated syastem of double
bonds which tekes part in the Michsel condensation 18 modi-
Tied in sodium acrylate, then this compound would mt be
expected to add an alcohol. The relative amounts of the
various substances ultimately resulting would depend upon
the rates of the competing resctions involved. It seems
poasible that this mechanism could account for the formation
of the complex mixtures obtained in the basic hydrolysis of
B —alkoxypropionitriles,

The acld hydrolysie of g~-alkoxypropionitriles seems to
be a fairly general method for the preparation of S-alkoxy-
propionic aclds. S1ightly lower yilelds were obtained in
the ssponification of the S-seg-alkoxyproplonitriles and
there was s genersl decresse in yleld =& the size of the
elkyl group increased, Excellent ylelds were chtained with
the four bifunctional pB-alkoxyproplonlitriles containing only
primasry ether linkages.

Inssmuch a8 little attempt was made to determine
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triles, 1t 18 aqulte possible that the procedure may be sus-
ceptible to improvement. The use of dilute acid and longer
reaction times might improve some of the ylelds. HNeverthe-
less, 1t is felt thet the successful hydrolysis of S-alkoxy-
proplonitriles affords a new and convenient method for the
synthesls of many S-alkoxyproplonic acids. It should be
particularly valuable in the preparstion of the ﬁ&ﬁf;alkylens-
dloxydipropionic acids for which 4t ia doubtful that any of
the previous methods would be satisfactory. It seems
possible that certain compounds of these types might find
spplication as wetting or flotation agenta,

It is difficult to understand the decomposition of 1,4-
di-{2-cyanoethoxy)-pentane upon hydrolysis with hydrochloric
sacld. The fact that lower ylelds were obtained in the saponi-
Tficatlion of p-geg~alkoxypropionitriles suggests that the com-
pounds containing secondary ether linkages may be more
sensitive to concentrsted hydrochlorie acid. Should this be
the case, then 1,4-d1-(2-cyanoethoxy)-pentans, upon hydrolysis
with concentrated hydrochloric zclid, may undergo a cleavsge
of some sort at the secondary ether linkasge with subsequent
formation of & mixture of hydrolysis products. The isolation
of a chlorine-containing compound from the reaction mixture
indicates a rupture of the molecule with addition of the
elements of hydrogen chloride. The tentative identification,
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based uron anslyticesl de4e, of this compound =8 the ethyl
estor of a.‘ﬁ-(chloroamyloxy)-propionlc ccld 1g certainly
in sunvort of this sureestion.

The successful conversion, at low temperatures, of 1,4~
di-(2-cyznoethoxy)-pentena to the ethyl ester of the cor-
resyonding a2¢ld, indicates thrst the compnounds sre stable
unﬂer'eufficiently mild conditions. However, the low.
yields obtrined, ard the length and complexity of the pre-
merction, meke: questicneble the value of further investiga-
tion of this problem as 2n epproach to the utilization of

y-velerolactone and 1,4-pentanediol,
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SUMMARY

1, The preparation of'y;phenylvaleric agid from benzene
anaxyzvalarelastene by mesns of the Friedel znd Crafts re-
sction waes re-examined. The'7ﬁphenylvalerie acid thus ob-
tained was shown to be i1dentical with that prepared by other
methods. From y~phenylvaleric acld, the solidkgfbromc~
phenacyl ester was prepared to furnish a derivative for
future referencs.

2. It was found possible to cause benzene to condense
with more than one molecular equivalent of ~valerclaetone to
yield s mixture from which 1 7/:pheny1m~aivaleric acid was
isolated as the dlethyl ester. The position of substitution
in the benzene ring of this compound was not determined.

3. Some previously described methods for the prepara~
tion of 1,4-pentanedicl were relnvestigated., In each case
improved ylelds of 1,4-pentanediol were odbtained.

4, g2-Hethyltetrashydrofuran was isolated and ldentified
a8 a8 by-product in the hydrogenation of y~valerolactone to
1,4-pentanediol.

5. The sddition of sorylonitrile to 1,4-pentanedlol
gave 1,4-d1-{2-cyanocethoxy)-pentane which was charzeterized
by conversion to the solid Qggr(ethyliminoester-hydrachloride).

6. A series of new p»alkoxypmpianitrnes was prepared.
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7. 1,4-Di-(2-cyanoethoxy)-pentane was hydrogenated to
yield 1,4-d1-(3-aminopropoxy)~pentane. From this diamine
a series of =zlts was prepared using monobasic and dibasic
orgenlic acids. Bolid szlts were obtained only from dibasic
aclds containing sn even number of carbon atoms,

8., Basic hydrolysis wag found to be unsstisfactory for
the conversion of B-ethoxypropionitrile, di-(2-cysnoethyl)-
ether, and 1,4~di-(2-cyanoethoxy)-pentsne to the corresponding
aclds.

9. By means of acid hydrolysis, & series of new mono-
baslic and dibasic aclids of the p-alkoxypropionlc type was
prepared. These were characterized when possible by suitable
aplid derivatives such as Efbromophenacyl esters or simple
emidesn, |

10. 1,4~Di-(2-cysnoethoxy)~-pentsne, when subjected to
acid hydrolysls, underwent an obscure decomposition. From
the resulting mixture, 8 chlorine-containing acld was isolated
a8 the ethyl ester. The analysis of this ester was in close
agreement with that caloulated for an ethyl -(chloroamyloxy)-
propionzte.

il. 7Two methods were found for the conversion of 1,4~
di-(2-cyanoethoxy)-pentane to 1,4-d1{2-carbethoxyethoxy)-
pentane, the ethyl ester of the corresponding scid. Both of
these methode involved the formatidn, at low temperatures,
and the hydrolysis, at ordinary temperatures, of a mineral
aclid salt of the bis-ethyliminoester.
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