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HISTORICAL PART



HASIORLCAL AxixQDUCL LU

vnly those compounds that may be considered as direct
derivatives,or hamalogues,of omethyl furane will be conside
ered. an this discussion the name furfur- 1s used to denocue
the gréuplns :i;i:l, ,the position of any side chain will
be denoted by the Ureek lettiers d .,

she parent substance smethyl furane was prepared in
1880 by a. Atterberg (ser. :I_.}_,tiatl)")o and named 'Sylvane',ror
it was isolated from t’he tar of 'Pum. :bylvest.:.s: L‘he «#'di-
methyl furane 1is the only known member of the possible di
substituted compounds (oer. 2V,1085. 188(). The 44/5tri
methyl furane (Amer. Cﬂem. Jour. 25,44, 1901) as well as
the 4,4 isomer ‘(bor.ﬂ,294. 1914) and (C.1918 2,528) are
known. The tetra:met.hyl compound (Ber.‘_&z;292.30'( . 1914) nas
also been prepared. Lhe 4di,tri a.n'd tetrame thyl derivatives
can be prepared by distillation of cellulose in the presence
of &4n under ordinary pressure(C.1918 2,528).

there are no athyl or but.‘yl furane compounds known
at the present time. Lhe d propyl furane was prepared
by the catalytic reduction of furo ethyl carbinol (C., 1913
2,2046) '
In the series of compounds in which the furane

nucleus 18 substituted by unsaturated side chains,the



o vinyl furane (ber. 27,287. 1894) is known. This

compeund was propnd by heating furo acrylic acid,a
molecule of COg easily splits out,forming the abeve
compound, Both the o vinyl dihydro furane and 9 ethyl
tetrahydro furans were prepared by Romburgh and coworkers
(Coa. 17,1214, 1923) the former by heating mannitol hexa-
t:omt.o and the latter by further reduction of the di-
hydro compound. The allyl furanes are unknown. Furo buty-
lene is known and its reactions with NgOs have been studled:
the gas adds on the double bond. On redustion an hydroxy
amine was produced(Ber.}]l,1511.1878) (Ber.10,1365.1877).

Furo butylene oxm- was prepared by oxidation of the un-
saturated hydrocarbon with nitric acid(Ber.17,854.1884).

The sym. difuro ethylene was prepared by a vacuum distilla-
tion of polythiofurfuraldehyde in 18% yleld(Jour. Amer. Cheam,
Soe. 5},1270.1929). Furo acetylene is kno'n:u. was prepared
by the elimination of HBr from the dibromide of furoethylens
(ann. Chim:7,14-42. 1927).

‘ Furens may be reduced to give tetrahydro furane or
synthesized directly from tetramethylens chlorehydrin by
heating. Furane was deseribed first in the Jour. of Russian
fays. Chem. 80c. 14,371.1882. The o methyl derivative was
prepared by A, Lipp(Ber.22,257T1.1889)by the dehydration

of the correspending glycel. The ««'dimethyl tetrahydre
furanse (Jahresber.d.Chea.1864 515) has been prepared. Ihe
3d1somer is also known (0. 1913 1,2027). Other di substi-
tuted members are m:;. Ethyl tetrahydro furane is



described in Comp.rendus 159,82.1914. Irimethyl tetra
hydro furane(C.1911 2,1118) and o methyl xethyl tetra
hydro furans 'aro known. 3 n-propyl tetrahydro furane has
been prepared(C. 1915 1,982) but ether isomeric compounds
and hc-ol.omu’ are unknown at the present time. The enly
Known tetraaethyl derivative is the odd compound (C.1899

L TT3) he Laomeric o4« diethyl and o methyl duo-'proml
compoundes (C. 1916 1,5) are known. all of these compounds
were made by the dehydration of the glycols. The o methly
A 1so-propyl tetrah-iro furane was prepared by the electro-
lytic reduction of methyl hepteneome (Jour, of Chem. Soc.
101,1028, 1912). The butyl furanes are unknown. Also the
di-furfur compound has not been prepared. The vinyl and
allyl tetrahydro furanes are unknown.

4AlGQHQLS . These may be divided into four classes:
(a)Alcohols with saturated side chains attached to furane
ﬁolou.

(b)Alechols with unsaturated side chains attached to furans
uﬁolm.

(c)Alechols with saturated side chains attached to tetra-
hydro furane nucleus.

(d)alechols with unsaturated side chains attached to tetra-
h’ydro furane nucleus.

(a) Furfuryl alcohol,the first member,has been known for

l; long time (Jahresber. d. Chem.1860 269). The furo ethyl
alcohol is I;Ot known. However,both the lfuro propanol-l



and furo-n-propyl alschol are known. The first compound
¥as prepared by the action of Zn(Celig)s on furfuraldehyde
(Ber.27,1969.1884). It is interesting to note that an
s‘oetato of this alechol could not be prepared. The saturat-
ed alcohol behaves in a normal manner (C.1913 4,2046),
4dams prepared the furo propyl alcahol 'by the catalytie
Peduction of fure-acrolein (Jour. Amer. Chem. Soe. 49,2101
1927). an acetate and o m;ﬁt.hyl urethane were prepared by
Adame. The next higher meaber, furo-propyl carbinol,was
prepared by the action of propyl magnesium bromide on fure
fural (C,1910 },450),the alochol was then converted into
the cc;mlpondlng chloride and acetate. A general consider-
dtion of the 2°and 3° alcohols of this series 1is given in
Amer. Chem. Jour. 35,68 (1906) .

(b). Zhe only known member of this series is the o fure
aily:l. alcaohol. It was prepared by the catalytic reduction
of furo-acrolein(Jour. Amer. Chem. Soe, 49,2101.1927).

The A naphthyl \u'othlu Was prepared and an atteapt was
made to make the acetate,by treasment with acetic anhydride,
but was not suceessful.

(o). there are two compounds in this series that have
h.on mde. The tetrahydro furfuryl alcchol (Ber, 23,1656,
1920)and tetrahydro furo propyl alooaol(Jonr. Amer. Chen.
Soe. 45,2101.1927). The 5=5 dinitro bonzoatc,aooht.e and

A\ naphthyl urethane were prepared from the latter,

(d). Thereis only ane known member in this group,it is the



teSrahydro furo aerylic alcchol. It was prepared by re-
ducing furo asreolein with a specific catalyst. An acetate
was prepared (Jour. Amer. Chem. See. 49,2101.1927).
DERIVATIVES Of THe alLOHULSS che compounds that were
considered were only those that could be rezarded as direct
derivatives of furfuryl alecchol. No xanthogenates,even of
the first aember,are known. Lhe halogen compounds are of
great interest from the synthetic point of view. The iodide
and bromide have been prepared in an ethereal solution(Jour.
Amer. Chem. Soc. 49,1061.1927,. Kirner has isolated t.he'
chloride by using the Darzens reaction (Jour. Amer. Chem,
Soc. 90,1955. 1928/. In the same manner sirn.r has 1solat-
ed the tetrahydro furfuryl chloride in soodixem. Lhe
corresponding bromide nas been prepared by Dox (Jour. amer.
Chen. 3oc. 99,2033.1923,,at the present time Lh-‘ lodide is
unknown,

all attempts in this laboratory to prepare the Grignard
reagent have falled. ihe halogen compounds can easily be
converted into ethers by treating the ethereal solution
of the halide with the desired alcohol and 8olid Kuid, the
reactions go in the cold and the yields are sood(Jour. Amer.
Chem. Soc. 49,1067. 1927). In this manner the ntﬁl,ethyl.
n-propyl,n—butyl.auyl,b_ouyl,rurfuryl and cinnamyl ethers
have been made(Jour. Amer. Chea. 506.50,1958. 1928).

farfuryl ani.ne is knowni\Ann.2}4,<28. 1882,Ber.}4,T25,
1059,1475. 188%. Ber.2v,399,730. 1887) a hydrocnloride,



platiniec chloride,di-oxalate and picratec have been pre-
pared. A furo vinyl nitrite(Ber.}8,1362. 1885)and nitrite
of 2-oxy-methyl rurane(Gazz.' 24,i2) 21. 1894)are known.
At present there are n6 nltro,nit.flte,1eo-cyanat.0,mrcapm
or sulfides known., Furo ethyl amins and the corresponding
tetrahydro anine have been described by ¥indaus(Ber.53,2304.
1920). There 1s an excellent bibliogrephy on t.he' aliphatic
aaines in the bulletin'Furfural and ite Derivatives by the
Miner Laboratories. ithe correspcnding tetrahyvdro furfuryl
compounds and higher homologues are not known,
ALDEHYDES: There is a vast amount of literature on the first
rmember of thls geries-furfural. 4 good bibliography is
given in the bulletin 'E‘urrural and 1ts Derivativea';' The
next higher homologuec,furo acetaldehyde,hac been prepared
by 1.J. Rinkes (Zec. 39, 204, 1920),the reaction is inter-
estins. The amide of furo acrylic acid is treated with
NaOCl (Hoffman rezction, %0 give the amine(not isolated).
The aminc vas hydrolized to give -.ie furo vinyl alcohol
which immediatsly rearranges into the stablc furo acetalde-
hyde. A semicardbazanc was prepared. The hicher members or
thl: serlec havc not bcen made.

Th. correspondin; tetrahydro furo acetaldehyde and
higher homologues are not known. [he tetrahydro furfural
is 3 commerseial product(Ber. 57, 1443. 1924). ihe method
used for the preparation. was the reduction of the acetal
followed by = hydrolysis.
KETON:LS: There are two cases of isomerism that have to be



considered bere. Il ome case \he higher homologuss are
formed by increasing the value of x in ( Jfts)c. Toe
other case is essentially the same except the nigher
members are formed by increasing the nuamber of methylens
groupe in the type unngol;(«..g{.., . Both types are well
known and described.

Furyl-methyl,ethyl, propyl,iso-butyl,lso-amyl and
phenyl ketones are described in Arch.der Pharm. 252,437,
445(1914)als0 (C.1914 2,1196). They were all prepared by
the action of ihe corresponding alkyl &rignard reagent on
furo nitrie {froa the dehydration of the aaide of furoic
utd).uncarbazdma were prepared for each member. Acetyl
furane has been known . long time,lit 1s described in bBer.
33,493(1900) ,Ber.3,1072(1901, and C.1898 1,327. The homo-
logues,vith methyl groups in the furane nucleus,are also
known(Ber. 27,405.189% and Gazz.c4,\1) 435.1894).

Compounds of the second type are known. Ihe first
member,acetonyl furane,is described in Comp. remd. 142,215
1906 (C.19v6 ), 669),the next higher homologue is known
and desoribed in der.32,1320 (1899). The first coapound
_was made through the condensation of o(chloro proploniec
ester on furfural to give ’\j-é';}'.' ¢, This substance on
hydrolysis loses ¢COg and rearranges 0 give the ketone
[:,le.fg-e..,. . A semicarbazone and axime were prepared. The
difuro)¥keto butanons (l-furo-butancne-3) was made by the
reduction of furfural 'acet.one (Ber. 32, 1320. 1899).
Ketones with unsaturated side -chainl ar< possible,the first



member,furfural acetone,is described in Ber. 32,1320(1899).

ihe studies of the ketones of furane are the n-ot.
complete of any series of furane somzpounds. This 1s due to
the fact that they oceur extensively in mature. In determ-
ining the constitution of tnese the syntnetic metnod was
used in wost every case. Ihis often neccssitated the synthe-
sis of a coxnplete series of homologues,such an example is
found in irch. der Paarm.252,437(1914),0ther cases are too
nunerous to mention. |

The corresponding ketones with the furane nucleus
reduced are almost unknown. There is ons aenmber l-furo-
butanons-3,prepared by .dams (Jour. Amer. Chem. 500. 45,
3029.1923, by the catalytic reduction of furfural acetons.
ACID3S: (a). Aelids with unsaturated Bide chalns linked to
furame nucleus: these,in general,can be produced by the
cordensation of furfural with fatty acids(Perkin reactiom).
It is probable that many of the structures of thls group,
as given in the literaturs,are wrong. At the time tnat most
of these reactlions were carried out it was not well known
that the condensation in the Perkin reaction takes place
on the o(carbon atom of the acid. The first member,furyl
aocrylic acid,has been known a long time Ber. }0,357(1877)
20,2812(1887)21,1083(1888) 31,1122(1898) 24,143(1891) and
27,283(1894). Ths next higher homologus is also known Ber.
14+575:1881). The furyl angelic acid is aleo knowa(Ber.)D,
1364.1877 and}2,1200.1899).



(). Acids with saturated side chains attached to furane
nucleus: chese were made by reducing the above acids,the
referenass are tae same in each case, The £irst sember,

furo acetic acid,was made in this iabsratory and is describ-
el 1in another part of this paper.

(c). Aclds with unsaterated side chains attached to a re-
duced furans nusleus: nembers of this class are unknown.

(a) Acids with saturated side shains linked to a reduced
furane nucleus: two members are known,tetrahydro furane
carboxylic acid and G tetrahydro furane propionic acid,
these are described by idams in Jour. amer. Chem. Soc. 45,
3029 (4923).

AUIDES:The amide of furaie acid is well knownBer.19,1277.
1886) also the amide of furo asrylic acid(loc.cit.).
CHLORIDES: The chloride of furoic acid is known and used in
the Schotten-Baumen reaction for the identification of
amnines and alcohols(Ber 37, 2949. 1904%)

YDRAZIDE: Azide,eto. of furoic acid are described in c. 1897
31,1024,



INTRODUCTION



Part One

The chemistry of furane derivatives is unusual in that
the simplest possible compounds are unknown. Mdany higher meme
bers and a host of complex compounds are described in the lite
erature. The peason for this ancmaly seems to lie in the faot
that a large mmber of the known coapounds are not synthetic
but were isolated from natural sources. Synthesis in the fure
ane series 1s complicated by the fact the compounds are unstable

and the starting material for all common compounds,furfuryl
chloride,was unknown up to 1928,

Kirners synthesis of this compound(J.Am.Chem.S50c. 90,1955
1928)opened up the field for the preparation of numerous intere
esting compounds. By means of this chloride,the cyanide,mercap-
tan,sulfide,thio cyanate,furo acetic acid,furfuryl malonic
ester, furfuryl ethyl malonic ester,and the two barbituric acids
derived from these compounds and furfuryl acetoacetic ester
were prepared, The hydrolysis of furfuryl aceto@cetic ester
was carried out,both the acidic and ketonic products were 1so-
lated. With the exception of the last two products the compounds
mentioned above are new.

HJort investigated the physiological action of the two
barbituric acid derivatives and found that they compared f: 7ore
ably with other drugs of this type. In spite of the strang
_ hypnotic asction of furfuryl ethyl barbituric acid the duration
of its effect 1s very short(2 hrs.). This is explained,perhaps,
by the fact that the furene nucleus is very susceppible to attack.

The corresponding tetrashydro furfuryl compounds do not show
this effect.,



Part Two

The simple glycols and their corresponding chlorochydrins
have found extensive use in organic synthesis. The fact that
these compounds,which once were only of theoretical interest,
are now available in large quanities indicates the extensive
use ard practical interest that has centered around them. In
spite of the development of these compounds the higher homo-
logues are unknown(tetramsthylene chlorohydrin) or have been
prepared in an impure state(tetramethylene glycol).

It seemed to be of interest then,to investigate these
compounds and devise methods for thelr synthesis that would
make these substances common enough for research at least.
Several investigations have been rather tedlous due to the
fact that sufficlent amounts of the glycol could not be obe
tained (Ber.46,2620.1914 and J.Am.Chem.S500. 45,3115.1923). The
synthesie of the glycol is indicated by the following equations:

Oca,c:.mmca.ca.oa = Om.ocn.ca.on = Oca.oca.cﬁ.u
0

COCgHg 0
Oca.oca.ca.ca = Oca.oca.ca.ca.c =
COCaily oH
0
0

OCH.OCH.CH.CH.C o Oca.o(cn,).oa = HOCHgCHgCHgCHgOH
OCgHg

It 1s suprising that such a simple compound as tetrameth-
Ylene chlorchydrin had never been preparedi. The preparation
in this laboratory was accoaplished by means of the Darazens
reaction., This compound offers greater synthetic possibilities

than the glycol for it is unsymmetrical and both groups are
reactive,



This substance offers the possibility of stepping up the
series four carbon atoms at a time,eg.through the aGrignard
reaction. .

“hile this work was in progress A. iuller in Viemna
attacked the same problem and succeded in preparing the
glycol by the redustion of ethyl suceinate. Previous work
(Rec.Ir-ve.chin. 34,101. 1915) indicated that this was not a
very satlsfactory method. Also Bemnett,in England,made the
chlorohydrin but was unzsble to isalate it.



EXPERIMENTAL PART




SYNTHESIS IN FURANE SERIES



SYNTHESIS OF FURFURYL CHLORIDE

H
nﬂﬂca.m + 8001, oQ=mowc'r
52.

54 gns TA.A 2 theory=63.8
98.0 119 79.0 116
55 aols 60 <66 «55

The method of procedure is essentially the same as
that ocutlined by Kirner in Jour. Amer. Chea. S0e. 20,
1955 (1928). The furfuryl aleochol and pyridine were diss-
olved in 50 ce of ether and placed in a three necked
Pyrex flask fitted with stirrer,dropping funnel and
therncaster. The temperature of the contents was brought
down to 6-8° and a solution of the thionyl chloride in
50 ec of ether started in. It was found that less charr-
ing took place and slightly bstter yields were obtained
if the thionyl chloride was added as rapidly as possible,
eg. about 5-8 minutes for each 10 cc portion. After the
addition of the thionyl chloride,it is mecessary to re-
move the ice bath and permit the contents (0 warm up to
reca temperature for 20-30 minutes.

The material is then coocled until the salts orystall-
ise and the supernatent liquid is then siphoned off,the
residus is broken up and extracted twioce with ether. The
ether saolutions were washed with cold KOH,water and then
dried over anhydrows Ha,COs '



Kirner obtained the ehloride in 63% yield. In most of
the experiments it was assumsd that the orude solution
was abeut 635 of the theory and the salution,or aliquet
portion,was used without isolating the furturyl ehloride.
The above direetions are typical and in each exper-
iment in which furfuryl chloride was used the prepara-

tion was the same.



Ha ) 4 C.H.m * HCH * C.H.OB
OCoHg = sls

23 A6 160
3.9gms 80gas 136gms
AT 1T X .85 X
Na
Cellg
HO—CH H HC—CH }&
mh doma » O . ng\ ,l‘:ca A
QP 0 'iv\?c.a.
366 “2?0 5 theory
[ ] L sm.
169 g" «169 M

80 grams of iboolm ethyl alcohol(J.C.3. 1288,1927)
wore placed in a three neek 500cc Pyrex flask fitted with
reflux candenser,stirrer and dropping funnel. 3.9 gas of
sedium were added threugh one of the necks and then closed,
after saluticn of the sodium was complete 136 gms of malonis
ester were rua into the flask through the dropping funnel.
The condenser was turned down and the flagk heated on the
water bath,about 60cc of alochol were reimoved in 45 Minutes,
This is the maximm amount that could be removed by the
water bath. The eondenser was then turned up as a reflux
condenser,



19.6 grams of furfuryl chloride in 40 co of Grignard
ether were placed in the drepping funnel and run into the
wara salution,the temperature was about 80°,the solution
of the chloride was added over a period of 40 mimites.

At the end of this addition the water bath was replaced
and the maperial stirred and heated at the temperature of
the water bath for two and Gne half hours. The material
was worked up the following day.

The colored solution was poured into a sepgutory
funnel and extracted with water. The water layer was then
removed and extracted with ether. The ester and the ether
extract were coabinsd and dried over anhydrous NagSOg4.

The material was placed in a suitable distillation
flask and the ether removed. The excess malonic ester
was collected up to 105°under 20 m/m. The pressure was then
lowered to0 4 a/s and the product distilled.

First drop bath press.

119.5° An/m
270" | M a/a
This fore run weighed 3.7gas,the fraction was out.
Fli.zr;fssmp | v A wa
24 ® T

Note that the pressure went down 1 m/a during the
distillation.



The produst is a celorless oil,the odor reseabling
that of malonis ester.

Veight of product = 27.2 gms (67.3%)
Weight of fore run = 3.7 sms (76.3%)

Ansthor expsriment earried in the same mamner as
above- exsept that during the addition of the chloride the
reflux condenser was turned down so that the ether distill-
od off as fast as the chloride was added. The crude yleld
in this experiment was 93%.

Analysis:

+2033 gas gave .1283 gas HeO and 4457 gas COg.
% carbon found = 59.T9 £ Nydrogen found = 7.06
4 Carbon cale. = 59.97 £ Hydrogen oalc. = 6.70

Dao= 1.11196
D7’ = 1.10999

'’ = 1.4501

¥, (ealc. ;= 59.433
M, (found)= 59.152

*rv oot



ETHYLAT ION OF FURFURYL MALONIC ESTER

ac—‘(‘m ollg
Exc\a,acn.ge ¢+ Na ¢ CgHgOH <+ ICylig = PRODUCT
sllg

2 46 156 268

2:0’. S.3gms 1l0lamd 156 gms 53.6gas(theory)
22% 2.2 1.0 M .

5.3 grags of clean sodium were dissalved in 101 grams
of abselute ethyl alechol(los. cit.) whieh was ocontained
in a three necked Pyrex flask fitted with a reflux conden-
ser,stirrer and dropping funnel. The furfuryl aalonic ester
was un into the salution and the condenser arranged for
downward distillation. The ﬂ.uk was surrocunded by a water
bath and as muesh alechol as possible removed by distillatiom.
95 oo were obtained in this manner,

The ethyl iacdide was then added at the rate of 100
drops per minute. The reaction was apparently camplete
after three fourths of the iodide had been added. However,
all of the 10dide was added and the mixture refluxed for
2.5 hours.

The solution was then powred into a separatory funnel
and treated with an equal volume of water. The lower layer
wvas removed and the upper water layer washed with ether.
The ether washings were added to the product and the solu-



tion dried over anhirous NagsOg .
Oon attempting a distillation it was: found that Iodine

distilled over also. The material was washed with a concen-
trated solution of thiosulfate and redistilled. The original
boiling point was 125.6°fter the first treataent the boil-
ing point was 128° and after the second the boiling point
went to 135°

First drop bath press.
135.4° 148° S5 /m

The temperature went rapidly to 136.8%the bulk of
the material Adistills at this temperature.

Last 4rop bath . press.
136.8° 153° 5 n/m

Weight of fraction = 36 grams (68.2%)
This was again treated with thiosulfate and distilled,
the fore run was taken up to 1308 at 3 m/m.

First dreop bath press.
128.3° 140° 3 a/m
The boiling point went up to 129.0° then
Last drop bath Press ..
128.5° 160° 3 a/m

e ttttted



SYNTHESIS OF FURFURYL BARBITURIC ACID

8
HC—CH
:E—ﬁ:n " +Na ¢ (CgHgOH ¢ HH 8!!3 = 8" 'CH L;"n
o .TH ollg aClHg Q\o,c s ?0
Cally -
3? §3 Abgas :29- 205@5 iagt9 (theory)
.0526? JAse 1.0 0TS 05258

The absclute alcohol was of special preparation (loe.
o1t.)one mol. was measured out and poured 1nto a Pyrex
combustion tube,one end of which was sealed off. The
sodium was then added and the op.;::r the tube fitted with
& CaClgy tube. The contents soon began to boil so that it
Was necessary Lo cool the tube with tap water. To get the
last pleces of sodium in solutfon it was necessary to wam
the tube with a luminous flame. After the contents had eodl-
od,the ester was added and then the required amount of
urea (dried over Hy304 in Vac.) was placed in the tube and
the end sealed off.

tmmmulmmamuonotupm
stean passed in over night. The next day the tubs was
opensd and the coutents filtered off on a Buchner funnel
ﬂzwn & small amount of ethyl alcchol. The
material was then dissolved in 1006c of water and dilute
HC1l added until the solution was just acid. The oerystals
were filtered off. The mother liquers were worked over,

‘Dox and Yoder- Jour. Amer, Chem. Soc. 41,1141 (1919)



the total amount of material cbtained wae 7.4 grams.

This material was not pure,on ignition there was a residue
of NagClg. AlSs0,1t was later found that the compound
decomposed rather rapidly in acid solution and in this
experinment the material was in an acid solution for 20 or
50 minutes.

REPEAT: The above quanities were used and the experiment
carried out in the same manner. However,in this experiment
the contents solidified at the beginning and remained solid
throughout the entire time of heating. Doubtless,the yield
could be improved by adding enough alcohol to bring all

of the material in solution,

The tube was opsned and the solid material removed
by fiitration on a Buchner funnel. The coampound was diss-
olved in 125 cc of water and made strongly acid with conc,
HCl. The solution was cooled in an ice bath during this
addition. The product was immediatly filtered off and
Washed. The welght of the orude material was 4gms(38%).
The melting peint of the crude product was 187°-188.7°.
After one recrystallization from water the melting point
was 186°-187.5°
ANALYSIS:

*2511 gn sample gave 30.00 cc Ny at 762.3 m/m. T= 26.0°
% Nitrogen cale. = 13.46
Z Nitrogen found = 13,22



FURPURYL, ETHYL BARBITURIC ACID

T [

ag\o/ccn.?c.n. e Na ¢ CgHgOH + a.u-g-ua. = PRODUCT
00

10268 g ofls §38 &6 ?)~ 236

~o3TK 2165 1.4 205Ti .8'5%1

This condensation was ocarried ocut exactly as the
previocus one. The time of heating was ten hours. The
contents of the tubs were filtered off and conoentrated
to a small volums on the hot plate. This was treated
with an excess of conoentrated HCl and cooled. The
erystalline precipitate was filtered off at onoe,washed
and recrystalliszed from water. Weight of produst = 4.5gms
(51%). The melting point was 144.5°-148.0° '
ANALYSIS:

«1168 ga sample gave 13.1560 Ny at 23.6° a:d T60.1 a/m
£ Nitrogen found = 12.41 :
£ Mitrogen cale. = 11,86



FURFURYL, ACETOACETIC ESIER

H'
HC—CH HC—CH %Q
I 8 [
HC\O /CCH.C]. + Na +CHgCCHg OCgHg = HC\OIC CH.(I:H
QCgi
28 u 29 i 1.1 4 28 M 8 v
. 23 130 210
6 07@5 143@5 59. 4@5

6.7 grame of clean sodium were dissolved in 1l0Occ
of absolute ethyl alcohol(loc.cit.) in a tkree neck Pyrex
flask fitted with dropping funnel,stirrer and reflux con-
denser. The freshly distilled acetéacetlic ester was added
through the dropping funnel. The condenser was then turned
down and the alcahol removed by distillation. l0Occ of
distillate were obtained. The contents of tae flask were
then cooled to room temperature and the chloride in 150ce
of ether was added over a period of 2530 minutes. There
was no heat evolved so a water bath was place. around the
flask and the ether removed by distillation,the contents
were then heated and stirred at the temperature of the
water bath for five hours and then allowed to stand over
night. '

The mixture was then poured into a separatory funnel
and washed with water,the water layer was removed and exe
tracted with ether, The ester and ether washings were come
bined and dried over anhydrous NagSOg4.

After standing over night the ether was removed by



distillation and the residue fractionated. Acetoacetilc
ester was taken off up to 96° under water pump. T'he crude
material boiled at 107°-114° at 4m/m. The weight of the
fraction was 36.3grams(61%). This nmaterial was taen re-

fractionated

rirst drop bath pressure
111.2° lm. 4 m/‘

Last drop bath pressure
111.5° 130° 4 n/m

There was very little lose in weight.
ALl XSI3s
+1993 cm gave .1193gm HgO and .4556gm COg
% Carbon ealc. = 62,82 % Hydrogen calc., = 6.T1

% carbon found =62.35 ;5 dydrogen found = 6.7
80

Dgo = 1.10562

8

De. = 1.10366

80

b
MD (calc.) = 53172

4, (found) = 534290

++tertrttee



a
ACID SPLITITING OF FURFURYL ACETOACETIC ESTER

HC—CH CH, HC—CH
0 T e
HC\ /CCH. + 2 NaQH = HC\ OCHgCHg 4
0 Cailg o o
210 80 140
2T .63 21.23ms 18.3gm3 (theory)
131 X « 265 i 131 M

21.2 grams of NaOH were nlaced in a graduate and the
volume made uﬁ t0 42 cc with water. 27.6 grams of the ester
were poured into a 150cc Erlenmeyer flask and shaken with
the alkalli. The contents solidified in l-2 minutes,2-3
minut.os later the material started to liquify and it was
necessary to 6ool the flask as heat was svolved, The flask
was allowed to stand,with frequent shaking,for four 4ays.
T5cc of water were then added and the flask ehiksn until
solution was complete. The aqueous solution was then exe
tracted with ether(to remove any ketone,this was worked
up latexry}.

The water solution was then treated with concentrated
HCl,1t was necessary to cool the flask during the neutrale
ization,the temperature being kept below 20°by means of
an ice bath. At the nsutral point there was no separation
but after there was an exoess of HCl the material separated
as an oll which soon orystallized on further cooling. This
was immediatly filtered off and washed with cald water.
Z‘.Anors. chem. }47,304(1925)



The oruds material weighsd 13 grams (72%).

The aqueous mother liquors may be extracted with ether
%0 remove a further quanity of the acid. About three fourth
to one gram were regovered ., The crude material was re-
crystallized twioe from water,the melting point of the
final product was 56.5°=58°. The literature gives two valuss
for the substahoe,51° and 58.5°(Ber. 10,357.34,1122)

The ether extract containing the ksetone was evaporat-
ed. The ketone is a very pleasent smelling liquid,lt
weighed 2.1gms(14.3%). This was mixed with 2.2gms of semie~
carbazine hydrochloride and 2gms of potassium acetate and
dissolved in the smallest amount of alcohol-water mixture.
After standing over night the crystalls were filtered off
and recrystallised from 95% alcohol,they melted sharply
at 140°- 141°,. The literature gives the melting polnt as
143°® (Ber. 32, 1320).



SYNTHESIS OF FURFURYL CYANIDE

L il
acvc‘ca.cl + MON = G SGHCH v Hacl

116. g 107
35ems «lgae 32gas theory
301 X ST XM 301 X

The ethereal solution of the chloride was used (in
about 200cc of ether). A 500cc round bettom flask was
fitted with a two hole stopper,in ons side vas placed a
dropping funnel and the other was fitted witha goose neck
attached t0 a condenser.

18 gas of NaCN were Adissolved in the smallgst amount
of water. The solutien was then warmed to 60°-80°nd the
othereal soclution slowly dropped into ths solution.
During the addition the flask was shaksn and rotated to
insure good mixing. The ether distilled off at approximately
the same rate as the addition of the chloride. The time
of addition was one hour. At the end of this time the
material was heated until it Jjust began to boil,the heating
vas then discontimued and the fiask allowed to eocl.

There was a separation into two layers.

After cooling,the oily layer was separated off and
m,kqm layer extrected twice with ether. The produet
and ether washings were combined and dried over anhydreus
sedium sulfate over night. The weight ef the orude eil

wvas 29 greams (92%)



The ether was removed by distillation and the produst
fractionated. The material beiled over a range of 75°-91°
at 27 a/n. A systematic freeticnation was carried out,the
material being cut into fowr frestions: TA°-76°,76°-T7°,
80°-88° and the residus(furfuryl alcchol) boiled at 88°-
93°. The pressure during the fractionation remeinsd at 2Tw/m.
After four fractiemations a product boiling from TA®-74.5°
at 2Ta/a was obtained., The material is a oolox;hu (191
that smells 1ike parched pecans.

ARALYSIS:
«1528 ga gave 16.82¢c of N, at 25° armd 765.3 m/a.

£ Nitrogen cale. = 13.08
% Nitrogen found = 12.45

D:: = 100‘813
De_ =1.04627

';0 = 10‘833
.’(od.o) = 300511
M, (found. )m 29,236



HYDROLYSIS OF FURFURYL CYANIDE

i T

nc! o/ ~CEaCH + 2x08 = HC cca.-(o + M,
12 od

o
#u:- 5.2gms 1?7
0374 X OA6T ¥ Y e

A 25% solution of KOH was made by dissolving 5.2 gms
of KOH in 2lcc of water. This was plaeed in a small fiask
fitted with 2 reflux condenser,four grams of the nitrile
were then added to the flask and the material heated on the
hot plate for one hour. At the end of 4-5 minutes there
was a vigoreus evolution of N, and the oily layer went
into salution.

The saluticon was cooled and extracted twioce with ether,
the extrwots being discarded. The agquecus scolution was
cocled to 10°and treated with Norite and filtered. The
filtrate was treated with eongentrated HC1l until there
was a definate oxoess ¢f minerul acid. Crystallization
starts as soon as the solution is cocled. The product is
almost pure white and weighs 2 gas (42.5%) the melting
point of the eruds material tas 108.5°-109.5°. After
one reerystallization the melting point was 108.5°-109.5°
This saxple was analyzed:
+1813 gn gave .OTT6 ,m HeO and .33023m COg
% carbon calc. = ST.MA % Hydrogsn ealc. = 4.79
£ carben found = 57.19 % Hydrogen found = 4,79



s

HC—CH ‘ Hﬁ"’

. Ao
ac\o LCHgCl ¢ Hascw 22, o o,ccn.scl
- 5 130 Teus (theary)
. ° o (SRS ory
077N L0987 TN

The reastion was carried out in acetons sclution.

The acetone was prepared by treating one liter of acetone
wvith 75gns KMnO, and 150gans Ca0,the material was refluzed
for one hour then distilled. The distillate was treated
ut.nsognotnm.mxooa-otcaomunnhamm
& Clark column,the frastion boiling from 56.6°-56.8° was
collected,

The NaSCH was dissalved in 65¢¢ of the acetons. The
chloride was added to the selution in the three neck Pyrex
flask and refluxed for two and a half heurs. There was
an immediate preeipitate of ¥aCl on addition,cooling was
not necessary. The soluticn was allowed to stand over
night. The material was filtered ahd the acetons remcved
by distillation,the residws in the flask solidified and
it was necessary to treat it with water and extrect with
other. The ether sclution was dried over anhydrous Nagy304
and distilled the following day.

The distillation was carried out in a modified Claisem
flask with a condenser on the side am.



FAirst drop bath press,

111.5° 162° 27 a/n
The boliling point went up to 114.6°then falls to
Last dro bath press.
112.26 © 170° 27 »/n
£Yield = TAX

The campound was then redistilled under 2m/m pressure
the frestion boiling frem 66°-67° was collected,it was a
calorless 01l that had a slight odor.
ANALYSIS:
«1998gn sample gave .3350gm BaSO,
£ sulfur eale. = 23.05
£ sulfur found = 23,03

Dag x1.18919
Dy’ =1.18709
K° = 1.5614
M, (cale. as ROCHN) = 36,083
M, (tm) = 37.97T2

L asalaaaded o



FURFURYL, MERCAFTAN

BG-—CH C—CH HC—
ag\o CCHeCl + nag-m. = ac cl.ca.ain: NaOH = aﬁ\o}ca.sn
116 76.1 114,
29 M o | 29 X
«GAs 33.gms

An attempt was made to synthesize this compound by
the action of the chloride on NaSH but the yields were
low and the product was very impure.

4A grams of the thio urea were powdered and placed
in a 5006c Pyrex flask fitted with a reflux condenser.
The ehleride,in 200cc of ether,was added through the top
of the condenser. The mixture was heated on the hot plate
for 41 hours. After the first 18 hours 75cc of acetons
were added to the mixture. There was no odor of the chloride
at the end of this periocd of refluxing. The acetone was
remeved by distillation and T2gas of NaCH in 300ec of
wvater were added and the salution again refluxed for ten
hours.

The cocled material was then cleared with Norite
and filtered into a 500cc separatory fumnsel and extraested
with CClg. Other extractants can be used but they form
very stable emulsions or even gels. The solution was

dried over anhydrous Na,50,.



The CCl, was removed by distillation and the produst
distilled,

First drop bath . ssure
84.1° 110° wgs a/n

The boiling point was constant at this tempsrature.
The weight of the frection was 11 grams(33%). The produst
is a colorless o1l that possesses a typical mercaptan
odor.
ANALYSIS:
«2045 ga gave .4203 gm BasO,
X sulfur cale. = 28,10
£ Sulfue found = 28.17

D::' 1.13386
Dy = 1.13186

ND = 10538
lp(cdo.) = 310“89
M, (found) = 31.302



FURFURY ETHYL SULFIDE

- 1
HC C Na CgHgUH BreC = HC 8CaH
\«M* + OgHg + olg o,ocav sls

B Ipee e e TR
05 M «05 ¥ A X «05 K

The sodium was dissolved in 30cc of 95% ethyl alechel.
The mercaptan was added to this solution and the flask
washed withhn additional Sec of alecbol. The solution was
" placed in a 200cc Pysex round bottom flask fitted with a
reflux condenser. The bromide was added to the solution
through the top of the condenser in 3-4 gram portions,there
was a vigorous esvolution ef heat but as soon as the ebuli-
tion stopped another small pertion of the bromide sas add-
ed. There vas an almost immediate precipitate of sodium
bremide. After addition was complete the flask was placed
on the steam bath and reflumed for an hour.

on coeling the material the orystalline sodiwm dromide
readily separated out and the elear supsrnataat liquid
was easily decanted. The prescipitate of sodium bromide
was then washed with a small amount of ether. The ether
washings and the supsrnatznt liquid were eombined and
the material distilled wishout drying.

The solvent, i¢.ether and alechol,was. removed by
_distillation and the residus frectiemated.



First darop bath pressure

90.5° 118° 28 a/n
Last drep bath pressure
”o" m. 28 v.

The weight of the fraction was 5.7 gas (80%).
AMALYSISS

.1983 &a gave .3379 ga of BaS0g4 .
£ sulfur cale. = 22.56
£ sulfur found = 22,40

Dy = 1.05144

Deg = 1.0‘958

Ny = 1.5140
M, (oale.) = 41.005
X, (found) = 40.7TT3



PART IWO
SYNTHESIS OF TETRAMEIHYLENE GLXCOL
AND
TETRAMETHYLENE CHLOROHYDRIN




Preparation of Ocagu:ug ~CH, =OH

OGHQC.L + ;&0CHgCHguUH = OCH‘UCHRCdaOH

690 gms.

5.46 iols 4,92 dols. T45. 28 .
CH40H + Na = CHaONa

32 el
625gas 1ll3gas

19.5:0ls 4.92.:0l1s 4.92:0l8

800cc of absolute metinyl alcohol were placsd 1ln a 3L.
Pyrex flask. 'he 113 gms. of sodium were added,the flask
bein; well cooled throughout this step,then 900gms of ethyl-
ene glycol were added and the excess CHyOH removed by dist-
1llation. The last traces beln; removed under reduced press-
ure at a temperature of 165°. ihile this viscous solution
wag still warm the addition of the benzyl chloride was
started,the reaction was a little slow at first but soon
cooling was necessary. [he contents of the flask were not
allowed to go above 1508. The mixture was allowed to stand
over night. T'he following day the NaCl was filtered off
with a Buchner. The NaCl was washed wita 150cc of ether.
The fut.mt.e was fractionated to remove the benzyl chloride
and glycol. The fraction was cut at 120° under 6 press.
(bath- 131°)

at this stage it was thought best t0 recover the glycol.
The distillate,from the step above,was extracted with 3-100cc
portions of toluens and 2-TScc portions of ether. This was
t0 recover the benzyl chloride.



The orude glycol was then fractianated,the high boil-
ing fraction was added to the product. 500gms Of pure ethyl-
enc glycol were recovered.

The product was then fractionated.

First drop bath pressure
104° Ta/ m
Last drop batn pressure
117° | Ta/m

The bulk of the material distilled -t 117°

The distillate weighs  485gms (05k)
The residue welighs 143gan8.(124) 59 dols.



SYNTHESIS OF Oca.oca. CHgOH

(ALTERNATIVE METHOD)

23 Grams of clean sodium were added to 160cc of pure
anhydrous methyl alcchol in a 500 6e¢ round botiom Pyrex
flask. After solution was complete one mol of benzyl
alechol was added. The methyl alcohol was then removed
by distillation under reduced pressure. One mol of ethylene
chlorohydrin was then slowly added to the sodium benzylate.
considerable heat was evolved at this stage. The contents
of the flask were kept below 50° by means of an ice bath.
After addition was complete the mixture was heated on the
steam bath for thirty minutes.

After cooling the mixture 200 cc of water were added
to dissolve the sodium chloride. The oily layer was separate
ed off and the mother liquors extracteu with ether several
times. The ethereal solution was dried over anhydrous sodium
sulfate then fractionated.

A systematic fractionation was necessary .o isolate
a semi-pure produst. The material boiled at 115°-116°
under 4 n/m pressure,

The yield by this method is very poor,in this case it
was 18-20%.



SYNTHESIS OF OﬂHaOCH.CHeCI
DCH.OGH.CHgOH + SQCl. + O&‘igObn.u Agcl

152 119 170
550gms. 4T2gms 286bms rheory=614gas
3061 3097 3-91 061

550 gms of the alcchol were placed in a > necked flask
(2 L) fitted with an eleetric stirrer,dropping funnel and
reflux condenser. The pyridine was added and the stirrer
started. Thionyl chloride was added over a period of three
hours. The arrangement was such taat tae large flask could
be cooled,the temperature was not allowed to g0 above 45-55°,
and for the greatest portion of the time it remained at
roon temperature. The first portion of taionyl chloride :as
added at the rate of one drop per second,tne last half was
added much faster. The characteristic white precipitate
rformed after the first half of the thionyl chloride had
beén added. This disappeared on further addition. The sole
ution began to erystallize as soon as iLhe reaction was
finished. Plates about lcm long and 2-3ca wide orystalliaed
out on standing over night.

300cc of water were added and ths material stirred
until solution was complete. 100cc of ether were then added
and the emulsion stirred for an additional five minutes.
The 0ily layer was then separated off and the water layer
extracted several times witih ether(,-100cc portions) (note 1)
The olly layer and ether extract were united and washed
with water. If an emulsion forms it can be easily broken by



the addition of more ether,
The ethereal solution was drie@d over Cacl, for two
days and fractionated:

Firet drop bath pressure
99° 116° Ta/a

The bulk of _-he material comes over at 99°-10C%

Last drop bath pressure

108° 132° Ta/m

The welght of the distillate =528 gms.\864 yield)

Note(l,. The agueous layer was worked up to recover th.
pyridine as fellows:: stream of air from a drying tower

was blown through the solution until most of the ether and
S0g were removed. Sticks of salid KOH were added until taere
was a separation into two layers. The pyridine layer was
removed with ether and drijed over KOH then distilled.

9000000000000000000000
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" UCigCHs
SYNTH:ESIS OF Oca,oca.cug"-c-ﬁ

\C/O
OCHgCH,
gOCHgCHa
CHgOCHgCHqCl + Na + Ci, =  PRODUCT

gOCHgCTda
gas 525 T35 545 Ifheory=819sms
~ol. wt. 170 23. 160
iols. 3-.9 3.20 3040

The reactlion was carried cut in absalute ethyl alcchol
made by the directions of 3mith(J.C. 5. 1288. 1927) with
sodium and ethyl acetate. rhe pure dry alcchol was distilled
directly into the apparatus which consisted of the 3 necked
2L Pyrex flask fitted with stirrer,reflux and dropping funn-
el.

The 73.5gms of Na were cut in lafge cubes and added
as quickly as possible,the flask being cooled betwecn add-
itions. After solution was complete 'he malonic ester was
added .s rapidly as possible. The sclution was stirred
until transparent. The chloride was added as fast as 1t
eould flow through the funnel. sAbout 45 seconds later the
turbidity due to the NaCl became evident.

The apparatus was fitted with an o0ll bath and hot
plate and the solution stirred and refiuxed for a period
of five days. At the end of this period the ethyl alcochol
was removed by distillation.

The contents of the flask were then poured on a Buchner



funnel and the NaCl separated off. This was washed several
times with ether. The ether washings andi filtrate were
combined and fractionated.

50 gms of the unchanged chloride were recover<d,3s
well as the excess of malonie ester. The product was coll-
ected from 145°-175°. [he bulk of the product boiling
sharply at 162°-163° under 3m/m pressure.

There was a slight decomposition on distillation,this
could likely be avolded if the fractiomation was faster. In
this case tae time of distillation was well above eight
hours. fhe yleld w»as 75.4%

In another experiment on the syntaesls of this coupound
the aloohol used was dried over limeé. The yleld in uthls ocase
dropped off t3 595.

VG000000Q000UIVO000QQO000



SYNTHESIS OF Ocaaoca. :a.ca.qfo
oH

0
L0cHgCH, 0
CHaOCHgCHaGH = CHgOC:gCilgCHe
‘ggca,caa CH
Hol. wt. 294 194
Gas. 616 406-theory
Mols., 2. 098 2.098

616gms of the ester were poured into alcoholic NaOH,
made by dissolving 4.6 !iols(lBAgms )"'A“iﬁ least possible amount
of water then diluting this sclution with 2 L of 954 alcohol.
A white precipitate formed. Head is evolved in this reaction
80 the necessary stepe had to be taken L0 cool the flaske.
The reaction was :pparently over after five zinutes,but was
allowed to stand at room temperature for several days. The
othyl alcchol was removed by distillation,tne flask being
heat.;;d on the steam bathk. fhe residue is a fluffy yellow
colored substance,

The material was dlssolved in 500cc of water,this was
added directly to the original flask. The flask was fitted
with a condenser and tnc rest of the alcahol removed, this
is essential for the beet extraction.

The solution was then extracted twice with ether to
remove any unhydrelized material. 130 cc Of Hg504(98,,were
then carefully added. The solution nearly bolled over due
to the low boiling ether that remained in solution after
the extraction. fhe solution itself did not rise above 45-



508 On standing a few minutes there was a separation into
two layers. The upper 0ily brown layer was removed, the
aqueous layer was extracted with 4=T5cc portions of ether.
The oil was then added to the washings and the volumm made
to l.5L. This solution was treated with annydrous NagSQOq,
after a few hours there is .gain a separatlion into two layers
the ethereal layer was removed and treated with more NapSO4-.
after drying over night the ether was distilled off in a
1L flask(in portions)so that all of the materlal in ths emd
was in this flask. r'he temperature of the flask was ralsed
by means of an oil bath until COg began to b: evolved.Thls
was at 110°. The time re;ulred to complete thls reaction
was six and one half hours. The temperaturc was finally
raised to 157°.

Y1eld=39Tgms (ITT~) .
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SYNIH=SIS OF H.oca,ca,ca,ép
NUCHg CHlg

a trial run was made to detcramine if any difficulties
would be encountered. 25gms of 983 Hgeo0, were added to 225
guns of freshly prepared anhydrous etayl alcohol(smith-loc.
cit.,,then 25gu8 of the acid were added. ;his slightly
turbld solution was refluxed for 7 hours., t the endbf tals
time 42gms of NaHCO, were added. The NagSO, was removed
by filtration on a Buchner and thoroughly washed with ethyl
alcohol. The alcohol solution was placed in a pyrex flask
and the aloohol removed by distillation. Th: reeidue is
treated with water and extracted with ether three times. The
ether solution was washed NayCO; then distilled water and
finally dried over CaCl, . On evaporation of the ether the
residue weighed 28.5 gms. Theory= 28.0
Boiling point of the ester=131°-138° under 3a/am pressure.
Yield = 99.6%. |

In an earlier cxperiment of ours on esterification
in which 30gn8 of uhe acid wewe dissolved in 300cc of
absolute alecohol and refluxed for eleven hours wish conce
entrated HeSO( 6OMPOsed of 20cc HeSO¢ + l0cc of 20% fuaing
sulfuric,. This was worked up for the estor in tho usual
manner but no ester was obtained. The product(8-l0gms; ca
analysis was found to be Dcn.ocn.cu.. The formation
of this compound was csxplained by assuming that the acid
split the ether to benzyl alecchol which in turn was alkyl-



ated by ethyl sulfuric aecid.

The esterification was then carried out on a large
scale. 395gms of the acild(2.03 dols.) were dissolved in
3,350 cc of absolute alcohal (57.4 .ols) and 270 gms of
sulfuric acid added. This slizhtly turbid solution was ree
fluxed for eight hours. ifter cooling,445 sma of NoHCOg in
enough water to make 2 paste were added. The precipitate
of NagSO, was filtered off on a Buchner. If the filtration
becomes Aifficult,it will be found that the addition of
more vater will lncrease the size of the Nags0, crystals
thus making the filltration a great deal faster.

The alcoholic solution was then run into a large Pyrex
flask and the alcahol removed by éistillatlion. ..8 soon as
the temperature of the vapors went t0 85°the distillation
was interrupted and the contents cooled nd poured into
eeparatory funnel. The oily layer was removed,the mother
liquors extracted three times vith large volumeg of ether.
The extracts and olly layer were combined _.nd veshed with
-dilute alkali(5» NagCO;) followed by water and then dried
over anhydrous CaCl..

The etiaer was fractionated off and the low boliling
impurities removed up to 130° under tne vacuo of the water
pump. Jeight of ester =382.5 gns = 85.1% yleld.

The ester was later frectionated from 131°-138° under
3n/m pressure. It was found that the above crude product

wag only 92.» pure.



ABEDUCZIOJ OF TiE ESIER

P
CagJl.lg sl ey Gidaguv .. ol Aa‘):igc;igk)ﬁ
NoC:igtis + fg=

222 130
114,520 ol dols
® 515.. O.LB . 92 [ ] 5838

11 srazs of sodiua wsre placad 1a & Ju Jnscded /Jrex
flask fitted with 2 stirrer,sondenscr il drooping fuanal.
250 e¢ of dry tiluene were added and La- il..sg heated uivil
the sodium hocamc molten, {he stirrer was suursiad and e
flask ellowed 50 cool wita tae s%irrer goln; at hnigh specd,
7ihen Lhe tomp:r-ture reashed 60° a sorution or 114 gms of
ths eater in 150 ce of the speclal allololisaliun,1oc.04t.)
were added over a period of thres alauies. [ov vater was
poured over ithe apparatus. after vas reacuvio. nad slowed
do7n 5002c¢ more of the alecchal were ruz il Ivor o 26riod
of jen mimites. The zontonts wore sulrred uatil all of tne
sodium had reacted,then 300 oc of walsr carsiully added,
This required about {ive alnutes. x.ho solutiaon was then
refluxed for thirty minutes and the alcohol-tolusne aixture
removed by distillation.

The eontunts of the flask were placed in a separatory
funnel and the oily layer removed. ihe water solution was
twics extracted with 150 cc portions of ether.

200 oc of water were added %o tae olily layer then thls



mixture was extracted with 200cc of ether(notel) all the
other extracts were then ccubined and nuno?ht.'a w.ter.

The ether was removed by distillatlion .na the residue
fractionated:

~oiling point = 135° under 2m/m pressure. rieight of the
distillate = 45.7 grams. (62.x)

Note 1. It was thought that th. benzyl ethsr might be split
by the sodium. P. Schorigins study indlcated that this was
possible(Ber.96,176 andBer.57,1627). The agqueous solution
mentioned above was saturated with KgCUs and extracted with
ethyl alcchol. After the alcahol was removed by distillation

the residue was fractionated:

First drop bath pressure
134° 195° 25a/m
Last drop bath pressure
135° 240° 25a/m

weight of the distillate = 4.4 grams.
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- NOTES ON THi REDUCTION _

Three reductions in all were carried out ,the ylelds
in order were 62%,46.5% and 47.T7%. with the exception of the
third reduction the others were carried out as far as possible
aceording to the procedure as outlined above. The specilal
alcohol used in these reductions doubtless ocontalned much
more water than mas best for the reaction. This was due to
the long period of standing,some three months before the
last two reductions were carried out and Lo repeated open-
ing of the bottle in order to obtalin samplea for the exp-
eriments on esterification.

It was found that the reastion would 20 smoothly if the
sodium was allowed to cool to room temperature before the
addition of the solution of the estere. Ihls will produee
a proenounced difference in the violence of the reactiomn
and is highly recommended.

All of the water solutions,the original mother solutiom
and separately the washings of the oily layer were worksd
up for the recovery of tetramethylene glycol. In each about
six grams total were ob*ained. Four grams being recovered
from the water washings of the oily layer and iwo grams
from the mother sdolution after the reductlion. Extrasction
of the saturated KgCO, solution with ethyl alcchal is
recommended over the ext.racucn'vuh amyl alcehol. The
anyl aloohol,other substances than the glycol mhich later
interfere with the purification of the glycol.



SPLITTING OF [HE BENZYL ETHER

Ga.oca.ca.ca.ca.oa + HBr = HOCHaCHgCHgCHgOH + Oca.sr

mol wt=180 40.0
mols =293 «208
mols recovered=,045 18.1gms theory

45,7 grams of the benayl ether were placed in a 250cc
flat bottom flask ami TS5cc of concentrated HBr poured over
it. The solution was cooled in an ice batn and saturated
with dry HBr gas. The flask was stoppered and left over
night.

Solid KqCOg was added until neutral(an excess 1is to
be avoided). The solution was then extracted four times
with small volumes of benzene. The benzene extracts were then
washed with water. rhe water washings were returned Lo tae
original solution. The solution can now be extracted with
ethyl alechol after being saturated with K,CO4: The alcohol
was removed by distillation and the residue fractionated.

First drop . bath pressure
131.0° 148° ATa/n
Last drop bath pessure
131.5° 166° 1Tm/n

Neight of glycol = 1l grams (61X yield)



PHYSICAL CONSTLTS OF Tilin EiHYLEIL GLYCOL

£0iling point =131.0%= 131.5° under 17 oya

80
Dao

1.0139

Dy’ = 1.0172

Ny = 14467
A, (ealse)=R3eT22

8, (fde) =23.651
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NOTES ON SPLIITING uF BENZXL ETHER

In all there were two such reactions carried out,
the foregoilng was aceording to the directions of Benneit
(J+Co S. 481. 1927). The 1isolation of the product from
the acid solution is based on a method worked out in thils
laboratory. The second splitiing was carried out by our
own method. 66 grams of the ether were mixed witn 175 cc
of consentrated HBEr. This solution was allowed tO stand 68
hours then worked up as above except that amyl alcanol
wae used in place of the ethyl. This makes the extracted
glycol not as pure as that i1solated by extraction with
ethyl alcohol for the b.p. 18 118.5°%-124%under 8 m/m. also
the product smells slightly of anyl alcohol. [aking 1nto
consideration the recovered ether the yield by our metnod
was found to be TOj»

.he latter method in my estimation is the best,for
dry HBr gas 18 not easy to prepare,futhermore the ylelds

are not as high as those of our own method .
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MOTES ON TETRAMETHLYENE GLYCOL

Witheut doubt it is best to use ethyl alcchal for
the extraction of the saturated KoCO, selution. the anyl
alcchol Lmﬂlamnwmmcolmtcmotmmw-
ed by frecticnation.

The literature reports the melting point of the glyeol
%o be 0-16°( Beilstein ) and 16° ( Meyer und Jacobson ).
¥ith the product isalated by us the melting point was foumd
to be 19.2°-19.4°, The boiling point was found to be 131.0°
«131.5° under 17Tm/m pressure. The glysol when pure has no
odor at all. The literature is unanimous in reporting the
sacll as like that of leeks.

The di-phenyl urethane was made,following the direct-
ions of J. Hamonet (Bull.Soe.Chém. 33,525. 1905). The
meltindraf the product was found to be 179.5°. The value
given by Hamonet is 1808181°.

Solubility: H:O ETHER CCly GCeH :pa CeHgOH Cele
- - + -



DI~ ANAPHTHYL URETHANE OF TETRAMETHYLENE GLYCOL

7 .
2 kﬁ" # HOCHgCHgCHgCHgOH =  PRODUCT

3.76 gms 1.0 sa.

The above quanities were mixed in a la.rgp Pyrex test
tube and heated for a few seconds,th® solution turned a
faint blue then solidifiled.

The material was removed from the test tube and washed
with petraoleum ether then water. The product was then washed
once with alcohol and recorystallized from Xylene.

The melting point of the purified material was found
to be constant at 198.5°=199.0°%.

Analysis:
Sample

«8866 gn
Acid

T76.41 co

Alkalli(back titration) .
33.99 cc = 34,57 ce acid

Nitrogen caloulated = 6.55%
Nitrogen found = 6.49%

+trttt e+ttt ter et Pt



TETRAMETHYLENE CHLOROHYDRIN

EDCH,CH.GH.CH.OH + SOGI. * ‘ I = CICH.CH.CH.CH.OB

90 119 79 108.5
20gas 26.4 17.6 24, (theory)
222 e 2224 0222 222l

Preliminary experiments showed that 18 was possible
to econvert glyecols to the chlorchydrins with 30Cly in a
yield of about 50%. This was found to be the case with
trimethylene glycol but little or no success was obtalned
with ethylene glycal.

The glycol amd pyridine were placed in a 3 necksd
2000c Pyrex flask fitted with stirrer,reflux condenser anmd
dropping funnsl. A water bath at 56° was placed around the
flask and kept at this temperature during the entire re-
action. The 30Cl, was added over a period of ome hour.

The temperature of the bath was then raised to 80°and held
there for one hour. The material was then worked up in the

usual way and distilled.

t drop bath ' ssure

I 8 115' mw-

st 4draep bath ssure

5.0° 126° x,“].6-/1

All except the first few drops came over at 85.0°
Yield = 50%

In this experiment an attempt was made to raise the
boiling point by insreasing the pressure,so that the com-
densation would be mere efficient. The bolling point did



not go up but the campound decomposed into tetrahydro
furane and HCl.

Analysis of chlorchydrin:

Sample: 3175 gas

AgCl: .A1T76 gas

Chlorine found = 32.53%

chlorine calc. = 32.67%

|
Da’= 1.0002 Dy = 1.0883 N, = 1.4518
“D(CQICQ) = 270064
M, (fd.) = 26.893
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PHENYL URETHANE OF TETRAMETHYLENE CHLOROHYDRIN

H9
ClCHgCHgCHgCHgOH + NCQ = NC
0(Cilg )4C1
108 119
«Sem _ «55gm

«5 gram chlorohydrin were placed in a 125cc flat bottom
flask and 100cc of petroleum ether added (60°=T0°). .55grams
of phenyl iso-cyanate were then added and the solution
allowed to stand for two days. The solution was brought to
& small volume by heating on the hot pht.e%u]q cooled,
if the coaling 1s too rapid the substance separates as an
oll. The orystals are collested and mashed with petroleum
ether and recrystallized from the same solvent, The melt-
ing point of the product was SA°,

Analysis:

Sample = .0608gas
Ag C1 = .0381gms

Chlorine found = 15.50
chlorine cale. = 15,58
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S NAPHTZHYL, URETHANE OF TETRAMETHYLENE CHLOROHYDRIN

1.0
§=C=0 G0CHqCHgCilgCrigCL
m + BOCH.CH.. CH'CH.C]- -

1057@8 1.08;35

The above quarlities were mixed in a 150cc flat bottom
flask and diluted with 90cc of petroleum ether(low boile
ing). The solution was allowed to stand for iLwo weeks.

At the end of this period the mass of orystalline
material which had collected on the bottom of the flask
was filtered off and recrystallized from petroleuam ether.

The melting point of the product was found to ce 69°-
70°. This was found to be canstant and the material was
analysed,

Analysis:

Sample = 3401 gas
Ag C1l = .1T768 gms

chlorine calculated = 12,78%
chlorine found = 12.85%



SYNTHESIS OF Ocn.ocn.ca.ca.oa

Oca.cl + HaOCHgCHeCHgOH = Oca.oca.ca.cn.oa

03.01 02&01‘ ’028
3T7.8ens 46,518 theory
CHaOH * Na + HOCHgCHeCHgOH = NaOCHgCHg (HigOH
48 ° a°48 66
1.“ nols «28m «SAm .28a

The sodiun wag dissolved in the methyl alcchol and
the glysol added., The reaction flask was fitted with a
stirrer,condenser and dropping funnel. After solution was
conple“ the excess alcohol was removed by heating the
flask to 180° for an hour. The benayl chloride was run ine
t0 the hot solution, Time of addition wvas ten minutes.
Heat was evolved but the comtents were not permitted to
boll., The mixture was then allowed to stand until it had
cooled to room temperature. tThe sodiuam chloride was re-
moved on a Buchner and the filtrate fractionated.

The benzyl chloride came over first,88°-95° under
2ln/m,glycol from 95°-130° under 30m/m. The product was
80 contaminated with XaCl that it had t0 be washed before
distillation. The eempound boils lhn'ply at 107.5° under
2 n/a messure,.

The yield was 65%,which was about the same as the
next lower homologus.



PHYSICAL CONSTANTS OF Oca,ocu,ca.ca.oa

D‘ = 1.0483
80 -

) (6alc.)= AT.947

i, (fd.) = 47.808

0080000000000000000000000



SYNTHESIS OF [::]cn.oca.ca.ca.cl

HeQCHgCHg CHgOH + 8001. * O = OCHgCHg GH.Cl

66 118 79 184

lm 10 06 7 015 16 ° 6
+09051 «0905 «0905 +0905

The thionyl chloride was added %0 the pyridine solution
of the alcohol., The time of addition was seven ainutes.
The typical intermediate white precipitate appeared after
the first half of the thionyl chloride had been added and
redissolved on further addition. At the end of the reaction
the solution separated into two layers.

The material was placed in a separstory funnsl and
an equal volume of water added. The olly layer was then
extrasted with ether and washea with dilute hydrochloric
acid(2%),s0dium carbonate(2%) and distilled water. The
ethereal solution was dried over anhydrous sodium sulfate
for ome day.

The ether was removed by distillation and the residwe
fracticated:

First drop batia ssure
128.5° 2T s a/n
last drop bath pressure
132° 147° 15 n/m

Keight of the frestiom = 13.3 gme(80% yield)
Dao=l.0842 Dy =1.0822 K, = 1.5131
H)(calc.)=51.289 yfd.)=51.266

*Hetrtrrerttet b



SYNTHESIS OF Uﬂ.ocn.ca.cn.ca.cz

Ua.ocn.cu.cn.cn.oa + 5001, + = Uca,owa.).cl

1% 118 Z9 198
10zms 6455 b 1ll-theory
005551015 «055 0055 «055

The aleachol was dissclved in the pyridine and the
thionyl chloride added slowlenough that the =olution d1d
not o above 40°-50°, The time of addition w:'s ahout five
minutes. The typical white precipitate appeared after the
first taird of the thionyl chloride had besn added.

After the reaction was complete there was a separation
into two layers. The aixture was aixed wiih twice its volume
of water and extracted with ether. The solution(ether) was
washed with dilute acid,alkali and distilled water then
dried over anhydrous sodiun sulfate for two days.

The ether was removed by distillation and the residue
fractionated:

First arop bath pressure
122° 147° 5 /m
Last drop ‘bath pressure
123°¢ 159° 5 a/m

Weight of frection = 4.3 grams.



